Challenges on doubly strange
systems at J-PARC

Yongpyong Ski Resort
Feb. 22, 2010

Kiyoshi Tanida

(Seoul National University)



Hyper-nuclear chart

Unexplored “space”

§=-2 &

S=.1 57—

= /
. .

e S=0 “surface”

A

¥ 51 60 0 A0 o MO 710 1 TR
neutron




S=-2 systems

« A doorway to the multi-
strangeness system "

]

— YY Interaction appears A =R MY

for the first time P H?
* Very dynamic system? 5 Large Mixing ?

— Large baryon mixing? ?EIM v
Inversely proportional to : Y X - "
mass difference. ‘ —
~300 MeV

— H dibaryon as a mixed A-X mix.~a few %
state of AA-EN-XX?

e Little Is known so far
- Main motivation of N Y

the J-PARC BEgl 2 B=6 §=2




BgBg systems classified in the SU3 stateswith (A, p)
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S=-2 system

——— J-FARC PAC Approval summary ——
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S=-2 system

——— |-FARG PAC Approval summary ——

EO03: Measurement of X rays from = atom
Spokesperson — K. Tanida (Seoul)
EO05: Spectroscopic study of =-hypernucleus, *“_Be,
via the 12C(K-,K*) reaction (Day 1 — 15t priority)
Spokesperson — T. Nagae (Kyoto)
EO7: Systematic study of double strangeness system
with an emulsion-counter hybrid method
Spokespersons — K. Imai (Kyoto)
K. Nakazawa (Gifu)
~H. Tamura (Tohoku)
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EO5 =-hypernuclel AX|S
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Importance of = systems

 Valuable information on =N (effective) interaction

— e.g., How strong =N - AA (and thus EN-AA mixing) Is?
* Relevant to the existence of H dibaryon
« =N component in AA-hypernuclei

— Exchange interaction is prohibited in one-meson exchange
models

 How about A dependence?

 Impact on neutron stars

— Does =~ play significant role in neutron stars because of its
negative charge?

— X~ was supposed to be important, but its interaction with
neutron matter is found to be strongly repulsive.



=N Interaction model and
=A optical potential

Model

NHC-D

Ehime

ESCO4d™

 One boson exchange (NHC-D, Ehime)
— strong attraction in odd states - strong A dependence

« ESCO04d*
— strong attraction in 3S, (T=0)



SksPlus Spectrometer
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12C(K-,K*)“_Be spectra
calculated by W.S. potential

N VE, [MeV]
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EO3 experiment

 World first measurement of X rays from =-atom
— Gives direct information on the ZA optical potential

 Produce = by the Fe(K-,K*) reaction, make it stop
In the target, and measure X rays.

e Aiming at establishing the experimental method

Fet t
@ (dSS) - e ar?e/K/Jr'

X ray
4 X ray i




Principle of the experiment

o Atomic state — precisely calculable if there is no
hadronic interaction

o 1St order perturbation
. 2
AE = [|¥(r) U (r)ar _-_
— If we assume potential shape, \

we can accurately determine

Its depth with only one data U(r)
— Shape information can be
obtained with many data

— Even if 18t order perturbation is
not good, this is still the same.

 Peripheral, but direct (<>Z-nuclei spectroscopy)




Energy (arbitrary scale)

= atom level scheme

I:n-2 |=n-1 (circular state)

I:n-3

/ \ -

nuclear absorption

| (orbital angular momentum)

X ray energy shift — real part
Width, yield — imaginary part

Successfully used for n-, K-, p, and X-

€)



Experimental setup
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e Long used at KEK-PS K2 beamline (E373, E522, ...)
— Minor modification is necessary to accommodate high rate.

 Large acceptance (~0.2 sr)



X-ray detector

Hyperball-J
— 40 Ge detectors
— PWO anti-Compton

Detection efficiency
— 16% at 284 keV
High-rate capability
— < 50% deadtime
Calibration

— In-beam, frequent

— Accuracy ~ 0.05 keV

Resolution
— ~2 keV (FWHM)




Yield & sensitivity estimation

Total number of K-: 1.0x10%2 for 800 hours.

Yield of =
— production: 3.7 x 106
— stopped: 7.5 % 10°

X-ray yield: 2500 for n=6->5 transition
— 7200 for n=7->6

Expected sensitivity
— Energy shift: ~0.05 keV (systematic dominant)
- Good for expected shift (~1 keV, 4.4 keV by Koike )
< 5% accuracy for optical potential depth
— Width: directly measurable down to ~ 1 keV

— X-ray yield gives additional (indirect) information on
absorption potential.



Expected X-ray spectrum
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Expected X-ray spectrum(2)
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EO7 AA Hypernuclel

: Hybrid emulsion method Goal

PSrank sciri’ « 10000 stopped
=~ on emulsion

e 100 or more
double-A HN
events

. e 10 nuclides

.‘I. v =
Ge detectors:
Emulsion Stack ! |

|'I
—
'_____,_.--"‘"—L H_"

"
F.
f

Hyoeroa ! | —J

— ————,

Thin Flate (1) Thick 21 Tezal 12 Thi ok F ates Thn Flate(2)

i

—

o — Chart of

= _ :?»H_h double-A
gL AAL ] | L hypernuclei

2 T o e E-~—'\:‘-~—...‘_._J‘.‘-_ -
Emu s icn 1=0. 2mm. O O4mm Emi ‘s icn

emdlzion support




Production of AA hypernuclel

Double-Hypernucleus

. ~10% of AA are
AA : .
or | trapped in nuclel
p \ Twin-Hypernucleus
AN T28MeV




Example event in emulsion

Dec. 19. 2001

1% He double-hypernucleus e Track length, thickness
Unique interpretation!!
E"+"C— S He +*He +1 — PID/energy

SHe — He+p+m-

. e Presume what are
. \ m($He) = 5951.82+0.54 MeV produced at each vertex

B = 7.25+0.19%5 {iMeV

ABu = 1.01£0.20% 1 MeV — Then check consistency
assumed Bz~ = 0.13 MeV . . )
v (assumed B =013 ieV) — Unique assignment is
. > i . .
\‘n— A miH) = sl e sometimes possible
b

!

IZ A \\ « Calculate binding energy
\" AB,,=B,,— 2B,
- EG ;M'ﬂf;*ven 5 % gives net AA Interaction

presented by E373(KEK-PS) on Jan.2001



Systematics of AA binding energy

 AB,, may be different for each nucleus
— For example by hyperon mixing effect

6 \He *anHE
[ X [ X (CXO) (X ) @ @0
P n A D N A
1T @
@
LX) 0 @ (X ) L X ) @
D n = D n =

Suppressed Enhanced



Summary

e S=_2 studies at J-PARC

— 3 experiments proposed (and approved)
EO5 — Spectroscopy of = hypernuclel
EO3 — X-ray spectroscopy of = atoms
EO7 — Hybrid Emulsion for double-A hypernuclear chart

— More are to come

o Utilizes the world ever-strongest kaon beam
— Unique opportunity at J-PARC

e More information on J-PARC:

— Plenary session talk tomorrow morning
(By Prof. Tamura = KT will talk on his behalf)



