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THE HISCORE DETECTOR



HISCORE

 The Hundred*i Square-km Cosmic ORIigin Explorer
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HISCORE principles

Ultra-High energy regime: need large effective area !
Imaging ACTs: > 10000 channels / km?

Non-imaging Cherenkov light-front sampling
HISCORE: ~200 channels @fmz 7 7 T 7]

Array of detector stations W W W W W W W
100-200 m W W W W W W W W
el

Wwoow W W



HISCORE principles

Ultra-High energy regime: need large effective area !
Imaging ACTs: > 10000 channels / km?

Non-imaging Cherenkov light-front sampling

Array of detector stations W A_ir-shower W W W W
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HISCORE principles

HiISCORE detector station concept
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HiISCORE principles
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PMT signal [photoelectrons]

HISCORE principles

Imulation, E = 1PeV

Peak time

Arrival Time [nsl
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Reconstruction using timéo'
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and amplitude information

Gamma-hadron separation:
a) shower depth vs. energy
b) signal rising edge
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HISCORE @ Tunka

Within HRJIRG:

> Build an engineering array at the Tunka site
HISCORE-EA - 1 km?2

> Proof-of-principle

> Synergies with Tunka & Radio detectors
> First physics
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Me: “Look that's what we want to build”
My wife: “An! It's a milking machine!”

12/08/11

HiSCORE detector station concept
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Me: “Look that's what we want to build”
My wife: “An! It's a milking machine!”
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Me: “Look that's what we want to build”
My wife: “An! It's a milking machine!”
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Going beyond 10 TeV gamma-rays

Ultra-High-Energy Gamma-ray observations window
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Galactic Pevatrons

E~100TeV: absorption in ISRF relevant

» Galactic Absorption is relevant E~1PeV: strong CMB absorption
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0.8—
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5 06—
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Astroparticle Physics with HISCORE

Charged cosmic ray physics
/ Composition
anisotropies

Gamma-ray Astronomy | Sub-knee to pre-ankle
VHE spectra: where do they stop ?
Origin of cosmic rays: pevatrons \\
Absorption in IRF & CMB \
Diffuse emission: - .
B P_artlcle physics I_oeyond LHC
. Local supercluster A?<|on / photon conversion -
Hidden photon / photon oscillations
\\ Lorentz invariance violation
pp Cross-section measurements
Quark-gluon plasma

4
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HISCORE exposure

mmm 394 h
mmm 376 h
== 357 h
—= 340 h
— 318 h
— 296 h
/= 272 h
— 246 h
= 222 h
== 197 h
== 171 h
mmm 145 h
mmm 117 h
mmm 59 h
mmm 67 h
mmm 32 h

Tunka site exposure map

Field of view: 1T steradian
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HISCORE exposure

mmm 394 h
mmm 376 h
== 357 h
318 h HISCORE scan

—= 296 h normal mode
0/ 272 h

— 246 h
= 222 h
== 197 h
== 171 h
mmm 145 h
mmm 117 h
mmm 59 h
mmm 67 h
mmm 32 h

Tunka site exposure map

Field of view: 1T steradian

First H.E.S.S.
Galactic plane
scan
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HISCORE “pointing” = tilting
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HISCORE “pointing” = tilting
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HISCORE “pointing” = tiltin
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Event rate estimation

University of Hamburg:

e Spectrum — Generate random event list

« Fold with effective area, angular resolution energy response
e Estimate exposure time for individual sources

- Predicted reconstructed HISCORE spectrum

Moscow State University:
o Estimate exposure time for individual sources
« Extrapolate known sources spectra

-~ Estimated event rates
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Event rates
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Event rates

. . o L,
Efficient observation of large declinations @/,,b
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Event rate estimation

MGRO J2019+37
10° ¢ . . . . . .
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l'-'é 10 - [ ]
£ $
UET 'Folded with | peryear
S o |Detector response ; i
< i
preliminary 1 )
lﬂti.-il l.IE- l.IB 2.ID 2.I2 2.I4 2.IE- - 2.8
log( E/TeV )

12/08/11 HiSCORE - Martin.Tluczykont@desy.de 26



HARDWARE STATUS



Station mechanics

PMT + pone ;qp \hew -
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43 Applications Places System @@ @ B B,
D00 tk

Slow control Graphical User Interface V1.2 October 2011

List of stations

=L

Station 1 localhost 50015 50016

12.2011 - 19:38:29 ‘

poll

| no poll

ping station server |

restart station server |

exit ‘

2011-12-03 19:38:18.876233

m ftluczym@uh2ulastrone... ' tk
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Station laws—

cannot HV

Heating—Monitor
open on
shut 8
stop off

Messages

2011-12-03 19:38:18.875934: WARNING: polling stopped by user
2011-12-03 19:38:18.875719: start polling...
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Trigger & R/O
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Trigger & R/O

e DRS4 evaluation board

100—_ Lo o ~  Channel 1
han® 5 S e +  Channel 2
1ot AN P —— Channel 1 fit
R 2 SRR R Channel 2 fit
. n [l i, e G o B o i
AR ¥ b S P
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50 _:', A 4 n‘x 7 .
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a i
o 04 =
2 4 e
a AT hoe b, H
T £ ? L A\
[ . i e * ;; 3 i
K. W 4
—50 Y / e
. Synergies with CTA | %, 4 o
TLE 4, o odTRY ex w7 N N el w
1 Nt Gty EME Phase difference of fits | <5, =&
e i corresponds to 1.2 ns s
| e e
#
-100 | R W
0 200 400 600 800 1000

DRS4 time bins at 5 GHz

* 4 channels with 1024 cells, up to 5 GHz sampling rate
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HISCORE 1st prototype at TUNKA 2012
PhD positions from Helmholtz Russia Joint
Research Group

HISCORE prototype at AUGER ~2012
PhD position from Helmholtz alliance, HAP

Engineering array at TUNKA:
start deployment ~ end of 2012

HISCORE: 10—100 km?in 2015 ?
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Summary

 Many physics cases beyond 10 TeV primary energy
The sensitivity goal is already reached by 10km? stage

* Detector fully simulated

 R&D advanced
80% of components developed

» Cooperation with TUNKA started
— Prototype deployment prepared
- Engineering array ~2013

Synergy effects with CTA

Further ideas:

Combination with radio / scintil. / imaging technique under stud
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Backup slides

e Reconstruction
* More physics cases
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RECONSTRUCTION

RECONSTRUCTION

GAMMA-HADRON SEPARATION
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Lateral Cherenkov Photon Distribution

10°
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Lateral Cherenkov Photon Distribution

10°E
a Bl 10 Tevy
= ggal 100 TeV
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Lateral Cherenkov Photon Distribution

10°

B 10Tevy
B 100 Tevy

E

~4 gtatfons inner light peaql
0

Large area: ~150 m spacing
L=

Low photon de
Need large collector area

‘ 0.5 m?2 per station

0 100 200 300 400 500 600

Distance from shower core [m]
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Shower core reconstruction

« Nstations < 5: weighted center of gravity

e Nstations >=5: Fit to LDF

LDF(r) — ;P e;cp(dfr) forr <crpr ~120m
\Q?" for r > cppr
r=r(z,y) = Va2 +y?

| delpth =I495 gllc:mgI .
depth =718 g/cm® -

P exp(d CLDF)

Q =
(CLDF)k
* Free parameters P, d, Kk, (X,y).
Nstations >= 6: c.pr free parameter

Signal intensity [p.e.]
)

e To come:

use width for outside showers 0 50 100 150 200 250 300 350 400
12/08/11 HiSCORE - Martin.Tluczykc _ Core distance [m]




Shower core resolution

40 ——— T T
0 centre of gravity ©
€ 3B @ LDF fit without trafo X -
= LDF fit with trafo +
S 30 rF -
e 25 -
§
- 20 r o -
S X
g 15 O] O .
Q.
o 10T xxxeooooOO'
O
O 5r FXxxx¥x -
0 “l2 | ........3 4
10 10 10
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Direction reconstruction

« >3 stations: model fit adapted from Stamatescu et al. 2008,
Parametrization of time-delay dt at detector position

UCOES (f_ 005(9) Ve (1 I (;3)))

1
2,2
k(r,z) =r"4z c0s(0)° + 27z tan(08) cos(9d)

5 — (b -+ atan?2 ((SUDet — fcco're)a (yDet T ycore))
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Direction reconstruction

« >3 stations: model fit adapted from Stamatescu et al. 2008,
Parametrization of time-delay dt at detector position

Slope of
r: Distance from shower atmospheric
core to detector refractive index

Shower height in km

k(r,z) =r® + 2°

cos(f)?

5 — (b -+ atan?2 ((SUDet — fcco're)a (yDet T ycore))

12/08/11 HiSCORE - Martin.Tluczykont@desy.de



Direction reconstruction

« >3 stations: model fit adapted from Stamatescu et al. 2008,
Parametrization of time-delay dt at detector position

Slope of
r: Distance from shower atmospheric
core to detector refractive index

Shower height in km

Free parameters: height & direction \
) Zenith

Results in good angular reconstruction re
And rough 1% order shower max. estimation



Angular resolution

“with 2 ns jitter ©
—. 06 }© with 1 ns jitter X _
D ideal synchronisation +
O X
— 05 F o -
S +
S5 04 o) -
= X
3 + O
© 0.3 F x © -
‘_!E + X O o)
gﬂ 0.2 L % ) O 5 0O 090 4
< 01} ToX XXX X x XX -
T+ 4+ + ++ + +
0 A | L gl ] P R 1
10° 10° 10
Energy [TeV]
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Energy reconstruction

» Smallest impact of shower depth on photon
density at 220m

Q220
103 T T T T T o1 7 45 o i o ]
=495¢g/cm, °* { __ i i
-718¢glem® + ] E 40 [©
—_ . 1 @ )
03104 E T 4 8 35 B -
o F .. 1 o
= F Tt ] & 30 7
2 S
S 10° t 1 8 [ o ]
= 1 © 20 } 4
© ] 8 0]
g) 2 ° ~ 15 } -
5 107 F 9 > )
(0))] ]
{ 20| ©00,009%0 -
c
101 1 1 1 I | 1 LU B m
0 50 100 150 200 250 300 350 400 0 N el e
Core distance [m] 1 02 103 104

Energy [TeV]
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Signal intensity [p.e.]
o

—_
o
\}

10

1

Shower depth reconstruction

Ds:
Depth from LDF slope, Q50/Q220

Q50 Q220
| delpt = 495 I/cmgI .
=718 glcm”
0O 50 100 150 200 250 300 350 400

1Z/U0/11

Core distance [m] ,
AIDCUKE - Ividrull.

Signal width [ns]

Dw: Depth from signal width

signal-stacking: add signals with
same core-distance

effective at core-distance > 150m

45
40
35
30
25
20

I I-./

cliepthl= 49:5 g/crlng - i
depth = 718 g/cm”™ //

50 100 150 200 250 300 350 400

Core distance [m]



Shower depth reconstruction

 Ds: e Dw: Depth from signal width

Depth from LDF slope: Q50/Q220  signal-stacking: add signals with

same core-distance
Q50 Q220

~ Same core distance: stack stations

103 ' ' 1500—_ * 8 8 8 & 8 8 & 8 8 8 8 8 8

—_ . 1000:— s 8 8 s 8 s 8 s &8 8 s @

Q 104 2 — - s s 8 s . s . . s s s

& TR e 2 L e e e a & 8 & = 8 . o
P — 500

5 = - e e e s 8 8 8 @ s =

5 103 | S _ - . e 8 8 * * @ .

E E .E. O » » B e B T B LA ol e

— @ > PR o« s sifs s @ .
g S I

.2 | O e e e e s 8 8 8 @ .

7)) 10 2 -500— . @ * s 8 s s @ .

’ i , | _1000:— «a & a &« & & & & =& -

10 - e & & = ™ . @ . .

0O 50 100 150 200 250 300 350 400 [ e o e o o ® s o 8 o @

Core distance [m] . -15007 1 1 1 1 | | | | I | | 1 1 1 1 | | I | I I | ,O
1Z/U0/ 11 HAISUUKE = IVIdrun. -1500 -1000 -500 0 500 1000 1500

X [m]



Shower depth resolution

@)
o

Combination of LDF
and width methods

i
Ul

Ul
=

i
LN

=~
O

W
("))

W
=

N
Ui

Shower depth resolution (1 sigma) [g/cm™2]

==
o
=

10° 10° 10
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Gamma-hadron separation (1)

600

Garrfma—ra}y.rsI —
Frotons
500 | lron nucle; i

400 |- - -

300 1 .

Mumber of events

200 -

100 | — -

-200  -130 -100 -50 0 50 100 150 200
Width depth - Timing depth [g / crnE]
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Gamma-hadron separation (2)

600 . . . . | | |
] Gamma-rays
B Frotons -
500 - lron nuCle T
2 400 ] .
= —
= -
3 i s
o300 | — -
i
2 -
E _—
= 200 } B . .
100 | | — | -
0 J’_ | | s
1 1.5 2 2.5 3 3.5 4 4.5 a8

Signal rise time [ns]
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Gamma-hadron separation (combi)

2 | 1 Wt
1.8 Q0 ©

*% L Egamn'la + o 0,
:é‘ 1.6 Eb;l X =
% 1.4 | © g
2 12} 0 0] -
m
]

.1 | —
.% o)
E 0.8 F -
R + N
o 0.6 i + + + -
< + +
5 04| X i
2 X bt
5 02} X " .

X W X
0 2 — Ia.
10 10
Energy [TeV]
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Effective area @ reconstruction level

o B
E Zenith<25 deg
Em? gAfter reconstruction & gamma—hadron1separat|on . . —
108 =
i —— Gamma-rays
10° = Protons
- Helium
N —— Nitrogen
B —— lron
| I | | il I | | 1 | | | | | | | | | | | | | | | |
Reconstruction cuts: 1.5 2 25 3 3.5
log(energy / TeV)

« > 3 triggered stations
» Contained reconstructed core impact position
. Seglarator > 400
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PHYSICS

PHYSICS CASES
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Gamma-Ray Sky, E>100GeV




Gamma-Ray Sky, E > 10 TeV

UHE Gamma-Ray Sky (S = 5 g, E = 10 TeV), May 2009
90

-180




Gamma-Ray Sky, E > 100 TeV

UHE Gamma-Ray Sky (S = 5 5, E = 100 TeV), September 2009
90

o detections|yet — but wh

aaruniy
1




Gamma-Ray Sky, E>100TeV

Energy ranges for gamma- and/or cosmic-rays
1P+ i
*?/,\ |
— . ma-Ray Sky (S = 5 o, E = 100 TeV), September 2009
1
o | 90
c?t.-'l
5
= 104 -
[T}
g
Ll
g 1091
T
T SCORE / HiISCORE
energy range
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i CTA _ CR GZK
1010 , wmma ____CR oot
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Gamma-Ray Sky, E>100TeV

Energy ranges for gamma- and/or cosmic-rays
R |

— ma-Ray Sky (S = 5 o, E = 100 TeV), September 2009
1

2| o
v 90
q‘t."l
5
= 104
[+ 1]
g
wl
g 1091
=)
T SCORE / HiISCORE

energy range
gamma & CR
1081 i \
TUNEKA .
L CTA N oR AUGER | 6% | Knee'energles
10 1 gammla V| 1 cR Iut-off
b 10 10 10 100 10° id 1° E -~ PeV
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Ey ~ 100 TeV




Gamma-Ray Sky, E>100TeV

Energy ranges for gamma- and/or cosmic-rays
R |
— ma-Ray Sky (S = 5 o, E = 100 TeV), September 2009
|
2| _
v a0
q‘t.r'l
5
= 10t
[
g
w
g 1091
o
T SCORE / HISCORE
energy range
gamma & CR
108+ | \
TUNKA )
L CTA N oR AUGER | 6% | Knee'energles
10 1 gammla V| 1 cR Iut-off
hd 107 107 10 10° 10° iAo 10 E — PeV
Energy (TeV) CR 180

Ey ~ 100 TeV

Pevatrons must exist !
Need better sensitivity @100TeV




Cosmic ray physics

T T T T T T T T
HiResl ——  Akoro20 -2 MNorikara BLANCA © P —
HiRas!l Akang s SOKOL +--e--- Tihat ® i G
HiFesWlA - AGASA | v | JACEZ ¢ : Peoton Satallita PL 81
Fly's Fys iw-g - HP Grigorov Runjob @ Q:é'w'w
-as07 L fascade QGSJlet C1 Hp @ L1 - 4
o <gscads Shyll +---e- 4P Fe @ il ]
_E Auger Hybrid @ Yakutsk I T B - .
‘;tﬂ Mager S0 i ) _H...Hf‘lm““ht "‘*E:ia 4"&‘5 a?ﬁﬁarﬁ By L
'E ’ a i ':‘I: gl; B ‘-I x; r- L
SR
O, o8 "?a 52 ;e
= B L
a6 bi{bﬂﬁ ¢ __
N vl
('I:l_l L :
5 .-'.‘:_,'.‘;‘.'-'" . o i
s Adapted from Donato et al. 2001 )
100000 L 1 e ! X ! ! 1
1000 10000 100000 "+ 1e+07 12+08 1e+09 12-10 1e+11
Enan
_ _ + Adapted from [Bllimer et al. 2009]
./ Amenomori et al. Science 314, 4391%2@64) 10°F Haer 2008, Tyear
o] ]
1.0 @
40 Hi >
1.0 E
z 2 £
20 Hellotall+ Gl - ;
0 5
aH—1 E_
Abbasi et al., http://arxiv.org/abs/1005.2960’ B 3
.. T NN TY T9WYE Jesx Y ®
. A w ‘ 0.9¢
\\ LR & il E’ ________ qpanenmz=m= e - Yaltsk T500
005.2960 - | 0.6 = 10 T hy sEI;hSCORE 10 yrs
2010 — .= IceCube 22- & ve
90 . . - s.tring - . O.J" _.- 1 [ T R | I 1 L b | 1 1

10" 1020


http://arxiv.org/abs/1005.2960

Cosmic rays Particle physics
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Galactic supercluster

o LERET HESS.
= ﬁ*H : .PE'I. i—ﬂ Mila il
UHECRSs o= 10 . -_“l'\gm SCORE
-‘h 10-10_ ’#'—_—'___, \fnsilivity:‘hyrs} ;// 2zl
: . . 10'11: “1 / AUGER —
« confined in local supercluster g T ScoRe {II
- 10-12_ (sensitivity 3 yrs) .
; . = \ 7%
* CR - CMB interaction =per s .
- Intergalactic pair cascades % » Wi v
10
- =
 Expect diffuse gamma-ray U
e m i S S i O n 10-16 Kneiske et al. (in prep)
_ 10° 10” 10" 10" 10” 10" 10" 10" 10" 107 10" 10" 10*
 Kneiske, Lodz 2009 Energy [eV]

Point-sources from AGN ?

|IC Pair-cascading
Haloes ?
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HARDWARE

HARDWARE STATUS
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Hardware status

PMTs 25 Available / tested Await further delivery 75

DRS4 R/O 25 Avalilable / tested

HV supl/div 5 Available / tested

PlugPC 25 Avalilable / tested

Microcontroller 25 Available / tested

SlowCtrl board Prototype available, Developing final version
tested

Sensors Available / tested

Trigger Protype Summer Fall-back: internal DRS4
Developing full board trigger

GUI-client | server Available / partly tested  Further development

connection Full test with all station

mponen HH
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Hardware status

a4 Central DAQ
WIUAN or eth-ca

Local DAQ
Trigger 12V OR 220V

W || GuruPlug PC ‘

Power supply

PMTs + base
biov

Slow control
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HiISCORE prototype @ Tunka

» 2 prototypes in 2012

* Cross-calibration with TUNKA Cherenkov

» Potential of joint operation with muon detectors
* Synergies with radio detectors

* First use TUNKA trigger / DAQ

* During 2012: develop HISCORE local trigger

» 2012+ start deployment of engineering array for
proof of principle and first physics
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HiISCORE prototype @ Tunka
9

85m

@ O

_-Close to-centerof cluster~2-m-.

Cluster 5, trigger bof(‘
iSCORE |
Station
Trg @ Tunka
Optical wire DAQ

Eth Signal
HiSCOR% “cluster”

trigger box
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Current activities

Local trigger development (UniHH)

Improvement of Tunka time-synchronization (MSU)

Alternative time-synchronization (UniHH, KIT)

Finalizing slow control (UniHH)

DAQ software (UniHH)

Phenomenology (UniHH, MSU, Grisha?)
Simulation & reconstruction software (UniHH)

Prototype station tests (UniHH)

Preparatory work for prototype deployment (MSU)
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SIMULATION

SIMULATION
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Shower simulation

Air-shower simulation CORSIKA 6735 [1]:

using the hadronic interaction model Gheisha [2]
Including the iact Cherenkov photon package [3]

« Gamma, H, He, N, Fe
* 1/E powerlaw from 10 TeV (H: 5 TeV) to 5 PeV
* New production using Fluka planned

12/08/11 HiSCORE - Martin.Tluczykont@desy.de

70



Detector simulation

Full detector simulation — sim_score [5]:

» Using iact package I/O routines, provided by [3]

* \Winston cone acceptance included by ray-tracing simulation

« PMT quantum efficiency (Electron Tubes 8" PMT, data sheet)
 Electron collection efficiency

 PMT signal pulse-shape parameterization [4]

« Afterpulsing simulated w/ P = 10" at 4 p.e.

* Local trigger: sum of 4 clipped channels

* Night-sky background (including pulse shaping), added to signals
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Winston cone acceptance

100

I i
— 95%
I 90%

Transmission [percent]

0 | | | | | |
0 3 10 15 20 25 30 35

Angle of incident light [deg]|
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PMT simulation

» Wavelength-dependent QE simulated
* Photomultiplier response including afterpulses

[ 2.e-4"exp(-x/5)*exp(-(x-1)*(x-1)/(2"0.670.6)) |

2 1
w

<] -
2 10F 10"
& F =
E =
|— 10-2§
[11] =

10° &

104 &

107 £

i
550

R I I I -7 B
600 650 107 =
wavelength / nm 0

I I | L1
450

| L1 I I
500

III|IIIII |II
300 350

400

5 10 15 20 25 30 35 40
Response / p.e.
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Effective CR trigger area

area/ m’2

150 m station spacing
Local station trigger-threshold: 180 p.e.
Array trigger: 1 single-station trigger
No grading, no cells

10°®
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Effective CR trigger area

o
< B CLIPPING SUMMING
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Expected night-sky background trigger rate

Separate NSB simulation, 4-channel station:
 NSB-rate from measurement in Australia [Hampf et al. 2010]
* Arrays of Photon times: equally distributed random numbers
* Pulse shaping + afterpulsing

* 4-channel coincidence trg:
— channel-amplitude-clipping
— analog sum of 4 clipped signals
— discriminate sum

« Resulting noise file: 2s in 1ns bins

* Noise added segment-wise from file to simulated air-shower signal
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Signal and noise

di [
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Expected night-sky background trigger rate
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Hadron parametrization

Hoerandel 2003: polygonato model
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Station hadron trigger rate

» Simulated average number of stations ber bin
* Folding with polygonato model

» ~13Hz single station hadron trigger rate

__ Integral cosmic ray trigger rate, single station:
= R,ption = 12.9 HZ

—
Q

R, ..{E) / Hz

—
IIII| L

102

'3 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
10 1 15 2 2.5 3
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Array hadron trigger rates

Trigger rates for E > 10 TeV, before reconstruction cuts
Detector layout: simple grid, 10 km? (SCORE)
Trigger condition: single station trigger

Proton 774 Hz
He 436 Hz
N 257 Hz
Fe 90 Hz

Array rate, all particles ~ 2 kHz
Single station rate ~ 13 Hz
NSB per station < 300 Hz
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Trigger rates summary
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Alternatives | Extensions

* Improvements of layout:

> 4-channel-cells, 7m X 7m: Operate each channel independently
2-by-2 sub-arrays for better low-energy reconstruction

> Graded array: decreasing station density towards array edge
maximizes area for large energies

> Daytime-measurements with scintillator material in lid:
100% duty cycle

> Muon detector: much better g/h separation
« Combination with imaging technique:

> provide core-reconstruction for low-density telescope grid
(even monoscopic ?)

> Instrumentation of larger area for highest energies
s.sx@mbination / cross-galiRration withradip.detection technique ?



Combination with IACTs

IACT image
in detector plane
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Combination with IACTs

» Sharing site infrastructure

Use SCORE stations for shower impact reconstruction

> improvement for large stereo angles

> monoscopic telescopes distributed on larger area.

E.g. CTA: same number of small telescopes but larger distances
giving higher Aeff | channel ratio !

« Caveat: observations constrained to station viewcone — might be
overcome by using timing stereo at large zenith angles.

 Working on ... testing this in simulation
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Expected pevatron signal

Assuming MGRO 2019+37 is a pevatron
(1deg extension, 3.49 10“ TeVcm*s'@ 12 TeV)

dN/dE = 4.26 10°2(E/TeV)* " ™[ TeV-iem’s’]

Fold dN/dE and HGrandel
w/ post-reconstruction area

Integral event numbers

E%dN/dE [erg/cm’s]
=

2deg source region

5 years observation time

—

=
L
jury

>100 TeV 4000 450000

10"
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EGRET: 3EG J2016+3657

HEGRA upper limit (Berk 87)
HEGRA upper limit, 1deg extension

. E x

MGRO J2019+37
pp—, fit to EGRET+HEGRA

------------ pp—y, extended pevatron component

SCORE sensitivity 1deg diffuse emissio
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pP-p cross-section

Correlation shower depth / first interaction
— measure interaction length in air o(p-p)

SCORE 17 < ECM < 170 Tev Khnee energy
Particle physics- S R I pnt
origin of knee ? g g -3

||

-

® Fly's Eye, Air Shower Data, corrected
& AGASA Ar Shower Data, corrected
® HiRes (Poniatowski)

Overlap:

LHC
CR experiments

12/08/11 F 1e+1 1e+2 1e+d 1e+d 1e+5



Propagation: Galactic Absorption & CMB

e'e pair production: Interstellar radiation °'8;‘
field (ISRF) and CMB T osf
estimate ISRF density %o.{_
CMB well known: distance estimate? oo
Weakening of absorption by: o ‘°£jim‘° ot

Moskalenko et al. 2006
Photon |/ axion conversion in Galactic Magnetic field

Photon / hidden photon oscillation
Lorentz invariance violation (modification of e’e threshold)
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