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TELESCOPE ARRAY [ SR

* Telescope Array (since 11/2007)
* Surface Detector Array [N /) S W

* 507 Scintillator Counters | B o N o |
* 1.2 km spacing i P - il
e 3m2area ~ : _ s =R
e 700 km2 Delta, Utah l 1 (L N i L Y

* Fluorescence Telescopes
* 3sites
* 12-14 mirrors
* 3°-31° elevation /
Cover SD & —. D
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TELESCOPE ARRAY

* TA Low Energy (TALE)

e Surface Detector infill array i 4t B Ig-ge- v
 Since 03/2018 )
* 400 & 600-m spacing
* Same SD design as TA

* Fluorescence Telescopes
* Since 09/2013
* 10 mirrors (+ 14 from TA)
* 31°-59° elevation

40 SDs with W ceof o
400m spacing . A Azimuth angle [degree]

TAx4 South s ol N i . , ;

40 SDs with sreTh 48 i Ll
600m spacing 30km - o . . . 1
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TELESCOPE ARRAY

e TAXx4

* Expanded Surface Array
* 2.08-km spacing
* Similar SD design as TA
* 257 of planed 500 deployed
(since 11/2019)
* Fluorescence Telescopes
* 4 mirrors in NE lobe
(since 06/2019)
* 8 mirrors in SE lobe
(since 08/2020)
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EVENT RECONSTRUCTION

e Use counter location and timing to
locate shower core and direction

: ; : ] Time [4uS
* Fit counter signal size to find e L]
lateral distribution

* Signal size at 800 m, S800, is the
energy indicator
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EVENT RECONSTRUCTION

e Use counter location and timing to
locate shower core and direction

10

* Fit counter signal size to find
lateral distribution

TA Hybrid, log_ (E/eV)

* Signal size at 800 m, S800, is the
energy indicator

%7 975 18 185 19 195 20 205 21

TASD, log, (E/eV)

* Use S800 and zenith angle to look Eg. = f(S800,sec )

up energy (from CORSIKA-
produced table)

Entries 551
Constant 66.05 + 3.45
90 Mean -0.003176 + 0.014178
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EVENT RECONSTRUCTION

* |n fluorescence we see the shower
sweep across the mirror

 Reconstruct Shower-Detector
Plane

* Fit time-vs-angle to get geometry
(add in SD times for hybrid, giving
much more lever arm for fit)

 Reconstruct size of shower vs
depth
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TAX4 HYBRID EXAMPLE EVENT

. Hybrld Analysis
Surface detector event
* Fluorescence Telescope event
* Time-matched within 1 ms
* \Very accurate event geometry

* SDP-ground intersection
* Time vs Angle fit with long
lever arm

TAX4MD

Norht [2080m] —

-20 -15 -10

KM : 2019/05/02 07:07:03.826151

5
East [2080m] —

Time [us]
[3)]
(3]

H H O
o O o

w
[3)]
a

5 10 15 20

East [2080m] —

TeVPA 2021

Time, [uS]

Elevation [Degree]

TA4XMDFD: 190502 070702.826194

60 62 64 66 68 70 72
Azimuth [Degree]

x2/ndf 412.00/19

-14.26
22.44E+03
82.75

5 10 15 20
Angle in SDP [Degree]

28 October 2021



HIGHEST ENERGY EVENT SEEN IN A SURFACE DETECTOR

BRLRSK : 2021/05/27 10:35:56.474319 | __ 257721] | [pva dist from shower axis |
Time, [1200m] 5371 + 00655

3

Charge Density, [VEM/m?)

12 14

U, [1200m] 1 Distance from shower axis, [1200m]

Residuals vs dist. from shower axis

T, [1200m]

7 8 9 10 11
Distance East, [1200m]

* Observed: 27 May 2021
e Zenith angle: ~30°
* S800: ~500
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HIGHEST ENERGY EVENT SEEN IN A SURFACE DETECTOR
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ENERGY SPECTRUM

I TAx4SD
{ AugersSD2020
{ TASD2019

Log (E (eV)) E;
=19.81 = 0.03

Log (E (eV)) Ankle
=18.69 == 0.01

TASD 11 years data , e (R A
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ENERGY SPECTRUM

* TA Energy Spectrum (from 2019)

Log (E (eV)) E,
=19.81 =0.03

Log (E (eV)) Ankle
=18.69 == 0.01

TASD 11 years data
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ENERGY SPECTRUM

* TA Energy Spectrum (from 2019)

* TAx4 1-year spectrum
superimposed

Log (E (eV)) E,
=19.81 =0.03

Log (E/(eV)) Ankle
=18.69 £ 0.01

TASD 11 years data
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ENERGY SPECTRUM I

* TA Energy Spectrum (from 2019)

* TAx4 1-year spectrum
superimposed
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ENERGY SPECTRUM

* TA Energy Spectrum (from 2019)

* TAx4 1-year spectrum
superimposed
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ENERGY SPECTRUM

 TA Energy Spectrum (from 2019) . o 1 % /Txﬁ;(:rzgzozo
* TAx4 1-year spectrum 28 t  TASD2019
superimposed ' ; {
xgx T8 3
 With 1-year of (half of) the TAx4 , oy =$.z-{.}.{i } :
expansion, can already corroborate g Tl
higher GZK threshold f
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ENERGY SPECTRUM

 There is a declination dependence
in the TA SD spectrum

» Difference of the cutoff energies
of energy spectra

* log(E/eV) = for
lower dec. band (-16°-24.8")

* log(E/eV) = for
higher dec. band (24.8°-90)

e The global significance of the
difference is estimated to be

TeVPA 2021

TA Combined (ICRC 2019)

Auger 2017, E rescaled by +10.2%

KASCADE-Grande (2012)
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ENERGY SPECTRUM

 Combine TA SD spectrum (11 years)
with TALE FD monocular (22 months)
to get CR spectrum covering 5 orders-
of-magnitude

* Knee: log,o(E/eV) ~ 15.5
* LE ankle: logo(E/eV) = 16.22(2)
e 2ndKnee: log,o(E/eV) = 17.04(4)

TA SD (2019)

* Ankle: logo(E/eV) = 18.69(1) TALE Monocular (2017)

e Cutoff: log,0(E/eV) = 19.81(3)
TA Combined (2019)

17 18
Iogm(E/eV)
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THE INSTEP FEATURE

TA SD (2019 ) outside of BR/ LR Obs. Period BR/LR Mono Combined (2020) HiRes-I (2008)
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Iog1 0(E/eV) Iogw(E/eV) Iogw(E/eV)

Combined fit of TASD, TA Monocular and HiRes [ _farameter _ Auger 1
3.29+£002 3.23+0.01

Finds the instep feature (first seen by Auger) , sl 008 968000
with 5.3c significance : 3.05+£0.05 2.92+0.06
51+03  5.0+04
Eamxe/EeV  5.0+0.1  54+0.1
Einsep/EeV 131 18+ 1 |
TeVPA 2021 E.../EeV 46 £3 LS S [eV]

Auger spectrum

spectral index * o * 0
= 7,=329£0.02 £0.10

C 7 =251+003 +0.05

[ 7,=3.05+005£0.10
7,=51£03 £0.1
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COMPOSITION

TALE Measured Primary Fractions [EPOS-LHC]

* Detailed measurement of TALE Mean X, ,, Vs energy
composition from 2 PeV to 2 EeV e A e T B et
e Using TALE with Cherenkov-light = BRILR hybrid (ApJ 2018)
dominated events — Fit TALE Xmax
« ApJ909(2021)178
* Fit to four species
* Reduction in protons above the
Knee
* Getting heavier
* Elongation rate fit
* Break at 160 PeV, 2" Knee bp = 17.20 + 0.03

* Getting lighter above that s1=34.61+ 030 PRELIMINARY

fit parameters; s1, s2, bp: slope, break point

Fraction

s2 = 62.30 +4.36

18 18.5

19 19.5
log,  (E [eV])

17.5 18
Ingw(E [eV])
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COMPOSITION

* TA SD composition: BDT analysis using 16 composition sensitive signals (12 years: 2008—2020)
* Find light, unchanging composition above 1 EeV, with two different high-energy interaction models

TA SD, QGSJET II-04
Auger SD delta 750m, QGSJET 1I-04 —l—
Auger SD delta 1500m, QGSJET I1-04 B

TA SD, QGSJET II-03 =>—
Auger SD muon XMAX, QGSJET 1I-03
Auger SD risetime asymmetry, QGSJET [I-03 »—d—s
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ANISOTROPY

Galactic plane

* The TA hot-spot with 12 years of E> 57 EeV . Slperalack pane
data . Max. Sig.

e 179 events with E > 57 EeV
* 40 events in hot-spot, 25° top-hat,

local 4.50 significance, 3.2c local
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ANISOTROPY

Galactic plane Galactic plane
Supergalactic plane Supergalactic plane

* The TA hot-spot with 12 years of First five years: ‘ e Last seven yearsi2.36 R
data
179 events with E > 57 EeV
* 40 events in hot-spot, 25° top-hat,
local 4.50 significance, 3.2c local
* The original brightness (ApJ 790
(2014) L21) seems to not be
sustained
e But still significantly higher than
background
* Growth rate consistent with linear
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ANISOTROPY

» At lower energies (above 40 EeV)
see a New excess

* |Inthe direction of the Perseus-
Pisces Supercluster

TeVPA 2021

E > 40 EeV

Galactic plane
Supergalactic plane
FOV of TA

Max. Sig.

28 October 2021
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ANISOTROPY

Galactic plane

* At lower energies (above 40 EeV) — — o Supergalgcgi\c;glfa?z
see a new excess : é ¥ Max. Sig.

* In the direction of the Perseus- ST T et
Pisces Supercluster o ol

PPSC center.

e Significant excess at energies
log,0 E/eV > 19.4, 19.5, and 19.6
e 4.4c,4.20, and 4.0c, resp.
* Chance that excess within 9° of
supercluster center is about 3.50
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ANISOTROPY

* At energies above 8.8 EeV
* Look for dipole (a la Auger)
e TA12-yrresult:
Ty = 3.1%; ¢, = 134°
 Auger 2017 result :
Ty = 4.7%; @y = 100°

— TA (ICRC 2021)
===+ Auger (2017)
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SUMMARY

* Results from TA, the largest cosmic-ray observatory in the Northern Hemisphere, including TALE and TAx4
* Spectrum
* TAx4 SD has begun to measure, and has enough events to make a meaningful contribution to the TA spectrum above 10 EeV
* TA finds a significant difference in its own spectra above and below 25° declination (agrees with Auger in overlapping region)
e Spectrum measurements over 5.5 orders-of-magnitude in energy
* Observation of the “instep” feature
* Composition
* Light-heavy-light pattern in PeV energy range using TALE-Cherenkov
* Light and steady in EeV using TA SD with machine-learning BDT analysis
* Anisotropy
* Hotspot persists, but significance not increasing very quickly

* New significant excess at slightly lower energy in conjunction with the Perseus-Pisces Supercluster
*  Found while looking for difference in TA and Auger energy spectra

* See asimilar dipole to the Auger published result
* There’s the NICHE array to talk about too, but no time...
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NICHE ARRAY

bardeen
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NICHE ARRAY

* NICHE works with TALE as a non-imaging and imaging T vs A Plot

Cherenkov hybrid detector
20170921073212 0813da8b

Psi=118.1+/-1.0, Rp=932+/-22, t0=19704
Chi2/NDF = 81.9/40
TALE Chi2/NDF = 61.2/32

Mirror Plot
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NICHE ARRAY

e Can show that the time width of NICHE signal at a
given distance from the shower core depends on how

far it is to the shower maximum

* Shower core position from TALE reconstruction is
uncertain at the 100-m level (smears left-right)

*  Xmax » Dmax cOmes from TALE reconstruction and
geometry

* Take average over 100-m bins, require 40 events

TeVPA 2021
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NICHE ARRAY

e Can show that the time width of NICHE signal at a
given distance from the shower core depends on how

far it is to the shower maximum

* Shower core position from TALE reconstruction is
uncertain at the 100-m level (smears left-right)

*  Xmax » Dmax cOmes from TALE reconstruction and
geometry

* Take average over 100-m bins, require 40 events
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NICHE ARRAY

e Can show that the time width of NICHE signal at a
given distance from the shower core depends on how

far it is to the shower maximum :
Dmax=2+/-1
nn : . —8— Dmax=4+/-1
* Shower core position from TALE reconstruction is T e

uncertain at the 100-m level (smears left-right) —e— Dmax=8+/-1

*  Xmax » Dmax cOmes from TALE reconstruction and
geometry

* Take average over 100-m bins, require 40 events
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* Can now use width in NICHE as a composition measure
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