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Experimental status and plans



Experimental plans (2009~2019)

A hypernuclear structure
B (e, e’K*): A=7~89, AE =400 keV (FWHM)
B yspectroscopy: A=4~208, B(M1), B(E2), n-rich,..
® (7w ,K*) n-rich: ¢ H,?° He, ...
B High-resolution (n*,K*)
® HIl induced reaction: p-rich/n-rich
E hypernuclear spectroscopy: U;, W., EN-AA mixing
AA hypernuclei: B,, and decay
£ atomic X-rays
2 hypernuclei/ 2-nuclear systems
Weak decays

AN, 2N, (EN) scattering
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Updated from: O. Hashimoto and H. Tamura, Prog. Part. Nucl. Phys. 57 (2006) 564.
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Interaction Parameters (Millener)
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Millener’s approach for AN-2XN coupling

Millener, Lecture Notes in Physics 724, Springer (2007) p.31
V=<ppr2ss(N)|V |pP\*°s,(J)> V:NSCI7f through G-matrix (spin-dependent)
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Spin-spin strength (A) and A-2 coupling (Millener)

AY S,=-0.01 MeV, T =0.03 MeV from exp.
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Preliminary data on B(M1) in 71_\Li (BNL E930)

B (K-, m) 1°,B*, 10 B*(3*) ->7,Li*(3/2*) + 3He indirect population
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Impurity effect in deformation (Hagino)
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Requests to theorists



A hypernuclear structure

= Need for shell-model description better than Millener’s (s4pA-°s ,)
m  Need for larger shell model space and better core wave functions
m Distinguish effects of 2B and 3B interactions from AN-ZN ?

(The 2-body AN-ZN coupling force is incorporated in the effective AN interaction. Double
counting?)

m Effect of AN-ZN coupling with s nucleons ?
— Important (Nemura et al. PRL 89 (2002) 142504) but incorporated in 2BF?

= Relation between BB interaction models and the parameters

= Need for Few-body calc. with AX coupling for p-shell (7 Li, 1°,B , 11,B)
m Cluster model calculations with AN-2N coupling
= Ab initio calculation (Quantum Monte Carlo...) possible?
= Extract contributions of p-wave force
= Inclusion of tensor force (for p1/2 shell hypernuclei?)

= Radial dependence of AN int. from sd-shell structure?

= How to extract info. on ANN force from n-rich hypernuclei?

m Collective motion in sd shell hypernuclei (mean-field approach)



Other issues in A hypernuclei

= B(M1) for 7 Li
n Effect of “core polarization”
= Effects of meson exchange current and X mixing
n Effect of partial restoration of chiral symmetry
= 12, C and other hypernuclei

s Charge Symmetry Breaking (E655 0 ENVSEEERFS)
= 4,H-*, He with recent BB interactions
n A=7, A=12 ....(e,e’K*) data (will be) available.

» Medium/Heavy hypernuclei
= B,, m*,, s,-p,in heavy hypernuclei ->then what can we see?
= How LS splitting appears in large A ?
= B(M1) in heavy hypernuclei



Weak decays

s Asymmetry puzzle — solved? pu can be measured?

= ANN -> NNN: What is new? (Bhang)

= Direct quark process unnecessary in NMWD?
What is the unified picture of BB interaction?

m Al=1/2 rule (*,H, 4,He exp.) (Ajimura)

= 1" decay should be measured?

= AA -> 3N, AN decay: How is the relation to H-dibaryon
correlation in nucleus?

= Semi-leptonic decay A->pev,,, A->puv,, BR~103
-> Possible change of baryon property
How sensitive to wave function of s/u quark in nucleus?
(Also sensitive to Pauli effect...)
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G-matrix results for various interactions

o Rijken et al., PRC59 (1999) 21
TABLE XIV. Contributions to Uy at kz=1.0 fm ! in the cases

of NSC97e. NSC97f, NSC89, NHC-F, and NHC-D. Conversion
widths I'y are also shown. All entries are in MeV.

Isospin T =% Isospin T =%
Model | 1S, | | 35S, P |!S,||°S;| P |Sum| Iy
NSC97¢ | 5.2 | |-7.5| 0.0 |-6.1| 25| -0.9 |11.8| 14.6
NSC97f | 52 | |-7.6| 0.0 |-6.2| 22| -0.9 (11.6| 155
NSC89 30 ||-42| -03 |-58| (3.7 | 0.1 |-3.6]| 25.0
NHC-F |42 | +~109 -15 |-53| (186 | -1.7 |35 | 16.2 _.
Rijken, Yamamoto
NHC-D | 2.1 | |-9.6] =22 |-54| 94 | -3.0 |-87| 8.7 prc73(2006) 044008
/
ESC04d | 6.5 | :21.0| -3.4 |-20.2| (24.0| -20.9 |-26.0 /ProF ”ﬁ;";ﬁue;"ﬁ'l; <
fss2(quark) 6.7 | 1239 | -5.2 |-9.2| 41.2| -14 7.5 | —— %8 (20'07) 439 a

_ /\ k~1.35 fm"!
—

Lane term (o0, )(tsty) by /p exchange quark Pauli effect



Fig.

Previous He(K-,n") data at BNL E774
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Proposed *He experiment

SHe (K-,n*? A) at threshold, p,~0.5~0.6 GeV/c (q < 50 MeV/c)

3.He, 3;H, 3;n : different combination of
(Tas: Sz ) = (3/2,1), (3/2,0), (1/2,1), (3/2,0) from 4;He, 4;n

3-body systems can be accurately calculated
-> direct comparison with various interactions
(how sensitive? — theoretical calculations essential)

Apparatus: Low momentum beam line (K1.1BR)
+ beam spectrometer + SPESII and n° spectrometer + A tagger (CDS)

Koike-Harada (NPA611(1996)461) “Unstable bound states”
E, (T) SAP-1(ND) SAP-F(NF)
3.;He (T=1,S=1/2) +1.77 (7.58) MeV
350H (T~1,S=1/2) +0.01 (1.95) +0.63 (8.2) MeV
3.n (T=1,5=1/2) +0.55 (9.05) MeV
Spectral shapes should be calculated.



Experiment

Beam spectrometer ( Aprwuv <1.5 MeV/c at 600 MeV/c )
in place of K1.1BR B3

3He target

A tagger => CDS

nt spectrometer (Aprwiun <1.5 MeV/c at 500 MeV/c)
=> SPESII

n® spectrometer (Apewin ~ 3 MeV/c at 500 MeV/c)

Yield (K-, ©%): NK_-doldQ-AQ-Ntarget-a(Atag) g
= 5x10°/spill-50x10-3%cm?/sr-0.02sr-0.09g/cm?3/ 3:10cm*- 6x10%3-0.3-
0.5
=> 1400 counts/100hours ->Lower beam momentum?
Yield (K-, n%0):
=> ~100 counts/100hours



