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M3MepeHme CnekTpa ATMOCADEPHBIX MIOOHOB MMEET AOATYIO MCTOPMIO.

AAA DTOTO MOHAYAAY MCMOAB3OBAAMCH (KPMBBIE MOTAOLLLEHMSA) B BOAE MAM B TODYHTE, 3ATEM
MArHuTHble cnekTpomeTpbl (MUTRON), koTopble, OAHOKO, MMEIOT BEPXHUN MPEAEA M3MEPEHUN,
KOrAQ OTKAOHEHUI MIOOHOB B MATHUTHOM MOAE CTAHOBITCH MEHbLLE NPOCTPAHCTBEHHOIO
pPA3pPELLEHMS.

PaspaboTtaHHas B 80-x roaax Teopms NMAPMETPA (KokoyamH & lNMetpyxmH, 1988),
HE MMEET ONPAHNYEHUMN CBEPXY HO SHEPTUIO MIOOHA M MO3BOAIET MPOABMHYTLCH
B OOAQCTb CYLLLECTBEHHO BOAEE BbICOKMX SHEPIUMN.

[To3>Xe NpeAnPUHMMAAMUCH NOMbITKM MCMNOAB30BATL B Ka4ecCTBe [TAPMETPA HekoTOpbIE rOTOBLIE
yctaHosku (BAPC, MNMCT), OAHAOKO MX MAPAMETPLI ObIAM AQAEKM OT ONMTUMAABHOTO NMAPMETPA.,

Mbl NPEAAATAEM MCMNOAB3OBATH AAS DTOU LLEAM paboTatoLLMm AeTekTop WCDA aKCnepmumeHTa
LHAASO, mmeltoLLEero napameTpbl OAM3KME K ONTUMOABHbBIM.
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Crapsble Hosble (HAWC) 3

arXiv:1710.04290v1 [astro-ph.HE] 11 Oct 2017
o arXiv:2107.14475v1 [physics.ins-det] 30 Jul 2021
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Figure 2: (left) This is an event with a single muon crossing the northeast portion of HAWC with a zenith
angle greater than 88 degrees. (right) This is a double muon event traversing the breadth of HAWC starting
from the northwest. This double muon event was discovered when performing a visual inspection to identify
any background events.
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A 103 3 composed of 300 water
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125 tanks, each 7.3 min
Figure 3.38: Combined vertical integral muon momentum spectrum at sea Object detection 92 0 diameter and 4.5 m tall
level in the range 1 < p < 10° GeV/e. The data by Berger et al. are de- Filtering of candidate tracks 9 0

rived from the Fréjus underground experiment (for details see Rhode, 1993),
those from Matsuno et al. (1984) from the MUTRON horizontal data. The

: . ; Table 2: Comparison of tracks identified by all models for the same set of real data.
spectrum of Gaisser {1990) is the result of a calculation.

e Allkofer et al. (1971b) | O  Matsuno et al. (1984)
A Berger et al. (1989) - -~ Gaisser (1990), Theory
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PelLLugaemble 30A041

 What are the origins of cosmic rays?
— Are the accelerators of hadrons different from electrons?
— How high in energy can galactic sources produce particles?
— What are the sources of the UHECRsS?

 How do astrophysical sources accelerate particles?

— What is the role of the extreme gravitational an magnetic fields
surrounding black holes and neutron stars?

— How are particles accelerated within relativistic jets?

— Is there limit of the nature accelerators? What are they?

— How do GRBs release so much energy in such a short time?
« How do CRs propagate inside/outside our galaxy?

— What are origins of both “knees”?
« Fundamental physics & cosmology

— What is the EBL and how did it evolve?

— What is the dark matter?

— What are the tightest constraints on Lorentz invariance?

— Are there primordial black holes?

« Geophysical researches 5
Het MIOOHHbIX 1 HEMTPMHHbBIX 30A04
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/A CATCHING RAYS

[IIAASO ' China's new observatory will
3% F F A 8 intercept ult(a-mgh-ener Y y-ray

.,.AM\" h

LHAASO

in the eyes of
reporters from
Nature

12 wide-
field-of-view
air Cherenkov
telescopes

80,000 m? surface-
water Cherenkov
detector

1,171 underground
water Cherenkov tanks

5,195 scintillator
detectors
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Water Cherenkov Detector Array (WCDA) o

Chapter ] LEAASO Instruments and Detector technology Chin. Phys. C 46, 030001 (2
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200 m, 69 cells ray detection senmitivity. enlarging the sensitive pho-

tocathode of the PMT 1s considered as one effective way

to catch the famt signals. THAASO's upgrading design 15 . T

to replace the 8-inch PMT5s by 20-inch PMT5 m the other )y g it . '”— ~ a
two pools with total area of 55,500 m” (Fig. 30 and Fiz. LA H 7L 2k o e e e
31). The custonuzed dezign of the 20-inch PMTs using P, = T U Xz '.;.'_"".'.:I__xf vul .j,’f
multi-channel-plate (MCP) mstead of the traditional dyn- ol s -~
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150 m. 30 colls 150 m, 30 coll= )
Fig. 27. (color online} Layout of WCDA

Inket

Fig. 29.  (color online) Schematics of water recirculation
system of WCDA

Fig. 30. (color onling) Photos of WCDs mstalled in the first
pool (left) and the second pool (nght).

5m

Fig. 28. Sketch map of WCD.
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WCDA is a good frack instrument for HE inferactions measurements.

11
For example, it could be used as a pair-meter

Due to 3120 5m x 5 m x 4.5m independent sells I WCDA resolution is ~5 m or
10 times better than, for example, in lceCube.
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Journal of Astrophysics & bandey and Chauhan, J Astrophys
Aerospace Technology

] 2
Flux Determination through Ultra High Energy Muons by Using Pair-Meter

Technique
Sharda Pandey” and Satendra K Chauhan
ULV I - T
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———— PRS1
——— PRS2
—— PRS3
O ur model

. TH3 CONV Calculation of expected

e background UHE prompt muon flux
for 5 y exposure for 100 kT

Mass Pair-Meter as a function of

Muon energy

, 8

OTOT NP APMK MOKA3bIBAET
; oOXMaQemble Notokn UHE MIOOHOB,
il (BkAtoHas Mpamble) B 100 kT aeTekTope
jgt : EERREERS ACT.
‘ v " Emey) ¢ HE Sl \\acca WCDA ~ 400 kT, T. €. HOM

; — MOXXHO OXXMAQTH B 4 PA3a ©oAbLLIE
Figure 8: The figure shows number of muons vs. muon energy entering in the -
detector for five years of exposure time of 100 KT detectors per steradians. [RECASLMIZIZERISISICe VN (oR Ii[ef: RicIo RS WNCII
The surrounding effect of rock are taken into account.PRS1 (Black), PRS2 Nellm>lNiic:}
(Red), PRS3 (Green), TIG conv (Gray), TIG prompt (Sky blue), TIG (conv +
prompt) (Pink), our model (Blue).
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[TapmeTp

Nuclear Instruments and Methods in Physics Research A263 (1988) 468-479
North-Holland, Amsterdam
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THEORY OF THE PAIR METER FOR HIGH ENERGY MUON MEASUREMENTS

R.P. KOKOULIN and A.A. PETRUKHIN
Moscow Physical Engineering Institute, Moscow 115409, USSR

Received 20 May 1987

The main results of the present consideration of the
pair me"er tmhnique can be formulath as f ﬂllﬂws. Fig. 6. Distributions of the probability of the relative energy

(]) It. iS expedient to use the pair meter technique at loss V' in water layers of different thickness.
muon energies of > 300-1000 GeV (depending upon )
the substance). rapt =Toy*/2(1— ‘T")- (46)

_ (2) The. relgtive Ipeasuremen} error at asymptotically For the exponent y = 2.7 the value of T, , ~ 640 rl At

high energies is mainly determined by the total target
thickness in radiation lengths: § = {/137/T .

(3) The setup must ensure the efficient detection of
secondary cascades with the energy € > 10~ °E; a further

decrease in the threshold hardly improves the accuracy. 310 AerdeT WCDA MASAAbHBIM MAPAMETOOM

For WCDA: T=~1000r.l., thus 8 = 0.37 and S = 1350 m? aAg yraos 80-90 rpaa.

log Y

an iron absorber mass of 20000 t and at the optimum
thickness the effective area constitutes about 85 m’.
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WCDA:

GEANT simulations
14
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Pair-meter

cell energy deposit, GeV

10 15 20 25 30 35 40 45 50 55

Near horizontal muon track in WCDA, EM:I PeV in FV



GEANT4: notepun aHeprim mooHom B WCDA npu E=1 3B
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event id = 10, colorbar unit: GeV
muloni muPairProd muonNuclear
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GEANT4: notepun aHeprmm miooHom B WCDA npu E=1 3B
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event id = 72, colorbar unit: GeV
muloni muPairProd muonNuclear
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CobbITUA PA3BINPAHBLI MO CNEKTPY C AMPdD. NoKkasaTeAem -1 B
amanasoHe ot 100 TaB Ao 10 IM3B. Mo 10000 coObIT1I AAS
KQXKAOIO TMNA (TOAbKO naApsbl, 6e3 nap)
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BN without pairs
1 only pairs

10~ 103 1071 101! 103 10° 107
total energy deposit in detector, GeV
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GEANT4: BocctaHosaeHMe aHeprm MIKOOHJ B napmeTtpe WCDA

Energy deposit produced by muons in WCDA

10 TeV | = Pairs prod, slope = 1.03
30 TeV Total deposit, slope = 1.11
50 TeV ]
100 TeV
1 PeV

Energy deposit in WCDA, GeV

10° 10° 102
Energy deposit, GeV Muon energy, TeV




Status and plans 19

Proposal to use WCDA as a pair-meter is submitted to LHAASO collaboration.
BAXXKHO: MMEETCH rOTOBAS YCTAHOBKA, HE TPEOYIOLLLAN HUKOKMX NEPEAEAOK.

HOAO AMLLIb AODCOBMTE COOTBETCTBYIOLLLMM TRUITEPR AASA BBIAEAEHUA OKOAO
rOPM3OHTAAbHbIX TPAekTopK B WCDA 1 pa3paboTaTbh AATOPUTM MOMCKA
HY>XHbIX COObITMM

Kpome Toro, ata 30A040 TECHO CBA3AHA C €LLLE OAHOM MPEAAOXKEHHOM HOMM
AAG LHAASO 30A04€eM © «MOUCK B3AMMOAENCTBMIM ACTRPOOUINYECKMX HEUTPUMHO
B WCDAY, rA€ OKOAO rOPU3OHTOAbHbBIE MIOOHbI OYAYT ABAOTCH OOHOM
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BbIBOAbI
20

A4encrtag ctpyktypa WCDA co3A0eT OAHO3HAYHbIE CUTHATYPbI COObLITUM, YTO
MNO3BOAAIOT YBEPEHHO BLIAEAATHE OKOAO FOPU3OHTAABHLIE TPEKM

¥20C V4 8¢

Macca soabl B WCDA (400 kT) 1 Haamdme 3120 CBETOM3OAMPOBAHHbIX a4eeK
5x5x4.5 M3 AEACQIOT €ro NPAKTMYECKM MAEAABHBIM MAPMETOOM.

WCDA MOXHO y>XXe CEMYAC MCMOAb30OBATL KAK MAPMETP AAL UIMEPEHMUS
CNeKTPA MIOOHOB KOCMMUYECKMX Ayden C E, > ~10 TaB 0e3 Kakmx-Anbo
NepeAeAOK

B AQABHENLLIEM, MOCAE UIMEPEHUA MOTOKA OKOAO FOPM3OHTAAbHbLIX MIOOHOB,
MOXXHO OYAET NPUCTYMUTb K MOUCKY HEUTPUHHbBIX COObITMI, MCMOAb3Ya WCDA
KAK NpOoTOoTMN ByAyLLEN OOABLLIOM HO3EMHOM HEUTPUHHOM YCTAHOBKM
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