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Activities in the 2023 FY

International conferences :

1. CRA2023, 2023/5/16-19
. ASTRONUMZ2023, 2023/6/25-30

. International Cosmic Ray Conference (ICRC2023), 2023/7/26-8/3

. The Tst IReNA-Ukakuren joint Workshop “Advancing Professional
Development in Nuclear Astrophysics and Beyond”, 2023/8/28-9/1

18th International Conference on Topics in Astroparticle and
Underground Physics (TAUP 2023), 2023/8/28-9/1

6. TeV Particle Astrophysics (TeVPA2023), 2023/9/11-15
7. AGU23, 2023/12/11-15
8. AIA2023, 2024/3/25-29

HWN

o

Domestic conferences :

1. ¥IBE£, 2023/9/16-19

2. Young Researchers’ Workshop, 2023/7/19-20

. F7HAXRAVINI N LA TRZERMAR | B - KEFXAHISIREAX T, 2023/11/29-30
4, R RERXEFRENRGESR, 2024/1/15

5. SNR workshop 2024, 2024/2/29-3/1F7E

6. ZR v 7—EHIC L Z2FEHEROERERMARS, 2024/3/26-27FE

7. YIBE£, 2024/3/18-21

Refereed papers :

1. “Observation of Gamma Rays up to 320 TeV from the Middle-aged TeV Pulsar
Wind Nebula HESS J1849-000", Amenomori et al., ApJd 954,200(2023)

1 talk
1 talk
5 talks

1 talk

1 talk

1 talk
1 poster

1 talk

3 talks
1 talk
1 talk
1 talk
1 talk
1 talk
2 talks



Tibet Air Shower Array

-

e NS

Yangbajing, Tibet, China(90.522°E, 30.102°N) 4,300 m a.s.l.

Alr shower . Scintillation counters (0.5m2) arranged over 65,700m?

N \ v Observation of air shower ptcl.s to determine the
| \\ o energy & incoming direction of primary CRs
— v Wide F.O.V. (~ 2 sr) & continuous operation
g P27 & g %@@ &
=i . 5 ¥ % @K v PhySiCS :
— CR physics in the TeV-PeV range :
T ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ % Chemical composition, anisotropy, the Sun’s shadow
\ /\ Yy -ray astronomy in the TeV-sub-PeV range :
1\ 7 Search for Galactic PeVatron
.

Scintillation counter 6



Underground Muon Detector Array (MD Array)

€

Soil & Rocks 2.6m

2.4 m underground
(515g/cm? ~19.Xp)

v" Made of concrete
v A 20-inch PMT suspended

7.3m

Cherenkgl lights

Reinforced concrete Waterproof & reflective materials

200TeV r shower

Few muons

(~1 )
200TeV CR shower

MD : 3400m?2

Many muons

(~100 )

Quantification of the shower muon component leads to
good 7 /h separation
Rejection power for BGCRs @ >99.9% @ E>100TeV

y -ray survival ratio : ~90% @ »




Scientific Results

This presentation gives four topics

1. Primary Proton Spectrum in 40TeV < E < 630TeV
2. r/hadron Separation using Neural Network (NN)
3. Modeling of the anisotropy of TeV cosmic rays
4. Sub-PeV y rays from HESS J1849-000



Primary Proton Spectrum in 40TeV < E < 630TeV

Katayose et al.,, PoS(ICRC2023)301

10000

[2] T T T T T
§ o= M C SIBYLL/FLUK.A+Sh1bat‘:a ®
9000 3 i SIBYLL/FLUKA+Gaisser—fit
I k] o QGSJET-II/FLUKA+Shibata °
L —ls000 B 0 " QGSJET-II/FLUKA+Gaisser—fit
:E; [ EPOS_LHC/FLUKA+Shibata [ ]
z 9 EPOS_LHC/FLUKA+Gaisser—fit -4 -
7000 g 10 F [} 4
ol 2
—16000 s °
0]
5000 L 4 " °
= siBYWw JFLUKA+Shibata (0] L4 ®
—14000 o A o
LUFLUKA+Gaiss: [ ] e
[0} ]
A
T QGSJET-INFLUKA+Shibata —3000 ﬁ °
T QGSUET-IFLUKAsGaisser-fi 2000 :l:‘ * :
, = 2
EPOS_LHC/FLUKA+Shibata —11000 8
! = EPO! LH?’FI.UKA< aisser- = 1 ! !
1 1 1 1 1 1 1 1 1 _0
4 4.5 5 2.6 2.8 3 3.2 3.4 346 3.8
log(X p)
log (X p)

log(2p)

Figure 4: Proton-like shower abundance to whole well-reconstructed showers as a function of log (3 p) for
each model when the purity is 90%.

v Proton-like air shower events are extracted
w/ the technique using the data recorded w/ MD array

v Fraction of p-like AS events is calculated
keeping high purity of p-like events (90%)

1. Kurashige et al., PTEP 2022 ?



Y /hadron Separation using Neural Network (NN)
Output of CNN Okukawa et al., POS(ICRC2023)786
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v Improvement of the sensitivity
to r rays only w/ the AS array
(to make use of the 15yrs of
Tibet lll data w/o the MD array
to search for y-ray transients)

| v Multi-Layer Perceptron (MLP) &
Convolutional NN (CNN)

True positive rate (Gamma = Gamma)

1 are trained
0.2 {/ : MLP EY=1 0TeV +——m
' MLP E,=100TeV -
| ROC curve cwestorev —— | ¥ CNN has better performance
g ’ : : 1 CNN EY=1010TeV»—-—<
0 0.2 0.4 0.6 0.8 1 10

False positive rate (Proton = Gamma)



Modeling of the anisotropy of TeV cosmic rays
T. K. Sako et al., PoS(ICRC2023)1238
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v TeV CR anisotropy @ some outer boundaries of the heliosphere
is calculated based on the anisotropy observed @ Earth

v' More detailed structure emerges as going more distant from
the heliosphere

v' Both positive & negative polarity phases should be considered

in the MHD simulation "



“Observation of Gamma Rays up to 320 TeV from the
Middle-aged TeV Pulsar Wind Nebula HESS J1849-0007,
Amenomori et al., ApJ 954,200(2023)
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HESS J1849-000

VTS maps @ E > 400GeV (H.E.S.S.")

(@)]

%0.8 HESS J1849-000 ¥
g PSR J1849-0001

© .
§0'4 PWN G32.6+0.5
G

0.0
HESS J1852-000

352 32.8 32.4 32.0
Galactic Longitude (degq)

o wh -~

H.E.S.S. Collaboration, A&A 612, A1 (2018)
H.E.S.S. Collaboration, A&A 612, A2 (2018)
Abeysekara et al., PRL 124, 021102 (2020)
Cao et al., Nature 594, 33 (2021)

Cao et al., arXiv:2305.17030v2 (2023)

v PSR J1849-000T1 in the center of TeV y-ray emission

=> Middle aged pusar-wind nebula (PWN)1-2

v IntF(> 1TeV) =2.3% Crab & I ~ 2.01

v' Nearby HAWC (>56TeV)3 & LHAASO (>100TeV)4> src.s
I No detailed study of the origin of the y-ray emission

13



Gamma-Ray Sources Associated w/ Pulsar Wind Nebulae

H.E.S.S. Gal. Plane Survey! 35 TLHAASO sources associated w/ PSRs?
20/78 sources are associated w/ PWNe 15 sources w/ identified PWNe/TeV Halo

Source name PSR name Sep.(°) d (kpc) 7 (kyr) E (ergs™!) P Identified type in TeVCat
V ‘ 1LHAASO J0007+7303u PSR J0007+7303  0.05 1.40 14 4.5e+35  7.3e-05 PWN
8 1LHAASO J0216+4237u PSR J0218+4232  0.33 3.15 476000 2.4e+35  3.6e-03
Composite 12 ILHAASO J0249+6022 PSR J0248+6021 0.16  2.00 62 2.1e+35  1.5¢-03
1LHAASO J0359+5406 PSR J0359+5414  0.15 - 75 1.3e+36  7.2e-04
PWN 1LHAASO J05344-2200u PSR J0534+2200 0.01 2.00 1 4.5e+38  3.2e-06 PWN
1LHAASO J0542+2311u PSR J0543+2329  0.30 1.56 253 4.1e+34  8.3e-03
1LHAASO J0622+3754 PSR J0622+3749  0.09 - 208 2.7e+34  2.5e-04 PWN/TeV Halo
1LHAASO J0631+1040 PSR J0631+1037  0.11 2.10 44 1.7e+35 3.5e-04 PWN
1LHAASO J0634+1741u PSR J0633+1746  0.12 0.19 342 3.3e+34 1.3e-03 PWN/TeV Halo
1LHAASO J0635+0619 PSR J0633+0632  0.39 1.35 59 1.2e+35  9.4e-03
1LHAASO J1740+0948u PSR J1740+1000  0.21 1.23 114 2.3e+35 1.4e-03
1LHAASO J1809-1918u PSR J1809-1917 0.05 3.27 51 1.8e+36  6.2e-04
1LHAASO J1813-1245 PSR J1813-1245 0.01 2.63 43 6.2e+36  6.3e-06
1LHAASO J1825-1256u PSR J1826-1256 0.09 1.55 14 3.6e+36 1.6e-03
1LHAASO J1825-1337u PSR J1826-1334 0.11 3.61 21 2.8e+36  2.8e-03 PWN/TeV Halo
1LHAASO J1837-0654u PSR J1838-0655 0.12 6.60 23 5.6e+36  2.2¢-03 PWN
1LHAASO J1839-0548u PSR J1838-0537 0.20 - 5 6.0e+36  6.1e-03
1LHAASO J1848-0001u PSR J1849-0001 0.06 - 43 9.8e+36 1.2e-04 PWN
36 1LHAASO J185740245 PSR J1856+0245 0.16 6.32 21 4.6e+36 3.1e-03 PWN
Not firmly identified 1LHAASO J1906+40712 PSR J1906+40722  0.19 - 49 1.0e+36 5.9e-03
1LHAASO J1908+0615u PSR J1907+0602  0.23 2.37 20 2.8e+36  6.8¢-03

1LHAASO J1912+1014u PSR J1913+1011  0.13 4.61 169 2.9e+36  1.5e-03
1LHAASO J1914+1150u PSR J1915+1150  0.09 14.01 116 5.4e+35  1.8e-03

1LHAASO J1928+1746u PSR J1928+1746  0.04 4.34 83 1.6e+36 1.6e-04
1LHAASO J1929+1846u PSR J1930+1852  0.29 7.00 3 1.2e+37  2.6e-03 PWN
1LHAASO J1954+-2836u PSR J1954+2836  0.01 1.96 69 1.1e+36 1.6e-05 PWN
1LHAASO J1954+3253 PSR J1952+3252  0.33 3.00 107 3.7e+36  6.7e-03
1LHAASO J1959+2846u PSR J1958+2845  0.10 1.95 22 3.4e+35  2.8e-03 PWN
1LHAASO J2005+3415 PSR J2004+3429  0.25 10.78 18 5.8e+35  9.9e-03
1LHAASO J2005+3050 PSR J2006+3102  0.20 6.04 104 2.2e+35  9.2e-03
1LHAASO J2020+3649u PSR J2021+3651  0.05 1.80 17 3.4e+36 1.5e-04 PWN
1LHAASO J2028+3352 PSR J2028+3332  0.36 - 576 3.5e+34  8.0e-03
1LHAASO J2031+4127u PSR J2032+4127  0.08 1.33 201 1.5e+35 1.0e-03 PWN
1LHAASO J2228+6100u PSR J2229+6114  0.27 3.00 10 2.2e+37  2.2e-03 PWN
1LHAASO J2238+5900 PSR J2238+5903  0.07 2.83 27 8.9e+35  3.0e-04

v PWNe could occupy a large fraction of VHE/UHE src.s
v' Potential CR acceleration theoretically discussed34.56

H.E.S.S. Collaboration, A&A 612, A1 (2018)
arXiv:2305.17030v2 (2023)

Cheng et al., ApJ 300, 500 (1986)

Zhang et al., MNRAS 497, 3477-3483 (2020)

Liu & Wang, ApJ 922, 221 (2021) 14
Spencer et al., PoS(ICRC2023)690
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Detection of ¥ Rays from HESS J1849-000

Significance map
(smoothed w/ PSF)

/E>251TeV

\ HESS J1 85? -000
(>4ooeev

\ (* JE>100 TeVv

eHWC (>56TeV)

HESS J1849-000 1

HESS J1852-000 '

2HWC J1849+001 2
% 3HWC J1849+001 °
% eHWC J1850+001 *

-0.5 T -0.5 B LHAASO J1849-0003 °
6

4 ol. cloud
12COfELR)

Dec. (deg.)
Dec. (deg.)

4FGL sources
SNRs (candidates) ’
+ PSR J1849-0001 &

-1 3 -1
283.5 283 282.5 282 2815 283.5 283 282.5 282 2815
R.A. (deg.) R.A. (deg.)

v’ Detection significance : 4.00 @E > 25TeV & 440 @E > 100 TeV

v" Position unc. of the significant region : 0.22° @ E > 100 TeV
=> Positionally consistent w/ HESS J1849-000
v Deviation from HESS J1852-000! : 3.00 @ E > 100 TeV => Unlikely the source

Abeysekara+, ApJ 843, 40 (2017)
Albert+, ApJ 905, 76 (2020)
Abeysekara+, PRL 124, 021102 (2020)
Cao+, Nature 594, 33 (2021)
Abdollahi+, ApJS 247, 33 (2020)
Anderson+, A&A 605, A58 (2017)
Gotthelf+, ApJL 729, L16 (2011)

ONOOTAWN
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H.E.S.S. Collaboration, A&A 612, A1 (2018)



Detection of a Molecular Cloud @ the Position of HESS J1849

Distance-velocity map

120:_.” .........
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Distance from the Sun (kpc) ' 3 20, 30, 40, & 50 K km s
283.5 283 282.5 282 281.5
R.A. (deg.)

v" Analysis of archive FUGIN 12CO J=1-0 data’ 3 oot e e oy
v Assumed distance : 7 kp02 3. Bolatto+, Ann. Rev. Astron. Astrophys 51, 207 (2013)

v Integration in 93-100 km s1 (6-7 kpc)
=> Molecular cloud w/ ~20 pc size (Tg ~20 K km s-') @ the west side of HESS J1849-000
v" If the cloud size along the l.o.s. is ~ 20 pc, the gas density is
No = Xeo Tmb/ R~70cm3  (Xco =2x102°cm=2 (K km s77)1)3

> 10 cm-3 can be provided
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Hadronic emission

model (Naima')

1. Zabalza, PoS(ICRC2015) 922 (2015)

misworku:99%) | v First spectral modeling including

o+
10711 - - -
| Hadronic + wessnasono | the sub-PeV energy range
1 Fermi-LAT (UL: 99%)
v' Assumptions :
'.“E - « m0—-2y from CR-gas collisions
S * np=10cm3
|
% 10-12 4 « CR spectrum :
w ‘ dN, =
S —pzAp( E ) pexp _E Jev
3 dE 10 TeV Ep,cut
w
_ = +0.09
w10 CL => logloAp — 33.93_0.11
-13 |
sl 20 CL ap = 2.0110-12
10010 1on 171010 10t | 10g1o(Bp,cut/TeV) = 3.734538
Energy [eV]

Wp(1TeV<E<10PeV) =(1.1 +0.2) x 10* erg

Possible acceleration of CR protons beyond PeV

17




PeV CR acceleration in a PWN-SNR composite system
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v CRp’s accelerated up to ~100 TeV in the SNR FS could be re-accelerated up to ~ 1 PeV
in the PWN compressed by the SNR reverse shock!:2

1. Gelfand+, ApJ 703, 2051 (2009)
2. Ohira+, MNRAS 478, 926 (2018)
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PeV CR acceleration in a PWN-SNR composite system

E2dN /dE
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Benefits :

« PeV CR can be produced irrespective of environmental parameters!
« ~104° erg given to HE ptcls?
« B-field of the compressed PWN is amplified up to ~ 100 u G2
=> Produces observed synchrotron X-rays by e* of PWN origin??
« Compression of PWN takes place @ ~ 10 kyr aft. SN => Invisible SNR

Future observation :
« Neutrino obs. w/ IceCube-Gen23 => Constraint on y -ray flux from hadrons
« Accurate measurement of sub-PeV y-ray energy spectrum

Energy spectrum of CR protons! : :
(Initially injected w/ 100 TeV mono energy) :E\./O,IL.JJ.U.?? Of the .?’.l,ze .Of the
10° C . :

system?

Colors': different parameter sets 3
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Summary

v Obs. of UHE r up to 320 TeV w/o clear cutoff from PWN HESS J1849-000

by the Tibet AS+MD
Detection significance : 4.00 @ > 25TeV & 440 @ > 100TeV

v 1st spectral measurement in 40 TeV < E < 320 TeV

—2.24+0.41
) TeV-1cm=2s71

dN
— = (2.86 + 1.44)x1071° (

dE 40 TeV

v Detection of ~20 pc size MC @ the west side of the src. n, ~ 70 cm-3

v Leptonic scenario : ICS et efficiently accelerated by PWN ?? (I, = -1.5)

v Hadronic scenario : PeV CR acceleration in a PWN-SNR composite system??

Further theoretical & observational studies needed
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