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GAM?41-RAY N\' l 1 1 1 NCF: 101% A GALACTIC MLO

F. 14. tit rckt•l
l.abol'at ory ti l t- Iligh 1'ner,,v ,\::t t, l itll y r; lt':'
NA:,A Cott ' la y i : llat'e F • l igtit
t-reellblt ' t , 1 ^.11\'1.111t1 U.S.A.

\bstvact :	 Y-ray t aut favor it Cot;mie-:"a y l,rolltl';at iotl lt.11o l• Vnll,.tvable w t' h
the tllirktless of tt:e llrillult y radio enlist. ion .!i :k of our l:alaxy .111tl tllt,
11.1 1 1 , tern :ItMIMI \t:CS0l.

1. I)F1'IN1TIoNS OF GA1 kCTIC NALLOS

lie .It • t illt- .l t`,.I1.1t't it' 11.11.'	 to bt' .1	 it`t'.I oil t't 1 11 t.11011th tel.1t ivit;t it' pant ictet;
in tai t;nit it  all t tuout;11 tlulnt'rt-:;	 Il.1yt' obtiet\`.Iltl e eitet't::.	 Stich al rt'gioll

lilt I 's t attic/ ext"tht .1110ve .111.1 below tilt' g.l Lit' I it' i t '. .11lt , tot- .1 di:.tallt'e larger
thall tw'is't • tllt • 	;caIt • lit- i ! .,Ilt	 of	 tilt • bocci',',	 rei;lt 1 11.	 1 1 :;i11[.; thc.-;v tlt • 11111-
t I0117,, 1:t' kit--t ill iti::I% 1 1 0t\:4 • l':1 it Co: ; Iltil - IaY t'I Oil r0li lullo :Intl a	 o.:Inic- ray
nut' 1 t . it halo, t lit' 1 0lLIIVr ot't'lll, y in., .1 \'01 luue It's;:; t h.u ► k i t- •• t1u .1 l t	 t Ilat
t t l • Ctll t it'll by the lattt • 1 Il l": illtir t • IVCtIOilti call stifIev t;irllll it':Illt t•llt'lgV
Ikiss I 1 y svurhr tit rkill rnliSSikill .ultl Ct'l.:}tt,'It lntt • t'at• t it,tltl lilt I111', t lit , iI	 litv-
i i lilt • whet-e.t:: IlkIc I t • 1 tlo nt,t .	 111r elet'I I oli It.IIO is mal l 	 v ;t r,l t III	 I ',It ob-

tiet-\'.lt ioll:: l>1 t' All io ::\' Ilk' htotTO11 ell,l::;:ioll all,l A-t-.1)'anti Y- Ttt)' itltduction

trom Conll,ton i lit vrak'tiorl:;.	 The nut• le"ll 11.110. utlit • h pla y s it -AkI.Ilitit.lnt
rote in the tlyll.InIft • :; of the illtt • i-st:`11.11' 1nt • tliuul ,tuti In tlrttrntinin4, tit,-
l l rolt.11;.lt toll v11.1rat'tt • ri:.t 1... , t 1	 ,'0;:11111' 1'a\'::,	 i`. IWt	 dltt't'I I  t,1t::t•I\'.tltlt• 11y
Y-UdY tltiI L0110MV 1 1 eC Ill :W t t I	 I lit' tAt I( 'lilt ' 1\' ( t'1111t t 11:. ILltitI t- o 	 tht , F;:It: tat'
f rom t ht• ,;.11.1, • t ie 1,1 tale .	 (Cost-.ti: 1 av lilt,- l rout+ unt::t interest t w i t It .;.I:: in
ottlr t- to i l l0,tl1,'t` ob •t't \'.11 1 1e	 .	 l!, 1 wt-vou,	 illtiiIvet	 .lt ,t 'illllrlltt: It:;ilt l;
J.1ta on tlit , tI1-itt ith ut it ' ll , 1 t y t'a,!1.1t colt i n the 1,lane haul lit • tn:rtl to 1)1.1:e
1t lit iI:: , 1 1t tilt' ditilt • li::lol::: , 1 t	 the mik -1,, • , 1 11 Iia1.o	 (Stt•,-ker :111.1 .lotivs 1417).
y- ray observat ion:: pTovitlt' tht' 0111y ulc • :ulx for Stlt,1vilty, t ht` nucleon 11:110.

Pot It t let', roll . Itl,l Illtt - boll halo:, till bt • ::cp.lrated illto I wo regi ons.	 Mt•, v
i:;	 (l) a t 't, ion wtht • ► t , pat t it , I C 1 1 1	 it'llit'll	 i:. ,lotilit:.ttt',t by %Iittu::i% I ll .111.1
t tie re it; it :. ignit i...lnt 1 , t o1 1 a1' I l i t v t oY { tart it' le:; ill t lu' t'rl;it'll I, 1 rrt urn
to tliv 1'l.lne.	 Siut't` this tr ,I, + I1 will ►;rnt t.tl l\ ha y , , the 10tin of a tItIck
dh;lt,	 1 wil l tall	 It	 tlic ,Iiit:l: it • tt tli.;k.	 (.)	 al. •' tlrtint' .1 rt' 1Joll w•ht'te	 1
t'i t iivt , ct iotl or t tt • t • t':;t'.l}t-t' ,lomintltv:i o\'t • t	 ttittit	 oli.	 hall t it , Iv ,;	 ill chic:
Tegit'll wiI t not I('I lit it t, 1 tlit • Ill opa t•,.tt ion tti:;k (Jove:: 1` 1 78). This: region,
which l l: i l l , .Ill the t'\, • .! t :k, l: t t , kt't- 1917) t: i 1 1 t;enet-al ly Ila\'e a lower
l" tIt i,'1t • tirllsit y I'ut m.Iv :.t III h.lve 01 11 .1 I\ • .it, Io tatiio emi::::it'n i\deb:'tor
1 07.'1) .	 t:t • will . otu: i,L' 1 ,•111 y dviumni,'.0 O i 1 .t y it'h 1975, ,Itlk il l i i 1416.
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th.,	 t.l JoktltiI	 i `1	 aild tit l` tl • ,lt'tl llaltt^-- to bt • physical IV i+lalksiltl.';
tl,l1` • ;11 , ;^ t'Iost'ti	 It	 ..1,11.\1 t t t Itt" mod ' . I-, 1! -Ivo Ilk+ I`ll\' > ; i t ' d I b,L.Is . tilt{ itI!;t'
l't + 1{1 1.1.{L 	(	 !'V i di; ll.'a' t tl	 1.11 t; ['	 Ft':I It' g ild tent'{ tit the ga Iot't lt' .'t+s tit l t' IaY

ti ll.tI I but lon tstt • tkvt I`)	 Stcckvr at1,1 Jones 19i!).

.	 h'XI 1,TFNt'F OF A PROVA6, 1i11ON IIISK

The ) r ay 11.1(.1 11oill tttttit \S - _' (t'ichtel t • t	 It.	 1975) anti COS it t';.' ! !,Ictt

et :tl,	 1977) lt • tluil.' tlt,tt	 ,,'snliC-tat.; llrt 1.e rttI'ictly COntint',1 t 	 -i1111AI

Al'ms	 t hey ital"t J I I I ti" ' . 11111 1 a te.rt;er I I I op tgat ion reg ion.	 I t t', t l'Uli a' I :I%

were i trit• t tv cotit in%J to \:.•I1 .tefinrtl >ilt lt at it ms with it I:ltge :itm to
teral`el gas lilt ti t . as 111 t no gas	 (Roberts 1911'. t ht• t , • till l t Woki lit bt • sp i t it t
a rut itcal.x in tho it 	 Iotl.;ittitle dirltri lilt t i•tit \:hick 1.',.(11(1 ht • tt'tt itl0110MICt'd
111.1 tt t ,t Intclist . ill ct tml tal't. n tt' ttie Hitta (htt'tket 1911	 ht et , ItcI .11111 Jones
1 14 1'). As it r;ltc • t'ttic c`xainpI% , , we tn, ► v note the lack tit a hag itt II tut: .11111
(t'.II 111 1 • at	 ( - •1 1 ) ° 	 111 t he )	 I ,vt .lilt d.

Ftllttit- I t'\'l,tt'Itt't' tti r .1 11 tt`l':tr;,tt t.'tl ttisk coutt'D. Ilt tln ana I Vsiit. Of tilt' lion-

t llt • t- llt.l l 1.0 to t't`it  illtltltil Hitt .1 Wh I Cit SNOWS t hit 	 .', + lit I llt'1'Iellt 0  a'\tfaM it' I ity,I
ti t SItiIaI .t11!1 •. i'; kill tvitahlt • (Vt"Itch atitl 01-boltit • 1`)'0) snit that tItt . I . v is
at t41'011f; disk t't'l';1`, t llt'llt tit tl, t tttht-imal t'lnitisiotl \l'l Ice 11414).	 Most nivat;tltl'
1111'llt 1: Ot I O tte 111 t lit' t',+>1ni.'--ra\'ti (t • . t;. ( , at t' ia-t'tululz vt at. 1977) ins( icat a
tll.lt	 ,tr,rtiV rilVS lidvr ,I '1t-an litet 01:1` in tlit- tinge (1 ' ) x10 7 yr and have!
t IAlk , 't ,rtl a e,i1. tit !'11',111 ,IctlsIt y slut ln;; that	 t i:ne tit 

it
.l`t -1 ► . t cnl" 1 .	 It

I It t t; is I11,ieetl I liv , ,L . " . . t tie COS11.11C t'avri W i t hin	 l Ititt' tit tks tutlttt have
!;Item IthiI.t tit their t 11'11' 111 region`t tit ,lttltC IVOW kit' its ttV al Ilk' t' ttit • nit'all

doli;it y Ill the • %MI at , t', .i:	 ill (tie so 1.11 v it , init y is ^' 1 cut- 1 (CO lt1V11
:111.1 M i t t t, t ll 1 1 ) h. ,vu%lit	 ' r)•	 The I0he > ; ittlatit t ll t o S r A I I not ,','.'tplott'l \'

	

tit t', r,1 (•;t • e l,tlrt?llar Ies	 t h e data given by St ticker anti Joties 1 11" ,tut!
t $ I"'t"  .lilt[ t L' rt'lt'I 1`I ^il ).	 t i 1' mea and Freter (11478) have : ; it,'Wn that ,'tit' yeti,

t,i .1 rltt,ll'I t i t cosmIC-rav propagat ion Whit'!: is cou I•.t (-tit t; it it t ht • tI.tt it
1`11 t'0t.l • 1It— l,l\' 1 1 1(1 Itrxit hilt its we I as the l all its anti I - I it \- .tit t.I it>,r.tivittie, a
ru:ul Ct+r.lat, t.IV At 	 tit (1 - 2)xl O 	 yr.	 1lynantical cotis Wvt;tt i.+to; t!;.t,lllwar
,Intl Stephens 1 0 .7 t i t l'arkt . r 1 14 7 7) also tavor a thick prt'ltagat it+n .li,,k rattle--1.

1.	 IA*i, ITI ! I)F I l lS'I't\IRI'T1ON OF )-- RAYS AM) THF. Fl.t'l'NON HAI-t)

t'It'htcI 1't 1l. (1 1)18) have cons i.lelett th1' Iatittttlt' .IistIibutitin tit )-l:•tvs
ol'••t'1 \ 1 1 1 ,1 1`\ i : A' 	 - 	 to li ft made til t t i t	 tWt t ,'011 11lont'tit s t i t	 t ill • tLI it

i
t A4 NN 11 l

1 1.11^,{',,{lent A ha i ,1 \, vtv steep energv sl t c • t'trtim.	 It Is ku, • .t I l l.01V Of COS1110-

I,tt;lt441 ox - i1,lit (htv,'l.t'i 1 1177 . l` 1 'SaI alitt is tit{ ltt t tl ttl'l,	 is to exclude
l.lt..1 tluar;it:l+he1 (,-.it halos with tatili less thall . i ki lt' lF'it'htt'I tit al.
I' ? "s ) .	 Uhl' isottop\- ,tuft energV I;IteCttrlln rbservat i. t lls rnit' (tut the • large
)- t .t \ halo uxttle t " tt i 	 Asst'(( by i:orrall itti,t tit tong t 1 `1 7	 (,l i t httttyh t h in
alit .. ,!, l	 t.	 11,1 M' 1,',`t tall (1977 ) :tit , .,`nsistent '•: ith tht' vorlclu-

'	 t	 ',c• W i I I thus consitit't• t hat anv vxt ctt,letl ) t av h;alo
1't' be either non-exist , tit Or tt*ti weak t, • h1

t VOIlk, lu g ion Which ha s itit t'iest ing impl {rat t,`ttr;
t t t i	 1.11 t'l 1',\	 (tit 1 1 1 1 ker 1978b.)	 lt't' tit`, h,'\at•\'er. COnS; t,!,'I	 t lie

ItV t11,1:	 :rut Jt* l ignatet) !`v !'it!ttc • I c	 al. (197S N its
t,lllt'h t lit'(	 t t t 1 ! ;t\'e r,`ttghl\'	 t {11(',11 	tlt'1`t't:.1a'llt'a ti ll `1 . 1	 for..	

1'.111 .Jl	 f	 tilt`	 1 . 1::11 ,';	 .t	 lltimt't'r	 t i t	 ,IInk	 .','1'.:1`,`llt'lit 	 I"IIIt`III
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scale roughly as ese lb I. ::u: h a rotar;h de ptexldetic• has prey iotaaily heov%
shown by Fichteel et• t al. (1977). 11%ta coati ♦ lt%"It cAtt Alao iltc. ludea a ceatl-
trih\tt ion from Comp .♦tt itttorractioil-t of	 . ra y %Ie%t rolla its than ra\ito
disk ( Steacker 1977) as wt-11 as ht' . ma-:traahl\aatt; vttd 1 1'-Je%c&y Y-rays :rriattatK
frt%m ct%amic rav	 with h ., th N1 ;ettd IQ ill the bas disk. They
elt,etrott halo will them: he., i .ia• attif te•d with :a thick disk - ahaapeati }♦ r.♦1^:adat ion
region which extendu somowhat further than the raadt- disk it the mmgttatle
field falls off with d tstatw*s fr% m the pl :atle. -t-ray s from this "elre trop
halo" then art+R from Comptotl intera % boxls betwsreart rle ctroataa attd the
v;ar i .•u a plu--ton f field + ( ` t earl ight . far lilt reared . kilt ive-real Mierowavol in
the galactic	 Zn atipport of this	 we notes than
Fichtel ea t al. (1 14 78) have	 a k..oc- t	 toll hectwee:n the Y-
rav f1\tx attd 150 ESNs radio flux ft•r It♦ i--1 0 0 . 1.'.♦ rl.iatz; from this typt .. of
model Schlickoi`er alld Thtelhrim ( 1 0 77) have obtained :alt e• ttoettve half-
t hickixes—a of the: ale.-troll tta to tt — i kpc . ta-c kev A%xd Jane+.. t.rk ittg
Vaal it♦ \l^s tttl.'e rtaitlt iae aa tilt ♦♦ :t.'.'o%%ttt havao obtained the vest il t as h — =+ 2 kpc .

To reexaamittea 6%1-^ r x-.Mean here. wee first cotl:: ides the y- raays aar is itlg ill the
mat tt• t' tttsk from t t"- .ir::av : ► at.l hra•m =tr:ahlutt l; ( tt-a•Sl.	 h:attig the ae.ddeutlig
.iota of HrtlVa IL1V7t♦ ) an.t the ve• lat i .♦ al betweell reti-Aell tile. ,attd t.♦ t:a1 tiVdt't♦ -
gelt rol\lrul Jolls ity N 1111}^ given by Jonkitlx (1 y 77 N . t hey i t' -decaay p roduc-
t ion rate of St t cker4'70) a attd t ttc	 rata cal-
culated a etng the low -^-ttergy o le_• c t r.♦ tt stpec tt'tam .ire ived t% v Goltlat e• in eat al.
(lu ltll . we r >:t im at e the ittt egvt tl 1 - rav t lux :at-Ovr e • itrt' Zty K l a J k >F Y ) . to
lie wit hil. : ; lea rogi.♦ rt in Figttl 'r 1. bottal .la• .i t% v '.1-ppev :attd lower i itatitu
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	i I'll I,It t`.1 b y (1 ►1.) ,Intl (1 1.) .	 F iKuct' 1 also Ithuval t lle %Iit1 ,1 t i lt t ht • 1 !•.1

I , it' auk% 11t !,k t • .%Ia I
l k III IIt	 (••ht•l:ll :,1,,114-,1) i;ivelt 1`v 1't.' lit 4-1 4-t	 al.	 11`+,''11,

A I I t ► I	 t Itvl- v 1 4 , *.it t	 al t • '•how11 . it 	 It `	 40 * .	 V) 1q . I vilm IIt 1111; t'111 Y4- , 11:,11 Ill. t'ki

C.	 !; 11. tw!; 	 t lit- 1 • tit ll l l.It 4 . 41	 t I11\ i t  	 Comp l till y. I:1\' 4 	 i I Oill .Ilt t • ii l k 1 11`11 till IJ tit

11.1 1 1	 1 h it' kIN`;w11 h	 I . ' i

	

1,1%% • .	 1^ut'h Y % % 1111 1 0114-111	 1.1 h4-11 .i%Ikh'.1 t t1 t lit' II I It

	

iV	 111'• t t	 1 I t	 t 0	 t lit' kilt .1,	 >;lll t l i nl t l ll^; t lit' 111V loot 114'O:;I^i% 111k'IIt 	wt i i	 1 11 1'11 \' t ,l, • 	:°l:.1:.

ill	 .1	 111111 it i !.k 01.1 1 1 t•tl	 It • .'tt 0n It.11,t.	 1'lli!•	 14'ra ► 11	 ,1;1 4-1 . 4-, l:1 tIt .111,11v	 {li

tit t h4- t a%I In %i.tt a b\' I I I ,,vo 10, v .t%l,1 J v,pivil\ ( 1')1:1 .111.1 tta ltlW III ( 1 9 11 .

1	 110wt•vi'1 ,	 the iilt'I;t • 1111.'4-1 to lilt lt • :• Iit 111 t h tlit`	 .1\' da t.1 .%%ill t h4- Ihl'nl 1,

t 14'a I k .I I , %II tit inllt. atn';t ii, • rntlihas I nett .

4.	 I t l *Q1l: t l'UIW 111'1 1'I:I IAV IA M OF y RAYS ANI I HIF NUCI TON itAl ll

Nilli'4` t'4"•Ut1C Yav lltl%'14-n11:; %10 110t- 1 1 10itll0t! U1t 1 .Irall.Ibl4- tlullll t t'1- 1i tit

%lilt o 	 t1141 g. t • . , I i5k 1 1 1 t h4- ►;.IIAI,%, w4- 111tIHt i. 1 l;nit	 t0 {1111 i It'i't t1vt t'l11111la-
i It'll 0t	 I Ilk , iI	 ( 1 I % , 1 1 .Ii,.It it , %% 1 1 asv.t , 1 111	 t h4' tl 	 it4 1 duk'4-%i	 1 .1,1 t.1 I	 .tl!•tl Ibllt 1, 1 11	 Ill

?1%h4- g.1 lac t i.	 I1l.utr.	 Ill 11>, wil y %h4- b.tl:Ik	 I%It • .l ItI,111,t1:rt{ lit th4- .tn•11\'l.tr.

, 1 1	 1 1 4-%'%4-4- .111%1 ,1%`1u 1 .• it `l l »,	 11	 Is 1 '.1!:0%1 k i ll tltit11l; Y .;tllltil4- L.:otI litlt'
r

kill llit:1011 1110.11 . 1	 1. 1 1	 .'0`;1!11%'	 1.1\	 l'1 ,`1 1 .1.,11 {1 1 11 w11It'h t:4-t'111r.	 14-:Iti01t.lb14 . 	1t	 I lit-
It I . 1 1 l .ly,.lt {t i lt I t't •, 1011 .11 1 4'!11 110t	 4 \ 1 ,'tl.l	 t 00	 1 .11	 1 1vn1 I lit- i t 1.1114-.	 Fol	 11%1!1

i':1`tI orit' iti i 111•.I'm wit It itit I it•'% l it .'01'1 tI% , Ii`nI ! • lit- Ipon,1 1%`itIit1	 .111111	 !'.1 1 a

lt'1 t.1	 1114- 1 1 1.%Ill . Il i	 :In.l 111,4	 Illt	 %14 •, lvt'.I w lid t11	 it	 tlit- ktittu:;tnu kli!;k	 (t► ,11%tl

(	 lit, I'd 0111 v 1 1 4 • • ;,'a14-%) I'v t ha 1.1k't . 1 1 ( 1 1	 11 11 11 '.	 Jolt I . ( I'I ''i It Il:la 0011  11 kit , 11 t'.t

,1'rnat111k • al 11.11%1;: .111,1 t 1%%as that ill, ,dvIs w 	 It nut t it lw 1,1.Iv 111 • It'f Iact',I I`v

1 l i lt IoIv	 kit! 111'.1\'1' I:M 1 .it'I!. with	 .nt. II I:'4-	 i l l I4-k't I\'4 •	 111.11% 1 	 Illi1 • 1,tlt'•:!;	 111	 ,111.11 ''

1	 1111; 1114'	 1 .1\'	 1 t , !;%I 	 .	 1111117: bl {ill;:: ns back it , t ill , 1% i %'t ill t , % % I	 a %i l t lu-

•: 1\ i	 1 I.,11.1,'.1t 1, 111 ,1111;% tmvI 1 1111.11'.1 I 1 \' an v\ntli•:k wIit • I v 011t I I. 1 w %10111I 'ilk t va
I

n\• t • t	 tl I 1 I lt'• 1%111.

!	 I t	 llas I t /'1'11 l ; ih`wl1 t tilt 1	 t t	 ,'llt • .411.1 1 \': 4-!:	 I h0	 I 0111; i I it it' ,i {tit i - I l i llt 1011 kit1
t.1v	 Nllii l:•; 1, , it	 ill	 t lit , 	1 1 1.111.',	 1 ak Iiti; .I%'k'0llllt	 ill	 I lit-	 I 1 t t'••t•IU't• 01	 I ,iI g

Ai ,? llll	 4-i k % I	 11 1	 ill	 t lit , 	I tilt 01	 1',.11. ► \ y ,	 t h,'	 ilitll l Ivtl . ,":alit'	 I .Iv	 I a.) t.I i	 .I II:,

t 1 11 1 111 toll k'l0l.4-1-\• Iv;vvlbl,':, tlL 1 .it!;t I tl t llt t011 t i t	 l;11i i 4`Itiov.14- (',N1	 Iii th4-

t .11il\\',	 11111 11 1\ IU . , .1	 ia 111 % • 0!•1111%' 1.1\ 	 (' ; I 4 kAvI	 I I WO	 t•ht'
%ONIllit'	 T:Iv kII` : tI 11 , 1111.

i ll	 1!11	 t11NIt'1i t I. 1 	I; t i lt I,k , 0 %it'll% 111.1tt',t 	 % 1 11	 .t	 '•t-a 14 . , 1 t	 .1

4-w k i i % 1 1 1 :11 ! t • k'!; it IIIJ wt' t 114-T4-t 01 t' 4-X1'4-,'t t he kit t tlls k i ll i1.110 I 0 i" , .l t
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Figure 4, Cross sectional contours of constant cosmic ray tut
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Figure 5. L = 3 kpc contours from Figure 4 superimposed on a photo-
graph of NGC891 (courtesy Hale Observatories) to illustrate the
scale of the halo models discussed in the text.
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