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‘ Motives '

e diffuse v-ray emission in hadronic interactions generated by cosmic rays

0

— Fact: multiplicity of non-7" secondaries with y-rays as the final decay

state is about 50% of ¥ multiplicity in hadronic interactions
— Fact: CR and ISM compositions
CR: p and «
ISM: 90% protons, 10% heliums, 0.02% carbons, 0.04% oxygens

0

e (Question: how important are these non-7~ secondaries for the diffuse

~v-ray emission?

e (QQuestion: what’s the influence of heavier nuclei to the diffuse ~v-ray

emission?
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Methodology I

e High Energy Physics Event Generator DPMJET3.04
by S. Roesler, R. Engel and J. Ranft

e full decay picture

e parametric method for £ < 20 GeV
(Kamae et al., ApJ 647, 692 (2006))
E < 2.5 GeV: parametric
E > 20 GeV: DPMJET
2.5 < FE <20 GeV: transition
(parametric + DPMJET)

a(7°) (mb) (pp—Collision)

e resonances included
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‘Full Picture of v-Rays of Hadronic Origin I

e Resonance decays: e Baryonic decays: e Mesonic decays:
A(1232) — p+ 7 Y0 — A+ 0 — 2y
A(1600) — p + ¥ >t —p+ 7’ ™ e +et+1y
A(1600) — A(1232) + 7V A—n+7° Kt =t 4 7Y
A(1600) — N(1440) + 7 A—n+a° K- —a +a°
N(1440) — p + 7" K2 — 27"

N(1440) — A(1232) + K? — 379
N(1440) — p + 27" K} >nt+7n 47"

e Direct v production:

CR (p,a) +ISM — v+ ... e Where are n’s?
- 1 decay already treated by PYTHIA!
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v-Ray Energy Spectra of Hadronic Origin I

e p+ISM at 10 TeV

Baryonic Decay Channel

Mesonic Decay Channel

— all decay vy
— ni° decay
direct vy
— A decay

Abar decay

— all decay vy
— ni° decay
direct vy
— K" decay
K™ decay
K°S decay
K°L decay
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‘Energy Loss in Production Collisions CR +ISM I

2
— =15
N R - for CR protons + ISM
~
g - energy loss rate per energy
(I
—16
10 ¢
I 10 107 100 10" 107 10° 100 idf
Lorentz factor vy
E (y = 1)°
e — ~6.78 x 10716 — 1.55 x 107 log(y) 4+ 1.80 x 10" log*(~)
E (v +1)
C.Y.

Huang 1st GLAST Symposium Stanford 5-8 February 2007



v-Ray Production Matrix in CR Interactions I

e spectrum of secondary particle produced in CR interactions:

dn dn
nd(E) = = dEcr Nor(E
Q2nd(E) T aE gy~ sM . cr Ner( CR)050R< dE)
e 7-ray spectrum produced in CR interactions:
dn
Qy(Ey) = ZnISM/ dEcr Ner(Ecr) cBor o(Ecr) — -t (Ey, Ecr)
Eon db.,
dn
— Qy(Ei) = ) nisu AE; Nor(Ej) B o(E;) dé’v(Eian)
j k 7

Z nism AE; Nor(Ej) eBj o5 M,
J

__dn .
o VM;;, Mi; = 95|E,=E: Ecr=E;;

e casy-to-use matrix operation for CR-generated diffuse y-ray spectrum for
arbitrary CR spectrum!
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‘Hadronic ~v-Rays in CR Generated Interactions I

¢ CR+ISM: Nogr ox E5%"°

Baryonic Decay Channel Mesonic Decay Channel

K’S — totaly
K°L

:\\\H' '\\\HH T Lo \\\H\H‘ \\\\HH‘ \\\\HH‘ [ N
10210 1 10 10° 100 10° 10°

Fk (GeV)

0

e 20% ~-ray contribution from non-7" secondary particles in CR-generated

interactions!
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v-Ray Spectrum in GeV Band I

[N Edecoy + bremsstrahlung, I,=2.1
3} L
- C— w.=0.8, Ngy=3E21 hadronic y
- =04 Ne=gF21  component| generated by observed CR spectra
n e = = . :
o ©0e=0-1, Ngy=3£22 - v-ray production matrix employed
- -® EGRET Data, Hunter et al, 1997/
(@)
>
()]
N - for leptonic bremsstrahlung:
m
= - hard leptonic component applied
L - different normalizations
- GeV excess still remains!
‘ 1 ‘ | ‘ | 1 | ‘ 1

\\‘\\‘\
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7\\\\\ N A E T R B R
-2 =15 -1 =05 0 0.5 1

log(E,/GeV)
8 N E 2.0=T erg
~Y - we . ISM . . S
o @B(E) = ].3 X ].O 0.1 eV/Cm3 1022 cm-—2 <1OO MGV) cIm?2 secC Sr
e hadronic ~v-rays insufficient to explain the GeV bump!
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‘RX J1713.7-3946 Observation '

"0 = -+ B=7uG
X - . B = 9uG
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(HESS A&A 449, 223 (2006))

e Leptonic models (bremsstrahlung or Inverse Compton) requires unusually
weak magnetic field!

e Shell-type SNR RX J1713.7-3946 may emit hadronic ~y-rays!
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Shock Modification for Cosmic-Ray Acceleration I

e shocks are efficient for particle acceleration;

e non-linear shock modification arises due to the dynamical reactions of
accelerated particles on the shocks;

e Models predict continuous hardening spectra with a positive spectral

Curvature! (Amato & Blasi, MNRAS 371, 1251 (2006)) (Ellison et al., APJ 540, 292 (2000))

|
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‘Best Fitted SNR RX J1713.7-3946 Spectrum I

| e parametrized particle spectrum:
+ + + —s+o In Eio
i + N(E) = N, (E%) O [Emax — E|

¢ 107 1 Eo=15TeV
5 | .
> e ~-ray production matrix employed:
> _
&, @‘@ | X2, = 22.48 for 22 DOF
L_f ! il — s =2.13

o= —0.25

Emax 2 200 TeV (No cutoff!)

107° T R B
10° 10? 10* 10°

Energy [GeV]
e GLAST may provide information at £ < 200 GeV!
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‘Conﬁdence Levels of Parameters '
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e arcas of confidence levels: 68%, 95%, 99.7%:;
e spectral curvature o > 0 is ruled out (with CL > 95%)!
e negative spectral curvature strongly suggested!
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Conclusions '

tull picture of hadronic y-rays in CR interactions;

easy-to-use y-ray production matrices;

hadronic v-rays insufficient to explain GeV excess;

no evidence for standard models of CR modified shock accelerations;
Hadronic scenario for RX J1713.7-3946 implies soft cutoff at ~ 100 TeV!

GLAST data is needed for better understanding!

full article in press in Astroparticle Physics (or available in
astro-ph/0611854)

production matrices available at

http://cherenkov.physics.iastate.edu/gamma-prod
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