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1. Int,roduct.ton 

Recent.ly, in cosmic rays: <CR> a t;amma-ray flux at. 

enert;ies E~0~5eV has been obs:er\'ed on t.he level J /J ~0-9 

y CR 

C1,2J, which ts t.wo orders ot: ~t:nit.ude t;reat.er t.han t.he 

relevant. rat.to in a small enert:Y rant;e E~t GeV. The 

pect.tli.ai-tt.y of" t.his result. becomes: evident. when comp.ai-inc t.he 

enert;y release in t;amma- and cosmic rays:, i .e . 

"' Jca <2:5· t0'
5

eV> 
L/C 

(1) 
er 

:It . -- ~ 

J <2:a 5 · 10neV> t ca w y y 

Here L~ kpc is t.he t.ypi cal size o t: CR capt.ure re~ion Ct.he 

t.hickness o f" t.he t:alact.ic disk>, t ~05 

CR 
yr is t.he s:uppos:e d 

CR cont"inement.. t.ime at. E2:10~5 eV C3l. I t. is also assumed t.hat. 

t.he t;amma-rays .ai-e o t: a secondary ori t:in, i.e . t.h ey are 

p rc.duced in t.h e i n t.eract.ions o f" acc elerat.e d CR wit.h ambient. 

medium, and t,he !"act.or a,,.0 ,1 correGp o n ds t.o t.he me an f"ract.io n 

o f" t.he paren t. CR init.ial enercy t.rans:mit.t.ed t.o t.he t:amma-rays 

creat.ed. Subst.i t. ut.int: t.h e v alues of" 

- 2 -t -1 !.4 
cm s s t.er and J <2:5 10 e V) 

y 

int.o Eq.<1>, o n e obt.ains :1<~! This: 

J <2:5 c a 
"'5 10-• 3 

10 '
5 

eV> 

- 2 - , 
c m s: 

me ans t.hat. t.he 

"' 
10-.. 

-· s t.er 

prot.on:s: 

p ass a dis t.ance ot: t.he order ot: t.he.ir Cree pat.h. For e xaJr1ple, 

it: t:amma- rays: are produced du.. t.o int.e:ract.ions of" accelerat.ed 

prot.ons wit.h mat.t.er, t.hen t.hey should p.a:s:s t.hrout:h 100 s:/cm2 

of it.. Theref"or-e, t.he ult.rahit:h eneri;y tl:atnma-"radiat.ion 

observed in CR cannot. be pr-oduced in int.ers:t.ellar medium and , 
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in :fact., should r-es:ult. :from t.he s:upeI>pos:i t.ion o:f 

€amma-radia<.ion of' unresolved dis:cret.e sources:. That. is: why 

we s:hall :fUI't.her us:e t.he word "dif"f'us:e" in quot.es:. 

'Khat. is: t.he nat.u:r·e of these sources? It. f'ollows :from t.he 

analysis o:f camn1a-r-ay abso:rpt.ion in t.he mic:rowave backgr-ound 

r-adiat.ion <MBR) :field, t.hat. t.hey are produced in a r•e€ton o:f 

~S!O kpc, i.e. in t.he O.alaxy Would t.he sources be 

homo€eneous:ly dist.r-it.ut.ed in I.he Oal;;.xy, t.hen a pr·onounced 

dis"'- anis:ot.ropy o:f ~amma-ray flux should be eJ..-pect.ed. 

However-, t.he Ak.,;,no dat..a indicat.e t.hat. t.he observed "di:f:fuse" 

nux is conn£>ct.e'd wit.h t.he ext.ensive air• showers: <EAS} comin::; 

is mainly t·rom hi€h €alact.ic lat.it.udes, and only "" ·"1'.·1,ially 

1·e lat.ed t.o t.he EAS comin~ :from dif't e 1·ent. dirr~·ct. lons of' t.he 

galact.ic pla.-.e . Theref'o'l'e, t.he a:ize seal"' ol' the produr.t.ion 

r·el';ion should not. 

<R='0.5 kpc). Then 

r;&m,-na-rays seem 

exc£>ed t.he t .hicknes:s: of' t.he g-alact.ic disk 

t.he probable o::ou!'ces of' ult.r·ahi('l;h ener~y 

t.o be connect.ed wit.h t.he int.eru.:ive s:t.ar 

t'ormat.ion :-e€ions, and most. probably, wit.h t.he close vicinit.y 

ot· hot. OB st.a:-s of' Gould Belt. C4l. Not.e t.hat. at. pl'esent. t.hese 

object.s are widely dtscus:sed as sources: of' hi~h-enel't;Y 

gamma-1•ays: <Ey::.100 MeV> £5,61. 

The det.ailf'd int'ormat.ion on t.he dif':f'us:e component. 

g-amrna-:radiat.:lon in t.he energy range Ey~100 MeV is obtained 

o:f' 

on 

t.he s:at.elli1.ei>: SAS-2 l 7J and COS B C81. An es:sent.ial :fl'act.ion 

o:f t.his "'mission is u11ambi~uously l'elat.ed +..o t.he €alact.ic 

disk emis:s:lon <due t.o int.er-act.ion ot' CR wit.h int.el'st.ellal' 

medium), whereas t.he ol"i€in of' t.he so-called 1 sot.X'opic 

cumponc.nt x•,;,mains: 4ult."' open so t'az.. It. may bE' o~ an 
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ext.l'ac;a!act.ic Ol'ig'in NO: well as may he <at. least. . pa:rt.ially> 

of' a to. :al oI'it:{n, beinc connect.ed wit.h a I'et:ion of" t.he st~e 

R::!>t kpc. Hence, t.be obse:rved value of" t.he 1:'1UJC of" la:ot.l'optc 

- 5 2 
component.,J C~tOO MeV>~O ph/cm s st.er C7l, may be used as 'Y . 

t.he uppe:r limit. :fo:r t.he t"lUJC of' c;:amma-:rays wit.h enerc;y Er~100 

!lleV, which ar·e c;enet.ically connect.ed wit.h t.he "di~" 

ult.:raht.t;h c-ner-r:y t:amma :radb1t.ion. Fm>t.hel' on we shall call 

t.his component. Cext.endinc f":rom 108 eV up t.o 10~5 eV> a local 

~.amrria·-ray component. <LOO) -..~wnint; t.he t.ypical s12e of" t.he 

pl'oduct.ion / ·ecion t.o be less t.han seve::t'al hundl'eds of" pc. 

The-n, S:tJt:€est.in€ t.he powe:r-law apect.rum o:f camma-:rays in t.his 

enex>t;y l'an€e and usinc t.he dat.a of' SAS-2 C7J and A.keno C2l, 

we f"ind t.he uppc.1· limit. t.o t.he index a of" t.he dif"f"erent.iid 

s:pect.:rum: 

ot .. 1 + 
Znr .. 010

8 eV>/J C>10•5 e V>l r __ _i: 

7 ln10 
- 2.1 (2) 

It· t.he gamma-l'ayc :result. :fl'om t.he int.eract.ions of' 

p:rot.ons wit.h ambjent. mat.t.el' (pi-oduc:t.ion mechat).lsms l'elat.ed t.o 

t.he elect.:ror. component. of" CR seem t.o be nec;ligible at. t.hese 

er1e:rgies: due .. o 

los:s .. s:>, t.hen t.he 

int.ensive synr.hrot.X'on 

powel'-law indeK "' p 

and Compt.on enel'gy 

of" pl'ot.on spect.rum 

should b"' t.he same as t.he index ot' €amnta-ray s:pect.l'um. TalciR€ 

i nt.o account. t.hat. t.he index c: olt CR wit.bin t.he soUl'ces is: 
p 

dls:cus:s:ed t.o be 111 t.he int.er\·al ap""° 2 .1 .;. 2.3 C9,10l, we may 

coraclude t.h.et. t.he gamma-ray s:pect.raJ. index can.....,ot. be much 
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les:s: t.han t.he upper• limit. <--.•2.1. 

It. s:hould be not,e<I t.hat. t.he spect.rum or ~aroma ·r-ays: 

es:c2pifl€ t'r-om t.he s:oul'ce may be .ess:e-1~tially dist.01•t.ed due t.o 

int.ez·act.ions wit.ta ambient. media. <n t.he case untl"l' 

consider-at.ion, wher·e t.he ,;; t.3x· rormat.icn. r·et;ioBs a!'"' t.hcught. 

t.o be r-.es:pcnsible f"<.>r- LOC, t.he int.er•act.ions of ganun~rl'ays: 

wit.h opt.teal and ult.r·avic:.let. 1·adtat.ions or yount; st.ars s:eem 

t.o be most. import.ant. <Sec.IV). Ob•;ious:ly, t.nts: may lead t,o 

t.he init.ial ~amma-x•ay s:pect,r-um dis:t.or·l,ic.n,part.icular-ly in t.he 

enert;y ranr;e 1010 +10tt eV. Therefore, t.he i nve~t..ig;~t,ion of" 

gamma-r-ay spect,1•a at. t.hes:e e11er-gics will provide valuable 

Information co nee r·nt ng- t.he ~amma'"I·ay pr·oduct.ion a1~d 

al>sor-pt.lon m£-chanls:ms: as: well as: t.h<> phys:ical cendit.ion.s: 

!nside t..he- sou1•c:es. 

ExpluI-<•t.ion ot' LOC Ir. this ener-gy ran~e may play a mol'e 

impot•t.ant. Pole as: Lo Lhe f'undamcnt.ai pr·oblems or t.he or·l~ir1 

01 · CR. Th~, pr-esE-nt. p a p ,- r· ls: devot.ed t.e; one 01' t.hes:e p1·oblems:, 

name!}", t.hat. 01 · an anoma lously high cont.ent. of hi~h-enel'~Y 

poslt.r·ons tE2'. 10 OeV) in pr-irtl31'Y Ck. 

Jn a number· of r·ecent. independent. experiment.s l 11-131 a 

s:har·p I ncl'eas:e of t.h., c ont.ent. ol' post t.roris In CR at. <> ne1·{';ies: 

E'<:tO OeV has b.,en obsex·ved. Such a beta&Vi u ur• of 

+ - + 
r CE)=e /Ce ... e ) Is not. explained in fx·ames of ,.. t,andard 

+ 

models ass:umln{'; t.he s e c o n<lal'y ox·i~ln ol' p o sit.r-ons t.o be due 

t.0 int.el'act.io rts of CR wit.h int.ex•s:t.'!'>llar medium c .. . ('; .. r·er. 

ct4D. Px•e sumably , new ideas and appr-oa.::h "'s ax·e n e.,ded t.o 

int.e.l'px·et.e Lhis e !' i'ect. . 

\./hich .. =H·e t... h~ 4u-est.ions t.o b f:! ariswe;.red·? 

u 

t. The p o sit, ron Hux at. ene:r-t;ie:s: E~10 OeV a:r-ise:s: 

suddenly; at. least, t.he rat.lo + - + 
r +=e /(e +e l, lncl'ea:s:es up t.o 

r+•0,2 at. E•14'"'20 OeV, be1nt; r +:'W.05 at. 1::!>!3 GeV [121. 

2. Such "' sharp inc:r-ease or t.he f'lux of' t.he new 

component. or posit.1·ons should be rul't.her sat.Ul'a1.ed not. t.o 

cont.l'a.dict. t.o t.ha absc>lul.e flux of' CR elect.Pons .at. E:<iTeV~ 

!n t.he p.!'esent. papel' we pr•opose a mod••l which makes it. 

pos:s:ible t.o undel'st.and and explain t.he ob:se!'ved peculiarit.ies 

of bot,h t.he l'at.io r +CE) and t.he t.ot.al electl'on s:pect.rum. The 

basic idea of' t.he model consist.s in t.he assumption t.hat. pl'ior 

t.o escapir1t; f'l'om t.he SCUl'Ce t.he t;arruna- l'ay:s: :r-es:pons:ible f'ol' 

LIJC int.el'act. (at. least. part.tally) wit.h t.he surroundln~ 

opt.I cal and ult.l'aviolet. radiat.iun proclucint; e + e - pail's. 

2. lnt.el'act.ion of' Um wit.h Opt.lea! Radtat.ion in t.he Sou ... ce 

Let. t.he observed LOO is: pl'oduced in N discl'et.e s:oUl'ces:. 

For· simpllcit,y we a.s:s:1.une,t.hat. t.hese s:our-ces: at•<" appl'oximat.ely 

of' t.he same powel' and al'e homot;eneously dist.r•!but..ed in a 

l'et;ion wit.h a chax·act.e1·istic size R
0 

C!Ot kpc). Not.e t.t-.at. in 

t.his ca.s:e t.he p1'ecis:e value of' N is not. cl'it.ical, and t.he 

most. import.ant. pax·amet.el' is: t,he t;amma-ray pl'oduct.ion rat.e 

Or<Er) (in un:l.t.s of' photons/cm5 s st.er eV). 

1
1t, should b e not.e<l t.h.at. :s:uch c ont.x-adict.ion may al'ise in t.he 

model of H~1rdinb ..t<1d FG.mat.y f15l, whel'e t.h<> e • e - pl'oduc t.10 11 

in pulsars: is: di£miss;ed, tr t.he cut.-of'f' !n t.he e • e - spect.l'um 

ot' ..:. pu1sa1· a t. E '-"1 TeV Is. not. s:t•p p<>sed. 



·1 • .e observed diffe:r-ent.ial nux J (£ ) 
r Y 

Q (E >as 
r r 

R 
0 

JCE>•J r ~-

0 

0 CE > 
~2dRdO, 
4nR2 

is: r-elst.ed 

or in case of" homoc:;eneow;: dist.ribut.ion of" sour-ces 

0 CE > r r 
., 4n J <E > 

R r r 
0 

AsSUJr.in:; a power--Jaw dependence f"o:r J CF. >ocE -2.i 
r ~ Y 

us:int; t.he observed values of" t.he int.ec:;ral :f"lux J <>E > r r 
E •100 

r 
MeV -5 2 

<"'10 ph/cm s st.er- ['l]) and E •t0'5 eV 
y 

t.o 

(3) 

(4) 

and 

at. 

("'3 

Q (E><JCE-<a.-ulnCE/E >. 
• • For- f"urt.her calculat.ions t.he f"ollowinc:; 

analyt.ical appr-oxirnat.ion l "or t.he pair- product.ion spect.r-a per-

int.er-act.ion will be used: 

-</<X-ll 
q (E>dE 

e 
f<a> e 

E ·x·(t+0.07 xcc/lnx) 

* 
dE, (6) 

where x•E/E.~1, and f{a)•1.11(1-1.44a+t.06cc2 >. For- ~+3 t.his 

ap;>N:ndrnat.ion pr-ovid .. s .an accuracy bet.t.er t.han 20% <not.e t.hat. 

t.he accuracy at. cc""2 is about. 5%). 

The spect.r-um <6> cor-r-esponds: t.o C!'e21t.ion of" 2 elect.r-ons: 

Ce,. and e-> s;er- 1 ~amma-quant.um, i.e. fqe<E>dE • 2. 

to-•3
ph/cm

2 
s st.ei- l2J>, we obt.ain: To obt.ain t.he elect.ran pl"oduct.iC\n spect.r-um Q <E>•2Q (E>, 

" ... 

Q «E >• Q (E. / 10•5 eV)-~.< 
y y o· r 

(5) 

0
0 

• 1.38·10-'8 ~Rlcpc [ 
9 

1 ] 
0 cm ·s · s~~~·eV 

Now suppose, t.hat. plt'ior- t.o 1-eavtn~ t.he sourc.:> C.;:ources: > 

camma-rays: int.er-act. wit.h t.he ambient. 1D.,·-f"reque11c:y 1Jhot.on s 

wit.h me-an en~r~y c ' 0 
and consider t.he case of" .en opt.icall y 

t.hin t.arc:;et.. The pair product.ion s:pect.rum 0 CE ) in t.he .. 
i:eneral case has been st.udied in :-ef".(161. In t.he part.icular 

case of' a powel'-laW dist.ribui:.ton ot: €amma-ray5:, t.he 

pr-oduct.ion spect.run1 Q (£) .. has t.he !"ollowini; cha:ract.arist.i c 

shape: st.art.in~· f"rom t.he t.hreshold ener-gy E •m"'c4
/4.:; of" !.he 

• 0 

p.ar-t.ic.\es: pI•oduced, t.he s:pect.rum sharply :>'ls.es l't'!achlnr; t. tae 

maximum at. £!>:(2-'-4)E .. , and t.hen at. E>:>E• it. de ct•e .ases 

ll 

we should det.er-mine t.he number of" 1nt.eract.ions: of" ~am111a-rays: 

4 !I averac:;ed over t.he volume V0<R~R0>~3'1R0• Nct.e t.hat. t.he t.ot.al 

nwnber of" c:;amma-rays: (produced in t.he vc.lume V in unit. t.ime) 
0 

capable t.o int.2I·a.ct. wit.h t.he t'ield phot.ons is: t.hen equal t.o 

- ·- 2 2 
."fr•V

0 
Qy<>E>, where Er•<m.,c) /c

0
•4E• is t.he t.hr-eshold ener~y 

of" pair pr-oduct.ion at. phot.on-phot.on 
co 

Q f>E >=J QCE >dE . Hence, t.he t.ot.al number r r r r 
E: 

r 

collisions, 

+ -of' e -e 

and 

pairs 

produc:ed per ts is equal t.o N •T N C>E )•T V Q <:>E >, where 
• rr r r rr o r r 

T ;ry •l n opt CT yy is t.he opt.teal dept.h accumulat.ed by a 

ll:amnta-<1uant.wn wit.h ener·€Y E >E when t.:i:-avelllnr; t.he dist.ance r r 
l inside t.he sour-ce. For t.he power-law spect.ra. o(" tamma·-rays: 

Q <E )oc£-cc t.he a.verar;ed pair-product.Ion cross:-sect.ion r r r 

;:;. Ca>•fa <E )Q CE >dE /Q OE > rr rr r r r r r r C7) 

is a weak f"unct.ion of" a The nur11erical calculat.ions e:hov· 
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t.hat. C1 rr 
• 0.85 10- 2'5 2 cm at. a•t.5; 

- -25 2 
a•2; and o rr •0.83 10 crn at. a•2.5. 

C1 •0.91 ,..r 10-25 2 
cm at. 

Dividir>i:> H t.o t.he volume V , we obt.ain t.he mean number-
~ 0 

2 
of' interact.ions: in t.he unit. volume per unit. t.ime. So, t.he 

product.ion rat.e !'or s:ec<>ndary elect.rans can be writ.ten as: 

C (£)=T Q (>£ ) q (£) 
err~· re 

(Q) 

where qe(E) is: def'ined t'rom Eq.(6). The product.ion rat.e Qe (£) 

beini:: known, oue may determine t.he equilibri1.1m elect.ran 

s:p .. ct.rum n(E) in t.he int.er·s:t.<>llar medium us:!nr; t.he t'amiUar 

s:t.at.ionar·y diff us:ior1 equat,ion 

d~[P\£) nCE)] - ~~~~ + Qe(E) 0. ( 9 ) 

Here f'(E) is t.he elect.ran ener·r;y loss: Ntt.e, t<E) is t.he CR 

eler.t.r-on coruinement. ~ime in t.he int.er-s:t.ellar medium. 

Followint: l'eLC!41 we will us:e t.he dependence t<E)cxE-6 wit.h 

t.he index 6 in t.he int.erval 0:5'6$0.55 (£2:10 EleV): 

ffE)=t (£/10 GeV)-
6

; t "'10
7
year·s 

"' 0 

<10) 

In t.h~ elect.ran er:ePgy l'.2>n~e of' lnt.er-es:t. t.he energy loss 

rat.e PCE) is predominant.ly due t.o s:ynchrot.ron l'&diat.lon and 

2
Not..e 

phot.ons 

t.hat. t.hough 

in ' t.he 

t.he ;v-rays: int.eract. wit.h opt.teal and UV 

v icinit.y of' dis:cret.e sour·ces, t.he' 

cor.s:ide:r-at.lon of' charact.e ris:t.ic prc,duct.ion r-at.es: averaged 

over· t.h~ volume V <whe x-e in t.he s:otrr·ces: a,,..e supposed t.o be 

"' homogP.neous:ly dis:t.1·ibut.ed) seen.s: convenient.. 

10 

inver·se Compton scat.t.erinr;s:: 

f'C"E)=-
3
4 o- c (w +W +W 1· 

T B opt MDR ( mEc2f (11) 

.. 

whe:z-e lol
8

, Wweliland lol
0

pL are t.be ener-t;y densities: of maii;net.ic 

field, microwave backt;r·ound rad.tat.ion, and opt.teal radiation 

in t.he int.ers:t.ellal' meaium, r•es:pect.ively. It. should be not.ad, 

however, t.hat. t.hls expression f'or P(E) is: cor-:r-ect. f'o:r-

elect.ran .-.ne:r-,;ies: E « 100 GeV, since at. .-.nerii;i.-.s E2:100 Ge\/ 

t.he condit.ion of' a Thomson scat.t.e:•inr; of elect.r-ons: on opt.teal 

photons does: not. hold, and t.he ener-ii;y losses: in tJh.-. opt.teal 

phot.on Held are es:s:.-.nt.l.ally weakened. Since in t.he 

int.e r-s:t.e 11.aJ' medium W ;>;W +W , 
opt B MBR 

t.he neglect.ion ot' t.his 

effect. may lead t.o a noticeable err-or (up t.o a t·act.or· of 2). 

F'or present. calculat.ions: we have 

W •0,25 eV/cm" and 'W • 0.45 eV/crn"''. 
MBR opt 

t.aken w •0.4 
B 

eV/cm
9

; 

Using Eq.(8), t.he gener-al soluUon of Eq.(9) can be 

wr-1 t.t.en as: 

N(E)ftT n·f'(E), (i2) 

wheY•e 

o < >E ) ro [ x d ] 
FCE)= P~E) ..L_ f qeCx)exp -f t( )~( ) dx 

Ii'. . Ii'. y y 
(13) 

Not.e t.hat. t.he expect.<>d dlffel'ential flux of elect.~ons: i.;: 

c 
I <E>• :-.n N<E>. (14) 

1i 



The s:pect.l'a of' elect.rons: and posi t.l'ons: calculat.ed 11-. t.he 

f'l'ames: of' t.he s~t;est.ed model f'ol' t.h"' values: of' t.he pal'amet.e!' 

6-0, 0.4, 0.5 al'e pl'esent.ed in Fit;.1a Cc •10 eV.> 
0 

(& •30 eV). The s:pect.rum J (E) calculated wit.bout. 
o e 

and Fit;.1b 

account. of' 

"dampint;" of' radiat.ive enel't;Y losses of' E<lect.l'ons irt opt.ical 

phot.on t'ield (due t.o Klein-Ni shlna cross-sect.ion) is shown in 

Fit;.1b by a dashed line. All t.he other curves al'e obt.alned 

wit.h t.his ef'fect. being t.aken int.o a.:::count., and are nol'malized 

.. - ~ 

so as t.o provide t.h,;, rat.lo r- se /(e +e )•0.2 observed at. F.•17 

GeV (121. As it. f ollows f rom these cut've:;:, t.he values of' 

6~0 .55 lead t.o inconsisten cy 0 1' t.he calculated spect.ra wit.h 

t.ht> t.ot.al electron Hu:.: det.ect.t'd at. E ~100 GeV . This '1s t.he 
y 

consequence of' a mo x·e 1n t.e n.s:e le akat;c' 01' elect.r•ons f'r·o rrt t.he 

c:unf'inement. x-et;ion at. hit;hex- &, whicl• r·equil'es t.o o hit;h 

p r•oduct.ion x-a t.e s of' e ~ -e pairs at, e n ex-r;ies: E"'t TeV t.o px-o v i d e 

t,he o bsel'ved p o sit.x-on t' lux at. z::.,17 CleV. At. t.h e same t.lme; , i n 

case of' 6~0.4 t.he obs:er·v e d s p ect.x-al fluxe s o f' elect.I'u ns and 

pos:i t.i'ons can b e satisfi ed t n t.he I'rame s of' t.he p1'opos:ed 

mo del f'oI· b o t-h values of' c • 10 e V and c • 30 eV ol' opt.ic.i'tl 

phot.on me a n ener·t;i e s . No t.e t.hat. it. is difHcult. t.o obt.ain a 

t;ood a~x-eement. wi t.h e xr.eriment.al dat .a it t. l1e phot.o n e nex-::;y c 

t s bot.h well above 0 1• we 11 belo w t.he ene,..gy lnt.e~·val 10 el/ 

~c ::'.S30 eV 
0 

As: w as: n o t.ed a hove, t.he s p eGt..:ra in Ft gs 1a. h a re 

obt.a ined s o as t.o sat. i s:fy t.he v a lue o f· t.h e x-at.io ,.. .. o .2 

obse r ved a t. E•17 GeV. Th e gamma - 1·a y product.ion s: p e ct.?-um <snd 

t.he opt.ic.a. l p hot.on e n e rt;y b eln€ ~lven , t.he only fx- <'e 

p a ramet.er de !'inini;'. t.h e a b s o1ut.c val tJe o l' ~ lect.ron a. ru..l 

I.! 

• 

pos:i t.x-on fl wees expect.ed is t.he chal'act.ex-ist.ic optical dept.h 

1 of' t.he source. Foi· t.he x-at.io r CF.) we h.ave 
}"' ;"" ... 

c T F(£) 

whet•e 

r CE>• 
+ 

YY 
en r,.<E> 

F<E> is: €iven by Eq.<13), l ?..([;:) 

(15) 

Is. t.he obs:er·ved 

dJf'f'erent.ial flux of' elect.ron.s (e a nd e ) . T akin~ adv ant. a ge 

of" t .hJs: x-elat.ion and usin~ t.he data ohs:erv.•ct 1 ·01· r • <E) a nd 

!
0

<E> a1. E•17 OeV, we l 'lnd t.he 1·Y Y nee ded. It. Is: s een 1· r·om 

t.he nume x-tcal r ·es:ult.s: p r·e::;:ent.e::I i n t. h.:. T aLL£-, t. h .::s t. t, h e 

J'equired v a lue s of' .,.. vax-y wit.hin U. t< 1 <1 . 
y y J ' 

-

[_,o<eY> t ::~ -1~ ::~~ 
I 10 o.17 -----! 30 - -L _____ _ 

Ta bl e 

~~~_J__D_~:~J 
1 5 _J 

--~ ----· 

Let. us now e s t.ima t.e t.h e c har·<>t.f.<•1· is: t.i c size o f t.h "' 

source, as:s:umin~ t.he blackbo d y t g r4y ) u <.1t. u.r·., of t.he u µt.ic'1 1 

r·a diat.lon. In t.hi s c ase t.he 

::le t...,r·mined by t.he t.e mp er·at.ur·e T 
: 

fi e ld p h ot.on d e r.stt. y i s 

.t~hj t. h .? · ·~ 1 ·ay " r ·adt a t.I o n 

pa1•amet.e J' >< :S I . For t.h e a ver·at;e pai r pr·oduct.ion c r·c.s:s-s:ect.1on 

T "' 0.9 lC- 7
!5 cm.:? une o bt.a ins· 

":"Y 

1 "'1 . 5 · tc 'o [~~~( rH 
J ' J u j " 

t'lll <1 6) 

Not. <· t, h~t. ~..: 1r11iln1 · ~·::.:t.i m.·1 t.ta .1' , · ! 1.:tr·d•.l.c·r!s;t. i ,~ 



s:our-ce size can be obt.ained ais:o in t -he case when t.he opt,ical 

phot.on .e::ource is: a t.hin spherical layer• wit.h a curvature 

r·eidius about. l. This: is explained by U1e fact. t.hat. t.he phot.on 

·-2 dens:it.y out.side. t.he source decreases: as oc CR/D , s:o t.he 

number· of' opt.le.al phot.ons encount.ered by gamma-rays: out.side 

t.he source <practically w:lt.hin t.he dis:t-.ances: R52+3 l) along 

t.he line of' sight. is: of t.he same o:r-de:r- as t.he one inside t.he 

taomogeneous: spherical source Ce.t;., see Ct7D. 

Jt. wort.hs: while not.11"1€ t.hat. t.he obt.atned est.imat.e f'or l 

as well as t.he :r-equh•ed values of' t.he :r-adiat.ion t.empe:r-at.Ul'e 

T::!3·104 
K 

r 
Ct.hf> mean phot.on energy t: ::>! 

0 
3 kT ~10 eV> 

r 

co!'res:pond t.o t.he t.ypical values: of' t.hes:-. pa:r-amet.ers: 1r1 hot. 

young stars <e.g. Wo1£-Rayet. ur· OB st.ar-s:.> 

The discussion of' t.he possible modeis: of' gamma-:r-ay 

product.ton in t.hese object.s is out. of' t-he f'1•ames of· t.his 

paper_ Here we•d like only not.e t.hat. , accordini:- t.o 

cont.empol'a:r-y idea:;:, an es:s:ent.ial l'l'act.i<->ra of' t.he dit'fuse 

gamma- l'ad:lat.ion, namely, t.he ga.nuna-radiat.ion f'l'om t.he Gould 

Belt., is: produced in t.he act.Ive s:t.a:r- f'o1• ,nation :r-egions:_, 

part.icular·ly in OB asscciat.ions:. 

3 .Conclusion 

The anom.alousl'I' high cont.ent. of' pos:lt.rons in CR at. 

ener-gles: E::!iO OeV is in an appal'ent. cont.l"adict.ion wit.h t.he 

st.andar-d models: sugr;est-ing t.h-. posit.ran pr·odl!ct.ion due t.o 

irat.eract.ions: of' CR wit.h t.he irat.eT'st.ell.a1• mat.t.er-. Here we 

pr-opos:e a model acco1•dirag t.o which t-he posit.l'ons are pr-oduced 

14 

in dts:cr-et.e sources: due t.o int.el'act.ioras 01· Wgh-·eraergy 

gamma-r-ays wit.h t.he opt.teal (and/or UV) radiat.ion. This: model 

allows: one t.o sat.isf'act.ori ly explain t.he obser·v"'d sha.r-p 

increase of' t.he rat..io r CE)se + /(e + +e - ) wit.hout. any 

c:;ont.r~ .. dict.ion wit.h t-he t.ot.al dif:fe1•.,nt.tal spe-r.t.r·um of 

el.,ct.r·on.s and pos:i t.x•ons det.ect.ed. The rnodel r·equi r-ement.s t.o 

t.he power· ol' t,he sour·ces ar-e qu1t.e accept.able. In porl.iculal'. 

assuming t.hat. t,he ol:>ser-ved dU'f'use ~amrna.-1·adia~ion o:f 

ult.-rahigh ener~ies: is: rlue t.o s:uperposit.ion of' ~amma- r-ays: from 

unresolved dis:cret.e ~al.act.le sources: wif,hin t.he r·adius R~1 

kpc, we conclude t.hat. t.he necess:ar-y opt.ical dept.h o:f a 

t.ypical source wit.h respect. t.o phot.on-phot,ora int.eract.ion will 

vary wit.hl.n 0.1<-r <1 . :r:r 
These values of T can be r"Padily 

:r:r 
st.ars: which s"'Pm t.o be provided in t.he vtcinit.y of' hot. youn~ 

possible candtdat.es 1·or• t.he sources of' LOC. 

Obvlously. t'ol' f'urt.her v"'!'i:fic.,,t.ion of· t.he model 

pr·oposed, t.he measul"'ement.s: of· t.he diff'.,renttal spect.ra of' 

bot.h e lec t.roans: and posi t.rons: at. eraergi"'s: E~100 OeV wHl be 

vex·y infor-mat.i'le. Such meas:urement,s: ar·e planued !n t.he future 

expec·impnt, -wlt.h "ASTROMAO" C18J. 

Th"' aut.hol's: al'e :;rat.eful t.o A.Buf·nngt-on, D.MUllel"' .and 

J.Tanr; for usef'ul discussions:. 
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Pl1;uPe t:apt..ior1s: 

Equilibrium di .ff er·t~nt..ia.J spr:.ct. r a of e i u.-.: t.t·nns c P.,. «.! lld 

e >~ C&lculaLL•d iri 1 :r•.d.na...:•s: of t.he mod(;·• nu1·n1.sl1Zt:: 1-f c .; (1 

as t.o sat..isfv t, he obs:erved rat..io t "' "/(e • tP- )::;l) . ;?. 

Eu1"7 OE.-V . 

a.}c •10 eV; 6 •0 a;-1J t i.a0.4 . Tbr..• Jd~hc-d 11;1~ c o 1·1·c 5. fl u !1t!s 
0 

a t. 

t.CJ t.he eleci.ruH s- pt6c L1·ur.1 f ·o1· ~1•0 . ..f ~ ;~.lc t1l.-1t...< ·d 1 6~ 1ur d1 ,. 

t..hE.- 1·e la t.i v Is t.1 .-: C:..:uT·1·ect..iu11:--.; Lu t.!1e C•Jtnl ·+ (. J11 

scat.t..ei-inr; cr-css-s.~ct.lor..t: > i:. ,.30 e V~ c"J a.iO . 
<· 

:11 •• 1 ,:.•o.4 

6m0.55 .The "'"P"' ' ' m•· nt..al dat..a .'II•e t.ak£-n 1 t ·om t . tu.• 

compilat.lnn In r·o·t .I t8l . 

The e xpect.ed 1· ... t.ic• u s· e • / ( e • +e · ). 

6 •0.4, L n :)I) • ·V (:o.:oll d iln<:,J; 6 •0, c •30 e V (.Jas:lic·d 
0 0 

Une); b •0.4, ' •IO (•V Cdas li-dut..Led tine;. 

The e ><pe i-imPnt..I d.ol a ;~re t.aken f'L-om compllaU o n In 

refHUl . 
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