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Telescope Array Observatory

» Surface Detector (SD):
507 scintillation
detectors, 1.2 km grid,
covering 700 kmz,

* Fluorescence Detector
(FD): 3 stations
overlooking SD array.

* “Hybrid” operation
since March 2008




TA Surface Detector
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“Hybrid” Event
Reconstruction

« Shower-detector
plane (FD)

« Shower core location
(SD)

* Timing fit provides
geometry

* Fit profile to
determine E, X, .,

« E=1.3x1020¢eV



TA Surface Detector: Reconstruction
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TA Energy Spectrum

TALE “Bridge” TA Monocular
. ~ Fluorescence
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TA Upgrades

* Low-energy EPou
extension; TALE —_




Combined TA Spectrum
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7/ Year TA Skymap
(2015), E > 57 EeV
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Indications of Intermediate Scale Anisotropy...,
R. Abbasi et al, ApJ Lett (2014).

Observation with 3.4 ¢ significance

P. Tinyakov et al, ICRC 2015.



Energy Spectrum Anisotropy

Data vs Monte Carlo Comparison.
Energy spectrum inside hotspot. Normalization
IS to data outside hotspot (J.P. Lundquist).

This appears to be a significant local
difference in the energy spectrum. Very
exciting if this persists!

Number of Events

“Hotspot” in TA data above 57 EeV,

7-year data. (plot K.
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TA X 4 Project

[Taxasp |

Quadruple TA SD (~3,000 km?2)
- + 500 scintillator detectors
- 2.08 km grid

2 new FD stations

Funding
- SD (Japan) Approved Summer 2015
- FD (US) Approved Summer 2016

Goal:
- 19 years of TA SD data by 2020
- 16 years TA hybrid data

Construction underway!

' el {TA>{4SD]‘/{'/_i




Hotspot

from TA 19 years of SD data by 2020
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Depth of Shower Maximum X

Primary Composition via
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New TA Observation:
“Burst” Events

5 year data (2008-2013)

10 surface detector bursts seen
- 3 or more SD triggers

- At< 1 msec
— QOccasional At ~ 1 usec

“Normal” SD trigger rate < 0.01 Hz.
These cannot be cosmic ray air
showers.

Found to have close temporal
coincidence with National Lightning
Detection Network (NLDN) activity.
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Study with “Lightning Mapping Array”

* Observe impulsive radiation from

— lightning at multiple sites

Fit to find coordinates of impulse

0.18

Sum to map lightning flash
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Leaders Followed by Cloud-to-
Ground Stroke

« “Leaders” (here upward)
precede main flash.

 Responsible for current-
carrying channel which is
followed by flash.

« High potential gradients
responsible for Terrestrial
Gamma Flashes (TGFSs)

http://www.stormhighway.com 20



Terrestrial Gamma Flashes

Discovered with BATSE L |
(CGRO) 1992 :
- Assumed to arise from sprites M
< W0F 3
- Now known to be associated & |
with leader stage in intracloud 2 | — 13gom @okm)
discharges S 10F  30g/cn (24 km) 3
RHESSI (>2002) 805 TGFs o TR
. ] 10 . 130 g/cny’ (15 km) .
Fermi Gamma Burst Monitor o GRS R
AGILE wl O s )
0.01 0.10 1.00 10.00

Energy (MeV)

RHESSI TGF spectrum compared with
various RREA models. (Dwyer et al 205)



LMA Event 20160510-024150
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LMA Event 20160510-024150
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SD Trigger Burst 20140905, “Slow Antenna”
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C 0 n C| u s i o n/ u m f ary

- Over the past decade TAS enhanced aperture has?'f:"
" enabled discoveries in. _j{-e}_;HE;—i-;'f{-}R.anrsetropy and: v
‘energy spectrum. TAx4 [ mises a more: detarled

look at these drsceverre-s‘:’ n the coming decade.

. Composrtron/cross se___,__h_:,s___:_‘_?:,_;_:._.__fjf_‘-.m'easurements are

pressuring
v experrmentalists to-understand systematics
®= high-energy hadronic modellers
® LHC measurements.

®= TA has begun to study high-energy radiation from

lightning, and likely observed terrestrial gamma
flashes from the ground. Papers in preparation.



Auger Composition Mix (Fit)
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