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Hyperball

Motivation - LN spin dependent forces
Status



Hyp erb al | (Tohoku/ Kyoto/ KEK, 1998)
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m Large acceptance for small
hypernuclear gyields
Ge (r.e. 60%) x 14
W~ 15%

€eak~ S0 at 1 MeV

m High-rate electronics
for huge background

m BGO counters for p®and
Compton suppression

Resolution of hypernuclear

spectroscopy
1 MeV -> 2 keV FWHM




Motivation
LN spin-dependent interactions

Low-lying levels of L hypernucleus

‘y') or (zx*,K*)

"Hypernuclear

sﬂ“r v 1y 4172 Fine Structure
J / split by
Y AN spin-dependent
A-17
Z J-
ore

i . .
interactions
A
A 5 1/2 X011 MeV
Only Ge can £10n9s A E SA sl

separate
(~2 keV FWHM)

2-body LN effective interaction Dalitz and Gal, Ann. Phys. 116 (1978) 167
Millener et al., Phys. Rev. C31 (1985) 499

eff .- - e
Van = Vo(r) + Vg(r) s sy + Va(r) Liysy + W(r) Liysy + Ve(r) Sy
A S, Sy T
p-shell : 4 radial integrals for py; s4 w.f.



observed Status as of HYPOO XAP1/2 2 4110
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-> |S, | <0.03 MeV
very small LS force

-> D= 0.50 MeV

S, =-0.4 MeV

-> B(E2) = 3.6+ 0.5+ 0.5 e’fm*
Shrinkage of 19t 4%

T: no experimental data



forces (E930)

9 Be (E930-1)
16 0,15 N (E930-2)



E930 Setup sept.-Nov, 2001

BNL-AGS D6 line

930 MeV/e, K" :n"=3'1
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9 Be (E930-1) revised results

Akikawa et al., PRL 88 (2002) 082501 Revised

w/o Doppler correction 30 w/o Doppler correction

30 (PRL Fig.3) (spectrum unchanged)
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2::1:1, 3060x2%1 keV Results E=3024+x3x1, 3067x3x1keV

%2 /dof =1.22

We apologize you.



Spin assignment Population of ° Be (3/2%,5/2%)

from 19B (K-,p) 19 B*->° Be + p
9 _ ’ L L
of °, Be (E930-2) 35 <BiF<5MeV  *uncalibrated

9 Be 3063

— 2
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Y(5/27) : Y(3/2 ) =1:35 Excitation spectrum for 3063 keV peak

* Attractive for LS parallel 14 _”
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9L Be alone: |SL | <0.03 MeV -> -0.02< SL < 0.0 MeV (for 0.02 < T <0.06)




16 O and '> N for LN tensor force
(BNL E930-2)

M.Ukai in Parallel -1
Motivation: LN tensor force

N L L N
------ p ssss K ----po....
----------- N
P
L N L N L N

Tensor force really very small?

J J+1/2
Explained by OBEP? = m—mut -
sy, (Y A-1 J-1/2
Py tS,, (3 C): DE= 2/3D+4/3S_-8/5T

A
p,,'s,,(*, 0): DE=-1/3D+4/3S_+8T A



Expected Level Scheme of 19,0 and 194N

Counts
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p1/2 shell --- Large contribution of the tensor term Pk=715 MeV/c



Counts / 3 keV

Counts / 3 keV
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Fitting of 1% O spectrum

Simulated peak shape
for a fast transition
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6534.1+ 1.5 keV, 149+ 18 counts
6560.2+ 1.3 keV, 226+ 30 counts

DE = 26.1+ 2.0 keV (prelim.)



Structure of 16.:O and tensor force

Assignment N(1->1)/N(1"->0") = 1/2 (weak coupling)
- 0.41 (Millener)

N(6532) / N(6559) = 0.64+ 0.12

- 6560 keV .
3/ — 1 © Extraction of T
il E(1) - E(O) ( Millener)
= -038D+138S, +785T+LS
= 26 keV : cancellation betweenDand T
. — 1" 26keV <- D=047, S, = -0.01 MeV
150 0 > T~30keV (prelim.)
16 @)
L

Comparison

ND NF NSC89 NSC97f
T(eV) 18 33 36 54

OBEP predictions agree with the experimental value.



Candidates of °A\N yrays

gspectrum of 5 N
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spin-depdendent forces

10 B (E930-2)
11 B (KEK E518)



gspectrum of 9B (E930-2)

1OB (K-’ p-) 10LB
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(5 MeV lower than the °,Be gate)
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L Chrien et al., Phys. Rev. C 41 (1990) 1062.

. 2-
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Spectroscopy of 11, B (KEK E518) v yiurain Parallel -
1lB (p+,K+g) 11LB

Not Doppler broadened
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Hyperfragments

10 B*-> 7 Li (7/2*->5/2*) (E930-2)
(stopped K-, g) (KEK E509)



Hyperfragments and ggcoincidence (E930-2)
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L Li (7/5*->5/2*) and spin-dep. forces

Predictions |
Millener (HYPOO, DNPO1)
Hiyama et al. (HYP97) 3944 _ _ iHe+d
AT 52? 48? 12
—\. L
431 keV £: =8g75{4) kel
I S, VD AN 1 i
; ; 83 1;.?’ 7[2
ekl 95.2& 3.8& I 5/t
]
0.65 MeV 0(1) kei,g”
]
Spin-spin 692 ; r.lg 3/2*
E, = 692(2) keV I
E 1/2+
43 51
Close to 470 keV A
Consistent Wlth the DE(7/2'5/2) = 13D+ 22 SL + OOZSN = 24T

small spin-orbit force (S, ) Large effect of S_



(stopped K-, g)

2050 keV
7 Li (5/2+->1/2")

500 counts
in 3.5 days

Li, °Be, 10B,
./18, 12C targets

W ‘ “ W ....Powerful method with gg coincidence



= Hyperball2
= Experimental plans



Hyperball2

Construction in progress. Ready in 2004

Clover Ge (r.e. >120%)
+BGO x 6 added

Peak eff.
~2.5% ->5% at 1 MeV
X 4 improvement for ggcoin

Clover
Ge detector

BGO

Beam test of Clover Ge
counters

(T536, June 2003) OK
VME-based fast readout

Improvement of preamplifie

individual |

Ge detector|_
x14



Experimental Plans

Before J-PARC (Hyperball2)

BNL: E930-3 (more p-shell), E964 X-atomic X-rays
KEK: More hyperfragments data, more !, B data

J-PARC (Hyperball3)

g spectroscopy Is a “Day-1" experiment.

Systematic study of all light (A<30) hypernuclel
Medium heavy hypernuclei

Mirror and n-rich hypernuclei using (K*,p°) reaction
and hyperfragments (CSB, shrinkange of n-halo,..)
B(M1) for magnetic moment of L in a nucleus



Setup at J-PARC

5m

Plastic Counters

Plastic Counters

K~ /. BCi1
/ MWPC or SCF
'/ BC2 Hyperball3
K11 S/ Peros
EiESa
Beam Spectrometer | [~

BC3 BC4 SC1 5C2

/) MWPC's |

rd .'lll |. III

/ ;-"x Cerenkov | |

’y I |I I'u_ I", I|

Around Target ’ 4 /| Targety 4 |
side view g ! —Ar

( ) H iy |_| l == ﬂﬂ -
Ug- U/ UL =
I
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Counters BGO or GSO

/

Ge \\

Beamline: K1.1
K-at 1.1, 0.8 GeV/c

SC4 piift chambers  1.2x107 K/spill

1\ Kip > 1
p*at 1.05 GeV/c
K1.8 for K- at 1.5-1.8 GeV/c

Pion Spectrometer
(SPESII)

Spectrometer:

PESII (or SKS) (existing)
Dp/p < 2 MeV (FWHM)

W ~ 20 msr

Hyperball3 (2007?)
e>10% at 1 MeV

or Hyperball2 (2003)
~ 5% at 1 MeV




Summary

All the LN spin-dep. int. parameters determined (E930)
° Be: DE(3/2",5/2%) =31 keV -> 43 keV.
Spin assigned from 1°B(K",p7)°, B* ->9% Be + p
16,0: M1(1,->1,, O0)observed. Spacing 26 keV -> T 30 keV
First data for LN tensor force. OBE model predictions OK.
> N: Afew grays observed.

More data for cross check
1 B: (E930-2) '° B (2->1") not observed.
1 B: (E518) Six grays observed. E2 energy too large?
....... More experimental and theoretical efforts necessary

Hyperfagments
" Li (7/2*->5/2*) observed from '° B*. First ggcoincidence (E930-2).
Hyperfragment grays observed in (stopped K-, g0 (E509).
....... K- in-beam method seems promising.
Future
Hyperball2 under construction
Various program at J-PARC with Hyperball3



