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J-PARC E50 experiment

 Charmed baryon spectroscopy experiment (J-PARC E50)

= Investigation of diquark correlation by measuring

* 4 . Threshold-type
CharmEd ba ryon (YC ) prOdUCt|On and decay Cherenkov PID detector Ring Image

Cherenkov detector

RPC TOF wall
T~ +p->V T+ D
D" >D°n >K*n~ m~

FM magnet

Barrel DC
LH, target
e Drift chambers: To g

Beam RICH
Tracking and analyzing K* and 7~ momenta Rt

TOF wall

DC

Fiber tracker

= New signal readout ASD card N



ASAGI card development

* Development of an ASD card with a new ASIC chip for the E50 experiment : ASAGI card

= AGASA ASIC is a candidate (AGASA: Asic for Gas detector Amp Shaper discriminator)
 Originally developed for Belle [I CDC
* Charge amplification factor, pole-zero cancellation effect, shaping time and
the threshold of the discriminator can be adjusted.

* ASAGI cards can be used for common readout ADC card for various gas detectors
» SPADI Alliance Task force for developing commonly-used ASD card

+ Task force group: RCNP*, KEK E-sys, CNS, RIKEN AD

Alliance



ASAGI card: AGAsA based General Interface for write chambers

Prototype card : .
(Version 1.0) AGASA ASIC | Change number of resistor(1-4) and capacitance(1-8)

For adjusting gain and signal width

DC signal i mpu

Charge

Sensitive Shaping Analog buffer OUtpUt
""" Amplifier ifi
Analog RJ?_CSA Pole Zero aian:::er
output 4.#‘ Ly Ca:t;e:!gtlo i g
I i - = —— n ) tput
MW\ i ‘ BUF_EN o
Zlog input \ c_BI_Ich I\ comparators+bAc
Common ://// " rk///, -
voltage ):::
Digital

Test pulse |

outpu

TP O

input TP_MASK O
= : Threshold value: £1.65V (3.3 mV step)
Controllfer ,,,,,, | - Both % input charges can be used
connection \®
pins 4 ASD power 3& .
50y | Cpenlt

LVDS output: 32ch |




ASAGI card param sets

FlE . ESERE I EB DR PZC (R*C) CSA (R*C)
% RN 2 1*2 2*1
C 2*1
1 2 3 4 5 6 7 8
iz 1 1 2 H 4 5 6 7 8 1*3 3*1
ﬂ R 2 2 4 6 8 10 12 14 RS 1*3
o 3 B 9 12 15 18 21 24
# 4 4 8 12 20 24 28 32 4 1*4 4*1 2%2
2%2 4*%1
* Param change rules o
6 1*6 2*3 3*2
= PZC: RX C = CSA: RX C
3*2 1*6
8 1*8 2%4 4*2
e.g.) PZC:R=4,C=2 > 4*2=8
CSA:R=1,C=8 > 1*8=8 472
12 2%6 3*4 4*3
/]\ 3*4 4*3
Gain: 0.24 times of PZC: R,C=1,CSA:R,C=1 43
2*8 4*4
4*4
24 3*8 4*6

Total of param sets is 320 ways!

4*6




Purpose of test experiment

E50: High-counting rate environment to operate drift chambers

a narrow width signal and appropriate gain

/ \ / \ Adjust! ASAGI response to test pulses
CSA PZC !

(Charge ampilification) | (Pole-zero cancellation) | (Shaping time)

v I

SHP D;v_gmf_”_ _”tv:””ﬁv”_v_ﬁ”v]_w

| ASAGI param |

"

SHP : R3*C1

——

* Search for candidate parameters by test pulse

PZC : R4*C3
CSA : R3*C4 |

 Conversion gain: 5.8 V/pC (oscilloscope image in right figure) 1L TOTY ISR S MO A che R Temy

* Performance evaluation of ASAGI with a drift chamber at SPring-8 LEPS2

= Waveform, Signal gain, Noise level, Efficiency (HV dependence), Signal width




Test experiment & analyses

Setup
DRS4 Baseline, Pulse height & Charge
Efficiency, TDC width



Setup

il

/7 @1 Anode wires : 3 layers

ASAGI card (

10

Horizontal position

~ | can be measured.

Cross- Beam
section e direction
view e -  —

Potential wires
. . Honeycomb cells
Shield wires o Approx. 9 mm per side

f Beam
\ direction

attaced at bottom side)

900 mm v

Wire direction Lead plate
Thickness 1 mm
v e- beam y beam
/?:00 m Permanent magnet

140 mm

Digital output : MH-TDC (HUL module)
Analog output : Measure Waveforms(DRS4 module)




Waveform analyses - Baseline correlation

170 7
ASAGI param L &
ASAGI waveform | gyp : R3*c1 C &
[mV] £ PZC : R4*C3 — -
3000 Peak CSA : R3*C4 160
- - Drift chamber : __.’
250 - Po'lc)enttial wire 2.15kV i X-18.0
- Shield wire 1.16kV 150~
200:— .
150? | DRS4 noise 140:_
1002— Peak search V\i@ - '
0 200 400 600 800 10000 90T Y=103X-194
- Peak search
* Calculate baseline voltage e

. o . . ; '-:.-'| '. . | | | |
. Basellne CorreCthn by USIﬂg Correlatlon 11P30| [ |140| It | |150| | l160| [ |170| [ l180| [ |190
with a certain channel of DRS4 [mV]

11



Wa VefO rm a n a |yses Vth ASAGI’s Pulse height & Charge
80 = |
ASAGI f ASAGI param 70= .

[mV] - waverorm SHP : R3*C1 B0 Pulse height

r PZC : RA*C3 =
300; Peak CSA : R3*C4 ggi

e Vth : 33.0 mV fg;j
250_‘_— . C'0; 160

- * Drift chamber
200~ Potential wire 2.15kV - ane

r |nte ratlon ranege Shield wire 1.16kV

o DI\ 5 5 - ‘ Vth ~26 pC Charge
150" ) v\,\% Vth 30 |

2 &d Sl R “T oo |
100 10; : :

(j- 500 400 600 800 41000 [ns] %' 50 100 150 200 250 300 350 400 [pC]

. . MIP 145 pC

Pulse Height and Charge Calculation Methods P
1. Find peak
2. Subtract baseline voltage # Charge Vth /MIP ~1 /5.6
3. Integration of peak region
= Charge

12



Nhits1

Efﬂ C | e n Cy 16000; Number of layer1 hits
14000~
12000 Sample
16000c Layer 1 efficienc
8000 y y
. . r of no wire hi n = + 0.
Efficiency =1 — Nur';lbflo obw1 ef it evte ts 8000 98.71*0.74
otal numbper or events :888 - ASAGI param
L SHP : R3*C1
_ _ DN e e RaRC
* Charged particle measured by trigger counte 2 4 6 8lcount] | on:panca
= Total number of events . Drift chamber
400 e Potential wire 2.15kV
L é Cut Shield wire 1.16kV
- Layer multiplicity 350k p— «
. . 300"
= TDC hit in 400 ns region (500-900 250 WW
= Number of no wire hit events 200 - M”WMW |
150
100" JPM
50? MWWNI
() Sttt s oot b
0 100 200 300 400 500 600 700 800 900 1000 [ns]




Efficiency

ASAGI-card SONY ASD-card
|
100.00 / /;——'——'lr ot - 100.00 /// B S — — 1
80.00 / 80.00 ’ ’
-, 60.00 ~. 60.00
g ‘ —Layerl | 2 / / --Layerl
7 / * ASAGI param ~Layer2 = / -Layer2
£ 4000 SHP : R3*C1 & 4000 y
= / PZC : R4*C3 -Layer3 | & / Layer3
20.00 CSA : R3*C4 20,00
Vth : 33.0mV
000 1| o0
185 190 195 200 205 210 215 220 225 230 235 240 185 190 195 200 205 210 215 220 225 230 235 240
Potential HV [kV] Potential HV [kV]

- Plateau curve is similar the old ASD card (TDC cut width is the same at 400 ns)
= Optimize analysis conditions to evaluate detection efficiency
* e.g.%Sr source test for checking efficiency of layer No.3

14



WMM%\ MAJ‘MM\ g

Vth

: 2803—
TDC Width ]
Width | ASAGI-param 240 F—
n SHP : R3*C1 220~
120¢ PZC : R4*C3 200
- CSA @ R3*C4 180
100} Vth : 33.0mV il
- 3
80; - Drift chamber o J
60; Potential wire 2.15kV =
- Shield wire 1.16kV =
401
r

* Width = (Leading edge TDC) — (Trailing edge TDC)
* First hit of both edge selected
= 100-300 ns

1 300 1 1

| Leading edge TDC
20
‘ U il i il i
1 OO 200 300 400 500600 700 800 [ns]

— |/

400

800 1000

Trailing edge TDC

4 ———»>

Width@)

Width®

Width)
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Strange waveforms

Graph Graph

200

+ ASAGI param
SHP : R3*C1
PZC : R4*C3
CSA : R3*C4

w
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160
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Strange waveforms

Graph

220

180

140

120

80

I‘HII“‘Tw"”l“l“ll‘lllll“
I <

o,

8-

Sample 1°?

Graph
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%Wwww
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L=
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Sample 3 °?

800

1000

Graph
a0 - ASAGI param
e SHP : R3*C1
f PZC : R4*C3
20 CSA : R3*C4
180 —
160
a0 - Drift chamber
e q - Potential wire 2.15kV
sof Shield wire 1.16kV
0 200 400 600 800 1000
Sample 2 ?
Graph Graph
1200? 170:—
160;
1000 =
800 140;
600 150;
120:
400 .
10—
200 W[ NNNNNN — 100;
T 'y o - I —
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Homework

e Efficiency
 Evaluation from tracking analysis

* Calculate drift velocity and find tracks
e Discard wrong hit events by using track information

* Investigate low efficiency of layer No.3

» 0Sr source test for checking relative efficiency
* Both ASAGI and GNA-200 used

* TDC width check by using 2°Sr source
* Investigate spik structure
* Measurement with narrower width parameters

18



ASAGI-card update

Ver. 1.0 - Ver. 1.5



Improvement points for Version 1.5

1. Change ASIC package and 16ch used by one ASIC
* Ver. 1.0: ASIC digital output and ground line coupling problem
* Ver. 1.5: Compact package and two ASICs used for suppressing coupling

2. Use optical communication for register setting
* Noise reduction in case of using metal lines
* Introduction of Tx chips for optical communication
* Fabrication of HUL mezzanine extension board for Tx chips configuration

3. GND pin position of LVDS-output can be changed depending on TDC module
* 1,2 pin : KEK type
* 33,34 pin : LeCroy type

4. Other

* Register setting pins of ver. 1.0 are also available.
* Anagoge output of each ASIC can be selected by changing jumper pins.



1. ASIC change

Ver. 1.0 Ver. 1.5
28mm X 28mm : .
LDC signal input DC signal input | 14mm X 14mm
85 mm - > A 85 mm |« >
il Anal
output [IF7 % " .vit
| AsIC [ 5B ,. ASIC
k o e : — I N
w o Test pulse
Test pulse 14 s TE input
input di N g ‘
= \'s 2\ & £m
Controller |f 8 M - Controller 105
connection &) C connection - i
pins rira A" O ASD power | | pins ASD power
LVDS output: 32ch || +5.0V LVDS output: 32ch +5.0V |,




2. Optical communication: Tx chip

Ver. 1.0

85 mm

Analog
output

Test pulse
input

Controller
connection
pins

Ver. 1.5
‘ DC signal input DC signal input
- = phhl.; 85 mm |«
- T4
O output . .
5 =
‘ ’ —
- e 1 - N NN
- — o Test pulse
Eﬁ : ~-m§ |nput I
R\ B 9 g i S Tx chip
' EE 110 mm
.\ L) _/v
Py o S SPDIF

LVDS output: 32ch

Optical connecter

105 mm

v

LVDS output: 32ch

ASD power
+5.0V

22



2. Optical communication: HUL extension board

O
_

= Optical 32ch out put Y T—
§ connect l:tli; {
. I 16¢ch Flat FUSE s 4p33 _
= O _ cable DTL card
Mezzanine extension board AU DD |
B/ Conventional 16ch <2 -
y | control board Mezzanine DTL card X 2 |

&
Mezzanine extension board X 4

= 64 channels / HUL

HUL 23



3. Ground pin

Two GND positions

= Mechanisms for
commonization




Summary

* Development of an ASD card with a new ASIC chip for the E50 experiment : ASAGI-card

* ASAGI card with AGASA ASIC (AGASA: Asic for Gas detector Amp Shaper discriminator)

* Charge amplification factor, pole-zero cancellation effect, shaping time and the threshold of
the discriminator can be adjusted

= Common readout ADC card for various gas detectors

* Performance evaluation of ASAGI with a drift chamber @SPring-8 LEPS2
* Threshold : Charge Vth/MIP = 1 /5.6
* Efficiency plateau curve is consistent with the old ASD card
* Width = 100~300 ns (wider than old ASD card = Smaller shaping time constant will be tested)

* ASAGI card update
* Change the package and read 16ch per ASIC
* Use optical communication for register setting for noise reduction
* GND pin position of LVDS output can be changed according to TDC module

25



Back up



b REL (Cotl) DAL DH D Rpge : Resa=1:2, (Cpge: Crosa=2:1)

IZIZE L., KE X DEEAIELNT:

Mw data | configure | status | control | appiications rw- Mw data | configure | status | control | appiications rw- Mm.m data | configure | status | control | appiications hlip- Mm- data | configure | _status | control | applications hlip-

Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45)
Tok BAD it} ) i Tok BAD it} ) i Tok B | [l ) i Tok BAD {1} ) it
T T A: 20.0my T T A: 10.0my ! A: 50.0my " A: 50.0my
} @: ~s50mv @: -570mv f @ -580mv : @ -600mv
T A: 15.6 T A: 15.6 . A 15.6ns . A:15.6ns
B 1 @ 16.4ns 12 . @ 16.4ns B [ @ 16.4ns By : @ 16.4ns
I d I P i + I ¢
T A + o 4
i L i L [
f ./
20.0ns] A Ch2 \ -390m! 20.0ns A Ch2 \ —330m S00mV . M[20.0ns Al Ch2 \ -390m chi 20.0ns| Al Ch2 \ -390m)
8 sep 2019 5sep 2019 8 sep 2019 8 sep 2019
uATS0% 20:18:07 uATS0% 21:59:02 WATS0% 20:21:42 WATE0% 20:20:24

pzcR1C2_csaR2C1 pzcR2C2_csaR4C1 pzcR1C8 csaR2C4 pzcR2C6_csaR4C3

Mm data | configure | status | control | appiications nw- Mm data | configure | status | control | appiications nw- Mw data | configure | status | control | appiications rw- Mhﬂme data | configure | _status | control | applications hmp-

Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45) Home: TDS 3032B A (192.168.10.45)
Tek A — kU g Tek A W kU g Tok BiA® fi) kU g Tek EGAS 651 Rz
5 1 A: 40.0mv 5 1 A: 30.0mv v ] A 10.0mv % ] A 20.0mv
I @ -590mV ¥ @ ~560mV i @ -570mV 1 @ -570mv
1 A: 15.6ns I A: 15.6ns T A 15.6ns .| A: 15.6ns
B I @ 16.4ns B ) @ 16.4ns L I @ 16.4ns B 1 @ 16.4ns
1 4 i p o i d
S + + F + £
[ i (74 4 i (X i
Ch1 1.00V & @B 500mv . M20.0ns’ A Ch2 \ -330m! Ch1 1.00V & @® 500mv . M20.0ns’ A Ch2 \ -390m! Chi[ 1.00V O @® 500mv . M20.0ns| A Ch2 \ -390m Chi| 1.00VQ @F 500mv . M20.0ns| A Ch2 \ -390m
§ Sep 2019 8 sep 2019 $ Sep 2019 8 Sep 2019
EEIRTEY 21:57:19 W41.80% 20:20:04 WE180% 20:27:57 W4180% 20:34:44

pzcR1C4_csaR2C2 pzcR1C6_csaR2C3 pzcR2C4_csaR4C2 pzcR2C8_csaR4C4



INT X=X &

PZC:R1*C1,CSA:R1*C1

)it

ENOL T

SHP mV FE SHP mV BE SHP mV BFE SHP mV BFE
11 480 1 21 720 1.5 31 820] 1.708333 41 900 1.875
12 360 0.75 22 440( 0.916667 32 500( 1.041667 42 520| 1.083333
13 280] 0.583333 23 320( 0.666667 33 360 0.75 43 360 0.75
14 240 0.5 24 260| 0.541667 34 280] 0.583333 44 280] 0.583333
15 200( 0.416667 25 240 0.5 35 240 0.5 45 240 0.5
16 180 0.375 26 200( 0.416667 36 200( 0.416667 46 200| 0.416667
17 160( 0.333333 27 160| 0.333333 37 180 0.375 47 180 0.375
18 140( 0.291667 28 160| 0.333333 38 160( 0.333333 48 160 0.333333
SHP:R3*C1
pzcR:csaR mV &% |pzcRicsaR| mV ERS 0.1pF*1.2v 0.12pC
1:1 820 1
3:4 1100] 1.341463 4:3 700] 0.853659
2:3 1200] 1.463415 3:2 600| 0.731707
1:2 1400] 1.707317 2:1 450| 0.54878
1:3 1750] 2.134146 3:1 350] 0.426829
1:4 2050 2.5 4:1 200] 0.243902
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F/NDTA RN LSHEAEHE

) 114114
SHP : R1*C1
CSA : R1*C4

param mV &= param mV f&EX param mV &R param mV f&Ex

114114 205] 0.426829| 214114 307( 0.640244| 314114 350| 0.729167( 414114 384| 0.800305
124114 154] 0.320122| 224114 188| 0.39126| 324114 213| 0.444614| 424114 222( 0.462398
134114 120] 0.248984| 234114 137] 0.284553| 334114 154] 0.320122| 434114 154] 0.320122
144114 102| 0.213415| 244114 111] 0.231199| 344114 120] 0.248984| 444114 120| 0.248984
154114 85( 0.177846| 254114 102| 0.213415| 354114 102| 0.213415| 454114 102| 0.213415
164114 77(0.160061| 264114 85( 0.177846| 364114 85( 0.177846| 464114 85( 0.177846
174114 68| 0.142276| 274114 68| 0.142276| 374114 77] 0.160061| 474114 77(0.160061
184114 60| 0.124492| 284114 68| 0.142276| 384114 68| 0.142276| 484114 68( 0.142276

29



mRDT A DM oNDHAEHE

param mV &= param mV f&EX param mV &R param mV f&Ex

111441 1200 2.5| 211441 1800 3.75| 311441 2050| 4.270833| 411441 2250( 4.687500
121441 900 1.875| 221441 1100| 2.291667( 321441 1250| 2.604167( 421441 1300( 2.708333
131441 700| 1.458333| 231441 800 1.666667| 331441 900 1.875( 431441 900 1.875
141441 600 1.25| 241441 650| 1.354167| 341441 700( 1.458333| 441441 700( 1.458333
151441 500| 1.041667| 251441 600 1.25] 351441 600 1.25] 451441 600 1.25
161441 450 0.9375| 261441 500| 1.041667| 361441 500| 1.041667| 461441 500| 1.041667
171441 400( 0.833333| 271441 400( 0.833333| 371441 450 0.9375| 471441 450 0.9375
181441 350| 0.729167| 281441 400( 0.833333| 381441 400( 0.833333| 481441 400( 0.833333
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DC Width

Width

=

!

L km‘mu il

100200506400500600700800

Potential wire 1.90 kV

160
140"

120

100/
80

60
40

20/

Width

m'hu m

‘100200300400500600700800

Potential wire 2.05 kV

Width

100200 300 400 500 600 700 800
Potential wire 1.95 kV

Width

120
100
80

60- | W
2\

‘100200300400500600700800
Potential wire 2.10 kV

220r
200,

N

100/
80

180
160
140
120

60

40 -

20F

Width

M{

Lol ‘“i”wwmr‘

100 200 300 400 500 600 700 800
Potential wire 2.00 kV

ASAGI-param
SHP : R3*C1
PZC : R4*C3
CSA @ R3*C4
Vth © 33.0 mV
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TDC Width

Width

120;
100

140;
120"
100
80
60
40
iy
E wm W w WM WWW

100 200 300 400 500 eoo 500 800
Potential wire 2.25 kV

20

100 200 300 400 500 600 700 800
Potential wire 2.15 kV

Width

\ |

Width

100
80-
60"
40

20!
P il

Mw L MWWWMMM&MMMMMMMM

P

100200300400500600700800
otential wire 2.175 kV

Width

120
100
80
60!
4oi
20

O

"‘-Mw MMH‘“M MHM Lr)}ﬂ M W W %\WM

P

100200300400500600700800
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40-
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E

%]HWI Ll JWMWMW"WMM&MMMMWW
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100200300400500600700800

Potential wire 2.20 kV
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200
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100f
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%ﬁm [ IO o
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S====c=—ammumanmm

Bl

100200 300 400 500 600 700 800

Potential wire 2.35 kV
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dewidth

* Raw Width histogram

40000
35000

30000

25000

20000

Vth =80 mV

Entries
Mean
Std Dev

3571583
86.09
74.62

Ringing

Double pulse ?

6000 —
5000
4000

3000

dcwidth
Entries 408251
= Subev _oeos
Vth =90 mV

15000 r
E 2000f-
10000 r
= 1000
50001 r
P - PRI I PP I bares PSP Rt 8
(] 50 100 150 200 300 (]
dewidth N . dewidth
01S¢

2200 Entries 149062 Entries 250883

Mean 76.76 L / Mean 76.02

Vth=100 mV |55, 85 || L F Vth=120 mV |55 &%
1800 -

1600

1400

2000
1500
1000

500

Signal

SD AIGNA@ QO fate

V=2.15kV
Ar:CO,=90:10

Efficiency: > 99% in
each Vth

Cross talk signal

= Issue for new DC ASD

It is expected to be
suppressed by using
ASAGI card.

e Better for TOT filter
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AGASA ASIC information

* Asic for Gas detector Amp Shaper discriminator
* Conversion gain: 63mV/pC —32V/pC Typical pulse shape

i_ S e
[

* Peaking time: ~10 ns

* Dynamic range: 0 — 2.0 pC

Pulse width: a few 10 nsec — a few usec
Noise: 2200 electrons

Power consumption: ~12 mW/ch

V, 4=96.55mV

. Analog Gain . .
~1.0V/pC

o e

im:1. /
Electric circuit of 1 ASD channel i ROZVRC)

REMES K=t B RT3 FHagivI7

Cin=1pF, Cdet=22pF

(CSA) Frotl (SHP) O E= &
PZC = T .
R_B_CSA e D& e | 2 AO Qin=Cin* Vin_step=0.0963pC
S _B_ 0 ]
C_B_CSA A — *
11 R_B_PZC C_B_SHP Analog Input
I ) | ! i
il (@ so.omv 20.0 30.0 5.00GS/
P soomv @& 20.0mVQ )[40.0ns i s
FHodAH INE O C_8_Pzc | LEE#+DAC - Value  Mean  Min B~ ST
" 0O 5 y L1 0 X E €D Fall Time 11.02ns  11.01n  10.92n 11.60n 64.69p
SEVRE VCM + N DO# €D Amplitude 96.46mvV 96.55m 96.36m 100.0 367.1u 1
(R—ARE) |—|+ ?__f D_o B Amplitude 98.00mV_96.34m _96.00m _98.00m _756.9 * Belle II setting
4 FALHARHE O
P 8D‘T J\:;Jlf:ﬁl VIH_comp DO_POL(0:3ERH, 1:RH)
TP_MASK ’




V_hei

ght (V)
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* Please ignore Min Pulse Enable case. This is
only implemented in an ASIC for Belle 1l CDC.

(Minimum pulse width of 48 ns is guaranteed
by the pulse width generator.)
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ASAGI Ver. 1.5 common part

Ver. 1.5
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