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Cosmic Ray Energy Spectrum

Cosmic ray energy spectrum 10'%eV — 1020eV
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® Flux @ E 108-1%V
® Small flux
® Large area
® Fluorescence telescope

« @E> 10"V
* Higher rigidity
* Short attenuation length
* Anisotropy in
spectrum/composition
 Expect more correlation
with matter
distribution/objects
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7 8 9
10 Primary1Energy, E 188\/]

1010I Ll
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We are observing this energy region

B Northern hemisphere : TA
B Southern hemisphere : Auger
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Hybrid observation

Fluorescence light from air shower (emitted light all direction).
* Fluorescence Telescopes (FD)

 Observe shower track from side

 Observe shower development
e Surface detector (SD)

 Observe particles density and timing at ground level.

2
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Air Shower

] Fluorescence
AN Detectors
Fluoresceneg - g\
# Light 713 —
- y: r__.-"' e | !
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Xmax, chemical composition

The depth at maximum development(X_max) of shower depends on the type of
primary cosmic rays.

| | | | | |
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w
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z  2F
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X: Atmospheric Depth [gfcmz]
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Present observation site

West of Delta City Utah state , USA
N39° W112° , 1400 asl

E= TS F

2.5hr from Salt Lake City =~
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Telescope Array (TA)

* Fluorescence telescope (FD) x3site (FD)
 Surface detector (SD) x507, 1.2km grid (670km?)
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Telescope Array Fluorecence Detector

14 cameras/station
256 PMTs/camera

From HiRes  middle Drum

TOPO! map printed on 07/12/04 fjom "StakeJuno4-01.tpo" and "Untitled.tpg"”
113203000 W 12952.000" W NADZ2T7 112°33.000" W

B T

i !\ | LSugarl e
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fe |
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Telescope Array Fluorecence Detector

Hit on Camera

Geometry

illlllllllllllllllllllll

T, (0,9 , R)

10 15 20 25
alpha [deg.]

50}
)
s,
2 i
o 40}
‘“ L
S
5 X
3 X -
T gl XXX X I
CHX X X X
5 T % s xxx 7o
aF X S |
I AT L NRAN IS« B -
70 75 80 85 90 *
azimuthal angle clockwise from north [deg.] |
20}
Shower
axis I
10}
teore Peope € 0
SD >
Use SD timing information —
W, R resolution improve (Hybrid analysis)
2020/11/13
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Telescope Array Surface Detector

sSolar Panel + Battery 3m s~
sWireless LAN (2.4GHz) =
sGPS ~20nsec

sWF sample 50Msps FADC

Tyvek
Scintillator - =S

Stainless steel plate

|1_2mm plastic scintillator
1

----- 1mm SUS----- > 2 independent layer
2mm plastic scintillator

WLSF (475nm ) x5m PMT ETL9124SA

g0 1019V Proton shower
— simulation 1000m — 1250m
- TASD: ) 3 e
<{Signal = Scintillation light in detector = b
{photons collected by WLSFs and = — ; h—
guided to PMT 50 4 o
<{Thin scintillator = Low threshold 2E ’J_‘H.F'" M”‘ ! I
~ EM component sensitive. ) < 1 R e an .__;EE‘-?
< (2 sec) > time (H&&¢)
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Telescope Array Surface Detector

O An event hit map are shown

O Geometrical and LDF reconstruction fit “gog————————————"————— s
is shown for this event. § —E Hit timing 3
oF- =
Observed hit Time [4uS] 3 3
22 | | | | | | | | T T _I! T5E- E
TE- =
21 -9 6.5F =
20 - B I v St s e
T 19 _ Distance along shower axis on the ground, [1200m]
z 85
§18 - E-m’ T
=17 4115 &
< 2
216 n "E 10
15 7.5 s
14} 'g
131 1' !
7
L il T T R A T T N B B
1 2 3 4 5 6 7 8 9 10 11 12

East [1 200m] N Perpendicular distgnce from shower axis, [1200m]

Hit timing : — Arrival direction
Lateral distribution of energy deposit — Energy estimator “S(800)”
(Energy deposit at 800m)




Telescope Array Surface Detector

Energy determination at SD

O Look up table generated by “MC”
O FD gives calorimetric energy.

O SD energy obtained by “MC” is calibrated with FD energy obtained at hybrid events.

T 520.
20

—19.5

10

=119

18.5

sec(e)-

sec (0)

TA Hybrid, log_(E/eV)

Erp = Espmc/1.27

. “FD” 21:

20.5

19.5

N
o
TTTT11

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEntries 551
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TA operation

FD
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* 12 years of data.
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TA Low Energy extension (TALE)

10 new telescopes to look higher in
the sky (31-59°) to see shower
development to much lower energies

Infill surface detector array of more
+ densely packed surface detectors
(lower energy threshold)
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TALE telescopes

- —

Telescopes for
high elevation angle (31-59°)

® 2013- Telescope operation
® 2017- 80 SDs deployed and hybrid observation started. TALENAT R RO B AN

IRJLF—LZELVE logE=16.0

® Upgraded DAQ system from original TA (R —F 5,000 B

«— 50,000 3B& 4 (SDE{K)
AB =1.0° « 5.3°(FDERE)
AXmax = 20 g/cm? < 60g/cm2(FDEHR)
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TALE event display

i i TALE-FD: 2013/09/10 10:49:20.604393 TALE-FD: 2013/09/04 04:16:56.924320
High elevation Time, [us Time, [us]
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B ] L 24 SR 1=
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TAx4

T TMA:TXMW 77 Observation for higher energy part E>1019°
f# , Red marker : Deployed at 2019/03
TA,X4‘4,North
® 2 divided SD array
® North 130 SDs 2.08 km grid
TALE ® South 127 SDs 2.08 km grid

ooooooooo

ginidy Dela Ui More robust detector than TA

oooooooo
ooooooooo

o -

oooooo

© g0
oooooo

ooooooooooooooo
ooooooooo

TAx4 South . {

- 30 km:

22 Apr2019 S. Thomas
Dept. of Physics Univ. of Utah

0o 5 10 20 30 20 50 Kilometers
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TAx4 Experiment

- Array grid is 2.0km.
- Trigger efficiency ~95% at 57 EeV
- Energy resolution <-29% +22 %
- Angular resolution < 2.2 deg

- Study of reconstruction have been updated
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TAx4 SD

Stable operation started in the fall of 2019

already 1 yr of data.
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TAx4 FD

TAx4 northern FD station

' First light @ Feb. 16, 2018

b

Hybrid event

e e -
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Energy spectrum

e Combine TA spectrum (11 years)

» Statistics is dominated by SD data while combining.

RRRARRARE RARARRARE RRRARARRE RRRARAARR RRRARRARE RARAR
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LE ankle: log,,(E/eV) = 16.22(2)
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Ankle:  log,,(E/eV) = 18.69(1)
Cutoff:  log,,(E/eV) = 19.81(3)



Compar 1son with other experiment

& Auger observatory
€ Southern hemisphere 3000km

180] |

& Auger/ TA
R.U Abbasi et.al arXiv:1801.07820

2 2 A iH|
‘3 - s LAl * t' * T‘ -
;? ' Phpit) 1*3 f I At
E 102} L -
> - 1] 3
Jd o . TA SD Full Sky (ICRC 2015) 1
Malargiie A/ - : a Auger SD ICRC 2017, E rescaled by +11% v i :
i ho'(" : R oy e st ﬁ A HiRes-l (2008) ¢
e i R S g e el cormen = R HiRes-Il (2008) } T
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& Auge (ICRC2017)
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@ Discrepancy at E~1019% gV

ST TR o e A

tector station in the field, showing its main
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Composition

study using FD
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Composition study using SD

Composition study using BDT multivariate classifier based on particles

arrival timing and lateral distribution.

15 " HADRONIC MODEL DEPENDENCY ERROR
1
0.5
M
<
= 0
W
L=l
-0.5
-1
-1.5 . - -
18 18.5 19 19.5 20
logyq E, eV

FIG. 6. Hadronic model dependency error of the method as a
function of energy, based on a comparison with QGSJETII-04
hadronic interaction model.

6 TA SD, QGSJET 103 —@—
Auger 5D muon XMAX, QGSJET II-03 —l—

Auger SD risetime asymmetry 500-1000m, QGSJET |I-04 &

5} Auger SD risetime asymmetry 1000-2000m, QGSJET |I-04 —d—

A
{ — —
c N = =1 ITl1
Vo2 Iiih'}*i,{.}h_
He R —
! l LR B I
]
0 > l I
18 18.5 19 19.5 20

logyp E &V

FIG. 8. Average atomic mass (InA) in comparison with the
Pierre Auger Observatory X,y and risetime asymmetry results
[18,52]; statistical error is shown with error bars, systematic error
is shown with brackets.

Phys. Rev. D 99, 022002 (2019)

The technique extends energy range for composition study.
Also it can be adopted to anisotropy study (by selecting proton like events . etc)
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Anisotropy

2MRS catalogue D<75Mpc
Blue~Red corresponds to 0~75Mpc

Relative amount of objects
(in 2MRS , efficiency corrected)

e
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s : ;
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10°? g .......................................................
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® Matter distribution within 100Mpc differ
between direction of SGP and other.
® Spectrum modulation differ due to
different matter distribution.
® The attenuation depends on composition.
® Anisotropy in energy spectrum
® Anisotropy in composition

JPS meeting 2015 @Osaka City Univ (Japan) translated to English



Anisotrop
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168 events with E > 57 EeV
38 events in hot—spot 25 radius
(expect 14.2 events),
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P-air Inelastic Cross section

O Using deep penetrating shower (proton),
O Mean free path(A) is extracted from Xmax.

O The factor k between ratio extracted 2
A and true mean free path A\, is H
estimated with MC.

Ok's systematic is considered while error &

estimation

800
C N R. Abbasi et al., PRD 92 032007
- Baltrusaitis et. al. 1999 (2015)
700k Honda et. al. 1999
W knurenko et. al. 1999
N knurenko et. al. 2013
gook Aiellie et. al. 2009
—_ B Mielke et. al. 1994 rT o
Q L v Siohanet. al. 1978 r | FPEAT
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T [ O Abreuet al. 2012 141
©% [ O Belovet al 2007 23
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- K: Model dependent factor
| obtained via MC
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< The value observed is between EPOS-LHC and Sibyl2.1.
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Ongoing analysis
and development



Anisotropy study w magnetic field

LI @Generatlng 1000 proton W|th energy spectrum

60
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Energy Spectrum:
Broken Power
Law(index=-2.69, -
4.63(broken at
E=10719.81eV))

- 40EeV

* Making a tracking-function
from backtracking-
trajectory

* Based on the deflection at
100EeV

@Ma klng flux pattern (with GMF)

o7
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05
0.4
03
0.z
01

R.Higuchi , JPS meeting Sep. 2020

Flux pattern of cosmic ray is generated using galactic magnetic field models.
Then study compatibility with flux pattern of observed data.

2020/11/13 ICRR Young Researchers Workshop



Anisotropy 1n composition

Event distribution 20° oversampling

g2 0 et * Proton-like events were selected with
o T IR XY TG ¢ parameter used for composition

R T study.(Phys. Rev. D 99, 022002 (2019))
N 1 A e * GMF is considered
= * Left panel is selected events.

| e g s _ Right panel is significance of excess
TRt TN from expectation of uniform
=‘. -.: .2 LM . L] .
(\iop, o= oh - distribution.
. -\\‘; ':.':':-::'.;.--. i
e A x /

57 events

Fxeesses are nhserved in the hotsnot and (Galactiec nlane area
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Update of hybrid event analysis

Trigger Efficiency
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PhD thesis, D. lvanov
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Marker size :
Maker color :

Extend hybrid study

More statistics for composition study.

Cross check of each telescopes.
Improvements have been attempted, including
consideration of meteorological conditions

signal amplitude
Time
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