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[amMMa-acTPOHOMMUA BbICOKUX 3HEprum

PaboTarouwme ycTaHOBKM!:
132 ToBHbIX UCTOYHUKA 1 VERITAS
2. HESS
1873 [3BHBIX UCTOYHMKA 3 MAGIC
4. Fermi
Particle Detector Arrays 5 Al’g ﬂ-Y bJ
Satellites (ARGO-YBJ, HAWC, Milagro, Tibet AS, 6. Tibet-lll
(Agile, CGRO, " '
Fermi, ...)

Imaging Air Cherenkov Technique
(CANGAROO, HESS,
MAGIC, VERITAS, ...)
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Where are the cosmic ray pevatrons ? -90

Iﬁ HELMHOLTZ
GEMEINSCHAFT



O00onNo4YKkM CBepXHOBbIX — rNaBHbI€ UCTOUYHUKU
rafiakTM4eCKmMxX KOCMUYECKUX ny4vyeu

1.1933 — baage v LiBnkkn — B3pbiBbl
CBEpPXHOBbIX — UICTOYHUK KOCMUYECKNX
nyyem

2. 1949 — ®epmun — TeOpUSA YCKOPEHUS
KOCMUYECKUNX JTyyen

3. 1963 — [nH36Yypr, CbipoBaTCKNUN —
nepexoq 10% KWHETUYECKON SHEPrn
obonouek B aHepruto KJ1 goctato4veH
anga oobAcHeHusa ranaktndeckux KJl

radio polarization in red (VLA),

X-rays in green (CHANDRA), 4, 1977 — 1978 -Kpbimckuin, benn v gp —
optical in blue (HST) Teopus YCKOPEHUS Ha yaapHbIX BOHAX
Ho A0 CUX NOP 3TOMY HeT S. 1993'19?6 — Eepe>|<KO nap.—
HaAeXHOro 3KCnepumMeHTarlbHOro HENMNMHEeNnHas Teopusi yCkopeHusi Ha
AOKa3aTtenbCcTBa YAapHbIX BOJTHAX.

6. 2003-2005 — benn, bepexko n d®enbk,
[TycknH 1 3npKaLwiBunu — ycuneHme
MarHUTHOro nons Ha PoHTe yaapHOM
BONMHbl — Emax ~Z-101 eV
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The best candidate? RX J1713.7-3946
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Tycho SNR might now be the best case

* Tycho detected with both Fermi-LAT and VERITAS

¢ | eptonic model strongly disfavored
¢ No cutoff in VERITAS —acc time = SNR age — max proton energy > 300 TeV

e But beware drawing strong conclusion from spectral modeling. Also very
weak source, both in Fermi-LAT and in VERITAS
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[TpoeKTbl (BbICOKME aHeprnmn)

MexayHapoaHble:

1. CTA (2017-18) - ~150 mnH. EBpo (?)
2. HAWC (2014) - ~30 mnH. gonnapos
3. LHAASO (2013-2018) ~150 mnH. gonnapos

Poccumnckue:

1. TyHka- HISCORE
2. 5@5 (A.M.bbikoB 1 gp.)

[1na nccnenosanna gmanasoHa aHeprnn >20-30 TaB HyXHbl LUMPOKOYroSibHbIE
ycTaHoBkM ¢ nnowaabto 10 -100 km? . MNMpoekT TyHka- HISCORE noka3sbiBaeT
KaK MOXHO cAernaTb TaKyl YCTaHOBKY B pa3dyMHOe BpeMs 1 3a pa3yMHble LEHbLIM




YcTaHoBKa TyHKa-133:
175 onTnyeckux geTektopa Ha 3 Km*

51" 48" 35
103° 04' 02" E
675m a.s.l.
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NoBepgeHue sHepreTUYECKOro cneKTpa u MaccoBOro COCTaBa YKa3biBaeT
Ha Nnepexoa OT raJlakTUYEeCKNX KOCMUYECKUX Jlyyeil K BHEeralakTuueCKum
npuv sHeprum Bbiwe 1017 3B.




Cratyc 2013 roga

CUMHTUNANALUUOHHDIE
CTaLMnN YCTAaHOBKU
KASCADE-Grande

B Mockse

HauaTto co3paHue
NAamma-teneckona

YcTaHOB/EHbI
20 pagnMoaHTeHH ANnA
peructpauuu LLUAJI




Tunka-HISCORE : wide-angle Cherenkov
gamma-observatory

\ <

Area : from 1to 100 km?2

HISCORE — Hundred* i Square-km Cosmic FOV ~ 0.6 ster

( 30 )
Origin Explorer

Energy threshold ~ 20 TeV

Total cost ~ 50 106 Euro



Collaboration

Tunka-HiSCORE
Germany Russia
Hamburg University(Hamburg) MSU( SINP)( Moscow)
DESY (Zeuthen) ISU (API) (Irkutsk)
MPI (Munich) INR RAS (Moscow)

IZMIRAN (Troitsk)
JINR (Dubna)
MEPHI (Moscow)
ASU (Barnaul)
IKFIA(Yakutsk)



Main Topics

Gamma-ray Astronomy

Search for the PeVatrons.
VHE spectra of known sources: where do they stop?
Absorption in IRF and CMB.
Diffuse emission: Galactic plane, Local supercluster.

Charged cosmic ray physics

Energy spectrum and mass composition from 104 to10'8eV.
107 events (in 1 km? array) with energy > 10* eV per one season (400 hours).

Particle physics
Axion/photon conversion.
Hidden photon/photon oscillations.
Lorentz invariance violation.
pp cross-section measurement.
Quark-gluon plasma.



N(>E) E erg cm*c’

50 events or 5 RMS,
T =500 hours

OTanbl pa3BepTbiBaAHUS
YCTaHOBKMU

1 -1 km?, 4 PMTs per station ( 8"’ PMT)
2 — 1 km?, 4 PMTs per station (12” PMT)

2’ — mounting of matrix in each mirror
+ net of mirrors

(S=2m?2, 7-10 FOV, with imaging)
(not yet simulated)

3 — 10 m2 muon detectors

4 - 10 km?, 4 PMTs per station ( 8’PMT)
for 12’ PMT (not yet simulated)

5 — 100 km? (8" PMT)



What we can see with 1 km? array (short list)

Flux F at 35 |Time of
RA Flux Fatl TeV, TeV, observation |Number of events
Name dearees Decl | 10%2cm2 slTeVl | 10%cm?2 s |per one year |per one season
g r 1Tevt  |(x 0.5- weater [E> 20 Tev
(from Milagro)ffactor)
Tycho SNR 0.17 0.05
(J0025+641) 6.359 [ 64.13 =195 05 236h 88
32.6 .9.0
Crab 83.6329 |22.0145 —26 03 162.6 9.4 110h, 680
SNR 1C443 0.58 0.12 2 —(from MAGIC)
(MAGIC J0616+225) 04.1792 22,5300 =3.1 0.30 P88 9.5 112h, 50 ( from Milagro)
Geminga
MGRO C3 98.50 |17.76 37.7 10.7 102h, 80
PSR
0.25 0.12
|M82 (Starburst Galaxy) [148.7 [69.7 =25 06 02 325h, 22
IMkn 421 (BL, z=0.031 50-200 i
Variable ) 166.114 |38.2088 =206 140h 20 - 1000
1.42 0.33 041 140 ( from
SNR 106.6+2.7 337.26 [61.34 |=2.29 0.33 70.9 10.8 167h VERITAS
(J2229.0+6114) 0.30 235 ( from Milagro)
Cas A (SNR, G111.7- 1.26 0.18
b 1)[6] 350.853 [58.8154 =261 024 0.2 177h 40
CTA_L(SNRPWN) |5  [128 %32 X 266 h 200



http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/J0616.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/J0616.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/Mrk421.htm
http://icrr.u-tokyo.ac.jp/~morim/TeV-catalog/CasA.htm

MeToguka perncrpaumm
N PEKOHCTPYKLUNN COObITUN




Methodical approaches for 3 stages

1. Shower front and LDFsampling technique (at the first stages).
Angular resolution — 0.1 deg,
X..o Measurement for hadron rejection.

2. Using of small mirrors net with cheap matrix of PMTs for imaging
technique.

3. Using of large area muon detectors for hadron rejection.



Tunka-HISCORE - 1 km?

1 stage

150 m

-ﬁﬂ\1m

Total light—callecting area: 0.5 sgm

400

Winston cone

AT =~ 206mm




JHepreTM4YecKkmnim NoOPor YePeHKOBCKUX YCTaHOBOK
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[1lyTV NOHUXKeHnA nopora

Ey, ~ ( Sdet. '1)'1/2 (Tsignal )1/2

. Mcnonb3oBaHne KOHYCHbIX CBETOCOOPHMKOB - nnowaab PIY yBennymBaeTcs
B4 paza ( K=1/sin? (tet) tet=30 - K=4)

. AHanoroesoe CyMMMpOBaHNe CUrHarnoB B OAHOW CTaHUMKN S yBenu4insaeTtcs
B npa3 (n-—uucno ®IY B cTaHUun) n =4

. YMeHbLUeHune Tgqn, A0 7-10 HC
. QE max = 35-40%

. YBenu4yeHue 4yBCcTBUTENBLHOCTN PIY K yrnbTpadpunonetoBoMy CBETY - NOKPbITUE
wndrepamn - B 1.5 -2 pasa.



Yrnosoe paspelueHue
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PPOHT — KOHYCHbLIX — yron pacTteopa
179 rpap — 6e3 onpeaeneHusa ocu
JINBHA TOYHOCTb OKoso 1 rpag.

BoccTtaHoBneHne yrna TosnbKo rno BpeMeHam npu
domkcupoBaHHOM yrne KoHyca ( yctaHoBka Themistocle)

No 5 AeTeKkTopam.



Y3KoyrosibHbiM ( FOV -0.05 cTep) 4epeHKOBKUM
AeTeKTop

OguH OJY (20 cm gnametpa) unm
<= Martpuua ®3Y

Yron ob3opa 7-10 rpagycos

3epkano, nnowanb 2 m?2

Oxnpaemas
cTouMMOCTb: ~ 0.5 MnH.
py6 3a ctaHuuto
(3epkarno + MexaHuka
CNexXeHus)

dparMeHT 3epkana Ha OCcHoBe
neHononuypetaHa ana getekropa (OUNAN)



Tunka-HiSCORE — 1 km?2

stage 3: 10000 m?2 muon detectors

(1% of array area)

N, events

200 Attt

- v EAS, 0 =40°

%I 30 TeV proton — 2-6 muons

100 |
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Rejection of hadron background

by 10 times at 20-30 TeV

Scintillation detectors developed in Mephi



ROHCTPYKLMA YCTAaHOBKWU

1. OnTnyeckasa ctaHUuuS

2. Cucrtema cbopa




OnTnyecKaa cTaHUMA raMmma-Tesieckona

400mm 1,2, 3, 4 — penuTenu v NpegycunuTenu

Winston cone

PMT ~ 206mm Avtoa Ha usmepurens copmbli
1 2 3 4 |— CUrHarnoB

T T T K cymmaropy
( Ana BbIpaboTKN TpUrrepa)

KoHTponnep
. = o aBneHns RRISSEE

anaBne!-wIe cBetoanon
KpbILWKOW

~500mm

Y
ObGorpeB
BXOAHbIX OKOH
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doTOyMHOXKUTEND

1. R5912 (Hamamatsu) ( 8”)
QE max -23-25%

2. 9352 KB (Electron Tube) (8”)
6 QMHOO OB
[dunHoabl n3 CuBe
Liena 1300 eBpo, 1000 ®3Y B ropg

3. R7081 (10") QE max - 35-40%
5000 eBpo

4. R11780 (12”) QE max - 35-40%
cenvac — 10000 eBpo , byger
cHmxeHa go 5000 eBpo

5. B HacToswWwEee Bpemst obcyxagaetca
TakKe BO3MOXXHOCTb NPON3BOACTBaA
dpoToyMHOXNTENA C NoNycdeprnyecKkum
dooTokatogom OornbLLION nNnoLwaau

Ha npegnpuatnm M3J13-O3JY B Mockse.
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Cucrema cbopa crauuu
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—— Mweson 1 —
_I—' Agn ¥rpaeneHne = Data E
DRS-4 cHOpOM JaHHSD 1 1t b-—ﬁmtel-'h [
—~AnHon 2— W CHHDOHMEILMEH (G Eth)
Oweson 2-
Uatw nokankHom
3 BPEMEHA
—— o0 3—| Moy =Fp Sy
copoescanm || Magyns[* Channel T HOST
I—SYSM 100 MHz

DRS-4 - DRS ( Domino Ring Sampler) 4 —
9710 9-BX040BOU OUNGPOBLLUMK POpMbI cCUrHana
c warom go 0.2 Hc B 1024 Touvkax

CtonmocTtb — 80 eBpo.




CoBpemeHHOe coCToAHne
3 cTaHuuMun c oceHn 2012
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F(R)/cm2

—=—Pr30 TeV 4
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—u—He 30 TeV
— Pr 100 TeV
Gam 100 TeV 7
He 100TeV

600

1: Qeff =0.07

2: Qeff =0.10

T =25 ns

T=10 ns




Tunka-HiSCORE — 1km? e —

2 stage

Total light—collecting area: 0.5 sgm

150 m

mnu R7081 10”

j—lam amatsu




>
Efficiency N 2 5 detectors
| | T
100% - —]
20 Te 1-st stage
50 TeV
10% - 7
2 stage

min 5 detectors ]
64 det. g=0.1, s=0.5m2, rate 23 |
— 64 usual+49 sensitive: |

with g=0.14, s=0.75, rate 49

1% —1 ] - L

10’ 10° 10°

E (TeV)



Tunka-HISCORE - 1km?

2% stage

150 m

300 m

Installing

matrix of
MT,
mage technique

2m 2 mirror,
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50 events or 5 RMS,
T =500 hours

1 -1 km?, 4 PMTs per station ( 8"’ PMT)

2 — 1 km?, 4 PMTs per station (12” PMT)

2’ — mounting of matrix in each mirror
(not yet simulated)

3 — 10* m? muon detectors

4 - 10 km?2, 4 PMTs per station ( 8’PMT)

for 12’ PMT (not yet simulated)
5 — 100 km? (8” PMT)



3 stations in_ October 2012

|

S=1 km?, 60 stations, 150 m step, 240 PMTs (150 PMTs are available),
1 M Euro, 2012 -2014

Decreasing of Increasing of
energy threshold area of array

S =1 km?, 60 station with S =10 km?, 225 station ,
240 PMT (10”) + 15 mirrors 200 m step, 1000 PMT,
(S=2m?) 5-6 M Euro.
- Without matrix of PMTs ’
- With matrix of PMTs Choose new
Cost: 5 M Euro. Place for deployment
l S =100 km?, 2000 station,
10000 m? scintillation detectors 1 PMT in station
(1% of the whole area) 10-12 M Euro

— 2-5 muons from 25 TeV protons
Cost: 20-25 M Euro.
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