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> p scattering experiment (J-PARC E40)

Purpose
r 2.p scattering experiment in J-PARC, Japan = Study of 2N interaction

Measurement of do/dQ of Ip scattering with high statistics

Setup 1

J-PARC K1.8 beam line O LS el
* Target : Liquid H,(300mm thick)
 mbeam 20M[/spill] (spill=2s) m

IR W

— 1m:1.32[GeV/c], n*:1.4[GeV/c]
e Scattered K*
— 0.6™0.9[GeV/(]

(=g —gu — g — L= g~ gy = g — g —

|
i —

I W

Calorimeter system for
Hyperon-proton scattering)

— Cylindrical Fiber Tracker(CFT)
— BGO Calorimeter
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> p scattering experiment (J-PARC E40)

Purpose

* 2p scattering experiment in J-PARC, Japan = Study of 2N interaction
Measurement of do/dQ of Ip scattering with high statistics

.

Setup = b
J-PARC K1.8 beam line - R
* Target : Liquid H,(300mm thick) - an/T b
e 1beam 20M[/spill] (spill=2s) T ! 0
~ 1:1.32[GeV/c], t*:1.4[GeV/c] L i' Hl’ml* = d
* Scattered K* ] p Gk E;
— 0.6™0.9[GeV/(] D[]

I Reaction |

m+p—) +K*

LH, target

CFT - .
BGO 2 @
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> p scattering experiment (J-PARC E40)

Purpose

* 2p scattering experiment in J-PARC, Japan = Study of 2N interaction

Measurement of do/dQ of Ip scattering with high statistics

.

Setup b
J-PARC K1.8 beam line 'R
* Target : Liquid H,(300mm thick) - FH/T b
e 1beam 20M[/spill] (spill=2s) T ! 0
— 1:1.32[GeV/c], m*:1.4[GeV/c] I h Hl’“l* = d
* Scattered K* H SO GE !
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I Reaction |
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> p scattering experiment (J-PARC E40)

Purpose

* 2p scattering experiment in J-PARC, Japan = Study of 2N interaction
Measurement of do/dQ of Ip scattering with high statistics

Setup = Et]
J-PARC K1.8 beam line - R
* Target : Liquid H,(300mm thick) - an/T b
e 1beam 20M[/spill] (spill=2s) T ! 0
~ 1:1.32[GeV/c], t*:1.4[GeV/c] L H Hl’ml* = d
* Scattered K* ] Gk !
_ 0.6~0.9[GeV/c] L

I Reaction |

*Trajectory of p’= Scattering angle 0
Energy deposit dE

m+p—) +K*

-Kinetic energy Ep’

LH, target

44
. \ x — Kinematic consistency
CFT = AE‘\—w o will be checked

BGO ' B
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Refrigerator 4
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CFT readout
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Measurement of trajectories & energy deposit by CFT
with combination of scintillation fibers & MPPCs

@
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Cylindrical Fiber Tracker (CFT)

*Three dimensional tracking

= Two types of fiber arrangement

« 4 Straight layers (Parallel to the beam axis)
e 4 Spiral layers (Along the side of cylindrical shape)

Each fiber signal is
e | st | ond SRR ] read by MPPC fiber by fiber.
Straight layer 084 692 800 910 Fiber : 0.75 mm@® (Kuraray SCSF-78M)

Spiral layer | 426 | 472 | 510 | 538 | MPPC:1X1mm? 400 pixels
(HPK S10362-11-050P)

@
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Cylindrical Fiber Tracker (CFT)

*Three dimensional tracking

= Two types of fiber arrangement

« 4 Straight layers (Parallel to the beam axis)
e 4 Spiral layers (Along the side of cylindrical shape)

Each fiber signal is
read by MPPC fiber by fiber.

Straight layer 084 692 800 910 Fiber : 0.75 mm@® (Kuraray SCSF-78M)

Spiral layer | 426 | 472 | 510 | 538 | MPPC:1X1mm? 400 pixels
(HPK S10362-11-050P)

Straight layer Hit segment measured “®” position
Spiral layer zposition is obtained by hit segment and ® @
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akazawa

Fabrication of CFT

* Fiber placement
- Straight layer
- Spiral layer

* MPPC Readout

Measurement region

~
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Fiber Placement : “Straight layer”

Each fiber passes through
a hole on the “Fiber fix frame”

410 mm

Kuraray SCSF-78M
Diameter: 0.75mm

//
1081 o

e =

g 878:

e

Two fiber fixing frames are installed
at both ends of the measurement region.

)N
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Fiber Placement : “Spiral layer”

Fibers are fixed to the “Fiber position frames”

inside outside
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Fiber position is decided at each 45°  Fiber fix frame g

for realizing the spiral shape.

After fabrication of all layers,
they were combined to one detector. @
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CFT Readout

A circuit mounting 32 MPPCs
MPPC

. @ ® °
E [ W ln(nlx[n]={=]=K Walx=]s]=[=]=]=k I
=

SN .

8 » COUOERRER _ ARRRAARRAR L
(]

pd

64 mm

Readout frame

.
-------------

-

P

Number of Readout : ~5,000 channel
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CFT Readout

Readout frame

.
vvvvvvvvvvvvvv

A circuit mounting 32 MPPCs
MPPC

. @ ® °
E [ W ln(nlx[n]={=]=K Walx=]s]=[=]=]=k I
=

E
8 » DUNHREEEA _ ARBRRARAR L
& ‘ att
64 mm dach
VME EASIROC board cc-cooeen R
ADC , TDC, bias édeStment etc... Number of Readout : ~5,000 channel
64 ch / board (2 EASIROC chip) Uy
EASIROC chip : proceedings of NDIP 2011 Omega/IN2P3 32 MPPC ciicuits X 157
EASIROC board : R. Honda PD12 VME-EASIROC board X 79 @
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Operation of CFT

* Reconstruction of trajectories

* Measurement of Energy deposit
= Particle separation of rt/proton

@
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Operation of CFT
/ BGO calorimeter \

~2014 CF
Prototype test __CH, target

2015~2016
Fabrication of Actual type

P\
2017 > /
pp, pC scattering experiment @CYRIC

with 80 MeV proton beam
b first performance evaluation

2018
2p scattering experiment @ J-PARC
with 1.32 GeV/c it beam
A part of it was performed.

@
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Operatlon of CFT
/ BGO calorimeter \

v
~2014 CFT
Prototype test o beam / __CH, target
—’— ’/,,—f”
2015~2016 \
Fabrication of Actual type “‘;
P\

/

2017 >
pp, pC scattering experiment @CYRIC R

esults of performance evaluation

with 80 MeV proton beam (Angular resolution* = * 6, = 1.6° (580 MeV proton)
[y first performance evaluation * Fiber position was calibrated with cosmic ray
2018 Energy resolution
Ip scattering experiment @ J-PARC * CFT---20%(o) for 8~20 MeV proton
with 1.32 GeV/c it beam e BGO"*+-1.5%(0o) for 80 MeV proton
A part of it was performed. Time resolution * - = Better than 2 ns(o)
Cross section accuracy (pp, pC scatt.)
* do/dQ was derived by measuring p’

_ ° Measured with 210% accuracy )

@
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Operation of CFT

~2014
Prototype test o A BGO calorimeter
2 CFT

2015~2016 o beam /

Fabrication of Actual type — » D

N " LH, target

2017 =
pp, pC scattering experiment @CYRIC P\

with 80 MeV proton beam

b first performance evaluation /
2018
2p scattering experiment @ J-PARC CFT measured the scattering angle 6.
with 1.32 GeV/c nt beam BGO energy was calibrated with
A part of it was performed. the correlation between 0 and Ep’.

@
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Operation of CFT

200

- - 0.6GeV/cp beam  |m @ - i
AL, 180; fOI" callbratlon data Ezagy gf}
Prototype test S T U D S S SL,EDZﬁ ”
= 140 |
2015~2016 o
Fabrication of Actual type D oo
®) :_ ...........
2017 B wf
pp, pC scattering experiment @CYRIC _ 3
with 80 MeV proton beam -
b first performance evaluation / AR i ki RN
0 10 20 30 40 50 60 70 80 90 100
2018 CFT 6 [deg.]
2p scattering experiment @ J-PARC CFT measured the scattering angle 6.
with 1.32 GeV/c nt beam BGO energy was calibrated with
A part of it was performed. the correlation between 6 and Ep’.
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Operation of CFT

200

- - 0.6GeV/cp beam  |m @ - i
AL, 180; fOI" callbratlon data Ezagy gf}
Prototype test S T U D S S SL,EDZﬁ ”
= 140 |
2015~2016 o
Fabrication of Actual type D oo
®) :_ ...........
2017 B wf
pp, pC scattering experiment @CYRIC _ 3
with 80 MeV proton beam -
b first performance evaluation / AR i ki RN
0 10 20 30 40 50 60 70 80 90 100
2018 CFT 6 [deg.]
2p scattering experiment @ J-PARC CFT measured the scattering angle 6.
with 1.32 GeV/c nt beam BGO energy was calibrated with
A part of it was performed. the correlation between 6 and Ep’.

Operation in the 2p scattering experiment 1@
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Operatlon 0 CFT

A part of the 2p scattering experiment was performed in June 2018.
10 MHz it beam was used and 2 MHz singles rate was estimated for CFT.

@
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Operation of
A part of the 2p scattering experiment was performed in June 2018.
10 MHz it beam was used and 2 MHz singles rate was estimated for CFT.
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d CFT measured trajectories
even in the high rate environment.

PilD Counter :

= hit information of the PilD counter helps

Almost 1t penetrates the BGO calorimeter @
th tion of it / prot -
ak € separation or 1t / proton. Fawa akazawa akazawa akazawa akazawa akawaza akazawa akazawa akazawa akazawa
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Operatlon of CFT

A part of the 2p scattering experiment was performed in June 2018.
10 MHz it beam was used and 2 MHz singles rate was estimated for CFT.

d CFT measured trajectories

even in the high rate enwronment
2007 Ty T T

180

160

—
=Y
o

—
o
o

BGO Energy [MeV]
=
o

80
60
40
20
056" a0 86 B0 700 120 140 i60 180
CFT 0 [deg.]
Energy calibration of BGO calorimeter
was performed by the pp scattering data.
PilD Counter :
Almost 1t penetrates the BGO calorimeter
= hit information of the PilD counter helps ;
the Separation Of n / proton. Fawa akazawa akazawa akazawa akazawa akawaza akazawa akazawa akazawa akazaw
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Operatlon of CFT

A part of the 2p scattering experiment was performed in June 2018.
10 MHz it beam was used and 2 MHz singles rate was estimated for CFT.

d CFT measured trajectories

even in the high rate enwronment
200 — =

180

160

—
=Y
o

—
o
o

BGO Energy [MeV]
g 3

D
o

O %0 a0 60 80 100 120 140~ is0o 180
CFT 6 [deg ]
Energy calibration of BGO calorimeter

was performed by the pp scattering data.

PilD Counter :
Almost Tt penetrates the BGO calorimeter > Energy calibration @
= hit information of the PilD counter helps

ak the Separation Of n / proton. Fawa akazawa cxkc:> Pal(cxrz}hlocolkeralga?c:nazjfggaaﬂglgzra]ﬂ /a akaz:cL: wa akazaw
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Operation of CFT

TDC and ADC for all fiber channel was taken.

Energy calibration

X 8 layers

Straight layer 584 692 800 910
Spiral layer 426 472 510 538

00 50 100 150 200 250 300 350 400

Fiber segment No.

MPPC bias voltage is modified with the EASIROC board.
= Gains could not be unified completely.

Due to noise and so on

@
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Operatlon of CFT

TDC and ADC for all fiber channel was taken.

Energy calibration

I |
1! Entries 3
| Mean x

.‘ Mean y
Std Dev x
Std Dev y
e, I'.Wn '|
ir :‘

EFE[ TTEA] 17T

1 is selected
- 80<6<110°
*PilD hit

[ T Y

' 'jdv PG?!-IE:?UJJON

by h il
ﬂw i _m
300 350 250 350 400

Fiber segment No. Fiber segment No.

We calibrated the energy for each layer as a first step.
( = It is better to do it for each channel.)
We normalized the each MPPC gain with the MIP peak for unified handling.

D
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Operatlon of CFT
TDC and ADC for all fiber channel was taken.

Energy calibration

e = : : : : : : :
s 1 60<B<80° S R B . -
T I-i"i" g CFT =~ Bt ... Simulation
S SE T w/o PilD hit < A : : : :
— " =Normalized by MIP g
8 ! Ay ":. = J'r. T R —
L i 8>
o R LS T S
S NI S
© Ly e
£ Ner '{.'-‘i_“:- E .
a : kg
5 T —
=2 L = Comparing via Eggq
O g 5“
1 n.; o '.,t.:'l :I.;:'E- - : _ -
cal I Iﬁ:: A & I Iac: 1ml I I12»:::I I I1dnl;'|l 80 100 120 140
BGO Energy [MeV] BGO Energy [MeV]

scattered " & recoil p’ from mp scatt.
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TDC and ADC for all fiber channel was taken.
Energy calibration
CE IR T T —
Al ] 60<B<80° R -
E‘g I'il‘:' Ah:‘:l!' 2 ?FT . 35_.' ............... ............. Slmulatlon .
S ST *w/o PilD hit < : : : :
— ! =Normalized by MIP g 3
O +E "
= SR EMTRE ~
<. ag l'-':'!.u---_r-fr---u--ir-- ?02'5 :
5 S T -
GNJ 5 rl!":':l ;‘.1;, c 2 e |.:
'T; -::J.:_.. ==..'- (NN L
g -_.--_._i:: E 1.5 '.'I-".""
S . A S
é) 1"/‘ - - Ry o L o T B
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O = kT 55-. 05
! "'i ",_t.u. ',‘-:" ; =25
cal I Iﬁ:: A i I Iac: 1ml I I12»:::I I I1dnl;'|l 00 20 40 60 80 100 120 140
BGO Energy [MeV] $ BGO Energy [MeV]
= NN AN o
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U C
()
<
|_
L
(@)
S ction considering the saturation
2 o ts for large number of photons
(J] F
S T
OOI : IO.SI — I1 = I1.'5-I = I2 — I2.5_I — I3
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Particle identification

Since pions from X decay and it beam etc. are measured together with protons,
particle discrimination is necessary.

= AE-E correlation

Particles pass through C Tmo calorimeter
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Particle identification

Since pions from X decay and it beam etc. are measured together with protons,
particle discrimination is necessary.

= AE-E correlation

Particles pass through C Tmo calorimeter
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Although analysis is still on going,
the separation of proton and it was performed by CATCH system. @
1
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Summary

A new 2p scattering experiment
* For study of 2N interaction
* do/dQ with high statistics is necessary
= A new detector system “CATCH” which measures Trajectories and Energies
* |tisstarted from June in 2018.

Development of Cylindrical Fiber Tracker

* Two fiber arrangements : Straight and Spiral layers
* About 5,000 fibers are read by MPPCs.
MPPCs are read and operated by VME EASIROC boards. = ADC, TDC

Performance of CFT

* Angular resolution of CFT **= gy = 1.6
* Energy resolution == *20%(c) @ 8~20 MeV proton
* Time resolution === 2 ns(o)

Operation in the 2p scattering experiment
e CFT works under 10 MHz it beam environment.
* 1t and proton is separated with AE-E correlation @



