Hypernuclear v-ray Spectroscopy

John Millener

Brookhaven National Laboratory

ma ~ my + 176 MeV A ~ 260 ps

Formation of hypernuclei

e n(K~,7m7)A\ — stopped or in-flight; first emulsions = B,, then
CERN, BNL, KEK, Frascati

e n(n", KT)A - BNL, KEK
e p(e,e/ K*)A — JLab, Hall A and Hall C



Decay of hypernuclei

e Weak decay from ground state with 7 ~ 200 ps

I'v- A—=>p+7n~
o A—n+a
'y An — nn

'y Ap—pn

e 7 decay from bound excited states or particle emission followed
by v decay from daughter hypernucleus
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AN (YN) interaction parameters

VNa SNSA DPNSA 7 Li values (MeV)
Vo I V=z(I+1I) (—1.22)
V,SN.SA I§ A=+ 1?) 0.480
Valna-sa Sy = 117 —0.015
Vnina.Sn Sy = LI —0.400
VirSia T =1I7 0.030

Vo= Ve(S=0)+ Ve(S=1)  V,=Ve(S=1)~ V(S = 0)

Va = Vislna-(sa + sn) + Varslva-(sa — sn)

Vn = Vislya-(sa + sn) — Varslna-(sa — sn)



S-Shell A Hypernuclei

Hypernucleus J™(gs) Bx MeV J" E, MeV
I 1/2+ 0.13(5)
1q 0+ 2.04(4) 1+ 1.04(5)
1He 0+ 2.39(3) 1+ 1.15(4)
3 He 1/2+ 3.12(2)

Recent “Exact” Calculations

e A=3,4 A.Nogga et al., PRL 88 (2002) 172501
Faddeev and Faddeev-Yakubovsky

e A=4 E. Hiyama et al., PRC 65 (2002) 011301(R)
Jacobi-coordinate Gaussian basis

e A=3,4,5 H. Nemura et al., PRL 89 (2002) 142504
Stochastic variation with correlated Gaussians
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A — X coupling for 4H and i He

Y. Akaishi et al., PRL 84 (2000) 3539

AHe(T =1/2)) = as’sy + Bs°ss

From AN—XN g matrix for Os orbits
v = (s°sp|g|s®ss), AFE ~ 80 MeV

_ 33 11 :
0t V=15"0ss — 5 Gss Admixture ~ v/AE

1+ U:%?)gss_'_%lgss Eshift o 02 | AF

NSCI7f: v ~ 7.6 MeV = EM/t ~ (.72 MeV



SN-SA + AY
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AN — ¥ N Coupling for (pysa|V|pnss)

Can use the same parametrization as for AN

V| =145MeV  |A] = 3.04MeV



"Li v rays — Hyperball, KEK E419 and BNL E930

AY (keV)
3.94(4) S He + d 3563 0+; 1
3865 g — — ~1/2+:1 98
I SN
— 3875(4) ke
| | 2186 +. H. Tamura et al.,
2520 83 17 7/2t 0 ° 3750
] I A PRL 84 (2000) 5963
2034 6.3 4§38 5/2T Y74 Sn K. Tanida et al.,
| PRL 86 (2001) 1982
B, = 2050(1) keY
|
677 Y y 190 g/0+ \ .
E, = 692(2) [keV I AL 1750
0 Y 1/2+ Y79
T Li 6Li

A =0425 Sp=-0.015 Sy=-0.390 T =0.030
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(a) Mass spectrum of B from "Y"B(K~,77) (b) y-ray spectrum
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Energy spacings in {Li

Energy contributions are in keV AFE = AEqs + AFExN

A=0425 Sy=-0015 Sy=-0.390 T = 0.030

Jr—JF  AEs  AY A Sa Sx T AE
3/2t —1/2F 1.455  0.043  0.003  —0.450
0 72 618 —1 —1 —14 677
5/2+ — 1/2+ 0177  —1.138  0.756  0.976
2186 5 75 17 —294 29 2034
1/2+ —1/2+ 0.969  —0.026 0229  —0.209
3565  —19 412 0 —89 —6 38683
7/2+ —5/2F 1.294 2166  0.020  —2.380
0 74 550 —32 —8 —71 486
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AY (keV)

+
2040 oo 10 3047 327 o ) e
2 3004 —F— 5/2°
E., = 3024(3)
0 0+ 4 0 b
*Be 2Be
AY A SA SN T AFE
—0.037 —2.464 0.003 0.994
—8 —16 37 —1 30 35 keV

e Order of 3/27, 5/2% not determined from this experiment.

e In 2001 run on !B target, the upper level is seen following
B — % Be + p enabling us to deduce J™ = 3/2% for the upper
member of the doublet.

13



Tensor Interaction

For pure pl_/12s A, the combination of parameters governing the
doublet splitting is

14
B(1;) = E(07) = =5 A+ 58y + 8T

6857 5/2+ 6373 .
+ 7429 2

6793 3/2 6554 9 .« 1
6176 3/2-
5241 5/2+
5183 12+

6554 6526
28 Y 1_
0 1/2- 0 1 0~
15 16
0 50

A =0.468 Sp=—-0.011 Sy =-0.354 T =0.030
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M. Ukai et al. — Phys. Rev. Lett. 93 (2004) 232501

E(l; —07) = 6561.7+1.1+1.7 keV (183 £15+5 counts)
B(l; —17) = 6535.3£12+17 keV (19741545 counts)
AE = 264+£1.6£0.5 keV
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I5N ~ rays — Hyperball, BNL E930 (°01)

AY
4709_99.9 3/2t 7~ 16fs
10
3948 1+ 4021 100 1/9+ ;521 74
2412 1724
2313 01 2297 % P2y § 1/2%:1 7~ 046 ps 102
2297 2161
156 Y 1/2% 7~ 87 ps 12

0 1+ 0 I 3/2+ ”
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Energy spacings in °N and ;°O

Energy contributions are in keV AFE = AEqs + AFExN

A =0468 Sy =-0.011 Sy=-0.354 T =0.030

Jr—JF  AEs  AY A Sa Sx T AE
1= — 0" —0.382  1.378  —0.004  7.850
160 0  —30 —179 15 1 235 28
1/2+ —3/2+ 0.760  —2.254  0.031  —8.980
15N 0 42 356 25 ~11 —269 136
1; — 17 ~0.234  —1.257 —1.496 —0.708
160 6176 —30  —110 14 530 —21 6526
1/2+;1 —3/2+ 0276  —0.771  0.019  —2.963
15N 2313 —50 129 8 —7 —89 2297
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5/27:0 7 [0.078
3?2+; 0 33 {0.007}
7/2%;0 2
5/2t:192  [0.087]
5%2+; 038 [0.120]
372111105 [0.686] 0.58 fs
5/27:0 44 [0.051]
3/2%:0 44 [0.096]
1/2+;0 36 [0.006] 0.56 ps
3/27:046  [0.422] 0.85 ps
1/2:194  [0.217] 11 fs
3/2%;0 14 [0.128] 0.54 ps
1/2+:0 70 [0.309] 247 ps *
7/2%,0 12 1.96 ps
5/2t:066 [1.128]
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KEK E518 UB (r*,K*y) !!,\B
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Speculations on the placement of 11 B v rays.

5262 46 3/9+:1 7~ 0.85 fs
2477
2785 45 Y_1/2% 7 ~0.55ps
458
2327 51 l 3/2t 7~ 2.0 ps
2053 544 100 _1/9+:1 7~ 80 fs
1988 76 XMWg/9+ 7~ 1.0ps
1483 _Y.505 ¥ Y 1/2%F T ~ 38 ps
1482
264 7/27F T ~ 7.8 ps
1264
0 Y 5/2+
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