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Tibet AS y Collaboration, PRL 126, 141101 (2021)
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Fermi LAT, ~GeV Tibet ASy experiment, >400TeV
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= ® Tibet AS+MD
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——— Space-independent CR
| | = = - Space-dependent CR " ’
N . ""‘, T ~
~ ~
0 = \
e \
B \

---------- Pulsar halo model

10

dJ/dE x E27 (GeV'’” cm2 s sr)

(a) 25°</<100°, Ibl<5°

S R TR A Space dependent
[ | & Teetaswo (non-factorized)
Space-independent CR
| --- SZace-depeF;dent CR A E.F‘%%??O)
. ] } THRILF—RRT ML
10 +$ l%

dJ/dE x E27 (GeV'” cm2 s sr7)

l \§§§§ 4R 0
(b) 50 </<200°, Ibl<5 j\( lg};lj_ ;I{E ,fTJ i}i

-5 T R TIT BT BT R B T A S
19507 10" 1 10 10 10° 10° }i ﬁﬁjﬂ EI] /L\J\

Energy (TeV)

Tibet AS y Collaboration, PRL 126, 141101 (2021) Space independent

Lipari and Vernetto, PRD 98, 043003 (2018) ™ F48 & th#g factorized)
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- H ARGO-YBJ

——— Space-independent CR
- - - Space-dependent CR
---------- Pulsar halo model
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Tibet AS y Collaboration, PRL 126, 141101 (2021)
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FTHRDO YU E

| FEHEO

ITRILF—ZART kL

§SSS§ SR SAT AR
KB % A

2 88587 7 0

Space dependent
(non-factorized)

| FEEO

ITRILF—ZART kL

:SSSF SRIATeR
yNCEbplii

R8BSR Dy

Space independent
factorized)
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Lipari and Vernetto, PRD 98, 043003 (2018)
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Non-—factorized spectra
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Factorized spectra
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ALPACA Array

1. Array coverage 82,800m? ” e 300m s
= 401 x 1m? plastic scintillators roroe o

2. Underground water Cherenkov
muon detector (MD) 3700m?2
Soil over 2m (~16.X) restiming FMT
= b8m?2 with 20" ¢ PI\/ITH X 6)4 Ceells S| el

09m

' A 20inch PMT

) Water 1.5 m PSS A
ML e
72m *

Cherenkov light

Reinforced concrete Waterproof material and reflector

‘/ COSFﬂIC—I’ay BG reJeCt|On pOWGI’ >999% @1OOT6V D- 1m22A|\SADetTDctorx(97+3o4) (82,800m2)2
v Angular resolution ~0.2° @100TeV, Energy resolution ~20%@100TeV  Heenpeiecorx o Bom
v' 100% duty cycle, FOV 0,.,<40° (well studied), 8,.,<60° (in study) 13



Underground Muon Detector (MD)

g |23 ]
9
: F
Y 2,53 2, 2.5 6.5 ) 9 jjiles 11 |
8 !
I I l = Tl U I 3 w0 |

N o 025 02 i s

o 02 ~ N n ot 'ﬁ-‘—

" o ™ 29,3 - 0,25
0] 8a
= . A— : ¥ . 1__[

X

Total 4 units, each composes of 16 cells of
7.5mx/.5m.

2m soil overburden allows >1GeV muon
penetration.

Design finalizing with Bolivian construction
- design company.

Site photo + CG image of MD by design company ~ ® Construction of first MD in this fiscal year.
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Primary Cosmic Ray

nuclear interaction

Kfiywim air molmule\ ' ”7 ‘7 W 11 f
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; 0 j » ‘f‘ £y N4
- Tt L L))
' K KO ./ Ll f g,
A N Vit
S - i s :
hadronic '
cascade
e
vy YYYY %
= - + +
T Vi Vo p,n,n- K- etye"
nuclear fragments
muonic component, hadronic electromag
neutrinos component componen

UL HBUR S /N

Ho~ig ¥ 7 —

it = 7 ERPoBET - Ba=ikp
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ALPAQUITA (1yr50 & 10ev) —
ALPACA (1yr50 & 10ev) — |

)
—
—_

10 3

Integral Flux x E( TeV cm?sT)
o

12 |
1013
L Composite
Binary
10714 v oo
10 10°
Energy (TeV) + 1 ALPACA = ALPAQUITA® Hi_E 1 H 22 15 (8RS 1
S.Kato et al., Experimental Astronomy (2021) 52:85-107 e SEERNICH TMD] S ELETIA

« Full ALPACAICIERILE (HHE)
e TeVTHEFIDZ < ODKRE% sub-Pev-PeV T H Al gE 16



= ® Tibet AS+MD

- H ARGO-YBJ

——— Space-independent CR
- - - Space-dependent CR
---------- Pulsar halo model

10

dJ/dE x E27 (GeV'’” cm2 s sr)

(a) 25°</<100°, Ibl<5°
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Space-independent CR
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Energy (TeV)

Tibet AS y Collaboration, PRL 126, 141101 (2021)

Lipari and Vernetto, PRD 98, 043003 (2018) » F48 & th#&
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Space dependent
(non-factorized)
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Space independent
factorized)
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Kkt

Lipari and Vernetto, PRD 98, 043003 (2018)
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Non-—factorized spectra

— — — - (No absorption) -

Factorized spectra

- — - — (No absorption)

FEIRD FA8

bl < 5°
17l < 30°

100 1000 10* 10° 100 107
E (GeV)

T T T T

|b] < 5°

150° < J¢] < 180°

3Bk D F A8

F Non-factorized spectra
— — — - (No absorption)
Factorized spectra
- — - — (No absorption)
1 1 1 1 1
10 100 1000 10 10° 106 107

E (GeV)
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| FEHEO

= ® Tibet AS+MD

H ARGO-YBJ
——— Space-independent CR
- - - Space-dependent CR
---------- Pulsar halo model

10

dJ/dE x E27 (GeV'’” cm2 s sr)

(a) 25°</<100°, Ibl<5°
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RS Space dependent
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Space-independent CR
- - = Space-dependent CR

10

dJ/dE x E27 (GeV'” cm2 s sr7)

(b) 50°</<200°, 1bl<5°

| FEEO

(non-factorized)
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N R pPUs

Kkt

H v < IREERE X E27 [GeV!7/(cm? s)]

10-5 NI |

102 101 — 1 10 102 10° / o
Energy (TeV)
[ )
Tibet AS y Collaboration, PRL 126, 141101 (2021
Lipari and Vernetto, PRD 98, 043003 (2018) > F48 & kb
[ )

"l

2FDEATHRIATRNOFHMEEET L 2R

ALPACADHEY# v < R A E

ALPACA-HD
2FBRIRE

ALPACA
2F BRI

10 100 1000 10000

Ar~iETxL¥— (TeV)

Spec
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RV Y ] —H I a—FVHITFEICL AKERTE
~Heitler-Matthews model~

1EIOKRISTn AR5 &5 (HEE)
230 Er (rt). 130 FMn (n°) & 3 5

» I CISYICHERLTEBH Y v 7 =25 IR !
« n[o]fEZEEEIC charged . neutral

c TN/ OERIRNF— 1 Epgqg= E(E/ 7 Wi

e BHi YT —DEOIEIXILFE— E,, = EJ1-(3/3)"] LA f '''' N
. IWDODETERIND DD ? nDdecay & interactionH' 89 V) & 5 B A &

. Interactlon length : 1 ~ 100 g/cm?=830m (1K) . W, T

NN
''''
.....

* Decay length : d = 7.8y m (y: Lorentz factor = E/mc?)
 A=dissatisfied wheny ~ 100, E4,. ~10Gev ~ TT T ATmmmmanmaman s

. : : . Ej _ _ _ ( Eq )
Number of interaction n is /(ntot)n Ejec =>n log(nwt)log Eoes

« Ifam™ of E = E . .immediately decays into u,

2 n Eg \* log(z_ntot)
Ny=(3140) = (#) =I5 =0.8~ 0.9 for ng = 10 ~ 1000

HEUHADRFHES ¥ 7~ IFNF—E/AOBTF > + 7 —A@@Ehébﬁ'éﬁ% £ 2 3~ B AT }
EO/A

dec

NHA—AX( )—Al‘“N”,p(a:O.8~O.9) 19



KASKADE Grande 1015-1017eV

rec. number of charged particles Iogw(r\l';")

o

o
(3]

N
(3]

~J

6.5 =

KASKADE-Grande, Astropart. Phys. 47, 54-66

(2013)

~ KASCADE-Grande data (full efficiency)
:. 0°-18°
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- iin o
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£ = °
|
- £
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&= 10
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in Iogw(ElGeV): 5
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5 55 6 6.5 7 7.5

reconstructed number of muons Iogw(N"f‘)
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Tibet Asy =88 (ALPACA & (XX
MDTJEéﬂ%\J—T/WAﬁ(Mm

Kurashige et al. PTEP, 2022, 093F01

SIBYLL/FLUKA+Shibata 10*°<= 3p <10*®

1000

(22
(=
o

S
(=
o

T ; T %

Number of events

200

-+

@ proton
(Y @ others

| N I

1 10 102
Nﬂ

10°

ACTYAY) D

10* —— —

—_
o
w

—_
o
n

E25dJ/dE[GeV ' ®/s/m?/st]

Shibata model

-- SIBYLL/FLUKA+Shibata purity=90%

---- SIBYLL/FLUKA+Gaisser-fit purity=90%

- QGSJET-II/FLUKA+Shibata purity=90%
QGSJET-Il/FLUKA+Gaisser-fit purity=90%

-~ EPOS/FLUKA+Shibata purity=90%

EPOS/FLUIKA+Gaisser-fit purity=9|0%

L rerere

10° 10%

10° 106 10’
Energy [GeV]

. il—#/b\d\&h\l (T v T — = MRFEH, S DEER] BE
e EAG [Hy M|

« = (Z interaction model®E W2 L VY.

K BEENT => template fitting CE D S
+/-3T% DB RITRE
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Number of Events

A e B i s N VAN e L e SNV SR WA NN

J.Huang, et al., Astropart. Phys., 66 (2015) 18-30

-—
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N

-
(=)
w

-
(=}
N

10

= Proton
o Helium
C-N-O

+*Iron
o All

HilH

&Ne-Mg-Si N
S-CI-Ar "

|IIII|IIII
1%10°<N
o0 09

-_—

* N,x AU EDE

(5572 1im 7 0

| T T T
e<2x10°

3 3.5
log10(Nu)

Mass number : A

o &

Eprim l// Eprim
w9
//\ 7@

A A
EnO NEprim E7T0 - (1/A> Eprim

« FirstinteractionT [Z&E A EBRLY v
T—1 IZH>TLEDDIZBFI-IT
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-pfErZE 1V ARk TmEE@LHC
(Ecg=2.5x10%V)

(a)0.0<pT[GeV]<0.2 O2<p [GeV]< 0.4 ()04<p [GeV]< 0.6 LHCf; PRD, 94‘ (2016) 032007

. .
102 F LHCf \s=7TeV Ta ]
104 f Ldt=2.64+2.85nb" =

1/0,, Ed®o/dp® [GeV?]

(d)0.6<p_[GeV]<0.8 () 0.8<p_[GeV]<1.0

(\."_| 1 T T
>
(3 ®  LHCf (stat.+syst.)
co% — DPMJET 3.06
2 - - - QGSJET 1I-04
©
LLl SIBYLL 2.1

[}

bE -~ PYTHIA 8.185
- 10_5 I 7 . L]

--—- EPOS LHC
E 1 1 1 | 1 1 1 1 | 11 1 1 | I_II 111 | 1 1 1 1 | 1 1 1 1 | .|.

1000 2000 3000 1000 2000 300
P, [GeV] P, [GeV] . Beam energy
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