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Qutline

 Tibet AS+MD
* Previous Result

 Event Selection

 Comparison with before MD installation

* Result of Sidereal Anisotropy (1D)

* Result of Sidereal Anisotropy (2D)

« Summary
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Tibet Air Shower Array
- S

707 mm |
Smm Thick Lead

O Tibet, China (90.522°E, 30.102°N) 4300 m a.s.l. S = )

O scintillation counters 0.5 m2 x 597
O coverage area ~65,700 m?
O angular resolution  ~0.5°@10TeV

Density PMT

HHHHHHH

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

~20%@100TeV

2nd particles timing = arrival direction
2" particles energy deposit = primary energ |I

\ L
L
- z -
-
| - '-"-’
T I
T2
z >
-
=
.. ) ®
R -
b %
—-m E
e =

. &

i
31 July, 2019 36th International Cosmic Ray Conference: July 24th - August 1st, 2019 @ Madison, WI, U.S.A CRI16e. - P.4



Water Cherenkov Muon Detector Array
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Measurement of number of muons in air shower
=7/ CR discrimination
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Previous Result observed by Tibet ASy
Sidereal anisotropy of cosmic ray including
gamma ray/electron/positron at multi TeV — PeV

Amenomori et al. 2010 Relative Intensity
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Previous Result observed by Tibet ASy

In multi TeV region, we found global anisotropy (15t and 2"9: GA)
and middle scale anisotropies (MA)

Amenomori et al. 2010

_ Best-fitted MA along Hydrogen Deflection Plane
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Previous Result observed by other experiment

« ARGO, HAWC, and other experiments reported the results in multi
TeV — serval tens TeV region consistent with Tibet ASy (Bartoli et
al.2013,2018, Abeysekara et al. 2014,2018 )

 All sky map observed by HAWC & IceCube at 10TeV

HAWC and IceCube, 2018
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Still unknown what causes these sidereal anisotropies.
Observing sidereal anisotropies of cosmic ray and gamma ray/electron/positron
separately will provide the new information around our solar system.
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Event Selection
 Period : 2014 February - 2017 May (Live time : 719 days)

* Event selection
« Zenith angle 6<60’
« Shower core locates in inner area
» Four-fold coincidence (each array recorded more than 1.25 particles)
» Event selection for High Energy
* More than 16 detectors used in the air shower reconstruction
Y'p (the sum of particle density) selection

Prlmary Energy [GeV]
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Analysis Method & Cut Condition

To exclude the y ray (electron and positron) like event,

We introduced the additional cut

sum of number of u-on detected by MD (ZN ) >1

Total Events

u—on Rich Events

After event Selection

Number of Events : 2.740x10°
Mode Energy . >20 TeV

After event Selection

Number of Events : 2.716x10°
Mode Energy . >20 TeV

0.024x10° (~0.86%) events excluded as y ray like events
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Comparison with before MD installation

This work 2014 - 2017 Before installed MD 2000 - 2009
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Result of Sidereal Anisotropy (1D) Energy ::>20 TeV

Total Events u—on Rich Events
Black : Sidereal
oot -Gray : Anti-Sidereal 1 1oorf
Red : Best-Fit Curve
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Local Time [degree] Local Time [degree]
Fitting with 1st & 2nd harmonics I(a) = 1 + a; cos(a — ¢1) + a, cos(2a — ¢,)
a[%] dil°] a;[%] ;[ °]
1st 0.060 = 0.003 3550 £ 2.9 1st 0.059 = 0.003 3555 £ 3.0
2nd 0.025 + 0.003 943 + 34 2nd 0.024 + 0.003 934 + 3.6

The EM components do not influence sidereal 1D projection.
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Energy ::>20 TeV

Result of Sidereal Anisotropy (2D)
Observed .
u—on Rich Events

Total Events
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u—on Rich Events consistent with Total Events
Fit with the 1st & 2nd anisotropy model denoting as

2
I(a,6) = 1 + A, cos(D(a,8,;a1,0)) + A4, §cosz(D(a, 5; ay, 0,)

D(a, 6; a;, 6;) :Distance from peak direction / Best fit parameter A4, aq, 45, @5, 5,
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Result of Sidereal Anisotropy (2D) Energy ::>20 TeV
Best Fit Model

Total Events u—on Rich Events
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Result of Sidereal Anisotropy (2D) Energy ::>20 TeV

Residual
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No difference is identified in
the best fit parameters & the residual map.
The EM components do not influence
large & middle scale anisotropies at >20 TeV.
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Summary

* We calculated the sidereal anisotropy at >20 TeV observed
by Tibet AS+MD, and compared the result of total events and
mu rich events (0.86% gamma like events excluded)

 Sidereal anisotropy of u rich events is consistent with total
events’ one.

 EM components do not influence large and middle scale
sidereal anisotropy of total events in this energy region.

Future plan
» Other energy region.

« sidereal anisotropy of u poor events
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Thank you!
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