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Introduction
2p scattering experiment at J-PARC

scintillation fibers and PPD tracker

Test experiment with a prototype fiber detector

= Energy resolution of a scintillation fiber

Development of new readout electronics for multi-MPPC
EASIROC and SiTCP

Test measurement with new electronics
= ADC spectrum of a fiber for p ray

= Time resolution of a scintillation fiber

Summary
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A Xp scattering experiment at J-PARC with fiber trackers.
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Introduction - J-PARC - @ %5

A Xp scattering experiment at J-PARC with fiber trackers.

Hadron hall ! Y U
I K1.8BR
M

Primary proton
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Introduction - a Xp scattering experiment - @y *s»;,
A 2Xp scattering experiment at J-PARC with fiber trackers.

Beam line fiber tracker Scattered proton detection system
Calorimeter
Beam line fiber tracker 4D |
7 g Scattered particle
Secondary s- o i il (5
pion beam "*\!}\\\
Up to 100 MHz \\\\\\\\\\\\’K
PPD readout
YT
0
* PPD readout | =T
Readout '
electronics
N Readout
DS AMIERID: electronics » Trigger
signals
— ADC
ultihit
TDC
TDC
TOT Network Network

Main DAQ
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Introduction - MPPC to readout fibers - @y .3
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|

S
Conceptual image of

the proton detection system

wuw 00%

Large acceptance

|

Compact and fine detector

PiID counter

Forward calorimeter

PPD Gain Response  Magnet field Bias voltage Area
~10° Very Fast Not Influenced Low Small

Possible to construct a very fine and small detector
near by a magnet with MPPC.
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Introduction - Requirements -

Scattered proton detection system

Measurements
= AE (energy deposit in a fiber)
= Scattering angle (by tracking)
= Kinetic energy

Beam line fiber tracker

Measurements
= Timing
= Position (Horizontal axis)

Requirements
Tracker part
Energy resolution
Position resolution
Angle resolution

Calorimeter part
Energy resolution

Requirements
Time resolution
Position resolution

IIIIIIIIII

:20% @ 1 MeV
: 500 pm
: 0 = 1 degree

:4 % @ 70 MeV

: 0.8 ns
: 1 mm
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A 2Xp scattering experiment at J-PARC with fiber trackers.

Beam line fiber tracker Scattered proton detection system
4P
Secondary y - /9
pion beam S s
Up to 100 MHz | R .k
PPD readout
YT
0
* PPD readout q0.mip
Readout '
electronics
Readout |
electronics » Trigger
Multih ADC
ultihit
TDC TDC
TDC
TOT Network Network
Main DAQ
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=y Prototype proton
. 4P detection system )
/ -
1/ 0 I
- /. 1 .
A Performance checking
with proton beam.
read by MPPC
Calorin;ter \‘
crystal |
is installed _~
L
P
cattered
proton
Fiber Tracker acrylic frame /
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Second
pion bg
Up to 10(

PARC with fiber trackers.

cattered proton detection system ]

Prototype proton ]

detection system

{

Readout
electronics

Performance checking
with proton beam.

- N

Readout electronics
- LRI yigh EASIROC and SiTCP]

\

-~ IDC

D
|

Multihit

C

TOT Network

Readout | i
electronics| i » Trigger
AT
ADC
Data transfer rate
via TCP/Ethernet
Network

Main DAQ
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[ mm e m————— -———— Prototype proton
. 4D detection system )

D

!
!
l _
: C e 8 Performance checking
: with proton beam.
i PPD readout :
1
z 1
! * ! Readout electronics ]
el EETE 0 ' | L L LI T - Q Q
! Readout | ! ' \w1ths EASIROC and SiTCP
electronics| ; !

i : Readout | i

_____________ H electronics| i
E Multihit *Evaluating readout methodi ADC
: e TDC . Data transfer rate
. ' via TCP/Ethernet

TOT N TDC and TOT

! with our evaluation board

and multihit TDC.
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The prototype proton detection system @ 2.5

Component of the prototype SFT
= 500 pm square type fiber

Image of the prototype detector (Kurary SCSF-81, Emission peak 437 nm)
= MPPC 400 pixel (S10362-11-050C)

« Total 6 layers, 24 channels

30 mm
P 1 f SFT
BGO crystal 4 thaneo
(6 mmXx6 mmx20 mm)
MPPC ]
(6 mmXx6 mm) scattered proton
N1

/

Component of the calorimeter y plane of SFT

= BGO crystal (6 mmx6 mmx20 mm)
= MPPC 6 mmX6 mm array type (S10985-025C)

Readout method with NIM, VME modules
PMT AMP (20 times) for MPPC (SFT)
ADC : CAEN v795, charge integrating type VME ADC
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The prototype proton detection system

Test experiment

A test experiment in a cyclotron facility in Tohoku

University

Detector performance check by scattered proton
proton-proton (pp) scattering
proton-carbon (pC) scattering

Performance study

llllllll

Left arm f Right arm
|
|
|
|
|
|
Scattered |

proton

130 gm
fiber
X layer
fiber beam
Y layer

* Energy resolution (# of photo electron)

= AE-E distribution (PID ability)

= Detection efficiency
= Angle resolution
= Differential cross section

z
100 mm . Experimental setup
' y | inavacuum chamber

Setup - Prima;y beam
In a vacuum chamber BLZER (80 MeV proton

r

A polyethylene
S target (130 pm)




Result -BGO calorimeter- @ %y
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Teflon sheet
MPPC (S10985-025C) '
pixel size : 25 pm
sensitive area : 6 mmXx6 mm BGO
# of pixels  : 57600
gain : 2.75%10° —

Optical cement

Energy distribution of the calorimeter

" E_ scattering —» pC inelastic
- PP J scattering Energy resolution : 1.0 % @70 MeV
i pC ela;tic *Linearity is OK.
scattering
10°
10? =
:..I...I....I....I.. l | l

II|IIII IIII|II Il L1 | L1 |
10 20 30 40 50 60 70 80 90 100
Total energy at calorimeter [MeV]
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Result -BGO calorimeter- @@ %,

Teflon sheet
MPPC (S10985-025C) '
pixel size : 25 pm
sensitive area : 6 mmXx6 mm BGO
# of pixels  : 57600
gain : 2.75%10° —

Optical cement

Energy distribution of the calorimeter

" E_ scattering —» pC inelastic
- PP J scattering nergy resolution : 1.0 % @70 MeV
i pC ela;tic *Linearity is OK.
scattering
10°
10? =
:..I...I....I....I.. l | l

II|IIII IIII| | | L1 |
10 20 30 40 50 60 70 80 90 100
Total energy at calorimeter [MeV]
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Result -the SFT-
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MPPC (S10362-11-050C)

/ pixel size : 500 pm
o sensitive area : 1 mmx1 mm
# of pixels  :400
ém\m’ gain : 7.5%10°
MPPC array

L -

Direct contact
(no grease)

ww 00~

<« no reflection
sheet

Two fibers were read by

scattered proton one MPPC.

IIIIIIIIII

p.e distribution for one fiber @ 50 deg

/

10° & pp scattering

10

10

20 140
# of photo electron [p.g]

Mean # of p.e :67 p.e @ AE=1 MeV
o/Mean :20.9%

Expected o/Mean  : =14.9% = o), +0°,
(Obtained by Geant4 simulation)
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Result -Energy calibration of fiber- @ %%

Correlation between AE and ADC

Detector is

rotated from =700p

30 to 60 degree. o souf—

< C

: C »

\ 500

3 « Angle 60 deg

Detector 4“"; o
300 .
E o
Target —— »—— 2001~ 74
100f Angle 30 deg
Setup _:u | I | P R R T T
0_3 0.5 1 1.5 2 2.5 3
Energy({Geant4) [MeV]
Energy of scattered proton can 10?

be determined by detector orientation.

Correlation diagram between 10
simulated AE and ADC.

=

o TTTT]

NDIFE ADC [ch] |



Result -Energy calibration of fiber- @ %%
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Fitting result
=700 :
Saturation of MPPC is seen in the figure. S F
Basic response function is following 2%
_ 500 —
ADC (energy)=AX(1—exp( BXenergy)) - (1) -
4 400—
souf—
2003—
100?—
Y S T " IR Y S

Energy({Geant4) [MeV]
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Calibration result
Energy resolution :22.0 % @ 1 MeV Requirement : 20 %

Energy loss distribution for proton

(one fiber @ 50 deg) Energy resolution vs energy deposit
% ?27%— —
10° g F
a 25:— —.
102§ § 255
\ . 245_ —
10§ E —.—
AL 23
Qg\ | 5
3 A 22— —a—
\ :
‘ \\\\Wlrggn . .
0 0.5 1 1.5 2 2.5 3 I T T T
Energy deposit [MeV] 0.4 0.6 0.8 1 1.2 14
Energy deposit [MeV]

Improvement is necessary.
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Readout electronics
with EASIROC and SiTCP
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Readout electronics for multi-MPPC (‘@) f e *’“’
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Concepts
Asynchronous operation
Data transfer via network

Requirements
On board ADC and TDC : For the scattered particle detection system.
Discriminator bus outputs : For the beam line fiber tracker.
Data transfer rate above 3 kHz : Maximum speed of our DAQ is 3 kHz
(Data size will be 250 bytes/event by pedestal suppression)
EASIROC SITCP
Developed by OmegalNZES. TCP/IP which is implemented with hardware.
=32 channels inputs .
: : Developed by Dr.Uchida in KEK.
=HV adjustment (4.5 V, 8 bit)
=Amp, shaper, discriminator By 0 08 Iy IEdIeTmet
’ ' =Up to 1 Gbps with low frequency clock

=Analog (serial) , discriminator (parallel) outputs.

New electronics /

for our experiment

NDIP2011



Readout electronics for multi-MPPC @ %.

I/0 components

Our evaluation board with EASIROC and SiTCP

Analeg/Probe

.....

__] Digital /O |8

| '."O connect .
; T0 SITCP i

! Analog I/O
=MPPC input (32 ch)
*HV input
=Analog signal output / probe output

i

=i i
B HVinput

B .o

e
RE:-
I E 1--— ;

=

Digital I/0

=NIM level input x5 (400 Mbps)
=NIM level output x4 (~ 1Gbps)
=L.VDS output (640Mbps)

g =SiTCP (SOY)
B |\/DS output *Using a general purpose SiTCP board
| . (SOY) to communicate DAQ computer. We

are able to implement SiTCP in one board.

LVDS outputs for external TDC

MPPC inpultl

<HV adjust

Serial DC charge >I ADC | j r >
Digital

Discriminator bus TDC

FPGA ‘ < SITCP >

EASIROC
Slow control

-«
HV input

Discri OR
Analog out / Probe out,

NDIP2011
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Test measurement with prototype board @ %%
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Test condition
fiber : SCSF-78M]

(1 mm in diameter multi-clad, Emission peak 450 ns)

MPPC :S510362-11-100C Evaluation

ADC : AD9220 (On board) = ADC

Trigger : PMT1®PMT2 » Data transfer rate
Setup

90
Collimator

readout network
PMT1 .—> electronics DAQ
Scintillator HIEEC
\/ +
PMT?2
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Test measurement with prototype board @ %%
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Result of ADC

Mean # of p.e :14.7 p.e

ADC readout speed : 14 kHz (64 byte/event)
Bias voltage : 70.3 V (Rated voltage)
Obtained gain . ~3x10°

ADC spectrum for B ray

400

350

300

250

200

150

100

50

111 | | I T | | 1111 1111
0 5 10 15 20 25 30 35
# of photo electron [p.e]

Required transfer rate was achieved
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Evaluating readout method
for the beam line fiber tracker

OOOOOO
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Test measurement for the beam line fiber tracker @@ £.3
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Beam line fiber tracker

Measurements Requirements
= Timing Time resolution : 0.8 ns
= Position (Horizontal axis) Position resolution : 1 mm
o
a few ns
, Beam line Signal of
pion fiber tracker fiber i
beam

fiber j

\ARA
_—

Multi track event fiber k A

Instantaneous rate will be up to 100 MHz

NDIP2011



Test measurement for the beam line fiber tracker (@> [
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Beam line fiber tracker

Measurements Requirements
= Timing Time resolution : 0.8 ns
= Position (Horizontal axis) Position resolution : 1 mm
. Beam line SIC Accidental Selected
Do fiber tracker fiber s /
beam

fiber j

\ARA
_—

Accidental
fiber k A

Multi track event

Time gate
(5 ns)

Accidental events <5 % => 5 nstime gate => o = 0.8 ns

NDIP2011



Test measurement for the beam line fiber tracker (@> [

Beam line fiber tracker

Measurements
= Timing
= Position (Horizontal axis)

_ Beam line
p1ion fiber tracker

beam

vy

\/

Multi track event

IIIIIIIIII

Requirements
Time resolution : 0.8 ns
Position resolution : 1 mm
|
Signal of |
fiber i |
\
fiber j A
|
fiber k | A
Hold —

Peak hold type charge measurement
with common signal

Hard to use on board ADC

NDIP2011
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Test measurement for the beam line fiber tracker @D ¥. ¥
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Beam line fiber tracker

Measurements Requirements
= Timing Time resolution : 0.8 ns
= Position (Horizontal axis) Position resolution : 1 mm

Slewing correction with TOT information
Time resolution is important for the beam line tracker. Slewing correction is necessary.

network ﬁ Time over threshold (TOT) « Charge

network DAQ

readout | Multihit
. Threshold
electronics 1 TDC
! TDC Fast shaper

anc g

TOT
90
Collimator Discriminator
—
e PMT1
M!PC TDC information TOT
Scintillator (Depends on
n | amount of charge)
PMT?2
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Test measurement for the beam line fiber tracker (@39) E

Result of TDC measurement

Time resolution

Threshold : above 1.5 p.e
Bias voltage : 70.7V
TDC : CAMAC TDC (Model 3377)

Correlation between ADC and TOT

W o
Lo (=]

# of photo electron [p.e]
[ w
t o

= = [
o o (4] (=]
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

=

2500
Preliminary
2000
1500

1000

500

1 | | . | 1 | | | 1 | : L. 1 [ | | 1 | | | 1 1
200 220 240 260 280
TOT [ch]
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0 =0.79 ns (After correction with TOT)

Time resolution

o = 0.99 [ns]

v

o =0.79 [ns]

Preliminary

=Y
(4, ]
1

=
(=]
(4]
o
(4. ]

10 15
Time [ns]

Timing resolution is sufficient
We confirmed that readout method for the beam line fiber tracker works well.
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Summary @ %%

TOHOKU

IIIIIIIIII

2p scattering with the fiber trackers at J-PARC.
= Beam line fiber tracer
» Proton detection system
« Readout electronics for multi-MPPC

Developments
= Prototype proton detection system
= New readout board with EASIROC and SiTCP

Performance evaluation
For prototype proton detection system with proton beam
Energy resolution :1.0 % @ 70 MeV (BGO calorimeter)
: 22.0 % @ 1 MeV (Fiber tracker)

For new readout electronics with 8 ray
Data transfer rate  : 14 kHz (64 byte/event)

Evaluating readout method for the beam line fiber tracker.
Time resolution : 0.79 ns (After slewing correction with TOT)

NDIP2011



Back up




Back up @ |

Why 500 pm size scintillation fiber ?

Angle resolution of the SFT is most important in our experiment.

1l

We cannot increase material between the target and the calorimeter
HEETCErCy <;> Energy resolution
at least 10 plane gy

1l

500 pm size scintillation fiber
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Prototype calorimeter

Energy resolution : 1 % with 6 mm * 6 mm * 20 mm length crystal

Production version calorimeter

25 m* 25 mm * 450 mm length BGO crystal

Assumption
Correction efficiency is 1/10

Another experiments is needed

Energy resolution : 3.1 % with realistic setup...
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Effective pixels
Effective pixels => ~ 100 pixel

Why ? Total # of pixels of S10362-11-050C is 400 pixels.
=> Surface size between fibers and sensitive area of MPPC are different.

Sensitive area of MPPC

Scintillation fiber

Effective pixels is limited to ~ 1/4
by surface size of fibers.

1 mm




Improvement @Y %Y
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Possible improvement

In this test experiment, two fibers were read by one MPPC.
Light yield is very sensitive for light contact.

Two fiber reading ﬁ fiber by fiber

MPPC array MPPC array

— H N A - _ H AL -

! !

H> >

o o

S S

= =

= =

Two fibers were read by
one MPPC.

Light contact might be different
between two fibers...

NDIP2011
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Time gate of the BFT

Time of Flight (TOF) between BFT and other timing counter (¢ = 0.1 ns)
A

Si¢ Accidental
< fiber i /
True event
fiber j
Accidental
vy ,  fiberk
TOF
Accidental event 5 % Time >

g

b ns time gate

g

Time resolution of BFT
o =0.8ns
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Forward calorimeter

Design of SFT

Fiber : 500 pm in diameter scintillation fiber.
Detector : MPPC (S10931-050P)

Each fiber is read by MPPC.

10 layers (XUV plane)

Design of the calorimeter part
Scintillator  : BGO crystal

(25 mm thickness, 450 mm length)
Detector : MPPC

//2 Fiber tracker

Design of BFT

Fiber : 1 mm square type scintillation fiber
Detector : MPPC (S10931-100P)

Each fiber is read by MPPC.

2 layers (x-x')




Result -the AE-E distribution-
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AE-E distribution at scattering angle 30 deg

Total A E at Fiber [MeV]
- - - - [ %]
.||-|.I,|III|III|IIII.\l:'III"'rIIlulalllt:lmllIc

-
o

N AR o @
TTTT 1]

=
=]

Meanx  50.48

Mean y 4.743
RMS x 16.4
RMS y 2.146

. pd scattering

| pp scatterng

. pC inelastic

scattering
pC elastic
scatterin

proton bdlld

10 20 30 40 50 60 70 80 90 100
Total Enargy at Calori [MeV]

Energy distribution of the calorimeter 4 Entries 135318

10%

102

Mean 50.58
RMS 15.71

Lo S 2 N N I T P TR R
20 30 40 50 60 T0 80 20 100
Total energy at calorimeter [MeVW]

-
=]
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AE-E distribution

Correlation between sum of AE in
each fiber and energy at the
calorimeter.

In the left figure, we can see a proton
and deuteron band.

The energy resolution

of the SFT

resolution :14.7 % @ 5.5 MeV
(pp scattering @ 45 deg)
resolution :15.1 % @ 3.1 MeV
(pC elastic scattering)
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Result -the AE-E distribution-

AE-E dis

Total A E at Fiber [MeV]

LU

-
o

20

l‘."

30

40

tribution at scattering angle

Exected pion band

50

- bp s

ng

scattering
scatterin

60 70 80 90
Total Enargy at Calori [Me)

pC inelastic

pC elast'ié

"

30 deg
Mean x 30.48
S Mean y 4.743
: , RMS x 16.4
pd Scatte RMSy  2.146

140

120

100

80

pion / proton separation
Blue peak in the figure below is
expected pion peak. Number of
events of two peak is same.
Separation of pion and proton is
prospected 2.60.

Requirement separation for this
system is 5.00. Improvement is
necessary.

Projection red region to y axis

meai v.uIvw

RMS 0.4092

Data points

—— pC elastic scattering

1 2 1 1 3 1 1 1 1 4 1 1 1 5 1 ﬁ
A E at Fiber Tracker [MeV]
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| Differential cross section pC elastic |

do/dQ [mbarn/sr]

10

2

- —F—
Data points
u — 4 This work (Ep = 77.8 MeV)
— o Ref. {Ep =79.8 MeV)
:_ ——
i e
L —Fe—
- —F—
- —F—
Z —F—
i 1 1 1 1 | 1 11 1 | 1 1 1 1 I 11 1 1 | 111 | 1 1 1 1 | | I 1 | 1 11 1
5 40 55 60 65
8,ap, [deg]

| Differential Cross Section pp |

Arm right 6_ . [deg]
80 “o

120 110 100 90
E : T | T T T | T T IDLtalpoir;tsl | T T T | T T T | T
€ [ __& This work (Left) E =77.8 MeV
& 7.5 N This work (Right) Ep:'r'.r.s MeV
.E - — 4 Ref.E, =78 MeV
= qF — = Ref.E, =66 MeV
% - —+—— Ref.E,=95MeV
Sest © ' gt
6
5.5 1
- ; : oAy T
asf-dho B b g L T
4:I | | | | | | I | | | | | | | | | | | 1 | 1 | | | | | | 1 |
60 70 80 20 100 110

Arm left 6, [deg]

TOHOKU

UNIVERSITY

NDIP2011



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 6
	ページ 7
	ページ 8
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 22
	ページ 23
	ページ 24
	ページ 25
	ページ 26
	ページ 27
	ページ 28
	ページ 29
	ページ 30
	ページ 31
	ページ 32
	ページ 33
	ページ 34
	ページ 35
	ページ 36
	ページ 37
	ページ 38
	ページ 39
	ページ 40
	ページ 41
	ページ 42
	ページ 43

