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The Hundred*i Square-km Cosmic ORigin Explorer

Cosmic-rays: 100 TeV<E__<1EeV

Gamma-rays: Ey > 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 km?2

W10 R ST (o Mol AV VRN OGRS @ 2011AdSPR..48.1935T, astro-ph/1108.5880
http://wwwiexp.desy.de/groups/astroparticle/score/

http://tunka-hrjrg.desy.de/
http://de.wikipedia.org/wiki/HISCORE
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Why do we need a large area ?
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Energetic events

are rare.
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Physics motivations
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Physics motivations

Gamma-ray
spectra and
morphology Origin of
cosmic
Diffuse rays
Gamma-ray

emission
Non-
standard
Propagation

Particle
acceleration

Dark
matter

Particle physics

UH
_i_i_i_
L2 ¥ Universitdat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Q
Oy, DF

Deutsche

Forschungsgemeinschaft
Cosmic-ray 0) .
spectroscopy \
U
$

Cosmic-ray

Anisotropy
Nucleon-
Nucleon

interaction
ﬁ HELMHOLTZ

| GEMEINSCHAFT

martin.tluczykont@physik.uni-hamburg.de




- UH
Cosmic rays
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Cosmic ray origin
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The Pevatron energy range

EZ%N/dE / erg cm? s
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Openlng the Pevatron range Universitéit Hamburg
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EZ%N/dE / erg cm? s
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Accessing the pevatron sky: large area

The HISCORE detector
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The HISCORE detector
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The HISCORE detector
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The HISCORE detector
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The HISCORE detector P G verstat Hamburg
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The HISCORE detector
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The HISCORE detector

Deutsche

area: E ] GHz sampling | _synch. | .

= Picturé: Serge Brunier
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Physics potential of HISCORE

(gamma-ray astronomy)
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Opening the Pevatron range

EZ%N/dE / erg cm? s
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Opening the Pevatron range
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Opening the Pevatron range
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Opening the Pevatron range
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Potential HISCORE detections
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Tunka site exposure map
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Tunka site exposure map

Field of view: 1t steradian
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Tunka site exposure map
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HISCORE
scan, 1 year

Tunka site exposure map

Fiist HE.S.S. Field of view: Tt steradian
Galactic plane

Scan
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HiSCORE current status and plans
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Tunka valley
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Russia

1 km? dense array

%“Laf? Energy threshold 10" eV
T;; core position resolution ~ 10 m
/. energy resolution ~ 15%

. X __ resolution< 25 g-cm’
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Low energy (GeV | TeV | PeV):
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Helmholtz Russia Joint Research Group HRJRG-303
Measurements of Gamma Rays and Cosmic Rays in the
Tunka-Valley in Siberia by innovative new technologies

High energy (PeV - EeV):
HRJRG-303: v
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HISCORE prototype @ Tunka
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| « . HISCORE prototype

installation @ Tunka §
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HiSCORE prototype @ Tunka
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Time synchronization Ut,:ivﬁ Hamborg
3 | 2 e R—
WhiteRabbit: PTP over synchronuous ethernet
> Synergies: CTA & HISCORE - same t-synch. geometry

> Consistent lab & Tunka field-test results: sub-ns resolution

| Clock synchronization (long term) | Enme:dt13180464 | Clock synchronization (long term) |

= Mean 82.95 o 96
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- " Over 2 km ethernet

10° = =
= rms ~0.17ns 86/
C 84—

10° = 82—

ol Stability LabTest 50 hrs 3
B N T %04 60 80 100 130 740 160 180
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« 2012: further prototype deployments

Area Effectiveness after Acceptance Cut
Square Grid, 150 m, 10 sg km

| 8inch PMT —— |

- 2013: engineering array (~60 stations)” | 2" —
> Proof-of principle & optimization i
> Potentially first physics: ; o
strong pevatrons F
e ~2015: 10 km? — 100 km? 1L : .
> Low-energy core (8" - 12" PMTYs) Bener v anth
> Optimized layout: graded ? Gamma: CTA

C.R.: direct measurements

> Possible combination with imaging technique
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HiSCORE goals:
= Ultra-high energy gamma-ray survey: pevatron search
= Cosmic ray physics from 100 TeV to 1 EeV
= Particle physics beyond LHC energy range

Prototype activities ongoing @ Tunka
(also planned later: PAO)

Engineering array (1 km?), HISCORE-EA:
= Start 2013
= Potential for 1* physics results

10 km2 - 100 km?2
= ~2014
= Southern site ?

Tluczykont et al. 2012, The HISCORE detector ﬁ HELMHOLTZ
Submitted to Astroparticle physics @ | GEMEINSCHAFT
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Opening the Pevatron range

integral flux sensitivity / erg cm? s
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Lateral Cherenkov Photon
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Lateral Cherenkov Photon
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Lateral Cherenkov Photon
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Tunka site exposure map
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Tunka site exposure map P Unicersitst Hamburg
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Simulation & reconstruction
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Reconstruction
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HiISCORE event display
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Reconstruction o
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e Extract PMT signal parameters DG © s
* Preliminary shower core position (cog)
* Preliminary direction (time plane fit)

* Improved core position:
light distribution function (LDF) fitting

* Improved direction: arrival time model

 Fit of signal widths
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Direction reconstruction U it Hamburg

Dth

>3 stations: model fit adapted from Stamatescu et al. 2359 e

Parametrization of time-delay dt at detector position

dt(k,z)=1<x/_— - \/_no(l—eXp('

c 008(6’) 2

k(r,z) =1 + 22 + 27z tan(6) cos(9)

cos(0)?

0 = ¢ + atan2 ((QUDet — 37c0'r'e)7 (yDet — ycore))

c HELMHOLTZ
I GEMEINSCHAFT

martin.tluczykont@physik.uni-hamburg.de




- - - UH
Direction reconstruction Universitit Hamburg
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>3 stations: model fit adapted from Stamatescu et al. 2359

Parametrization of time-delay dt at detector position

Slope of atmospheric

r: Distance from shower il
refractive index

core to detector Shower height in km

0 = ¢ + atan2 ((QUDet — 37c0'r'e)7 (yDet — ycore))

Zenith angle
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Reconstruction

. . DF Ec?n?stcsrfnrfgsgemeinschar’t
Direction: photon arrival time model

Energy: Value of LDF @ 220 m

Particle type: Shower depth and Signal rise-time
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Signal intensity [p.e.]

Energy reconstruction
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Particle energy:. Q220 = Value of LDF at 220m
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Energy reconstruction
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Particle energy:. Q220 = Value of LDF at 220m
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Shower depth reconstruction
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Time model method: one free parameter in arrival time model

LDF method: Depth from LDF slope, Q50/Q220

Width method: Depth from signal yidth
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Shower depth
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Shower depth bias

Systematic bias
> LDF & widths : sensitive to whole shower
Large overestimation for heavy particles  §
(long tails) 3
> Timing : sensitive to specific point
(edge time)
Small overestimation for heavy particles %

martin.tluczykont@physik.uni-hamburg.de

30

20
10

10 F
_2[] -
30 =
40 |
50 L&

160

140
120
100 |
80
60 |
40
20 |

20 +

UH
l.j-.l
L2 ¥ Universitdat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

_— e, Deutsche

=]

(2]
o

o] +
09960

= +
Timing method
+ x X
» b8

* X
gammas +

protons  x

iron nuclei @

+

+++++
.....

40 Lt

140

120 |-
100 |-
80 |-
60 |-
40
20

_20 -
40

++++++

L
102

10°
MG energy [TeV]

10*

v | UEMEINSUVHAF I




Particle separation
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Particle separation (1)
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Particle separation (2)
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Particle separation (3)
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Area Effectiveness
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Different altitudes

Different PMT sizes
Combination with other techniques (scintillator, imaging)

Area Effectiveness after Acceptance Cut
Hexagonal Grid, 85 m, 2.7 sq km
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