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HISCORE
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. Cosmic-rays: 100 TeV<E__<1EeV »

« Gamma-rays: Ey > 10 TeV, up to PeV, ultra-high energy regime

i

« Particle physics: beyond LHC range

« Concept: non-imaging air Cherenkov technique
« Large area: up to few 100 km?

« Large Field of view: ~ 0.6 sr ,
2011AdSpR..48.1935T, http://arxiv.org/abs/1108.5880

http://wwwiexp.desy.de/groups/astroparticle/score/
. : http://tunka-hrjrg.desy.de/
‘ | / http://de.wikipedia.org/wiki/HISCORE
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Physics Motivation

Gamma-ray Astronomy

VHE spectra: where do they stop ?
Origin of cosmic rays: pevatrons
Absorption in IRF & CMB
Diffuse emission:

« Galactic plane

* Local supercluster

Charged cosmic ray physics

Composition
Sub-knee to pre-ankle
anisotropies

Particle physics beyond LHC

~ Axion / photon conversion

Hidden photon / photon oscillations
Lorentz invariance violation

pp Cross-section measurements
Quark-gluon plasma
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Cosmic ray physics
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Spectrumé&composition in transition range
Galactic / extragalactic origin
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Origin of Galactic Cosmic rays
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Gammas from Galactic
Cosmic rays:
E ~E /10
Y CR
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Tevatron sky Ey>100 GeV
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Pevatron sky Ey>100 TeV
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Opening the Pevatron energy range

KASCADE U.L.
MGRO
J2021+37
¥

H.E.S.S. :

Galactic plane [
scan sources

—

=
-
-

n
o
E
o
. O
| ™
@
—
|
|
-
-
[=7]
| ™
a
| £
Y D

—

=
-
%

Tluczykont at al. 2012 (in praparation)
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Opening the Pevatron energy range
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KASCADE U.L.

?

Need to extend energy range
- very large detector area!

Bonus: No hard IC gamma rays
Beyond 100TeV (Klein-Nishina)

Tluczykont at al. 2012 (in praparation)
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The HISCORE detector

: _ = | S P’ictuke:__Sefgé; Bruni‘er '

How to achieve large effective area ? '

» - Imaging air Cherenkov telescopes
O(1000) channels / km?

. Non- -imaging air Cherenkov technlque
~0(100) channels / km?2
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The HISCORE detector

: _ | | e 5 P’ictufe:__Sefgé Bruni‘er'
How to achieve large effective area ? e |

» - Imaging air Cherenkov telescopes
O(lOOO) channels / km?

. Non- -imaging air Cherenkov technlque

2
O(100):Chafipels / ki Ground based Wlde angle array of Ilght

collectlng stations
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The HISCORE detector

Lateral Cherenkov Photon Distribution

B 10Tevy
100 Tevy

How to achieve large effective area ? - "

* - Imaging air Cherenkov telescopes
O(lOOO) channels / km?

Non- -imaging air Cherenkov technlque
O(100) channels / km? ~
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Lateral Cherenkov Photon Distribution

Bl 10Tevy
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Lateral Cherenkov Photon Distribution
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Lateral Cherenkov Photon Distribution

v =

Bl 10Tevy
B 100 Tev y

Want large area
Want a few stations
In inner light pool

S100=200 s pacing Low photon density:
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The HISCORE detector
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HiCORE detector station cncept

< Tk

The HISCORE detector
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Total light—collecting area: 0.5 sgm
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The HISCORE detector

- Picture: Serage Brunier
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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Opening the Pevatron energy range
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E~100TeV: absorption in ISRF relevant
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Absorption

MGRO J2031

— Source @ (8.39151116,-0.22503492,0.03680669)

1.0

@ 100 TeV
< 3% absorption

@ 3 PeV
< 25% absorption

See talk by
A. Maurer, T91.6

" Absorption by )
i o 2[—e+e- pair production £
10° Moskalenko et al. 2006 %% ¢
E[TEV] OI- R Ll vl 1 ||||||Tr..::.;:.1':l'r::||| Loovrnan
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HISCORE Stages.and current Status
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Stages

f if ; .
Ly Prototype 0 developed
— Deployment of proto-0 @ Tunka: 04/2012

Tunka air shower array, Siberia, 51° N, 675m a.s.l.
Search for the acceleration limit of Galactic sources

-

e -

= Sy s = -l—"lh-'i'_l -"—__'_,.. e _'_. i -:- .—ﬂ - - .
El = =

4 e it O o
& ::;_ H= "Em ,,1_} imuugmrn n-ﬁ i

. Englneerlng array H|SCORE EA @) Tunka ~2013
— 25 — 50 stations = 1 km?
- Proof-of principle & first physics

« Small array @ Pierre Auger site ~2013/14
- 4+ stations
- study possible combination with Auger
e, 5300

T 1N v % - .
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Exposure @ Tunka

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

% s
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Exposure @ Tunka

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

mmm 394 h . 274 ]

mmm 376 h EEm 2el ]

== 357 h s 251 ]

— 340 h — 241 1

— 318 h 1 229 |

— 296 h — 216 ]

O 272 h /) 201 ]

__ == 246 h = 186 ]
. m== 222 h == 1711
== 197 h == 152 ]

=== 171 h m— 131 ]

mmm 145 h 110 ]

- ‘¢ mmm 117 h = 57 h

Zenith, no tilt s S0 h mmm 63 h

mmm 67 h m— 36 b

mmm 32 h = 17 h
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HISCORE “pointing” = tilting

mmm 394 h . 274 ]
mmm 376 h 262 ]
== 357 h e 251 |
—= 340 h — 241 1
— 318 h 1 229 )
— 296 h 1 216 |
/= 272 h 201 ]
— 246 h = 186 |
= 222 h /= 171 1]
== 197 h /= 152 )
== 171 h e 131 ]
mmm 145 h 110 ]
mmm 117 h Emm 27 h
mmm 59 h mmm 53 h
mmm 67 h B 36 h
mmm 32 h mmm 17 h
s 1069 ]
B 853 h
= 716 h
— &25 h
C— 558 h
. 3 506 h
3 462 h
"o = 415 h
120 . m=m 379 h
b == 334 h
296 h
North 256 h
Tilt = +20° 218 h
174 h
s 122 h
s 67 h
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Future stage

“. 10 - 100 km?

- Learning from previous stages

... Optimized detector layout

_ ... Possible combination of techniques

- Southern hemisphere: Galactic plane

T e
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Future stage
i - . . _
“ . 10 - 100 km?*
- Learning from previous stages
... Optimized detector layout
... Possible combination of techniques

- Southern hemisphere;

#
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"'-.otype 0

Prototype 0: 2-channel-station

\\u '\‘.l b
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Hardware status

. 85 E{ectro’nTubes PM’Ts 9352KB in stock alﬁ tested 4 .
: e o 4 { \\\ \ e
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Summary

1? %

HiSCORE goals:
> Ultra-high energy gamma-ray observation window

> Cosmic ray physics from 100 TeV to 1 EeV
> Particle physics beyond LHC energy range

“+ Prototype activities soon @ Tunka, later Pierre Auger

-« Engineering array (1 km?), HISCORE-EA:
> Start 2013
> Potential for 1% physics results

§ b S

' \ R qh & .
i . =
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Extension: outer clusters, +42 modules
for outside events
(Kuzmichev 2011)

Tunka-133 — 1 km? “dense”
EAS Cherenkov light array

1015 eV

Energy threshold

Accuracy: core location ~ 10 m
energy resolution ~ 15%
0 Xax <25 gcm2




Cosmic ray physics

Adapted from [Blumer et al. 2009]

A Auge
0 BLANCA
< CACTI
DICE
Fly's Eye
ir Haverah Park
HEGRA (Airobicc)
HiRes/MIA
@ HiRes
7 Mt Lian Wang
® SPASE/NVULCAN
Tunka-25
#*  Yakutsk

10 10
Energy E, [GeV]

Measurement of shower

maximum

Over wide energy range
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Particle physics

Knee energy

& (PP

o [pbar)

Fly's Eye, Alr Shower Data, corrected
AGASA Alr Shower Data, corrected

HiRes (Poniatowski)
:Depth ~ first interaction:

Measure pp-cross sectior_l_,__....%-

. i‘{.

- mis—

1e+d

s, in GeV

Further particle physics topics:

» Axion search: photon/axion conversion & reconversion - absorption-free propagation
» Hidden sector

* Heavy dark matter
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HRJRG-303
Helmholtz Russia Joint Research Group

o ﬁHELMHOLTZ

| GEMEINSCHAFT

“Measurements of Gamma Rays and Charged Cosmic Rays in the
Tunka-Valley in Siberia by Innovative New Technologies”

Starting 04/2012

HISCORE and Radio

G. Rubtsov, I. Tkatchev (INR) d @ T K
etectors UunkKa

A. Konstantinov, L. Kuzmichev (MSU)
R. Vasilyev, N. Budnev (/ISU)

* R. Wischnewski, C. Spiering (DESY) Innovat!on_
F. Schroder, A. Haungs (KIT) PI'OOf-Of-pI‘II‘lCIple

M. Tluczykont, D. Horns (U. Hamburg) Synerg|es

&
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Helholtz Alliance Astroparticle Physics
HAP

"+ 17 Institutes
 UniHH: 1 PhD position & 1 Postdoc position

e GGoals:

> Cross-calibration
> Meas. Cherenkov contribution to Fluorescence

> Investigate the potential of contribution to Auger
using Cherenkov air technique.

e+ Timeframe: 2012—2016

s s
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Pevatron spectra

. Expectéd reconstructed spectra: |
Pevatron spectra scaled to typical H.E.S.S./Milagro energy flux level

- Generate event list from spectra incl. Galactic absorption
(see A. Maurer, T91.6)

« Fold event list with effective area
« Fold Cosmic ray spectra (Hoerandel 2003) with effective areas

2

f . ~ /
126108 . (B V2. expl(—./ B ) 1ndL.] 1o 108 B \-2 o [E
426 - 10 ( Tov exp( \.-’l 300Tev ) . y 4.26 -10 ° - ( Tev ) < EA\I)I,\I‘,! 300TeV )

)
[ BN /
. A=1km? t=200h R=05 a=01 . A=10km? t=200h R=05 a=01

HISCORE-EA
1kmz

2.0 2.5 3.0 3.0 4.0 1076 ' 2;0 2'3 3.0
log( E/TeV ) log( E/TeV )
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