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The detectors

The original surface detector (SD) array

. from -20 °Cto +50 °C

Communication
C Tower

% SR e -

R ¥ :
B [ solar Pane) [ IHERIEEEE S

%

s T e S, be s o A
o T TR 2 -

_— s
B ] [=5=

Tyvek Shee : > =N R Battery & Elcotronics|
Scintillator - ¢ 7 GPS Antenna g;_

=

Scintil lator Box e

=] = = = == DAl

A.di Matteo (ULB) Telescope Array QG-MM COST meeting, Oct 2019 5/29


https://doi.org/10.1016/j.nima.2012.05.079
https://arxiv.org/abs/1201.4964

The detectors

The original Middle Drum fluorescence detector
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https://doi.org/10.1016/j.astropartphys.2012.05.012
https://arxiv.org/abs/1202.5141

The detectors

TA collab., Nucl. Instrum. Meth. 676 (2012) 54 [1201 .0002] 11.0% and 9.0% duty cycles
12 telescopes newly designed for TA at each site, each with:

a 6.8 m? mirror, 256 PMTs using flash analog-to-digital converters, 18° x 15.5° FoV
Overall FoV: 108° in azimuth, elevations from 3° to 33°
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https://doi.org/10.1016/j.nima.2012.02.044
https://arxiv.org/abs/1201.0002

The detectors

The Telescope Array Low-energy Extension (TALE)

Fluorescence detector Surface detector

« TALE FD

TA FD
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https://pos.sissa.it/358/375/

The detectors

TA collab., PoS (ICRC2019) 312 and references therein

257 SDs on a 2.08 km square grid f’ mque telesEoEes alt l:id'dli ?)r;r&g
(deployed in Feb—Mar 2019) ooking north (first light in Fe )

243 more to be deployed

Total area (TA + TAx4): 3000 km?
> 95% efficiency for £ > 57 EeV

8 more telescopes at Black Rock Mesa,
looking south (under construction)
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https://pos.sissa.it/358/312/

Event reconstruction
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Event reconstruction

TA collab., Astropart. Phys. 61 (2015) 93 [1305.7273]

Time, [us]
T

Shower geometry fitted to signal timings i T :

(stereo > hybrid > monocular) pIDEEF ;EREE ! o g/cmZﬁM

Air fluorescence yield from Kakimoto et al. i, RN INENE N

Shower profile fitted by Gaisser-Hillas FRINNY SN

function: N(X|Nmax, A, Xg, Xmax) = CMIEEER]  EREEIEE 17% (mon.), 7% (hyb.)
ey Xmai-x Ly of gL 8° (mon.), 0.;30 (hyb.)

Mz (W-OXO) =P <%)’Where ST L 2 é/%/nir;(hgnggn.),

atmospheric depth X = ffoo pair(h)secfdh .
normalization shape parameter *
X at first interaction
X at shower maximum
Calorimetric energy estimated as fo N(X) dX
Invisible energy estimated via parametrization
from QGSJet 11-03 proton simulations (7-9%) ™ = = mins ==
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red fluorescence
(domin.at E 2, fl(gfoe2 eV)

blue Cherenkov
(domin. at £ < 103 ev)



https://doi.org/10.1016/j.astropartphys.2014.05.002
https://arxiv.org/abs/1305.7273

Event reconstruction

SD event reconstruction
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https://doi.org/10.1088/2041-8205/768/1/L1
https://arxiv.org/abs/1205.5067
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Results

Energy spectrum

TALE FD

const  [2.24 £0.06] x 10 eV ' m2sr's!

-3.28 +0.02

—-2.68 +0.02

-4.84 £0.48
log, [E,/eV] 18.69 +0.01
log, [E /eV] 19.81 +£0.03

18 185 19 19.5
log, E[ V] log, (E/eV)
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Results

Combined spectrum
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Results

Declination dependence of UHE spectrum
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Results

Mass composition (stereo FD)

Data event
— Data
—— Proton (recon.)

5 — Iron (recon.)
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Results

Mass composition (Black Rock Mesa + Long Ridge hybrid) — |

Single elements

QGSJET II-04 proton

5
|||
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https://pos.sissa.it/358/280/

Results

Mass composition (Black Rock Mesa + Long Ridge hybrid) — Il

Two-element mixes

data <Xq> = 746 gicm’, o(X__ ) = 62 g/cm®
mix <X,,,,> = 749 glem?, o(X, ) = 64 g/cm’

x2/dof = 12.8/14
p = 0.546

® data (+15 g/cm?)

p/Fe mix

. QGSJET 1I-04 proton
. QGSJET 1I-04 iron
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mix <X = 711 glem?, o(X__ ) = 52 g/cm®
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Results

Mass composition (Black Rock Mesa + Long Ridge hybrid) — Ill

Four-element mixes

data <Xp,,> = 731 glem’, o(X,_ ) = 62 glem’
2oy MiX <Xpp,> = 731 glem?, (X ) = 62 g/cm?

x3/dof = 9.0/14
p = 0.830 )
o] light (QGSJET 11-04 p + He)

2
® data (+0 g/em’) ®  medium (QGSJET 104 N)

p/He/N/Fe mix -
heavy (QGSJET I1-04 Fe)
] aesJET 104 proton
[ aGsJET 04 helium
[ aasJET 104 nitrogen
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Results

Mass composition (SD array)

.
TA SD, QGSJET 11-03 —@—
TA hybrid, QGSJET 11-04 — @
.
.
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https://doi.org/10.1103/PhysRevD.99.022002
https://arxiv.org/abs/1808.03680
https://pos.sissa.it/358/304/

Results

Limits on diffuse photon fluxes

GZKpl ¢
GZKp Il
GZK Fe || v
T~ SHDM ———
. JWAGASA Siom — - —
~ ~
LY
T -
Pierre Auger hybrid™
¥ T T

Integral vy flux, km2sr! yr'1

TABLE I1. 95% CL upper limits on the number of photons ir
the data set 7, and on the photon flux F, (km2yr~'sr™!).

obtained with proton MC.

o =) 2 g
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https://doi.org/10.1016/j.astropartphys.2019.03.003
https://arxiv.org/abs/1811.03920

Results

TA collab., ApJL 790 (2014) L21 [1404 . 5890]; PoS (ICRC2019) 310

g s

Dec. (deg) E5 ;esgrsEeV
/ 4
30 F v A
2

20° radius around (146.7°,+43.2°)
19 events in the circle (72 total), 4.49 expected
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Dec. (deg) 2 7 /\ LeA- 44 i

25° radius around (144.3°,+40.3°) . ,
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https://doi.org/10.1088/2041-8205/790/2/L21
https://arxiv.org/abs/1404.5890
https://pos.sissa.it/358/310/

Results

Energy spectrum anisotropy
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https://doi.org/10.3847/1538-4357/aac9c8
https://arxiv.org/abs/1802.05003

Results

Correlation with starburst galaxies (or lack thereof)

TA exposure, 284 events per Monte Carlo set

Auger model
. Morht
e
9-year TA
data > 43 EeV
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https://doi.org/10.3847/2041-8213/aaebf9
https://arxiv.org/abs/1809.01573

Results

Magnetic multiplets =

1
' SGL [deg] 180

Energy (EeV)
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https://pos.sissa.it/358/343/

Magnetic multiplets

A.di Matteo (ULB)
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(very preliminary)
https://www.icrc2019.org/uploads/1/1/9/0/119067782/lundquist_icrc2019.pdf

100
80
60

40

S*B [kpc*/:B]

Transverse B estimated at each grid point:

20 Strength as in previous slide

, Direction 90° clockwise of wedge orientation

0.06

Electric current density toward/away from us
estimated as V x B/pg
(i.e., neglecting egOE/0t)
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o
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A.di Matteo (ULB) Telescope Array QG-MM COST meeting, Oct 2019 28/29


https://www.icrc2019.org/uploads/1/1/9/0/119067782/lundquist_icrc2019.pdf

A.di Matteo (ULB) Telescope Array QG-MM COST meeting, Oct 2019




Back-up slides

Test of systematics in declination dependence

Auger vs TA spectrum in the common declination band
Auger vs TA composition

Time dependence of hotspot
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Back-up slides Test of systematics in declination dependence

Test of systematics in declination dependence

L 2008/05/11 - 2019/05/11
L o .16°¢ < 24.8°
o 24.8°<¢ 5 < 90.0°
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Back-up slides Auger vs TA spectrum in the common declination band

Auger vs TA spectrum in the common declination band
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— = (E rescaled by +5.2%)
w

(prev. talk)

3

Note:
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Auger SD, -15.7° < 5 < 24.8]
(E rescaled by +5.2%
and +10% / decade)

E ‘;(E) /(eVikm?Zsriyrt)
9

log, (EleV)

A.di Matteo (ULB) Telescope Array QG-MM COST meeting, Oct 2019 3/5


https://pos.sissa.it/358/234/
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https://pos.sissa.it/301/486/
https://doi.org/10.7566/JPSCP.19.011020

Back-up slides

Auger vs TA composition

Auger vs TA composition

¥ AugerMix, PRD (2014) ® TA
u TA, ApJ (2018)

Middle Drum

+ TAMD 2014

+ Auger 2014 ® TAMD

preliminary
Y AugerMix, PRD (2014) @ TA
®  TA, Apl (2018) EPOS-LHC
186 188 19.0 19.4 184 186 188 190 192 194
lg(Epp/ [eV]) 1g(Epp/ [eV])
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https://doi.org/10.1051/epjconf/201921001009
https://arxiv.org/abs/1905.06245

Back-up slides Time dependence of hotspot

Time dependence of hotspot
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