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I Detection Technique for 10 GeV to 100 TeV Gamma Rays

R
= GHz sampling 4

= 1-10 us buffer length




I The Cherenkov Telescope Array (CTA) Observatory

LST x 3-5 MST x 15-25 SC-MST x 36 SST x 25-100
D~23m _ D=9m D~4-7m
FOV ~4-5° i St FOV = 8° S FOV ~7-10° |
= Pix~0.1° == Pix~0. — | Pix=0.07° === Pix ~ 0.2-0.25° ==
= £~0.02-5TeV = : S 1 EF~0.1-10TeV = F~1-300TeV =

= The next-generation gamma-ray Cherenkov telescope
= Consists of Large/Medium/Small Size Telescopes (LSTs/MSTs/SSTs)
+ Extension using Schwarzschild-Couder MSTs proposed by CTA-US + Nagoya



I The Schwarzschild-Couder Optical System
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= The first challenge of a

dual-mirror system in
CR experiments

= 9.7-m primary +

5.4-m secondary

= Wide FOV of 8°

= Small spot size of

<6 mm (4 arcmin)

= MAPMT array

consisting of more
than 11,000 channels



I The Schwarzschild-Coude Optical System
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The first challenge of a
dual-mirror system in
CR experiments

9.7-m primary +
5.4-m secondary

Wide FOV of 8°

Small spot size of
<6 mm (4 arcmin)

MAPMT array
consisting of more
than 11,000 channels



I The Schwarzschild-Coude Optical System

Focal Plane Camera
w/ 177 MAPMTs

Okumura+ (2011)

The first challenge of a
dual-mirror system in
CR experiments

9.7-m primary +
5.4-m secondary

Wide FOV of 8°

Small spot size of
<6 mm (4 arcmin)

MAPMT array
consisting of more
than 11,000 channels



Need a Very Compact Front-end Electronics with Low $/ch
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I TARGET-1 Concept

TARGET =TeV Array with Gsa/s sampling and Experimental Trigger

“TARGET ASIC Column

0123456 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31

Single Channel

ofan MAPMT 1nF:
- x16 ch buf

Vped

:100Q 1 kQ 10 kQ Sample :
: 01 234567 8 91011121314151617181920212223242526272829303132333435363738394041424344454647 -
Segment O (= Block 73) Segment 1 (= Block 74) Segment 2 (= Block 75)

Waveform (= 48 ns)

. 16-ch integrated system x 4096 capacitors (= 4-us buffer at 1 GHz)
= 1 GHz or faster sampling speed, self trigger

= 9 or 10-bits dynamic range, digitized by Wilkinson-type ADCs

. Low cost (~$20/ch), low power (~5W/64ch)



I The TARGET-1 ASIC + Camera Module

Voltage (V)

Requirements
= Sampling speed ~1 GSa/s
Signal bandwidth > 380 MHz @ -3 dB

Look-backtime > 12 us 8 x8 MAPMT
Dynamicrange > 9 bits (H8500D-03)




I Performance Tests of TARGET 1 (1 p.e. Distribution)
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I Performance Tests of TARGET 1 (Bandwidth)
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Low slew rate, saturates at Vpp of ~500 mV

To be improved with new TARGET variants

TARGET 1 (measured)
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Bandwidth is -3 dB @ 150 MHz, not fast enough yet

200

300 400 500
Input amplitude (mV pp)

600

700 800

Bechtol+ 2011 (arXiv:1105.1832)



I TARGET Variants and Specifications

Year of Delivery

Number of Channels
Storage Cells/Channel
Sampling Rate (GHz)

Dynamic Range (Bits)

Wilkinson ADC Clock Speed (MHz)
ADC Conversion at a Time (Blocks)
Readout Time per Sample (ns)
Trigger Analog Sum

Trigger Outputs

Trigger Thresholds

Trigger Mask

Ramp Offset Adjustment

Ramp Slope Adjustment

PUbias Fast Reset

Improved RCO Monitor

2010
16
4,096
0.5-25
9
60
~100
2X%X16
20

1+1

2011
16
16,384
0.5-15
9
60
~700
16 x 32
20
4
4
4+1
16
0-1(V)

0.5-10 (us)

1
1

2011
16
16,384
0.5-1.5
10
none
~700
16 x 32
20
none
4
4+ 1
16
0-1(V)

0.5-10 (us)

1
1

TARGET 1 TARGET 2 TARGET 3 TARGET 4

2012
16
16,384
0.5-15
10
none
~700
16 X 32
20

none

4+ 1
16
0-1(V)

0.5-10 (us)



I The TARGET-2/3/4 Evaluation Board
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Started evaluating
TARGET 2 and 3

Struggling with some
problems which were

not observed with
TARGET 1

> Some control
parameters cannot be
set properly

> A few bias voltages
cannot be supplied

> Sampling speed is
much faster than
expected (~2.7 GHz)

> “Surgical operation”



Example of “Corrupted” Register Value of TARGET 2
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Routing Map of Configuration Register Chain Input Register (Threshold)

= Configuration register chain sent from FPGA is not properly reflected inside
TARGET

= But essential measurements can be done with limited configuration values
= Fixed in TARGET 4 (partially)



I Summary

= The Schwarzschild-Couder telescope is under development
by the CTA-US team + Nagoya University

= The prototype camera module and the TARGET ASICs have
been developed and being tested

= New TARGET variants were designed and delivered to
improve the TARGET-1 performance

= Some problems have been found, but we are trying to fix
them in 2012



