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I The Cherenkov Telescope Array (CTA) Observatory

LST x 3-5 PUMST x 15-25 SC-MST x 36 SST x 25-100
D~23m P oD~12m D =9m ID~4-7m

"

e FOV ~ 4-5° S FOV ~7-8° e Fov=8° & FOV ~7-10°
B Pix~0.1° g e 3 Pix = 0.07° ﬁ Pix ~ 0.2-0.25°

e BE~002-5TeV BRI BN E~0.1-10 TeV SN E~1-300TeV'

‘ cherenkov telescope array

 The next-generation imaging atmospheric Cherenkov telescope (IACT)
= Consists of Large/Medium/Small Size Telescopes (LSTs/MSTs/SSTs)
= Expansion with Schwarzschild-Couder MSTs by CTA-US



I The Schwarzschild-Couder Optical System

Secondary = SN Focal Plane o
Mirror 7 7=7% Camera(hidden) = Originally planned for

AGIS (— CTA-US)

= Fairly large mirror size
with diameter of 9.7 m

= Wide FOV of 8°

= Small angular
resolution of < 4’

= MAPMT array
,’@‘.\ = s Wl ey consisting of more
&7 | than 11,000 channels

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

AsSPOtDIagrams = Originally planned for
E f 0=10(deg) 00f 0 =2.0 (deg) =
1 ; AGIS (— CTA-US)

o+ = Fairly large mirror size
oF D 14' fof 3 with diameter of 9.7 m
4 MAPMT Pixel Size b ~ Wide FOV of 8°

* : = Small angular
Eﬁ_::::ﬁﬁ::ﬁﬁﬁ:ﬁﬁﬁ'ﬁﬁf'ﬁii':::'ﬁﬁﬁ S . resolution of < 4’

= b 0=30(deg) [ 0 =40 (deg) |
~g: | = MAPMT array
consisting of more

of than 11,000 channels
j i The first challenge of a
o dual-mirror system in

CR experiments

X (arcmin) X (arcmin)



I The Schwarzschild-Coude Optical System

= Originally planned for
AGIS (— CTA-US)

Focal Plane Camera  *= Fairly large mirror size
w/ 177 MAPMTs with diameter of 9.7 m

= Wide FOV of 8°

= Small angular
resolution of < 4’

= MAPMT array
consisting of more
than 11,000 channels

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




Need a Very Compact Front-end Electronics with Low $/ch
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HESS Camera w/ Regular PMTs
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SC Optics Camera w/ MAPMTs



I The TARGET Camera Module

TeV Array with Gsa/s sampling and Experimental Trigger

Fiber pSB
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I TARGET Concept

.............................................................................................................................................................

‘TARGET ASIC Column
: 0123456 7 8 91011121314151617 181920 21 22 23 24 25 26 27 28 29 30 31
0
Single Channel : 1
of an MAPMT 1nF: 2
buf
- x16c¢ch ; R
F - l l .
w
5
6
7
Vped
1OOQ 1kQ 10 kQ Sample :
01 234567 891011121314151617181920212223242526272829303132333435363738394041424344454647
Segment 0 (= 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)
= Self trigger, 1 GHz or faster sampling speed

= 9 or 10-bits dynamic range

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



I TARGET 1 Evaluation Board

Signal Inputs
1 i i

$ro TARGET _odapter — rev. A
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I Bandwidth and Cross Talk

= Bandwidth and cross
talk were measured
with sinusoid input

@ -15f —Ch567,91011

£ oo = Bandwidth ~150 MHz

g _25f at3dB —

2 a0 >380 MHz in TARGET 2
35/ = Cross talk ~4% at 300
-40F - -~ e MHz —

_45 &7 ‘ ‘ ; < 1% in TARGET 2

50 100 150 200 250 300
Frequency (MHz)

Bechtol+ 2011 (arXiv:1105.1832)



I The TARGET Camera Module

TeV Array with Gsa/s sampling and Experimental Trigger

Fiber pSB
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I Calibration of the Transfer Function

Voltage (V)

Res. (mV) o (mV)

ASIC 0, Ch 00, Seg 0, Samp 00
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I :: 1 1 1

A Good Range (0.6 to 1.6 V)

e e —

o oo
o A~ O ©

[I\Lor—l\)o NS TIRY N I

1051152

ADC Counts

512 ADC Counts (9 bits)

= Measure the ADC

count in ~8 mV step

= Dominant noise is

common between
ChNandCh N+ 8
~4 (mV) (~2 ADQ)

= Intrinsic noise

~1 (mV) (~0.5 ADC)

= Fit Vv.s. ADC with

simple a function

= Fitting residual is

~0.5 (mV) (~0.25 ADC)

V = po + p1 ADC + po ADCY2 + ps ADCY? + p, ADCY4 4+ ps ADC?



I Calibration of the Sampling Speed

eNO

File Edit View Options Tools

Voltage (V)

—
b N
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35
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Time (ns)

Help

Sampling speed is
adjustable via control
DC voltage

Input 20 (ns) or 30 (ns)
cycle sinusoid wave to
the module

Convert ADC counts to
voltage using the
transfer functions

Fit the waveform and
obtain the sampling
speed



I Calibration of the Sampling Speed

ASIC 1 ASIC 2
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= Sampling speed is
adjustable via control
DC voltage

= Input 20 (ns) or 30 (ns)
3 3 B S R A B R cycle sinusoid wave to

_I l || | L1 1l | || | | | | | | | | | | | | l 1 I_ _I | | | | || L1 1l || | | | | 11
15500 16000 16500 17000 17500 18000 18500 19000 O'615500 16000 16500 17000 17500 18000 18500 19000 t h e I I I Od u e
ROVDD Compare Value ROVDD Compare Value

ASIC 3 ASIC 4 = Convert ADC counts to

[
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£ e transfer functions
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B PN . Fit the waveform and
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obtain the sampling
speed
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I Example of MAPMT Output

Voltage (V)

0.1

-0.1

-0.2

-0.3

S
~
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AN

A A

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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5 ns with 100-Q term.

OrTTT

10 20 30 40 50 60
Time (ns)

= Confirmed

> Waveform acquisition at
1 GSa/s

> Self trigger



I 1 Photoelectron Distribution (32 Channels)

ASIC0,Ch 08 ASIC0,Ch 09 ASIC0,Ch 10 ASICO0,Ch 11 ASICO0,Ch 12 ASICO,Ch 13 ASIC0,Ch 14 ASICO0,Ch 15
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I 1 Photoelectron Distribution

ASIC 2,Ch 11
§ _I 1 1 | 1 | 1 | 1 | I 1 1 I_
2001 J’edci:gtal B
I ' 6
1000 ; G=55=0.1Dx10" i 1 p.e. measurements
_ o using the pulsed LED
5001 || G=0A=029x10 and two different ND
- : : filters
0T r h " = HV =-1050 (V)
i ] typical gain ~ 8 x 106
400 |~ | =
: : = Results of two different
b 1p.e - ND filters are shown
0 EEEEN fﬁ%Ml L1 _x106
-10 -5 0 5 10 15 20 25 30

Charge (1.6x10™" C)



I Test Bench of Fiber Link

Camera Module x 2

Function Generator

Backend Board

Prototype of a
packplane board

Receive data from
multiple camera
modules

Broadcast commands
from the board to
modules

> PC <2 Board == Modules

> 6.6 kHz DAQ



I Summary

= TARGET 1 has been developed for the Schwarzschild-Couder
optical system

= Confirmed the basic functionalities of the TARGET camera
module

= TARGET 2 has been already fabricated and delivered

= Some improvements are expected in TARGET 2



