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The restless y-ray universe
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Radiation mechanisms 1.
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Radiation mechanisms 2.

Proton acceleration ©

High-energy proton

p+p—m + X —=pu +vu+X e Fvetvp v+ X

e Background photons:
A Gamma-ray|1C) — CMB, IR (U heating), soft thermal X-rays
' Acceleration @ shocks:
— In relativistic winds (pulsars, young stars)
— Shell-type SNRs
— Pulsar magnetosphere
Varability:
— [Fast in compact sowrces

EZ dF/dE




Transparency of atmosphere — Detection techniques

1 peV 1 meV 1eV 1 keV 1 MaV 1 GeV 1 TeV



O
.

Spectral Flux of Cosmic Rays
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Cosnric Ray (p, o, Fe__)
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Systems of Cherenkov telescopes

Better angular resolution
Better energy resolution



reduced threshold < larger telescopes

_ . improved sensitivity <> better y/h separation
CU r'r'enT Qener'm' on IA CTS wide-field camera < surveys, serendipities
isochronous mirror, fast digitization <

Cherenkov-y arrival times for improved y/h separation
light structure < fast repositioning (GRB follow-up)

IACTs established as astronomical tools (experiments - telescopes) CANGAROO-I11 (2004)

Big step within last few years:
- quantitative (x5 detected sources)
- qualitative (unprecedented high quality)
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MAGIC's site

La Palma, IAC
28° North, 18° West

Telescopio Nazionale Galileo
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The MAGIC telescopes

# Cherenkov Imaging Telescopes

* Recording Air Showers from y-rays

* Phase I: Monoscopic, since 2004

La Palma
< &7 § 2220masl v Plizse 1] Steteascopio, siea2000

* Low energy optimized:

* Analysis > 60 GeV (I), > 50 GeV (II)
* for pulsars: =25 GeV (M-I “sum"” trigger)

* huge 17 m diameter mirror dishes

* fast, high-etficiency PMTs & readout

* 20 - 40 s repositioning for GRBs




Performance: Sensitivity

% slightly more etf. area
% ~1/3 background rate

% Less systematic biases,
especially at low energies

Phase I: 1.6% Crab

(50 in 50h)

Phase II: <19% Crab
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Performance: Sensitivity

Phase I: 100 h Phase II: <40 h
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Performance: Resolution

& Energ}r: 25% (I) — 15% (H) ; u;} MAGIC Crab Nebula, 50 - 110 L?-e".-'l

(RMS, 300 GeV) %e Stereo, preliminary 10

+ Direction: 0.1° (I) = 0.07° (II)

(o of 2D gaussian, 1.e. 39%, = 300 GeV) 22

* 0.1° at 100 GeV (II) et

Significance

l:I. { 0'025:' SYS. -"lg IMAGIC Crob Mebula > J6] Go 45 .I\'-.

8 Stereo, ! 5.65 56 5.55 5.5
preliminary R \ o

(lowest published MAGIC-I
map was 110-240 GeV)
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Pertormance: MAGIC & Fermm

J . * The gap is closed
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Next:
. a review of important VHE y-ray results
highlighting particle acceleration ...



H.E.S.S. Galactic Plane Survey

HESS J1834-087
HESS J1337-053

HESS J1823-137 HESS J1813-178

30

SOUFCGS . 40 in GP scan I ] HESS J1804-216 GCHESS J1745-290
35 new !l

Typically:
* Shell-type SNRs
* Pulsar-Wind-Nebulae
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... estimating the TeV luminosity of GP sources ...

Assume:
- SN-accelerated CRp, downstream particles »= p™ with a——(‘f )—

M?*+1’
strong shock (M>>1) > R di (G ek

- pp interaction with ambient gas, 7°=> yy

- Emissivity: Jox =10"-7(%)-'--15-'-(2@;-C,-.”s)—'-(H_gmm}-l (Drury+ 1994)
- L= IJEE”UCR"{V

. 74 . .
- Glant molecular cloud (massive-SF site): 1

with My =10"Mg.R ~10Rs.ny ~350cm™ (> HESS Galactic-plane survey)

~ & . 35 /
soorey X %107 phls

- Hadron illumination of ISM: 5% = 2x 10" (E/TeV) " (U / eV)(M=* /10° M) phot/s

21



SNR shell - particle acceleration
SNR Rx J 1 71 3 * 7- 3946 Resolved shell in VHE-y-rays
_ Aharonian+ 2006

v-rays from leptonic or hadronic channels?
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dN/DE (cmi” s TeV')

. HESS data | Leptonic:

_E E.~20 (Ey )12 TeV
~110 TeV ... but KN sets on ..
oo > ~100 TeV
Hadronic:
E,~ Ey/ 0.15~30/0.15TeV ~
~ 200 TeV

l » Acceleration of

= Alearen 2267 % M | primary particles
= o t % |in SNR shock to
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... but: is SN statistics enough to fit CR energy density?



| 35400 Aharonian + 2006
A&A, 449, 223 =
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e index I'~2—2.2 (strong shock)

GeV+TeV - spatially resolved spectroscopy
e little variation across SNR

e young SNRs (t<t o (p.e)):
CRp spectrumy =

-> measure x{p) as a function of p



. Junefuly2005
‘observation time: 25 h
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e Asymmetric shell-type SNR (45”’), seen at radio, x-rays, and y-rays.
e New source discovered by MAGIC.

e F(>150GeV) = 0.06 c.u.

e Soft 0.1-1TeV spectrum (I'=-3.1+ 0.3, £ 0.2
¢ Extension below MAGIC angular resolution (~0.1°).

sys)» NO break.
* MAGIC source displaced w.r.t. center of EGRET source.

* MAGIC source displaced to south of SNR center — correlated w. a molecular
cloud and maser emission.

e Hadronic origin of VHE emission favored.

3 g
T 160 ©
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1895 not w. SNR 189 " dlg] -5 Albert+ 2007, Apl, 664, L87



Microquasar vs Binary Pulsar?

Competing scenarios for VHE y-ray emission

MICROQUASAR BINARY PULSAR

Cometary radio emmission

Relativistic jets

Companion star
Compact object
of center

: ()
P
- . Be star /
Ultraviolet and Accretion disk Disk outflow
optical emission —
5 % y-rays \

p Microblazar




D =2kpc

Binary: Be + compact, P=26.5d
Compact: NS or BH

Periodic radio bursts

X-ray bursts at f=0.4-0.6 (Rosat,

X-Ray binary system with radio jet = p1QSO?7 (other

RXTE)
known y-ray binaries: LS 5039, PRS B1259-63, by HESS Radio jets (precessing): = pQS0?
Cygnus X-1, by MAGIC) >100 MeV mesured by COS B
Orbit: high eccentricity (¢~0.7), P=26.5d = correlation w. radio bursts

GeV emission (EGRET) variable,
max. at $=0.5 > correl. with
X-ray variability

TeV emiss. & variability (MAGIC)

X-ray vs TeV correlation
jets longer than binary separation
-> leptonic channel favored

Normal star:  BO main sequence star, ~18M,
a Be star with circumstellar disc

Compact star: BH/ NS <4Mg

Distance ~2 Kpc

MAGIC observation: 54hrs total

T T T S S S B O S S S S S S S S SO S S T

}.;-( ¢=0.73 |

05

PiN '
y R -,

Casares + 2005 |

- SR YR

To observer




X-ray binary system: Be star orbiting unknown object (P, = 269.4950)
VHE flux variable in the phases 0.5-0.9

Point-like TeV peak @ ¢$=0.65 (quiet @ periastron)

Constant slope: T (E > 400 GeV) =-2.6£0.2 (AL, =0.2)

+  Maximum of ~ 16% Crab flux.

LS| +61 303
... cont’d

Ten points at equal phase intervals from ® =0to ® =0.9,
with MAGIC observations (where available) on the right.
The periastronis at ® = 0.2. 29
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Orbital phase

Variability averaged over several orbits 30



- ... conclusionson LS | +61 303

periodic (26.8 * 0.2 d!) VHE y-ray emitter
spectrum compatible w. PL for all obs’s (I" = 2.6)
No radio / VHE y-ray correlation found

X-ray / VHE y-ray correlation found

Leptonic production of both emission (SSC) favored



e BH binary: (21+8) Mg BH and (40+10) Mg 09.7 lab, P=5.6d, i=252-652,
* High/soft, low/hard x-ray spectral states: function of dM/dt ?
e Steady VHE flux, <~0.01 c.u. .

e Strong evidence (4.1c post-trial significance) of intense short-lived [1h-24h]
flaring episode discovered by MAGIC on 24-09-2006.
* VHE flare coincident w. x-ray flares (Swift/BAT, RXTE/ASM and INTEGRAL).

e Soft 0.1-1TeV spectrum (I'=3.2 £ 0.6, + 0.2
e Extension below MAGIC angular resolution (~0.1°).

sys), NO break.

e Radio-nebula produced by the jet (Gallo ‘05) interaction with the interstellar
medium excluded.

Albert+ 2007 ApJ 665, L51
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count/cniis

count/SSC/s

* These flares happen near the max of a ~326d
super-orbital modulation (Rico’08), thought to be
caused by precession of accretion disk.
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TeV Blazars

Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Spectral Energy Distribution

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk
2 A eV keV MeV GeV TeV
logvEy

\ Klein-Nishina
| suppression

B e e e i

380 Arc Seconds 17 Arc Seconds : ; : : :
88,000 LIGHTYEARS 400 LIGHTYEARS ‘break : - ; -

Vsyn,o‘ min Vsyn,o‘br Vsy n,0,max Vssc.o.max

logv

Kino+ 2002, ApJ, 564, 97

» TeV blazars: highly variable, NT emission
* All'but one are HBL (high-peaked BL Lacs)
» Emission: leptonic (mainstream)




Active Galactic Nuclei
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absorption ©  Yiax

eV keV MeV GeV TeV

IACT

Klein-Nishina
suppression

Lsyn,o

Lssc,0

break :
: Ymax

break

-

v:ayn,r:._mjn

\'{;yn,nihr Vsyn,ﬂ,miﬁ vasc.cu.ma:-'.

logV



| Mrk 421, corralation Optical - GeV' [E = 200 Gav)
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Log vF(v) [erg ecm~2 s-!]

Jul/Aug & Nov/Dec 2007

3C454.3 (S+E)SC model
7=0.859 Ghisellini+ 2007 -
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Particle acceleration in AGNs: where?

Radio Imaging of the Very-High-Energy
v-Ray Emission Region in the
Central Engine of a Radio Galaxy

The VERITAS Collaboration, the VLEA 43 GHz MB7 Monitoring Team,
the H.E.5.5. Collaboration, the MAGIC Collaboration®

The accretion of matter onfo a massive black hole s believed to feed the relativistic plasma jets
found in many active galadic nuclei (AGN). Although some AGN accelerate particles to energies
exceeding 102 alectron volts and are bright sources of very-high-energy (VHE y-ray emission, it is
not yet known where the VHE emission originates. Here we report on radio and VHE observations of
the radio galaxy Messier 87, revealing a period of extremely strong VHE y-ray flares accompanied
by a strong increase of the radio flux from its nucleus. These results imply that charged particles
are accelerated to very high energies in the immediate vicinity of the black hole.

ience 5, AAS (2009)
Sc\e



oy [KEVIS] A2 2
ey Do [0 "em 5]

D, i [4Y]

20

sy
=

1.5

0.5

M87: VHE y-rays, X-rays, radio

M A
™= |VHE Instrumants I |

8 ERTAS o A .
i A MAGIC p..' I l |
L | * pEse _51 1 | I 1
1R 2 i | i
. 2l ta et

;" i %'y LT . |

I~ res=0.10 Eosier | | ceesty ; e
=~ 50 nights (95 hr i | ke |
~ of data) Time fi.
. in01-05/2008 ol I?‘
L e e e e e e e s T |. ; .|_
~ 1 1 I . 1

Chandra (218 kav} >
[T et \\‘.,——‘2‘(')_—
e _
B i Brmaaaa

i '---'“""'&"‘"'-----.

_ [viBA (43 GHz) c
- ®  nucleus ir= 1.2 mas) res=0.21 x 0.43 mas
C ®  peak flux density =30 x 60R, @ 43 GHz
: i car ox
& - . nuclear flux range
| | -‘_‘—‘—~—._\_\_\_\_ j
_h-'f H““""""JF.!" *1 before Feb. 2008
[iF] l.p: 2007 [iF] .Jultauw o \‘.':In‘ll 2000 0 J'lr: 2008 0 Apll' 2008

Time

ot ~ days (€ MAGIC)

e

. .
f R - - O

2008 Apr.

Declination Offset (milli-are sac)

10 18 20 08 00 -
Right Ascension Offsat (milli-are sec)

1.3
1.0
B8
B
&
I
g .
B -2
T.a
2.s
=B
] . .
E 1.4 2008 Feb. 25 F 2008 Apr. 5
E 1 Lral Avesage sublbiocio
E E
.

05
Right Ascansion Ofisel (milli-are sec)

A0 15 .20 08 0.0



M87: Conclusion

Temporal correlation of nuclear radio/x-ray and VHE emission.

Brightening of M87 nucleus within 50 R..
Region of particle acceleration in proximity to BH.

VHE obs’d first (no strong intrinsic yy asorption),
peak radio flux delayed because of synchro self-absorption.

Importance of high-frequency, high-resol. radio obs’s.



logvE,

Synchrotron-Self-Compton emission:

what changes as a function of activity states?

SSC model parameters:
EV kEV MEV GEV TEV Plasma blob:; R, B, 81-

Electron pop: n,, a.;, a.,,

7brl Vmin ymax
EBL: Ueg,(2)

\ Klein-Nishina
suppression

I’.—syn.ﬁ

Lssc,0

S'i.?'ilf : :
absorption ©  Yiax

break break :
: Yior Yrax
break break
"Ymin
‘break -
Vﬂyn,n__mjn \'{symmhr %}'mﬂ,max vﬁsc.n.ma X

logV



Log vF(v) [erg cm==2 s!]

... SSC parameters vs source activity: Mrk 421
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... different variability pattern 2>

Mrk 501: Suzaku, Fermi/LAT, VERITAS, MAGIC (Acciari et al. 2011 in press)
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Conclusion on Mrk 421 variability

e Only B, v,,...» O appear correlated with source state.

®Y, ..., INCreases in high states =
high state <> particle acceleration.
eBandvy, ., areanticorrelated asimplied by synchro emissivity
if Vg, ~ cONst.
e Even in high states: Compton component isin Thomson regime.



Gamma-Ray Bursts (GRBs)

® Most energetic explosions since Big Bang (10°* erg if isotropic)
® Astrophysical setting unknown (hypernova?)

® Emission mechanism unknown (hadronic vs leptonic, beaming,
size of emitting region, role of environment, ... ... )

e Cosmological distances (z >> 1)

but ... missed naked-eye GRB 080319B (z=0.937) E 1':'3':{1

5 [

i i- '-:':':.

£ s

E 10°; : HESS

E 2 ~ MAGIC

e MAGIC
HE+VHE data crucial to I g ST
constrain/unveil emission 10 & : g
mechanism(s) ]
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Intrinsically:

Nearby: z=0.937

Brightest ever observed in optical
Exceedingly high isotropic-equivalent
in soft y-rays

Swift/BAT could have observed it out
toz=4.9

1m-class telescope could observe
out to z=17

Missed by both AGILE (Earth
screening) and MAGIC
(almost dawn)

next BIG ONE awaited !!
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Search for dispersion of light from GRBs Bl / Eq
QG effect induced by deformed dispersinn relatinn e

If Hamlih:}nlan eq. of motion: XIS
- energy-dependent velocities for massless particles [EEEEY
-2 lmpiu:atmns for EM signals from disiant ashuphysmal SOUrces

—>Vacuum responds differently to propagation of patncles of different E = cf. ordinary plasma
->'QG medium'’ to fluctuate on scale A~ Le=10- cm on imescale t=h/Er = cf. thermal fluct's in plasma, &=1/T
Time delay (wrt ordinary case of v=c): | '

= sensitivily facior BRI T and 5t the ime structure of the signal)
GRBs: 6t ~0.001 s, L~ 5000 Mpc, E 2{] MEU -2 n~1

100 s 2 TeV

pulsars: &t~ s, L ~3 kpe E~eV = n~10Mm
SN la: ~ TS ru._w,.f“ru“ Mpc, E~eV 3 n~07




Probing Quantum Gravity

If Gravity is @ Quantum theory,

at a very short distance it may show a very complex
“foamy” structure due to quantum fluctuation.

Lang Wavelength

™,

Use gamma ray beam from AGNs/GRBs

A Ll to study the space-time structure

Short Wawvelenth
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E

| : A 1y
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A P IRl I eIl \isible time delay ~ 1 - 10 sec
P )\l (T : - .

Linear deviation:

Qa2
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... in general:

V=c[1+&(E/Ey) + &, (E/Eqe)® +- ..

E oz kL
1st order At ~ f— — =¢ —
Ea:gr; H Er;f'; &

MAGIC Mkn 501

Eqe > 0.02 M,

HESS PKS 2155
Eqs > 0.04 M,

Whipple 1999, prL 83(1999)2108
Eqg > 0.005 M,

GRB X-ray limits:

Eqs = 0.001...0.01 M,

... but in most scenarios
At ~ (E/Epe)® a>1

» VHE gamma rays even better
P Mrk 501: Eyg > 3-107° M, a=2
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MP, Rephaeli & Arieli 2008, A&A, 486, 143

Cosmic Rays in quqxies Rephaeli, Arieli & MP 2010, MNRAS, 401, 473

MP & Rephaeli 2010, MNRAS, 403, 1569

Ne(y) = Neo?V? 7Yy, ...v=100
F,=5.67x 1022 (rs3/d2) Ne,o a(q) Bla+1)/2 (V/4><10+6)_("|_1)/2 erg/(s cm?2 Hz)

synchrotron = (= ~]—3 { d *)2 {’fl GHz )
T V0.1 kpc Mpc Jy
T ¢ . 15 ; g—1
N.o = 5.72x 1075 ¢ a(q)"'B~"2 25072
-2 .
T 2 [ 1-q0~ = 2.06 22 9503 o 1 -4
A Y ( b J.Ii..:l II.. ' B 2
[ e Ve, Dme . J‘.;-’l ' l (g — 2) alqg]
U, + U, ~ B = & — IT'C Np(L) I dl
‘ 8 Uec — [pNJT)TdT

_ (25 % 107292 14+ k(q)
Beq = |7.46 > ].D_l' - - I — 2
q— 2 alq)




_ U fi:; Np(T') T dT _ Ty=few keV
U. fTu N(T) T dT
S SRR
T2 o0 ; .
SA2omy | [ T(T4mpe’) L 4+2Tm, dT
T T : TS
2 T » 2
0 12Tome fT T(T+mec?) | L2 +2Tm. dT
[ EI i
= 5\ 2l
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M82 parameters: d=3.6 Mpc
r(starburst)= 300 pc
frn, = 10 Jy

2.=0.71 > q=2.42

B =~ 95uG

Nep = 107% em™*
U, ~ 20 eV cm o
U, = 200 eV cm >

fogldv)

1 1 P 1
V . P P V P
i . i i V i
1 . 1 1 P 1
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i

L(8—1000um) =2.2x10* erg s 1

- SFR ~10 Mgyr-!

vgy ~ 0.3 yrl




VHE y-ray emission

u g(= 100MeV) g,(= 1TeV)

Drury+

analytical approximation 41 046x 107" 1.02 x 10~17 | 1994

42 058 x 107" 49 % 10"
43 0.61x10713 2.1 x 10718

L(z¢€) = f gz enU,dV s 44 057x10°°%  81x107"
v 45 0.51x 107" 3.0 x 107"
46 0.44 x 107" 1.0 x 10~Y

My, = 2x108 Mg
Up =200eV cm™3

L>100Gev =1.6x 1039 S_l 9 F>1 00GeV — 10_12 Cm_2 S_l

External disk: r>0.3 kpc

Gas: flat, thin, exponential disk: Mg=2.5x10°Mg

U, = 200 (R/Rgy)2 S(R) = £(0) €*/Rqg

L>1OOGeV = 1.5X1040 S_l 9 F>100Gev = 10_11 Cm_2 S_l

2(0) = 7.5E+22 cm-2
Ry=0.82 kpc



—> Total flux from M82: F.4p0gev = 1.1x10711 cm=2s-1

T
110 T — Ty — T — T —rr T

numerical treatment

10" F

... same structure parameters,
mag. flux frozen in ionized gas 10
(Bocnyy=72)
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2. Particles vs Field 10

Equip. Energy

Enargy Density (cm 3

injection part. spectrum: q=2 10
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N, ~ 104 om-? N L SR BN R IRE L
N/N, (>>1 GeV) ~ 100, " “ - EiGe)
B,~ 300 uG




- e Per'suc Rephaelu &Arlell 2008, |- IC

.l- L.LARl

" EEIEE S -
||||'l|'l|'l'|l|'i'rl| 'i'l||i'|l|l'|ll'i'|i'|l|l'|lrlli'ﬁrl'lllllln'lil'l'i'l'ﬂlll -u'r-\.-IT'_"EI
" EEIEE omriEnn (BN N NI 1

Rl R NE R L

By - 5:355555:::3:: + ..:'f;_ .::- b
=10 cm2s-! A S S ——

T

3 FA

F.100Gev =

- 2.5)(10_12 Cm—2 S—l ceammept . i r- Ceemmmpeaa ":. ., -:::.::::.. ipemenn v-- :,EE.E.EE.EE-.-.:-.:.:,:::"
s . L. . J‘. . . [

::I::::lllll’ll‘ﬁ1l1

||||'l|l|'lll|l'!q|l|'l|i|'p||'||'|'|||l'|l|lll|'fli‘|l|l'|.~illﬂﬂ | [ AN IR NL .1 LR JLELL JNRENINL N LA L

"'H"f'flllﬁ?"'."F'FI"-II.I-'n'"'-"I'J!'n'-lh""n" R UL b b R REFRrE VLR IR Iv F N

||||:l|_'ll:l!!!'i"'l_'l|l|'l|i|'l||'||"i'|||i'|l|l'|ll'l'|i'|l|l'|lrl i'i'lrl'l _Iln:lill:l:i:l:g |||i'|'|'|'|'l'|l|l|'l|'li'l'l!!__

[ BN T 7] [ NN T F,: T mrimn 1om o . " B WY LT 1 o omEEEE

- :!: I :E;;‘-ﬂ:;::::-- L. -EI!-II-Q- "I. -Il:-l-lb :::-ﬁ I- I:- -.;'-: ...:. "_: iz oam 1 -----.

'EI!llll!l"'!l!'l'i ARIBIZIZAZ pI il H ! ! l'!"!!iﬁl!!!!'!!l!'!l“

. . LI ENENE T JTIT ] ' . LRI TR R N TN

IIIIII-I-TI-IIIIIIIII-IIII-III-Illlll-r-lllllllll--lll- IERN 1 (RN ITRTL INRRRTRT N TRV

IIIfll'.l'l‘ll'l'rlIll'll.l'lll'll-l'lIll-illl'lll'flwllﬂl'llrlll-nrl'lll‘.llll'lil iy I'I l||||'|'|'|1'l'll|l|'l|'l|'i1l1
CRL]L] [N T I eI I NI n

|||rl|-|!:l|-rrl|lrl |-|-|||r|l|l-|lrr|r|l|l-r1rl||-|-|rl-llli‘rlll-rl EIIFTITIT IS I I T N

[ TN NTIT [ RN NN T] = 1 mramn ] IIJ [T IT] .Ial imna = o omraamm I = omEEEE

11cn  JURI R R A N AN AR U h) hh.

Ciaiim -I.-I-IJJJIH -.-l.-l-la..lhl.
e g L B =g =gy .--|.-|-\.-\.-|.||:
el U N BE T I-'-'"'-"I'I'I'|'I|II'|""|"I|'I'-'-'|I|II' -
e o ot N D] Tl e i B "

LT

L] 1 ®EnimEn L] HE 1 EEIENIN "IIIII
LR FE RN LR LRI R RN LR I RS LR R

(L[N CELLIR!
FlRiaiatakalmm H‘I 'H'?I'I..‘Il'l."l' T

Eahan BN N JYF

IU.-.-'.-!-IJF.'!I!.. -L. ME L] Ry N
L] HE 1 EEIENIN L]

m e R ARl =R

b
i
AT T ] TR Ao :!.I
[}
I

el L

[N ] |'I TR % Tenyr
L L

FREI
-

:-:e-e-u-u:i:-:iz- :'-

~1/3 sens. of MAGIC 2 for 50hr
~1/2 sens. of VERITAS ¢




Energy x dN/dE [ cm™2s"]

k.
1
-
ha

107"

10*
Energy [ GeV ]




E% x GAMMA SPECTRUM (MeV em 2 s

=
L

SRR L LR R A /ﬁ L I

1077

=
&

1

=
s

i YVERIT AS XX&
Persic ¢ al. 2008
de Cea et al. 2009
Best-Al power law
® Ferml 2009

-

-

)
N
3
N,
N
~
D
-~

[ig i 1P 10° 107
PHOTON ENERGY (MeV)

Physics Today
Jan. 2010



... same goes for NGC 253
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Figure 1. Radic measurements of the SB and entire disc regions of NGC Figure 2. Steady-state primary proton (dashed line), primary electron (solid
253, The solid line is our fit to the emission from the 5B region; the dashed line) and secondary electron (dash—dotted line) spectral density distributions
line 1= a fit to the emission from the entire disc. Data are from Klein et al. in the central 8B region of MGC 253,
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Figure 3. Spectra of HE emission processes inthe disc region of NGC 253, Figure 4. Integrated high-energy emission from the disc region of NGC
Radiative vields are from electron Compton scattering off the FIR radiation 253, The total integrated emission from the disc region of NGC 253 is
field (datted ling), electron bremsstrahlung off ambient protons (dashed shown in the grey region, reflecting uncertainties in the observationally

line), = decay (dash—dotted line) and their sum (solid line). deduced parameters.
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Cosmic Rays and Star Formation

CR - SN relation (Ginzburg & Syrovatskii 1964)

% Fermi-I mechanism = SNRs

/

% SN rates, massive star formation

T-ray (direct) 3
~ 1] —
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6\0 \\(\6\‘(6(“{‘\25 Ser VEd Ml\kV Wavuon
"; Tty i\’(\(’“ pormali?
- vl
oV
Arp220 > U, ~ 476 eVcm3
NGC 253 - 125
M 82 - 111
Milky Way - 1

LMC - 0.2



NGC253 > U, ~ 125eVcm™ [ST@ particl
| rate
M 82 > 111 | accel. eff.

Ar'p220 - 47\6 \ U ,\,% (VSN T ) (TI

Milky Way - 1N/
electrons’
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CRs < SF: conclusion

Strong CR production:
“*universal acceleration efficiency of SN
“» Fermi acceleration at work (NR strong shock)
“*particles/field equipartition

- use radio data to study CRs in distant SF'ing gal.s
<+ y-ray emission (isotropic ..)






