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Motivation

The cosmic ray anisotropy is important in understanding the
origin of cosmic rays and Galactic magnetic fields.

Many ground experiments have detected large-scale anisotropy
of galactic cosmic rays, while different spatial patterns are
obtained by the ASr and the Milagro experiments. The two
experiments conclude differently on whether the anisotropy is
correlated with solar activities.

ARGO-YBJ has the largest data sample in the similar energy
range. A measurement with the highest significance is expected.

The difference between background estimation methods, equal
zenith angle method for ASr and direct integral method for
Milagro, are investigated.



Analysis method

* The intensity of CR as a function of arrival
direction can be solved by minimizing the
following X2.
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* lteration procedure is very important to
find the global minimum. 4



Why global fitting?

 The equal-zenith angle method, equal-declination angle
method (time swapping, direct integral) may
underestimate the anisotropy, depending on the scales.
A toy MC simulation is used to test this method. Some
artificial small structures may be produced.
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Global fitting based on direct integral method

 Global fitting method could effectively reproduce
the primary anisotropy for all scales.

~Analysis result
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Global fitting based on equal zenith angle
method

« A deficit of 0.3% at Dec= 10°, Ra=180° within a cone
of 45° is generated in isotropy cosmic ray sky.

 The situation is the same as that of the direct
integral method.
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Comments

 The “anisotropy” estimated without iteration, either
by “direct integral method” or by “equal zenith angle
method”, could be fooling.

* The situation may be even worse with short integral
time (e.g. 2h or 4h) using “direct integral method” .

- Sufficient iteration guarantees to correctly reproduce
the anisotropy put in artificially, without any fake
structures at small scales.
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Current status

@ Operation since July 2006, Stable data taking since
November 2007 with final configuration

® The average duty cycle ~ 85%, dead time 4%,
® Trigger rate ~3.5kz

@ 3.5 x 10" events collected
® 220 GB/day transferred to IHEP/CNAF data centres
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Moon shadow analysis

N w
T

« Moon shadow: A nature tool to
determine the performance of detector:
Pointing accuracy,
Angular resolution,
Absolute energy: ~13% _ ,
long-term stability A o
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Direct integral method for data 2008
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Direct integral method for data 2008
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* With iteration, the results using 4h and 24h
are the same.

* The effects of the iteration on amplitudes
and structure are expected just like what is
seen in toy MC.

0% Dec <10° | 0828 T o 00 Do <10°

1.002 o, _______________________ , _______________________ _________ P 4h . 1.002 ;— .................. . ....................... \ ....................... . .......... —_— 4h Iteration

SEN TS S S S
e s """ —=— 24h Iteration

Relative Intensity
--
-
Relative Intensity

| 1L 1 1 |
300

| |
250

L1 | | 111 | | L 111 | 111 1 | L1 1 | | OBBBEI L L1 | Ll 11 | | | | | | | L1 1
150 200 250 300 350 0 50 100 150 200
Ra (deg) Ra (deg)




* With iteration, the results using 4h and 24h
are the same.

* The effects of the iteration on amplitudes
and structure are expected just like what is
seen in toy MC.

0% Dec <10° | 0828 T o 00 Do <10°

0,002 e _______________________ _______________________ _________ —+ 4h _ 1.002 ;_ .................. ....................... ....................... .......... —— 4h Iteration

SEN TS S S S
e as """ —=— 24h Iteration

Relative Intensity
--
-
Relative Intensity

§cale
I T I A 008 £ T T
150 200 250 300 350 0 50 100 150 200

Ra (deg) Ra (deg)

Iilll
300

[ !
250




* With iteration, the results using 4h and 24h
are the same.

* The effects of the iteration on amplitudes
and structure are expected just like what is
seen in toy MC.
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* With iteration, the results using 4h and 24h
are the same.

* The effects of the iteration on amplitudes
and structure are expected just like what is
seen in toy MC.
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Comparison with Icecube experiment

ARGO-YBJ
(1 TeV)

1.002
1.0015
11.001

1.0005

0.9995
0.999
0.9985
0.998

avi
DA%

ﬂ' -

T e

"~ ~“Icecube-22
. ””/-,,;.-- st
(20 TeV) 15



Dipole + quadrupole fit
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Dipole + quadrupole fit

Galactic coordinate

Icecube ApJ, 740:16 (2011)
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Comparlson with ASr experlment
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Large scale CR anisotropy vs energy

1 - LB RLS T B '.'.'”"] T A AT
. . —Thls \wlk =
| @ — Tibet ASy | [ —ARGO (ICRC2009)
: 0 —UG-y
0003 T —AS
i $o oM R s o o
= % :
= - ™ vl BLT
io 0.002 E o ETT.’"'If"ff';'f"ff'.'.'ff"éa"fII'TTT..‘ “ay
E g N %‘ié i pet
. —10.001 :
0 102 | r |

eo
s0
a0
a0
20
10

®

The Median Energy (GeV)

idsiit

The amplitude of the
wn anisotropy increases with
energy below ~10TeV and
11 decreases at higher energies.
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Yearly variation
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« ARGO-YBJ observation time starts from Nov. 2007, during
which period the solar activity is from minimum to maximum.

 With a low energy threshold, ARGO-YBJ can measure the
possible variation of Cosmic ray anisotropy around 1 TeV due to
the solar activity.

- Data analysis of the time evolution of the anisotropy is in
process.



Two dimensions anisotropy monthly variation at solar time and
sidereal time period. Sidereal time anisotropy is dominant.
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Comments

» Large scale anisotropy has been observed by
many experiments. Both Galactic and
heliosphere magnetic field have been introduced
to interpret the anisotropy, loss-cone and tail-in.
Its origination is still under debate.
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LHAASO Project: vastronomy and origin of CR

Large High Altitude Air Shower
Observatory
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LHAASO Project: vastronomy and origin of CR
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LHAASO Project: vastronomy and origin of CR
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LHAASO Project: vastronomy and origin of CR

Large High Altitude Air Shower Observatory . eo: 5137, im<dm<2cm

15m spacing
Yangbajing, 4300m a.s.l., 606g/cm’ o

B MD: 1161, 6mx6m=2cm
30m spacing

............................................... A

pi42° N 90°29°'59.08°E ¢



LHAASO PI'OjeCt yastronomy and orlgln of CR
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Physics Goals

VHE Gamma astronomy (100 GeV-100 TeV)

— SKky survey for extragalactic sources, especially for AGN flares
(<30 TeV);}

— GRB detection (<30 TeV);
— Deep observation for galactic sources (>30 TeV).

)
Cosmic ray physics (50 TeV-1 EeV)
— Primary spectrum & mass before the knee(50 TeV-1 PeV);

— Primary spectrum & mass at the knee(1 PeV-100 PeV);
— Primary spectrum at the second knee(100 PeV-1 EeV).

Other physics:}
— Anisotropy of cosmic rays;}
— Solar magnetic field & storm;}
— Dark matter.
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Sensitivity on yAstronomy

« Survey the northern sky for ysources above 100GeV
(>90% of area is never surveyed at a sensitivity of
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Current status

* Engineering Array of KM2A at YBJ

— The array consists of 42 scintillators
— Taking data since 2010 with trigger rate 50 Hz

 Engineering Array of WCDA at YBJ

— The array consists of 9 EDs and 1 MD;
— A water purifier and circulating system;
— Taking data now

 Engineering Array of WFCTA at YBJ

— Two wide field of view Cerekov telescope, one with
tracking system

— Taking data since 2008
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Prototype of WCD at YBJ site

* 1% engineering array near the ARGO
detector
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First Test Results
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Prospects of LHAASO project for cosmic
ray anisotropy studies

Accurate measurement of the anisotropy
with a wide energy range from 100 GeV to

10 PeV.

* Measure the anisotropy of different
composition: Proton/He, Fe,y.

« Study short time variation: yearly, monthly,
daily.
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Summary

The large-scale anisotropy of CRs observed by
ARGO-YBJ experiment is consistent with that
of the ASr experiment.

The amplitude of the anisotropy increases
with energy below ~10TeV and decreases at
higher energies.

The monthly and yearly variation of anisotropy
IS ongoing......

The LHAASO project may bring us interesting

results on short time variation.
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Thanks for your attention!



