UHECRER I

PPN Y P
55 chigfs

=

AR TR A e 1 | P S L

2017/3/31 mo B N 33 35 18 35 h i




Outline

« UHECR

e UHECR #3;A

e TA AugerD & BIESLEER
o HhosRETIH
« F&H




Ultra High Energy Cosmic Ray
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Cosmic ray energy spectrum 10%%eV — 10%%eV
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< 10%%V — 10%%V range

< Extragalactic (10'%V)

< Anisotropy is expected
Directional/Spectrum

< Flux of cosmic ray is very

Small.
— Large detection area.

Highest energy
10%V~

levent /km2-year

extragalactic origin.




< trajectory of cosmic ray in galactic magnetic field. Proton
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1018eV 101%eV 102%V
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(Few degree)

< Effect of Inter Galactic Magnetic Field (IGMF):
aenerally random field. B < ~10-°G Few dearee —> Anisotropy
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e Matter distribution at near distance
S Xiv 08 1147 181 [ogiro-phHE] Distribution of Galaxy with in 75Mpc (2MRS)
100% 5 rrerrrer s 1y ey e T Tttt ) :
G Hodtzons Most of Galaxy concentrate near SGP direction

(uniform source distribution)

0,
el E>6x10" eV

Attenuation due to interaction with
60% bach ground photon |

40% |

20% |

— attenuation(%)

fraction of cosmic-rays from distance > D

0%

0 50 100 150 200 250 300 350 400
D(Mpc)

distance (Mpc)

(lower cut off Energy
and more suppression of flux) (Extended spectrim)

e Interaction with CMBR and IRB
e UHECR attenuate while propagation.
* Matter distribution differ depending on directions

 Cosmic ray sources o matter distribution
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e Spectrum from single source at various distance (left)
e Simple simulation of spectrum modulation depending on matter distribution (right side)
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Modulated Spectrum Shape !' Asrc On: object distributed at near
. . . i Off: object do not distribute at near
from single source at various distance : .
| ON Toy situation
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Observation
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Observation by ground detectors
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Northern / Southern hemisphere

Telescope Array

TP

iddle Drum FD

Telescope Array (TA)
Delta, UT, USA

507 detector stations, 680 km?
36 fluorescence telescopes

Existing
CR detectors at
highest energies
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Pierre Auger Observatory
Province Mendoza, Argentina
1660 detector stations, 3000 km?
27 fluorescence telescopes

UHECR2016 M.Roth

-0
Ry ) —E8R[CKAFHEEDRER
ERMRS




Telescope Array detector

. gy v gy Location:N39.3° ,W112.9°
AdClesLramiED O e AN Alt 1350-1500m as|

0 Fluorescence Detector

A Comm Tower

e1.2 km grid SD (3m?)
. @ 3subarray:
+cross boundary trigger
- Total 507 SD
eDetection area~ 700 k@
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Pierre Auger Observatory

Fluorescence detector (FD)
* 4 sites

» 0-30°

* E>10'8eV

Surface detector array (SD)
* Grid of 1500 m

* 3000 km?

* 1660 stations

o E>| 0|8.5 eV

UHECR2016 M.Roth
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Fluorecence Detector (TA)

From HiRes  \jigdie Drum

14 cameras/station
256 PMTs/camera

TOPO! map printed on 07/12/04 ffom "StakeJun04-01.tpo" and "Untitled.tpg"
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Surface Detector (TA)

mSolar Panel + Battery
mWireless LAN (2.4GHz)
sGPS "20nsec

sWF sample 50Msps FADC

\;- . - |

Tyvek Sheet-v ;
Scintillator -

Stainless steel plate -

12mm plastic scintillator

1mm SUS > 2 independent layer
12mm plastic scintillator

WLSF (475nm ) xX5m PMT ETL9124SA

10%%V Proton shower (stacked energy deposit)

“*Response 1000m — 1250m
oL S ,SMD;simulation ..
<{Signal = Scintillation light in detector % aonl—
Ophotons collected by WLSFs and \g ol
guided to PMT S o
OThin scintillator = Low threshold L w
~ EM component sensitive. ) <L
< (1p sec) > time (nsec)
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TA Low Energy extension (TALE)

Infill surface detector array of

10 new telescopes to look higherin
the sky (31-59°) to see shower
development to much lower energies
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more densely packed surface
detectors (lower energy

TALE-SD array
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Event reconstruction

elevation angle [deg.]
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Surface Detector

O An event hit map are shown
O Geometrical and LDF reconstruction fit
is shown for this event.
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& 102

10

Charge Density, [VEM/m

LDF

Perpendicular dist;nce from shower axis, [1200m]

Lateral distribution of energy deposit — Energy estimator “S(800)”

(Energy deposit at 800m)



:Results of Spectrum studies

< New lower energy range spectrum from TALE FD observation
< TASD 7 year spectrum for higher energy range



Spectrum from E 101>6 — 10493 eV

< Comparison with experiments
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<Summary of Spectrum observation>

O TA measured the energy spectrum for 4.7 orders of magnitude (101°6- 10%%:3 eV).
nd
O Found 4 structure : “low energy ankle”@10153%eV “2 Knee’@10'73 eV
“Ankle’@10'872eV  “suppression” @ 10%°-8eV

O @ E>10%82eV spectrum shape are fitted with pure proton model
O Discrepancy with Auger in spectrum shape. @ E> 101°3eV
Systematics or some hint for cosmic ray source?



TA spectrum from E 104>
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data

T
year

Log(E/eV) GZK
-19.78 +0.06 Power index

=-455+0.56

Power index
=-3.30+0.03

Power index

1= Log(E/eV) ankle =-2.68 +0.03 =
- =18.70+0.02 .
- N_EXPECT (> GZK, no cut-off) 199.332 \
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Fitting TA spectrum with proton model

*Uniform proton source distribution, E > 10182 eV
*Injection spectrum EP, Emax = 102! eV

Source density oc (1 +z)™

*Consider energy losses with CMB and IRB

*2<0.7,Bgue < 0.1 nG

24.8 . 1

246

log(E3 J(E)[eVZ/m?/s/str])

b T |

\
\

24 + O .
23.8 + 1 J
23.6 | \
23.4 .

Uniform ——
232 1 1 1 1
18.5 19 19.5 20

log(Energy[eV])

p=2.18 +0.08 - 0.14 [stat. + sys.]
m=6.8+ 1.6 - 1.1 [stat. + sys.]

AlogE = -0.04 (-9%) + 0.04 — 0.03 [stat. + sys.]

x2 = 18.0/17

99.7% C.L. ——
95.4%C.L. —

68.3% C.L.. ——

I 1

= 0.1

=4 0.01

0.001

0.0001

P-value



:Results of Composition studies



Auger X ., UHECR2016

Averageof X Std. Deviation of X =

— Syst. |

II I $ T 1** ! profon‘

i *ﬁ*# *

=== QGSJetll-04

------ Sibyll2.1
- - - QGSJetll-04 AUGER, PRELIMINARY

- Sibyll2.1 [ g e e o e A
AUGER, PRELIMINARY 1 20— e iron

17. 17.5 18.0 185 19.0 19.5 20.0 17.0 175 18.0 185 19.0 195 20.0

log,.(E/eV) log..(E/eV)
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Mixed Composition?

Correlation rg(X*...; S (38)) in Monte Carlo

max’

Epos-LHC Epos-LHC

proton iron

5 1100
o
g

900 - % ) 9001
800! ’ 800}
700 700

600 correlation = 0.00 600

L | I | |
10 20 30 40 50 60 70 8 90 100
5"(1000), VEM

correlation = +0.08

1iy 1 i 1 1 " J
10 20 30 40 50 60 70 80 90 100
5'(1000), VEM

Correlation between X", and S’ (38) depends on the purity of the primary beam
+* Use ranking coefficient rg [R. Gideon, R. Hollister, JASA 82 (1987) 656]

Pure compositions - correlation 2 0

: $7(38)) in data

max’

Correlation rg(X”

é 1|()()§~ L—m‘ Log(E/eV) = 1:3765;‘1“[9\0)
i 1000} re(X mag S” (38)) for protons:
S Epos-LHC  QGSletll-04  Sibyll 2.1
"] 0.00 +0.08 +0.07
b Difference to data
700E 50 8o 750
600 T, . W0 1135 +0.024 Sys. uncertainty from X" ., and S* (38)
0

1
20 30 40 S0 60 70 80 90 100
Sy [VEM]

Oys(r) < 0.01

UHECR2016 Matthias Plum

2017/3/31

max’

Correlation rg(X®

General characteristics of air showers:

* Heavier nuclei produce shallower
showers with larger ground signal

* Minor model dependency

More negative correlation
-> more.mixed composition

TR —EHAICLAFEBRDRER
ERMRS

S*(38)) in Monte Carlo

Epos-LHC
0.5p —0.5Fe

correlation = —0.37

Loeyyol L L L L |
40 50 60 70 ’80 90 100
S (1000), VEM




X ., measurements in TA

Stereo mode

Data event
100
5 f(use 2 FD — Data
><éooo :_S'[atlon) —— Proton (recon.)
- — lIron (recon.)
900—
800 O =
C e g
C ————— —
700{— e, S
N ——"
600{—
500 L1 | | | l
1 e i R Energy:log‘zo(%E/ev)
<90 Hybrid mode (BR/LR)
E C . Data
Q QGSJet 1I-03 proton
s (use FD and SD e
A 850 L, . QGSJet I1-04 iron
i timing)
800 - :
] _ . L ;
u B — . t
R o= SRR
750
o :
T e
650
1 Il 1 1 ‘ 1 Il 1 | 1 Il Il | 1 1 | Il ‘ 1 ‘ 1 ‘
60%s2 184 186 188 19 192 194 19

.6 19.8
Iogw(E/eV)

750k

700}

650

Middle Drum Hybrid

® MD Hybrid Data

— Proton

Nitrogen

L an
-----

P

MD Hybrid

Solid = QGSJETI-03
Dashed —> QGSJETII—04

| 1
182184186188 19 192194196198 20\/%

Xmax is composition sensitive parameter.

“Depth of shower maximum”

Red: Proton MC prediction.
Blue: Iron MC prediction.

Black : Observed data.




X .., distribution shape

— Proton
Standard mean vs log(E) plot _, _ T 1
N —— Nitrogen [ :
Middle Drum Hybrid § 60 |=—Iron [ = 0.9
é R 1 | . - 0.8
o O MD HYbrid Data L e oo 10010 1 1 1 R 1 —
=850 - 7
§ — Proton S 20 [T e RN, DN ISR S OO ... - -0.7
>é Nitrogen . ('%
QT e 0.6
§800
_ 10.5
750}
T e Beeeedbdisi i O T .. 0.4
2 e o T s e A 10.3
------------ Solid = QGSJETI-03 0.2
650? Dashed = QGSJETI-04 ]
o oty by by by by b by by .—— 01
18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20 20.. o —— S S e m
Iog(E(eV)) _100 C 1 I 1 | Ll 1 l L1 1 l L1 1 l L1 1 1.1 I Lt i1 1.1 L1 I | I T | ] 0
18.5 19 19.5 20
“Shift Plot” Events: 613 Energy Iogm(EleV)

Plot shows AX, ., required to maximize data/MC agreement (QGSJETII-03). color= Pvalue

< Comparisons were done for single composition assumption.

< “Shape” is consistent with “proton”.

< Standard statistical test on shifted distribution (points) Pink, blue bands for other
hadronic models. 16 g/cm? systematic_uncertainty.

Maximum s-Value



X . Measurements in TA

< For each analysis ,(data -iron) / (proton-iron) are calculated at each data point and
compared with corresponding values of each composition

! (Other Hadron model)
g 14f .
T QGSjetll-03 case
43 1.2 |
& 1} ' - <— P
X |
Sosf 4++t +++++T¢ #+H i + T
|
5 0.6 N bt H + <—He
o4l ® MD Hybrid
i * BR/LR Hybrid <~— N
0.2 * BR/LR/MD Stereo
0 ~—Fe

P TR B L ol
18.8 19 19.2 19.4 19.6 19.8 20

038182 18.4 18.6 5.8 9513
0g(E(e

< Corresponding average InA value is “light component”.
< It depends on Hadron Interaction model large.
<> N and He have large difference in mean free path in CMB
— Hadron Interaction is very important while understanding anisotropy.



:Proton Cross section



P-air Inelastic Cross section

Methodology :
O Use deep penetrating shower (proton),

O Mean free path(A\) is extracted from Xmax.

O The factor k between ratio extracted

N\ and true mean free path A

p-air IS

estimated with MC.

O k's

systematic is considered while error

estimation

700

300

200 L1l

Baltrusaitis et. al. 1999 R. Abbasi et al., PRD 92 032007
Honda et. al. 1999 (2015)

knurenko et. al. 1999

knurenko et. al. 2013

Aiellie et. al. 2009 o
Mielke et. al. 1994 TT . ‘
Siohan et. al. 1978 e 4T
Aglietta et. al. 2009 [ lag-t”
Abreu et. al. 2012 ey
Belov et. al. 2007  Jod
This Work

@0 0O «

||[l\l\[l\l\ll\l\llllllll

I | —— QGSJETII4
| ) 1 S e Sibyll2.1
|= I | ==== QGSJETO1
| l —— EPOS-LHC
7
10°  10° 10" 10°  10° 10 10°  10° 1
Energy(eV

020
)

Evants / A Xmax (cm &)

(=)

;

T TTTI]
_{_
——

- NA=50.47 = 6.26 [stat.] g/cm?

N=KA, 4 =K(14.45 my/0, o) A
K: Model dependent factor
obtained via MC

[T T T T T T T T T T T T N I B A A B O
T AE

T ToUg DG SI5 a0 G50 1000
¥Xmax {gfem )

=
A

Systemastic [mb]
Model +- 17
20% He +18
Gamma < 1% -23
Total (+25, -29)

O 0, i(inelast.) @ 95TeV of VS is 567.0+70.5[Stat.] (+25,-29)[Sys.] mb
<> The value observed is between EPOS-LHC and Sibyl2.1.



Study of Air shower



Air shower study

e Muon excess in observed shower (© 10'%V)

EHFIE R FEHD data/MC b

Data/MC ratio

epos1.09  QGSIETI-04

* Using detector observe shower in deeper atmosphere

purity

| * Higher muon purity leads larger discrepancy.

e Muon excess ..
R.Takeisi (ICRR)

) 1400

2000 3000 4000 5000
L) —EMSOIEEE (m) 8

Shower observation with different detector

2017/3/31

Collaboration with Auger group
in US

=~ Colorado School of Mine (CSM).
.~ Case Western Univ

 Compare signal with MC under condition of higher muon

D EIR

ZRYI)—EHICKASFEE
ERMRS
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Operation of Auger SD in TA site.

Auger South

&

TA CLF
l‘ Auge
.

| ]I
.

r North

/

VEM Charge=112.4

TA&Auger®) i R SEER
KA (Muonl= &Y BREE)

TA SD ERIBALT=A RV D ELE
(2013- #k#HD)
BhZECEE

20164E B

.« TAZLADSONH—E1E
- TCP/IPEm TR/ TH_ENTES,
o TAYA+TOMDAIETHF ATTHE,
- FLADODAQIZEFEMIIFTTIZRIEZES
mncE3,
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:Results of anisotropy studies



Hot spot (7 Year data)

JArrival direction of high energy event obtained from 7 year data.
Oversampling usmg 20 deg. radius circles, Li-Ma S|gn|f|cance

,". . g Sy :c ‘ ... K .\. ‘. ’ \
i * : ' | 15
360 0 &
R.A. (deg)
-1
30 2
-3_6
. -4'§
Blue: 5 year data ( published in ApJL 790, L21 (2014)) [Equatorial coordnate
Red: 6 and 7 year data (37 events) ICRR 2015 Kawata

./ year data 109 events (Zenith angle < 55 (deg.))
:Max significance: RA 148.4 (deg.) Dec 44.5 (deg.) (“Hotspot”)
Observed: 24 events, isotropy: 6.88 events — Significance: 5.10 (Li-Ma)
:Chance probability to exceed 5.10 in the exposure: 3.40 (0.037 %) (post-trial)
(15, 20, 25, 30, 35 (deg.) radius circles are searched.)
3.40 (0.037 %) was also obtained in 5 year data in ApJL 790, L21 (2014)



Correlation: “Intrinsic” anisotropy Avess, Spl, 80515 (2013)

@ 2 Methods used to search for intrinsic correlation 2

1. Search for local excesses: Scan in energy threshold E,; (40-80 EeV), circular windows
(1°-30°), compare number of obs. vs exp. events from isotropy
\2. Autocorrelation: As above but compare number of event pairs P

1. Lima-Signifi , E>54 EeV, b =12 . .
e e o L o . N

.., Mostsig. excess using
i method 1. on the left

* localsig. 430

* Post trial probability
0.00 P=69%

(fraction of isotropic

750 simulations with more sig.

| excess under same scan)
s K Method 2 also not sug_/

Galactic coordinates

Markus Lauscher | RWTH Aachen Anisotropy Search with the Pierre Auger Observatory 12
ERUYI—EHAIICKSFHBRDER 34
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TA + Auger Sky map (57EeV vs 57EeV)

Hot spots

Dec. (deq) E - 57 EeV

________________________

.................

No correction for TA : 7 years 109 events (>57EeV)
Energy scale difference Auger : 10 years 157 events (>57EeV)
b/w TA and Auger !! Southern hotspot is seen at Cen A(Pre-trial ~3.60)




TA + Auger Sky map (57EeV vs 42EeV)

Equatorial Coordinates - 20 deg. smoothing Equatorial Coordinates - 20 deg. smoothing

UHECR2016
Arrival directions at ultra—high energies — A review

m TA flux Era > 57.0 EeV: (0.0470 4 0.0055) km~2 yr~—! over 5.66 st (12% rel. stat. unc.)
m PA flux Epa > 42.0 EeV: (0.0470 + 0.0033) km~2 yr—! over 5.66 st (7% rel. stat. unc.)

— their ratio = 1.00 + 0.14 . . . N
m (also, = 3% systematic uncertainty on exposures) ';HEJE-d—éDeChnatlon T’EtEjZ;E
m This means that Ery = 57 EeV corresponds t0 Epyger = 42.0f‘1’:g EeV. Fﬁ L \—Ci\'_l'mf\'d—é
m Solution: we use fixed energy thresholds for both experiments, but we scale the Eﬁﬁﬁl ;"& ) [/#: _?&EEJ ﬁEﬂl

Auger exposure by a nuisance parameter b to compensate for any over- or
under-estimate of the Epyg., matching Exy = 57.0 EeV.

Wtotal(n; b) = W'D‘\(n) + bWAuger(n)

ZRvI—BRAIICEDFHRDER

2017/3/31 470 2 fof s
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:Other anisotropy studies



A search for anisotropy in spectrum shape in TA FOV

2MRS catalogue D<75Mpc

Relative amount of objects
(in 2MRS , eff|0|ency corrected)

Blue~RedI& corresponds to 0~75Mpc ?_ T s A
¢ 1 bt 3 s LS RS b
ol g :
s red:SGP <30 deg lat (On source)
,4." ‘ 10’ ~plack:Off-squrce-
onY-ey
2’y o N e el O PO OO
‘,\\5\\ 10 ..... :::::::,; ..................
3 ----- ISBPInﬂ::!l! w;mphnne
10 B T T LT T T T T LT T P P T
: P |SEGPIn1<30 wi?mq:hnu
11,1, P o'Hlsio'“'nIoo”“w:u““zéo””zso
= o G2 Horizons Mpe
S go% | I O Distance distribution of matter is different
o >6 x e
L7 ‘ between
5 60% | | direction of SGP, and not SGP
& —Reflecting energy loss process, spectrum
£ 40% | | Shape's difference should emerge
8 (More distance — More attenuation)
S 20% | Fe _
S - : .
g |He\CNO O The attenuation depends on composition
0%

0

2015/09/2

50 100 150 200 250 300 350 400
D(Mpc)

6

— Check attenuation and see consistency with
an assumption of composition

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



A search for anisotropy in spectrum shape in TA FOV

Observed Energy distribution Confidence contour
- 10° Broken powerllow fit — Break Energy and spectrum index at higher energy
g e onsource(sGPlat<la) S [T T Log (E /EeV) | Fraction (E>Eboff
g ——=— Off source (SGP lat > |30 ) ] -2 N T — 7] 10 b
3 - il on |183 (1.78) 0.66 (0.52)
g 3 .
z : off | 1.67 (1.78) 0.34 (0.48)
4k . () expected
i ‘ ’ @ null hypo
sf L
; 1 - Exposure ratio is 52:48
[ i 4 (harf/harf, On/ Off)
2 14 16 1. o2l '71- T EYEETERTI '“' =54 -Off source shows early break
o] e
4BrealterTergyWFrachomﬂ—M%Eumfo1‘m) ko9, (E Y=Y} and sudden attenuation.
s T .. - Observed feature agree with assumption from
2 o7 : matter distribution qualitatively .
= - Chance probability was evaluated by repeating

05 [

1Ty | same procgdure to MC distribution (null hypo)
0.34, el P=6.2x10 (3.20)
fE‘ﬁ-2xlO_ ' Spectrum shape differ in TA FOV

1.67 Log (E /EeV)



Comparison with proton model

Assume 2MRS matter dist ,Proton composition
Procedure

‘-'103_IIIIIII T T T T T T T T T T T [ T [ [ T [ T T
. . c = — Al direction H
-Extract matter distribution from 2MRS catalog o n Al direction best ft N
w ~ —f— Off source M
o - | eammesea. Off Source best fit Il
. o = ——  On source M
- Propagate proton assuming source spectrum 5 — Onsource best fi
H Ko - + -2.2 M=
and evolutionParameter (CRPROPA 2.0.4) E MRS CRPROPAss0s s e
(P=-2.2 m=7 obtained E.Kido et.al) =102

- Calculate expected distribution of observed

energy i -
- Scale the distribufipon with number of event 10 & ; =
in the data (E>10 eV) . 0" .
B | \_ﬁ |
-result is shown in right side I Xl ;3? |
-Red | SGP lat |<30° (on source) IR
- Blue | SGP lat |> 30°  (off source) 1 THH j* 1 H
- 1 | | L1 | | 1 | | L1 1 | 1| —l'l- | I 1 I
2

—

1067 12 14 16 18 2 22 24
Off source : E, = 10'°°%7eV Log, (E/EeV)

MC expect E> E, : 40(%=0.4%) event
Data E> E, : 30 event
P76%

| mSpectrum attenuation observed at Oft source region Is still consistent with pure proton.




Energy correlation between events

* Low energy events(19<E<57EeV) near high energy event ( E>X57EeV )
e Small window 3°
 What Physics could be the cause of such correlation?

« (DHeavier particle at high energy exist=> small scale clustering

« (@very small magnetic field > small scale clustering

OHigh energy event

(@ 8)=(210,60) . oo N
Np:=9 A R
kag: 093 v |
2017/3/31 R —HAICKOFHEBEDERER 11
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Resu It (coincidence of LE clustering and HE event)

e Li-Ma O

50

¢
S

250

300 EE0)

O

* O i-madistribution at high energy event direction

a

Relative solid angle(number of weighted pixls)
3 &

-
o

h... [T e, T P

~I

Lfiniform?

................................................

MC >4.96 0

8 :l L S Al l"l%l l“" LR 3] I LI 'F
8 108 b B g @ e |
© K :" $55% 0,20, Coinicidence
g | T
Q
- . L
5 40° E : & g
3 i :
£ |
S
z 1
102 E “u, o 4. =§
10 E g 8% ?
0 1 2 3 4 5 6 7 8

Maximum Significance

7r: coincidence with E>57EeV
76time P=7.6x10"* (3.20)

Oy, 2 496 963case (2.30)

At least 1 event E>57EeV correlate
with low energy prob 3.20

2017/3/31
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TAx4 HhaRETIH

BETAT7LAOEIL24818122.08 km [ElfE CHISDZEEM,
TAFR T LA EHHE T, 53000 km?2 QOELRIEFTE (~Auger) D ETE CEAI

* Hot spot FFHIREIR DAZA

o [GULMEHIEREIPR 57EeV T Efficiency > 95%
o IRILX—FERE —29% +22%

- AESHREE ~2.2K

« HiRes I EiREFEZTE% /\ 1Ty EA|
F')ﬁ-ﬁﬁﬁ%ﬂ]* | Energy 4 f#HE

Z 1|:| T T
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TAx4 Experiment

- TAx4 experiment gives statistics correspond to 19 years of observation by TA

ST S a— T
1 4 o.‘\-.’-t'.c. ”".-l’ > .'. e e
m(i‘«.‘?)"':l/{l:'.‘-" Ev’ .’-. i .-‘.'h;f'." .:\.\::":\:$ 3 (2) Double “‘“’?’/,’?/_ :-.. - " ‘/:':'" *X‘.".‘; e
(1) One HOtSPOt s S e /: “ey ".. ¥ ."/' :"%'?:'-’ '. ) .'-' 2 f-": ”_"-I’. o % “ # ‘:}b Pl 5 3
(24T o T P X\ Hotspot e L) / =20 .‘--‘;,:...;;3 N
/ -\ . & "yt - 2 -f » / . . \ “,. L ’. l. . . H .\\ \
S G & B iy CRR () Hotspot Signal PRI B S, "R : ™\
‘?""‘-’_‘i—'—_r—___ﬁ-i-'?&;)"_'-—_’ """ "‘“""j;ﬁl Total 61 events \s. \& - ﬂ A > doo) ~oemasl 0 17
b S - ‘.r'%', - / LY 1.41events /
HOtSEOt Slgnal _”\.;_ _ \\ ‘ p 3 /,/ (RA, Dec)=(145°,40°) \\ e N
SO-15.JRoleveIts ' L/ TRANK, Gaussian 0=10° i \\1‘\ ~TAx4 MC /
(RA, Dec)=(145",45°) P A= 2. 20events S J o7
Gaussian 0=10° e (RA, Dec)=(175",40°) LRSS e N =

Gaussian 0=5°

Isotropic B.G. 10
305-61=244events s Isotropic B.G.
305-61=244events
6
‘ .
2 ._-__-----—---———*————-——-—-—-—-L—--.t__
: 0
Ov.ersanjnplu'wg Oversampling
20° radius circle 2 15° radius circle
-4

- Figures are simulations of the expected anisotropy at statistics of TAx4 data .
- These simulations are done in 2 scenarios.

Left side is the case that hot spot have origin at one location.

Right side is the case that hot spot have origin at two location.

2617/3/31 XY —ERBIICKOFHEDIR
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TA Low Energy Extension (TALE)

10 ZEOFEMA LEE B1-59°)TEIRILT—HINXRLEET I vI—2E A
HybridER R D= ICHE KL - T A FIRH IR EBE (400m,600m,1200m fEb=)

TA+TALE Project Area' -,

TALE-SD array
(103 SDs, 70km?)

& TalesDs
*  Surface Detectors

{E5 155

+ Comm Towers

& Fluorescance Dets

TALE-FD

+ TA-FD(MD)

S— NS

TA-FD(LR)
f \ (S

1< ' e
TA-SD array 7
«| (507 SDs, 700km?) |

ooooo

400 m spacing:
40 SDs

TALE-FD |A0 Sem 600 m spacing:
+TA—FI;(I‘D) A *% & .',. ° o 36 SDs
CYSAS ¢V ¢.% o P— "
60000”“ : & ol v o Ils T 1.2 km spacing: | |
Pl A s sl SO 27 SDs j
v ® ¢ R SN SN T 1
el e e/ /i d
LGS o & N / (a4
AT o @ e/ ® e '
v pd
WLAN Tower == A / I
L0 O\ J L AT A
o g © o ] A A& & (aH

TA-SD array

A é e A ‘

L5 TLTED)

Elevation [Degree]

2 -rm%-ﬂémwivwr%r—-iwni

50" S8 310 ars 30
Azimuth [Degree]

HiRes3E2E& (19934~20064F)
DDV ATLEZRBLTEF A

TARBMDRT—av (ki

1016eV-1018eVIZAMITTDH RARIMILEX LA O EHEH - BREA
~ AE,, 16% @10'%V 11% @10'8%5eV ~AX_,. 10g ..




Auger prime Upgrade

Auger Upgrade: composition sensitivity at E > 6x101° eV

Complementarity of particle response used
to discriminate em. and muonic components

86

100% duty cycle

2
=
S
o
o

8.5

84 |

E =5x101% eV

QGSJet 11.04

600

15% duty cycle

700

Xmax (glcm’)

800

erenkov light in water

(AugerPrime design report 1604.03637)
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FEH

« EUHIFER
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