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1. Motivation

* Charge symmetry breaking between j‘{H and }‘(He
* Planned experiment to understand the origin of the CSB (J-PARC E63)



Charge symmetry breaking (CSB) between j‘{H and j‘{He
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Properties of nuclei are invariant under the replacement between p and n (Charge Symmetry).
However, large CSB in A=4 hypernuclei was found, suggesting Ap + An.

Ordinary nuclei
AB (strong)~ 70 keV

Qﬂ?’H st ()

Hypernuclei
AHe Ab

Level scheme of mirror hypernuclei 1H / iHe
H+A_ O “He + A

1.067 +0.08 1+

1+ 0984 +0.03

G

Large CSB — |

ABA"'ZSO keV [1] T.O. Yamamoto et al., Phys. Rev. Lett., 115 (2015) 222501

...... +
A D —1/2
34 1.09+ 0.02 1406 ¢ SHe
+0.004 {1]
: 0* {
2.04 + 0.04 [2] o IO N
/ 239 £ 003 2
4 4
AH rHe

B[MeV]

[2] D.H. Davis, Nucle. Phys. Rev. A. 754 (2005) 3c
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Properties of nuclei are invariant under the replacement between p and n (Charge Symmetry).
However, large CSB in A=4 hypernuclei was found, suggesting Ap + An.

Ordinary nuclei
AB (strong)~ 70 keV

Qﬂ?’H st ()

Hypernuclei

A

4
AHe

Level scheme of mirror hypernuclei 1H / iHe

*
*
*
*
*
*
‘0
*

1.09

1/2+

A. Esser et al., Phys. Rev.
Lett. 114 (2015) 232501

L=l

2.157 £ 0.077

G

Large CSB — |
AB,~250 keV

1.067 £0.08 1+

2.04 + 0.0 —— ¢ 2025 (2025) 083D01

1+ O984+003

........ 42-'_
+0.02 1406 ¢/ 3He
L0004 £11

0+ A. Kasagi et al., PTEP.

225i01 2.39 + 0.03 [2]
H | jHe
Bx[MeV]

[1] T.O. Yamamoto et al., Phys. Rev. Lett., 115 (2015) 222501
[2] D.H. Davis, Nucle. Phys. Rev. A. 754 (2005) 3c



Previous experimental data
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Importance of high-precision(<10 keV) y-ray data for CSB study

Precise few-body calculation is possible.

1.09 +£0.02

2.04 +0.04

H

1.067 + 0.08 1+ 1+

0+
0+

Ba[MeV]

0.984 + 0.03

1.406 + 0.004

Good resolution

by our grp.

239+ 0.03
4
rHe

4 + +
rHe(1™ - 07)
T.0. Yamamoto et al.,

Phys. Rev. Lett., 115
150 (2015) 222501

100 f{He(1+ N 0+)

05 1.0 1.5 2.0 2.5
E,[MeV]

- Confirmed presence of CSB
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Importance of high-precision(<10 keV) y-ray data for CSB study
Precise few-body calculation is possible.

4 + +

AH(l -0 ) M. Bedjidian et al., SH+ A 0 3He + A ﬁHE(l-I- — O+)

i ; - — Phys. Lett.B83, [ ~ ======opEssssss T.0. Yamamoto et al.,
50 {104+ O0L) MeV (1979) 252. Phys Rev. Lett. 115
a0 | ‘ 150 2015) 222501

| F (1Y S 0 1.067+0.08 1+ | 1L_0984%0.03 (201

» T < 100 He(1* = 0%)
2ol { | 1.09+£0.02 1.406 + 0.004

10

Average of 3 exp. by our grp. - . .
0+ 0.5 1.0 15 20 25

W i) - i
pE M‘gﬁl}} : tﬁﬁ Old Nal data N Good resolution
$

AU 2.04 + 0.04
50 . A - 2.39 + 0.03 E,[MeV]
__ Target L 4'H 4'H
40 HEnP T o A A€ -> Confirmed presence of CSB
(109 £t 003) MeV BA[MeV]
30 l (145 =005 )Mev
20 : M. Bedjidian et al.,
] % Phys. Lett. B 62,
10 }%\l (1976) 467.
0 1 g.—gc§ 3% 3. g rgf l?l e il ! M J

0.5 1.0 1.5 2.0
E,[MeV]




Previous experimental data

Importance of high-precision(<10 keV) y-ray data for CSB study
Precise few-body calculation is possible.
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XH(].-I_ - O+) M. Bedjidian et al., SH+ A 0 3He + A ﬁHE(l-I- — O+)
— Phys. Lett.B&83, | =====s—Essssss T.0. Yamamoto et al.,
{101. 00L) MeY (1979) 252. Phys Rev. Lett.. 115
150 '
2015) 222501
AH(Y - 0%) 1067 +0.08 1+ [ 12023+ 003 12015)
(’}i 100 *He(1* - 0%)
! ﬁi 1.09 £ 0.02 1.406 + 0.004
y }%1 1}} 4y = ”+ Old Nal data Good resolution
% Average of 3 exp. _0+ by our grp. ' ' '
J0s 4008 0+ 0.5 1.0 . I\}I'SV 20 25
4H y-rClV data - . \ 2.39 £ 0.03 y[MeV]
A AH aHe -> Confirmed presence of CSB
(109 £ 0 03) MeV By[MeV]
30 i l (145 = 005 ) MeV
0L M M. Bedjidian et al.,
% \ % Phys. Lett. B 62,
10 }%\} bl e, SR (1976) 467. We plan (J-PARC E63)
g )
oM vy e WITEET a precise measurement of y-ray from fH(1* — 0%)

E,[MeV] by using a high-resolution Ge detector array at J-PARC
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2. Experimental procedure and setup
* How to measure the y-ray for H(1* - 01)



Experimental procedure and setup

"Li
target
K~ (0.9GeV/c)

measure
w/K1.8 spectrometer

3He

Previous experiments

- Stopped K~ on Li

- Large recoil momentum(~250 MeV/c)
- large doppler broadening

- Nal Counters
- Bad energy resolution
~ 100 keV(FWHM) at 1 MeV 'y

e

./7

ALI*

0\ PR
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measure
w/S-2S spectrometer

measure
y-ray w/Ge detectors

AH(1+)

Our experiment

-> Inflight (K~, ) by 0.9 GeV/c K~

- Small recoil momentum(~70 MeV/c)
- small doppler broadening

- Ge detectors
- Good energy resolution
~ 2 keV(FWHM) at 1 MeV y

10
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Experimental procedure and setup 11

__measure
T w/S-2S spectrometer

This method should work well — old data

"Li(K~,m™) @pg= 0.82 GeV/c (@BNL-AGS)

(MeV) %+{O.l5} L measure
O+__"“""‘ + 1
Reported as f{H as j‘(He 3+:,——%- i A y-ray w/Ge detectors
400/ { L/ l - %Wo.aa} _
Vo3 \

200+

1000

- 600
400

;He ‘ AH(1+)

S 59 Mel Our experiment

. | - - Inflight (K~, 7" ) by 0.9 GeV/c K~
60 | Ol < 2516Y - Small recoil momentum(~70 MeV/c)
- small doppler broadening

VIJT B - Ge detectors
41 M. May et al., Phys. Rev. -

Lett. 51 (1983) 2085. - Good energy resolution

10 20 30 40 50 ~ 2 keV(FWHM) at 1 MeV 'y
E, [MeV]

200

COUNTS /50 keV

20

~Nal data

10
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We revised the beam line as K1.1 -> K1.8

7Li _ measure
target n w/S-2S spectrometer
K~(0.9GeV/c)

—¢
measure

S measure
AL y-ray w/Ge detectors

w/K1.8 spectrometer \

*He . AH(O)
l‘ :

- ~|

_”

o K1.8 beam line . : $-25 S?(gs | b\ ”\\/ ,Vi |
o spectrometer ‘-_‘ spectrometer Spc, i ’{ ‘—vl.li target
Ge detectors - \ VA v
. sDC1 ( —
'SDC2 H—
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Experimental setup at J-PARC K1.8 beam line 13

We revised the beam line as K1.1 -> K1.8

Li measure
target T w/S-2S spectrometer
K~ (0.9GeV/c)
_). 7L me(aisuc:e
measure .
w/K1.8 spectrometer \6 IEIEs/Ge detectors
@
3He\. AH(AY)
. o s T
o K1.8 beam line . : S-2S SDDCCS
Qi10 “ » q
spectrometer . : spectrometer spc,

Ge deétectors

K1.8 beam line
spectrometer

Primary
Au target .

Proton 4
(30 Gev) |

Vacuum chamber
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Experimental setup at J-PARC K1.8 beam line 14

We revised the beam line as K1.1 -> K1.8 Ge deteCtor array (half)
ta:é.(iat m mfs-szusr{:pectrometer 3 A Ge detectors~
K~(0.9GeV/c) /? (N7 !
—)’ 7Li* measure | [=& aQ ! 1 i‘
measure \ ALl y-ray w/Ge detectors 3 A , Q)
\‘l MS2 w/K1.8 spectrometer ‘ \
N
BH1 *__ BFT g SH(Y)
‘ . Tor
‘\\ K1.8 beam line S-2S $-2S spectrometer

gnf

- K~ beam intensity is greatly reduced through a Iong beam line (~¥46 m).
- K~ beam tuning was previously performed only for 1.5 and 1.8 GeV/c.

Beam tumng of 0 9 GeV/c K~ should be conducted. 2

2m

Q12 Qi3 - L1 o1
(0 9 GEV/C) BH2 7 iS C]'SQZ]S R ESSZ MS2 \LGGQ\C\
BACL 2target (em) o m\\,,, Q7
MS1_ ,, s </7': -5 Q‘ K1.8 beam line
_Q\, =R cMa Q8 QO spectrometer
O S o™ i
A7
Primary NEY o0 /’“& N
Autarget "’ AN
DI LY \, S
l‘ ‘:A‘\ B dump
Proton s

(30 GeV)
Vacuum
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3. Test with 0.9 GeV/c K~ beam
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Test with 0.9 GeV/c K~ beam 16

S-2S spectrometer

We had a test beamtime this February (0.5 day).

MS2
ESSZ\ sS4 03\ 5% S/
m a W EET A0,
MS1 \1)2 ;\6/5 & Q ‘- K1.8 I:eam Itine
6 = RN cMa Qs Q9
10m & os.o\__\\\ A spectrometer
oA\ ¥ Qi
IFH ¢ 6((\\ ‘iv
e PP M
Primary K o N .
PN\ NE Beam tuning
Autarge i Q7 g TR T © e .
a8 " s - Optimization of K1.8 beam line magnet currents
Proton s

- ESS (electrostatic separator) voltage tuning
Test data taking for (K, ™)

- With a (CH), target (~ 9 g/cm?)

- Without target

(30Gev) |

.

Jacuum chamber
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Beam line tuning for 0.9 GeV/c K~ at K1.8 17

Magnet scan - CM1-4, D2, D3, D4, Q1,
0.9 GeV/c K~ and m~ were identified by TOF Q2, Q3, Q4, Q7 (12/27 magnets)

between BH1 - BH2 (time difference ~4.4 ns). @ 7
S ° IR
& 5 L ] ([ ]
. . ~
Time-Of-Flight (BH1 - BH2) |Ess +150kv, N
— 3 ®
- : ; e MS1 +3.3, ‘é , T
OOE MS2 +3.0 mm 3, .
16000~ ; £ l
14000 |— v 244 246 248 250 252 254 256 258 260
I 12000 F- CMS3, 4 current [A]
c -
g 10000E = .
Q 80005_ : | v . @ K intensity
6000 — o 8 4 ° . 0.3
4000~ TOF of K™ is < . >
= : ; : 3 e 4> Q.
ob ) . P o .
-6 -4 -2 0 2 c 0.1 ¥
@
s
.E 43 0
z -420 -410 -400 -390 -380 -370 -360 -350

Q7 current [A]
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Electrostatic separator (ESS) voltage tuning - 130 kV, 150 kV, 175 kV, 200 kV

Beam intensity measured by Scaler | ®/ (557130kV) Schematic view of ESS
@ K (ESSE150kV){-

@ K (ESS*175 kV)
@ K (ESS*200 kV)
A 7 (ESSt130kV)
A 7 (ESS*150kV)
A 7 (ESST175kV)
A 1 (ESS*200kV)

250

@83kw
(73 Tppp)

[
o
o

|
o
o

100

o
o

Beam intensity [k/pulse]

o

15 2 25 3 35375 4 42543 45 46 475 5 525 55 575
MS1, MS2 opening [mm]
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Results of the beam line tuning
Electrostatic separator (ESS) voltage tuning - 130 kV, 150 kV, 175 kV, 200 kV

Beam intensity measured by Scaler | ®/ (557130kV) Schematic view of ESS
@ K (ESSE150kV){-

@ K (ESSE175kV)

250

@ K (ESS*200 kV)
200 | @83kw A 7 (ESST130kV)
(73 Tppp) A 7 (ESS+150 kv)

A 7 (ESSE175 kV)
A 7 (ESST200kV)

|
o
o

100 .
44 k/pulse (K/pi ratio ~1)

@ESS 175kV

o
o

Beam intensity [k/pulse]

This K~ intensity and K/m ratio at 0.9 GeV/c
15 2 25 3 35375 4 42543 45 46 475 5 525 55 5 are sufficient for various hypernuclear

MS1, MS2 opening [mm] experiments.

o
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3. Test with 0.9 GeV/c K~ beam

+ Test data for *C(K™, n)12C
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Reconstruction of (K~, t™) reaction 21
Correlation between p.,; and 0 Reaction vertex
—_ 20_ - : B [ : [ o) : o
& 18- .. Data 2 ol 4<0<6
S F s f 3 500— o 1 L é
) 16 B i((CH)n taFgEt) o nes e
- SRR © T 'R — w/(CH),, target
14 ;— y ' ' 400:_ il i | — w/o target (scaled)
121 N J0 o e
of 300 ;
- : N
— 200_ | |
6 - A
A 2 —
- 100: . Acceptas
S gl ' ; - i 1 inside of target
055" "07 o8 09 10 11 92 B0 40 200 0 200 400 600
Momentum [GeV/c] Z-axis projection of the reaction vertex [mm]

(K~,m™) reaction events are selected.



Missing mass spectrum of 12C(K~, ™) reaction

A Binding Energy (—Bj)
—By = MHyp — (M¢ore + Mp)

Binding energy of *C(K~, ™) 2C

Tohoku Univ. Chesu Seong
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140

Reaction vertex | otal K~: 0.18 x 10°
(CH), tgt. (9 g/cm?)

401

201

—8.03 -0.02 -0.01 0.00 0.01 0.02 0._03
—BA[GeV

¥ Preliminary 2508

%120_— : y : : — Inside of tgt
s [ : : : — Outside of tgt
< 100F

] B

S 8o

3 80

S I

1,2\C production events were observed.
—>Feasibility of exp. by (K, 77) at 0.9 GeV/c
was confirmed.

Further analysis is ongoing.
— Cross section at 0.9, 1.5, 1.8 GeV/c
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4. E63 plan and schedule
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Ge detector array (3D

-,

design)
ctors~

*  Physics beam time estimation
e We can measure ,‘{H y-ray with 12-days beam time.
e  PAC approved our beam time request.

4
e

B__=g

*  Preparation and beam time plan
e Beam line detectors are ready.
* Ge detectors will be installed in Mid-Oct. 2025.

*  We will start physics data-taking in Nov. 2025.
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» Measurements to date have revealed the existence of a large charge symmetry
breaking (CSB) in 1H and ;He.

» We plan a precise measurement of y-ray from j‘{H(1+ — 07%) by a Ge detector array
with the existing J-PARC K1.8 beam line + S-2S spectrometer.

» A beam test for the 0.9 GeV/c K~ beam have been performed.

» Beam intensity check
» (K~,m™) reaction check

» We are preparing for data-taking scheduled in Nov. 2025 (with 12 days beam time).
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