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S=-2 World

KelIC Ba75
KEK E373 + “Kiso” event; =-14N
* “Na g ara’ ev ent; AA6H e Energy Spectrum of S=-2 systems = E-_|_14N910ABQ_|_5AHQ

2 Hypernuclel
A Mgz i

* ABAA:O67i017 MeV ScBMey BEl - Z-N Interaction gf:

\ A-1)g. ®Sz

1 % :
| - A-2(Z-2)+A+A

. BA

\ A AZ-2)+A /

B = .
"aagses,Pa  =N-AA Coupling 10 pm

\‘\ o . A1 (Z-2)4n gl e K. Nakazawa et al., PTEP (2015)
' | y (A-2) :

3 g.s.®SA 033D02
Double-A Hypernucleli

A-A Interaction

Weak Decay ==1.11 or 4.38 MeV

Well beyond the atomic binding of 0.17 MeV

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



BNL E335

12C(K-K*)at 1.8 GeV/c

no clear evidence of E-hypernuclear bound
state.

+ because of the limited mass resolution of
14 MeVrwum

suggested weakly attractive potential of
-14 MeV depth. (B=~4.5 MeV)

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

89+14 nb/sr (<8deg. 42 events);
42+5 nb/sr (<14deg. 67 events)
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Spectroscopic Study of =-Hypernucleus, ?z=Be,  J-PARC E05
via the 2C(K-,K*) Reaction 1. Nagae et al.

* Discovery of E-hypernuclei as a peak(s)
* Measurement of = -nucleus potential depth and width of 12zBe

* Coupling between =-nucleus and AA-system Q1, 37t 8.7 T/m

=-2 (Multi-Strangeness Systen)

Blil=-sGt] 50

S-25 Spectrometer ~ AE=1.5 MeV(FWHM)




» K1.8 beam line with SKS” (110 msr)

»* Two weeks of beam time ; Oct.26 - Nov.19, 2015

EO5 Pilot Run

» AC + LC for %, p veto in trigger

» CHa(K-K*)9.54g/cm? — AE=5 MeVrwnm

» Detector tuning 1 day
+ p(KK9)E-@1519GeV/c 2 days -
» 12C(K-,K*) 9.36g/cm? 10 days BN

SKS’
S-295




K~ beam intensity O 26 -Nov- 18

600k K-/spill was achieved for 39 kW beam power.
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* Integrated K- intensity reached 100 G !! (J-PARC record)
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Kp—K"E production

=- at -PARC !!
6000 =/ day

Missing mass p(K K+) at 1 8 GeV/c

CHz(K K*)
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1.3051 311 3151 321 3251 331 3351 341 3451 35
Missing Mass (GeV)

AE~5.4 MeV fwhm

Target energy loss straggling limited.
10 MeVerwum at BNL



Optimum Momentum

* Yield maximum at 1.8 GeV /c suggested by Dover & Gal.

C.B.Dover and A.Gal, Ann. Phys. 146 (1983) 3009.

*

* New data from 1.5t0 1.9
GeV/c.
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Optimum Momentum

* Yield maximum at 1.8 GeV /c suggested by Dover & Gal.

C.B.Dover and A.Gal, Ann. Phys. 146 (1983) 3009.

L X4

GeV/c.
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Two orders better
statistics.
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confirmed !
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Missing mass spectrum

* 80 G K-incident on 2C(9.3 g/cm?)
Blndmg energy 12C(K K™) (Carbon)

7005— 12C(K’, K*)
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Focus on this part.



Missing mass spectrum

+ 80 G K-incident on 2C(9.3 g/cm?)

Blndlng energy 12C(K K™) (Carbon) Binding energy lzC(K',K+) (Carbon)
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Missing mass spectrum

+ 80 G K-incident on 2C(9.3 g/cm?)

Blndlng energy 12C(K K+) (Carbon)

Binding energy '*C(K", K*) (Carbon)
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= Bound Region

Binding energy “C(K, K*) (Carbon + CH2)
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Counts /2 MeV
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QFZ(linear)+Background(Flat)
_I_

* One Gaussian (all free)

* Bz=6.3 MeV, ABrwuvm=15.7 MeV

Binding energy '“C(K’, K*) (Carbon + CH2)
IIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII—

[\
[\

gw"'|"'|"'|"'|'"|"'|"'|"'|"'|'
1=
%

20
18
16
14
12
10
8

Counts /2 MeV

I|III|III|III|III|III|III|III|IIIII i

6
4
2

J .
— 0 -70 —60 50—40 -30 20 10 O 10 20

-B.E. [MeV]

Peak Fittings



Peak Fittings

QFZ(linear)+Background(Flat) * QFZE(linear)+Background(Flat)
e ==

L)

* One Gaussian (all free) * Two Gaussians

(fixed width=5.4 MeV)
* Bs=6.3 MeV, ABrwpav=15.7 MeV

* B==9.1 MeV and 2.1 MeV
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Peak Fittings

QFZ(linear)+Background(Flat) * QFZE(linear)+Background(Flat)  + QFZ(linear)+Background(Flat)

5 i F
* One Gaussian (all free) * Two Gaussians +* Three Gaussians
. (fixed width=5.4 MeV) (fixed width=5.4 MeV)
* Bz=6.3 MeV, ABrwrm=15.7 MeV
* Bz=9.1 MeV and 2.1 MeV * Bz=16.4, 8.9, and 2.0 MeV
too deep ?
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Motoba’s calculations

+ EN Interaction models: ESC08, ESC04, NHCD, Ehime
* Potential Depth : adjusted as B(117)=4.5 MeV

T. Motoba, S. Sugimoto / Nuclear Physics A 835 (2010) 223-230 229

C(K K" EBe p =17 GeV£ (6,,=0)

¥C(K~,K)ZBe px=1.7 GeVic (6,,=0)

0.10 0.05
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Figure 6: DWIA spectra with NHC-D and Ehime.

Figure 7: DWIA spectra with ESC04d and ESCO08a.



Summary

* Peak structures corresponding to the Z-hypernucleus,
12=Be, are observed in the E05 pilot run.

* Two peaks, at least, are resolved with AE=5.4 MeVrwnw,
for the first time.

* Bz: 9.1 MeV and 2.1 MeV.

v

& Re(UE) > 14 MeV (BE~45 MeV)

Need detail calculations considering
Spin-Isospin dependence of EN interactions






Eftect of Momentum Acceptance

Blndlng energy 12C(K K™) (Carbon)
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Angular Distribution of p(K_,K+) at 1.8 GeV/c

Angular Distribution
200 e
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* Two peaks: gl 18.4, g2 11.9, Bck 10.8
S5IAS=303 1 7247

“ Three peaks: g1 5.6, g2 17.7, g3 11.5, Bck 10.8



Background reduction with Ay cut

2 AYZYter'Ytof

Difference btw. v*dtTof and y0OSdcOut (CH2 + Carbon)
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Counts /10 MeV

Binding energy “C(K’, K*) ratio
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Physics beyond EO05

» Spin dependence in light = hypernuclei
+ 7Li(K, K*)z’H; annZ-  Lightest Z hypernucleus ?
+ 10B(K-, K*)z10Li; aan&-

* Heavy 2 hypernuclei spectroscopy
* Coulomb-Assisted bound states %Y (K-, K+)



d'0/dBedlye (ub/ur/MeV)

+ 2 MeVFWHM resolution
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0‘0

(K-, K™) Spectroscopy

~6 events/day/MeV for 50 msr, 2g/cm2-thick Pb

~20 days
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Unique bound state

Potential
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Coupling between E hypernuclen
and double-A hypernucler

Theoretical Calculation for 1, ,C, T.Harada, Y.Hirabayashi, A.Umeya,
1 - K+ i -
in the *Q(K",K*) reaction at 1.8 GeV/c 16Q (K-, K*) 7 ~12 ab/sr
two-step process 15 - — ——
K- - - PCtn BC+A HC+A+A NTE
| b J, .
> e = | : : | B i
’\\\ L E ' 30 20 10 0o i
\\\ A {,// | i
yq\\no 7 é — A & 10r -
g ; / ". I)) \\\'51 A .,' 5 A "8 . - /
\ ".V. — (2@ SpPa) / ]
\/ E | +/\/ 1
(a) o | | ) VAR
(K- D ZH 2 )
k__omne-step process K - 7
\‘\\ e S /'/' .y
| \\‘\\ ,,/,'_._’, A % ..... O\"'//\E///
PP i — A L
=1 P NAs A 400
“'\_/";
. (b) /= excited states of double-A hyp.

1 sensitive to =N-AA" coupling strength.



EO5 with S-2S

Grant-In-Aid for Specially

promoted research: 2011 —
2015, Total ~$3M

Construction of
S5-25(QQD): ~3 years

* Installation in 2017

* Data taking in 2018 with
> 50 kW !

S-2S spectrometer
ver. 29Aug2014

1800
2400




S-2S Construction

861, 1.51 121 5.0 T/m
. 371,87 T/m

Ap/p=5x10"4
e0mMsr




Need tor Good Resolution

+ AE< 2MeV is needed to resolve fine structures.

S' 35— —— DWIA calc
QO - — .
120 (K- K+)-12Ba. | sbhe5iey
é 30:_ ——AEexp=3MeV
y | e eV
© - A = e
% 25__ Eexp
o N
SR

20_—

15—

10—

5__

0: | | | | I | U

-10 5 10

Ev AMa\n

I. Motoba and S. Sugimoto, Nucl. Phys. A 835, 223 (2010)



Uz in Recent Niymegen Models

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

I-=.

T 1S, 3§, TP, 3p Uz [:
08a 0 60 -10 -03 -2.1

1 85 -280 06 -38 -202 58
08’ 0 56 —-1.1 -03 =22

1 84 =215 06 -39 -145 170
08b 0 24 19 -06 -20

1 91 -378 06 -54 -318 12
04d 0 64 -196 11 =22

1 64 -50 -10 -48 -187 113




Comparison of Energy resolution

EO05
Pilot run

W=

p(K-K*)E-

12C(K-}K+)

(simulation)

Target Energy-loss
Straggling limited



