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THE STELLAR INITIAL MASS FUNCTION s

INTRODUCTION

11 Overvow
A basc result rom th theory of selar evolution s tha the structure

s mas Numerical slions of he uations of sl cvoluion
have demonstrated that this conclusion. remains
e sy phwe; e e e o i compo

n.

. Once the mass of a star is specified, we can i princi-
aton

o specif
reative fracion of stars n different mass interval. The frequency
disrbution of stelar masses at bith, the so-called “inial mass
Do o IMEY I dors sl it i,
particulay in or modelng of
e e Tty 198018 a comprehensive review.In efec he

Obvervaions deeminatons of the IMF and s possile v
atons in space and time also provide a fundamental constraint on
eoric o sae ormation: Mat ars form. i groups wili e

i how mass i pariioned and possibly redistibuted among

exolution. I i unlkely that, n the foresccabl future, we wil be able
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ertor. An ‘which s in priciple more srightor
hermodynamic magntic eld srength in ward s the dtermination of functons and mass ditib-
medium, nd 50 on. The theorie, o matier how quaiaive,alow s tions in clstes of stars, which is the subject of Secion 3. The
o at lest make sn gucs 25 1o how the mass disributon tion concerning open cluser of various ags, OB
g g nlosand gt e associatons, groups of pre-main. sequence st and globular-
presens a bewidering jumbl of approaches and ideas, uually mo- {he ot pr v il fom tho oo
tiated by empiical evidence which i ithe uncerain or dnm%mmmmmmamm!klhﬁ
subject 0 ambiguous Furthermore, cnpirial IMFs re objecs, especially open clusters, and
presentd 35 power law spproximations which admit 3 large depummlhﬂkvamwwnmﬂxummlm
ber of terprtstons. As con.
Sder the physical mechanisms which Vi s iaey are presented and compared
ot Supcrs (195 pows et B major goal here s an answer o the questions of whether the IMF
with the varies and if any variations are corrlaied with
s-»e.g-mn:—un.-rymmumwm s Sections § 7 o ¢ s of e
3 mumber of nonlinear physical proceses opersing umerous and arguments which have been
bty e e egele lies ot iions ooy of e IMF b o 2
eyond presentday theortcal capablis. One has oly o consier ely cther on an inferprecaion of the in
the fat tht the st ubiquitous nonlinea process of all,urbulence, lmmlankwmmmvdwxmmmm

see that a ealstic physicaltheory of the IMF may li in he distant
i he T oo

size the methods,problens, and uncerantcs encountered, lihough
an stempt i forn

foture Fo

s '
cenainies. 1 is such evidence which wil limately provide some
nsight ino the dominant physical processes which determine the
INF.

the present review is o collct and present the

critical ssexsment of the sources of

given by Tinske LNﬂ}.M[I‘)ﬂxlm:(l%usqhunn
Miller and Scalo (1979), Sk (1975, and Zinnecker (1
work of Zineckr conis 2. Spesaly hreath dcnton o

o the D The book by Ml and iy (158130
excelent source of background matera.

12 Detritons
A sty deion of the M st o
encompass il plausble poss it behavior, yet precse
50 that pracical o el i oo
can be meaningfulyreated 1o the definition and t0 thoric of star
formation. These requirements lead 1o serous
resolved dificlties which are fundamental in nture, and i will be

sefl 1o begi witha clar recogniion o these problens.



1t otbing ¢ ll were known about sar formation and we sought
the i
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mosty formed a locaions. very disant from thei currat posiions,
=10y and

mw. migh
b S o v

throughout the

uu«.m.:u.m---,

variable disrbuted accordig t0 some probabiy density

oy wm‘mae@mlmnnﬂm on o s sochsic
7 a0 the coleton o posions consitutes

fsqenc Gt of s of ek s we wil oy b &
proper i

i s Any st o e

pne s oo s v &t of o b
e s he cionof s iy home o e Wk
he

ih il remblc v of sy pariclr e, nd e s o
pincal IMF withoot some theoreicl model

g
ﬂ

ow H-lh«m:o«mmknwlhr'm:lv
M ovr the o ag and cmcios f the ey becnie

e g vosd b et
no e B

conant intme o apce. The I s .m..»y

abilty whose form may depend o0 meal e o ey

erpodic proce.
ot formed independently, but nsicad n groups, or

vt f e opers oy vane ok e nd
posoninour by

st hsume i cxch e e n ndependent
o of the e -t (o B ot
chters il il T hle e dibeions b

‘which all have bou the same age.The resuling IMF would then be

will b mesnigful
‘way could b btaned again from couns of fieldsar, assuming thy.

ing
e IMF i 2 saionry proes ad. i s, esimate i ime

umberofindividualydeermined.
Howevr, e thoughtshows hat 20 conssen and
detnton o e INF - posie e form of s fncion s

 lustermass distributions.

dependence.

practcal aplica on o ki progrn. For cspl, cch a0 group
Would offr s different range of ellar masee besaue o the fecs
v o e Sper e ko s (e !

o of feld sars in the solar neighhorhood, which contins

e limit) 10 which we can ideiy lster members i  funcion of
Optimisiclly, then.

collet
e arigoaly e+

“we can only

ke the sums or smallr e for 2 10"y and were

rum over a number of mass intevals, ach of which would corres-
e e e o s cold ot e
Combied to ive m]ove the emie range of el mases without
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th fracion of stars with masses s

T g o o vk st e o ot St hrough the isk of
i
uppe and lower mase it i, 35 seems ke, there are custer-to- and the luminosity funcions o galaies,the pormalzation Wil be
i ari
inSection 3, e mas spectrum.
We are thercfore et in the uncomfortable position o aving no he pper s o s of . . e pusmeters
m an isriion which comesponds ‘curent vaues around = 100-500 and

related 1o theorics of sar formaton without inroducing. major

enerally beleed to have
eGS0l Al s i . e i ar of sl e
what follo

e The et ey b b e koo
assumpions.
of the IMF d

o the nature of the fluctuations of this function among indivi-
o s o s s s o s i i
and i

number of sars formed a the same time in some (19 (1980, Hutchings (1980}, Chiosi and Greggio
with mase in the interval 7 t0 4 dm st bith, It is 3 difrental ll?sllmmmmsnmmwmm»;mm;o,
L diseibution. The phrase -t bink 3 locaied in the 30 Dorads s of e Laee Magelaic lovd
the hydrogen-burning main sequence. wneers
W are clearly exclding g, central stars of plantary nebul It convenint in practc t0replce themass spectum f( the
s pl ) fracion or sumber S st b, pr it s e by
be defined in this way for sn indvidual clser, in which case it o e wh e the acion o bom per
represents a o i o o s sl o ot ostr o ld o T e ) e g W st v
sars. b

posiion.
“The units o fm)a deined enirely by the desied normlization.

Flogmi

0meim )

function,so tha
J Simbdm=1,

‘where mand m,are the lower and uper mass imis which may also
be funcions of time, 300

r Simidm

ofthe galactic disk integrated overthe histry of the gaaxy (sssuming.
mass funcion) this e
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estimats in Sections 2 7 will, for conisency’s sake, be
Other quaniis of iterest ae
‘whichs the fractionof sars more masiv than.

wom = [’/‘,m - t"“”'"’”‘"’" a2

s o, hih s e rcion of the
oty i iy

[ mptmiam
som =
mfmdm

13)
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The lognormal fied sar IMF it by Millerand
se..muwm.;r.q:«b,m
e lteratue contains 2 great variey of nomenclature for the
function,and ther

o calculate he frequency distibution
3o oo of e . The omanon's iy
i) = Sl dyin| 16

where m and dydm must be expressd i terms of . This translor-

Navtms ool nsy e
u:) a{ the mass distribution can be readily kﬁn—t bt will nul “
e o e
e E R L e
B

| e o s iy dion s
- S| n Ly
L - e e e e e iy

& B e o s
e by

o s N+ e /
i - 2 g 0 T e

s e the g dopsof ) and Fin) clsed s s
. For pover b mas pei, e independent of
mass For example, the oty
o s B T 13 e e crapoiog s s

N> BAr j Simidm,

‘where the upper mass init for /) has been taken as infnite for
simplicty. The ime at whichthe expectod largest mas s 1, Af ),
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i s gen by g N> )1 Compuing tn s, and
m with m

I most applicatons of the I t0 astrophysicalprobles, it s st
e e sy rmaawhichcanprovde o
maton to the real IMF. Thi procedre i so commonly appled

sy of e isrbtons e So 1967 Fchs 197 Wil

1964; Sedunov
tions and practical applicaions of the IMF, tht he propertes o a

tion proceeds from small o lare masss i severalcusers

marized here.

TS The e G sk a0 cou s
oot o of i  egn of curent s fomatiosch 15
s conpes 7 comprg o e o o st w0 1

Simp= A )

on the IMF obtsined from wa couns i such regons, especially

This of the power law mass specrum s hat
has o preferted eae except for the lower and upper mass it

inghol IMF.

have been constant. However,
memdmn-mmuaﬁ-mxm(ww

o for powe law () The we might s & mor ot con-
o sars fror

ionof s o s ”,

ed Normalizaion o uniy gives.

)

e =0, i s dhe o disbsion, O s o
arethe gamma dis

Lo b
10 = G =) s)

where (@)= y*~ € dy a0, and the mean mss i ()= af;.

e o X 3 e et Jof conecut-
areindependent.

.m.w.m.mm.«.,,.._..,.Mmmmw..

1
i) = & expt = 110
fom = 7o el (110)
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the Rayeigh distibution

Sl = s mespl =t i ()

and of course the mormal or Gaussan disribution

fom) = e tmf2d] (112)

THE STELLAR INITIAL MASS FUNCTION i

function ae ofen o vaied and complex hat a niversl equiibiom
Parameterized mass

the spectrum or metal enrichment of  glax.

S s

we begin o discuss o cstimate the IME, it will be
i o s o s e st et o viows

i suchsudics (e Fuch 1973 Edwards
o o 197 o Gl o sl st s,
May 1974 o thr exampen o e the ool it
Slmidm = Flog mdiog m

- muﬂ%h‘m*hwfﬂlh‘mf}'ﬂwm (113)
vhrelog =g tog ol e s oy .
ery seul,parametrized disi

o -pemed Ko R Anchon Wi 963,
Fim) = B exi~Ae) (119)

in which one of the our

rbution 0 some anaytc parameerized function may yied clues 0

“This excrcise is meant to motivate the subsequen sec-

whichthe.
‘Assume d i space are born a3 total rate
i, i may vy Vilh o 2 ey o The s o

o posses an im-
“r hat in that case we
i reasons de.

‘umber of main sequence sars

i o PN

where m{T) i the mass at which rlm)= T. The inegraton limts
et the ot bt sars it i) < T v aledy i The ot
ime 7. MAT) is gven by the same

he the sysiem, it

i

Theoretial cstimate for the rate of occurrence of stllar events
the IMF. For

il e il G fmon Hovevr e
100 size disibutions n nature which fend 0.
e form. The procese govemin the vektion of the ition

such as supe planc
xampe, i al stars more masie than some it e, cxplode as
supernovae at the end ofthie lves, and )< 7, thn the super-
nova rateper wnit volume at time Twillbe
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i
time ago. If we knew f{m) we could esimate the currendy-kaown
quantity i from observed supernova rates In praiice, i is quite
il o ay out s procedure bcase of uncrinis i he
Supernova rate as well s the birthrate history and IMF.

e can s vre own n sprsio o e fequency dii
tion of masses of sars in a paricular cvolutonary siage.If 3 star of

e ooy
TP
st

4z\T0) _ [~

@« i
itk
o o1 4t it
Ry

) b i of e pha, hen 0 b i v

at time ‘been bom bemeen times

=T rim) S = T )t Toe G s G
ot

This expresson has been y problems associted with
isng 1 e gl (e, Selo rul Nlr 1979) and th e of

plancary nebul formason ron, and Kwok 1983). Simi-
e 0 prdice ooty ancionof it s fo 5 e
st 0f Whtc dwar covlin cacusion, depends on the IME e
D Astonsad Mgzl 1978 forsucha claion

e cancaluue e ot ey o g of el o
stars in some wavelengh interval, say th visual band, by assuning

minouty réaton £im) from el or
theoretical stdies. The resu

-

xUmfm)Blodmds r I: U Bitdmat

Later evoluionary phases could be treated by including the time

-1 color of

ltﬁ;:luuolmﬂmmmumlh:mduw
stelar processes wl

. J BT~ i~ r-wmmm (1)

u.ema.m...mmwmm o stars t the
time T 1f the cjected mass m,m) contsin 3 fractonsl abundang

stady of galactic photometric evolution. 3nd can in principle be
compared with real galavis in an efor to determine the birthrate
and/or the IVF.

‘W canalso estimate the total adision cmitied by H I regions in
eslxies. Since H I regions resilt from th fonization of imerselar
neutral hydrogen by ul with 1<, =912A, the
total onizing adiaion rate perunit volume willbe
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wn-[" f' J‘ Bl s

P ke «

‘where I i he total (bolometicluminosityof a star of mas mand
) isrelative spectraldistribuion such that

smidi=1.

any wavelength interval. The function s(i, ) must come from
nearby I relevan

THE STELLAR INITAL MASS FUNCTION w

dances of primary metai do ot depend much on Bif, but are very
sensitive to the chemical evoluton model, .. the importance of
ol it Bows e o i s Schon 61T

=
servational o theoretical determination of the mass spectrum and

nany aes the procedure s revere.

e evidence concring B i order o consiiathe form of the

mass spectrr in the input
qunies e mm a1 e et ME s
low

model atmosphere calclations. A match 10 a galaxy specrum in 3
munber of vinlngh resons, sl ncuding socia, ine

Muumuammwmlwm
s ctons e sl Snpted o g e i, m,

analytc fo
o have often

i e oo o e s o cmaing e s
g i Seciom$ hough 7 Fist we st camie he re
oy of e Which can b wed 0 s e s e
diretyfromstar

2. THE FIELD STAR INIIAL MASS FUNCTION

21 Defitons and procedure
A primary method for esimating the telar mass function is 0

the stelar properties in detal, inclade time delays in the birhate,
and reat other processes and properties

and important reslt which cmerges from all the

abundances of primary metas depend on both the mass spectrum

an adopted mas-lumine ‘and then correct the sty
tion for the stars which have died durin the istory of the cisk. Th
spprosch vas wed i  plonerig papr by Slpeer (195 The

fncion, ohen hbrviaed TME, and ill e Geoted E1og . S
eral complications and assumptions arse i practice and S0 it is
imporant i undeand the g v in e

cuion v here paralles nd s h dervaton of e ik
ar I g o N and Sl 1979 e M) C

together, and there s usually no straightorward and unambiguous

“The term "fied stars” loosely referst the stars in the solar neigh-
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borhood which are not presentlyin custrs. The siz of te “ncigh-

eing studied

-bnmmpciurmnyhdh-a»_nksl\(]\ulsvnm.(hnbk
10 about S kpe for

Shoe dianes e esublshed by Seciocon palies. Sice

the fa

THE STELLAR INITAL MASS FUNCTION n
sch 2 he I index g cionof e, o the sdope of some
‘adopted rltion between IMF and galactoceniric isance. We return
tothese.

“The fundament mm-ﬂxhuummaﬂmn
e i st TME (or ot IMF in wha folows i the eminoiy
fmcion kM) i gres he mmber ofsars o all s (it st

Tl e em e s b ppeoptte, ey o maivs St
most of which can sill b found in clusters and asociations because

visual magnitude M, per

sty function are based on blue or photographic magritudes rather
than visual magnitudes, but most of the calibrations which will be
required to determine the IMF are based on M,. and

for stars with masses les than around
\cloctes of disk sars, typically 20-

“The luminosity funcion can be transormed into a mass unction
flog m, which is the number of main sequence (acualy core

cant fracton of the

area per unit ares, that
the galactic dis, i used because of a biasthat would be ntroduced

diteeny memw:n 12 the ik onting bt e more
re conceiied o e midpae o e disk The
uncion log ) calld th peset-day s

comain at last) o populaons,one comeponding 0 8 ocl

Mould 1982; also Clube 1983). For i3, on the other hand, we

canbe comsidred ol i samplng sl - 1-Skp.
Siilarly, the mass m derived from star couns

ey he e v ) Lo e

gulog it 2HM)g M) 2}

rr
“The fcor 14, diog mé ransforms te aminsity fncion o 3

mass stars with 1= 1 the IMF is a time.
fridupheptadedumprrigittaat i
e IMF has

um).mmmmmmwmnmnm
uminosity relation used does

fed sgnificantly with time of with positon i the galaxy, the feld
i IMF derved from sar counts ha & complex physical meaning.

that the mass y a unique
of a sar on main sequence, but the average lumin-
oy o piogen g s o 4 s ¢ 5 e mass. This

iscused in Secton 1.2. We are therfore forced o
e e 5hd var I & ependen o location i the sk
forme 2. ndndpendet of e for l e e

Surmptons Wl regars he Germnation o o

“equence et
furter beiow. Thetem ) b i of g e i,

osity function
ol o i Gvcio i s g HNL



= 108 5 SCALO.

e Th bt ackor, £ s s o of st g M
are on the main sequenee; it corrects the ity func-

THE STELLAR INITIAL MASS FUNCTION =

Cllog m)= Fllog mBrl. @)

cores and are nowin alatr evolutionary phase.
does ot eflct th frequency distribution ofscllar masses

m 1 have liftimes as large s the age of the disk, 0 for thesc

the IMF over the past ~ 10°yr. However, more massi
maler s and s we oy cberesome lrndmn e s
¢ born. Thi fraction decreases with increasing mass In order o
denve e IME, we must correctthe PDME for this effct. The co-
. which we now deriv,mvoivs e etmes of sar s  onc-

LT
] -

with Bthe averagebirtrate oer the history of the disk.The guanity

er il heoreicalor osevaionl vdence o o7 s s
12 tha the

disk.
Define a scla crearion funcion such that C log mfdlog m dris

log m 10 log m+dlog m during the time interval 110 1+
averaged over a suitably large region centered on the sun The term

ooy e e b e el e s
ciioon ofthe IME I this e we am e

$ullog m)= Fllog T8, €m)> T (26)

and et avoid confusionwihthe et which s icd
el
A s i misquence Hities o) ) st e e of

and per unitlog m with > 7, which have ever formed, and essen-
iog.

&llog m)= Flog mT.5. @)

For a time-independent mass funcion Flog m. then, &log m) is
dis birth, withn a normalzi

S e
B o

s e

Rpimia s oa

Tt

e A e
el o

Clog made, tim)<T; @3

s equonsci be gl by o it e crvion
cions epenti hdon

Inthese terms, thecreaton funcionis

Cllog ma= Flog mBt = £1%87 ), @8
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T e e i
CTE

Notce thatfor )4 T, the firt expresion becomes

Sog m)= gllog m)

'
) @10

T cqumion i o 22 s shos tht e shope ofte
upperpartofthe IMF i ndependent of

 discus quanites
reqired to convert 10 the PDMF, and then discuss the selr lfe-
times and birthrate istory ecded fofinally obtan the

22 Ostorminaton o the uminostyfcton

“The most importan funcion enteing the dervation of 4. (og .

1 e B B e ey s ) B S
o bt of

e o o o .m-.m sty compics

e andvpe s enhe

221 Methods

All methods for determinin the luminosity function of ield stars
v couming o b o s 2 oo

of mgonomet
ured by fo nery (4%30-5070) Siar S are.

FiGuRE 1

motion . 50 the s

counts Nm. %) must be corrected for the
which becomes very
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at small . Aty smaller than some fimit, a selar Kinematical

recons st b made o sl mesrcment s T
51 S (560 Mo (197}
Mzl (1972) Wil uvm Armandroff (1982), and

The e four wos et s (1569)

THE STELLAR INITIAL MASS FUNCTION n

by assuming a Gaussian form of
WM H)<exp=(M-STH]20°.

Wih M) and M) in b, M) an b e

Summing over  and correcting for incompleeness due to the

o o sl s v i )i vhea sumred

over jves he lumin-

catslogue and
020 (Upgren st Armancoll 19813l for .23, 50

sy fncion. Publshed LEs wing this meiod \Mlude Loren

(1938, Bruce Proper Motion Suncy. Luyeen

he LF derived from ths atlogue. S and W (1973 Lovll ey, W 1973 dotos

s A ecent discussion by Schmde (1983) emphasizs he trong

omparison of the disrbatons of proper motions and sensiity of the LF o he adopd M slation. As poincd out by

angentl veloctes fered from radal o Schmid, hi snsitvty he fact that Luyten's LF fo M,> 147 vas
ied in couns Mo s, Aigiog mesn parlavs )t

g s robabaty dsrvaion encion o 0% e mean

fixed m then allowed an estimate of N(m, ) and (M), Van

th conclmio tha the LF for 112 i bsd primarly o
Fighveocy sars (s o Gilors 1983, ggekttht e i it

ielble or 8> 12, A prope modon o dctemine e LF
Vhich doe not s the - calieation s been repoed (Kon
1981

m...- (1936) e this mehod Table 2 of M
il hese first two methods agre,a east for M, =

A i et s ol e of pamilex
s el e o of o s e
ied by Luyten (1938, 1968), Wanncr (1972), and Chiu
vmuymmnna.md ek v for e it g o

“The counts Nm ) re then corrcted for magnitde scale calbra-
o, com o by s, om0 bl by

One wite

/Lmu m-Almmw o where e st h:lnv i u- be detr.
e lncion =34 o reduced

pm‘xlmmm.nlhm e, T fnon e oo

rewiten H=M—5.7+ log v, whete v, is the tangential elochy
Luyten shows that (M m. ) can be replaced with a funciion
WM H). The definiton of H shows that i there exiss a mean value
o v for cch M, independen of disanc, then  incr rlion
Mand Hoill ¢

be the. WM

AR B o8 o s e s ey ek
only very small numbers o it
hn|h( VA In cedr o et ooy b 1o 3
es. luminosies based on spectroscopic and/or photomelric

absorpton, 50 one must obtan a space densty a a function of

Binney (1981, The method has been used by several invesigtor
Barayn and Kharade (1977) have wsd ovr 1D000MK spectal

( - and
Moy (1984 Vn Buren (195, o Vanhesren (1985] wied

ey e e s i o . i end ot L
oy by Weiseop, (19721 Co (1980, i i Y e
Reid (1952), Reid and Gilmore (19821, and Gilmore and Rei
(1983
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“The method used by McCuskey (1956) and Upgren (1963), while

28500 e Gilmore and Red 1983 are iy sl e

IX in MeCuskey 1966, and the discus-
7 below),

gion,
10 1o more than S0% (see, however, Chi

parisons of
19557 s of sacic models i, dp s cons by Prich

nummmuﬂnmlmmzlmptlmxknlxu:

plane, bt
T U 9850 T e arcment b 174
derived independenty using diffrent metbods and for diffrent

i

the solr neghborhood. We assume this fo be 5o in the present scc-

222 Compurison of uminosityfunction determinaions

" ilren: approac 1o, cimaing the hanowy fncion has In nde o grapicaly compare e b mumber of L detcni
s onthebas 175, spec:
Chiu' 1980, Eggen 1983) a sampl. of strs with proper motions and 2), - Z(\l(&[hkllnullyﬂshm

brighter than some Figure 3), $<M.<11 (lte F to carly M
biases which can be 9<M <17 (1 M
1975). Disances for
. tomet the range i M, covered, the figurs in which they a shown,
Spectroscopic paralla. The maximum distance 0 which cach the symibol usd in thefgures to represent
from is absolute magnitude and the few comments. In the fgures, decrminations based on the NI-H
ponding maxi- “dashed lines, those.
i M, range con- or photometic parallaxes by soid ies, and
forall sumple by dordashed lines. Eggen's (1983) disk LF e
mates basd on the V. method are not connect

e sun,
2 above the galactic plan (f

clarity. Upper and lower limits quoted i the references
oot o ey ol onfoe e il dply o he
e s and nany o, re vty oo,

comered 1o visul LFs u
ﬂm-m,)tw,/m. i o eatons of the for
e e, Alfen 1973 for data sources

.w_.n (21
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i e comtms < s b g o 4
e e e f.um)m'hh!:llln
plot maxmumu,-u,'nummuw
mmkum,mp average of

A S

(s bl L o the
1SN oA 68 s combi-
mmn{p hs-vsx.‘lumcmulmn
e ogoiudes o B> 13 song vl 1, e i
g vt dey ot
Ressars o

LF determinaton of Wilen, Jahrcis, and Kriger
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but withiflerens volumesfor s i cch f 4 1, el How:

here 1o estimate the IMF is the assumption tht the luminosity
function can be transformed to 2 mass function, i< that there i 3

M <13}

side this range, but the resul s based on less than
u, Tt should be noted that Luen's (1968) LF continucs 10
wever Gilmore (1953 b prested vidence showing

» posibity which was recogized by Layien.
&hmdl(l?!}] ) s discses s problem and suggecs that
become  problem for 1, > 12.
“Senon dwmumMrwmnmekul and atempt 10 setle
‘onan adopted uminosiy fanciion.

The range M < ~1
The brghestpurt of the lumiosiy funcion prsens severe i

ied Thi
rue, especially for massive sars. In an H-R diagram with M,
coordiat of g mumulmemhummeﬂdll
and upward during core hy an evol-
konary track n the M~ log T plane sy he roughly Borzomal
i
range in T, and the bolometric correcion becomes smaler in ab-

visble par of e spcirum. For cuampe 3 40N, st may o
from an early O star on the zero-age main sequ
the end of core hydrogn-burming e Brinn and Traran 198201,
by over & magnitude.
bo!am«wc egnide oot et 1o s righening
202 L. T o ot 3 At e
.‘,‘7 i ™,

spondingly lage. As emphasized
(1952, hereater GCC, the LF recommended

from i) Aw!:
umdlh:mmmmlymnlmmvmlku'

by Garmany, Conti, and Chiosi
by

ot masse s L

450 5 r20) 2o e rer o 07 (230 v e
ven 10 M, = ~6 = 60} Tis criicism is ot qite
SLF s

satisfactory way to_circumvent. this
dlemma, Legess (1579, " Garmany e ol (1982) and ohers (e
Section 2.64) have avoided the use of  luminosity function

Pimbert et al. (lm}ﬂkwmn(wumlmm i
Neverthless,

. log 7, plane
T8 el o kS e T

stars used in the LF was

sufers from

i vy st Vo
nmmu(vpmammfwnl]umywnm(m for M<.
=3 because o the small sars. Bartaya and Kharad

o '~ 5.5 bt do o g sficin oo o e number
of stars used in suff-

1 frm e lrg wmcesotis i St calotins of g

her hand, this method is more sensiive to IMF ariations
an is e method which s on the LF. The resuls of ths

enty aee T o sty e s otk b covplants ovme
imiting apparent magritude or distance has been attacked more
recently in the studies of Lequeux (1979}, GCC, and others. (See
Section 264 below).

A second problem arises because the basis of the method used

T order to us directly the visual luminosiy function, which i the
basic observable, we must correct the luminosity function for the
el of brghiringduriogthe cos bydogen bumig phas Thi
provs s dcised n detal by MS (Appens, wbo dered &
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e e dpendnc of A, on e for cxch s s e 0
principle this informasion is contaied i theoretcal evoluionary

THE STELLAR INTTAL MASS FUNCTION B

£ M, ~4 10~ a sigiican umber of stars which
R b 1 ineba ol et g S ot

T o boamc s
the large mumber of pubiched evolutionary cal 2 simple
g o e o, evoring 13 s v v,

fom i 238 1.« 4, bt el o the e of e LF for
3.5 -5, wher th data was adopied, i uncrtain, except that nc

nd of the main o cch mas . S ho e
o i m o oo s

50,207 mag nd 10 ma, e e el

on. actor s ear unity

for =0, e s vars v ot hd i 0 brightn,

cant is sugsesed by the work of Bisacch, Frman, and Sarmiento
(1983, Vanbeveren (1954) and Homphreys and MeElro (1984, a5
discused in more deailinSection 26.2 below:

e s s NS Figare 14 The sympoc sl 1 =4
The

ime of this writing was that of GCC. The catalogue contains 427 O
s urt e o < ke Garmany iy made e

hown
al mu\w el The dicr

5 (hased on smaller sampic) shoul
ool e remmbered ot the GCC clogs cotuisony

HIGURE 3 Do ety ool b s s



Al b e comparion was compleed Humphreys and

MeElroy (1984 hereafter HM) presented a visual LF for 2
s i of 3054 sars whi s a0 spcel e B s

ants types and luminosity s
welas the O sars from the. esuling LF i para-

GCC catogue.
16l 1 the LF adopted ere for ~7.55 M.< ~S.5. The LF published
Jargerthan our adopted LF by a factor 2-3 in thismagni-

tin, basically oinsthe GCC LF at M, S with the
mmuun,lm;un\w 2 s g e v
Rbin it Taminosiis.

L vhich e s S iyt s ecoencndod by
McCuskey 1966, shown by the dashed line, is larger than the
adopted relation by a acto of about 2 over most of the M, range.
The drepaney spparendy s becaue of 8 it o

by MS. The uncertinties in this M, range are a least £0.3 in log g,

s sae hight of 2000c (Humpires, penoml communication)

aLF from the GCC v pe
height s more spproprite for massive sars (e Section 232
below. Inany case, since the scae height wil cance out i the con-

Wi s o i chcs. The et o et csncion
may 3o iniroduce consderable uncertainy, 35 indicated by the
workof

consistent i e prescny adooed LF over this maitd
cept or

The range ~2<M,< + 5

s T et e R e L g

M) at M=2.
LF adopted here is

il ScCukeps 155, 1565 apes damonds i Tt 3 (o
lled irle) for M2 2. The scatter

tars are nar the main sequence. The adopied LF in this M, ange,

range.

m,m.mu,qo
this range of M, a major qestion has ecently cntered on the dif-

by magniude range The
2] g the b rcthod 5 Loy Vo Gt i

e 42 M_E5. The L5 of iags 1973 Eggen (1953) Ci
(mo\v-nmu-u%s).m«mzxuwmwmhmusu)
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FIGURE . Drrmsios o e e i

the Iast four resuts are based on photometric paralaxs. U

(1963) LF which used the method of o s conset
o 0.t e s eyl ]
from MeCusey's 4] shows, o i, but i
neummelkkd ,un from the same. p at
it T TF of Sarors

{1550, ey i i .
of sars with 1, <6., sgrees well with

“This
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ration o therelty o the dip as b give

10 uncertainte in he calbration of the mean shaolutc
i also because Luyien s rels

i pesiied mamer. That e important an
nin s of Luytens LF by Kipp (1983, which

v a s M= i o e porth S glcis o

s

la indpendent sty Red (1953 wed photomeric

o g o e Wt el e
he LF inthe range 7 < M.< 12 for 122 sars. The resls agrefily
‘wellwith Wiele'sfuncion, showiag the factor of two deficiency rla-
i 0 the Luyten function a 1. 7. However Rekd soggests that the
difercnce may be due 10 differcn sampling voumes, and the poss-
by that the proper mosion survys inchded some miscasiied

‘More indirct support for the dip comes from  comparison of
nd

185 e f .41 s o Gl g, ven
san,

mmmnmm”.mua wance indicator and
s iy his e oy T rign
of sy

T doptng -t LF e el $ <31 e flowing
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amplitde of Eggens (19583) dip, ~ 06, s much larger, and his dip
=.5. The Upgren and Armandroff LF is

e Sy i M, s e iy o
£015intog AL and probtly sl

The ver fuinesars: M, 10
The L for i owst s s s sty 0 complete

expect to s 3 large number of non-
o stela “back dwarfs” using the Space Telescope (e Saller nd de

Jong 1981). Such objcts could y account for
", which i the tem used 10 reert the kelydiffrence between
scirmined and the
s density of observd objcts (sce Bahcal 1984 A Basic question is:
the LF have o mavimum at fint magnitades? has

o 1 et o g e, longand rather mudled istory, which is worth review
et ety Tt ks At very fint magnitudes thre has Jong been 3 conroversy over
e possble existence of & large mumber of low-velocity dM stars
considerat made. First, | assume that the dip in the LF is (M,10) which would have. in proper motion sur-
o Th o Al o v b oo s md e sl veys Sk 1964 165} ot rdn

twde of the dip varies somewhat between the determinations which cess by  facor o about three. |

Show i, but I adoped the i miimam t Moe 7, ll vidh o {1573 My and Sameok (1973 Fch (1973). Gl (19731
M, o ot
re mesured wih et 13 b of conam ) Tis sl I parielr e (1972) phoomecicaly deermioed LF g
Tude i nermeditebepwen the resls of Upgren and A factor of 5-10 reative to Luyten's functon, and

ndvan R (005-009) and o and Nado (01-03) The

ey an, Sandle (1972) o g ey snd sl
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by Herbst and Dickman (1983, see also Herbst and Sawyer, 1981
i Taurus,

o concusion was reached by Gl (1973, for 75 sar s the
ot g ple.

Sco-Oph) 1o obain an absolue magnituderimited sample. The

Homever Weisirop (1976a) and
P e 1976)divered avtematearrs i Wesrop (1973)
original photographic photometry, i the sene that olors Yere 100

original g

B 170 e s coms b S (1965}
Koo and Kron (157 and Wesop (1977
0 by Warrn (1976 invatdated the esls of Sandu

Murray an
leak (1972] and m.« (1972) respocivey. Jones and Klemola
(1977)aso found no. for an excess ofvery fint sars i the

5-10 i s s, s of e rcnt ppes e
and Bochem

106 4 m1vi0

M> 14,
by Probst 19835, confirms thisresul.

FiouRe <



“ Joy w scato
a tumover in the LF and a continued increas 10 very fant magni-

Since there no longer seems 1 be any strong evidence for excess

‘more (1982), which does not involve any kinematc crteria, and the
O'Connell (1982), we conclude that the

THE STELLAR INITIAL MASS FUNCTION i

Bisacchi e al 1953 Humphreys
factorof 16102 in

.-aa,-wmnmnu.vmmN.mu~ym

peak i ral i objects p
dicted by Staler and de Jong (1981, which was based on a continu-
ously increasing mass function, may be. nless

csablished by o of independent inesigaions 3
s Mornee

roce
give rise to thme stllar IMF. Searches for

review 19830, aiso Boeshaar and Tyson 1983; Marcy
1983; McCarthy 1983; Karimaadi and Bitz 1984) will help resolve
Space Te

this queston, and future
(Crézé 1983; Uparen 1983b) observations will robably decid the
T adopting a LF in his region, th peak was placed at M, = 1252

i b u-ﬂmummmm:wwun
emor by st et 203

en as 82, with an uncerainty o perbaps however
i Eggen (1953 s th v f gt e ek 10 e .5, The

Tor
LI berween these w0 was adopted.The ccr
sy b s gt £02

223 Adopted ominasiy fucrion

T sdoped 1

ety o e st S50 bt sy
mnmunlwmmmlummmmvxmmclmz
peak.

& maximum st M= 12-13 and decreases

and the rte of decline are very

[

onis the LE e by MS. The mor ilersces rom he MS LE
1 The new L st o M. 5 s s e o e e of e
GCCO“-!W sars used by MS. It

FiGuRE §
st by e s S 1579 b

A s ok v compo, s s s o the L

ercmcnt with Luten (1968), aad shows how Loy smociing
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-6 ich
based on Giies’s catlogue and its sy bt with dif- e coes e s ad i are o drety. ik o
ferent lmiting volumes for ¢ separste M, clases. For 15 M,513 M, must be derived indircty, for cxample using the cmpirical rela-
il L agrs vl it e ey sdopid L (£0.10 o ) e

Ouiside this rang the sample contains les than § sars at cach

183 M5 17, whil the present LF declines. However, the weigh of
e

and M, (Bames, Evans and Moltet, 19781

These matter are discussed in the comprehensive review by

Popper (1980) who has citcall examined the avaiabie iformation
maves and M,

‘Schmi (1983) has
dons by requiring that the quanity H
(see Secton 2.2.1 above) i lager than some limit. Thiscorresponds

10 a limiting sbolute magaitode, and so. provides 3 means of

obiaiing an Mlimited  sample. i gves 3 LF fo

13.55 M, S18.5, b, as he notes, the poiats at M= 13.5 and 145
ensive o the H adopied, abd the paints at

e e v oo e 1

23 Conversion o the present-day mass functon

‘The relrion between the LF and the PDMF is given by Eq. 21, In
this section we discuss the various quaniiies required (0 Obtan the

231 The masshuminosicyrelaion

basi ingrdient in the conversion of the luminosiy function 10 1
mass distribution is the reltion between mass and absolue visual

seectve in terms of the qualiy of data and ranges of parameters
ied for admission; the masses are generally estimated 10 be
st wiin 20 e ot of e vl of M. cary e

ot i S with e s ot shom B
(M5 1) Alfouh  few mior alcraions were made here (e

a0 v o e Rl o o i seqcnes oty
s V) s rom opers Tibls 2. 45 7 and 8 re dhown i
fgure 7. The daa reprent 23 sars i visal binary systems, 81 in
ved e sy, and 31 sclping syacms. S of he

10 Popper, and so their measured masses may not reflctthele orig-
inal masss; these sars are shown a plus signs i Figure 7. Al

1 rohed et e Ros 6147 s B The
apparent magnitude of the scondary given by Lippincott and Her-

ey (572 ot 197) e e sgreement. Otz
etric companions with ‘stimsted mases certainy exist
Ac;ozx—u - D07-01. ey 978, bt ot s e
ally and s0 cannot b placed in Figue 7, and some of these objects

i

M.
s and M, e posile ol for il bioariswith sy
and

by
,uumlmmmummw:mmu

(iher Figure 2), which was basd mastly on the
(1977)fo visual and clpsing

irictions which Popper imposed on the spectroscopi systems. In par.
ticula, the data o high mass tas now comes almost ntirely from
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s emphasized recenty by D'Antons and Maz-
ulemuﬁjkmmnmwlmwﬂbdwn
reliz that the stas for which diect mass deter-

age at any given mass =

. ssumin o i ormain e s

class V' stars. I might be possible 1o berer deine the relation by

o st weighs for cach cls, ut o such procere il be
pied e

Eau-uy lmpunm comes from the semi-theoretical
Th»whlwnmmdh)mmm" el cvol-

e to comert the hortl amioosies o M. The
principle wneraines ae 3 e nd sl s, For g s

published masses for mst of these tars are probably 100 smal

the convetve core o the divecovelope, and te s of
rottion on the interior sirucu
oy s s b e i of gt

(seefor example, Andriese 1953 Thecffecsof

the likelhood of mass transer in the most massive stars. Neverthe-

(1954 Forlow-mass sars thestroctureoftheoutermost ayers provides

{oe ofsmaller mass a2 g 1. The Gl adpied rtion o
high masses s shown by the dashed fine, which is consistent with
oter considraions o be discussed prsenly. The rlton for

an important

atmosphere, especally the trcatment of molecular opaciy, and the

phere
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bolometric corrections and effective temperatures remin uncerain
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Ao shown are = 15 and 30 modlswith Z=003 rom more
950, =15.30

003 o B and T 1983 e

2 g clhawton, ek i intel mas e ooy
X as theor-

wing
etcalmodels mm.mom-ammmym.umm
herange03.% 1= 10.and thoscof Chiosi Nas and Secnivasan( 1978)

Squares). Both sets of model incude mas loss with diffrent para-

mass los rates. The bolometric ve temperature cali-
raton used is that given by Popper (1980, exrapolatd to higher
ffective emperaures. Further caeultions which could be used 10

it s
cirdes in Figure 8. The resuls for m=06
Tog 2 025wt b s ool St

e in B nd T (1952, . 345, oo e rcent
calculatons can be found in, cg. Falk and Mihalas (1983) and
Doome(1983)

The good agrecment it the MS rlion.which in s the

theselow-mass stars.

tive cores of elatively massive stars give luminosies during core

pegctin oo (0ot o ey Sgicanly et sl
i discussd in Secton 24 below) The m= 156 overshoot

ode r
co. Their model is shown, afir converting to M, using
Rlpptl\“\'im bolometic correction scak, s the filed triangle in

i G o8 s bl e o s
i g hich

ihghicningindu oonrbonisoa bt gt =104

o prbaly e i unerimy oy P 3 s
calculations using Maeder' recipe for overshoot by Macder and
roughly constant brighteningof0.2-0.3 mag between 1, and9M...or
Jrompherpist et n,...-v from Macder and Nemiliod
(1981, shows how the ing in M, arics with cfc
erunre i e of coeayroge e . ih )
5 g o o o pressur scale heght n the nonlocal mixin length theory used by
FiGURE 5
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rhoor, mass loss, and the
omeric coeeion ek, 50 sppear tht e enee o o

ren iy round 01-02 1 e, or20-
and bolometric correctons

I e

novees o o e ot oo e 0 comes:
et o3 o s g b o o B o
o compti.

e ot e et e e .

clustes in five age groups. Macder and Mermillod's comparison
ng

calculations are extremely difficlt because of
mmnn..mn..m.uammuugmwm

linearly extrapolated the adopted reaion o 4, =
uncerainty i the m(M, relaton n.llmuu-h»m

1982)

and 100, o
overshoot have been presenied by Bresvan,| nmahmo-wuvnu tel, 1983, they sugges that this fatining st n at  cortesponding.
Thiewts ot e culations st doscabd, it he A 3 andhar s omstent i e sl iy G
both i fom the LF, bing.

isiscorrect In

1
decrease the mean luminosity by ~ 0.03-0.15 mag. The discrepancy.

i ratn
(1980), Cloutman (1983, Macder (1976), Macder and Mermillod
{1981 and Matraka e al (1982, and the facs that the overshoot

partcular hemaximuminthe F t .= 13 wouldinthatcase notimply
tumove i e MF, which my coine o e i dc

assrtionis unlikely. Fis fthis (M, rlaionfor

r-m z-aounmwmmz Figure 3)isadopted,

ing only ses inat log = ~0.90, M= 11, The efecive

of the models less massive than this are very smal




53000 K)and wouldbesmallrifmoleculr opacity badbeenincluded
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Copsa, Jensen, and Jorsesn (1970 for  me abundnce
10~ =025 10 m=0.1

tions for such sas are almot ceranly smallr han — 3, and 30 the

function. Tis can be seen in Figure 1 oftheir 1983 paper, where the

il b da s, which e 1. 6 o Fgwre 7. Scond

derived fom Wogne's 1974 evlion o 210" o
masses e S crosses, and Aleock and Paczynski's
(1578) o st 243 10 lod e 32210 o .
Popper’ (1980 bolometric correction scale was sed even though the

b combten wih Pt .
i e ST and the data for Ross 614, whike more

our galaxy, but may be useful in deriving mass distributions from

ichappearspossibeis o disregard the clpsing binary dataand force
o s hrough h o et il by poishe

31030 Forme 1

o et wih T~ 1.3 ggetd by D Ao and Masheh
(1983, 1 conclude that ther work docs correctly identiy a major
d source of uncerainy in the IME, but that the

iy we

o by vt 20 et b et

Iy o the

but the possibiity of a flate rlation st be kept i ind.

T estimating 2 mass functon from 2 luminosity function the un-

m,

iy in he -V, eaion e i e e it s

fth.
M, In fact M. i
(= 15.6]at M.~ see Table V. buthis lateningisnsufficent ocrase

Various ranges of M, given in Table Il were csmated: they are
ummlommhuex-m—myluns 72 snd M.z +12. The

theortical m-M,

hese Secondiy the sope of

quanity d,
range of

. which i smalle than the uncertainty in the luminosiy

M=,
andmagaitudes, suggeststhaifa lateningoceursbetween M, = 63d5,

(05203} whichseems unkly onhoreca grounds
conseing lofld s s b o s mtions '

M dlog m larger (D" Antona and Mazziell, 1983, as discussed

ases <l etorhesog o he L e muchargerror
in the PDMF and IMF. For example,for massive stars an erro in

envelope of Veeder's (1974) M., ~(V-K) diagram, bolometic cor-
rections from Vecder

of about Se. Thir, the reation used here connects 3 mass with the
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‘The =distributions for stars of various specral ypes are usually

mately) orrects the LF for brightening during the core hydrogen-
burning phse. i

loss and convective overshoot 35 well 3 the scale of bolometric

o e em 21 the comerion o LF 1o FOVE i E3. (21
Observarionaly mmmmmmmm

M. relaion cannotbe asly estimated.

TAmEm
PPt —

g o e

Mo Usensninkogn ot A

problems arise in practc, however,

R 198 e rcreeen e
Fi i IReid (19831

This

ronyeedindsanesles anahos 00 peomibelre.
B on ot e plane an cxponcnl fncienafen docs
Prdeavem ool dan VS o reusyoonoy ren

{aformadon. Desph sion between
Hand M, does emerse for M, 3. The reltionadopted by MSand here

M1 and consantat 325 pfor M, = 6. Theonlyavailbleesulsorthe

laterrange (Faber t o 1976; Gilmore and Reid 1983) are consistent

witha scae eightof around 300 e, bt theuncertainiear lrge. The

o siven ahove suggest tht H should remain

w2 ot vt sdope elsion
e

e alactic plane a5 mmmol*.‘mmlmmm:-ium

e

g

point which should benosced s thatthe value of M,atwhich e
eepabein A ool gt o e o drelationit

and Schvarsschid, 1951 Decaled calculations (Wiclen 1977: Vil-
Tumsen 1983) show thatth veociy dispersionin increases

)i
and monly increases by about SU% over thi ange: gesbya
factor of three over @ range in log m of ony 0.17. s s

hich
the sharp ris in HM, occur just n the egion o the mass function

e and Figure 2,

onthe HIM relaon nfered fom observations.

cantly increase the evimaicd uncertiny in #M) in the range
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551,55 For s rssons ML inth s g 120, e
imporian effcts o the PDMF and.

z
I %
HIGURE 10 At i e s i b st

s e e s oo s

233 Corection fornommain sequence sars
“The finlfctor which converts the LF into a mass function f .

borh AD V and K I stars contribute 10 the LE.
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The comscion i oy defintfor 1,54, bt s poy e
e, espoclyfo e bt . g 1 hows e
of &(M) from Sapeer 11955, Sandge (195 mm
&mnnxum w.munss and Mcuskey (1966) Recen
Soni (983 bave g a0 uvmmnnm
wmn..,m-.... ‘dashed e in Figare the estmtes
e o St (195518 Mo zmuwa.
oo Ter b e s o between these resuls, and
the scater must simply be trated as & source of

C ST R SN RN S R
..,

FOURE 11 o of 8 o s i i 00 .

i pae s o of e v s Duhd o o e

R ) S o e et ek
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Notice that there is o scae heght uncertinty or the thre lrgest
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o scurcy ofthe sl dpends onthe proprchocs o
comporson. M wed appro mmwrm«pendnmul

necessary for any substantal improvement in
thepresent-day mass function and IMF.
24 Stelarotimes
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N e Knowledge of the main sequence core hyd

and opacity on hydrogen. helium and meral abundances (X, . and 2)
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stars around log m per pe’. None of these sars can be more than
i) years od, 5o to calculae the IMF, that i, the number of such
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factor 1/B(T), whe
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B Jom w scato

SISTEISx 10y, Ty tored more real-

ound,or 3 ke it 67~ 04 10 03, bt sh i no

midr b apper e on B) becaue she reied e
bt b deeasingor of ime.

100 ¢ 0% m)

“The problem was reconsiderein more detal by M. Alloving for

sox 107y his_gives
R ATI 235 e e g T VL T s wods

5 limes smaller than the present bishrae. However hese exiremes.

0 some degree, and
consrint on KT is not vali. It tums out, however, that other

10 eximatejust how discontinuous the IMF couldbe.

282 Counsofradio i regons

= g 0 g
s m

FIGURE 15 St oo b o e 0 sl sl
e A

ioms of radic i rgions, since the radio luminosity i relted 10 the
i of ioiin Lyman oo phtos i by e
imatey known s a functon of mass

average length of time an Hir region i detctabl 33 3 adio



The conversion t0 a sl birtrate an assumed iniial mass

253 Sellar age disribusions
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255, Discussion
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i disk most of the matte was in the form of
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26 The esutting MF.
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261 Comparison with the MS IMF.
“The reslting IMF (stars pe-* log ) for 7,= 12 and KT)=10 i

pidly compared o Ms
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222)

262 The IMF a verysmall masses:
“The peak in the IMF at =023 and decline at 502 direcly re-
lects the same behavior in the adopied for
M.z12, a form which has now been obtined diectly using

independent methods to esimate the LF, and is
indirect 5 (Probst and OConnell, 1982; Probst, 1983h).
Whie it s rue thatall determining the o
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Tow-mass stars) have used an IMF which continues to increase

008, . e the formaion proccs of bsclar objcts is

Sl i s ot han D20 would e st v
pointed out by MS. More detaled low mass stllar models and mor
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BT)= L0, wel s changein HOt. Sne o o ) some-
ihan unity s iy alloved by mor direet it
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stela lifetimes 1o the same scale adopted in Section 24, which
cmphasizd the imporanee of comeite oerhon. T h Wy he
comparion i relaicly i  of difcrence in adopted

ime: the shiokte numbers can b el revbed or & e

culated wing esentally the same evolutonary code. Althogh GCC
only give the indices of power law fits 10 th resuling IMFs, the
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oo T complcepes . 30 B cocaponin e
e ety e o g, heinonne o b he
3k

i e thown I Figwee 15 The Wi i by O0C
increased by 10 make 3 mor divet comparson wih
the L-based.
o argest mass
Ancther witha diferent sampl

Samint 1983 oy

o2 s comeied
£ The W b 20 <70
VB I et 10031 ot N s e o

’

[ ———

by HM i that th star counts for the less luminous stars, mostly B
S of LV o 1 e tc cven at 2 disance of 1 kpe.
mplee-

e
e B g To s vt e s by s 0
Secoun for convetive overthot The faenng t 200, and
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squares power aw ft with T'= ~2.4. It should be noted that HM

sork decied shove g argest
e clcton e M 108 b v o . rgst s

Faers 4 bowe e o ok using the warmer

tempes, 4ot by HO. ke g v skar o it

apper that, by resricing the i dianc of th Sampie, M5

oidd robems vihincompitccis omevet e pri

Very smal sample iz

“Poc IMF deie fom the visual luminosy funcion of GCC,

oy by sl i, No comctonfor pos g i s
was mu.a (,=1) for a more direct comparison with the other
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nzweuwmmmmwmwmh\y

ecause f the reddening problem meationed carle. The index of
i, 18 T~

had alcady becn smootbed. This is about the same value Which

Leqoeux
.u-mmmr(um--xm-mmmm..,,,m..,a.

o eparionm
R The e s aell i G Gt o el
racks,

cach mas, while he GCC

in absolute value and slope i bightening corrections derived ro
dineent st of evluonary calciaions were 3ppie. The ndex o
1M (LF) o the 3 lrst mases (e e for i the LF v

the next lowest ecal

indices a, b, an
epeciey, shugh e 18 homs s v .rm\a e

GCC, and IMF (LF). and the IMF vaucs
ndices

ypes, i i
cxample, e o e denis for

o oo speenin, Vanbeveren
uﬂulwmhnbmxmlmﬁmr--um-zAde
Vanbereren finds  lage diference between fild stars in

vl o T fom Lo, GC, and DIF (L)t o - This
iy of Van
B«lmuwl\mhedxmnkﬂm givesT 44

M. The GCC s aliosges it ancrtainis o cvolionary

2 St soue of o n e ighmas .
Ghen e in e s cltrions. e arement
between occ.»d NF (LF) determinedfrom the GCC calogue
it . conseral el o ot e M ca b
et o phoomere o sone. T v epecally

shows e i the adoped clbration of <l emperses,
wmmmrmwdmmﬂm}'nwﬂ-mn iihort

ecent work on the T, scae for hot sars,
Ve 1980, Cot, 1984 Smn oL, 1983 -nd'rmms)
‘The drasic effccts of uncerinties in the T caibraton

1o be profitably compared in th futre,

i 0 T
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hat s an under-
e i s s s mporan. on Bt IV e o

and
ihe ol el oo s g o e

of the visualluminosity
Tho s st prbion 1 b bz ttinof
o Ths el

en e IMF 3¢ e, s
-1:1»1 ity G Gcc eios Secion 28 o The approprse et
incerainby

GCC. 2. At a given mas, the luminositis used here are larger

Buren i shown in Fi
(doted line). Inconstructing
i adopted M specl e and BCspectal e e
elatonagres ity el vih e el ed bre

A corection of 30% wasapplicd her for the prescnce
of evolved stars n the sampe;hi value b st ncertin. . The IMF

Bure wed a v of bbbt ooy 68
i o st o G + hres i
The resul

bolometric corrections and an effecive temperature scle 1o cach

Figure 192 il ringes coanecid by dahod e apin rscald
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shoot are brighte by about 03 10 0.7 mag while none of the models
used by Van Bur

06 085 1o 1z 14 16 18 20

FIGURE 19 Campriso o Ngh-ms NS drvd by Vo e (1984, 19851
Fmphves a0 Nk 1549 e prset mok.
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detailed treatment of reddening gives 3 smallr sample volume, and
soalarger IMF.

3 7 3 g g

JURE 20 Comparon of mas sty reaions wsd by Van Buren (1954,
TS i i ok

Since none of the other calculations shown incude overshoot
brigh at much

tiveovershoot brightening,which sifsthe IMF tolower masses.
Finay, o study of the IMF ha been presaid by Vanbeveen

sgests that
oy ol for 30 To T D it o

ihis et cun bl capin the e i of the ahered

b L are shown in Fig. 19. Ho-ml, s roemvning o o cstimate the
rudy of Vi Bure's cortl teaent of tcompleencsfo each IMF,:mnpltn\mmodewdu!e r OB sars
. and “Field star

o due 10 incomplteness in Van Burcn's work. T discrepancy in

2 combision of diferent T, BC s, adopted evluionary
racks, and extinction particula, Van B

i the GCC canloge, but iockded in the H\lmvh'e)( calopc

o Thes B v were e g mod whih e
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Vanbeveren finds 3 much siceper slope for the fiekd_stars
- ' models with overshoot) than for the clusers
“The derived IMFS are shown n Figue 21 s iled circles
{Cmcer) i gl (1 s, Pt of s i ey
1 the problems with asigping an sbolute magnitude 0 coch
bt g o ey el

unceriny i voied n simpy ximaing pove aw lopes for &
single daiaset. . o

080 5T 0 L0

e i e b e

FIGURE 21 Crmpro o e S drvd i 1950 .
g e
e o e

ihe ld S sl o e, whichwas b an o o

Iargeruncerainy i he lopeofthe IMF.

et of et venors cn and i
- the resut uwmmmcu»
Ty et L (1983 Vo Baren (19541 and the prset ok g



T i around 10 to 14 for 2 10-15,or ~13t0
resuls o Bisiacehi e (1983, Humphreys
) sugges hat these data
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of overshoot, by Cloutman
uwu L‘lan-u uem Nacder (1976, Bresn i nvm w

mass which reaches sbout

iformaton from luminosity functons of star clusers and galaxis
ill e brought o bea onthse problems.

265 Derved quansiies:

Inhis s wegive sl st quanies s b eved

from
e bt st o et et

[ Slog midiog m
B> ———— @15
Slog midiog m

e m=0087 m, s =100, (e P s cxmpoted
from 63 10 100 m. The quanty n the denominator s the toul
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umber of stars pe-? ever formed in the disk, which is denoted N
“The present ot sellar birthrate by mbers

Ay

and.the present bisthrate of sars more massve than s just
B> m.

Similarty the fracion by massof tars more massive than mis

‘-EHO:-V‘W”'
[T, —-

@
g midiog m

‘The denominator s the total mas of stars - ver formed in the
disk, M and the present toal mass consumption rae due 10 sar
formationis

B Xt gty @)

The mass consumption rate o stars more massiv than m s By
(>m.

“The time necesary 10 consume the inerstellr gas in th solar
ncighborhood,asuming no inflow or ouflo, s gven by

L (2.19)
B i
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it S for BT 1 o= 12 Gy shown s g s

ompuion. The v s vt n 3 e o 7> 1) i
2 mhof s it of 1030 5, rspoctvcly. s o s 3 1 1
esimated uncertainties in the IMF, it s clear

106 Fytom, 106 Fytem)

mmm...w. e e T, 1980w o sy

ofper
e dsutons F(> ) ad Fu(> ) aeshows i
Figure 22 for the 3 choices of AT and 7, used in Table VIL The

o e Ta
FIOURE 2 cuminte e (2 mk ty mnmk
e e e T - T
e s coropradog 08 F e M o S (197



“The quanties N, Me.. By B and ,are iven forall 3 IMFs in
T X The i and mass are ahot 30-40% smllr than in

e the uncertainy s been redoced because of the tghter
n.m........n...m.....,.y T, (6-25 Gyt ere, 6-50 Gyt in MS ).
“The bintra

;(V\Vyl‘Anlmrvwad
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have large veloity dispesions and small metal abundanees el

istance. Asin MS,the small valos for 1, imply tht the g s be

1o take them through the solar neighborhood. The mass dm\ny

cease st formation in @ ew billon years. The posibiy tha the
present birtrate s 3 postive floctaation s not 3 likely atermate

of the
iy of dik sars. but i thre was some method for sdentfing
hem and obiaining thi a luminosiy function, and IMF,

cprtaion,gen eeny by Lanon

cles
dsemaionof s a5 poponsd

ot il ekt e IE

ymgrlmlmmhlmlulkmﬁrmmn{h-!w
“Alincmtic.

VT T N ) Wi B B T

must b based on & mode for the poory-undertond cheanica eval.

27 Population ek str -

e ek s i the sampes wed 0 o e L and I
bove were pearly in the disk of our galaxy ovr the st
o mmly difcrent popalation of Mars resdes i the
spheroid opulation 11

wion of the
Schmd (1975) wsed & sampie of 121 tars with measured trigono-

hic s of mportance for understanding the dynamics
ofth hilo population and s posuble ablzaion of the ik, but




Chi (1980) determined luminosity functions for both disk and
o sars n e sl ares. wing @ o vesion o he
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statisical uncrainies for the fainest two poinis in Eggen's LF.

lmmmmm:mmh-bwhmmmmﬂu

e e ity of e poption sgnmen. &
‘Bahcall, Schmid, and Soneira (1983
ly of has

who wsed a with
WZ07ye 1, m =15, and <+ 30 For the sars with measured
Sars were ientified by comparig thir positon in

the (M,R-1] plane with a previously stablished subdvarf se
i this plane. For the strs without measured . luminosites
were derived crteria. Besides
ing the halo stars were also idenifed by
v from
et than

g OO <l S b7 <K< ke
sing i e phoomeiric dsances re

Mmdduvllv"«m
of

Log 410

fraction of i ot
ol . MF e e e for 1

0 O g 6w
.

HIGURE 2 o o, of o ey, i o bl 4

Lo e ooty e 8 e et ek

p\:dhhnuwu-mmm;m reproduced i Figure derved L o 5 R 31 o from
28 A i compuin b n,wnmmamn Gun nwc..mmnu,-.mmmw I adopied in the
d sar present
e sk N, s i I
comparison. Howeve, Fggen' method for
proper comparison of IMFS should have the disk LF shifted fo i et from th thod wd or the adored
Dt by = s
i seen that

t the halo LF of Eggen agrees surprisngly well with the
disk st LF over most of the range, especially consiering he arge

method a he used fo the halosars, i lso shown in Figure 24, The
agrecment i very good. Considering that the finiest two
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poiats in Eggen's halo L contain oaly one of two stars with
ow s Comsiiet vih the By

it
:
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vatonal and theoretical quanties. In addiion, the derived result is

ime. 1 beieve that he
L which,

10" 1o 10, Thus e s o indaion of 3
at small masses. Later (Section 4)
el e e o ok of mecydependnce for Mgk

the IMF at eighboring mass poiats are probably much smalkr than

estimated uncertatie i localized mass ranges must be considered
mpie. of

ED ETE— oz
IGURE S0 M1 o b 1m0t s by (983 i M

28 Coneusing Remarks

can imagine
iereshove 131, which may hae b s by te oot

P i Ve 1 1955) There i foomfor oy
but these must probably.

oion. Neverless, he thre chokes of NS ivenshov prob-

lopes i given mass anges may be
n.mumm:mw coiay sgcans lcs which

‘apparent lominosiy
Rioed sy ofthe < pa o et ot o  fltr e

osites. The net cffct of this erroncous s of sy
||um,nm|nrm=mlmmr, rd massive
stars . the efective index I will be too large. Hartmann (1970)

has the majo
range of stllar masses with 3 single method. Its disadvantage is the

samples with diffrent limiting distances, and found 10 significant
fiect; howerves . Armacdrofl
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a5 107-10'ye (for @ summary of the evi-

(00}t s Ll s sars con- arguments o be as L
sructed by combining luminosis of pairs it LF i e e ences see Seal, 19851 which sugeei tha obscuration may ey
hre ach sar s incoded il The ifrencs wre sl reduce the number sars which
bt snsialy sgniican. This has also becn brifly dis- e I ‘mases would i this case be significanty fla
ussed by Reid (1952), Mezzet et al (1983, and 3 the

the ll sty fantion That e dpliy ot it o ..;..m
oting that more than S0% of stars may be bi

One expeets the unresolved fracton to increase with luminosity.

produce large changes n the slope of the upper IMF, A
theoretcal investgation of this queston s not currently possible
because of lack of knowledge concerning cloud lfeimes and struc-

oo il o e el comertionafection ey
o imeresin el o e 10 i dohty e m a
cused by Vanbeveren (1952, I eobeiclr g v &

sioning into a binary system, then, i the probabilty of fision
on the orginal fragment mass,the IMF of the single stars
will dife from that of the primaries or secondaries of the binary
stars, and neither wil be identical to the mass funcion of he frag-
et Th s of e ot dpends gn 3 s o
bescren es relevan
e sas The &bty whc s o prsces o s

o o th e siar IMF b ta the Oercd o
sinle sarsand binaie ino one sampic. ad 50 this N ncudes

by the radio cmiss Mezger
and Smith (1976) used the observed numbers and other propert
i reion, o cxtimate s he fractionof O and caly

i o e On the e, Vonbccrcn 1989 hn
ol ot when h pons of bight sars i e R
ram are com I theoretcal isochrones, 1o stars are found

Vil ags I o sbout 2 10y Ahough s discepancy coukl
llcive tempertrs s eoionary ks
rongly suggests that the “hidden sar” problem may be

et
quite srious.
iy, e e i I b b by

of time and posiion in the
nluyfh:&lduxvuml*mn—mmawnnmmw

the IMF-

llcs wich detemind e origl pooslar :n,m mase

mpe 1 . e M b st spce and s, e desved

functon o recove the would
coough et
oot s epresetaive of he sverage IMF.More kel  the possbly (hat
el oo el cocem the c o s MF varisionsdo a sochastic proces which i sation-
ot b o i A poton of
nﬂ Ynown that sas ar formed, it dene Inericlar clo i< l-dfined. The mportant subect of IMF varaions il pecome
il ofen presenting more han 5-10 magi- remaining tons of i eview

tudes of extinction. Very young stas in such clouds can only be

contining theme inthe.
s oflminoiyfunctions and mass uncons insar lses

heat, or by radio emision from thei Ha regions for
o Hetines of e cload comletes e cimaled from et

coniinquie difeen uceranics
e s M i dea 2 compre e i e ks
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31 Basic considoratons

he fneion weae g o decmine i sy hought of e
pability of occurrence of s gven mass el e o
of

ihe lacti ik eyl migh vl dedenc of he N o
Smdmuupqmlmcwdklowwmm)nﬂndymlM o

e betwec Gl s o s ad b ot
and the fied star IMF. The usculness of clusiers arises primaily

ol formed 1t e

ety ealined i th mamcros s skt of o gy cach af

tamcs e e e o formation s o e s members
rectly re-

of roupings: Open clsters, which usualy cont
bt s md e s wie g o o fom ey 10

T o s Wy ot o b Bt b peincine.
here isno ned 10 assume  time-independent IMF, s is necessary

983 o e s of i proper: i O ot
atons, which

Bl 19641 T mamber of siars n asoations 1s ukoown

{ame sl e of e ke o of e i s whose

10 any bt the O and B star: ypically 10-100 OB star are scen. The

binhsies
host of the numeros prolems associted wih the fcd sar IMF-

don. Addiionalclasss of young selar groups arc
g of T To and s s Sk o g

Unlcunely, e sdvaaes s offic by umber o sever
i, Op chuesand sociatons wwaly couin ol 3

(s Sirom Srom. nd Grasdakn. 1975) and R associtons, which

recopize
reffecrion nebulosity (sce Herbat 19751 Because of their suscepi
iy o desructon, ol sl acton ofthe s i e ik
found i these increes i ncrning
\ml.rmmu-m-n s wll et mot, i
ol s for nsuch roups (Rabers, 1957. Ebrt e al, 1960,
Millerand Salo, 1975
Poplningthe hlo o our ey e e gl chtr, hanc-

o
formation procees may have becn moch diffrent than in

mall nu

ke s e eomameuion b g
sround fed sars nmmmnp.a.mnwwm.m
‘wihout proper mation studie and faint star photometry. Another
problem aries because of the Hkely exisence of stellar mas segrc-

wion. AS discussed in more deta elow, it i known that in open
clustes thre i a tendency for stars of lower mas 10 resid in the

“Therelore, in order 0. ly detrmine 3 choster
outer parts, where it s most difficult to cxiblish

a number of physical processes, such as 5
alactc tidal forces, tidl shocks by intrselar clouds, sicllar mass
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oss, and binary formation may be important in causing radial vri-
sioninthe caer LF.
‘A additonal

of open clusters, OB

araon and, f 0, ca thes et il

e ad
minios over he ek sar NI ar o, and i ot e B 10

“movers” which
ot rha-mlyh-m-mnymlnadm

g
hat he LF of feld s i moch dfcent than ha of open chte.

ek e o o o s M. e old
aters and for OB asoci-

Despe 3l thse probiean, some progrcss b becn made i

LFs which is based on the gradien of the comultive LF
the LF itself. De Vaucouieurs (1956) had suggestd tht this gradient
fantn beer avoids sl s i ifrnces heween

it e, . among v detcmin

Because of these question, the accumulation of
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e data since hat time, and the increasing evidence for radial mass
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fracion of stas with 20, rlsive to the fracion with >4, is

‘here. The reader should be forewarned that in most cases no clear

tral egions. These results all sugaest tht one should view individual
I some caution unless y lare area i sur-

it is my opinion that these uncertaintics are no more severe than
thoe etenig he detcminaton o he k0 s T, 03 20 o e

v pocein o caipe e clserdo 1 b et o

et b R
p @ 1969] Figare 25 shows ons.
(o dts of Koo s Arvkhin (1972 for te P
i uwzv oo e ‘Archemasht (1976
or ¢ thown scparcly fo cach
s st s of s i for e e
errors mcorrection fornon .
0 e chtesshow cidence o diflcing IMPS etweenthe corc.
e proporion o low-mas stars  he oucr bl
 scprgaton by
s Lccuwen 1950 fo he Pcades,Vogt (1971)for hand x e,
1980, s Mthi (1
N3, Ston (19801 for NGC 653, ad et and Miler (1983 for

{1578 e o he oppoi et s v oun. o

FIGURE 25 1 et s ded e iy i el
S R Ci

For e ey o s NS s vy imprin o deide
whether doe to dynamical cvoluion o is an
mpin o e ir fomtion proces el I the former s



ouk ave 1o contend with the posiiity that the bserved mass
{incons o ndvidea csters st » ucion of
e il o cs vk B o 1o

s s s b rearded with caton, v sce ey
are based on soluions of approvimae rate cquations for the
pone of s of e s o o hungng o

would necd qu
et for i cfict
pletly tsfcury anuers bave et oy (o Kig 1980, 104
Wil 1975 o gond reiews concusions an be

he age disribuion Widn, 1
i mmmm ey ey e M\r o ey
T, e o S

ot desirucion

i by s s o e ot eviaions oo
reava

It e s dboron of chnes can e sawfacorly

o Wicn 19751 Ao o et sl s e e
calulations i found ot 1o depend significanty on sicllar
sl han

S in as large 2 volume as possible; otherwse the prevaence of
s segregation may lad 1o spurious “Tumovers” in the derived
MR,

33 Composte custer mass functions

il as 2

lustc IMF by combinin thestar counsfor 3 iy lre number of
", cluser IMF. The con-

o large
“nough to have converted the M67 mass function from 3 “normal
monotonic form to-a Turnover”form in the required time. Typically.
only 1% or s0 of sola mass sars escape during 4 reaxation time
Sale.

struction of a meaningfol composite mass funcion from the dat i

ot at il straghtforward, even though cach in

e a true IMF between cerain mass it The problem occurs
clustes do not form 3 volumedinited sumple

lsters and
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iy the VIR themles. Sce te g diroton o
m..»...mmwmm ng s
e

e ek ot T, v e b IS wee

e et st
by Rk 1978) oo e
‘avaabl mase

G 2 e by v v.u muel I me ..m..
mass spectrum

he cstr by

Iution was uniform. he result would be affected by siclar evol

i asiaion i the ikl sper s i) 2 incomplce:

ess (variuions in the individualkower mass it et by the limiting.

ogtod of e phscgrapic platss Thes prbles e bl
i3 i, e S i nonscoin, the rov
W ihecome mo

o6 Nim

IGURE 30 D dvd ot M o s b o
i s oot Lt o

Vanbeveren (1952) has piated out another ffct by which com:
ot s o oo IFs il e o e il INFs

i o s ten the syt s it f
hese stars will be proportions to 1 e e 1

hen et o the sppare index 7 by 7= (1475 3/ For
cxampl, i the apparent mas spectrum hat index 7= 3

spectrum of cster Sope, e mase
spectrum could parameters,

he o

with incrasing mass
s g el s Wik o e, e
probabity for obtining

ok b s it e e o s composie s M s

complex “The only

ot e o o T 1974 il et o 03 e
s ot accounted for, owever. Becaus these problems

Himit s, deermined by the plte it and the cu

Nm) = LlmN(m) 62

1m) = = miHm =) 33
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and H) i the Heaviside funcion [H)=1 x>0, Hix|=01f x<0)
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. D cmening i s cn b found n Ty

e 1 ' n arde o coetforcvluion and icomplt
st i e ol muber of st

i, dmod e T g the htes M b el s

be known. Define f(m)as the true diferenial

ihlwe]n\hmn:?‘;w(“nm: e by sl

< ~6 was omitcd becase of the sl maberof
s A ot e e Gt e a0 Mo s
oo T . The cld tar IMF s show s he pls o

in the mass nterval (. -+ A, and asme that () is the same.
for allcusers when they formed. Let ) be a intial estimate of
e

@ Tl 05, uayvmn
T30y w11 4r 0o e o, e

ofthe orignal number ofstar prsenty observed i () ) A,
50 the number of observed sars i . an cxtimte for the intial
numberofstarsis

= N/ELmfmAm. (a4
Animproved estimate for ) at mass mis then

SkmNim)

)= s (33)

‘which i the rato o the pumber o starsof mass m around A on the

function which s free of
evolutonary and limiing magnitude effcts, and i independen of
et et s e, bt depes o e o
aunveral IMF among luters.

Tt method 10 3 sampie of 62 clusers 10

o e o e 7 o S o s e

106 F(Los m)

g

we'm
FIGURE 27t o comen spen s IMFs by T (174) 0 Bk
et e R s e Kb




(d at log m=0.7 al three are paralel for larger masses)
ra:rw.-mmr fis the fed star IMF extremely well between
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a means of Mo
result s probably not a statistical effect due o the small number of

e o i

Gometer and age, the reult cannot be due o evoluton of the more

N the overal gt s emaraygod.
ginal e oo =0 TP IMF g b
i vt e i i te ekt s IME or )1 o L4
which occurs at the although it is mre likely due 10

Figure 27 shows the mass funcions for the 3 groups. Burkis
Iuminosity functions for M,<1 (m22.) were measured from his
gure 1¢ and then converted to mass functions wing the Mmass

seasgion. Tt s o corclaion SCIME i e o con-
21 and ence against the

be F'm =17 (small, ~ 1 (medium, and ~ 12 large. The slopes
hat by evolutionary efects,

same IMF. imated from the avaiable data. It may
Tafs (1974
i this mass range. whi that of the small clusters (stecper) agrecs
clusters to derive a mean IMF slope Nllerwﬂh!ht&«\mlwlf
== T320.14 for 1< m <25, with no evidence for lrge clustr- Hustr sze increases significantly with galactocentric
1976 Burki

Tuminosit relation were used. Howerer,

docs notappear that Pisk-
(e

o cluster sie as indicating that the upper part ofthe IMF becomes

rous because Burki was carcfl o combine only t

umvndnmlyunnmm o soh s found or

o kow: oy taf 1953 e s (ot oo
son for the OB star mass funcion using a ctsloguc
Feld

the uncertainty in both conclusions.

the L, and because the clustes span  relativly small rang inages,

intereting correation between the slope of the upper IMF and the

duster diameter D). The 27 clusters were divided into 3 groups
(D> pel. intermediste (4 pe> D=8 . and small (D=4 po). and
heir compositc n the onding 10

$2ma0, Ech oy co
ih oo he bt of ars i mass g han 24,0 he
namber with msss above 3, increasing cluster

senstive enough 10 detect the rather smal differences found by
Tk, ol nt sty o dpendees o sy

of the . ring
that the shape of the IMF determined for fild stars and for compo-
site cluster members agrees 0 wel, i east for masses in the range
1-10M,. A clearer of these IMFs i shown in

Frs 33 by ormabton t - 35Mo) I th oo
we shll see tht a detailed examination of individual clusiersgives
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evidence s ucunions i he MF hich are 0 comparison. Since the data and methods employed diffred some-
e rpece o T epeeas ot i riepor oo bl o ol

ination of mass diribotions for OB associations is

s R
= thieees
i
T o 2
H &,
g R

34 Youngcusters and asociations

i shown n Figure 29. The nucear ages of all these
o 3210 i ot s I o Tl 1974, dnk
Sold Tin) and the fied star IMF (dot-dashed fine) are shown for B S it i iy e o



ihis i an incompltencss ffct, bt the deiciency does appear for

regon. Howerer,th stody of NGC 2264 by Adams
eral (1983}, 10 b divcuwed shoriy. that the IMF contnues
10 ise down 0 small mases, indcating incompletenes in the Clat
s and Groshol dt

i
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=(5-)dagram, xled srs wee s kving 54 sars
he range

by Sagar

(1578 o ot the IME, oy sars I th, gt rnge

~6R<M<19 were . only the probable members.

e i oo oy 47, i e dvided e §
10, The

bins of AN, resuling IMF is hown in Figure 29 as the

‘Chin, Elssr, and Neckel (1950) Bave presented a stdy o the
Akl s commucion o L ik ko
¢ mewred from hi it 5t sttt e doa

computed uing the. qm.m.nm\s.x.mmuw,
Sar densites apply. Chii e al.
F‘\ueZv]nnaﬂyﬂllhlkwns(mm;vmb,lmmrh(h(

. Within the
lmMl7-m-mmmh|hm-lnﬁxl<6€65-\nn)l!‘t‘eﬁll
he Tt cuser IM However,for 210, fourofthese

T I ofhe cser NGC 129 b bcn determined b Py
(1975), who identied 1 o the basis of proper

b s of vy young opn clusr L sl fever
o arger masses. The IMF constructed from Sone's
(1970) m-«y.* NG

i arvoc IN»\-I*F' e

carful 1 inchde the oute partof the cluser as well ax

{hecore o g gt mas o i e oy menbe.
ok St relem

mmemn.mmmmr
In'a final presntaion et IMF, we discus
xumymn«)’v)b,nmmwl«u 3 m«

lowed hwmwlmrmmmmkmu 7 st ol )
ith membership probabiles gresir than

oo 5t o g e, e facim i ot
perte of thi cluste. Herbst and Milerrecogaized the possbily of



a corehalo. some scercgation (cven though the nucear
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appesr to have fltter IMFS, bot these clusiers have only 8 small

s oy bt W3
e mas o prsenied here ke o th comned e
nmummml}ma‘-—admlm“mwn

s clarly dfficul to draw any im conclusions rom
or 30 concming N vaaos e o the probis i com

oy “The counts are believed to be
et B2 S35 LIV The INE for NGC 395 thown

B oo s i KL 32951 oS and b
tions sgre fily well among themscies and with the Taff compaoc
3 and 10M...but most o he young

et ot 1= Ahough s posite s s e s
Feld stas. of Herbu

the range 4~40M.. bt once aain the cluster IMF i flater than the

lmmdlmmﬁquezumm‘
iy pormazaon i e 30.0nly e s Wik oidbe
! Lines i

with slopes
T2 TS 2nand 225 araksoshown.
Ater tis comy . Sagar et al. (1985 presenied

et of s ko N i o i oot

Cluster IMFSar flatethan the aopted ik st IMF for iz

wen
JGURE 30 Samea Fsrc 2, bt it et sl Composie s

Tl 107 e s e

a5

i -

teepen at high masss (2 10 ¢ among these
s no o vt of 1wt g
G (8.3 0 118 kpek tmo amer hstes, nt i ths .

Mass funciions of several inermediate-age clsters wilh sufficint
published daa have been consiracted and are dispayed in Figures



31 s and Pracspead 33 (KGC 6, NGC 2506, it
NGC 3420367, il and M3, The acs ot coiers et
o oy 710y (Pl ML M35, o 1047 (e

\L.(ﬁmum-ﬁrvun—- 0yt Praciepe, NGC 242
7). We dicusscach chster i urn.

f
i i
B
] ~
) T T
os\

o5 o5 o5 oz o oz o4
UK 1 st P s ompars 4 el o M

cause of s provimit,the Hyades clustr offes the best oppor-
ity to sty an i

e divided i uv v ot A0,
incion (Rled ks The stta wavriits dos 10 the
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numiber o sars in each i ranged from sbout 0.7 10 012 in the
75 tbulsicd 3 bie luminosy function for 1

m Aenn (199) 1 s asomed tha ol s i V340

Photolectric photomety of a small subsct o thes stars. Sanders
11971 proper moton study was wed to detcrmine mermbership, and
evolvd sas were ex

308 stars which were divided ino 12 bins of i A, = 05 and

s g o ot Dk 01 o

e TMF (dot-dashd I
e e ge s s shova o oo w3 oupizaions of
T el i i the ocal IMF st e kep

Choscn 1 th deceing St opgr o) s compured,

: piclly 201
o b ey st o s P The s o
lowest mas point a simiarity with the k. for he de.
creaing irhrate cas, bt th tumoner s more kel du 1o inco-

The IMF for NGC 2420 w couns
oo by MeChr o 1973, Te adoped -1 w15
Frobe s s wee e by it 112333

e dip ampltude is redoced o within the
I

248 s (2.2 M, <60, dided ko 13 s of AV,
Siruct he mass unction shown as pen triangles.

sar M. an an h lack of e D07 1 b o020 012 o

counsinheouer egonsf e e ion. i mm—mmmw T o

comparion i Figare 31 i the IMF of the Prac duser, vnn-my s an apparcn dip” 1

- r\wm-uu-h(“ Ser e o e L el in i may o may ot be i s
by Jones and Cudworth (1953). Their LF weights cach dar by & mmcz.uu..-uy Of course, i he point
log m=0. o o, th fer

enire clusicr area. A total of 41 starsar represced, with - 100

A imilar et was btained

o G (age ~8x 0%y, (m=A1) = 103)
1o 3 radl ditanceof 20 Photographic UBY observations of 2000
sar brghter than V= 151 were obtaned and caibraed using

terscoverng  wide ange of as. ha been he subjec o
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able probabie pesk The LF for
™ 3203,

32) by measor
i e e cch A g, v o 1035 My <031

established tover. The LF for mm e o Deamera and
moton ey of
determined fro

‘prope kot
atleast  independentplate pais were wed, 3nd then Sanders’ maxi
nique

e V15 (B V2005 T e 219 s
o 6 M, bins. Uncertaiis i

partally removed fthe birtra
functon of time, bt then the pesks

2506 would be.

fomaion s for he P, 50 ety clecs ey s be

wolved.
mn;p-mebmmpkumem by radilsogrga-
e il

forded by he
w0 IMF detrminatons for M1l in Figure 52 The it (i iy

and in is Figure 3 where he shows the LFs (in M, for the cental
'

P area and fo the ttal cuser out to 10 pc. Based o the proper
75

MeNamar. ¢ (1576 and e and e (197, wi
M= 12.3. They tabulte m, for all sars with membershi

slected sars, van Lecuwen shows how prevous LF determinations
for the Pciades had found a fat or LF a fint magnitudes
(s Figue 1 in Scalo 1978) becae tey oly st th ¢ duser
v, bt for a ol fikd with a dlameter o about 9 (~20 pe
d.\....«m 125 pe. the LF s sl ncreasing at the fint end. Amkh

05 o g
e fhsarey s V- 163 s ith ma-cpenc o
y s wih V113 e asumed o be main

cult,because ony a small raction ed o be.
Lecunen even it e acmng st M >4 i Tl (1974)
‘composite custr IMF may be due to the fat hat oly the
cluste egionsare usually studied.

e by S . The ol
e il o comre e mwd o
10 bt magiude i from M= 11 10 A
= »,m.. e N Showe
ear amovr 2 7= 16, Sce the s " compice
o vl i e et o

T e Mathes (19541

recently becn
s main point s that  proper motion mermbership probabily
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of 0.5 s arbitrary and problematica, because (a) a crierion this
Iarge reduced the mumber of stars which can be stdied, especially in
e outr chustrreion and fo ow-recsion i sars () beceuse

five to measorement and
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of stars in each sample. The dashed lines are the mass functions for
ihe Hyades and the Pieades which were consiruced carler. The

o compuron{cotes connced 7 o s, The P e

ower-probabiiy objects (~ 1100 stars, and then us
magnitude dagram or all these siars rma..mqammo

h de ps He s 100% complecns 0% for
n.os Velss, g e e N o oy S0
 protubity s were actually member

0% addional members using the color-magi

o g s il ot
llshnlkum(r(t]mdwluvqmsullhc

Mnﬂdlmlmwmmmn«mzh

agreement i
16 and SM,..independent of binthate
istory.

Mattie's(1983) M for M35 (NGC 216, age ~3-4x10'r)

{open e, Akbogh s ared o TY IR, i 038
IME sl bears a strong resemblance (0 th field siar IMF, although
thisconclusion s admitiedly subjecive.

Cayel de Suobel nd Delye (1983) deserved prlminary
s of pectroscopic

Dlmdwwrmdmmumm

Hyade, Come, and Piades. The
veried to mass fnctons which are ploted in Figue. 39, wilh

m‘ vt St and Doy fcions e o low
. gy b e smople exudd e e ket

iy wel wih he Hyades and Pieiades, hough it may be 3 e

FIURE 53 M0 oo e e ety s gty
ot i mperot
2 S Chr, The Bt o e o Iy pron i i 3 o e
e o 32 o P Do s e o s N bt e
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“The reasonable agreement withthe i sar IME for m1.2
(e it e 2 imporan s g s
sots 2092,
with the consant birthrate IMF, alibough possible incompletencss
i ihough th
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age. Although the

S ot e deicly Eanished Me7, NGC 2506, and N
along with the younger NGC 3193, are the outstanding candidtes
for the efect s e 4635, for

yeare apparently atfcts caused by incompleteness,the it
I

.,.w.mmu.-mmm unumm . even though

ton fo the Coma clsier s 5ot 30 cler, Argoc 4nd Kenworthy hercoun i poery
1 e of the 19 ‘binaries. If the tunovers in these.

on o the cuscr, 0 masssgregation may agin b respons- Cltes are e, thy would b comivent with the e that the

e o e spparent v it f s b dced somewtdrin e By o

iteresting because
able,

e i
asell b ther e ih ximaed IS down 014, would

. probably including
modon, rogh he e, impin bt hey e common

sec Eggen, 1982, for furthr discusion of this “local super-
e oo i rou s csimted by oyl d Sl i
Delhaye (1983 1 be 60y, b e

*The csabliment o el LE o open cusier i a ety
dificult observational problem. Incompleteness, contamis

thee LF. igure 33, i ln-rryl-u e S s_...ﬁ.
umber s o b syt o, Gy o ‘xample, Weis and Upgren, 1982 e Ve, 1985 on Hylﬂu}
smbd .m Dir S for bt md oo |

e rou s he s cion, bt K oy 7 addoot
stars, which are included in the IMF. The effect of omiting the

sars i llsirated circls in Figure 33. I appears that
incompletencas above 1M...s the tamover a1 - 13M.
may be real. I so, then the UMa group joias NGC 3193, M7, and

NGC 2506 a the nly clsr o i hre s il e o
alowmes

‘Aihough IV of many moe inermoditc-age clusiers coudbe
comrcied from avaibe puied da the cuiens shown in
Figares 3 to

between clusers md(h:ﬁ:hnnL\AFpmh-Hydaem\mwm
chasic process, and

e roperes suggestha iy e e the e

35 More on varstons inopen ciusters:

We have seen that indiidual open clusters i a few cases show sig-
 That the IMF does vary

sepe, NGC 6811, M35, and M1 are roughly consist x
S M and Tl'scomposte chser IMF bt NGC 2420, NGC
2506, M67 and the Pleades appear pecular to varying

grealy on small spatial scaes s suggested by the work of
1982} o e e AF b 7 Sty ot e e
o show 610 (3. e b e 03
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divided ino 14 age groups. The IMFS were consrucied by
th amber of s e vl

. rans
5 ) dagra wing the s o Flowes (1977 The culogae 6
uBY
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of maximum hkeibood e the

g ot o s pover o I for mmm,:m ‘abulaed
these slopes and ther sandard error. Figu he derived
e sopes o 4 cht s o of e ot o

Timit for which the it was caried out point
wed i th f Tor

da s, Membertip s fred o proer mosors i
radial velocities when availabe, whie in
wlnnmnﬂlvlllkyklmmquwnwhndd

an indidal sdope detemintion i sl e, The range
slopes i enormous, from about 0.2 to — 3.4 Even given the prob>
Jems with incommplctencss and possbie nos-povwer 1 forms, much

he
nlludt\llwmu-knbkm-nﬂamlmnvrd and in

cion vas b y F toward
owe mases sl I may be quic noy.
odgog o e o s shown i ir 1

-

FIGURE 14 M o it o dege o s e
e et s S o B v v s
S 95 N e o et i
W Tyt e

e evidence on custer IMFS presenied earlir,in which no

oo e wet oo s compai 0 v e
ith Tarabs work and the studie discussed carler |

find poor agreement,and have boen unsbie o esolve th discrepan-

“The average slope for clusters in cach of the 13 age groups is
shown a a function of mean clster age o tht group in Figure 35.
T oo o o ompet g e

ven. Again, 3 wide range of lopes is seen,

oldest lusters have the

. il e nd et
Cvident that o definitve .,a...mm s o

e e ol oot e o.=
|mplmlm| sappe .m..n..e uniformiy, coniderng the uncertaini
However, & lrwolmwdl—uwmymp-daumhn
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FIGURE 35 Aveage siope fo s i ach o 13 s e 3  oction of
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the IME e This quesion cananly b st b s coums
o o e whih ¢ e o ecion

37 IMF of pro-main sequence stars

A dssedcrer, an undersandingof e IMF is sl o v
research areas with ivolved

th ormation of ol s clstr and ,.um evoluion.
For those interested in processes, bscale
ME which i of most etres. Unlraacy. e have s shove

I
for of gt st o s oy of ar formation b stmpt
maes o the IMF i egions of our gaaxy which are curety

ct, the recent and future avaiabilt of high-sensiviy high-resol-
observations (e, IRAS and VLA suggests

The pre-main-sequence stars is obsiously of importance
for m.m‘wumam However, we must remember that
‘whose form tells s how mass is

give 2 compasit clusier IMF, al the sudies agee reasonably well.

tiesinthe various stimates. It does appear

IV cbervd therea 1y gven me. s 4 cample s
aatack,te Tairs oo

uor I s s s some s of e k0
star IMF, implying that stllr associatons, which donate most of the
ld sars (o Miler and S, 197, producs seperfighmass
IME than open clusters. However, cor this conecture

plex, the » Oph cloud, and Orion.Inthe Coasack, we would obsery
oo i s s e e < hree regon the most masive

observe would oy tel s how the IMF varies with time over short
incti sortof

posibly stochastic in naure, then the spproprise questions for

tobearinmind.
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condions adopted in

rica calulations. Since We expect
oo s i sonioes o vl petoae o s Bt 8

o mas o g, A pei oample o s proen
idd by th wrk of Mrer S, Cameron,ad Epicin (i,
T s ¥ it s e = k= et Vil

mosdy beeause the proper conversion between spectral tpe and T,

ik

ik s sl oy
Thn i ener T evey g i v

ot e b . et down & comes ok
depends on th detals of the acretion proses, which may depend

e g ool onrow e, 1 llhmkmvn

racks (slong which most of the studid stars le) are theoreically
discrminate masses

Tor canple, il st of comesin. oty ks i e

HoR diagram can mm-r-k.f"k b Kiss

comsant, s the s snd s theamiosty (s, Desai,a

it e R dgran oo el o o seding oo
I parieaa,f ek rpamca re coret 8
rotostelar masses

uncerain by af leas a actr of wo, evn i pre-main-seqt

ow mass 9
(G TO001C 070 i R m dcived mas hocons which appear

Kanown. A more relisic uncerainty may be a faiorof four. On the
other hand.

f, e three regions are more disant than Taurus, making o
s e

can be estimated to btte accuracy using this procedur. It should
o be notd that the sbove problems may not altr the more general

e S e ot of o o g 1
Simpy oty v fomed gher s i As ot bcio,

tion.

st icompeeness s inded 8 provlem. Mas-dependent
his IMFs

Howerer, a pos
Appeneler (1983

e whose
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mass (Larson, 1985, private

eratons & appars o o oot e o nd
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tion of th availble ga. On the one hand,th diferences in upper

stars, whie only higher-mass

that cither ifes from the field sar IMF.

o3 (log m)

Sonntr

Whie i Fas becn g knoun that the upper mass

mmmwu.om.uﬂnoczzm " h il forms f the
e o e ettt o o owts . W

however, Sahler, 1985, I this i so, then i i plausible tht the
Taurus IMF wil eventually exiend 10 higher masses and the fral

epons sy sindarmass g
e only work which allows a entaive is quesion
is e dealedsudy of the IS sars it Noc zz« loer by

i b o 1 VBt (74 M35 o e bl

ot T oo, vy or UV cxces g stomard
couning by s e k-wmulmpnmmylhzl/ 1
s, and bolometric corrections ciher from

oy ks ad orsns v done by Coenad K The

enlarged sample size and decp limiting magnitude allow
et cat o the MF ove  ager s rane i any
previous work, athough the same cautions regarding th inferred
masses il apy

.
do ot give mases forindividual stars, bt they point

function to' 3 mass function ing the
ot Hln;mpvmm‘hbkl’vm procedure,as well as

Tos oz 0 oz os
wn

w3 2 e P By G 3 K 70 Pl B
cumparie.

of sars
e mong st ot o b o oheh e
unserled concerns the IMFS in these regions at some futue time

afer st

formation has been compicted by consumpton or disrp-

shown in Figure 37m-nmw~ﬁddm'lmﬂmﬂumbmu
the couning uncertinsc
h-uwubkmammmlw the major resultis

IMF for constant birtrate. Furthermore, the 20,
Vhich ca b found i e Cohen amd K (1579 dats for NGC




al of the trmovers in the differcnisl IMF of Cohn and K are
i, pecilly snc e mas 1 the wrmover s found 1o

comeated with the cluser disance. This disagroes wih Larson's
{15821 g o Turu nd Orio.

o 2268 4

1067 (106 m)
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372 Infrured Luminosiy Functons
i oS sl g bout sl maded by
.: o bor

s in vions. I the infared
risessolely rom dust reradiaion o sicllar
tion of the inf rbution gies the luminosity of the pro-

Orion or NGC 2264, If the suggestion of he previous subection
arecomec,then o Oph may show an IMF i the process o extension

FIGURE 37 a i of pre-ms s s i NGC 236 i
sty o o . Adn. S 54 S 1941500 s+ i
1Ll

It would be pr 1 ol fom st s
forming regions produce the same IMF.
some evidence that lev-y-Muopmdmm vt e

Wilking and sppareat lack o sas in the 2-

exesprob-
uhly-knnpmcMthcpuknﬂudﬂnwmm

hl:hummon_mh(kzwnmudlum.mlmw
rus TMF will someday exend o lrge masscs.

resulingluminosiis are ncary ll iy small, in the range
[ fistrieriattont A iy Siei



withevoltionary rack,the most massive obects which could corre-

Spond to these luminosites are about m=3, and all but the two.
0. b

25) and A3 (= 201 whik there are 35 tars i the m=1-2
deiciency

a bimodal
Ilkely ot one ME i s ol rgions 5 tme-dpemdene pro
e from smll to large masies, we should perhaps expect the

the infrared excess or IRE, shoukd thereore decrease with an

e deficiencies in mass ranges, such 3 in
NGC SEI o s S¥) . combind o Pr-NGC
2224~ Cen~Sco IMF (at ~ 3., a5 shown in Figure 29, and in
NGC 2263/t~ 1.3m

373 Radio Luminosies

A promisingtechnique foresimaring the IMF of very young massive
s s the sy ot i v avcengih of scompsc” Hi tgons

el e of e couiog. s docosed n et s S

ion regions. For
al(1984) have esimated far-TR Jminosiies and IRE: for the four
major components of the WS1 H region IRES are
46, lea: hat the IF in W1 i de
i il 3040 for e e indices

benaions 0ot g i loolulmn on mape

a young cuser, then, ince the adio

i ey e e of o v B3

e e e, he dibuion o il e wold il
the M, asuming that the sars ‘main sequence.

NS g vl am ik dopnd o metcly o -
cluster densiy. However, mass. segregaton. processs may



importan, o i s difficult 10 know whether observationally det
‘acrusly

lobular cluser
Bav-(|v7s)ws-dqe-:dxm—uqﬂmvmmmmw
luminosiy functions of M3 (1 M.

ik of ok vt vrd whe i s ot

ooty & mass functions appear i the

(GC 6357, NG X o Do X Cmu (1982) wm

NG 6397 b

tmestan NG 675 o 47 "o, and 30 3 e doiiony
s st may st mass segreption

To3 oz o1 o o
wem
FIGURE 35 Evimatd P for gl s, S et for vt o .

Altmatively, the diferences may ruy efcct diffcrent nitia mass
functons, perhaps related to diffring metal sbundances or totl
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Globular clusters in our galaxy oaly offer IMF information for
Did

ars i deressin el ahudanc. This sggesion has obriows

e oo of o mais s wich o Lt e il

probiems:
ke e ik, spea 1o & o o he Gk e st

2. The IMFs of M. MIS, and M52 vl lguritmc Fo do-
ficencies of and =22, respectivey, do not seem o
follow this trend, it ...m..; the opposie effect, Further-

Heser (985). uing CCD photomety xend magni-

in Fig. 38
oty oo e, o, o ey s S s
uminosity functions of nearby i viieh v smal
meal bupdanes . povnar ot {eeton 4 o o o
straints imposed by eltive abundances i halo sars (Secion .

39 Sunmary

Freed from involved in estimating th
M, ourfoay s it h s sl s sciaions s
depoiing spia s e sl cfa

say
almst certainly oceurs in open clusers)or mass segre- new set of et e ing ny iasing

o, e hana el e e {nsghs, The msor problems iavoe smal membership
rhaps a more significant clue to be gleaned from Figure 38 is assignment, and radial mass segregation. '-M”“vn e e
that gobulrchusiers sud o e (st M) do B o nw
s ot b dops o mA05 ¥ drrpacs clusters and asociations. Indeed, most o the progres in this arca

mases and
incompiienes may be most seere. Thre s no compeling reason
globular

them. o ampl the conbinaianl roer moion surveysof open
(198:

0 conclude from exit

d by Freeman (1977 They do appear secper than th field
wllrlFMmmumn'.e (B e e 155,01 £
ince of segregation in this
Shouid e el rom Section 37 that the popultion I e -

it 1983,
uThe sl reviwed i i sction do gt a on-

e omposite IMFs for many clusterssuggest T = 15 to
L8 for 1. 10, s o the ik s bt her v i

disk luminosity function. Notice also that MSS has by f

he largest

2. The flattening at large masses i
idl ymr‘ s (e, MI7, NGE 6611 see Flgme 20, B

el o b ot e mnmm oes he
e s populton. which preumbly s rm
o Unfomuic, h e shpe fhe iy s 0 s IF

than abous
e

3. The queston of major IMF variaions between diffrent clusters



s sl Of b st st e cass. the oy

THE STELLAR INTTAL MASS FUNCTION o

iobin gl o, e rid ol ol

ong.
n clusers. contradicing the results ound for wellstudied

individus lostrs.
ular chstrs stadid to date, mos have i

camiing e sptal sl we o 1o e of o
e,

4. LUMINOSTTY AND MASS FUNCTIONS IN NEARBY GALAXIES

We have scen that it i unceran whether major variaions i the IMF.
dooceur among sar clusters However in most practca applicaions

o i, e o prcia s i s coues
cxeral i, ocding crowding (Obcursion of i s by



brightr images in dense feds). incompleeness, cortections for fore-
ground stars, magnitude scale calibration. and grsin noie. Some of

if small regions. of a galaxy are studied, but crowding effects and

1984). Many of these sources o error have been reduced i recent

al procer o a3 number ofphotorpic s
re image ntenstes, these photographic images with
eyl upapd g g i

be averaged o give  composit LE.

41 The brightes stars

411 w-a

e g prs o e L, ~9<.< -3
Thc oo st sl for i gt LF it ca b
‘made atpresent s M33 (type Sc\. Following the procedure used by

Berkhuien (1982),  LF was constrocted by counting sars in Table
S of Humphrey and Sundage’s (1980) M33 bright star catalogue.
‘which is “faily complee” down t0 =18 ly stars with
-0, A disance modulus of (m=My=24.3 and exint

4,=0.75 was adopid (see Berkhuijsen, 19821 The sample included
Sars as faint as V= 183, giving 101 stars afer omitting stars with

Jocuion of s i
Am(n- <0 (55 e s 0 5 Sy 5
e deied L, obich 8 shown n Figur 33 by s g

Losniu,)

I S T S
FIGURE 39 Loty s o e S o st o .
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tely, because of the rlstvely great disance of M33
e ﬂxmnllmlmmﬂlnhﬂ\wﬂikM”LFmdm:
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for crowding effect, they compare the total LF with the LF caleu-

3

i ot important. Th

Js0 s P
o m

75, o the ous incomplete for this
ote thatthe M31 data has the

e ot seancapoaion o e MSS L e i

412 LMCand SMC
‘Considerably more information is available for the irrgular-
sateltes of our galaxy, the Large and Small Magellanic Clouds (re-
rred 0 as the LMC and the SMC in what follows). These galaxics
are relaively small (diameters = 12 kpe and 8 kpe for the LMC and
N

cept in 30 Dorl. fect the de-
LT Leguco et e St ofthe LNIC st oy
inroduces  sresd AN~ 12 ma, which & 7 Sgafican or the
present applcaton.
of Legueus et a (1950) for the LMC differntisl LF
converted to M, is shown in Figure 39.as th closd circles. The nor
malizaton is arbitrary, since we are only concerned with the shape.

The -hump referred

e LF is remarkably simia t0 the M33 and M31 estimates.
0 by et al, which occurs at
e —u.u..bemw. ot ver prosomncsd,

jon-Flam et a (1980) appled 3
e, gase ipoor (meta ol i e el of Avsoparey nd Vg 1575197 whin

20,008 and 0.002 for the LMC and SMC, compared with Z= 0,02
in the solar ncighbor sd of the current sar forming s appled,scethe fet seems e svrs thanfor the LMC
aciviy being organized into a spiral patien, i i scatiered rathe . the il exinion s sl and s o corection s
i o e T 2. The LF in M, had to
by the stochastic s sing by Gerola, e e o P 3. e el oo oy
ten, and Schulman (1980 Because of the substantial diffrences shown in Figure 39 “Thete is no gross diffrence in

etween the propertis o irregular galaxics and our own galaxy, one

sufe rom incomplincs),akhough, 5 poited o by Vangioni:

igh
ihe LS of the LMC and SNIC here, and et t0 te e sary

1613,NGC 6822, and e Sculpor Growp D rguarGalsry

ieux et («d 3 LF in M, for a large field of
5 ENC i ot rom he sooe of Rebnens s
which i fre from galactic contamination because

ocies nd spetal ypes. 1 s beeved ht he
catalogue s complete 10 m, =13 (M, = ~57 of M= -5
LMC distance modulus of 187, athough there is probably some.
incomplteness due 10 crowding effects a1 the faintest magitudes.
ith B- V< 0. i

the completeness factors are esimated as 100% i the ied, $0% in
dense associations, and S0% ncar smal compact clustes. To check

compared (0 the LMC; this differnce, however, s a the 10 lvel,
The sttt 3,526y b vl o o election o
incompiete

413 1C 1613 NGC 6522, and SDIG
1C 61312 e et et ke ity (= 20 i

e of the fintes local group. (M, = ~15).
Baade's um e i ot o b e T

and Katem (1976), formed the most complete set of
published data at the time of this writing. The carly

cout rom Moun Wison bl s vere omrid 1 potelc-
B magnitudes by Sandage and Katem. Baade had already




brightest sar has M= ~6.3, and the galaxy's linar exien s only
about 1 kpe. A deermination of is LF woukd theefore be ve
ntereting, bt quie difficult. Lequeux

4 magnitude caliraton. a prelminary cumu
xhth<mnw-mumrd.mmm-ﬂ roming o
tions w red nlipble compared wil

of IC mz NG 85 i o o u....,,mmuum (7

accountd for rowding et wently
mmuer&mwmnnmmlwdmmmm
luminosityfuncton, assuming (m-M)=245, in the range
<~25, 0d the
Figure 39'as fled rangles. Note ovelap in M, with the
LMC and SN LFs s o sl for 3 The
pointscontin only one comparison of the IC 1613 LF
O Saog and Ko (197) with e LA LF of o e (101}
sz C 1013 LEsweper
tiona sl of € 1615 conider of pr
Jom v o pcbed b g 178 ovt, o e con

e i vl by dvar irrgolars.

ing.
m.m.—mnw«mwm

and 158 v, spectvey. Omiing the mgntde irvals which
ifcental

age and Katem, and that it scems that the proporion of right stas
(< ~3) dectases as one moves outward in the galaxy, n agree:
mentwitha: by

" s pepr, Hodps (1980)comphee the brghtsa -
Local Group dwarf rreglars IC 1613 and
NGC 6322 NGC 6522 ha  distance modulesof sbout 23.2 and an

rwm!“nrru-c(snl ) v gl 1C 1613, 3nd o
points

M= ~15.

A iy o S he Selptor Dwar reular Gl (SDIG! has b
ey Leqeurnd Wt 1951 Ths iy memet o e
Do Grovg ot o b vy s e 3y

Almmmmmea-u-m-wm'\w =0.5-06. The corre-
spondi

r-mo.w.u.w mw,uh. =g /dhog m)
s bout =200 =26 fo the relevant mass range. For further com-



FIGURE 40 Lamiosy fnconsof g s i 30 st t et
o iy, T aepsd o 60 ey i e

oo, he sl ehtobond LE st inScion 222 above s
D sl o For 5 =3t st i
laping daa pois  gsn sepringl god. For the brightr st
1 slr nihborhood LF apers e than ot of e ter i
s W g o e opade e

e ol L remim. ity uncen i e

Secton 264 ad he dope i his magnie rang may e

daa i it
Versaly o ‘wide LF (and therore probably the IMF) for
; of varations at the 1-20 level

. o e of oo o el AF i
‘more homogencous sample o fainter imiing magniude.

oo (198, 1584 195) b rleed dcp photogapic 200
of the gaixies M33, NGC 2403, MS1, NGC 300, Ho

e -
e = K
g

4 = = =

00 Gunmen) oy seano)

s wome
TIGURE 4119 amity s f e b i (154
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and 40, presumably because of beter completencss, bt also because
Frestmans L cxtend o bgher s here the I iy S

!}Eﬁg:;!!

100 bunon (o 10 sy

= = %
s vwom

FIGURE 11 ) e iy oo i sty b s s i
s o i s iy o

cans A, and Leo A, supplemented with data rom the lters-

mnlm\!}cﬂﬂ.L\i(-ﬁS&l( Images were measured

. with stars ‘on the basis of the momens of ind:-

Rl ity el orerous srs et o o

. Resiog LFs ar hown n Figue 1. &

The st sample s for M3, wis over 3000 st I i 15
Shited vertically by sa.

Al he
colo riterion sed to climinae sars however, sing the

in IMF slope T would be around £0.5. However considering the
uncertinies, Figue 41 is conistent with the conclsion that Sgnif-

esulsimply that muem\mwm itk mas M oy
apply 0l cales larger than ~

i reduction techniques, coor citera for incusion, and reat

similaity in slopes s cvident,
gt vior e o sl Theop 55

e o e et copior o i
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similaity of LFs between galaxis, even though the galaxes differ in

tories in the imegular galaxies may have varied over the past ~ 107y,
thcing e pros oy LI, e speemen s gy .4

massive star IMF in_galaxies averaged oy
it
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Fck ™ (the approvimate relaton for 25<m<60), the IMF
e P~ -3.1£0 for Fecdian's dopes;with 3 comn
it the IMFs would be sicper Th with the

steepening of the local IMF at ~ mou Tound by Humphvzy! wd
McElroy (1984), although the late

‘Would give  corresponding scater oflss than about £0.5 .

w
HOURE 2 Loty st st s by
o cormorkars o Howmel. 9651
It difficul to eliably convert the LF 91042
10 IMF indices because the LFs extend to much brighter M than the
calbrations adopted in Tables IV and V;
extend up 1o several

cantly reduced by pul

ey G o e s i
55'tnd 40, and for the LFsof Hoesl et aL. Figre 42).the resut
would be I ~ 200 — 2.6. However the absolute (uncertain va
f T are les ignficant thanthe indicationsof uniformity o

Additional evidence for a universal LF in gl

a galaxy, M1, s wel-corrlated with the integrated photogay

luminosty o the paeat gy M for 11 galiric. Holmbers
i

o betveen 1) and M i xpcid A st sqars 1 0

Sondoge nt- Tumrs v 41} SISV 348,

it s corcation, urthrmore Sandage and Tum:

that expected from the bright end ofthe solar cighborhood LF. Thus.
their work supports the contention tha the galaxy-wide IMF is uni-
vl i ey deici of vy bright star o sl galuies a1
nICisiz)canbe 10 the smaller number of stars.In a more
study, Humphreys (1983b) s o s st o oo

st and luminosity of parent
oy, bo Sas that thecortation o he brightet st aminosy
with sample size or area of the gaaxy is not as i

expected i i satstical. Instcad, Humphrcys suggests that

LFs presented here, while inadequate in many respects, give 1o indi-
cation of such a trend. Schild and Macder (1983) have recently re-

i oo b el o by ol s o Tl
son of the observed correlaion with the simulation preds
Bl Figreds,

intrpreaton suggests
o which i e e of s Howewr 1. pombk i
1)~ M corrltion i an arifact caused by crowd
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‘which give appareny arger brightest star
laion and e danes (Fresdoa mx mu e
1 ve

23) are requied, the resuing LFs can be considered rustworthy.
m.um,..u.,,..m...canmmaﬁmmum"
which fit mean image shapes 10

terpretaion i coree, then the upper image processing systems daa
oy e s s e, iphiog (e e of 3 imoes. and he geeraion of aticl sarelds v st
T b casesth abserved ons for incompletencs low re-
i V2223

unil V= 23, where they reach aboot 25% and increase rapdly at
finter magritudes. This means that the LMC LF can be estimated
dowmio N o 4
s et weespped sty by B (1977t
el 1866, bout

5 region vas the 38" subregc
was used 0 sudy the fint stars. The NGC 1866 region

P - “on NGC 1866 could be.
sed 10 provide & standard magitude sequence. The rgion was so
mall that ‘obects prescated 5o on the other
hand,the sty in his small region could not revel the galaxy-wide
LE, could be subracied out on the basis

procedures 10 a regon 4.5 orthwest of the bar. Good agrecment

north and south regons for all § averaged plats (flled

o
Combne b P eh e 190

42 Fainerstars i the LUC

For the fanter porions of the LF, =35 M54, only the LMC has

ey, It can be seen that the north and south regions

i Hardy's LMC sample.
Mnremm\y)kdya-lu"u)wwdwndwpmdynh
regon near the morhwest e ofthe LMC bar,and prosricd 3

.

been stdied in enough decal 10 consruct 4 L. Surpriingy, ven
S “a-
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This sl s gt importan e he caer LF deteminaions
‘ulying LMC regions, sbout 5-9 kpe from the
Considering the unceraities in both the a

THE STELLAR INITIAL MASS FUNCTION s
43 LMC and SUC IMFsfrom spectroscopic matching

inScan 4121t ws et e il sar couns for the LMC
‘ot reveal any large diferences between the LFS, and

st L, s o 5k e LF my b somentt s s

for N> 3. Becuse o e g serini i th L% t

for masive solar ncighborhood stars. The major problem with the

i hat spectral claifcaion requires reltively bright stars (m, < 14-
16 at presen). For his eason,the sampls,even o the nearcst gal-

is based mostly on evolved stars, evolutonary tracks are
orrouly wcerain, s pinied o u, ‘Leaeus (1984, prona
‘communicaion). The bref rev iven here may il
o s el B
st study of the LMC and SMC IMF using spectroscopic
matching was presented by ‘and Tammann (1950. These
LMC

ferent catlogues, comvrted 10 ., and T, and then counted the

FiGURE 34
s ! B (37 s iy (137, e s ko,
Sy (1985 e

(T b ppont; bk sl s 0

spproprie ppe mss it s unkowr an | adopted i
could find no evidence for &

T o e st st i
s o regon widh 34, b fotue rou based CCD

this ypothess.

e s fcion i o SVRC o s i coogae sl
blue,

“when one considers 1
unceraintics at cach of the three mass intervals due 10
g o i corrction and effecive

rescales, and the theoretial evolutionary track.
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More recent LMC and SMC IMF stuies us
acing have ben preeed by Humphcys mx. m )
Hmphreys and Nuanyy (1984} n e

found good agreement et

) comy
Fumphreps and NicEiey 1955 1N mpeseds the o

THE STELLAR INITIAL MASS FUNCTION m

i inFigu 45 dongwith TS IMES for he LMC nd SC
ed for incom

o mss s in common, o m= 61 and L85 the
LMC, SMC, and solar neighborbood
ring o e LMC IV 3 ,m;,,...ms.s..m Lolevel

i encouraging that this latst reult agrees with the conclu-
ot o e oty o I S e o
method of spctroscopic matchingis not sitabe for determinaions

the result presented in

ness at the smal persedes
the m:wbyﬁmmvlw;mlwmhwmlunhz;e\.x
neighbort This local IMF is

s discussed in Secton 264

L0% Mo STARS KPC'E ™10y

i Q3 s 25
FIGURE 45 Eximes of he Mg IMF i e LG SMC, ad sl ncighor-

vt e e o 4 S of e ety i o o
iy o o

mogpitees fainir than te i for spciral lasicaton. The
neiod of spectroscopc maiching il remain impora, however,
for studies o the sola neighborhood.

5 INDIRECT EVIDENCE: INTEGRATED LIGHT OF GALAXIES

estimate

umemb!: quanttes s broad-band colors, mass-to-ght ratios, a—
al abundances and abundance ratios, spectral line
e have been wd i aemps 1o indieety consiin he IME of

‘ounts have proven quie problemarical. The answer is that most of
these methods are reltively insensiive and ambiguous, but they

cannot be ides the brightes s

can be counted ony in the nearest galaxes, our knowledge of the
from sar counts s Timited o the

1000 pe rom the sun.

“The problem with ndirect methods s tht the observable quan-

more addional functions and/or theoretical input data which




uncertan t0 arious degrees, such a the star formaton rae (SFR)

aron i herfoe usually amigucusandHighy ncerain, bt aken

e IMF s sl s pssble vritions i spacs1nd
time, inormation which in most cases cannot be obtained from star
counts.

Because of the large mumber of pubiished papers relevant 10 this
section m e vary of sppeoncis, ofen Brete which
voice imtec BAF o, 1 ave foud o com-
pletely slluﬁﬂwy“y o oder e prscaion. nadidn.
B 1 ey i e wor o s acn 1 hae stcopied o
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1 gt o 6l s

contributed
proportonal to (a+ ). It is important o note tht th raio will be
Sensitve (0 T onlywhen the IMF i steep. T

spect

grviysensive feaures v the T bunds and e el Na 1

oo

b

oberionl unerts andor mode dependnce
actde the reaion between » (osibke) el
Snundance el ahundance conlaton and th IMF, and

popu:
aton e huion e gy sbaions b 4 gt
cerain. The dependence of these features on surface graviy, or
essentlly atmospheric gas pressure, can be demonstraed analyti-

arguments ncluded in the following discussion unfortuntely aso it
ihsdeepion
e dicusion bgins i an camiaionof M consrins pre-

e o ull s Giere

mp to summari
e cvdeace s v inthe s ecion

51 GunvDwart ndicators

0.2 m 1 wing specrl estures in the. gt i of e
s prod o e of o st and
T o b g depes o o umbes

Scalo 1974). More recentl, Jones, Aloin, and Jones (1984) have
shown tht the Ca I infrared triplt i very sensiive o graviy and

o' may provide 3 useful ool for stu-
foture work

dying the gant/dwarf ratio n
Whiord (1977 prscnid a deald sudy o tetehavior of e

Wing-Ford FeH band i galaxy modcls and compared these predic-

o wih et b st s s o, The e

dictd band strength index i shown as a function ior

ih el conmons o s and dvartsare e, o

o T macn . o o e o v v o T 6
1

mean the et seven galaies. The galaxies
include the thrce brightest E. i the Virgo cluster, a dvarf
eliptical (M32), and SO, two Sb', and an Sab. The

populaton with I ~2 i ruled out by this comparison. However,

maler hn e pesdeied lndex vn for 20, Whitrd liss 3
number of effcts which might depres the FeH indes, but a
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the discrepancy remains unresolved. Neverthelss, the consrsint
T =2 is consisent with the shape ofth disk field sar IMF, which
has T~ Oover the relevant mas range, 015 S s 1.

=
FIGURE 46 Pt b of the WingFord et Y sicngh ndes s 3

e ety

The observed strengths of the CO and H.O bands,at 24 m and

bright E with
theindics for Galcti and M31 globular clusters, from Frogel ef ol

THE STELLAR INTTAL MASS FUNCTION "

a case would give very strong H,0 and weak CO. However, just a5
or the FeH band s metbod s mesive o he ot/
he

T2 2 for E galavies 5 Similar resut is
found o e €O VK dharam o Fi 3 i Foge 1o
1980}

model galaves which h.-..a.umm 107t 30t pover
law mass functon. (For the dependence of CO index on ae, see
Figure 3 of i and Gunn 1976) Th parsmte in the e

e IMF causes o
it 1o the upper et in H.0 and CO will

b ic sy oribogoa e i o b 2 M hane
gure 47 shows that  verysteep IMF with I'5 ~2 for m 1 can

L L

FIGURE 47 10 (190~ mm—‘_._.....“mm,...y
Rk S0 S B S e
ety

It s diffiul to compare the resut I ~2 for globular clusters,

i <l dogris o E s csn e o 1o comsrin . gt
e e e e e ot Lk
et et oy ey o e et L 190 o s dmon
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and show considerabl variaton (athough these ariations may not
reflet real IMF differences,as discussd in Section 3.8). The reslt
T =2 i probably consistent with the overal form of th cluse

Seeper than this near the tmoff mass. The result i cerainly con-
sistnt with the hlo iekd star IMF givn n Section 2.

In summary, studie of gantdwarf indicators ule ot the presence
of 3 srongy i DIF wih P23 oo gl md

“This rato s roughly a measure of the rati of the mumber of ow-

of stllar masses, a quantiy which cannot be dermis
‘metricall. In thesoar neighborhood ALL,~ 2.1 i sola unit.
Figu

ncigh
e 43, taken from Whiford (1977, shows how the M, a

righ clipicls.
Whitord' (1977) work I is unforunate tat the

s of sl
e essisensive 0 T for T 2, precuding 3
more detaled comparion with th soiae ncghborhond INF of Sec-
o I i T b hs s e lowtg  dhok 5.

ihe s s I cn s o cxplan e cresing
ML raios ound in the oute parts of many disk galaxies s due t0
an IMF which steepens with ric radius (sce below), then

poves b INF withindes T o s formation b, which
tndly .m. 11X 10°yr ago, as i reevant o E galaies. Resuls
o it chotes of the lewes sk i, and

The dshed line marked "L” is the ML raio caleulated from
Larson's (1973) lognormal IMF for the solr ncighborhood, which

in Figure 48 is consisent with independent calculations quoted by

T th.
=2, Vs to which the gant/dwar indcators are sensithe. Such

Larson and Tinsley (1978). The theorcial ML ratos are uncertin

o reons, esesitang exremely long expossrs Frtermors,

compeling,a discussd present
Finally, “mukm_.n‘,.wm.mmyk

o s e drt s capte o g of i oy bound
the gant, a suggestion made caler by Lacy, Townes, and

oo umh For stellr_densities sppropriste 1o galactic
finds that the collsion rate s asge enough t signif-

s very uncerain

52 Massiotnt ratos
Another possbl constaint on the shape of the average IMF i gal-
avies is the massto-ight .-.m ML (sec Faber and Gallagher, 1979
for a detaled disussion of observationa determinations of ML\

TIGURE 8 T e o e ot e s 0
Lo 97 pr o

Whitors 1975



A the ot exreme of g, Figure 45 shows e heorcicl

S depentoe oo T asor e E iy
Teation ofFghe 48, shifeg dowmmard e
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pecilly lipticals. Allhough the derved ML ratos are more uncer-
ol becuse e ey on ik messarerncs of

imply a 10 the fed sar IMF,
nce explained by a bust ofsar formation occuring i
ﬂxm(ssxlﬂ'ﬂlﬂkt&%mlwmﬁ.191.
“Table 1), and this “tarburst” nerprctaionisnow generally accepicd

b5 e

o

O el =
r
S e vt e o = o S o

oo o b and Gllghr (1979, the meon valucof M,

o t Epaa i, bt et vl o ko

of morpbologa tye vary rom bt 7 fo SO a0 sround 1
for e type gl for 8 Hoie consant /= S0 ks | e

accounted for by the increasing racion o buc stars, whichcont

Linta s there s ive agreement wit
o consan I e Fabr s Gllghe,

1979, Table 2). The reevant for comparison with the inital
Shown in Figure 48 are carlyype galxies, es-

Irgr i, deemined b o apical and Hioberations e

very atios i thes regions, and the halos of
o e & o atcr e s Gk et
form of low mass stars, then cther a teeper Jow: ora
smlle lower mass limit, compared borhood, is

inced.For rampe Hegyi (1983) shows that in order 1o maich
rved surface brightnes dat for the haloof NGc:sés m
o e o T e str o IF



a6 cxn wilh  owe s it 5 sl = 000N
135 requires m<2x10°". Besdes

formed, there are more basic objctions to atsbuting the halo mass

central luminosity density o, not luminosity, with ML0,"07, &
e A oo ol by s s o W o 3
smaller lower mass limit n regions with smale Jocal mass densiy.

observed bive tes, velocity_dispersions, and line
umlhmﬁphnsandlndmmedlhcp-nmmvmudl
s depthof

ey o oy e e
e vl Teeicn 2 ek (1989 v b e
oo of i 71 lipials 3 do 103 Zdependent
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00 10
L0G M/Ly
FIGURE $0_Obsrvons 1o e s b

T p—

P i v e 1o e s ko e o sl

ther o problems. Firt the predicted T for the elpicals is
[y vaives which maybe only margnaly nconisen

IME Figure S0 from Terkvich and
obseraonsof Zand m.mm.mx.mm. o n
galaxics and isolated imerpalacic Hi

vl o e o egonsar b on il masss e o
emission fine widhs, nd these mass may b inapproprise,as dis-

40-log 2 The ight curve refers to the
‘ML ratioof th visible sars, while the dark curve i corected for the
selar remnancs. The agreement However

Sil, the accumlaing evidence does scem 10 poin 103 ysimatic
cocs o thelomrmace IMF on some peopet of elipdea
galaxies, but whether this property is the ceniral mass density, the
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ey, o some aher paramcier, s no et esablshed Al over the galaxy Hifeime. Rocca-Volmerange e a (1981) have found
nately, th larger ML ratios could be atributed 10 large.

e
Cussion of chemical evoltion.

Besides diferences in morphological . the most obvious
diference between along the. Hubble sequence concerns
i o hich vary rom h red il 10 e vy e i
regulars. This color variation

rolem of decling wheter iferencs n gactc ot ire

hisory, probiem | shall cer 102 the “IMF-SFR ambiguity”.

85 o oe o5 1o

[T . e

‘Certinly the color difeences between Eand I galaxis mean
hat the presentdoy mass functions difer, and, given o further infor-
mation, one might speculate that the inial mass
responsible, with E galaxis forming only lowmass < 11
et i oo inreing Frcnagesof hhe s s,
formation rat in th ecent past for the redder galaxcs, since the
exisence of blue stars with a “ormal” IMF.
mation within the past few times 10 Chaice in this case

on
oo s nbesn (182) Kt (1983 i 1

aies.
it et o s gk v g e

e S, and gl uym ‘who shovwed

{hat the marow disrbtion of most i in he (U-B-{B-Y)

e I ke e s s

3V colors are in F variaions.
Fine 5, from Larson udTv-kyilanM the theoretical

Same time and with the same IMF, but with

N For e b e o s

decreaing SFR his
Tinsley (19681 The colors were found to depend mainly on the ratio
present SFR (i. averaged over the past 10°yr) 1o average SFR

‘which could be olerated without predicting a greatr color spread
around the mean locus than is observed for normal galaxies. For



s can b
Scountd or by conbinaion of cberaial o resdening

o
Age(I0%y)
FGuRE 2
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model uncertsintics variations in metalcy, non-monotonic

Tinsley. 19801, but th infrared lgh is dominad by red gians
ose modeling n the ot of i phoromerc Sl

il very uncerta
A hown by Lasomand Ty (1978 the UBV corsof

than' do_non-nteacting galavies. However, the now.gencraly-

s v e, e bt of s formaion s by

rimcracion (e, for exmple. Kennicut and Kech 1989 S
Loy recent s of s formaon an scoun for ey B
colors of some dwarl

A pouie, ot et Calghet M, | mu
Other Tines of evidence concerning the high mass IMF i “burs
ol are discussed elow.

54 Population synthess:an exampie
Al of the results discussd 50 far have becn based on theoretical

o predict the galaxy propertes for a gven age, SFR hisory, IMF,
and chemical comy An altemative o of galaxy

iy ined a diffiult
Alloin et al. (1971), Faber (1972), Wlliams (1976), Turnrose (1976),

(et 1240 G s Ty o 19761

‘accurate stelar spectra with good corerage in wavelengh, specral
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improve th itiation.

THE STELLAR INITIAL MASS FUNCTION, 0

Of the 28 stllar types which were included. Figure 53 shows the
IMPs derived by Ellis e a for the 4 galaxies studied, with arbitrary

d ypes.
establihed relaton between spectral type and mass can be used to

s not vlid for the points with = 2) Also shown is the local ield
st IMF of Sec-
2,

sars, the Ellis s the limitations of the syn-
presen
{201 W s o e . or s %)
heconvrson t he M vl depend o the adopted SER htory, of B sarsand the
v o e IMF-SFR ambigity i croouire. cumped in ony
sumably s 3
Rt e s i s 041

i
g W,

albough s s hat very few mor
w specilly o NGC 4503 (V101 shic s dscsed n Sechon

55 Utravilat uminosties
“The ulraviolet mst
Sepend on the IV and e of e 3 The £V
uminesty e ‘dominated by carly 1 main sequence
sars. The avaiabily of satelite UV. s led several

S the IMF.
‘One approach s o try o match the UV spectrum. Sl obser-
vations of Hit regons in the LMC (lsracl and Kooranee, 1979) and

masner, bt the resul dtve 10 the

FiouRE 53
iy

I practice, the use of the population synthesis techique 0 infe
3 M e ik, il sy s o sttt

o o e i of s S g S Tt s

orm of te IME (sce L ol 198 Figur 1. Luel and
Koormnet (1979) wid a S scgment o
for m<20 and vraie T for larer masses it
=35 lorm>20 g\ummh\eﬁlmmeuhrmdu exine-

ing (s snetine, The vae = =3 & Spcaty cmale han

Section 264,
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approach tis to match ony th absolute UV luminosity.
Figure 54, baced on Tabe 10 Lequeus 1L 1981, showsthe pre-
it s 1600 A forcotrs formed o 10
iferen ages. The upper mass limit was taken
2 10 bk b ot g h v o st ~1600A
wi wnmmwdwmxmmdkuuw
s i s ponounced than the dependencs found by

Toun s, e 1600 uinsty incress by & sciorof sbow
10 s fom 25 ko 15, bt sty doemes

the information a gven abserved UV lunmunl, sencrally does
ey e o ot e s of o MF-SFR
bty

e o mg )

106 L gattes

FIGURE 54 Tt UV e o s emod -0 oo
A mor e sy of he UV s of 40 and i

Jar
galaves has been given by Donas and Deharveag (1984), who
estimate SFRs rom the messured OAO-2 41910 flaxs. They adopt

THE STELLAR INITAL MASS FUNCTION 105

a constant IMF with I'= =2 for > 15, and find that changes of I

the large uncertinties in the derived SFRs due 10 the treatment of
internal extinction and other effct, Donas and Deharveng sugeest

possble 10
SFR vraion s worh noing st e SR of Donas ad Do
veng (1984) s much lager than these derived by Hner ef 1

i the adopted mass-luminosity relaion, according to Donas and
Deh

ng.
It is possible to weakly constrain the IMF using the observed
srengihs o ulraviolt aomic absorption lines which are unaffected
sy fthe ey e i s NCC

4214 and NGC 467, Hchr o o (1983 posied ot

popu-
o oo e s f et s

56 Mothods based on Lyman Continuum Luminosty
Sexeral of the studies o be discussed in the following sections

formation by eimaing the e at tich photon ae enited by
(photons -1
nibemchd osemmrie e o

mass, N, e of emission om s
s a function o time can be comput

incgal of Ny ovr he NI and SFR. s i (121 When
evolutionary tricks are used, the of N, on luminosity

and fecive emperaure i reqired. The derivuion of uch rel
ns is complicated, depending on reiable model amospheres and
albrtions”of the eagons wewee. e e Mo

ations involved is given by Panagia (1973, Figare 53 shows Ne, as &
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function of stellr mas for luminosity clas V' sars, using Panagia’s
calculations, his s:i\ux\m\aﬁp«ml type, and
ihe ) relsion gven in Tn»e VI of the present paper. Also

thown s e et ded by ik T s Eggon

from a population oftaon il i

N,
sty will herefore besensiive o the IMF for

G R v S R T Y
w06 -

FIGURE ¢ L oo of st mas o i

e T S P T R
=3

s e e S e 7 D

[ER TR —

FIOURE 3ty oo cns e e ot st s o
s f s e e 0 33 et o
mrumm.—m S0, o e s o Lo 141

re 56 shows the bebavor of N, per unit mas ofsars formed
fm(lmmnufsunanmmnd:lnml-oas a function of the IMF

@ i
enemely sosin o . dcraing by roughly i oder of g

decrease in N'.,JmmSZD.TheL){hnuwul)mbemmdw
rease rapily between 2 and 4 10°yr as the masive tars begn (0
die
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Figure e i
Ny (actaly the oniing fhx of photons with 1<912 A in crg

2 o g

r
FIGURE 5. Ly comi e ittt rmd et
oo i m e . Dot i o 9401 g ] B3

r
How can N, be determined for an oberved siellar popultion? B T e T ————)
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tinuum just ouside the line, a rato whichis independent of red & apprapate o comparin v st T Fgoe o rom
dei

a function of tme for I

2 and T 15 for an nsancons

atrbuted 1 the diferent defniton of T wed by Melick e al,

o

- T .
BT
i



burst and for continuous star formsion, cach for

70 and 10,

dict blueward evoluion in the - dagram during the H-buring

) Evienty T s eniie o T e g, and the SFR i
maks it very diffiult 10 inerpret
1 T el s b e s s

st o rgos f s and irglr nd i b compact g

THE STELLAR INITAL MASS FUNCTION m

B
[
FIGURE 61T a3 o oftm for 3 comtot s fxmstion e (s )

et it e e vk o

Another method 0 estimate N, uses the thermal radio continuum
cmision rom H regons.The. ity a wavelength 1

1) s the coninons

o cagh o 1 b oo B e o o AP
iy el the recombision i 1) a1 i aT) & the
ol 1 coefcent (sec Osterbrock, 1973),s0 climinating
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Vs =TT, A st el i vetve L
e N e by L oo (1991 Do aborpion and o

continaum flx I sl stellr radiation is converted into fr

‘whil he radio continuum flux rom an Ha region s proportional 10

THE STELLAR INITIAL MASS FUNCTION s

5510y o e s el T b Ny uch s
tive funciion of mass, carler. With an pper mass limit
1,20, there s very e ionizing radision comparcd (o th total
stelar radiaton which can be radiated by the dust. Second, the IRE
dve fonizing stars die more quickly

the burst cas, sine the dead stas are no replaced. Thid, for any
e e st 10, he IR e o e oy of

W s0 s sensiive 1o the number of massive stars
pm. mmm radio observations therefore yield the so-called

IRE = Ly/NJv, (s1)

shere s the ey of Ly phoon The dependence o s
uanty ff dutaborpton s sectonsanddustapicl dp
i mon v e ndeh vy Mgt o, e
-emm« the infrared excess introduced by those auihors s IRE-
s xplined in Lesuean 1984) i oy msie spctl iy O
s v e o e B bsorption of Lyc
s o e oy o i T e e
Kk Ly s s oLy phtcn U 1

L3¢ photons by dus i th i region il nrese he RE by an
amount which depends on the optical depth (Mezger e al, 1974]

santial numbers of lower-mass stars will provide an addional

horons from thesecooler stas, o the IRE coudbemhlarer
e (1984) hs given an instructive plo of the IRE 25 3 func-

oo e fo 1 cas i wh  coud o y b f

formation at some time 1=0 in the past, or in which the

cted IRES do,of ourse, depend
onthe M e e i he fct e ot ety AE
indi sensiive 0.2 number of parameters besides the
ot

ot s 5 o f e for bt of s s (=0

50 s o  corota i oo e (b s, o s v f

2 The sdopied IMF hod T -2 o 13 <n<110 wnd 7= =06
o D007 <15, The TRE was ‘assuming no interal
et horpto e it g o ot o st i s s
vertd into far TR radiaton. There are three ferures worth noting

An atempt 10 use the IRE t0 infer radil IMF variatons in our

IRAS should allow a sudy of the IRE n other galaxies in the near
fotue



57 The WiHo)—(8-Y) rlation or late-type spirae

1o constainthe IMF is Kennicut's(1983) study of SFR i 115 spia
e ofoll s The b i i 0 compan h G of

observed WHa' to radio continuum fuxe. This 1.1 mag corree-

his procedure reslts i lage uncertintes for individual galui
ut hay b et for sy of e average propere of 8 s

sample.
Kennicut red thre diferen forms of the IMF: 1. A power-lae
approximation to the fickd sar IMF csimated by MS, which has
T'= 15 for 1 <m<10 and = ~2.3 100,
fended” MS IMF with i< and 3. A

lower IMF with I'=
e IMF westakem s T

all three cases the
o 011 << 1, sk this vsloc

oo Wy 4, N

ke hor b T TR
i cuoll st be smallr han 3 omerwies oo o o 1o
xcnive o srngihs e preici :
Figure 63 shows the Wika)~ (B-V') comparison. The data points 8-V
at the botiom of the digram are Sa and Sab FIGURE 63 Ha cqivalnt widhv o dgram rom Kenicut (1983, Dot e
it ar sosmall et uncraimis ar aryer an he measred =
s he three IMF Ft
N e o e ) T e e or 100 much n speil I o 650 porevory
e e ME o e o gty e
o i T 210087 The v
i it e e S e e, v °Ts i TS of e el i D i
o . s

yra
e best fit s seen (0 obtain for the mlevmamale W i
1215 b secpr and hallower M producs

i sl but any b
il variaion of T withcolo would robably desrey the good agee-
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ment of the sopes of the bands in Figure 63 with the observed
WiHa)(B-V) corrlation. The uniformiy of the IMF in late-ype.

o not account for the bes
{smilar poblem from earler sndic (s Tindey, 1980} these i
s e robably undroing burs o st omaion s pouiity

“Theconcusion hat T~ 15 £0.3 n most spirs galais excluing

one important caveat, and this concerns the adopted upper mass
ik, ik s 1008 5 e s of g 3 A

ennicut, o sgree with the
Cntrtony i 3 300 g i 5 i O v

THE STELLAR INTIAL MASS FUNCTION )

estimate the absolute values of IMF parametes as it i 0 test forreal
diferencesin IMF parameters between gaasies.

58 W48 ~color diagrams for clusers i Ha rogions.
De G Eastood (198 s sggsed i mthod o s

,s
ot comiosm oo i o (3t 3560
mdbnlasm,mﬂﬁnmmzhv(«ruwmmms

udied. The eroghs v oo 3

s, Lines of constantage and IMF index can then be consircted
in" e et Moo s o of (hce e soown
“The calculi

these T values reer depend on T For [ =2 only sars with m= 10

eical reason why such massive stars cannot xit, hthough thei e

s IMPS il 153, For P52 i i anly 3 il

s Ay, i m, s Sgficanty e tan 100X,
INE wouk b i e Figue 55, urermor s ety
copized that m, probay ncreses i alny mas b

(Section 4.1). For these reasons,fuure studies should include m, a5 3
d parsmeter.

Finally, we mst remember that these resuls,a ll others based.
photometric or spectrophotometric galaxy modeling, est on th val-
iy of the sellr cvoltion and amosphere models used 0 con-

the mids of the large number of sudies which routinly employ

ans which,inthe case of WHa control the red ontinuum flu.In
respect he use of WH i les 0 model unceranties.
Hpcol

B e, and he v o1 T dered rom oersations i these cases

st b condred s an defed e neeress even Vi
steep IMFs the diagrams can be used (o search for diferences in
M between regions.

In priniple the comparison of these diagrams with observations
T i

are several problems: 1. As poined out by De Gioia Eastwood, if
T37L3 fm e e o b gt oy o g

custers: eeper sopes can b dstngished for most g 2. The

cluster are expected. 3. The use of the UV colors wll be quite diff-



ardu sor

Nass b

d»hnnmmsm(lhsmnbvllu:nv)l'mm\‘uv( egion, but var-
o . o 3 100 4 iy o
n e e i dght mods s

“Bopic e bl the posian of ot i e Wit o

i
ppo mas it 0 30dons st appers nceary.

59 Lowexctaton dsk galaxes: A deicency of massiv sars?
e £ in e s elais i kooun 0 be oy vkl

widihs of SA or les, compared with 10~ 100 A for most of the
latertype laxies. The question of iterest i: I th low exctation

FIGURE 68 Theres

Vin dn Bergh (197) it cmplisized theac o i egons in

i
ot Ha scualen Vit in 5 and
Fgue 63 show that e 52 20 Sab galuis o e b of e

ol widhs r amalr han shout 24 Unlorucy e
o cqilens widhs r uncran b il

The avalas . do o sl & samcion e e press

Increnotsfor e e il sy Soaion and Yk
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his dirction is now underway (Yamamaka, 1984, personal com-
‘munication). Howeser, it should be noted that an cquivaent width
S 1A n an individual gy docs ot necesardl imply the IMF

=k
Even more i s he s beteena tecperHigh-mas ME

normal” lex upper mass imit. M104 (MGC
$554) i oneof the e st by il o (1982) The IMF
derived from their population synthesis (ee Figure 53), while vry.
uncetai, does not ppear anomalously steep between 1.5 and 8,

ronge F deficentin
massive stars i the disk of M2 (NGC 3034). The exremely high

tar formation, yet there are no-bright Hi regions or sars with
Ms S o Bergl 1961, Tt coe i appers ot  pommal

THE STELLAR INITIAL MASS FUNCTI

decreasing birthrate i in the smalle part o the allow:
3107y hen thee derived b ge of $10'e il
valueof m, mightbe aceepta

510 Strburstnucel

One s he mox g st 0 el g

e e et etk e
S sy of e o 1 M3 and KO 263y ket
{1980 W conentrte et on summarizin thi arpumens con-
i e om of e IME it gt o iy

made independenly by K (1530 on e b f e igh

star formaion eficency implied by a solar neighbarhood IM
e e N A e
Tuminoit (>4 10°L,) wthin the cenral 300 p. The pec-

b o ST e Howesr, it difcl o e out such 2
state of affirs. Seden, Schulman, and Feitzinger (1982) have

in their SFRs and morphologies. Furthermore, MS2 is probably
imvolvd in a galactic interaction (e, Solnger, Morrison, and Mar-
Kert 1977) and it may be posibe for nteraction 0 generate star or-
mation burst which are at least ntially coherent (Scalo and Struck-
Mar, 1985,

d also be pointed out that the detaled modeling of

430000 K. He




4 The st singns consrin e

e of m wer e,
from

Howe
Sy I 25 by 1 oy & ot o b 4w oo

THE STELLAR INFTAL MASS FUNCTION s

Secton 5.1 above, calculations by Tuchman (1984) suggest that

5. Finally, the 2 um emission may arise rom and hence
et g, B s (Logais 1984, Pl St
caton;see Sellgren eral, 1982).

Although the proposed deficincy o lower-mass stars i the most
iniing rsl o he M32-NGC 259 sty the bove i g
s i cann ot b consdered s cocie, despie he very

et it e ofhe I st b s .mr. =

Although it s well nown that selar evolution in the red giant and
the

Ba.

large
nough o explain he excess 2 .

lend 1o thechaim that no lower mass sars are
oroot st o e & Sy ot corcwe i
Arp

from the deviaton of the observed Ba/By raio (- 10:2) from the
alue (28] predicted by recombination theory, and then appiying &
in the exi K band: if the

exincion wat ted by
Tequied mcoudbe subsantaly decreased

his possivily was noted 3

described above, reqires an
Wit T2 15 and/
it ~2-3M,. As in the study of M52 and MGC
2 m omi
Olasson, Bergvall, and Ekman (1984) have studied the collding
“The mai
modelare the B-V color (~0.17) the Hf emis-
Jen he Balmer

ing 2 conant SFR
v tnd

present nuclear population my 4 burst duration of 1.5 x 107yr give a good

o e v o e ol e bl odabum daion ol S0 4l
— depentene of e
e D el e S ok e M. Tk rains. No constrsint on m, could be derived from the aviable
e v e S 5 0 S e aptcl specrophtomery 4nd comparion of ot line
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zaton models are desirable, since they could
¥ild T, Section se.me»wm issenstive o m,
‘Augarde 11985) B presnied o deid rdiscu-

171 (=NGC 3690+1C 604, presiouly s by G

of cours, some poss
SER parametes, it m camor

M,) th
alo i s «.L msz) bave suggesid an M which
srongly favors stars in the range in our galactic cent

e v o e otpred i et

511 Blus compoct gelaxies and relaed abjects

v coor nd e srngts et are im0 glacti Hnregions

‘They ae often so compact that inividual tars camno be res
They usually exibi very small metaliciis, approsching a kwper—

o e st el ks v vl sty
that sar formaton has occurred in  recent burst. This and other

Magellai Hunte, 1984 for a

1983) which
Iespextnsiedtad mi=,m, =25, T = 25,
e independen s o sl vercin s burs s
inmy opiion,  convincng casefo the iea that the IMF pro-

comprehensive review), Because thir str-forming behssior (whose.
i e e Gerola and Seiden, 1982)

magritude lager than for sars in the solar neghborhood. Frr
P st g Bt i my b in e e e

et e fornation mode infucrce the M, OF

il e wovestignions i pecialy s e I
ot oty ity ks
Tover

mum or mode or the upper mass imi i abnormal. Because of the

et , the upper
sl of o IMF,and e SR oy .m..;.s.,.,u ober-

‘aspects of alaxy evoluion, this result may have various ramifi-

Weedman, 1983
Tt is worth noting tha the question of the mechanism by which a

such huge bursts of star formaion i viually unexplored. One
tempin s irectons venn Slomnd S Marel 1955,
S

e i S e e e s

e power law ofindex I with upper and
e parameters were varied to obain the
© the following observed propertes: 1. The H equiv-

alent width, which measures the rato of the number of O strs
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(ihrough the foizing flux requi

Astas through
il vih i i b 8 e prmtn ccpt i m,<2
(see Figures 58 and 59). 2. The cffective temy

e 10 give the 11 sengh) o he

vt more o andm( y>3) o, b i o
and

THE STELLAR INITIAL MASS FUNCTION o

an upper 150M, e
s tan found by Valtond and Thuan, but he difrace may

e snfcant comidering e snsity of T 1o e adoped
Hn vtmam e i e re

£ T —3.21 for m>20 found by
"nd Kooranet (1979)for i reions in he LNC, but s

e primary rt i e el s s sl o it g the UV spectr e Se
tion 5.5 above), which are not v:ly!cmmmwmt!MF:nd suer

iy from B2-B9 from reddening uncertainte, it should. probably receive lower
weight 5471 ;

e ot bt he UV ey depend o sronh on
Trcexincaon.

Aophing s comparisen 101236, Vildond nd Thu fnd
o, for the Sar formation model, the best it s for
s dusion of 710 A

cal cor

cominsous S fornaion mdels of Villond and Th

< g b

e M s pecaly et cooion

110 0.007M, would give good agreement with I, and the o
spetl i, bot prscis o g ¢ oo o 1 e bt

duraton i increased t0 reduce. the optcal spectral indices
okt pecoms 100 g The dered vl of s ol for

for =~ 15 for m> L8 and T ~ ~ 0. for m< 18, m, = 120, ms4,
andaburstage of 3 X 1

wan also give a ompaion for 1w addiioal
regions. In 12,

“The sirongest argument i favo of such a Z-dependent IMF sope
has been recenty presented by Terlevich and Melnick (1955), who

xamine the correlations between fonizing flux ¢ pe uit mass (in-
ferred from H, ML T, and Z among giant H regions i nearl
s and bl conct s ch that 26
. $ and T e e Ml s Usiog 3

deied eries o evluonary models (Melick, Torvch, 4nd
Eggleon, 1984), Terevich and Melnick show that these correltions

ion of 3 10%y. The smaller it an 1, i'a consequence of the
smaller observed WH). The result = —15 forthe two blue com-
act dwarfscan be compared with: an carlerstudy by Lequeu eral

axies (1 Zw18 and 1L Zw70) and

nd IMF on Zis required. Fther.
e i e Shpeof e .ot gt 1, o e i
cated, since T, i insensive 10 7, while ML, depends on the
numberofnter

g data o 24 s glais od g ant Hu regions within gl

n both spiral and irregular w s m=(0.1, 100} Terevieh and Melnick ind oo i) i
a fim constint on the IMF, but did fnd that he sty MR ke ST
e troner
constrsint of Viallefond and Thuan (1983) i due (o thei use of op- I = -40-logZ (s2)
5, since, except fo i, the two studies
Tfor derived




assuming that 1 and m, ar fned. (1 have omited th posiions in
igram which Terlevich and Melnick adopt for the ola ne

borboo, the Orion OB assocation, and the SMC, in favor of the

IMF slopes discussed cale i ths rview; thse sopes willbe dis

below)
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i ccouned for by B (52) i b phsameric A s ae cor-
rected for dark rempants (Figue

o wih B (32)% e o the Ty-Z lion, '

foped valus or the mases o the indvidua rgions.Terlevich and
Melsic (1981 b carer i teions wd e

under this asumpion.
S by Galghes and Homr 1983) s o st S (i554)

iana potnala s o the reionsscid i e,
Gicsion ofohe posile e cplanaions o

k15 wind, cplowion,uaddhampagae flow, i
and Balick (1983). The anticorrelation between T, and
been known

implicaes a Z-dependence of the M in these young regions, but

is due 10 a fatter IMF or a larger m, a smalle Z In addiion, ML
il depend o e age of e sarfoming regon. A e cot-
Sion arkes frr I Mook o
o 1554) o o i (1554} i iy
for a comparison wilh exciton model (Lagueu, 1954, prvate
unication; see Figure 60 forthe senstiviy o definiion).
i dih Eq, (3.2)b

FIGURE s il ndope s cmpkl g
i and ki um"&m i ot possen g 7 .
. i, 5 e o ot 25 4 ke o

Tereich and Melnick

IMF
parameters of 1 Zw36 derived in the
e stdy of Valeond a0 Thian (1984 s shove, o

1983) found T~

dence to support her finding: 1. Burki's (1977)finding tht the upper
IMF of open clusters faten with increasing galactoceniic rodius,

3573 For it e, the spprent orelaion of ML wih 2

-1
.m.m.mmxyu, irals, based on the WHa)~(B-V) corre-

i 55, whih b e Sl s by 2 10

pe s it s vyl ikl he e o i
ampic couk e 0 sl 5 0 bing
Eq(s2.

e

can also compare thepredicton of Eq. (5.2) withthe diret sz
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in the sl neigtorhod. With 7=002 Eq. (52) would predit
2 or = 10, For m 10 the value of T for the local ied star

apear mch ater i Eq (521 For cample, ' (1974)com-
13 for 110}

£, but sppears
ted by se
A Nucssu oo

has T
much fater for m 10, a property e

sive I's
sopoprite_mtalicies (e¢
T o Bk, 1077)
wmcn are pically at larger gaacoe
e 7, b o

they

Nl plce e MG wilh 7 D002 1y P 0 g e

rred by Dennefeld and Tammann (1980; however,as

 Secton 43, this el s based cn specroceplc

macing wig oy the rghst s and e LF o he I,
L

vl
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“The anticorrelaion betwen T and Z docs suggest that metal-
poor Ha regions have cither flarer high mass s IME o e uppr

s s, o bt Howeer, Ty s o
mosphee, the gt o e reion, and ks deiton e

Feely

e bl compact o hve teen freeny e 1o he

lower surface brightness irreglar galaxies
Hover,atpresen hee s e comincing it sene oo
e the IMF in these huen)uems major problem i that it is
e slotal s formaion bumx. although loalized bursts defi-

il aceu (a tey do even n normal spuals theselocal arting
galies). Forthis
aific

it o s vhatr the prsen ey vide average star for-
maton e refecs e et

o, a0 Ttk (1984) hav invetgnted th sar
o oo 1 b g sce b e mgoes g

R averaged ovr diffrent times in the past. They find that
for most of the galaxies the observations are consisient with a con-
stant mean SFR and IMF over the galaxy’s hat this con-

chuding o

 however For example, Rocca-Vol-

e (1350 M e lope ol h L2 o oo vt
X 1o be identical with with tht of M33 and very similar
the other 0 the other spial in e study.
i

C from
m:uv o the red with a power law IMF with I = ~2 and a roughly

i SER for the past 10"yr; howerer, the gas content would
v den dcresed by 3 o o 10, omirry by besvations 50

Eq.(52) cannot appi; Jaxies nd dis- .
i the IMF lops dtemine from st couns n ol orthat e IMF s ow-mass ot 12 o he ol
yougcosiersad asoiaions. The relion i bl for e gan e o o e MG

n regions and blue compact glaxies studid by Teue\w: ...a Mel-
nick,but this concluson rests pardly on the assumptio

dlunm ot e SFR b ot b ontoic e Hordy 1954
erences heri). but his xample il it e potenial

i add
T for 1 Zw36 derived by Vallefond and Thuan (1954), which is
based 1 spectral indicators, th the

predic

igh-mass star, o deficent in low-mass stars. Since we kr
T iy oo of he EMC, SV, 1C 1015 o B
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fecent than galie see Section 4.1 above),and lso because Figure 66, from Audouze and Vauclair (1980),shows a ypical pre-
gt o 1 1 i v i’ soched b Hoch o scription for the fractional mass of newly synthesized clements and
dis-

of supermassie stars, the simplest way to achieve this s with a ow- gram should be considered s schemtic since differences exist
mass cutoff around 1-20,. We shall see in Section 6 below that between_diffrent sets of calculatons (compare’ Amet, 1978;
and 1978; Chiosi and Caimi 1979;

‘and Macder, 1981). The contribution of intermediate and low-mass

acighborhood. srsin the aompioi branh double shell soree) hase of o

s especally (see Reruiniand Vol 1981 for one pre-
Srpony Thefac tat he ot maes o e meiscociey by
6. NDIRECT EVIDENCE: CHEMICAL EVOLUTION MODELS

: ot
Studics of glacic chenmical evoluion compare_observationally- of multiplying the ieds of Figure 66 by an IMF with I 1.5,
determined abundances of the clements and ther isotopes with the be selat s of sars of dif

predictions of schematc volutionary models. Thee predictions usc envichment o et clments.

e composiion and mass of material jeced from dying irs of &

e ol mase s g by sl vouionand ey

{ory, 0 obtin the average abundances at any time. Eq. (1.19) s an
cxampe of the e of cqaion hich s wed 1 model chmiel
Cvolution in a closed system. This approach is very smilr 1

acbon wed n ilrpeig the iged gt of g, et

Acion o mas nd compostion, e han cvltonay ks

the IME, 2 Sndumenal direnee betwecn negrie Hght l
chemical studie s that the former are sensive o the SFR. histo

clcted by misive s, Unorumidy he IMF-SFR ambigui

ounered insudis o negrated gh s replaced by  sensivty
e priion o e adpted mod L For i o ot di
crepancies observations and the simple modcls can be
Tesaved gither by poslaingan anomsous IV (compared o the

section we discuss several such IMF constrains. General
chemicalcvoluton model bekmndm1\umbleu?7§y‘de=y
(1980), Pagel and Edmunds (1981, Chios and Jones (1983),
Gosten and Mezger (1983).
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FIGURE 7 et o e 6 e b 0 0 v =15, e

[p—

. T
lmmm.\fy)mlnn-mlmummmlm
cen ictd,thesocalod “Teurned

5o [ i i 5

B 1t e e 3
i e e
e L L L
R b

T o
e i Gl St
mad to- :
EEoaTT

dierceial cquaion soverning he meial
5 mas M, simply s Tiey, 1980
Mz = Y0~ RIB+ 276 63)

e B0 b e sl . Th i s 241 4
e inatancows which sumes that
S v T e s e o wih > T i
Soan s they ae bors. The st e o the RIS reprcsents fall
T ks 5 b s 4 T A e

v sars. Furthermors, the 2 ponts oy vty on e
parameter ofthe model. such s thegas raction,
For cunpi e i o s o e 5 e

2= yalh (04
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but even then the estimate sufes from the
25 - -1=Usk ) plx st and Kinemais of hese e, Al i s ot

A
SFRis given by Mattucei and Chios (1983).
“The reslis that 2y and that Zy i ndependent of SFR history
complcated 'y

dons of Zand i mmuummmmmm.

Vot e o N oo s
Imm:kuymmmhmmmm»-nmﬂuunwu{
the "M

scusson.
Rocca-Volmerange e a. (1981) compared obse
ol oy i o the LMC (2=0008) and C (20008,

drpulanlhem}'m

onyeen yiekds astumed
mimﬁmnlwm v approtimation {0 thelocal IMF, with

daw Wb T
the entire mass range 025—100M,.

with for the
local IMF, 4x10-* for the ['= ~ 135 case, and 2x 10" for the
2

e

Magellnic Iegular galaxie. This chemical homogeneity implies

wtion models are applicable. However, the fat that many of these
galies have extensive Hi halos (see Matteuchi and Chiosi, 1983;

folmeragoe i
are 37X 10" for the LMC and 12 10-" forthe SMC. This indi-
cates that the T :

M-ﬁnlxn-dyvyuhnnd(lwylmwmmd ol

pact galaies. Unfortunately the uncertaintis in the empircal gas

ool e ks o, g 2 o v
compared

form o Hi canbe measured rom 21 cm e oservaions, bt the

‘abundances depend on the IMF whi N sbundnces depend on the
SFR hisory,

H disrbuton i usually much more e i o
e o G e st s b ot bt i e
gas should be included i the mass of gas which paticiates in the

IMF,

e o te SFR Bsory as ot very stong, Asuming i the
model is valid and that the estimated gas fracions are
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accurate, the N and O abundances allow sy

parametes of the IMF, which were aken index I closed model, implyng IMF varirions and/ myphuh:lllyu{(ht
for .>|mm<zmmmuu_..wnm>|aa.uws losed mode (smming tht e et rate). They
Realizng that this procedare could only be applied 10 galaxies in Showedthat el i consant ied y= 0013 and il s
iy i 0. o iz e dpendene o e e on inbuton (ahough s 1o cla whehr sl choicefor the
the SFR history, Allin e a.restricied this part. anlyss 10 yield would remove most o the

Th e e and g aaes LME, SV, M 55, NG e to s socmiaing s somewi e th s frmation

6822, and NGC $253. Theyalso compared theresulis wit th same
L » =

can use it up, a possbilty which they considered unattractve. The
nd the

‘Orion Nebula. The values of I

comsan inthe e =152 o~ LAS o ll e rehons ot
NGC $353, which of mass with > 1

o D135 16 for SV, LG, G 6933 bt e,
023025, for the sola neighborhood, NGC 5253, and MK 59. For

abundance.
or= 015 i 00

v el s ot e r oty e
,....c o 40" vl e s e e
have y~S-10%10, The melak

the abjects except one could be explained by models in which the

g fraction coresponds fo 0T = £0.1 and 8¢ = £0.1. Givethe

o apprecaicd . the reslts of Allin et l
aan aT= 16203, £=02201 for allsix
galases except NGC 253, which requirs a stceper slope. 1 do not
consder he slight i the derived valucs. -

cant.The major problem wit this reult i that it rests on e validity
of theclosed mode.
e ppliaily o simple cosed el t dvartirgirs a

and have aised the question of signficant IMF var
atons o exyllln this scatcr.
Peimbert and Serrano (1952) studied this problem for about 25

g ot o e prpein =it Z ot
explain the yield, Peimbert Wz
depeneat it ot Bl A el e e

wmmlnmmngza‘rynwmmmm
tained in low mass (m~1-2) stars

Notg a the bright s LFs o the Gy eI 1613
o'not show any de on Z nor docs the SMC or other gal

e s il somentat controserial . they conclude that the
racton o s decreases with ncreasing Z This con-
luion s cominen i, e ENC w00 SUC el of Rover

Nolmerage o al (1981) dcaed shove Since ou galay and

i hectoceanc dmanc by oyt

ML ratios should ncrease

for ynm in the solar neighborhood, galactc i regions, and Hi

arc in fact observed, but could also be arrbuted to nonstllar o

TSttt Z-og e, The st e lrg e f e

I should aso be recaled that this proposed dependence of low-



m 108 M. SCALO

mass IMF on Z is just the opposite of what would be neded 10
ML with

THE STELLAR INITIAL MASS FUNCTION m

‘There are at least four possble explanations: 1. The gas fractons

galaxies.
However, the case made by Peimbert and Serrano for 2 Zde-

lar and/or becaus the dynamical mass i mach larger tha the tar-
plus-gas mass. 2 The iek, and hence the IMF, varies amon the gal-

s modls (o i) and modl n wich e il e bl
nces the SFR (dshe s The reqired variation i the I is
ey e h elation Py~ 0003 08 2 sueted by emvertand

Serrano (1982

0 be required for the smallest
e o 170 xz-.m ' ha s formaton pror 1 he preent
umbers of massive stars, massive sars

allowed. However, the
models which match the LMC and SMC do not account for the est
of the alaxis,

forming only during the present burt. The nfrared light from red
i thatan low

1983), but

re also formed. 3. Infal of
rates exceeding the SFR has occurred. This solution
R o s feeden ot & pags ot 1

predicted Ziog 4 elaon o an il e cqual 10, 1,15, and 2

times the SFR. 4. Galacic winds energized by supernovac could

Tedcs e o o S wods havs b gt o ot

pes of ek, s migh b xpced fo be mporant n the
Mateucei and Chios

Toosel

derv he Ziog lionfor the e of a consant wid g ks

e equal to some fraction 4 of the et SFR. Figure 69 shows the

Teitlor 10.1:3.4n0 4.

Evidently the IMF-model ambiguity will not be casily resolved for
alaics. Jf the overly small metal

the present epoch, ince there issolid videace from ntegrated light

cannot be very abnormal. Considering the lrge uncertintes in the
anmm...m...ammwymuwm nfal based

under-
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(see Matteuchi and Chios, 1983),such s the possible correlation

THE STELLAR INFTIAL MASS FUNCTION By

isdie 100 proorion of Lowmss sars which e wih 2

physical model fo theirevoution.

pmmmm' 3 low.mass cutoff which i inialy large n ellpical, ssy

i derene 15l s (m0.1) ol s

v formaion s subided. Thes low-mass i
igh form :mm ine g xpelled by more masive sas formed

g the burt. 1 that cas the M raios coud probably be

Wwould not need o b co

sugges of evidence
it s o, s mrsing ha e sl of m b
segstedfor sabur gl (Secion $9)and for densi-vave

FIGURE 3 Mt from Mt and s (1983,
o S St o et 1t s e
for S T e

At the other end of the metal abundance

terms of
Simple chemial madels tese sbandances imply IMF whih are

elow
,\wl-smzm.whmmmyummmnmﬂs«uunu31
lead o the cojecture ha here

by some lree-scale dynamical eve, and the other with - 0.1
hich o i ety qisen reions. We

82 Mtaticty istrbuton o disk dwarts
“The inabilty of the simplst chemical evolution modes 10 account

kpenienty ducova) by rm dn B

sk dvart, d by
Schmids a classical problem (see Trimbl, 1975 and
because

2 sine lipials presumably fomed vihnarero el s
e prescnt Z must be consdered 8 resur of 3
n.. upper M, gt IMF controled by physical conditions other

Tinley, the sim-

s sysiem which starts
stars with Z50.3 Z, compared with the observed metalliiy disti-
uion o G:M dvaris. A shown by Pageland Pachen (1975)and

{omma
s diffcut 0 econcc n MF whichflatiens with crcasing

i Section 5.2 above that the correlation of ML with Z in ellipticals

nNoVyM b SFRamdofthe ME koo s e IMF s contan
i ity ot iy i sl e an IME s e
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enrichment of the disk by an carier generation of massive stars, or

carly times. Either way, very few low mass, low-Z stars would be
The IMF

THE STELLAR INITIAL MASS FUNCTION =

then o el of e ety mass g of e ik This
especially attraciive m«u-mumww..mmca.

formed.
ithr b o e hap 3 arer o mas cull 1 s
casy to equied MF 00 pecular cor

mm«nm.ﬂammn e
e <nrichmen of e sk by eyl ne

e v v cjct significant metals, and
it the meal mass epmdl'y-mldwluluu-mnpvenby
inear function of s, 3 good ion 0 several sellar evol-

can ko
1975). Parameter-
zed studies of chemical evolution models with infall have been
Shown by numerow sutbors 0 provide 3 cre for he Godvarl
also Vader and de Jong, 1981), who use an exponentally declning

=0.17. For por

preen day k. ermsof e parame
(We negect th dependence of yon R hre,) For campie, o
wlvyuuhmnv-mhlwm constant, then for stef

i P (/0" (66)
Wil D= <110 -2 e lower
04-0, IMF of Secton 22, m,would need to
e 20 A, £ s o ot o vt
therequired change n siope

Ko oy el £

Ty T + 0803/ Viog m= T +1. (©7)

‘Obviously these approximations are simplisic, but they do suggest
that the i

p s
density. Lacey and Fal show tha fo i~ 1 and aninfalime consant
h

reproducs the observed age-metallciy relation and the d
meﬂznmmmww v
ant consideation is that I‘lw-\ i76) & 76) dymamial modls nmm

just the features desired wi
mmm(mm.myammamma.m

borhood have in fft becn simplifie parameteized venions of

ther s eraional e
ther proposa for salving the Gdwarf problem assumes that
w:ﬁumcyo( formation decreases strongly with decreasing
metllicty. The Tom of s o dicused by Tbot nd
Amet1973) ivokes e ke hemial inbomogensies, 104
of the same.

rassingly large present Z unless the extra metas are locked up in
remmans of asive s s poinicd o by Trmble 1979).

and White, 1984). There is also no observational o theoretcal basis

variations. Fist, the early disk could have been enriched by metals
n,

enou enrichment woukd be sufficient 50 that very
e o7 G sars wold e formed. The low.3 1 of 42}

ture, and hence the Jeans mass, but then this model is equivalent 0
e ssming el s ot mall 2

. there are a number of ways 1o account for the
oered iy diion o ey 4g¢ rloson. Wil s
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ook, mods o caty ik e vy
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s of Wy and e 1982, which do ot incde s
o v 30 0C rao i s shot  tims sl thin foud by
Oner

the sense that ther efects arie naturaly in dynamical

1984, private communica
v suggest that he halo IMF was

i oy o the disk IMF
(Sneden et al, 1979;n fact the IMF would have 0 contin most of
s mass in iz 50 (ce aso Twarog and Wheler, 1981

s with ll oher indiect IMF constrains it

ditibution are
amiguous st e abundances

the chemical model. This difficaly could be avoided if we could
sty the relative sbundancesof o or more)clements whose yields

1. The elemental yiekds deperd on the temperstur-—dens
o sl il e e o 2. Pl ot by
Clegg ral (19831

s that it requiresdetald predicions of siclar cvoluton and nucleo-
synihesis cakulaions a 3 functon of sclar mass and metalciy,
and the types of stclla cicton cvents which dominate the glactic

i th theoreti not
depnd on 2 te cnpcil shadanc resls ol o i the

Ver el 2, pslt whchmeuk i o e

5w shall now

extreme sensivity of the avalable hydrodynamic xpl
ot 982 Wi, 190 o

Sneden, Lamber, and Whitsker

about 3.4 meta-poor stars with[Fe/H]
o mawh Fer (M e (O 0 ndpen

e g foran el bl M g shove il
are produced

Fe yields ae somewhat uncertin
How moch ron s incorporaed o remasat . fncion chenical model Such an idea was discusied by Tinsey

(19791 be arger n halo stars,
Ions wic e mas s by Macr 1951, Firs “This

f, models with Z~0.03 and by Ober,
1583 o 062000, s wth 30 v=300 e o

h the
{1583) 1 i o produred prmarly i cploding vhic dvars. The
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i ~10 vl keping (O] oan Twarogand Wheeler, 1981)
sincorrctif ome Fe s produced by massive:

hmmmmmmm]mmzmm.
invoking an IMF variion, a source of C s required. The

temass crbon sar may o make 3 bl conbuion o
C buntene e Rend Vol wsnmuunm
are probably

o o i oy prciel /0 for e
show that most carbon

Ewmllymtmdmmdmmuwm
s clear-cut as i ofen supposed. The likelibood

THE STELLAR INTIAL MASS FUNCTION, 2

1983) and similar gradiens are found in other spial galuxis (sec
Pagel and Edmunds, 1981). There is no consensus concerning the
cause of these gradient, but since a variable IMF has been 4 fre-

Fstof l s e hr o cosed mode i contnt I
cannot exphain the gradicats. The gradients n the gas mass fraction
a1 oo amll. The bity of modes whch nctude il 0 produce
the requisite gradients a controversial point. Chiosi
{1980)amd Dis: ad Tot (1564) nd save 7 raicns i o
ally-independent infall rat, but the study of Lacey and Fal (1953)

sl ccout for he Glacic rdil v of 7 o densi.
nd SFi

A cmphasiasd il (19801 Zgrdens il b poduced
there i 3 grdist n the meilicy of the inaling us wd/or
i Larsons (1
for dok gl show b llcs e i o n o o
e Zgrdens which may be e cnugh o axcoun
Sherve gadenc s cpined oy Teley. and Lason (19781
ough Gisen and Merer (1983 cim tat te predicid gradi

Aot et of il i tht ¢ s e vl s

Al v o 1 e o 0/ (1981)

decrain Z 1 Tye | sopermorae o iermetie and ow ase vation of e bem il e o il
carbon sirs are 2 significant source of galctic C, then the [0/C] ino 03 imared o oy of =10k for an il e
i A of 5x109M, kg

fact that the observed C/O ratios decrease in the
u,-mcmcwmmuumlc»m

mase star increass i thi sequence.

54 Radia sbundance gradients
N,._ew.mamwmmsmy:rn.
o

how e 2 acien s g st derky e o b
values of k give smaller gradiens,
Tmﬂeymsm e e 1 v o i, N
positon rand rls the timescale for
o omon oo . P o e el e
¥ must not be much smaller than the star formation imescale to

iy showstha he regived ow ey s  few k5™, in
agrecment with the estimate of Mayor and Vigroux. Models with

‘ot ey, from vundanees i lte-ype soperiants. The Galactc
Zegradien is diog Zidr= ~(0.07£0.02) kpe™! (e Shaver et al,

unt fo the
Zgradient have been recently prescnied by Lacy and Fal (1985,
Despite the marginal suceess claimed for some of these propos
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v ncomred o uter e, race photo-

Furthermo
Tabor nnuwm Jand Bt
Viser (1981) led these abors o concloce,

Mezger, hat oy relatively massive strs are produced in spiral
ams. 7 below

e elning 0 Gl et e St
inteesting and compelling model to fent in
u laxies has been given by Gisten and Mezger (1983). In

shape everywhere,
mass lmi s asumed t0 be g, =23 My, for ar ormed

‘The basic physical motivation for this model is
clouds ma)oay b sl 10 row o lrge s covs ppeitiont

with 2 2-3 form in these L
assumed behavior of the lower mass limi,a radal Z-gradient
the SFR in arms at a gi

7 INTERNAL IMF VARIATIONS WITHIN GALAXES.

“The most fundamental unknown about the IMF concerns the ques

o of whethe i vares fom plac and place. and how and My 1t

mightdepnd o ol codiion. Alough mch of the enpril

idnceconcerin s questin s

36 above, most of e sooeroed i wih

aioton o g el 21 b 3. e o e v
i clsters on very

e have ot camined the vidence fo and aginst

e ST o . T o v i e o
e i el M gradin cur ey, e

e
Which we indirec IMF indicators bsed on inegrated hght d
chemical evolution models: the background for those methods

enission ‘which was uncomfortably large when inter-
IME.

constant

Fropoal tha s much s han 0.1 il o
nlly in e hydrodymamics
S ours” of s formation. & aract

T g 1 oy el s s St o

Searches for variations i the local galactic sillar LF

e e oy el o e of I e

luminous stas. As we move 1o smaller luminosi
rminations dec

would probably have been washed
perturbations. In Section 2.2 it was secn that & number of inde-



it LF cstimates for intermedist luminosies based
ple

- s
e engen et s ogiodes Moy, Fige )
how oly marge syhematc wends t the -m-ozla: g
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a5 a function of distance shows only a weak correlaton, with the
~05t0 1

galactic IMF gradint cannot vt be answercd using open clustrs.

s
ihand oo of v ictog e o e i L

e recen LF
e ¢ Kipp. 1983, and by comparisons of galctic
s with do Ge:p\ o e, 1985 bl and Soners.

models wi
1984 Systemaic variations
e et Moy, e 7 st Gl snd Ko 983,

varions el o o A T ariions.
Stars with masses = be seen out 10 2-3kpe and are

Sysematic variationsof the IMF with galatocentic disance. Unforu

nately th resuls have been contradic
discused in Section 3.3, Burki (1977) found 3 correlation between
the LF ameter ple

rresponding IMF
from I'= — 17 for the small clstrs o T = 1.2 for the large clus-

the IMF with increasing galaciocenirc disance. Howeve, since

ic distance, it s difficlt t0 jodge the validiy of his conclusion. T
sed Tarrals's (1982) maximum ik

obiained by spectroscopic matching 1o scarch fo a correlation of I
with galactocentric disance for_the young clusters. The rather

Suming R, =10 kpe.. The youngest clusters (age <2x 10yr, flled
ek oo mmpwmmrnunzn ek ReiakeT
with

it he ks T i sppromsaly the ot ,u.:.m.m

Howerr i o b soted i S crl (1955) s found

evidence for a dependence of for a
smaller number of beter-studied
§ o e

g 5 O 3

FIGURE 70 IMF inden T a o of piccerc dsce o the hstrs
iy T 19835



6 Jom¥ . scALO

The fied str LF :2wasbsed an the O sar

s e sl i bk b s et s (i syn-

be seen tha there s no significant difference between the form o e
LEs in the center and antcenter for the total sample except a
M> couns r spparealy ncompit: Nttt

plot wi aM, the t
sampl the LF i theinterval =75 M,% — s lightly later for stars

standard deviation based on the counting uncertaintes. A similar

sample which includes supergiants and B sars by Humphreys and
McElroy (1984; HM) gives the same result: The LFs
cone nd mner pper et xcpfor  grser deges o
compicicss fo e srs oward the gaictic

stars exterior 10 the sun appear in the northern ky (the Pescus arm)

“They found that

1 P el e ity st ot

th ol ik, e indiees T 1.3and 2.1 respect-
X

THE STELLAR INITIAL MASS FUNCTION w0

ical, with = 2.5, There
pmberiog sun, but this

isa larger fotal mumber of massive sars
increase is consistent with that expected

por
sk vithparmtesspproprae 1 ou iy, a pied ot by

=5 = = =

FIGURE 71 Luinsty oo s i e e sl ke o

s by Burk) Hovever,the sty of M sronly soggsts

s in et v soples b ceection W i
71 HM esimated IMFs

GCC and others have noted a radial gradient in th relative mum-

bers of

lation of the bolometric LF, as explained in Section 264, The
MEs 2

wdics of the WR star populations in

resent the counts corrected in this way for incompltencss. The

galac i possibly
through the efect of metalcity on mass loss raes (see Macder,
L d Azzopardi, 1950, 1983)




s soM0 ERRR—— »
o0 L grdis, afoogh the numberof s s n thes css i
N Sl It s als important o note that in M3 Freedman found very
\ unuhrusmlhemvxm.mm and in the arm and
s . g wit o o
H :Iu.\lunnlBmlznbxnll[l%ﬂhmﬂlul]lwl‘lllm
: 0
2
%
H o
[ Q. o
H fotanat o
:
H ! H
1 :
= s % :
s H
2ty g e 58 i
i, -
Wha e formaion i vt on sy fncions 1 G-
for I srom. For e LVC e i f et regoms oo : o . *
and Hardy (1978). and the study of a region near d ‘E‘o-wmu

ol e i e o i el

000 an)

72 A gaactc radient i the nfared excess?
InSeton S the o o nfared o Lyman contum o, the
so-caled infrared exces o IRE, was discussed s @

N The IRE - et ot o o s e of st

ndence
it the uncerinis. n addition, he csimatcd M33 iy

saria mmuafx‘vfﬂ]dﬂmmmﬁlx‘mmm
Sy s o s s

sion by dust to the number of
hy e TRE s 1 b T . ot s el 1
ierpret because of the unknown fraction of Lyc photons absorbed
by dust. i threfore of interet o examine the observed values of

the IRE i
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the sun.

radio continuum obser

010 85", When combined with
tions at S GH, the data allowed
pleses of spproximt

rer galactocentric conclusion
10811 ot e TV progrminely oo i v s

¢ mass it m,(see Figure 621, or a change n form of the IMF,
was reached

‘Asimilar conclusion by Serra, Puget,
(1980) on the basis of a comparison of near IR, ar-IR. and radio
continuum data, and also agees with the open cluster reslts of

(1977 ducuselin Secton 7. sbve. A more et sreyof

b compleses (Cax 1985 supports il gt
‘much lss pronounced: IRE - 7-17 at R~
Kp: IRE~ 1 10at R~ 10K;
RCIRE st of B o1 1981 have b iz by o
il r L (1983 andLever (1954 Seoie o pot o ot

s probably an underestimate by a factor of =3, when scaled 0 the
Lesier

I ot s s i the R forH regons s o

galaxy which could be linked to IMF varitions arc

ks e Mghremtion G memmerms o dmlm X
s neded o improve this sion Iy ol

Dol hrweer it T varaions i e au-

ot 0 o e ok o deph e b

73 Pt xchaton radants i gaisin
s o wel sl il e show il s n
e 10 AR i

o e e Do 8 yn stocs i

the cooling ate from fine sructur lincs, eaving more
Tadied Ih opica forbdden e hs et cases he 0 1 nn

srengho s wih derasing v - However

o (O WIYHA s e © sbunaee for 1020/

H£4510° Sasisks, 982) s gradicts i his o s etecta

il o (L, 04 P cosaminton,

a e upper mas limit
ey Should it decr bundance
oot by o peware and o Ko 19701

Sicds and Tindey (1976; ST) imesignied he conrbution o

3
tance of about S Kp, and find IRE = 24 to
assumed Hi region temperature. This srongly contradicts Boise ef
o vho oundIRE =32 for s rgon. Loser e al e hat e

Ax shown by ST, the theory predcts o
30, <50 Atbough ST wrscreol i e 10 pin o ht
Icir comparison with observations was only very marginaly

i the RE becase thr min
e smalie turmof masss and therfore
s TRES e e g 601 1 pothes s comctior Wi ™

of the IMF for masive stars,thei abatrac sates that the obcr.

paper i often quoted as demonsrating that an , gradient exists in
Mol

e ot gl o g e i
s ok
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Because of this, brif eview of the argument presented by ST i in
order.

THE STELLAR INITIAL MASS FUNCTION s
the WHa)~ m, relation derved from detsiled models by Mclnick e
1984), shown

= T,
ST derived  theoretical expression for the change n T, expected for

7.~005-01,
bt close enough to

0832012 appropriate

dence on ¥, ths relation is, for Alog Z=
forM 101,

log T. = (0.17£005la+(005 £0.02) (1)

Notice that even with a=0. Alog 7,= +0.05 is expecied beca
depeadence of efecti re on 7

i the P
(bt e g T e o WD) o a e gy o

basis of the avaiable data. However, even if the dust gradient hy-
pothesis it appears from the calulatons of ST th

near their lower limits However, a large semiempircal A1

requires a very F with 5 3 a used by ST.
lope gives a stronger of WH) on T, and he

e Sl . o 3 gren log WS sccond

Figure

nspecton
WHTB) i fc 1 of the v el T for

s couns o e s Section 264 andopen clusrs
‘and assocations (Sectons 3.3 and 3.4, and nearly al

(Secton 6) are consisent with I n the range

dion heween
ol saring . W< Wita i s S

ned formoking dependence o m.on Z.
fro recombination lines (sec e, 1985
St et i 1985 Wi wm».:a..w. 1983). The inferred

ot in clectron temperature, 400-S00K kpe~, i
ol consten wilh he deived placic melicty grdien on
assumpion that the temperature gradient is due solcly

etal. 1983, o

ja (1980) has discussed effcts which may account for the
systematic decrease in the observed He'/H* ratos in giant Hi

at least three ways in which such an fonization gradien can be

Depression of the He-jonizing continuum, decrease in ffective tem-
a smallr upper
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mass limit for increasing Z Panagia's calolations, based on appar-

how the Z-dependence of m, was included; th reference to Kahn's
<21 was wsed)

THE STELLAR INTAL MASS FUNCTION ass

iaken ogther o sronly gt hat s s masive ha = 1-
3M, do not form eficienly in spial arms.
tars, and these studies, two n(-mmhaedmpnummﬂry

‘with therather sparse videnes avaiabc at that ime on He/H- a5

Jeasen, Talbot, and Dufour (1981;. I\'D)pvmwd-mumlb

s MS3. The surface

o of the upper mass limit, m, 2.1 have not pefora
m i st i the fct h radhocerations "o not reqire Gisance of 375 Mpe. Aftr subiraction of 3 pbeid oo
¥

s i o depeneoe o th cpucy des e
the tratment of dust and leave the matter of cvidence for an m,

‘arms. The luminosity. age. and mass corresponding 0 cach pixe was.

Anindependent arument g a metaliciy-dpendent
aleady ofered n Section 4.1 mnnwmum.mm.
relaton would lead to 3n.

corelation between T,
Comelton of e o - il 3 Excpt o or he ,u.m IRE
radient, which may or may not xist a discussed above,this -7

10w of ars whic fomed soraly st with  gover
IME wi 133 e Lo <orcapma =0 fr0<mels
Comimaons . 7 13- Thiss e wete o0l

) digram, cach point on which orresponds t 3 defint ag. The

of the cluster in the two-color diagram, afer correction or the disk
Contriniion, back 10t theoreiia 2okor e asuning hat he
departure from this line was duc to reddening following 3 normal

ible dependence of the upper mass limi . Evidently
great deal more work is required before we can claim 1o have cstab-
lished the exsence or absnce o internal radil IMF gradiens in

it e I oo s ity anall, bt jothow sl i 3 s
on which awaits 3 nsextigation of this problem,
{orhich cxiig et spcan st

74 Spiral armeinterarm bomodaiy
¢ ol b st it e s he M of

s formed n sl arms s ot of s n b
regions. Mostof these sugaestions have been based cither on quali
{atie heortcalargaments which Lack much ostcaton o o e

idea that some local produce only massive stars W
s produce ool lowmass sars an dea which s o ihon
ass (Section 3.7) However, thereare three studies which, when

ng L
then allow an estimate of the SFR av
®

et s, Ancir
ed for

e o e crgnlppe o el o e pscty axd e
varioussources of
D

Tach A of aresting coucaions. Fint, o SR

5 psd up
the IMF in the arms must be very deficient in low-mass stars. This
conchsion workd not b changodfor s vxsoable poerlaw IMF,
If viewed i terms of a lower mass =05 -3, depending
an the shape of the I, Second, lhe SER o U oy reatly

10 compared 10 b’ smed M Siecpnin the IMF 1o
2 does not remove the discrepancy; the IMF must be very
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Steep for 2 10 of have an upper mass cutof i the range 10-15M,.
oep forhe ~ B

lanketing compred o th models (b metlcies r ey ge in
the

THE STELLAR INITIAL MASS FUNCTION 2

IME, e oo chcurcan b ollowed 0. o .
er whuxmn o e G
of

i s procare s

oeplee Toe bypotiet of sl opgs
has the advantage that it might circumvent  probiem with
vieds which might otherwise result from the large.

the od ik and fo achof e adopied IME. The posion of
‘models i the (L-B){B-) plane were then compared with
Sdmmen 1576 oberved am oy derdiecd by E5-

Fialy V)=009. The resull was that the observed U1 caor s s0 blue
0-40% 10ys. 7705 oty mdetwith an M vy wighd emard

e Furthr support for this con-

=10, 37D do nox Chaers remsin hich would be too broad i lower.massstar formed i arge num.
Hidden for more than abowt 10 10y, and o preer the merprt- bers howeer, s compasn's vy s o e mode e

rections in which the clouds are -aunched") and the modeling of
ek

adoted by B nd Viser had 3% of the s by
umber (more than 99% by mass) more massve than
comparison, the wmﬁumzmmnlm‘mmwy

The concnion e o el s ety ke 2 s
<1

itis 1M,

high mass strs are visible, which scems unlikely. Bash and Visser

o make predictions which can

nd
Visercompared the predetedam colosand i vith Some.

tically in the aisymmetric potental

Jarg, basialy the came rel found by JTD. T

‘of JTD concerning

Howewr thee conchusion
thel |.<mmm,|m¢um.sm ams.
Farther inirect support for 8 large lower mass imi inspiral arms

{19) sl e i S G4 shrs. o ol modd

(see Bash, 1970; and
incach cloud 25X 16'yr aftr the cloud’s formation in an am.
ing that stars in cach cluster form coevally with an assumed

723 i the s, compared to 0.1 fo sasformd ovsde
the ams. With thi “bmodal” star formation model, and the assump-
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tion that the SFR is proportionl to the rate ai which interarm gas

of the IME s e i reins wich have sufrd el

e of o

cenrc disance because of diffrental rotation Gisten and Mezger

Gy, sinc e fracion o massive sar and hence the efctive

into a consistent empirical pictue fo the nature of the IMF i given

SR e proporsona e it pouc f . o o b
e predl:lad radint et Mol iha SFR dpening on

constant IMF have diffulty
mm.... o s o, Ko ad S, W79

m as Ha, HB, o radio continwum, which had implied uncomfort-

5. coNCLUSIONS.

Considering the wide range of topics and approaches which have.
een presented in the preceding sections, one cannot help but be.

et B ot s ot ot Al

e Trom o dun ey i and g ot o

0 global SFRs esimated in other spiral galaxies (e, Kennicut
bl

e possess concerning the IMF. Large uncertaintes and ambiguous.

tncton o matas o mec bl cracons wd e

o the obervd mealicty ditrbuson nd seemeulley e

for solar neighborhood star i due 10 the nclusion of infal,
not .m bimodal IMF.

e nd s bve demonsted than an M i ams

S i fcint iy low.mass sars can aceoun o the g,

‘which may.
et vithmor u e e

o ongly st o hings shou he
et s N ot e w N probaiy pes =03 and

1983),

mmmwwm«mw

i he Z-raden b more “mrraly” cplined by raients i he
e

iy o il
in Larson's (1976) dynamical models (e Tinley and Larson,
mnmnymm.« whose

uwu (1hrse propusals wereducussed i Section .4 Gl and

only sgiicant duringepochs when the scertion ai s by

i hat the IMF is
12M,.. The IMF continues to at larger masses, but the
or A power law might have

s it posibl, For e masive i, the v of I (s
tht the IMF is actall of power aw form) may lg
30 T e 2 35 s 1 oty  paric

L

Sy i quesion cannt be prescady resobed. Howeve,the bi-

" ol of Ol Mg Jos s vy s,
since, in addition 10 explaining the Z-gradicns n spiral gauxis, i

3
definiive ansvers.

One significant result which may be correct is that the disk and
halo fied star IMFs appear very simiar over the limited

metrcaly-based conclusions of JTD and Bash and Vissr. I i also

Clusters and
smallscale IMF

tions have given litle new insight into the
The dif-
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e imlved i suing these bjc,ichtiog menbesip,
mase small num asigmen,ar e

Several sudies
15%ms 10. A(hnyrmlhﬂtmmﬁanomo{ﬂmﬁumﬂu—
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s (Dows sad Debrrn, 184} s e Wa)-5-1) o

ram for many lae-type spras (Kensieut, 195
variations in T between woursh
e s s of ik for the two

alcfond and Thuan (1984, who used -

tening.
aion IMES scem o resemble the (very certain) fikd sta IMF, but

e o he e of e e for ot we
studied clusters seems 10 point to general agreement, with, however

a few notable exceptions whose peculiaites (cg. tumovers) arc
extremely difficult to confirm. The weight of the evidence, based on

spectral and continu
e ~15 1o -2 the dmhed s depnd

parameter in futur studies. These indiect resls ar i ressonable

suggest universalityof the IMF shape at e masses.

id

clude that wikd IMF variations among clustes are common on the
basisof Tarrab' 1982) work..
e the sl e and i uncornies, gl s
IMPS appear to be roughly similar; the dierences which do.
R e o ity st o
jpper end (m=06-08). the globular cluser
IMES appear seepe tan for iherthe sk o bl ik s, b

Supringly (o et t 1y i counts n ther glais give
fay Conincin el samc. i e sty ocions of e

3

wZGMgLMWwMHmlmmwﬂnymnmr

el dependnt, Howeer, the hape o e INF at rsier

much evidence for jar

el NHwﬂu-!Dmn\uvM]ﬂwmee
e compct sy 2036, which i s crper

s idication tha e IME s arger

§
5

ologies sed in the various studics, no defiiive conversion from LF

10 IMF can be made, but diferences in T
probably less than 0.5, and possibly smallr. No systemaic

¥ LF wi ‘o metalicity appear in the data. Ths result
rgues for a universal IMF shape, at least for massive sars wit
m>10-20, mases, erved. for

several regions in the LMC agree with cach other and with the solar
neighborhood luminosity function, suggesting smilar IMFs down 1o
about 2M..

indirect argu

ments based on e problemat
yidng nllnr ...«mm e ol oocing o
a few useful and ineresting reslts, most of

salary
(1983) The probale bimodaiy o he feld sar N is also con

N et o e ovr s i g e 330N
Iegon n whh e s oo s v e g by
large-scale

often invoked in the past 10

by pre-enichment o the disk by carly fal, aer infall of metal-poor
a5, or several other effecs. The systematcs of C, O, and Fe abun-

sy w
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stantial F, as secms likely and if sg
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(=010l e b s sivideds o i cae ey ML
ratios mightbe the mass

Because the '’ dfor e IMF i sosted by

proto-galactic evolution imvolved a large-scale burs: of star forma-
o, he i concuson may b conssens i he evidene s
carle for an exces of high-mass stars in regions experi-

Jemssggsied by i s, some e dscusi
S vgesion it n sny lre sl egon ofsar

‘condiions for masses wel in exces of some characteristic mass 7.
‘modelsfor Type [ supernovae and carbon sars may be able 10 setle e IMF i e soumed o srmini ot tsmone (. hve &
Lat m,

galaxies might be explained by a combination of infall and radal
o ot o e of 3y el DA st
unlikely,

counts or radal IMIF 9 ricns i our oo and other s T
ference by

s
1 |mJBlo J} (8.0)

with the type of IMF
ehavior suggested cales for regions experiencing cabanced star
formation rates.

1 have found no convincing evidence for radial IMF varitions

within individual galaxies. The data used includes star counts
cluster IMPs in the soar iciniy,star counts in other galaxies, par

the sar formation ate B, and so th creaion function s no longer
separable into an IMF and a bistrate. In an undisturbed spiral
. he s formaon e ight have el only v vale:

DAF oo gl Mol hciod s e

Advarfin
um]mmllemhlmmrmnmmfwnnm

ereryvher, b with bimodel or kit festrs o snler

the superposiion o all previous sta

ot nd s characarb el TR of

interpre, I such ariaions do exit,they are below the threshold of

capable o cawing
e ar omadon b, 3 duriog suh bt Wil b
e S

might be the cllipical large yickds implied by

it m s large duing an carly burst of str formation and small

percd ol

(1] varis. The situation i simila to the superposiion of open

fancion sl en by Eqe (23341 excep tht Flog ) ot be
replced by Fllog m
Atbougha i po— dicusion s beyod e seopeof
paper, i is worth noting that e mode which could
ool i the shove ehavior s thatouined by Sk (1977).in which
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. 0
mass. Any such coupling between the ultraviolet radiaton field and
fragment mass will result in the type of dependence of m, on 1)

large. His imodal IMF
s als0 simiar (0 tht given in connection with Eq. (8.1 the differ-

butthe
bt ohegas heaing 201,

Sk oo o M, ot i sggced o sy
bimodal andtime-independent. His adopted creation

®2)

s assumed constant with time, while the second term represenis the

will jump abrupty, giving a bimodal IME. It would be possible to
consolidate the two forms ifa dependence of

in Eq (5
.m.m.nm,mm...mmm-mmmumm

e ovr he ~bimodal” el becase i e more physealy
reasonable (0 adopt a dependence of a characteristi mass on the
d the

tally with time. opinion at the
. s‘.(sz”mmwwm*mmn.mm.
its appl-

should be Wit 35

et i e sgmeticy o of Teio (1905 3¢ m(hl‘mumvmnp‘mwlmmmmn-ll and -2,
smemelmlmdwr-lny Gerived o f

mass stars than allowed rotation curves, the

‘amplitude and characteristic mass of the highmass mod
increase with galactc ma»\ 2 powity e drk mater in sy
alos. It also increases the present timescals for g2 consumption

g whl negboriocd wad ol e ol et
e b e 1. parmce b exrgaleci

ccond tr s only inserid for fning the propetes o e o

wsing “normal” IMFs (MS, Keanicutt, 1983; present work, Section
265,

Albough Egs. (B1) 3 (62) have dillret forms, most of
Larson's conclusions apply equally
modal form of . 8.7 sincs Larson roqui
ameter m = o (83 and explicly rcognised thatthe o

or blue compact galaxes, the time dependence of the high-mass
mode mststil e consdredanopen uesion

Eq. (.
bt of b g dependence o o ST, b i cment
ore diff 1o desl with computtonalybecus of e e

SFR-dependence in the exponential. The available data are 100
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Tinsley, whose work on galaxy evolution provided much of the

the important funcion m JB1) Iaspecion of
published work i spiral ams and

ive sars then (1) must be replaced by

mJNﬂp whcm B,1) is the birthrate of massive stars alone, which
n~-mwm
'y, the prens comsrions 1 L (1955 work

indicate that sn

Rforonces.

o Y-S K M3 S . . (1983 Arophys . Soppd 43,805
e G TIPS 3 P ag, 55
eous L (197 —

lomer st o e v i ot ST, can e
sy o O the abservd fetures of the slar neighborbood and oher

salaxi
Besids his impora et sl i on e s
of the IMF for masss:

S0
Ao 180 . At .29

ol =1 kp Ths rak s Sy impoan o o of w
formasin, Usirmasely thewer

by e Koo e e
lopes using  wide range of physicalidas.
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