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Baryon-Baryon Interaction

Forbidden state

¢ Investigation of BB interaction

Large repulsive force !

Basic information to describe
the system with Hyperon I qUarK Level e A e e
¢ Hypernuclel -
¢ High density matter inside — ! ! .
neutron star 200 |- i 1 S, o:hanne__
Origin of short range core ;0 :‘ Region \E u:‘ Region 2 ‘EF‘(egion ]
. . = "< 0 )
Short range interaction by — 100 | i -
> ' repulsive | 2r N
| anrk Cluster model - core  hwo
« Pauli effect in quark level = ol |
* Color magnetic interaction i
I¥L ]
)
: : : -100 (]
YN, YY interactions show rich aspect : Attractive core :
especially in short range region Y : 1 & )5

(One gluon exchange)
2012/07/12



Baryon Baryon interaction by Lattice QCD

6 independent forces in flavor SU(3) symmetry

Large Core
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Repulsive core in Z*p channel

(" )
Spin Singlet Spin Triplet
(27) SN (1=3/2) @7) (10)
Same with Almost Pauli forbidden
NN(I=1,5=0)
\_ ~ J
Spin weight: 1/4 Spin weight: 3/4
30 NPLQCD Collaboratio
201 PRL 109, 172001 (2012)
Z*p potential by Lattice QCII’ ml
= 7z °
8 -0t e o
0.04 Phase shif £
_ -30 -
8 a0 wof —
002}, 42 | T
; . G 40 e %% 100 200 300 400 500
8 0 ba @] § sob PLas (MeV)
N % . |
-0.02 Appears in phase shift value ESC08 —34°
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- - - . 3 -60|— I
0.04 | ™ Cross section of Z*p scattering|,,. | fss2 —44°
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Few-Body Syst (2013) 54:1223-1226

, _ :> Investigation with _
SRy Direct measurem




Quark Pauli effect in the Z*p channel

¢ Large repulsive core due to quark Pauli
effect in the N (I=3/2, S=1) channel

Main motivation of E40 experiment at
K1.8 beamline using x* beam

Total spin = 1 /1 P

¢ Derive phase shift up to 1 GeV/c region
Radial dependence of potential

| Phase shift of 351 state in=*p channel

T3 d e
> [ 2 (o) 0 )
8 2o ——sin” 8,5, =——(90") - (higher waves
s dQ 2500 |
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-40:_ 4 + =
- 1000 f . 100 | . . Ky0s=0.13840 | |
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Anti-symmetric LS force

¢ Anti-symmetric LS force originated by the
one gluon exchange between quarks

LS force : V{Le(s;+s,)
LSO force : V,;sLe(s;—s,)

1 - H . H 1 :
os o] T T 800 MoV, Small LS force in A hypernuclei )
06 Bl e b e Due to cancellation between LS and LSO
5 04 ol NS— -
i 02 ;_ M" ....... gBe (K" n Y) gABe
.E 0 :_ o > ." 40 >
2 02 = T L . E 4315 keV w/ Doppler correction
g LE | || Large LS force in N % 30t (spectrum revised)
06 | || system like NN system | 7 i ;
-011; S | R 2 10
o
0 | P AL N s |

T I L | - PRI R s L
(degree) 2800 2900 3000 3100 3200 3300
E, (keV)



IE or 30 3E or 10
AN (I=1/2)  1/410] 327)] 1/72]-(8,) + (10%)]
SN(I=1/2)  1/710[3 %ﬁ[zg + (10%)]
SN(I=3/2) 27) (10)

LSO force can exchange (8), and (8), states

¢ LSO force in Ap channel near =N
threshold

Very prominent contribution comes
from the cross term of (8), and (8),

* Cross section
» Polarization, Analyzing power
at 2N threshold region

Oyt (Mb)

Ap elastic scattering cross section

A pelastic (e)
fss2
100 FSS -----
exp —+—
& | 1| 2N threshold
0 e
0 200 400 600 800 1000
Piab (MeVic)
Polarization of A in Ap elastic scattering
RGM-H —
FSS ---
06 - ) NSC coo
0 ° ° o JilichB ¢ ¢
04 | ° ° .
° o
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°’° \\\\\\ //, ° (-] °\\\
0 [ —
L4 ° . : . © o ©
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Requirement for Hyperon beams

¢ High intensity hyperon beams as much as possible

¢ Polarized hyperon beams K-

é - °
5 1

oF |1 © Kp—az" | A px- = 1.005 GeV/c
EITH) - Kp—=a'® S ,

- L e 0

it % uffi’ii Cttp = K=
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- ; ]
0.5: :..§x O — R . 1k . i
E ‘ ~ 1 1.005 GeV/c - 'g |Jr| |
: — — ! i
*

1 1.2 1.4 16 18 2 L ;
Momentum (GeV/c) -1.0 0 «1.0 -1 0 1

K beam atp = ~1 GeV/c / As
ﬁs section of 3 production |

coSOcp s

Kn>m A should be measured



Possible Spin observables

Polarized hyperon

¢ Advantage of Yp scattering in spin observables

Control of polarized Y beam and unpolarized
Y beam

Spin direction of Y can be identify from the Unpolarized
decay proton ["| hyperon
¢ 1(0) = I,(1+aPcosO), o : asymmetry parameter, K-
P : polarization
A (v p decay mode) : o = 0.642 £ 0.013 -
=+ (n®p decay mode) : a = 0.98 *0017 . )
Decay proton -
Polarization | X @ Nu | Analyzing power { X

Unpolarized bea

406666 &
Pe0000e

Polarized beam

Nglo  sssssss

N
N Y

' /
/ N'-N, 2N,-N, / 1 N!'-N

y ? | Ay: t 1
N,+N;, aN,+N, P, N,+N,

beam




Physics purpose of Yp scatterings

Phase shift of Z*p (quark Pauli forbidden) channel more up to py
~1GeV/c

¢ Size of repulsive core

¢ Spin observables (Polarization, Analyzing power)

Ap channel (Polarization)
¢ LS(-) force (spin dependent force from quark picture)

Z*p channel
¢ YNN three body interaction
Ad channel Zh T > AN =
>d channel m m
N A N N N N

11/11/12 16 Am(Z-A) < Am(A-N)



zp% AL _t%l\
(J-PARC E40)




J-PARC & Hadron facility
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J-PARC & Hadron facilitv
'High intensity secondary beam
=

I
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Bird’s eye photo
in July 2009

MR present operation :'30 GeV, 1/100 intensity



J -PARC K1.8 beamline




J-PARC EA40 :

Measurement of do/d€2 of Zp scatterings

¢ Physics motivations
Verification of repulsive force due to quark Pauli effect in the 2+p channel
Systematic study of the 2N interaction by separating 1sospin channel

¢

é Measurement of do/dQ

Aim to detect 10,000 events
>*p elastic scattering
2 p elastic scattering

> p =2 An inelastic scattering

Kinematical identification of Zp scattering
Using LH, target and surrounding detector

2011/7/9 21 J-PARC PAC (Koji Miwa)
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Quark Pauli repulsive force in X*p channel

¢ Quark picture

2 u quarks have the same state in color, spin, flavor

Pauli repulsive force between quarks

300 Origin O
Zp ! .
200 1So qhannef

;o :‘ Region ﬂ:‘ Region2 ‘ilgegion{
=100 - | | -
> ‘repulsive : 27 : T
o L core : o,Ww, O :
> r |
0
o] 090 @& ( ]
- r[fm] -
L TR R | | I | T R
0 0.5 1 1.5 2 2.5

24
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Repulsive force in Zp (=2 n)

channel

AvAvAvA Spin Singlet Spin Triplet
27 IN(1=372) @7 (10)
vAvAvAv ( ) {Same with Almost Pauli forbidden
NN(I=1,S=0)
= ~

Spin weight: 1/4 / \ Spin weight: 3/4

>+p do/dQ (p = 550 MeV/c)| Py
5 Phase shift of Z+p (3S; channel)

O} ~
o -
gas e 8o w/o0 quark Pauli
LIEELY fss2 S . F
4= T 60—
§ £ | NSC97f 25°
I S Escos - 5 a0
e £ 2
E """"""" OB~ -~~~ -~ m - m e eeeeeoooo
25— ..o C
R 201 ESCO08 —34¢
25_ -a0F- —
1.5 50~
2 - | fss2 —44°
1= o e——— et
- 0 100 200 300 400 500 600 700 800 900 1000
0.5:— Momentum,, (MeV/c)
0: 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1| I 1 1 1 I 1 1 1 I 1 1 1 .
1 08 -06 04 -02 0 02 04 06 08 1 w/ uark&;/h
coso \ q

25 We will determine &iriA8yp chianrel



Phase shift 0 and do/d€(90°)

¢ Importance of do/d€2(6=90°) measurement
Contribution from S-wave
Behavior of S-wave 1s sensitive to the inner part of interaction

d—g(% )= —

(21 4+ 1)e* sin 6, P;(cos 9)‘24 1,3,....
=0
11 . 31 . .
e —sin® §, += Ve — sin” §,, + (higher waves, etc)

1S, channel

3S, channel

do/d€2(90°)

mmw) | Phase shift | ;g | } al; forbidd, ‘

How about 'S, contribution ?
How about the contribution of D wave ?

26
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Relation between do/d€2(90°) and each

components

-- check by theoretical calculation --
| do/d< (90°) by fss2 calculation |

Spin Singlet Spin Triplet — 10
Same with Almost Pauli forbidden B = do/ dQ(
NN(I=1,8=0) S
g o °
—
5—
90 (a) 2 [ AIRL /14N | Pg 4; * °
. - .
i d of pp scattering (Measured )  3F e .,
60 [/ T ‘U —_ =ep .
- 10
% 30 8; R T T
E PSPt 1 4 ;
w 3o e < F . e 'S, channel
20~
0 A\ S qbdo C * . ° 3S1 channel
=0 (from pp channel) | =~%5 g o
-30 - : \ : ' ~
0 200 400 600 800 100 8
. = .
. . ;E '40? [}
d of Z*p scattering (Reliable !) AL ° .
L 60— °
< [ Phas * .
< 80
m B 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1
Y. Fujiwara et al. Prog. Part. Nucl. Phys. 58(2007) 439
) g ys. 58(2007) Momentum (GeV/c)
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Can we obtain phase shift in Pauli forbidden

channel ?

-- check by theoretical calculation --
| do/d< (90°) by fss2 calculation |

Spin Singlet Spin Triplet — 10
[Same with Almost Pauli forbidden = E 8 ? dG/dQ(g
NN(I=1,5=0) 7E .
e e 1S, negligibly small
N— °
sE
90 5 r 5 NN 714N | PQ}'( E * .
(a) {{ ; C °
60 t 72 3§ ° * . °
;' s i 2 - [ ]
8 30 ‘‘‘‘‘‘ 43 = | L4 Y Py PY PS Py 'Y
o ™ = [ . . o 'S, channel
i, 20;
0 N S :;;'..)D B y 1 ° ° 331 channel
6=0 (from pp channel) =% 9 o
-30 ; : h . I — . L
0 200 400 600 800 100 -
o e T .
. . ;E '40? [ ]
d of Z*p scattering (Reliable !) AL 0
8 60? [ ]
< [ Phas s .
< 80
m B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 g0 {000
Y. Fujiwara et al. Prog. Part. Nucl. Phys. 58(2007) 439
) g ys. 58(2007) Momentum (GeV/c)
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Can we obtain phase shift in Pauli forbidden

channel ?
-- check by theoretical calculation --

do/dQ (90°

~—

by fss2 calculation

Spin Singlet Spin Triplet —~ 10—
[Same with Almost Pauli forbidden E 8E dG/ dQ(
NN(I=1,5=0) 7" —
“é S IS, negligibly small
N— E ° %
5— b
90 — 1 I ] G e . 3S, 75% of do/dQ
() . 2 = 2 B e
o 0 of pp scattering (Measured !)  3F .o -~ g2 .,
60 1/ T YU o ——2f = - = 2 = 2 2 a
— 1E « = E E E £ Z =
> g ! ® o . 4 . . o . &
S 30/ ool TN | e
) ' § —~ I e 'S, channel
8 20 3
0 N S E-b B e °S, channel
6=0 (from pp channel) =%  — LA
-30 - - N\ : - ~ o
0 200 400 600 800 100 - o ®
A = T .
. . ;E '40? [ ]
d of Z*p scattering (Reliable !) A f ° .
L 60— °
< [ Phas . .
< 80
m B 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000
Momentum (GeV/c)
Y. Fujiwara et al. Prog. Part. Nucl. Phys. 58(2007) 439
! g ys. 58(2007) Momentum (GeV/c)
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Can we obtain phase shift in Pauli forbidden

channel ?

-- check by theoretical calculation --

Spin Singlet Spin Triplet —~ 10—
[Same with Almost Pauli forbidden = E 8E dG/dQ(
NN(I=1,5=0) 7 ..
“é e IS, negligibly small
~ ® %
ca °F = 3 0
90 3 | NINE /1 4N | — a4 = % . Sl 75 A) Of dO/dQ
(a) : E =
d of pp scattering (Measured !) 3¢
80 ; = U Vo =
— 1F
B @0FS eema, D B—
B F\M. *""'4,;:‘_ 8 20
0 AN I-..--.,'«I . ;b—b :
6=0 (from pp channel) =% 9 o
-130 ; : h . I — . L
0 200 400 600\, 800 100 -
e & L .
. . ;E '40? [
d of Z*p scattering (Reliable !) AL ° .
L 60— °
% - ° o
< 80
m B 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1
0 200 400 600 800 1000

itum (GeV/c)

(GeV/c)

Y. Fujiwara et al. Prog. Pg

do/dQ(90°) 1s dominated by °S; contribution
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Constraint 054, from do/d€2(90°)

¢ Estimation of dependence of 9.4, for do/dQ2(90°)

Large dependence of 054, 1S expected

3

do 0 31 ..o [ TE —

—(90") =|=—sin” g, + (higher waves)

dQ2 4 k

Native estimation Constant for 9,
Phase shift dependence of do/dQ(90°) by fss2 (p2+=550MeV/c) | 2+p cross section (p=550 MeV/c) |

o bf a 5S¢
(] -
E E E 45 ;_ """ fss2
=~ 5 =
G ~ p =
T L s fss2 5
T al- 3.5 ;— ‘

3S, contribution

1—

960 -55 -50 -45 -40 -35 -30 -25 -20 -1 -08 -06 -04 -0.2 0 02 04 06 0.8 1
6351 (degree) coso
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Constraint 9,4, from do/dQ(90°)

¢ Estimation of dependence of 9.4, for do/dQ2(90°)

Large dependence of 054, 1s expected

do 31 - — , ted toshort-range region
——(90°) =I=—sin" &, + (higher waves)
dQ 4k 7

Native estimation Constant for 95,

| >*p scattering (0.5 < p(GeV/c) < 0.6) (Z*—pn® mode) |

= 5 [ Simulation
l’ 111 Cross section in simulation
g - ® fss2 'g 4.5 550MeV/c NSCo7f
g 5 __ F s S é’ 4 550 MeV/c FSS
T L m ESCO08 k)
S - T 35
4 A NSC97f
3
21~
1=
Z

0 25 20
35 (degree)

%
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Constraint 9,4, from do/dQ(90°)

¢ Estimation of dependence of 9.4, for do/dQ2(90°)

Large dependence of 054, 1s expected

do 31 .,
d—Q(900) = ZFsmz ¢,
Native estimation Constant for 95,

| >*p scattering (0.5 < p(GeV/c) < 0.6) (=*—pn® mode) |

= 5 [ Simulation
Q 111 Cross section in simulation
g - ® fss2 'g 4.5 550MeV/c NSCo7f
é, 5 __ F s S é’ 4 550 MeV/c FSS
T L m ESCO08 k)
S - T 35
4 A NSC97f
3
2

\§I|IIII|IIII||I|

i mi)

960 -55 -50 -45 -40 -35 -30 -25 -20
35 (degree)
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>*p channel (do/dQ and phase shift 05¢,)

FSS

do/dQ (=*p scattering)

---------- ESCO08 :
Chiral EFT(NLO) ¢ Cross section

Quark Cluster model (FSS, fss2)

[mb/sr]

T o ¢ Y. Fujiwara et al., Prog. in Part. and Nucl. Phys. 58
e (2007) 429, and private communication
2:'""':':';':‘_"j';':'-"-"-'“"“""‘7"" """"""""""""""""""""" Nijmegen model (ESC08c)

- ¢ T A.Rijken, Prog. of Theor. Phys. Suppl. 185 (2010)
- 14, and private communication

Chiral EFT (NLO)

¢ J Haidenbauer et al., Nucl. Phys. A 915 (2013) 24, and
private communication

Large repulsive core = Cross section large
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cosf
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>*p channel (do/dQ and phase shift 05¢,)

do/dQ (=*p scattering)

[mb/sr]

S
T F

Chiral EFT(NLO)
---------- C.S. (simulation)

L 0.6<pI (GeV/c) < 0.7 |
0|||||||T||II|||||||J_'41_ |||"|'||||||‘||||

N

| 05<p_ (GeV/c)<0.6
III|IIIITIII|III|III|III|III|III|II'I'|III

- 3

o

0.4<p _ (GeV/c)<0.5
0|||||||Ia|b|||||||||||||||||||||||||||||||

-1 -08-06-04-02 0 02 04 0.6 0.8 1
coso

¢ Cross section
Quark Cluster model (FSS, fss2)
Nijmegen model (ESC08c)
Chiral EFT (NLO)
Large repulsive core > Cross section large

¢ do/d2(90°) : dominated by 3S, contribution

%%sjnz Oy, = Z—g(%o ) — (higher waves)

Phase shift dependence of do/d2(90°) by fss2 (p2’=550MeV/c) |

%

E @ fss2

~ 5 FSS

% B ESCo08

3 Chiral EFT
A NSCO7f

£
/

3

2

1

- Contribution from higher waves,etc
U000 G Vi 0484
%0 55 -50 45 40 35 -30

-25 -20
b5 (degree)



>*p channel (do/dQ and phase shift 05¢,)

do/dQ (=*p scattering)

[mb/sr]
=y

o

o

| 0.6<p,_ (GeV/c)<0.7

Chiral EFT(NLO)

| —_——

III|IIIITII'IIII|IIIJ_'J.Lllll,l'llllll‘llll

0.5<p _ (GeV/c) <0.6

B IT:
III|III III|III|III|III|III|III|IIL|III
K .
.. &
. S

| 0.4<p_ (GeV/c)<0.5

III|IIIITIII|III|III|III|III|III|III|III

-1

-0.8-0.6-04-02 0 0.2 04 0.6 0.8 1
coso

* ---------- C.S. (simulation)

¢ Cross section
Quark Cluster model (FSS, fss2)
Nijmegen model (ESC08c)
Chiral EFT (NLO)
Large repulsive core > Cross section large

¢ do/d2(90°) : dominated by 3S, contribution
31

2

sin® &, = 2—2(900 ) — (higher waves)

’ Phase shift of 331 state in=*p channel I

—~ 40
[ L
o r . .
g_F Most direct in
°F to determine
o... ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
- of Quark Pa
-20?
- 4
-40
; 4+
-60 L ® Total error
80—
Lol bvnn by b b b by by w e by
0 100 200 300 400 500 600 700 800 900 1000

Momentum (MeV/c)



Systematic study of ZN 1nteraction

¢ Unique spin-i1sospin dependence in the 2N interaction

2 nuclear potential

(Z,5)
Model | (3/2,1) (3/2,0) (1/2,1) (1/2,0) Sum
(MeV) (MeV) (MeV) (MeV) (MeV)

Escosa || 448 | —117 | —239| 113 1134
%OSt.updated EScosb || 527 | —106 | —262| 103 4203
theories fss2 1.2 92 | —239 6.7 75

* Repulsive Attractive

Still “qualitative”
\ Limited data to 2N interaction
e >-Nuclear data

« “4.He hypernucleus
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Systematic study of 2N interaction

>+ (0.5 < p (GeV/c) < 0.6) ¢ >N interaction

10

g o [ somevescan E == limited information
oef [ fos2 ¢ No X hypernuclei except for 4;He
7B | ESCO08
6 ; Chiral EFT 550 MeV/c f.. . .
i é >p scattering experiment
B e e Unique method to investigate XN
T — S, { interaction by separating 1sospin channels
2
1,_—~—-—-/ First data at higher £ beam momentum
0708 06 04 02 0 02 04 06 ‘ols‘c‘o;g ¢ Higher wave contribution
3 (0.55 < p (GeV/c) < 0.65) Sp— An (0.55 < p (GeV/c) < 0.65) I=1/ EI
5 ° = 600MeV/c NSC97f '! % s = 500MeV/c NSC97f :
é asf- cscon S a5 :
é 4;7 ------ 600 MeV/c fss2 é’ 4;
g 3.5; 600 MeV/c chiral EFT 3 3_5;
3E 3E
Ly 25F
2 2F
15F 155
e e i 1B
0.5 [l 0.5
0 | | | | Ll | | | | 0: | | | | Ll | | | L
1 0.8 -06 -04 -0.2 0 02 04 06 0.c8ose 1 0.8 -0.6 -04 -0.2 0 02 04 0.6 OICBOSBCM




Systematic study of 2N interaction

Zp (0.5<p(GeV/c)<0.6)

550MeV/c NSC97f

E‘ 10: IIIIII 550 MeV/c FSS
[ S R R b . S, -
s L ¢ Expected yield and accuracy
7= S e e ds/dQ : 2.4mb/sr isotropic distribution (assumed)
8E i ¢ 20,000 scattering events
5; --------- e ¢ derive do/d<2 for 3 momentum ranges
af | e T
N R / 2 p:+0.11 (stat.) £0.15 (syst.) mb/sr for 2.4 mb/sr
2 T ++ """"" N 3+p 1 £0.15 (stat.) +0.15 (syst.) mb/sr for 2.4 mb/sr
12:-——————"”/
T

v b b b b b b b L Ly

-08 -06 -04 -0.2 0 02 04 06 08 1

3p (0.55 <p (GeV/c) <0.65) >p— An (0.55 <p (GeV/c) < 0.65)

=~ 5¢ ®  Simulation — 5
o Eor Cross section in simulation E E ®  Simulation
'g 4.5; e 600MeV/c NSCO7f 'g 45 o Cross section in simulation
= E o ESCO08 o = o 500MeV/c NSCo7f
% 4; ------ 600 MeV/c fss2 g % 4; ______ 500 MeVic fss2
3 as5E 600 MeV/c chiral EFT R 3 35E
"“E e E289 data (0.4<p(GeV/c)<0.7) — “E
3 —— e 3
2558 b ' . / 25
oF + ++f+* pékfﬂ’xk*, o
1.5/ . 150
1= 16
0.5F = se . 0.5
0'\‘\*\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 0:\\\\\\\\\\\\\ | | P | | [
-1 -0.8 -06 -04 -0.2 0 02 04 06 08 1 -1 -0.8 -06 -04 -0.2 0 02 04 06 08 1
cosf,, c0S0cy




E40 detector setup concept

Two successive two-body reactions

3. Energy of proton 2. Scattering angle

Zp scattering

KURAMA spectrometer
« Identification of K*
 Momentum analysis

2 production
-

1. Momentum of X
2+

T+
- p K+

Detection of 2p scattering event

by CATCH detector h A | Momentum reconstruction

T —L 2 beam
CATCH system

Cylindrical Fiber Tracker
p .
¢ BGO calorimeter | Beamline spectrometer
' * Momentum analysis of
7 beam

» 0
e

- \ 1

o
-\l
I]'
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Principal of 2p scattering

a7

RESTORIE=E®) ™ -

1000 \ |

: || np scattering .

800 [ 7p scattering
| 6809 (All event) Il An conversion N

600— 6454 (Cdist cut) - % conversion ﬁ
| 5712 (Npcut) ‘ [
Ll MM“M -

-900 80 -60 -40 -20 0 20 40 60 80 100
A E (MeV)

AV ..

Cylindrical Fiber Tracker
(particle trajectory)

Total E

between 6 and E

BGO Calorimeter
(Kinetic energy)

0
=l ©® =
| Oy il

=
.
-
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2p scattering simulation
with whole detector setup




> production 1dentification

Momentum % M2

Time resolution : 150 psMissing Mass | Erires 76750

Mean 1.198
RMS  0.01544

Z*

2
; Meany 1017 -
O 18 _{rRMsSx 0.4078 5000
N "|RMSy 03085 :
% 1.‘ : 4000
ot :
1.2 -
g 3000
g ! -
S| os 2000
g o C
o C
2 0.4 1000
02 -
0
A ol 1
¢ 14
Mass? (GeV?2/c?)

¢ Identification of K*
Can separate n*/K*/p with time resolution of 150 ps

¢ Identification of =
Missing mass resolution of X (o0 = 14 MeV/c?) :>
No A contamination from neutron thanks to LH2 target

6  Acceptance

2 :4.0%, = : 6.7% : same with SKS
Flight length : 3 m - Improve survival rate 1.5 times

v e L «NETTI BR eI R
1.05 1.1 1.15 1.2 1.25 13 135 14

Mass (GeV/c?)

Resolution of KURAMA is rather worse.
However, we can identify X particles.

Thanks to the short flight length,
1.5 times more X yield is expected.




2 yield summary

2.”p scattering

Cross section 245 pb

7w~ beam intensity 2 x 107 /spill (2 sec beam time in6 sec cycle)
LH, target thickness 30 cm
KURAMA Acceptance 4.0%
Survival rate of K+
DAQ live time 70%
Analysis efficiency 70%
Tagged ¥~ /spill 72 /spill
Tagged ¥~ /day 0.97 x 10°
Accumulated Tagged ¥~ 24 x 105 (24 days)
Y p scattering Bl Improved by KURAMIA
Cross section 523 pb g
mt beam intensity 2 x 107 /spill (2 sec beam time in6 seg-Cycle)
LH, target thickness 30 cm
KURAMA Acceptance 6.7%
Survival rate of K+ ' )
DAQ live time 70% ¢ Thanks to the short flight length 1n
Analysis efﬁciency 70% KURAMA, the 2 y1€1d iS CXpected
Tagged © /spill 283 /spill to be ~1.5 times larger than that
Tagged ¥~ /day 4.0 x 108 with SKS

Accumulated Tagged Z* 81 x 10° (20 days)




>p scattering 1dentification and

background

Yp scattering Background (scattering with decay products)

¢ Main background — \p o
. . . = —p—
Elastic scattering e
P Calorimeter

scattering angle

between decay product
of X particle and proton

T
K
n

2* case : proton from X*

decay Generated event

YN event : 2.4 mb/sr isotropic
Background : measured section

Simulation :Q:

* background process
* Dbased on cross section

* hadronic process in Geant Geant hadronic process
* reaction of decay
products To cover the unexpected reactions
» all decay events are « Interaction with CFT.

simulated * Inelastic scattering etc.



Reconstruction procedure

spectrum

¢ CATCH analysis

Select two track event

¢ Xp:protonand

¢ 2'p:two protons

¢ proton and m*

Scattering vertex cut

¢ Require vertex is inside the LH, target

Kinematics reconstruction

é >p scattering

¢ Background kinematics
2p:np, ®p, 2 p > An reactions
3tp : pp, wp, = > ni'p decay

¢ Reject background event in order to
improve S/N ratio

| Event Display XY plane |

-150

Entries 20464

-100 -50 0 50 100 150

ZY plane FE——
E | Siss H
of- p
3 K+ (KURAMA)
ZX plane o
E / E: H




Reconstruction p

spectrum

¢ CATCH analysis

Select two track event

¢ Xp:protonand

¢ 2'p:two protons

¢ proton and m*

Scattering vertex cut

¢ Require vertex is inside the LH, target

Kinematics reconstruction

é >p scattering

¢ Background kinematics
2p:np, ®p, 2 p > An reactions
3tp : pp, wp, = > ni'p decay

¢ Reject background event in order to
improve S/N ratio

rocediire

;

zsoof—
2000]-
15002—
1ooo—

5001

CONR
AE (MeV)

AE Emeasure Ecalcula
A E (2 p scattering e AE(np scanerlng"
Mean 1 E n
12000~ BMS 3611 22000 RMS __ 33.64
20000~
10000}~ 2‘p 18000 np
r 16000~
8000~ 14000
= s 12000
|  6000f 10000
4000 80001~
i 6000
2000 - 4000~
7 2000
1 L 1 A PO |
%00 B0 60 40 20 O 20 40 80 80 100 %00 80 60 40 20 0 20 40 80 100
AE (MeV) AE (MeV)
—Fors] (R comversion)
Mean 0.03281 000 Mean -0.1556
r AMS _0.02738 F oo AMS___ 0.1107
12000~ — F
- = 5000 — -
ool Tp 2D -2 An
C 4000 -
8000 [~ F
C 3000}
6000 — E
4000 20001
2000 1000
0. L L L o 4 LL E A
01 -008 -0.06 -0.04 002 0 002 004 006 008 0. 9 0.1 [] 0.1
Ap (GeV/c) Ap (GeVic)



2p scattering differential cross section

Zp (0.5<p(GeV/c)<0.6)

10 550 MeV/c FSS

[mb/sr]

s = - 5
Chiral EFT 550 MeV/c == CCLEd | V1 d110 d U

of
C @  E289 data (0.35<p(GeV/c)<0.75) 2
- [ | Ef:‘:"(:i:’l: (0.3<p(GeV/c)<0.6) . . 3 X 3

8; ,,,,, e ds/dQ : 2.4mb/sr isotropic distribution (assumed)

i3 ¢ 20,000 scattering events

6

£ ¢ derive do/dQ for 3 momentum ranges

£ > :+0.11 (stat.) £0.15 (syst.) mb/sr for 2.4 mb/
5 Sr

3

oF s wat s N Ztp : £0.15 (stat.) £0.15 (syst.) mb/sr for 2.4 mb/
g — ! +H ST

1%—-——-“/

0758 06 04 02 0 02 04 08 08

cosf

2 (0.55<p(GeV/c)<0.65) ) Zp—An(0.55<p (GeV/c) <
—~ 5 ° Simulation 7 i'\ -
E Eoommn Cross section in simulation ﬁ'é: ) ®  Simulation '
'g 45; 600MeV/c NSCO7f 'g 45; """""" Cross section in simulation ;
= e ESC08 = o — eVic
g - 600 MeVic fes2 g A e
o) - 600 MeV/c chiral EFT o) -
© 3'55 e  E289 data (0.4<p(GeV/c)<0.7) © 3'5? """"""
3;* — 3;*
25:% T — " S, 250 . , O S
g IR S e o : E
o T + / 2 .
:_——__/ o e T
1.5— : 1 e —
I e
0.5 }.« — e 0.5 ?
e e by 0 | v b b b b b Py £ | | | | P | | | |
o-1 -0.8 -06 -04 -0.2 0 02 04 06 08 1 o-1 -08 -06 -04 -0.2 0 02 04 06 08 1
cosf cosf

CcMm CcMm



E4(0 Detector overview




HAHFREY < O — L E1ED
10 MHzOaE— AL & FHW A

ECURISTZTICT 5
ERG  map 2 K43+
HUEL : Z4p 2 S4p

% 595 2 & TRARIRDRL - Z ¥ 2 Z & THELZ [RIE Hisk
¢ A A=V T T HMENRIRN

FERJE D 2 sk A 720 K& 2R ST KM TRt 9
TIT AN T T T Rz BT E RS iREE D
VAT KIZTH

Hk DR SEMELRTE T A2 Y T — TR
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E40 detectors

: T
¢ Beam tracking detectors ,
z Zad

Fiber trackers
MWDC (DL = 1.5mm)




E40 detectors

¢ Beam tracking detectors
Fiber trackers

MWDC (DL = 1.5mm)

¢ KURAMA spectrometer

Already constructed by EQ7 group
Modification for E40
¢ New AC counter

¢ Complex trigger system w/ FPGA module
¢ Mask of DC wires at the beam region

Actual detector of AC counter was fabricated and
tested with electron beam.




E40 detectors

¢ Beam tracking detectors
Fiber trackers

MWDC (DL = 1.5mm)

¢ KURAMA spectrometer

Already constructed by EQ7 group .
Modification for E40
¢ New AC counter

¢ Complex trigger system w/ FPGA 1§
¢ Mask of DC wires at the beam regi 2

¢ CATCH detector AL, s =\ 4
CFT + BGO S NS -

CFT

.//. (MWDCO)

Y e

—

.~
: ~2

—_—

GC BH1 Commissioning of CATCH is on going at CYRIC

=T\



E40 detectors

Beam tracking detectors
Fiber trackers

MWDC (DL = 1.5mm)

¢ KURAMA spectrometer

Already constructed by EQ7 group
Modification for E40
¢ New AC counter

¢ Complex trigger system w/ FPGA
¢ Mask of DC at the beam region

& CATCH detector

(MWDC)

CFT + BGO Construction and liquefaction test of LH2
target were finished.
¢ LH2 target GC BHI1 A

v



Development fiber
tracker system




K 1.8 Beam Intensity History

Count rate
E 20 delg '| duty 0,643, Rat .46/15.0 | duty 0.538, Rate ‘ 30/23.30 m
14 = E' g M ‘ . LY H il J | | il H 1 ‘| I il ||\ il |||HH“ il |‘h R “Ill lllh”“lll H. \\&IM\I M:
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Fiber Tracker for High Intensity Beam

o gl A

Readout board (EASIROC board)

= Photon Sensor (MPPC)

= -
|
-

.
HEOHHaHE @ ARBREARA e l
=

T LA ‘ » DOOEEREE © ARARARAR

[ lll[llll|l|||||m‘!'|\mm
| ? e w0 5
il

6 KURARAY scintillation fiber

Stable under high intensity beam
Good timing resolution

¢ Compact MPPC PCB
32 ch MPPCs

¢ Readout board
32 ch operation
Multihit TDC, ADC

2015/6/19 CYRICE X J—
57



MPPC readout

¢ MPPC
APD % 408 X &

DT, A HN—F— RTAHXL—
by bL7E 7 BAHICHA L&D *

MPPC6 D H )

[h2]

Q=C(V-V,)
C: K&

V: XL —2 g9 58E

V, : BREE

600

-l

RMS

Entries 100000

- i H i i i i i
- 23

+

-

h2

117.2

60— e

-

50:_ .........

1 [ch]

MPPCD L F v o F/VFe A LU A4T 5 121
HEHOGAH LD VY ha=27 ANRYAE 105

e UTILEEAHL
« MPPCOEMWEREL D

‘ 20F

/7)) NS S S S—— OIS . SN S

- T : : ; : ; ;
-’ ;'4_"

[ SR PR AP B

Chi
Ch2
----Ch3
: : : Cha
— .............. .............. ‘oo =- ChS
: ’ : ’ : Cché
- -Ch7

R N

bt

ZAy | |
-1%9 69.2 694 696 698 70 702 704 706 708 71

Bias voltage [VD15/6/19 CYRICE < JF—



SPIROC board development with
KEKDTP

group
experimen fichannel readout of MPPC
e Multichag multichannel MPPC’ s

onics)

icr, L. Raux (LAL

PIROC chip

2010 July @ LAL
2009 Oct 2010 Apr 2010 July 2010 Oct 2010 Dec 2011 March

Visit to LAL  Study with SPIROC2 SPIROC2A KEK board (SiTCP controll)
SPIROC-A 7board

Study with SPIROC1  1Month stay in AL 201576/ {Sl P controll)



MPPC DT v o %IV EedrH UK O BH 3

AHRDCRR HEFMPPC
EWVEEIESR . W CHMEHFIREZ EIEFITAR T & ¥ v LD E R 2
BRI 227200 2F ¥ RV DAL — g U

KEK 77/?<LALEJ¥ FJT:IbJ:

-xm&meHmwﬁ&v~v3/ﬁﬂ%
B T —ZEB X ORI OEMERED
TCP/EthernetZ AW CRIHIZIT 9 Z & 23 A[F

DC-A chip MPPC%? Y-
TFTEUAR

Logic input =
(trigger ete.)

Logic output o
(from FPGA)

.
4 U I
& (

flhomos s {1 T
SiTCP ¢ 10) S Nicnpim 3™
Discriminator output soof-
(SiTCP module should :
be connected) (32 ch, LVDS) j:::
AS[E] S DB FE - T
\ 2005— I l I I
MEPPCZ Hiv . 3 2015/6/19 N
> 77 AN e | ADC (ch




Design of BFT

————
O O O
O i) ] ][] ] ] ] ] O[] ] ]} ] ] e O

O [=][m][m) [} ][] [ 5 (][] fmil e =y ][] 5

e

Can operate stably under a high
intensity beam.

Structure

¢ 320 ch of Imm ¢ fibers
¢ Two staggered layers
> ¢ MPPC readout

We designed the high
density MPPC PCB.

222222

¢ We have finished the design.
Detector and MPPC PCB are
being produced now.

¢ We will use 10 EASIROC test
board to operate 320 MPPCs,
because we want to install this
detector as soon as possible.

6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1



Bamline Fiber Tracker (BEFT)

¢ 320 ch of scintillation fiber and MPPC
( 1mmo )

i
‘f‘ T,

(L




Readout of BFT

¢ Two kinds of TDC data taking methods
Outer MHTDC module (1ch = 1ns)
¢ Only reading edge information

Inner MHTDC in FPGA (1ch = 1ns)

¢ Reading and treading edge information, = TOT information = related to
Pulse height

¢ In future, we will use this inner MHTDC mainly

Outer MH TDC module

BFT + MPPC PCB +
Termination board

Internal MHTDC data
to DAQ PC by TCP/IP



BFT performance (Light yield)

¢ We have enough and uniform light yield for all channels.

¢ Gain uniformity is also OK
30 ch between pedestal and single photon

This 1s results of proto-type detector.
Real detector has more yield of ~18 p.e.

uniformity

[
A~ O

Mean # of p.e.
o

oON &~ O

IRTZNIR NN y..*“’“’“‘
4

0 10 20
BFT channel #

220F
200F
180F
160F
140F
120F
100F
80F
60
40F
20
0l

e

T, Te—

T

o

=
e

—
o
N
o




Install of BFT

Experimental setup
D3, Purpose

V @@ [ Test the performance
K" ‘ SK Requirement for 20M/spill (~2ns)
« A@%

1

w * Time resolution
) : 0.8 ns (0) <
* Position resolution
:~ 150 um (o)
(geometrical limit)
* Efficiency
: 99% >
) \\ i [ Establish new analysis method

o <
N S
A\

BC2

c' >,

_!..——J—"

=

y
y

el e
e L i—
= S

24

e S —
S -
[
~ =

BH : Hodoscope
BC1,2: MWPC
BC 3,4 :DC




BFT performance

B Beam profile

400

300

200

100

III|III|III|III|III III| =
20 40 60 80 100 120 140 160

DD

ch

* All channels (320) were working well

1000

800

600

400

200

B Position resolution

L I 1 1 | I |

L'o_III|III|III|III|III|

2 1 0 1 2 3
Residual [mm]
Residual of BFT hit position
from BC tracking

190 um (o)
Comparable to geometrical limit




BFT performance (Time

resolution)

B Time resolution

2500 = 1ch=1ns
oo MWPC
150{13— 70 ns
- <« e BFT was better than MWPC
1000 —
: * 1.75 ns (o) w/o slewing
E L correction
%' 020 20 B0 80 100 120 140 160
TDC [ch]
100{1_—
B BFT
BOD_—
N 15 ns
600_—
—> [ <— QOuter TDC
400 — .
- only Leading edge
200:—
U.Z-FJ“‘T"‘lr"T.I ol =il L il | re |
640 660 680 700 720 740 760 780 800

TDC [ch]



Relation between Time and

cor
—_ cor
2 Entries 117249
o 800 — © | Mean x 43.74
5 C | Mean y 769.4
g F RMS x 7.554
850 — RMSy  74.26
O 800 . .
& - Corrected Time resolution
= . )
= 7o is o=1.1ns
700[—
650— .
0o '110" ' '?ln' - 'alrJ' - '9|0' 100

Width [ns]

TOT



Fiber Detector

KURARA

Compact :
32 ch M

Readout b
32 ch og
Multihif

rk

BFT Hit information

300
200
100

JQ?OO -80 60 40 -20 0 20 40 60 80 100

Position (mm)



B Efficiency

e Eff. = BFT hit / BH1 & BH2 hit
(BH : Timing counter)

14

0.99

30.98
[

-g 0.97

$£0.96

0.95

0.94
5

Spill : 2.3 ns

10
Rate (M/spill)

15

X Grey part ... Beam width become broader than BFT sensitive area
5~8M : 85%, 10M~ : 75%>

* Efficiency is more than 99%
More than 95% with BH1 cut

B Single cluster ratio

Selecting single particle by BH1 & BH2

Spatial cut with BH1
@ :Nocut [l:cut

Single Cluster Ratio

© o © o o
~N

1

co O

(O B e)]

4l

*

10
Rate (M/spill)




New Fiber Detector (SFT)

¢ Now we are applying this MPPC readout technology to other fiber
detectors. _

¢ Scattered Fiber Detector (SFT) is the second dete
X, U, and V planes [
X : 16 MPPC PCB + EASIROC
U, V:10 MPPC PCB + EASIROC (x 2)
Total 36 EASIROC boards.
This might be a break through
for MPPC + EASIROC readout




Challenge of SFT UV structure

¢ For SFT UV, we use 0.5 mm ¢ fibers and 3 fibers were read by one MPPC.
0.5 mm f fiber 1s for low material

3 fibers readout is to reduce readout channel for reasonably wide sensitive
area.

¢ The SFT is now being fabricated by company and will be ready at end of
October.

Therefore we ordered 40 EASIROC chips this summer.
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SFT detectors

& We made SFT detectors in this autumn.

X —plane UV-plane
16 EASIROC board 20 EASIROC board
512 MPPC channel 640 MPPC channel

' iy //////////
" h N '\ 7%

Iy i
NN/l s ..é//é/r////
" it .

uuuuuuuuuuuuuuuuuu



Installation of SFT

¢ For SFT, 36 EASIROC
boards were used




Performance

¢ SFT and EASIROC board worked very well

800 Hit pattern CYaYe) Time distribution
FEile Edit View Options Tools Help File Edit View Options Too Help
Hit pat X2 (w/Tcut | h204 | cmt X |___h5004 |
I P ( ) I Entries 300821 I—l Entries 3057533
C Mean 136 F Mean 0.8846
- RMS 36.97 C RMS 136.6
5000 50000(—
4000 40000
3000 30000 o=1ns
2000 20000(—
1000 10000(—
0 = 1 1 1 1 1 1 1 1 I 1 1 1 1 l 1 1 1 1 ] 1 1 1 1 0 WWWWIMWWWW
0 50 100 150 200 250 -200 -100 0 100 200
y Time [ns] y
4 a

10 M/ spill beam (spill=2sec)

Firmware of EASIROC board was updated by Honda.
Multihit TDC which is sensitive for both leading and trailing edges
was implemented in the FPGA.



K 1.8 Beam Intensity History
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Cylindrical Fiber Tracker (CFT)

CATCH system

Other reaction emitting proton

¢ Cylindrical Fiber Tracker (CFT)
Large acceptance for scattered proton
¢ 8 layer configurations in limited space
Measurement of scattering angle < 1 degree
¢ U(V) layer (spiral)
¢ ¢ layer (straight)
Particle Identification by AE information
¢ o0/E <20 % for 1 MeV energy deposit
Good timing resolution o =1 ns
¢ To separate accidental background event




CFT construction and its readout

j CET Construction was completed

@ HooHHaang @ AHBaEARAe I
o

#» QUROARAR _ ARAARARR
) a

I!:HN“] Il \5}

o -
We already determined the operation voltage of 5000 MPPCs
| jald ]

. .




BGO Calorimeter

CATCH system

n (missing)

|y a—

W W W
.........

24 BGO crystals (25 x 30 x 400 mm?)
Energy resolution : 1 % for 80 MeV proton

Requirement

¢ Keep this resolution under the expected single rate of 40 kHz (200
kHz w/ beam structure)

Flash ADC readout



Cylindrical Fiber Tracker (CFT)IZ X9~ % E 3k
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274 /\—5HH L

D27 A/IN—F v 2 3x)LE 1,152 ch
72 MPPCIZ L BEEAH L
1 x 1 mm?, 400 pixel
2  MPPCEedH L [EIEE EASIROC board 36 #X
32 channel / board
Bias adjustment
Multihit TDC (1 ns/ch)
ADC

Readout board

Photon Sensor

- Logic input
@ ddddddad @ ddtddsaae I (trigger ete.)
o

» DURRARAR  ARARARRA ¢ & Logic output :
. . (from FPGA)

T

& SiTCP connector
(SiTCP module should
be connected)




L
X
I~
._K
HE
S
mw
[H
I+

URE &ExyFEmED

p
5275 [A]

DEEZEHET

D

A

cowEx

=E=
A

|

(1]

0¢

(11

Qiz
1
4
S

A sy
X SINH
A ueapy
n m X Uesa\

162  souuz
aseqy

1
5
H |
5
L
T

0 0c- Ov- 09-

| aueid Ax Aejdsiq juang |

Channel

X (mm)



FHRICHT HX=E. REME

[ Maximum Photon Num Phi1 (ch0-95) | h121
Entries 27838
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Experimental proof

¢ pp, pC scattering experiment using prototype detector
80 MeV proton beam (@ Cyclotron Facility at Tohoku university

| Event Display XY plane |

CH2 target (20 um)
[ 60

/ ! 80 MeV proton beas

Y [Rm]

40

X [mm]




Reconstruction of pp, pC scatterings

80

60

CH2 target (20 um)

< I
6 80 MeV proton beam (1nA)
) 10

/ Scattering proton from p and C

Total energy (MeV)

% A
. CF i
BCN N 7 i

./" __| | 11 | | | | 1 |-| | | | | I 111 | I 111 | I 111
Total energy § 9% 20730 20 50 60 70 80
(CFT+BGO)

Scattering angle (degree)




Reconstruction of pp, pC scatterings

We confir
reconstruction of %
scattering events 1is S
possible by this >
° —
configuration 2
CH2 target (20 um) 4‘?3
(@)
( I 80 MeV proton beam (1nA) E‘
0
\ / Scattering proton from p and C
BCN\ ” ./' :
'/'/ 0_—|III|IIII|III-I|IIII|IIII|IIII|IIII
Total energy | 10 20 30 40 50 60 70 80

(CFT+BGO)

Scattering angle (degree)




Particle Identification by AE-E

= | 12
CH2 target (20 um) 2 B
( | —_— 10 -
80 MeV proton beam (1nA) A~ o
E .
Scattering proton from p and C -
N Sl
\‘3‘%\\\\&\\ (CFT) =1 e
AT 75 L
\\\3‘\\\\\\ //» % L .
A\ N
E(BGO) |\ ¢ 2
A,:" & Z - -=r
) / 4 0 _—I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 20 40 60 80 100 120 140

E (BGO) [MeV]




Particle Identification by AE-E

E(BGO)

= 12
CH2 target (20 um) 2 L
80 MeV proton beam (1nA) A~ B
= N
Scattering proton from p and C % 8 -
N g IS
\o/\_| AE (CFT) m| ef
\‘R§\\\ 74 < B :
\\\\\1\‘\\3\ D B e
SR 7 e -
N Bk L
2
0 _— 1 | 1 | 1 | 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 |
0 20 40 60 80 100 120 140

¢ Proton / m separation requirement
20 % for 1 MeV

E (BGO) [MeV]

PID i1s possible
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Cylindrical Fiber
Tracker




Detector and DAQ framework

trigger distribution

Frontend PC

Trigger Distribution
Master
Receiver TCP ° Trigger
module * Module
¢ We have to merge | VME CP L1,L2, Clear,
VME-E ASIORC Busy, Event tag
to this system




VME-EASIROC board

Specification (ADC, TDC)

VME 6U

MPPC 64 ch (EASIROC x 2)
Ethernet MPPC

by SiTCP I

FPGA Artix-7

ADC = % T T
Dead time 12 us . bR g ,

- _v 1B EASIROC
w/ Pedestal suppression N E 1 iR Lt X2

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

Fact clear

MHTDC
LSB 1ns
hit depth / ch 16
Dead time : depend on hit

number . W o
'Y <12uyus ; .]nh\u|||u\nlu\nluhlnllllhll|l||l
Fast clear VME JO connector R i e . VME J1 connector

Time window 0~4 us (COPPER Trigger) (power supply only)



VME-EASIROC board

Specification (DA

¢ SiTCP 100 Mbps

FPGA internal
Ethernet MPPC
¢ Double Buffer by SiTCP |
Transmit time of DATA is not N
included in BUSY
¢ COPPER Trigger Tl N N : o
VME JO bus 1 BESEnk-ts By oon

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

Common for all board in the
same VME crate

¢ Hold
¢ L2 trigger

N3N CAINN NN

é Busy

é Clear

¢ Event Tag : (
Common stop is input from front (5 Ao oo o] e M
panel 1/0 for each module L |'|"“"|'|‘

VME JO connector A i VME J1 connector
(COPPER Trigger) (power supply only)




VME-EASIROC board

Specification (I/0)

¢ Analog out x 2
High gain
Probe

¢ NIMoutx 2
Selectable Logic (Discr1 out of each MPPC)
User out (e.g. : BUSY etc.)

¢ NIMinx 2

Common stop
User in



spectra with MPPC (400

Counts
Counts

e

Illlllllllllllllllllllllllllll

lllllllllllllllllllllllllllllll

8
llllll

=
g

900 1000 1100 1200 900 1000 1100 1200
ADC (channel) ADC (channel)




ADC spectra with MPPC (100
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Cross talk

¢ Ch 1 : Input charg

Check relation

¢ Ch 2 : No input

= -
S ok
3 -
7] =
3 2
8. B
.l _4 S
§ - Cross talk : 0.35 %
~ -6
T -
) -
-8 _—
-10f-
-12 __l 1 L 1 I 1 L 1 L I L 1 1 L I 1 1 L 1 I 1 1 1 1 I
0 500 1000 1500 2000 2500

CHO ADC - pedestal (ch)



Time resolution of

Discriminator in EASIROC

¢ Input test charge to EASIROC and discriminated signal was
output from frontend User Out. Then this Output 1s

connected to CAEN V775.
20 p.c. cort. charge.

T % R .9 P9, 7 P P 2T 970 PP PP P P 2P Y R 99 7 P 9 99 PO P




Time resolution by Mult1 hit

2 [ F
: | E
4000}~ - 3000 ]
E 2500 —
3000 - =
- 7] 2000:._ ............................. ]
- 633 ps (0) - E 618 ps(0)
N 500~ -
-
.... P SR SR SRR R B P - - i
foz 195 196 197 198 199 200 201 fo7 188 189 190 191 192 193 194
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Layer r (mm) channel number MPPC PCB VME-EASIROC single rate (kHz)

U1l 50 426 14 7 14
61 54 584 19 9.5

V2 60 472 15 7.5

62 64 692 22 11

U3 70 510 16 8

63 74 800 25 12.5

V4 80 538 17 8.5
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4932 157 79
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Cylindrical Fiber Tracker (CEFT)
1S just constructed

2nd Jayer

3 layer

o B 5

I

REFNS -
/

1“ R ¢ q)z . - \\i \\ * ¢3 '
/' : V2 N
= K J ‘ R _— l‘ \ \i\\\L’vv ! :“ - =

4

Finish construction of all layers

It took ~1 year
Efficiency

¢ Combine all layers in this August. , © $3:98%
U3:96 %

Acceptable value was
obtained

Commissioning using cosmic ray.

Number of photo electron



CFT was constructioned

¢ CFT

All frame structures are combined into full system.
Operation voltages of all MPPCs were optimized.




CEFT DAQ system

¢ VME-EASIROC performance
14 us busy time
Multi boards can work in parallel

¢  If there is no bottle neck due to data transfer
or HD access, busy time of CFT system is also
14 us

ADC pedestal suppression (data size = 1/100)

é Performance test

B w/ spill w/o recorder

55 VME-EASIROC boards > 15 I
Data size : 1500 word/event (1.5 times bigger g 0.9F L expected DAQffciency
than expected size) £ 08
(«) E
Results S 07t
¢ 5kHz w/ recorder 0.6F .
055
0.4F w/ spill w/o tecorder
¢ 12 kHz 86% efficiency w/ recorder 0.3 .
c w/ spill w/ recorder
Recorder : Data uncompressed mode 0.2
Adjust ring buffer size 015 Expected trigger rate
Recorder process can continue during [ R | T R TS

spill off period trigger rate (kHz) )




BGO Calorimeter




BGO calorimeter

¢ BGO

24 BGO crystals (25 x 30 x 400 mm?)
Requirement
¢ Energy resolution better than 3 % for 80 MeV proton - OK

¢ Keep this resolution under the expected single rate of 40 kHz (200 kHz
w/ beam structure)

Flash ADC readout
¢ Large acceptance for scattered proton

Re-design of BGO position



é

é

BGO waveform readout

Essential to separate the pile-up events under high rate condition

Requirement
Keep the energy resolution of 1 % for 80 MeV proton

Reduce data size for reasonable DAQ efficiency

an! Fitting with template function

. Analog RC Filter hwfl_AnaRC |
30 ns sampling - e
. LBMS... .5

ST T

rate W%W .

00—

:> e

-300F

-400—

~500 | | ! | |
0 200 400 600 800 1000

Achieve 1 % resolution with this method

Sampling data range : 2 us > ~70 samples / channel
Even if NO pedestal suppression, 8 kHz DAQ is possible




BGO test w/ 80 MeV proton

¢ CYRICIZ T80 MeV proton beam % BGOIZ [ &

6 2014/ 9
80 MeV [ 1ZxF L T O TE

| Analog RC Filter |

||||||||||||||||||||

10 ns/ch |



BGO performance test under high

Intensity conditions

| 80 MeV proton (PMT HV = 900 V)

| 80 MeV proton (PMT HV = 700 V)

¢ 80 MeV proton beam
600 800

Change beam intensity 0 ks - 580kHz 928 kH%
¢ 500 Hz ~ 500 kHz 700+
500 —

_ - 370kHz 592 kHzA
¢ Operation voltage of PMT  |210kHz 600

900 V (normal) : Gain mh A | 200KkHz 384 kHz /L 2.8 %
drop due to high - 500}
dynode current 130 kHz - 110KkHz 176 kHz
700 V : can suppress the 300, a00f 1.3 %
gain drop. 73 Kz - 7skHz 190 kHy /\
. 3000
. 200 . 33 kHz
Expected mean energy deposit 27 kHz i >3 kHz /\
. K 200
@ E40 : 50 MeV _ | 26kHz 42kHz j\
100
;500 H 100
. z -
Correspond 1.6 times : - 500Hz 750 Hz /\
hlgherrate(lndynode cLlll|lll||llll|lllllilllllll i x1o® c_J_JlllllllllllLllLlJllll L1
0 50 100 150 200 250 300 350 400 0 5000 10000 15000 20000 25000 30000
current) Channel Channel

We can operate BGO by setting lower HV in the experimental condition
Now we are testing a amplifier circuit to improve S/N ratio and operate more lower voltage.
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BGO readout under high singles rate

¢ BGO operation method
singles rate

hwf18_AnaRC
Entries 1024
Mean 581.4

gt BMB et 222.9

Wave form data w/ Flash ADC
—> Separation of piled-up events :

: - 200 kHz
Operation of PMT at lower HV oo |
> Stability of PMT gain i

4

10 ns/ch |



BGO readout under high singles rate

80 MeV proton (PMT HV =700 V)

e — by
: : - 580 kH
¢ BGO operation method under high : * A
. 700
singles rate 370 kHz A
Wave form data w/ Flash ADC 600¢
: : - 240 kHz
—> Separation of piled-up events ol A
Operation of PMT at lower HV - 110kHz Jk
—> Stability of PMT gain 400t
| 75kHz /\
Beam test results in 2014 300}
» Better resolution was obtained by operating at 700 V #s ki j\
* However, the performance was deteriorated with 2007
intensity - 26khHz j\
-- Deterioration of resolution 100
- Peak shift : f"“ ”T . jl\
0 L1 L1l Ll L1 L1l 111
Operation at lower HV 1s essential 0 5000 10000 15000 20000 25000 30000

Channel



Development of Shaping Amplifier

¢ Add amplifier part to shaping circuit to
compensate lower gain in lower HV operation Template waveform

Operation in lower HV became possible. e

0_

041

/
0.6 E \ / / P
naly

0o 05 1 15 2
time [us]

N
LLLLLLLL




Development of Shaping Amplifier

J-PARC condition

¢ Add amplifier part to shaping circuit to 700V
compensate lower gain in lower HV operatio
Operation in lower HV became possible. :
700 kHz i
I
aapmT 2.58% i
o T

g 550 kHz !

. 2.16% j _
!
350 kHz Il
1.65% I

, AR
| 200 kHz [
Test experiment w/ 80 MeV proton beam | 131 "
Good result at 600 V 110 kHz ‘
 Peak shift was not observed . 148 f
« Resolution deterioration was very limited + s
53 kHz [
Stable operation can be possible under 1.07% '
AENTEEEEENEES |

PutseHeght

650V
700 kHz ﬁ
1.72% /t
550 kHz e
1.59% !
—
350 kHz l
1.32%
JAN
200 kHz
1.14% l
A
110 kHz
1.06% l
U i &
53 kHz
1.03%
..L.‘J..L.‘lxl Ll

PulseHeqght

600V

700 kHz

1.37% | k
550 kHz

1.32% | L
350 kHz

1.16% j i
200 kHz

1.09% J !
110 kHz

1.06 JL
53 kHz

1.04%
| LLL‘—L.L.J-LJL Ll

PulseHeight



BGO system DL

¢ CFT

All frame structures are combined into
full system.

Operation voltages of all MPPCs were
optimized.

¢ BGO

BGO counters are mounted to its frame
structure

Readout system with 3 flash ADCs was
constructed.

)
.....
T
G103

W

»




CATCH system D5 2L




Schedule

o

ent with CATCH system
@ CYRIC

Measurement of 2017 Feb~Mar. Move CATCH system to J-PARC
pd = ppn breakup reaction

to aim to extract 3N force

CATCH system

2017 Winter ~ 2018 Spring
Run E40 hopefully




Construction of CATCH

¢ Combining CFT and BGO




Construction of CATCH

¢ Cabling




CATCH readout for cosmic ray

CFT 3 ]ayer ADC CFT 4t layer ADC
CFT_A_HI 3 CFT A HIL 4
4000 Entries 8775830 4000 Entries  1.265184e+07
E Mean X 239.4 Mean x 3455
= ean y 795.9 Mean y 792.8
Q [¥0F : gmgx 138.3 O 3500 :ng 1998 0
= . 66.14 | Am: 69.57
% 3000 Integrgl 8.776e+06 D 3000 - 1 Integr!l 1.2656+07
E. . 0 0 0 0 0 0
2500 £ 0 5775830 0 <€ 0k o |%51a4e.o7 0
E 0 0 1 0

cosmic ray

500 @Mﬂu""
’ '330' = '3;0' = '4oio' %0 pedeStal O —— '1cioo' — soio' —
Fiber ch Fiber ch
BGO waveform (ch 11) ¢  Online histogram
: ‘ CFT

16000_—

- ¢  Cosmic ray signal could be checked for
14000~ almost all channels
12000— BGO
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CATCH readout for cosmic ray
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pp, pd scattering experiment at CYRIC

¢ Purpose

Commissioning and performance evaluation of CATCH system
¢ pp and pC scattering w/ 80 MeV proton beam

H?2 gas target




pp, pd scattering experiment at CYRIC

¢ Purpose
Commissioning and performance evaluation of CATCH system
¢ pp and pC scattering w/ 80 MeV proton beam

Extraction of 3 body force from pd = ppn break up reaction

¢ pd scattering w/ 80 MeV and 70 MeV J. Kuros’-Z otnierczuk et al., PHYSICAL
REVIEW Cé66, 024003 (2002)
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Construction of CATCH at CYRIC




Performance check

¢ All system worked well

We could learn the response of CFT for very large dE/dx
events

¢ Cross talk of signal in the par cable
DAQ performance
¢ 388% @ 10 kHz
determined by 14 us busy time of VME-EASIROC

Low Gain ADC of PHI3 layer

Enties 1269333 |
Mean x 4196
.- |Meany 9.414

+| RMS x 2304
. 6.984
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Analysis 1s now on going




Schedule

Measurement of
pd = ppn breakup reaction
to aim to extract 3N force

CATCH system

CATCH system
@ CYRIC

2017 Feb~Mar. Move CATCH system to J-PARC

3/61ZJ-PARC~EHE
JPARCTAMMIZZI via =
v EBIGT 5

2017 Winter ~ 2018 Spring
Run E40 hopefully




