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S=-2 World

Energy Spectrum of S=-2 systems

? ABpp<(

=-hypernucleus

(A-1)g.s ®Pz =-N Interaction

(A'1 )g.s.®SE

Double-A hypernucleus
(A‘Z)g.s@SAPA
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Weak Decays

v H particle mass

+ (A-2)

~28 MeV
AA

H?
Large Mixing ?
Z T

~75 MeV

A —Y— Large 3-body force ?

~300 MeV




Double- A Hypernuclel

x “Nagara” event;

KEK E373

x Uniguely identified
x ABam=0.67+0.17 MeV

J.K. Ahn et al.; PRC 88 (2013) 014003.

® smaller than before (~4 MeV)

H. Takahashi et al., PRL87, (2001) 212502.



Double-/A predicted by

E. Hiyama et al. / Nuclear Physics A 754 (2005) 103¢c—109¢
E. Hiyama et al. / Nuclear Physics A 754 (2005) 103c¢—109c
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Fig. 4. Calculated values of AB4 4.

Fig. 3. Calculated energy levels of A = 7-10 double A hypernuclei.




=~ -Nucleus potential 7
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Mass number dependence
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12¢ (K-, K+)

eKo < 140

BNL E885
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% Not clear evidence of =-
hypernuclear bound state.

* pbecause of

2o/dQdE>> (nb/sr 2 MeV)

—
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% suggest weakly attractive
potential of

* Py shape analysis and
counts in bound region,
compared with DWIA calc.

% 89+14 nb/sr (<8deg.); 42+5
nb/sr (<14deg.)
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P Khaustov et al., PRC61(2000)054603



BNL EG85

P.=1.8 GeV/c
AM=9.9 MeV/c? (FWHM) for p(K™,K*)=

3 4 5 6
I I I I

P.Khaustov et al,
PRC61(2000)0546




Kiso Event iIn E373

x B-=1.11-4.38 MeV

g 4+ MN = 9Be e




"KISO” event

K. Nakazawa et al., KEK E373
- deeply bound Z-"4N system

. = +4+14N—=10ABe+2AHe

- B==1.11~4.38 MeV [ /2

- Well beyond the atomic binding of O.17 MeV




- = hypernuclel do exist !

- Urgency




Entrance to the S=-2 World

Doorway Reaction:
Kr+p 2P Kt+E-

® Berge et al.

at 1 .8 GeV/C = Dauber et al.

& Burugun et al.
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Double A
hypernucleus




How to produce S=-2
hypernuclel 7

E-Hypernucleus Formation

Double-A Compound states =" atom formation

Q-
@ . .

Two A Fragments
O Ck- n
Double-A Fragment @)
% o
[ o




Spectroscopic Study of = -Hypernucleus,
12=Be, via the "2C(K",K*) Beaction

®x Discovery of = -hypernuclei as a peak(s)

x Measurement of = -nucleus potential depth and width of

122Be




Purpose of 05

. —N [nteraction: almost no Information
» Attractive of Repulsive 7 — Potential depth

x —N—=/A\A\ conversion ?2 —Conversion width

® [SOSpIN dependence ?



S-29

x (K ,K*) Spectroscopy @J-PARC

* Kip2Ka = @-1.8 GeV/e S-28 Spectrometer
x 5-25: (2010-2015) Seattered K* /. racying

x Acceptance~60 msr Detector 1.2

x Ap/p<5x1 0'4(FW|—||\/|) Q1: vertical focus

x AF=1.5 MeV Q2: horizontal focus

D1: 70 deg. bend

Energy Resolution Tracking
SLh RSN, Detector 3,4

AE (MeV) oF
14 ////\ //Aerogel Cherenkov

Water Cherenkov
/




Expected 12

Be Spectrum

P
=
b

[counts/0.5MeV]
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T. Motoba, S. Sugimoto / Nuclear Physics A 835 (2010) 223-230 229
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Figure 6: DWIA spectra with NHC-D and Ehime. Figure 7: DWIA spectra with ESC04d and ESCO8a.
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—— DWIA calc.
120 (K K+) - AEexp=2MeV
_— AEexp =3 MeV
—_— AEexp =4 MeV
AE,,, = 5 MeV
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I. Motoba and S. Sugimoto, Nucl. Phys. A 835, 223 (2010)




EOS with S5-25

~  Qrant-In-Aid for

Specially promoted N 2.9%x10'0 K-/day,

research: 2011 - AM< 2 MeV.
2015, Total ~$3M "I [

e OkmeneAR =500
— AM=1.5 MeV

«~ Construction of
S-25(QQD): ~3 years

Installation in 2016

wData taking in 2017
with > 100 kW !

S-2S spectrometer
ver. 29Aug2014




S-2S Construction

86t 1.5T7 12t 5.0 T/m
874,877/

Ap/p=5x10"
o0msr

1.2 ~ 1.4 GeV/c
D1:




. Two weeks of beam time

EO5 Pilot Run

. K1.8 beam line with SKS (E13 setup’)

. Two AC’s(p, ") at the entrance of SKS

. CH2(K K" 9.3g/cm” — AM=5 MeVrwhm

. Detector tuning 1 day

. p(KKNE@1.5-1.9 GeV/c 2 days

sl Gu ke >10 days



Good acceptance and
energy resolution
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Comparison of
Spectrometers




Background triggers

105 K-/spill, CH2 9.3 g/cm?
1. K- decay in flight (GEANT4)

.Total 180 (K—mm m*: 110)

2. Reactions in target (JAM code simulation)
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12C(K—,K+)

- Woods-Saxon type potential: V=-14 MeV

Expected Spectrum




Theoretical predictions by

Theoretical Models s ——
: ESCOS, ESCO4, -HII\/I

12C(K-K*)'2Be SKS
- 1.12 [/(nb/sr)/2weeks]
FWHM =5 MeV
9.3 g/cm? CH, target
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Figure 6: DWIA spectra with NHC-D and Ehime. Figure 7: DWIA spectra with ESC04d and ESCO08a.

~50 events/two weeks
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J.P.Berge et al. (1966)

G.Burgen et al. (1968)
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forward

Pllot Run

274776 18 2 22 24 96 28 3

. 900-1800 events
at Five Pk




Yield Estimations
- 12C : 3x10° K-/spill, 6s cycle
- do/dQ~42 nb/sr, Q=0.11 sr
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Kinematics of p(K-,K+) =
@1.8 GeV/c

Recoil Momentum

( MeV/c )
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Fig. 2.3. The momentum g transferred to the hyperon ¥ as a function of the projectile momentum Pproj = Pain

K- AZ —> EA(Z_2) K* the reaction aN — Yb at 8,, = (F.




SKS limits AMM

AO? + AE?

strag.

AEg,, € Target thickness

Good! . : 1 MeV € 3 g/cm?
Current B.L. ' 1x10~3 167
Performance PB ' ' 2 MeV € 6 g/cm?

SKSminus p's 3x10~3 3.74

3 MeV & 10 g/cm?
P s 167 3.74 0.04

om

1
p i [B(mr — Es) + ps cos 0]
B

o1
dps M
M | = Scat -0.63 -0.88 -0.91 -0.94

——pRBps Sinf

90 M Theta -0.15 -0.03 -0.02 -0.002

0=5°

Bs(mr + ) —ppcost]  E, =0Mey Beam 065 080 083 06




Acceptance 110 msr 55 msr

Kt survival rate 0.6 04

Cross section 42 nb/sr (6<14deq) 89 nb/sr (6<8degq)
Beam intensity 4.5%10° /6s Ox10° /4s

Target 9.3 g/cm? CH, 3 g/lcm? 12C

Yield [/month] 140 events 110 events

Notes
Efficiency = 0.7
Differencial cross section < result of the BNL-E885 (Khaustov et al.)
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S-25 @K




Three normal conducting magnets
Q1,D1 > Newly constructed
Q2 - Modification of pole and coil from old magnet

1.37GeV/ct7.5%
Horizontal focus

~8.5m @1.37GeV/c




Vertical focus ; . .- J‘,
2 4x2.4%0.88 m3 ’ |

Aperture 31 cm
Total weight 37 ton




3D electromagnetic analysis with Opera-3d/TOSCA

[T]
2.5

Magnetic field strength of Q1
(X=0mm, Z=0mm)
2

Measurement

1.5 -

1

Calculation

100 200 300
_vertical position [mm]
Residual

**

T 120 Gauss

200 300
vertical position [mm]




Horizontal focus
2.1x1.54x0.5 m3
Aperture 36 cm

Total weight 12 ton

5.0 T/m (measurement

-

C

omplet_ed i_ 2014.3

P B
‘/‘ e -
- - - -~




1.5T =70 deg. bend @1.37 GeV/c
Gap 80x32cm? X ALY A AR 5014.3
Weight 86 ton Ly .= ~




dp/p 5~6x10—* (FWHM)

Momentum resolution

@'XE 25@@017? (m@

p = 1.375 GeV/c S5 T 1a i85 14 145

i i
50 100 150 200 250 300 Momentum [GeV/c]

Position resolution (rms) [um] Magnet condition

Q1,Q2,D1 = 2500A (max)




Momentum Distribution at S-2S downstream

—JAM simulation

- 3 g/em?, 12C target

C 10°K—@1.8GeV/e ILL
Bl

(o))

O1

N

86events

W

— IIII|IIII|IIII|IIII|IIII|II

Proton 249events

N

Pion+ 34evenis
z_

| 1 1 1 | L1 1 1 | — | [ I

14 15 16 17 1.8
Momentum of scattered particle [GeV/c]
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Timeline

2014.9

Magnet
Q1,Q2
D1 Yoke only

Drift Chamber
SDC1 Ready
SDC2

SDC3,4

Almost ready

Trigger Counters
TOF
AC
WC

Materials are ready
Ready

Prototypes
Test experiments
@J-PARC&ELPH

Completed ('13/'14)

Ready for installation in JFY2015
2015.4

Magnet Table

Coil Mounted Field measurement

/calculation

Design Production Performance check

Design/production PreAmpBoard
Repairment on some parts/check

—Design of support frame Setup

Performance check

Performance check Fabrication

T Design actual version

Others: HeBag




Physics beyond EO0S

B Spin dependence in light = hypernuclei
® LK, KH)="H; ann= Lightest = hypernucleus 7

m OBK K=k aan=:

® Heavy = hypernuclel spectroscopy
® Coulomb-Assisted bound states 8%Y(K", K¥)



(K=, KT) Spectroscopy

d/dBgrdOp (ub/ar/MaV)

>2 MeVEWHM resolution

U~6 events/day/MeV for 50 msr, Zg/cmz—thick Pb

~20 days
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Unique bound state

Potential 120(r)

1905 \Confined by centrifugal pot.
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Coupling between = hypernuclei

and double-A hypernuclei

Theoretical Calculation for ¢, ,C, T.Harada, Y.Hirabayashi, A.Umeya,
the °Q(K-,K*) reaction at 1.8 GeV/c 16Q(K-,K+)
two-step process 15 — T 1 o
K [+ i oc+n BC+A MC+A+A NI':'
Y ~ - b ! .
> v~ o | | | | B i
’\\\ L O 30 20 10 o i
A A = 7 é
VQ\IU el - B 10+ -
|) E |) \H/’ ’\ \ } - /'
I) > - @, = \5 I 1— ! .
e (2T®S)Py) ’/
S | AV
(a) 5 : R
(k- 2 S} o 1
K"_one-step process K A ey @rerh /1)
\\\\ ’,7’/’/ 8 J’ / /'/I v ,
. = N 5 T
e T = A © (s5) ; - 4
VO ] ‘> \ J' 5 el
0 I ) S Ly —-=== . |
}: - P A\, A 340 360 380 400
v (MeV)
- (b) / - €XCILEd Stales or aoubie-A nyp.

- sensitive 1o =N=AA coupling strengin.




Summary

- 5-25 construction is under way.

Ready for Installation in JFYZ2015.
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Expected 12

Be Spectrum

P
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[counts/0.5MeV]
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—— DWIA calc.
120 (K K+) - AEexp=2MeV
_— AEexp =3 MeV
—_— AEexp =4 MeV
AE,,, = 5 MeV

d’c /dQdE [nb/sr/MeV]
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I. Motoba and S. Sugimoto, Nucl. Phys. A 835, 223 (2010)




Background Protons

- Kp/n—pK, ptK, hyperon decays

(GeV/c)



Decay In flight
K- decay rate ~20%
K—mr-nm-m* (5.6%)

-7l uv ; SKS Yoke




S-2S Spectrometer

Scattered K* .
— Tracking

Detector 1,2

Q1: vertical focus

Q2: horizontal focus

D1: 70 deg. bend

Tracking
Detector 3,4

TOF
//Aerogel Cherenkov

Water Cherenkov
/




_________________ ; ) :
5%6%6%6%6°%0 _."I,",,“‘,)")’_.-‘/' ,‘)')'_I‘,,.l';',,;";",J"f)"_,-
) 0.0.0.86_06_0_06_0_0_8_0 ",))_}),,A”J,) 0.0 ')v."x,,; ‘0. 0. 0.0 0_06_0_0_0_0 >
) 0_0_06_0_.0_06_0_0_06_0_0_0_0_0_0_0_0_0_0_0_0_0_0_0_0_0_0_0 |
} 220%6%8%:%6%0%6%0%6%0%0%0%0%0%6%0%0%0%0%0%6%0%0%0%6 %0 %6 %0 %0 %" =0
= e %% %:%5%0 %, bt B 2.9 _6_6_90 VJJ 0 0. 2% Oe®:9," >
. ' L P P 4 1L P P L S L P PP e 3 P P P e pE b b bl b pe pd bl b ) ‘
, SO 0 0 0 0 0.0 0 0 0_0_0_0.0_0_0_0_06_0.06_0_0_0_0_0_0_0_0_06_0_0_0 ‘
J e _ S _0_6 6 _ 0 06 0 _ 0 S 6 _06_o0_ 0 0 _0_0 .2 0 0 _0_06_06_0_0_06_606_06
d ) : PP £ B B B W TSNS NN NSNS 0 0. 0 0 0 0 0 0 0 0.6 M ! :
S0 0 0 6 _06_0_0_06_0_0_0_0_06_0_06_06_0_6_06_0_0_0_606_0_0_06_0_06_0_06_06_06_0
) 020 %5%6%6%6%6%0%6%6%6%6%0%06 %6 %6 %6 %0 %06 %6 %6 %6%6 %0 %6 %" L0 0.8 '
0800000005000, 0,8 80 0 0 0 6 0 06 06,6 0 6 6,00 0,6 0 0 6 6 6 0 066 0 0
B0 0 00 8 0 0 0 0 0 0 8 8 8 0 0 0 0,0 8.8 ) 0000000,

Table 3. U=(py) and partial wave contributions. Conversion width
[=.

e

i S Lp, 3P I

1
08a 0O 60 =l 03 21

P 8hH 2810 06 -38 . 5.8
08a> 0O 5.6 e )

1 854 <0l g . 59 : 7.0
0

1

0

|

08b 24 19 06 20
9L - R 06 54 . 12
64 19606 Tl

6.4 =50 | 4B

04d




Coupling between = hypernuclei

and double-A hypernuclei

Theoretical Calculation for 16, ,C, T.Harada, Y.Hirabayashi, A.Umeya,
via =" doorways PLB 690 (2010) 363.
I 16 - K+ - _
in the °O(K",K*) reaction at 1.8 GeV/c 160 (K-, K)
two-step process -
. .
K K* : mC+n C+A  MC+A+A 15NI:_
. : b J, .
) v’ o | | | | B g
\\‘\ o > [ 30 20 10 o
\\\ \ //,/ . \ 2
I/Q\\n(,‘) Ja " ho10F
b > I)t \H/ \ > A\ } i
|) al U/ \5
Z
O
(a) =
(K K ZE
\c\)ne-step process e S
s //’/ § .
\\\‘ /”””E A - A © (Sf)
D Vl:: 0 '
P > > \ . A 340
\_ (bh) > ] excited states of double-A hyp-

- Sensitive 1o =N-AA coupiing strengin.




Physics beyond E05

B Spin dependence in light = hypernuclel
® LK, KH="H; ann= Lightest = hypernucleus 7

x 0B(K-, K*)-10Lj: aan=

® Heavy = hypernuclel spectroscopy
® Coulomb-Assisted bound states 82Y(K, K¥)



