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Motivations for TeV Gamma Ray
Astronomy
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Astroparticle Physics and Gamma Rays
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Ihe Thermal v. Non-Thermal Universe

Black body radiation is
responsible for much of
the low energy light in
the universe

Even some gamma rays
can come from very high
energy thermal events
Most gamma rays will
come from non-thermal
processes, as the
associated black body
temperature peaked at 1
TeVis 10 quadrillion K
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Possible Gamma Ray Production from Dark Matter

. / Gamma-rays
'/

% 1
/0
= Apossible fifth non-thermal source % W /Z/q

of gamma rays is exotic particle

decay or interaction, like dark matter ~ WIMP Dark Vi

= This gives rise to the indirect Matter Particles — /\', v
detection sector of the dark matter Ecm~100GeV 4 w\%ﬁ»
search . . X WHZ/g e+\

= [tis complementary with the direct & Neutrinos
detection and accelerator \ v,
production approaches ~—

= This approach has the benefit of .u-\ v

being potentially sensitive to more uVe

than one broad class of dark matter = L
models + a few p/p, d/d
Anti-matter
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W Multi-Messenger Astronomy

= Using photons, neutrinos,
cosmic rays, and
gravitational waves, we can
study astrophysical sources
and transient objects much
more thoroughly than ever
before

= Different astrophysical
sources emit different
particles and at different
energies, allowing for multi-
instrument, coordinated
observations

Astrophysical
beam dump



Physics with TeV Gamma Ray Telescopes
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Imaging Atmospheric Cherenkov
Telescopes

A technique for TeV gamma-ray astronomy
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The Atmosphere is Opaque to Gamma Rays
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Atmospheric Cherenkov Radiation

= Optical frequency
(blue) light

= Very short (few ns)
exposure to limit
night sky
background

= Cherenkov cone
very narrow, ~1°:

1
" § = arccos —
np

= 1000-1500 hours
per year (dark,
good weather)

Gamma-
ray

Particle

~10 km

Detection of
high-energy
gamma rays

using Cherenkov
telescopes




Two Ways to Detect Gamma Rays 6

Collision with atmospheric
nucleus

Extensive Air Shower

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY

= CTAdetectsthe
Cherenkov light
produced by the particles
in the air shower

= HAWC and SWGO (will) Cherenkov
detect Cherenkov light !
produced in water tanks

Particle from air
shower

Detector tank

TTlensfvas anoqoyblay o |7

. . . [

by pa rticles in the air / IMAGING ATMOSPHERIC /
CHERENKOV TELESCOPE /
shower ARRAY
= JACTs have better
. Photosensors detect

angular resolution but a 1/ Cherenkov ight
much smaller FOV ' gl N D)iiai

Not to scale
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Hillas Parameters

Parameterization of an ellipse
Since air showers form ellipses
on an IACT camera, this is
useful for analysis

Length and width are
particularly useful for
identifying gamma ray showers
Alpha is useful for identifying
showers that originated in the
direction of the source (if on
source)
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First IAGT: Whipple 10 m Telescope at FLWO

18 June 2020

= Pioneer imaging atmospheric Cherenkov telescope

= Discovered the first very-high energy (TeV) astronomical
sources

o Crab Nebula: 1989 (in UV in 1996)
o Markarian 421 (1992): a nearby blazar
o Markarian 501 (1997): another nearby blazar

Brent Mode
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Two Telescopes are Better Than One B

\ /_.,.
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Current Generation of Stereo IACTs
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Cherenkov Telescope Array

Energy range 2 arrays of cifferently sized

telescopes looking for gamma
20GeV —1TeV ray induced air showers

9-12m 100Gev —10TeV 25 15
3-4m 5-300 TeV 70

® Under Negotiation @ Back-up Sites
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CTA v. Fermi LAT
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Fermi Dwarfs and GTA GC Will Cover Entire Mass Range
Down to Thermal Cross Section

102 — XX = bB
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CTA Telescopes and Prototype Locations

Large, Canary Islands Medium (2 mirror), Arizona

Medium (1 mirror), Germany

02-13-2018 10w14:16

MST SCT

Small:
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ST Prototype Detects Crab Nebula

18 June
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LST Prototype Detects Crab Nebula
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nSCT: Prototype Schwarzschild-Couder Telescope

= Use two mirrors instead of one:

= Advantages:
o Telescope can be more compact
o Has wider field of view
o Better resolution

= Need special technique for a-
spherical mirror shaping:
o optimized for maximum
resolution and field of view

= Need fast, high-resolution camera:
o possible through new
developments in SiPM and ASIC
technology
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pSCT Camera Organization

Full camera = 9 sub-fields
177 modules
11,328 image pixels

camera

18 June 2020

1 sub-field = 2

<—— 4image pixels =
1 trigger pixel

Brent Mode

Module of
64 image
pixels
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nSCT at WIPAC

= UW group has been heavily involved with
the development of the pSCT camera and
its commissioning

= Alsoinvolved with the upgrade of the pSCT
camera to full FOV, validation of new
electronics modules

—
r‘.' -
' ST eyt S

pSC'Il d VERITAS N

18 June 2020
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TARGET C Module

<— Signal Input

To Backplane

28
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pSCT Images of All 18 Tagged Gamma Rays
(after image cleaning)

Prototype Schwarzschild-Couder Telescope Gamma Rays
Run 328629 Event 085862 (2020-01-28 04:22:10)

(suouyd3a|2030yd) abiey)n
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pSCT Detection of Crab Nebula

Prototype Schwarzschild-Couder Telescope: Crab Nebula
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Non-thermal Mechanisms of Gamma Ray

Production

= Production of gamma
rays in particle
physics can occur
through a variety of
mechanisms

= Eachof these
processes can create
gammaraysin
astrophysical sources

= |nverse Compton
scatteringis a
particularly
important source of
astrophysical gamma
rays

18 June 2020
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The Universe in >1 GeV Gamma Rays

Fermi Large Area Telescope



Cherenkov Light Pool from

Vertical Shower

= At high altitude, density is
small, index of refraction

is close to 1, and

Cherenkov angle is small

= Towards ground level,
each of these increases

= Light pool of radius ~120-

140 m on ground

18 June 2020
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Alignment of Optical System

Repositioning of all mirror panels from defocused
to focused in a few minutes

18 June 2020 Brent Mode
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Crab Observations

= The pSCT observed the Crab
ebula from 18 January - 26
ebruary 202

= Data taken in ON source and
FF source modes for simple
ackground estimation

= Coincident data taking with
VERITAS when possible

18 June 2020 Brent Mode
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PSCT Startup/Shutdown Checklist

o

scren E{ Check Access Tower for Obstructrions

Startup/Shutdown Checklist

W12 122

J-V/ LT, B .
Startup Procedure 9\"\1") Fime =
coner  ‘floopry suased t 2—

Chiller Cutoff Switch 4 g }(g Dorica
%m urn / Feed valves i liyh}
¥ Electronic Disconnect Switch

System Switch —»
3 I,
O Confirm Constant Pressure. < }

® pSCT Shed

X Plugin the UPS 5 ¢ @ gd/&w guk/

Flip UPS Switch

Cabinet C Main Breaker
Cabinet B Main Breaker 3 f« Ye «
® pSCT Tower

9&\1@. Breakers: Left to Right

/)(rusni.,m-r o 'Abi,-(g Acr vy

"X Dirty Power Main

%I,vft Cabinet

Right Cabinet

Camera Dirty Power
Mil Clean Power Wf €08
o pSCT Positioned. B 6#-""’) 'F”( cely

X Check for Other Obstructions
g—m’%’c"\*“ \

O Shutter Tarp On Hre=
Close Tower Door s rl\/k

O

Confirm that Interlocks are UNLOCKED!
Switch to Local Mode

X, Switch on Drive System
Wait for Idle Status
Change Elevation / Azimuth — ¢, 9§

ﬁ Wait for Idle Status

Switch Off Local Mode

?d Nighttime

)q’ Move Telescope to Azimuth 0 / Elevation -5
j{ Remove Shutter Tarp

X Open Shutter

CXConfirm Shutter is Fully Open

JX Move Telescope to preferred position

/\{Za/Zo

Created 02 [0 1

Shutdown Procedure

o Camera and Fans
[ Confirm that Flashers are Off
[ Run ./setupPowerSupply:sh
[J Choose 0 for shutdown
[ Run python fanPowerOFF.py

o Telescope to Park Position
[J Move Telescope to Azimuth 0 / Elevation -5
O Confirm that Interlocks are UNLOCKED
[ Turn On Camera Dirty Power
O Close Shuter
O Replace All Tarps

] Retract Camera Access Platform

Enter Camera Tower and Close Door
Confirm that Interlocks are UNLOCKED
Switch to Local Mode

Switch on Drive S;
Wait for Idle Status

Press “Go to Park Position”

Check that Titerlocks have Locked
Wait for Idle Status

Switch off Drive System

0 Switch Off Local Mode

WEREED O O O

0O0dgd

o pSCT Tower
O Turn off the Clean Power
O Turn off the Dirty Power
O Turn off the Positioner
O Turn off Main Breakers from Right to Left
® pSCT Shed
00 Turn off the Main Switch in Cabinet B
O Turn off the Main Switch in Cabinet C
0 Turn off the UPS Switch
O Unplug the UPS
o Chiller
O Turn off System Switch

0 Turn off Electronic Disconnect Switch
O Close Valves

[){Tmn off Camera Dirty Power
Take Data

Wv( Lntl‘ 4"" fz‘fk,

O Turn off Chiller Cutoff Switch

Aime
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The pSCT is near VERITAS Telescope 4:
2 telescopes can detect the same showers, with similar viewing angle

e o S SR S

- :_---l,:‘.. -~

TS VERITAS T4 |

o
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18 June 2020

A 3.5 TeV gamma ray detected by both pSCT and VERITAS

28900 .
T4
pSCT X T4
Brent Modé
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Crab observations:
simultaneous observing with VERITAS

Rate of showers detected by both VERITAS and pSCT
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= pSCT commissioning and Crab observations January-March 2020

= Simultaneous with VERITAS Crab observations whenever possible
= VERITAS-pSCT shower matching offline: negligible accidental coincidence (<1 ps

precision)

= Three-hour joint Crab dataset for developing pSCT cuts with VERITAS-tagged

gamma/hadron
18 June 2020
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Image Cleaning

= Algorithm used in M. Wood et al. (2015) scans a
circular aperture over each pixel and identifies
image pixels compared to background noise
(shown at right)

= This was developed to be a more optimal image
cleaning strategy for SiPM-based cameras

= Noise events identified previously are used to
find average “noise signal” in each pixel

= Sighal is compared to noise signal to clean
shower candidate images since it encapsulates
pixel-pixel noise differences and is less biased
than an empirical flat cutoff value

18 June 2020 Brent Mode
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Image Cleaning — Aperture Method

Raw data Cleaned image
Run 328555 Event 1826 Run 328555 Event 1826
2020-01-18 02:56:08 UTC 2020-01-18 02:56:08 UTC
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