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Ground-based VHE
Instruments
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VHE sky c. 2011
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132 known Sources (doubled since 2007)
VERITAS has discovered a large fraction of the new VHE sources

New Source discovery requires continually increasing VERITAS sensitivity
=> Reduction in threshold energy can allow access to new science




Cherenkov radiation images from atmospheric
cascades
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Ground Based Gamma-Ray Astronomy
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VERITAS Observat()ry UNTIR/gS.ITY
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= Square Array of Four 12m O optical reflectors (Amado, AZ): D-C, 350 segments
= Detects Very High Energy (VHE) gamma-rays (1011-1014 eV)

= World’s most sensitive VHE gamma-ray observatory (1% std Crab, 5 0 : 28 hrs)
== Fully operational since May 2007




Galactic Binary Systems

! LSI 61+303
e sire VERITAS:1 gamma-ray every 8
minutes



Compact Object /Massive Binary Companion
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->Unambiguous Identification of Source



Variabllity of LSl 61+303

Periodic variation
X-ray: 0.3 — 10 keV
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v-Photon Attenuation
/
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Minimum (Threshold) Energy:

hv=10'> Hz (optical): E > 0.1TeV

hv= 10" Hz (IR): E.> 1 TeV

Optical Depth: 2 %UTrno ~ 2OO(LO /10”erg sec™ XV/IOBHZXV/Rg )_1



Companion Star y-ray Aftenuation
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M87: Giant elliptical galaxy
in the center of the VIRGO cluster

" Dlstance.~ 16 Mpc

Supermassive
blackhole

Diameter: ~7'
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VHE Emission Mechanism

BLR
Broad line region
providing the ambient UV

I S —

Accretion disk and black hole

Time ->

Typical : ¥ ~103-10¢ ,B=1G, [ =1/6=0.05



v-IR Atfenuation
Optical Depth: T, =~ 2OO(LO/104oerg sec™ XV/1013HZXr/Rg }l

Cheung et al (2007): L,=3x10%° erg sec
at r=3-10R, T, >> 1
Spitzer IR (2008): L,= 1x10% erg sec

at r=3-1 ORg T, <<]




Correlation study WITh X-ray em|53|on

—ray 5730 Ge s ; ?’6“ Colours: 02 6keV (Chandra)
apereeimce TeV gamma ray (IACT) | I Contours: 8 GHz radio (VLA)
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M87 Core:
1 X-ray >0.2 kev (Chandra)

= 87 Core: Perhaps?

Chandra signal (keV/s)
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Crab Pulsar 2011

= ®  VERITAS, this work § e,
— o Fermi (Abdo et al, 2010 \ “
I ¥ MAGIC (Aliu et al. 2008) T N ﬁ ...................... j
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vr Rearrange Telescopes to Better Geometry
(SAO, U. Utah + collaboration) o

v« Higher sensitivity Photomultiplier Tubes )

(Purdue, U Delaware, U. Utah, -

Wash U, UCSC)

Y¢ Faster Pattern (Level 2) Trigger
(lowa State U, Argonne NL) .

Y Communication (Fiber Optic) Network Upgrade
(SAO, U. Utah)

2.1 M$ MRI-R2 funded project (National Science Foundation, University of Utah)
Main cost is the new photomultiplier tubes (1.2 M)



Higher QE PMTs

Current:
Photonis PMT
XP2g70

~18-22% peak QE

New:
Hamamatsu PMT
Ri1o560

~34-40% peak QE

$495 each (x 2200) = $2M



PMT Quantum Efficiency

Nepomuk Otte
2012 ICRC Talk
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Long-term VHE Future
Should study 100s of sources !

> Need 2 kinds of instrument:
- Large FOV (sky monitoring)
- High resolution/y statistics (deep study)

> Energy range extension

- At low energy ( large mirrors)
- At high energy (sq km area)

> Improved angular resolution
- Large telescope array
- Improved sensitivity

> Design Challenges

- Decreased Cost
- Increased reliability




High resolution SC-telescope

‘ cherenkov telescope array
", o
02 ¢

Primary — need low
surface roughness

Secondary
—-need | _A— =
| ~~
substantial | &
curvature | N
Focal plane —
VEry compact |

100 200 300 400 500 600 700 800 900

0

[cm]

SC-MST Status Report - CTA meeting Madrid November 2011



Ada  psF Across Field of View

5.00 -
4.50 -
= T = 400 —e——— e ——
Parameter \, OS Name 0S8 E A
Focal Length [m] 5.5863 = 250 1 ‘
Aperture [m] 9.66 :> 3.00 -
f/# [1] f/0.5781 o
Primary Radius max [m] 4.8319 e 250 7
Primary Radius min [m] 2.1933 5 2.00 -
Secondary Radius max [m] 2.7083 2 1.50 -
Secondary Radius min [m] 0.3945 d
Effective light collecting area /unvignetted [m?] 50.33 2 1.00 -
Unvignetted Size [deg] 3.50 0.50 -
Effective light collecting area at FoV edge [1112] 47.73
Vignetting at the FoV edge [%] —5.17 0.00
Primary projected area [m?] 58.23 0 0.5 1 1.5 2 2.5 3 3.5 4
Secondary projected area [m?] 22.55 Field angle [deg]
Design FoV [deg] 8.00
Design FoV solid angle [deg?] 50.35
PSF at the FoV edge (2MAX{RMS}) [arcmin] 3.81

< 0.06° optical PSF across FoV

SC-MST Status Report - CTA meeting Madrid November 2011



(9. Light Collecting Area

Effective Collection Area Other factors that affect the
vs Field Angle : . :
effective light collecting area:

55 1
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Effective light collecting area [m?]
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Field angle [deg] S

Major goal of R&D program is to
evaluate performance of this
telescope w.r.t. 12 m DC (110 m?) SiPMs

10

SC-MST Status Report - CTA meeting Madrid November 2011



(Cta Ongoing R&D: Mirrors

Primary segmentati (3 segment types 20+25+30=75)
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Secondary segmentatio

(3 segment types 8+12+16=36)
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Several fabrication methods being explored:
— Electroforming; Media Lario Technologies; UA Huntsville
— Composite laminates; ATK Space Systems
— Cold glass slumping (primary); similar to MAGIC-II
— Hot glass slumping (secondary); FLABEG GmbH

SC-MST Status Report - CTA meeting Madrid November 2011



( cta Ongoing R&D: Telescope

Argonne group will continue to lead and coordinate

Argonne Krakow ATK Space Systems

SC-MST Status Report - CTA meeting Madrid November 2011



CTA SITES IN NORTHERN ARIZONA
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da  photos and Next Steps

Flat, dry, good roads, power,
throughout
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Summary

® TeV Arrays: O(5) now; O(100) in 5 years

® Telescope Quality: imaging required

® Common OSS/positioner framework: desireable

® Reduce cost, increase reliability: Mass Production..
eMirror technologies/production: Synergies?

® Northern AZ site: Synergies?

® Sll is better match to imaging quality..Science is lower
priority (currently)
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Differential trigger rate

e ------------------------ ------------------------- ------------------------- --------- —M— Before upgrade |-
- ------------------- -_A_-E-_x_- -------------------- ------------------------- --------- —4— Afterupgrade |-

0.3
energy [TeV]

e Use E25 source
spectrum

* Peak energy:

95 GeV before upgrade
70 GeV after upgrade

e (Conservative
estimate



RXTE Super-orbital modulation
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Fic. 1.— 3 — 20 keV flux from LSI +61 303 as a function of
the orbital vs. superobital phase. The color scale is expressed in

mCrab units. Chernyakova et al 2012



Radio Super-orbital modulation
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FiGc. 3.— Radio flux from LSI +61 303 as a function of the orbital
and superorbital phases. The color scale is expressed in mJy units.

Chernyakova et al 2012



FERMI Super-orbital modulation
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» Advances with
superorbital phase

» Disappaear after
superorbital ~6.9

» Consistent with

10 VERITAS

L observations

E 8 B B 8 8

Superorbital phase

1667 day

26.5 dAY  orpital phase

FIG. 4.— Very high energy (E>100 MeV) flux from LSI +61 303
as a function of the orbital and superorbital phases. The color
scale is expressed in mCrab units.

Chernyakova et al 2012



y-y Attenuation only
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y-y Attenuation & n, density
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