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Charmed baryon spectroscopy experiment: J-PARC E50

 Study of effective degrees of freedom of hadron: Digaurk correlation

= Charmed baryon spectroscopy: g-g + Q system

Light quark baryon Charmed baryon

% Experiment: Production and decay

« Missing mass method: n=+p — Y.+ D™
+ Decay measurement — Kt

= High-intensity 2ndary peam @ 20 GeV/c
« 30 MHz = ~2 MHz reaction rate

ES0 spectrometer system
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Overview of E50 spectrometer system

« High-rate beam detectors
 Scintillation Fiber Tracker
e Cherenkov Timing detector: TO

« High-performance PID detectors
« High timing-resolution TOF wall: RPC
* RICH & Beam RICH
* Threshold-type Cherenkov detector

 Large size detectors
 Large size drift chambers

 Forward TOF wall

— Photon detector
 Muon detector: RPC

— Gas detector

% Streaming-type trigger-less DAQ
* Only timing (TDC) data taking
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Overview of E50 spectrometer system

« High-rate beam detectors
« Scintillation Fiber Tracker
e Cherenkov Timing detector: TO

*MPPC + Cherenkov: Timing w/ >3 P.E. detection

* High-performance PID detectors
* High timing-resolution TOF wall: RPC
* RICH & Beam RICH
* Threshold-type Cherenkov detector

*MPPC + Cherenkov: PID w/ 1 P.E. detection

 Large size detectors
 Large size drift chambers: ASD card

 Forward TOF wall

Yuji Yamamoto

 Muon detector: RPC

% Streaming-type trigger-less DAQ
* Only timing (TDC) data taking

Threshold-type
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Cherenkov Timing detector: TO

Basic performance



TO detector overview

% Requirements
* AT <70 ps(o)
« ~3 MHz/segment

* Time-walk correction w/o ADC
» Discriminator(comparator) + TDC

« Segment by Acrylic (PMMA)

= Cross shape: X-type
» Cherenkov angle direction
» Both ends readout

* 3-mm width segment + MPPC
« 513360-3050PE (3 mm, 50 um)
« Amp: ~10 ns width

= Time resolution: AT ~40 ps(oc)
* No position dependence
* V,,=+7V,Vth =3.5p.e.

Front view

o

counts/mm |MHz]

Beam profile X (30 MHz)

X hit position [mm)]

3 mm segment ©

>
B0 40 20 0 20 40 80 | |
| i

MPPC

Cherenkov light
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TO detector overview

* Requirements
* AT <70 ps(o)
« ~3 MHz/segment

* Time-walk correction w/o ADC
» Discriminator(comparator) + TDC

« Segment by Acrylic (PMMA)
= Cross shape: X-type

* Cherenkov angle direction
« Both ends readout

* 3-mm width segment + MPPC
« 513360-3050PE (3 mm, 50 um)
« Amp: ~10 ns width

= Time resolution: AT ~40 ps(oc)
* No position dependence
* V,,=+7V,Vth =3.5p.e.

TO0 for EMPHATIC
(10 segments)

Cherenkov light




1 @ Bar-type
TO deteCtor OVErview V,, dependence: AT X X-Type Vth dependence: AT
7 N0 T T T TS g 100p e
% Requirements s 2 . Scinti. 3 & ®¢
s % / § 80 E
e« AT <70 pS(O’) 3 TF . ERERRLS 3
« ~3 MHz/segment o b A I ;
* Time-walk correction w/o ADC o R ST — - - E
+ Discriminator(comparator) + TDC % I C E
I
+ Segment by Acrylic (PMMA) 5 55 iin g,
Voyer [V Vi, [p-el]
= Cross shape: X-type
* CB:hiiefrenléov andgle Ellrectlon Position dependence: P.E Position dependence: AT
« Both ends readou s Wy g W
:E 50; " 1 & 22; Scinti. :
 3-mm width segment + MPPC ¢ « ~* ~ R I T
+ 513360-3050PE (3 mm, 50 pm) 5 - AU I I S
« Amp: ~10 ns width = T — "
= Time resolution: AT ~40 ps(c) - I R :
* No pOSition dependence 96:o' B R S T —0650' 00 0 20 40 60
° V — +7\/’ Vth — 35 pe Position [mm] Position [mm]
ov ® Bar-type ® Bar-type
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MPPC amplifier

High speed operational amp: AD8000

Damping resistance: 22Q

Overshoot suppression by pole-zero cancelation resistance: 390Q

TO amplifier
(Version 1.5X 39 ch)

Based on T. Nishizawa et al., IEEE TNS 61 (2014) 1278.

X 18.8: Higher gain for Cherenkov detector

+VOp
MPPC 1 k€
[ ]
100 pF
I I ] _
! 22 Q) +
10Q H —f AD8000
390 Q Y
GND

Version 1.5 amplifier
(Single channel)

—{ 1 x10 amp [ — Output
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R&D of Cherenkov Timing detector

« Convectional detector: Plastic scintillator + MPPC/PMT = ~100 ps(c)

= How can we get better resolution ?
* High-momentum: Good TOF measurement
« High rate: Fast response and discarding accidental coincidence

= Previous study: Quartz + MCP-PMT = ~10 ps(o) resolution
 A.Ronzhinetal.,, NIM A 623 (2010) 931, 10.1016/J.nima.2010.08.025
« EXxpensive radiator and not suitable PMT for fine segment

= Acrylic(Cheap) + MPPC(fine segment)

« X-chape: No position dependence by mean time

*% R&D items
1. Fine-segment study: 3 mm = 0.5 mm
* No thickness dependence of time resolution

2. High-rate study: Up to several MHz
 Signal processing for suppressing pile-up effect: Schottky Barrier Diode (SBD)



Fine-segment study

3 mm = 0.5 mm width



Simulation: Radiator width dependence .

« Simulation by Geant4 Optical photon
 Realistic parameters: PMMA, MPPC and so on

7 Simulation image

« 3-mm radiator light yield data: 25 p.e. @ 3 mm
 Single-end P.E. data
« Normalization of # of p.e.
= Reflection probability of PMMA: 99.5%

» Light yield is decreased. e Ry
* ~16pe.@05mm & L AIPE () i
— Small loss of fast com ponent - 2 §_ ___________________ * _________________ * ___________________ ____________________ ____________________ ><< 200 ps
» Small number of reflections - « y “ &
S R R
- & X ' X '
* Production by company L A A A
* Cut from one PMMA board e — — e ——
= Actual fine segment test R R R S W
Width [mm]




Test experiment @ LEPS

Reference ouner g/,*

- -

\

B | T0 radiator L
: ml ifi er
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« eE from y-ray conversion

« Time walk correction by pulse height: DRS4 and HUL HR-TDC

 LEPS2 discriminator for RPC
« Comparator output: Both leading and trailing edge —
« N.Tomida et al., JINST 9 C10008 2014 LEPS2 discriminator

13

§ e

Fine segments: Radiators can be fixed by Silicone sheet with glue.

l

» Time resolution evaluation by B~1 condition




Number of photoelectrons @ +20 mm
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Number of photoelectrons @ +20 mm
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Number of photoelectrons @ +20 mm
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 Sum of both ends and its distribution are same.
= Collection of Cherenkov lights w/o surface 10ss
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Time resolution: @ Vth = 3.5 p.e.

Time resolution (rms) [ps]
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 All data: Similar time resolution of ~45 ps(o).
« Time resolution is kept. = Same light yield

* 3.0 mm = 0.5 mm: X6 higher counting rate
e 3IMHz/3mm @ 30 MHz = 3 MHz/0.5 mm @ 180 MHz

* 0.3 mm also tested = Time resolution of ~45 ps(o)
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High-rate study

Signal processing for suppressing pile-up effect:
Schottky Barrier Diode (SBD)



R&D of signal processing

1. RiInging suppression
* Pile-up effects to time resolution
« Time resolution: 43 ps = 54 ps @ High-rate condition

= Schottky Barrier Diode (SBD)
was used as kind of filtering methods.

2. TOT measurement

Pileup event
400 T T T T
3501
300F
250[
200F
150F
100F
50

Pulse height [mV]

Ringing
/

v

OW

:I 1 1 | | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I \E
200 220 240 260 280 300 320 340

Time [ns]

e Only TDC measurement without ADC
« Discriminator(comparator) + TDC

Time-Over-Threshold (TOT) method

* Time-walk correction

by Time-Over-Threshold (TOT) method
« Width = (Leading edge — Trailing edge)

« Straight forward method doesn't well work.
« AT ~70 ps(c) © AT ~ 40 ps(o)

= SBD + slow shaping

Pulse height

Threshold

Time

Time-over-Threshold



SChOttky barrier lede SBD I-V characteristic
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] o ] Forward T SBD o
° Klnd Of rectlfler lede Anode M Cathode currentl | i General rectifying diodes
* Quick responses 1| R0
« Smaller forward voltage: 100-200 mV level
% Revered pulses and smaller pulses are suppressed. | reverse /| Forwaxd
. . . - Ita. : ltage
= Ringing suppression (+ dark current suppression) —t%-—ﬂy— —
-n diode F
- . . l(JGcncral, FRD) Iy
« BAT63: Series connection to amplifier
« Signals width and leading slope: Same SBD Reverse
* V= 0.62X(V;,) — 70.0 (Minimum input: ~120 mV) current
Waveform by DRS4: 1 GHz sampling
MPPC amp SBD circuit 800 600F=
= oF W/o SBD - W/ SBD
of- sooF- DRS4 noise
2005— ] »/

Jlll

1 I L 1 | I 1 1 L I | L 1 l 1 | L I 1 L 1 l L 1 | I 1 L 1 | L 1 Il I
180 200 220 240 260 280 300 320 340

[

1 I L L l

180

L l L
200

1 l 1 1 1 L l - l 11 I - l L 1 1
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SChOttky barrier lede SBD I-V characteristic Formad 4+ SED

» Kind of rectifier diode Anode {>L|1 Cathode current
* Quick responses
« Smaller forward voltage: 100-200 mV level

% Revered pulses and smaller pulses are suppressed. | Rrevers

General rectifying diodes

FRD

Forward

- - - . voltage voltage
= Ringing suppression (+ dark current suppression) i—%ﬁﬁy— § =
p-n diode F
. . .. (General, FRD) Iy
« BAT63: Series connection to amplifier
« Signals width and leading slope: Same SBD Reverse
* V= 0.62X(V;,) — 70.0 (Minimum input: ~120 mV) current
60 .
‘1 * W/o SBD
MPPC amp SBD circuit 55 X W/ SBD
.‘-} = * Low-rate data @ LEPS 50
| - | = AT ~45ps(o) SIS R S

Series connection
B = SBD can be used
Saawe Snaa as filter circuit.

NN
o

% T = Mean time — RF timing
RF AT ~14 ps(rms) subtracted
PR T KN T ST S S |

3.5 .
Threshold [p.e.]

Time resolution (rms) [ps]
w B
(@) (@) ]

W
52




SBD: BAT series, RB series

BAT17
BAT15
BATG63
BAT165
RB168MM-30TF
RB510SM-30FH
RB510VM-30FH
RB520SM-30T2R-J
RB530SM-30T2R-J
RB540VM-30FHTE-17-J

110
120
150
300
100
100
80
90
90

10
100
10
100.0
1.0
1.0
1.0
1.0
1.0

40
25
25

X X X P P X X O O
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It can be used by adjusting amp gain.
Suitable responses
Suitable responses

Large overshoot signal
Large overshoot signal
Small overshoot signal
Small overshoot signal
Large overshoot signal
Large overshoot signal

Large overshoot signal



23

SBD: BAT series, RB series R 0" 000

BTSSP

BAT1/

Test circuit

BAT15 110 10 —
BAT63 120 100 -
BAT165 150 10 80
RB168MM-30TF 300 1000 2
RB510SM-30FH 100 1.0 I -

Student: Too difficult soldering !
Me: No, take it easy. Be used to it.

RB510VM-30FH 100 1.0 6 """""
RB520SM-30T2R-J 80 1.0 40 | ' i

RB530SM-30T2R-J 90 1.0 25

RB540VM-30FHTE-17-J 90 1.0 25

0 = 2000 @ = 1000 @)~ 1000 () = U] 2w @ i8.00we )] @ i e D) |
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Time-Over-Threshold method

* Signal width is not sensitive to pulse height by our MPPC amp.
« Width is saturated in higher pulse height.
 Ringing signal affects TOT measuring.

= Straight forward method doesn't well work.
* AT ~ 70 ps(c) © AT ~ 40 ps(o)

% Extract pulse height information from width
= “SBD + Integrator circuit”

-----------------------------

 Test RC integrator circuit
e1=24ns
« R=51Q,C=47pF

50 mV range

* Slgnal width: ~15 ns - .‘. el ’ 50 mV range
* Original: ~10 ns Vin R 1 Vour | | ' S |
* Pulse height: X1/2 C |

GND GND




ngh rate test @ ELPH
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Fiber trackers &

« Time resolution evolution
= Time-Of-Flight by mean times of 3 detectors
« Counting rate (event by event): 10 kHz — 5 MHz

* Modules: HUL HR-TDC & DRS4 (Waveform: ADC)
« LEPS2 discriminator for RPC




Rate dependence: SBD filter

Current experiment data

Previous experiment data

Time resolution [ps]

—
~N 00 © O
o O O O

= N W B~ O O

O O O O O O O

AR RN b L R R
%‘

.................. - W/ SBD data

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

Counting rate [MHZz]

0 1 1 1 1 1 1 1 1 1 2 1 1 1 1 3 1 1 1 1 4 1 1 1 1 5 1 1 1 1 6

Time resolution(c) [ps]
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(o] S— — — * Version 1.0 amplifier |
O: | i 1 1 1 | i 1 1 | | i 1 1 1 1 i 1 | | 1 i | | | 1 i 1
0 1 2 3 4 5 6
Rate [MHZ]

* No improvement between data w/ SBD and w/o SBD

* Improvement from previous study

= Base line fluctuation on waveform (No SBD due to unexpected PH reduction with DRS4)
= It affected to time-walk correction. (AT, ~30 ps contribution)




Rate dependence: SBD filter Counting rate: 2.0-5.0 MHz

1200

Current experiment data Trigger timing

1000

|I TT |I TT II

__________________ i D\NISBD data

—
~N 00 © O
o O O O

o
S
|

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

o
o
|

Time resolution [ps]

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

f

w
o
|

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

N
o
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—_—
o
|

o

0 1 1 1 1 1 1 1 1 1 2 1 1 1 1 3 1 1 1 |4 1 1 1 15 1 1 1 1 6 .
Counting rate [MHZ] T B T —

* No improvement between data w/ SBD and w/o SBD
* Improvement from previous study

= Base line fluctuation on waveform (No SBD due to unexpected PH reduction with DRS4)
= It affected to time-walk correction. (AT, ~30 ps contribution)
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Rate dependence: TOT (Just try)

Pulse height data W/ and W/o SBD Pulse height and TOT data
7 OF ’ = 7
— 65:— .................. ....................... .............. = W/ SBD data |. —
= - : ; : - g
D GOF e o * W/o SBD data | 2 f
= : : = s
=R T N S e s S
S F 2
(OO YY) | SRR USROS SRS SRR SO0 SRR S o)
£ : £ - i
- 45;_ ......................................... - } ................................... ...................... - 45:_ ........................ .................... : :
40f_ o 40f_+ ........ ....................... .................... " Pulse helght
] * TOT
35?}. *_‘ 35:_ ........................ ..................... % TOT + ATP
E | Ll | L . - | Ll | S P
300 1 2 3 4 S} 6 300 1 2 3 4 S} 6
Counting rate [MHZ] Counting rate [MHZz]

* No rate dependence by TOT method
* If there were dependences as of PH, resolution became worse. (X in Fig(R))

* However, not best resolution (Divider X1/2, SBDX?2/3, RCX1/2 & Both ADC and TDC)
= Too low pulse height (low Vth ~7 mV) & long Lemo cable (attenuation)




Controlled condition data: Low-rate @ LEPS

Time resolution (rms) [ps]

60 X TOT: Lemo cable 25 ns
- X TOT: RC before discriminator
55 __ .................................................... .......................... e e
50 :_X ............................................... X .......................
- :'"X """""""""""""""""""" ’ o >}<
45 :_>£(>£< .............................................. e
40 :_ ...................................................................................................................................
N : ‘ RF AT ~14 ps(rms) subtracted
3 B 1 1 1 | I 1 1 | 1 I 1 1 1 1 I 1 1 1 1 I | 1 1 1 | 1 1 1 1
O 35 4 45 5 5.5 6
Threshold [p.e.]

= Pulse height: Lemo cable 25 ns

* Cable connection

= Amp — SBD — Cable — ADC/Discri

X Amp — SBD +|RC|— Cable — Discri.

X Amp — SBD — Cable —|RC

— Discril.

% Cable length effect due to slower

rinsing time by RC circuit ?
= On-detector in actual TO

« Almost same resolution by time-walk correction using Pulse height and TOT
= To optimize RC circuit and Revenge of High-rate test

* To design optimum amplifier circuit...?
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Other applications

* New ASIC for MPPC: High-rate capability and high-timing resolution
« SPADI Alliance TaskForce (R&D TF to be formed)

 Fine-segment property of Cherenkov radiator
« sub mm segment with good time resolution

= High time-resolution and good position-resolution detector
* Timing detector + tracker
« X shape = Simple bar

Simple bar

Beam

« Signal processing by Schottky Barrier Diode (SBD)

X shape

30

« Applied to shaping circuit

» Overshoot suppression, tail cutting, ringing suppression and noise filtering
* Filtering for dark current of MPPC

» Suppression of baseline fluctuation and screening out radiation damage

Beam

« Other detectors
* Poor man’s TOP detector: Acrylic + MPPC
* Phoswich detector: Cherenkov fast comment + scintillation light
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Summary

« Charmed baryon spectroscopy experiment: J-PARC E50

= Multi-purpose spectrometer system with trigger-less streaming DAQ
» Various detectors using MPPC + Cherenkov radiation

Cherenkov timing detector for high-rate beam measurement: Requirement: 3 MHz/3-mm segment

» Acrylic X-shape Cherenkov radiator + MPPC readout with fast shaping amplifier
* Timing resolution of ~40 ps(c) @ Low rate

Fine-segment study
« X-shape Acrylic radiator with thin width: 0.5 mm, 1.0 mm, 3.0 mm
« Light yield and time resolutions were kept by using fine segment radiators.

« Signal processing study for high-counting rate measurement
» Suppression of pile-up effect by filtering with Schottky Barrier Diode (SBD): BAT63
« TOT method: Time-walk correction by signal width with SBD + Integrator circuit

= No rate dependence by TOT method
» Similar resolution between time-walk correction by Pulse heightand TOT

« Other applications
» High time-resolution and good position-resolution detector
« Application using signal processing by Schottky Barrier Diode (SBD)
* Poor man's TOP, Phoswich type detector for particle identification
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Overview of E50 spectrometer system

* High-rate beam detectors [ o oion detector
« Scintillation Fiber Tracker |_ Gas detector
* Fiber + MPPC array
* Cherenkov Timing detector: TO
* Acrylic(PMMA) + MPPC + amplifier

« High-performance PID detectors
* High timing-resolution TOF wall: RPC

» (Gas detector + amplifier

* RICH & Beam RICH
» Aerogel & Gas + MPPC/MPPC array

* Threshold-type Cherenkov detector: Vth AC
» Low-index Aerogel + MPPC array

 Large size detectors for scattered particles
 Large size drift chambers

» (Gas detector + amplifier
« Forward TOF wall
 Plastic scintillator + PMT (+RPC)
* Muon detector
» Tracker-RPC (+Plastic scintillator + PMT)

33

Threshold-type

Cherenkov PID detector

RPC TOF wall

FM magnet \

Barrel DC

T0 -,
Beam RICH A\

"

Fiber tracker

@,

LH, target \ /

Ring Image
Cherenkov detector

'

N

2m

TOF wall

DC

<
>y




Silicorn sheet for contact between radiator and MPPC .

HEEEGRE— ) i — —
" - LUCIACS® 039865US Nitto Transparent Silicorn w/ glue: Nitto Denko
i «— BFES1F- (PET#715) —HE 100
32 — A 0125mm (E#Lz) F  0.125mm
— EJBES - (PET#5) ) .

1 EBRE, REEICEATOET.

—— SKSC4000-1T (Monotaro) x2

— GFSC6000 100um (Tomita Mateqs)
CS9865US (Nitto)
CS9865US (Nitto)

FHiEH | #5352 FIAFVIRTARTLABADKE T LBEYEHE R

, 2) E7)—OREERTT. ™
S 3) BERATTOMSEEEBATET, 9
4 HIRPPMMAICHLELERNERLET, o~
5 FS5AFwH(PMMA, PC)ITRd AiEEEEEICEBIETS, >
@ E#H[mm] 0.125 8
€180° 3|=RALE5EHE HIN/20mm]
i (HASR) / GPMMA#R) ' 9
) 4]
¢ EBE [%] 92 o
o~A{Z [%] 0.5 ) —— SKSC4000-1T (Monotaro) x1
-
]
-
}_

IIT[III]IIIIITII

ZOHG~DBEBEEE TI-HLYHR—bEA—T-CATY IL—T @anfnsisth  tcat@nitto.co,jp SB-469.J

CEE: AT S AEEQ-FIThYRIHETESYER A, Tz FERBOAE~OBEHERIET SO TEHYEE A CHAVEEENIC, BERT—TICYED
eAHE) EDBEEHECRRBO L. CERRNBELLZLET. HE-EH-B=E~OMTEEH. SHOKTE BEMNOIERAKEGERYBLEFES .

BHREIHFX L ONitto Denko Corporation. All rights reserved

« Good transparency: ~320 nm A R B B

« ~0.1 mm thickness with glue for fixing tightly Wa?gLength ?%Om) 000 700
« We can buy MISUMI (25 pum or 50 um sheet as roll).

 Reflection index: n~1.405

= Light yield X 1.3
« 3mm MPPC and 3 mmX3 mm X150 mm scintillator and PMMA
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LEPS discriminator

Power: +7V

3V3I

Extremely Hot !!1!

C;i 3V30 (V30

U5
SP3003-4XTG ‘q

oNDI—E fale 3L o)

q10(h

Input (16¢h) Tp

Output (16¢h)

1-8 ch & 9-16 ch

GND — 17 pin =+
= Are common Vth.

e

IO D IO I

1K

GND

Extremely Hot !!!

« 16 ch discriminator: Reading & Trailing N. Tomida et al., 2014 JINST 9 C10008

« Narrow width signal can output.

« RSPELC = LVDS: Direct connection to HUL HR-TDC
» Ground pin positions are changed.



Narrow signal readout of MPPC

* By using Schottky barrier diode (SBD)
 Kind of rectifier diode: Quick response
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J. M. Yebras, P. Antoranz, J.M.Miranda
Optical Engineering 51(7),

074004 (July 2012)
E;fliltsi: 9 Schottky - - 3500 H 120 N | !
o OUT i Test circuit || .., Input pulse | | | arrow pulse
pulse !
lll J_L e 2500 FWHM 28 ns e~ 80 FWHM 26 ns
Si-PM % 2000 _E 60
bias lu’ Schottky § 1500 4_? 40
Si-PM = =
bias ouTt 1000 | 20+
500 0—j L/‘M\f”“‘-—
0 10 20 30 40 50 60 70 80 -200 10 20 30 40 50 60 70 80
u Time (ns) Time (ns)
@ (0 @ ©
Fig. 4 Pulse shortening system based on reflectometry (a) and on subtractor fed with stubs of different lengths (b). W/ SBD W/ SBD
) ) 3500 A —m; - 1600 | 54ns : —mi (xg5;
«a ISA™T1™ e nnaaas +REF NS ) e + SU
e Test circult: BAT1/ seoo | —— AP + REF + BAT17 ol , AUP + SUB + BAT17
* It makes input pulse narrower one by S € ’|
using a subtraction circuit. s e I ML ol
500 |
e Schottky barrier diode isseries | Hb— ——— N
connection at the end of circuit. o w e @ w w0 0 m 1 0 0 o 0w
Time (ns) Time (ns)
(@) (b)




