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加藤勢 for the Tibet ASγ collabora1on

チベット空気シャワーアレイを⽤いた超⾼エネルギーガンマ線観測の
解析結果報告



Tibet Air Shower Array
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p Tibet, China (90.522oE, 30.102oN) 4,300 m a.s.l.

p scintillation counters 0.5 m2 x 597
p area ~65,700 m2
p angular resolution ~0.5°@10TeV

~0.2°@100TeV
p energy resolution ~40%@10TeV

~20%@100TeV

2nd particles timing ➡ arrival direction
2nd particles energy deposit ➡ primary energy 



Water Cherenkov Muon Detector Array

MD ~3400m2
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ü 2.4m underground (515g/cm2 ~19X0)
ü 7.35m x 7.35m x 1.5m-deep water cell x 64
ü 20”ΦPMT (HAMAMATSU R3600)
ü Concrete pools + Tyvek sheets

Soil & Rocks 2.6m

Waterproof & reflective materialsReinforced concrete

eaµ

1.0m

PMT

7.3m

Water 1.5m

Cherenkov  lights

20 inchAir 0.9m

Measurement of number of muons in air showers
➡ g／CR discrimination



M. Amenomori(1), S. Asano(2), Y. W. Bao(3), X. J. Bi(4), D. Chen(5), T. L. Chen(6), W. Y. Chen(4), Xu Chen(4), Y. Chen(3), Cirennima(6), 
S. W. Cui(7), Danzengluobu(6), L. K. Ding(4), J. H. Fang(4,8), K. Fang(4), C. F. Feng(9), Zhaoyang Feng(4), Z. Y. Feng(10), Qi Gao(6), 
Gomi(11), Q. B. Gou(4), Y. Q. Guo(4), Y. Y. Guo(4), H. H. He(4), Z. T. He(7), K. Hibino(12), N. HoRa(13), Haibing Hu(6), H. B. Hu(4), 
K. Y. Hu(4,8), J. Huang(4), H. Y. Jia(10), L. Jiang(4), P. Jiang(5), H. B. Jin(5), K. Kasahara(14), Y. Katayose(11), C. Kato(2), S. Kato(15), 
T. Kawashima(15), K. Kawata(15), M. Kozai(16), D. Kurashige(11), Labaciren(6), G. M. Le(17), A. F. Li(18,9,4), H. J. Li(6), W. J. Li(4,10), 
Y. Li(5), Y. H. Lin(4,8), B. Liu(19), C. Liu(4), J. S. Liu(4), L. Y. Liu(5), M. Y. Liu(6), W. Liu(4), X. L. Liu(5), Y.-Q. Lou(20, 21, 22), H.Lu(4), 
X. R. Meng(6), Y. Meng(4, 8), K. Munakata(2), K. Nagaya(11), Y. Nakamura(15), Y. Nakazawa(23), H. Nanjo(1), C. C. Ning(6), 
M. Nishizawa(24), M. Ohnishi(15), S. Okukawa(11), S. Ozawa(25), L. Qian(5), X. Qian(5), X. L. Qian(26), X. B. Qu(27), T. Saito(28), 
Y. Sakakibara(11), M. Sakata(29), T. Sako(15), T. K. Sako(15), J. Shao(4,9), M. Shibata(11), A. Shiomi(23), H. Sugimoto(30), W. Takano(12),
M. Takita(15), Y. H. Tan(4), N. Tateyama(12), S. Torii(31), H. Tsuchiya(32), S. Udo(12), H. Wang(4), Y. P. Wang(6), Wangdui(6), H. R. Wu(4),
Q. Wu(6), J. L. Xu(5), L. Xue(9), Z. Yang(4), Y. Q. Yao(5), J. Yin(5), Y. Yokoe(15), N. P. Yu(5), A. F. Yuan(6), L. M. Zhai(5), C. P. Zhang(5), 
H. M. Zhang(4), J. L. Zhang(4), X. Zhang(3), X. Y. Zhang(9), Y. Zhang(4), Yi Zhang(33), Ying Zhang(4), S. P. Zhao(4), Zhaxisangzhu(6) 
and X. X. Zhou(10)

The Tibet ASg Collaboration

Correlation Between Solar Activity and 
ᶒᶆᶃᴾᵱᶓᶌḚᶑᴾᵱᶆᵿᶂᶍᶕᴾᵭᶀᶑᶃᶐᶔᶃᶂᴾᶀᶗᴾ 
the Tibet Air Shower Array 

Kazumasa Kawata 

ICRR, University of Tokyo, Japan 

For the Tibet ASJ Collaboration 

32nd ICRC, Aug.ust 17,  Beijing 1 

(1) Department of Physics, Hirosaki University, Hirosaki 036-8561, Japan (2) Department of Physics, Shinshu University, Matsumoto 390-8621, Japan 
(3) School of Astronomy and Space Science, Nanjing University, Nanjing 210093, China (4) Key Laboratory of ParQcle Astrophysics, InsQtute of High Energy Physics, Chinese 
Academy of Sciences, Beijing 100049, China (5) NaQonal Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China (6) Department of MathemaQcs 
and Physics, Tibet University, Lhasa 850000, China (7) Department of Physics, Hebei Normal University, Shijiazhuang 050016, China (8) University of Chinese Academy of 
Sciences, Beijing 100049, China (9) InsQtute of FronQer and Interdisciplinary Science and Key Laboratory of ParQcle Physics and ParQcle IrradiaQon (MOE), Shandong 
University, Qingdao 266237, China (10) InsQtute of Modern Physics, SouthWest Jiaotong University, Chengdu 610031, China (11) Faculty of Engineering, Yokohama NaQonal 
University, Yokohama 240-8501, Japan (12) Faculty of Engineering, Kanagawa University, Yokohama 221-8686, Japan (13) Faculty of EducaQon, Utsunomiya University, 
Utsunomiya 321-8505, Japan (14) Faculty of Systems Engineering, Shibaura InsQtute of Technology, Omiya 330-8570, Japan (15) InsQtute for Cosmic Ray Research, University 
of Tokyo, Kashiwa 277-8582, Japan (16) Polar Environment Data Science Center, Joint Support-Center for Data Science Research, Research OrganizaQon of InformaQon and 
Systems, Tachikawa 190-0014, Japan (17) NaQonal Center for Space Weather, China Meteorological AdministraQon, Beijing 100081, China (18) School of InformaQon Science 
and Engineering, Shandong Agriculture University, Taian 271018, China (19) Department of Astronomy, School of Physical Sciences, University of Science and Technology of 
China, Hefei, Anhui 230026, China (20) Department of Physics and Tsinghua Centre for Astrophysics (THCA), Tsinghua University, Beijing 100084, China (21) Tsinghua 
University-NaQonal Astronomical Observatories of China (NAOC) Joint Research Center for Astrophysics, Tsinghua University, Beijing 100084, China (22) Department of 
Astronomy, Tsinghua University, Beijing 100084, China (23) College of Industrial Technology, Nihon University, Narashino 275-8576, Japan (24) NaQonal InsQtute of 
InformaQcs, Tokyo 101-8430, Japan (25) NaQonal InsQtute of InformaQon and CommunicaQons Technology, Tokyo 184-8795, Japan  (26) Department of Mechanical and 
Electrical Engineering, Shangdong Management University, Jinan 250357, China (27) College of Science, China University of Petroleum, Qingdao 266555, China (28) Tokyo 
Metropolitan College of Industrial Technology, Tokyo 116-8523, Japan (29) Department of Physics, Konan University, Kobe 658-8501, Japan (30) Shonan InsQtute of 
Technology, Fujisawa 251-8511, Japan (31) Research InsQtute for Science and Engineering, Waseda University, Tokyo 162-0044, Japan (32) Japan Atomic Energy Agency, Tokai-
mura 319-1195, Japan (33) Key Laboratory of Dark Ma_er and Space Astronomy, Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210034, China

4



UNID TeV gamma-ray source HESS J1843-033
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HESS collabora+on, A&A 612, A1 (2018) 

H.E.S.S. Galac*c plane survey

PSR J1844-0346

G28.6-0.1

Contour of TeV gamma rays w/ nearby objects

J. Devin et al., A&A 647, A68 (2021) 

ー Origin of the gamma-ray emission is not established
ー eHWC J1842-035* & LHAASO J1843-0338** are also discovered near HESS J1843-033
ー Energy spectrum in E > 30 TeV is not drawn yet

*
*A. U. Abeysekara et al., PRL 124, 021102 (2020) 
**Z. Cao et al., Nature, 594, 33 (2021)



・# of events a6er the selec1on: 〜1.4×107 events
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・Data taken from 2014 February to 2017 May (719 live days) is used 

2. MD cut: ΣNμ < 1.8×10-3 (Σρ/m-2)1.1 or ΣNμ < 0.4 (op1mized for this analysis)

1. zenith < 50 deg to improve sta1s1cs because the meridian zenith of 
HESS J1843-033 is ~= 33 deg at the Tibet site, &

Analysis of gamma rays from the HESS J1843-033 region

(Σρ: Sum of # density recorded by each detectors of the AS array)

・ Event selec1on criteria: the same as Amenomori et al., PRL 123, 051101 (2019) expect that



Results (1): Source detecHon (6.2 σ above 25 TeV)

Significance map 
w/ PSF smoothing

Source name: TASG J1844-038
Src center: 
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† For R0.68, see HESS collaboration, A&A 612, A1 (2018) 
* The source extension is not published

*

†

・The posiTon of TASG J1844-038 is consistent w/ those of
HESS J1843-033, eHWC J1842-035, & LHAASO J1843-0338 

・ On the other hand, TASG J1844-038 seems to deviate from 
HESS J1844-030 & HESS J1846-029

Cross: positional uncertainty of a src
Circle: extension of a src

Preliminary



Results (2): φ2 distribuHon
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φ2: The square of the angle between the center of TASG 
J1844-038 and the event direcTon 

where σpsf = 0.27°: PSF radius &
Nbg = 29.4: # of BG

(χ2 / d.o.f. = 39.5 / 38)

Þ A = 30.5 ± 8.5
σext = 0.35° ± 0.11°

Consistent w/ 
HESS J1843-033: 0.24° ± 0.06° (E > 400 GeV)
eHWC J1842-035: 0.39° ± 0.09° (E > 56 TeV)

Preliminary



Results (3): Energy spectrum

・Black dashed line (best-fit PL for this work in 25TeV < E < 130TeV): 
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d𝑁
d𝐸 = 9.78 ± 1.91 ×10!"#

𝐸
40 TeV

!$.&#±(.$(
TeV!" cm!& s!" (𝜒&/d. o. f. = 2.2/2)

(& 95%UL)

・Magenta doQed curve: ECPL fit to the combined spectra of H.E.S.S., LHAASO, & Tibet*: 
d𝑁
d𝐸 = 𝑁(

𝐸
TeV

!)
exp −

𝐸
𝐸*+,

𝑁( = (3.57 ± 0.26)×10!"& TeV!" cm!& s!",
Γ = 2.02 ± 0.06, & 𝐸*+, = 49.5 ± 9.0 TeV (𝜒&/d. o. f. = 10.5/8)

with

* Simple PL fit to the combined spectra
is rejected at the 5.0 σ level (𝜒!/d. o. f. = 47.3/9)

Preliminary
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Discussion (1): AssociaHon w/ nearby sources

12CO (J=1-0) from the FUGIN data
Solid white: extension of TASG J1844-038
Dashed white: posi*onal unc. (68% C.L.)

(& AX J1843.8-0352)

12CO (J = 1 - 0) map from the FUGIN data*

*Umemoto et al., PASJ 69, 78 (2017)

PSR J1844-0346
(magenta cross)

Circle: extension of a src

TASG

Preliminary



Discussion (1): AssociaHon w/ SNR G28.6-0.1 (1)

− Radio C/P: regions C & F of a radio complex G28.60-0.13 (Helfand et al., ApJ 341, 15, 1989)
− X-ray C/P: AX J1843.8-0352 (Bamba et al., PASJ 53, 21, 2001) 

=> Synchrotron emission by HE electrons accelerated by a shell-type SNR
− Distance: 9.6±0.3 kpc (Ranasinghe & Leahy, MNRAS 477, 2243, 2018)
− Age: 2.7 kyr (Bamba et al. 2001) or 19 kyr (Ranasinghe & Leahy 2018)
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・SNR G28.6-0.1

・Size of TASG J1844-038 (radius of 0.35°±0.11°) is larger than 
that of AX J1843.8-0352 (mean diameter of 9’ *) at the 2.5 σ level *Ueno et al., ApJ 588, 338 (2003)

Þ If the associa1on b/w TASG J1844-038 and SNR G28.6-0.1 is assumed,
this possible discrepancy suggests the contribu1on of gamma rays of hadronic origin 
(because extension of gamma- & X-ray sources should be the same if the both are of leptonic origin)



Discussion (1): AssociaHon w/ SNR G28.6-0.1 (2)
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1. MCs overlapped w/ TASG J1844-038
2. Max. energy of accelerated protons: ⋍ 500TeV
3. Average of the es*mated ages is ≃ 10 kyr

=> Similar system to a PeVatron candidate G106.3+2.7*
Could have been a PeVatron in the past ??

*Amenomori et al., Nature Astron. 5, 460 (2021) **Gabici et al., Astrophys Space Sci 309, 365 (2007)

SNR G28.6-0.1
(& AX J1843.8-0352)

**

Calculation of the diffusion time of CR protons:

(assuming χ=0.1 & B = 10μG)

=> 𝜏-.// 𝑅 = TASG J1844−038, 𝐸 > 250 TeV ≲ 2.0 kyr

𝜏-.// 𝑅 = HESS J1843−033, 𝐸 ≃ 10 TeV ≃ 4.9 kyr

12CO (J = 1 - 0) map from the FUGIN data

Preliminary



Discussion (2): AssociaHon w/ PSR J1844-0346
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ー Energy of parent electrons for gamma rays w/ ≈ 50 TeV: ≈ 90 TeV
ー Diffusion coefficient: assuming one in the Geminga environment (Abeysekara et al., Science 358, 911(2017)), 

𝐷 𝐸 = 90 TeV, 𝐵 = 3𝜇G = 4.4×10!" cm! s#$

ー Pseudo distance: 4.3 kpc (Devin et al., A&A 647, A68 (2021))

ー Gamma-ray pulsar discovered by Einstein@home project (Clark et al. ApJ 834, 106 (2017))
ー 𝑃 = 113 ms, 𝜏% = 12 kyr, 𝐸̇ = 4.2×10&' erg s#$, & 𝐵( = 4.2×10$! G

・PSR J1844-0346

ー Energy Flux(1−10TeV) = 1.1×10#$$ erg cm#!s#$ (HESS collaboraTon, A&A 612, A1 (2018))
=> Luminosity(1-10TeV) = 2.4×10&) erg s#$

・HESS J1843-033

ー Spectral index of ≃ 2.0 (from the ECPL fit)
ー Size: ⋍ 18 pc

Þ Similar to the proper1es of typical TeV pulsar wind nebulae (HESS collaboraTon A&A 612, A2 (2018))

・ICS off CMB is plausible ?

=>  𝜏*+,, 𝐸 = 90 TeV ⋍ 7.8 kyr

ー Cooling time by sync. w/ B = 3 μG & ICS off CMB:  𝜏%--. 𝐸 = 90 TeV ⋍ 11 kyr

=> Naturally explain the extension of TASG J1844-038



Summary
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・Gamma rays from the HESS J1843-033 region is observed by the Tibet air shower array

・Detec*on of TASG J1844-038 above 25 TeV w/ a 6.2 σ level
ー PosiTon consistent w/ HESS J1843-033, eHWC J1842-035, & LHAASO J1843-0338
ー Extension 0.35° ± 0.11°

・Energy spectrum is measured in 25 TeV < E < 130 TeV for the 1st *me:
d𝑁
d𝐸

= 9.78 ± 1.91 ×10!"#
𝐸

40 TeV

!$.&#±(.$(
TeV!" cm!& s!"

ー Cutoff @ 49.5 ± 9.0 TeV in the combined spectra of HESS J1843-033, LHAASO J1843-0338, & TASG J1844-038

・Possible associa*on w/ SNR G28.6-0.1 or PSR J1844-0346

ー If SNR G28.6-0.1 is assumed to be the counterpart,
- ContribuTon from 𝜋(-decay gamma rays from CR protons w/ 𝐸 ≲ 500 TeV

accelerated by the SNR & interacTng w/ the adjacent MCs ?
=> Could have been a PeVatron in the past (note some similariTes w/ SNR G106.3+2.7)

ー If PSR J1844-0346 is assumed to be the counterpart,
- emission from a TeV PWN generated by ICS off CMB by electrons w/ 𝐸0 ≲ 90 TeV ?

The research is submived to Astrophysical Journal Le4ers last week


