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HiSCORE

The Hundred*i Square-km Cosmic ORigin Explorer

● Cosmic-rays: 100 TeV < E
C R

 < 1 EeV

● Gamma-rays: Eγ > 10 TeV, up to PeV, ultra-high energy regime

● Particle physics: beyond LHC range

● Concept: non-imaging air Cherenkov technique

● Large area: up to few 100 km²

● 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

http://arxiv.org/abs/1108.5880
http://wwwiexp.desy.de/groups/astroparticle/score/
http://tunka-hrjrg.desy.de/


27.02.2012 martin.tluczykont@desy.de - HiSCORE - DPG T89.2 4

Physics Motivation

 

Particle physics beyond LHC

 Axion / photon conversion
 Hidden photon / photon oscillations
 Lorentz invariance violation
 pp cross-section measurements
 Quark-gluon plasma

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
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Cosmic ray physics

Adapted from Donato & Medina-Tanco 2008

Spectrum&composition in transition range
Galactic /  extragalactic origin

HiSCORE
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Origin of Galactic Cosmic rays

Gammas from Galactic 
Cosmic rays:

E
γ  

~ E
CR

/10
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Tevatron sky Eγ>100 GeV
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Pevatron sky Eγ>100 TeV

?
Where are the 
cosmic ray 
pevatrons ?
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Opening the Pevatron energy range

MGRO 
J2021+37

H.E.S.S. 
Galactic plane 
scan sources

?
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Opening the Pevatron energy range

MGRO 
J2021+37

H.E.S.S. 
Galactic plane 
scan sources

?
Need to extend energy range
→ very large detector  area !

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

The HiSCORE detector

150m

How to achieve large effective area ?

● Imaging air Cherenkov telescopes:
O(1000) channels / km²

● Non-imaging air Cherenkov technique:
O(100) channels / km²
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   Picture: Serge Brunier

The HiSCORE detector

150m

Cherenkov
light cone

Air
shower

How to achieve large effective area ?

● Imaging air Cherenkov telescopes:
O(1000) channels / km²

● Non-imaging air Cherenkov technique:
O(100) channels / km²

Ground-based wide angle array of light 
collecting stations
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   Picture: Serge Brunier

The HiSCORE detector

150m

Cherenkov
light cone

Air
shower

How to achieve large effective area ?

● Imaging air Cherenkov telescopes:
O(1000) channels / km²

● Non-imaging air Cherenkov technique:
O(100) channels / km²

Lateral Cherenkov Photon Distribution
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Lateral Cherenkov Photon Distribution
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Lateral Cherenkov Photon Distribution

Want large area
Want a few stations
In inner light pool

~100200 m spacing
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Lateral Cherenkov Photon Distribution

Low photon density:
Need large collector area

 0.5 m² per station

Want large area
Want a few stations
In inner light pool

~100200 m spacing
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   Picture: Serge Brunier

The HiSCORE detector

150m
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   Picture: Serge Brunier

The HiSCORE detector

150m
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   Picture: Serge Brunier

The HiSCORE detector

150m

Readout:
GHz sampling

1ns time
synch.

0.5 m² station
area: E

thr

Details on hardware:
Maike Kunnas, T115.7
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Opening the Pevatron energy range

MGRO 
J2021+37

H.E.S.S. 
Galactic plane 
scan sources
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Opening the Pevatron energy range

HAWC

CTA
LHAASO 
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Opening the Pevatron energy range
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Opening the Pevatron energy range

HiSCORE
Simulation & reconstruction

See: Daniel Hampf, T89.3
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Opening the Pevatron energy range

ZOOM
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ZOOM

Opening the Pevatron energy range
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ZOOM

Opening the Pevatron energy range

E~100TeV: absorption in ISRF relevant
E~1PeV: strong CMB absorption
   → use cutoff feature for distance measurement ?

Absorption by
e+e- pair production

Moskalenko et al. 2006

Pevatron scaled to 
known bright VHE 
sources
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Absorption

Absorption by
e+e- pair production

Moskalenko et al. 2006

MGRO J2031

@ 100 TeV
< 3% absorption

@ 3 PeV
< 25% absorption

See talk by
A. Maurer, T91.6
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HiSCORE Stages and current Status
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Stages
→ Prototype 0 developed
→ Deployment of proto-0 @ Tunka: 04/2012

● Engineering array HiSCORE-EA @ Tunka ~2013
→ 25 – 50 stations = 1 km²
→ Proof-of principle & first physics

● Small array @ Pierre Auger site ~2013/14
→ 4+ stations
→ study possible combination with Auger
→ 35° S

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

20
1

4
20

1
3

to
d

ay
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Exposure @ Tunka

Tunka site exposure map

Field of view: π steradian
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Exposure @ Tunka

H.E.S.S. SCAN

Tunka site exposure map

Field of view: π steradian
First H.E.S.S. 
Galactic plane 
scan

HiSCORE scan
normal mode
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HiSCORE “pointing” = tilting
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Zenith, no tilt South
tilt = -20°

H.E.S.S. SCAN
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HiSCORE “pointing” = tilting

D
et

ec
to

r 
ax

is
 T

ilt
in

g

Zenith, no tilt

North
Tilt = +20°

South
tilt = -20°

H.E.S.S. SCAN
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Future stage

10 – 100 km²

→ Learning from previous stages
… Optimized detector layout
… Possible combination of techniques

→ Southern hemisphere: Galactic plane
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Future stage

10 – 100 km²

→ Learning from previous stages
… Optimized detector layout
… Possible combination of techniques

→ Southern hemisphere: Galactic plane
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Hardware

Prototype 0

C
o

n
e s eg

m
en

ts

PMT + Cone top view

Prototype 0: 2-channel-station
Engineering array: 4-channel-stations
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Hardware status

85 ElectronTubes PMTs 9352KB in stock and tested
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Summary

● 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 km²), HiSCORE-EA:
➔ Start 2013
➔ Potential for 1st physics results



Backup slides



Extension: outer clusters, +42 modules 
for outside events
(Kuzmichev 2011)
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Cosmic ray physics
Adapted from [Blümer et al. 2009]

SCORE

Measurement of shower 
maximum
Over wide energy range
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Particle physics

HiRes (Poniatowski)

LH
C

SCORE

Knee energy

Depth ~ first interaction:
Measure pp-cross section

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

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

Starting 04/2012

G. Rubtsov, I. Tkatchev (INR)

A. Konstantinov, L. Kuzmichev (MSU)

R. Vasilyev, N. Budnev (ISU)

R. Wischnewski, C. Spiering (DESY)

F. Schröder, A. Haungs (KIT)

M. Tluczykont, D. Horns (U. Hamburg)

HiSCORE and Radio
detectors @ Tunka

Innovation
Proof-of-principle

Synergies
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Helholtz Alliance Astroparticle Physics
HAP

● 17 Institutes
● UniHH: 1 PhD position & 1 Postdoc position
● Goals:

➔ Cross-calibration
➔ Meas. Cherenkov contribution to Fluorescence
➔ Investigate the potential of contribution to Auger 

using Cherenkov air technique.

● Timeframe: 2012—2016
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Pevatron spectra

● Expected 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

HiSCORE-EA
1 km²

10 km²
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