YN (and YY) interactions from hypernuclei

John Millener
Brookhaven National Laboratory

ma = 1115.68 ~ m,, + 176 MeV Ta ~ 200 ps Ty ~ 200 ps

my- = 1197.45 MeV myxo = 1192.64 MeV my+ = 1189.37 MeV
Studies of A hypernuclei

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

o n(rt, K*)A - BNL, KEK

e Hypernuclear vy-ray spectroscopy with Hyperball
(7*, KT ) at KEK and (K, 7 ) at BNL 1998 — 2005

e p(e,e/ K*)A — JLab, Hall A and Hall C ~ Ongoing
e p(KKT)=7; Z +p—-A+A
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Van = Vo(r)+Vo(r) sy -sa+Vis(r) Ina-(sa+sn)+Vars(r) Ina-(sa—sn)+Vr(r) Sis
%:1/41Vc+3/43vc VU:?’VC—lVC

FOI‘pNSY VAN:‘_/—|—ASN'SA—|—SAZN°SA—|—SNZN°SN—|—T312

Parameters in MeV

|4 A Sh SN T
NA-NAN A=7-7 0.430 —-0.015 —=0.390 0.030
A=11-16 0.330 —0.015 —-0.350 0.024

NA-NX 1.45 3.04 —0.085 —0.085 0.157




Can write the central A-> coupling interaction as
\/4/3tN°tyv/—|— 4/3SN'SytN'tyA/

The factor (/4/3 arises from defining ¢ty as an operator that changes a A into a X

Diagonal matrix element \/4/3\/T(T + DV 4+ a(IT|| X siti|| J) A
Off-diagonal matrix element b(J)(JL|| 2o sitil| Jo) A

The important A-X coupling matrix elements involve a X coupled to the same core
state as the A and states connected to this by a large Gamow-Teller matrix element.



S-Shell A Hypernuclei

Hypernucleus J™(gs) By MeV J7 E, MeV
T 1/2+ 0.13(5)
1h 0+ 2.04(4) |+ 1.04(5)
1 He 0+ 2.39(3) 1+ 1.15(4)
2 He 1/2+ 3.12(2)

ADb Initio Calculations

o A=3,4 A. Noggaetal., PRL 88 (2002) 172501
Faddeev and Faddeev-Yakubovsky

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

o A=3,4,5 H. Nemura et al., PRL 89 (2002) 142504
Stochastic variation with correlated Gaussians
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A — 3 coupling for 1H and i He

Y. Akaishi et al., PRL 84 (2000) 3539
[AHe(T = 1/2)) = as’sp + Bs°sy

From AN—XN g matrix for Os orbits
v = (s°sp|g|s’ss), AFE ~ 80 MeV gss = 4.8 'gss = —1.0

V =3.35 A =538
0t v = %3933 — % lges =V + %A Admixture ~ —v/AFE
1+ U:%?)gss—'_%lgss:‘_/—iA EShiftNU2/AE

NSCO7f: for 0t v~ 7.7 MeV = FEsMIt L 0.74 MeV
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AY. (keV)

+
2010 so 10 3047 32" b i) ey
2 3004 —F— 5/2*
E, = 3024(3)
0 0+ 4 0 b
*Be 1Be
A A SA SN T AFE
—0.033 —2.467 0.000 0.939
—8 —14 37 0 28 44 keV

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

e In 2001 run on !B target, the upper level is seen following
"B — 9Be + p enabling us to deduce J™ = 3/2% for the upper

member of the doublet.
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15N ~ rays — Hyperball, BNL E930 (°01)

3948 (15 1+

231301 DS g+

4710-99:9 3/2%

1228 100 1/t

2442 1961

2268 1 §2v I8 1/9+:]

2268 7= 4%
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AY

7T~ 1.9 fs
9

T~ 39f1s 70

T ~ 0.48 ps 106
Teap=1.5(4) ps

T ~ 170 ps 14
56



Excitation energies and weak-coupling wave functions for '3 N.

Jo.T  E, (keV) Wave function

3/27;0 0 0.998517:0 x sp + 0.031815:0 x 55 + 0.037821:0 x s

1/27:0 96 0.998617;0 x sp + 0.050315;0 x s,

1/2]:1 2282 0.999007;1 x sp + 0.023117;1 x sp + 0.020605;1 x sp
— 0.026107;1 X sy

1/23:0 4122 —0.050217;0 x s5 + 0.998415:0 x s,

3/25:0 4624 —0.033317;0 x s, + 0.998413:0 x sp + 0.036327;0 x sp
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M1 decays from 1/2%;1 in 3N

1/2%;1 — 3/2%;0 af a; core M1
large component 0.9979 x 0.9988 x (—0.251) —0.250
13, s admixture 0.0318 x 0.9988 x ( 2.957) +0.095
) admixture +0.011
—0.137

1/2%:1—1/2%;0 af a; core M1
large component 0.9983 x 0.9988 x (—0.251) —0.250
15, s, admixture 0.0545 x 0.9988 x ( 2.957) +0.161
) admixture +0.008
—0.081

gan = —1.226 py gas = 3.22 un
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Doublet spacings in p-shell hypernuclei

JrJr | AY A Sy Sy T |AE"™ ApRew
TLi 3/2t 1/2t | 72 628 —1  —4 9| 693 692
TLi7/2T 5/2F | 74 557 =32 -8 71| 494 471
L 27 17 | 151 396 —14 —16 —24 | 450  (442)
ALi 5/2T 3/2T | 116 530 —17 —18 —1| 589
L 3/25 1/2t | -8 231 —-13 —-13 —-93| -9
“Be 3/2T 5/2F| -8 —14 37 0 28 44 43
UB 7/2t 5/2t| 5 339 —-37 —10 —80| 267 264
UB 3/2F 1/2 | 61 424 -3 —44 10| 475 505
2Cc 20 1- 61 175 —12 —13 —42| 153 161
BN 3/25 1/2§| 65 451 -2 —16 —10| 507 481
O 1= 0 | -33 —-123 -20 1 188 23 26
RO 27 15 92 207 -—21 1 —41| 248 224
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A-Y) and spin-dependent contributions to ground-state binding energies

TLi 8Li 9Li 9Be 9B 1B 2B BC 1N 16N

1/2+ 1-  3/2F 1/2F 1= 5/2F 1= 1/2t 3/2F 1-

A-Y 78 160 183 4 35 66 103 28 59 62
A 419 288 350 0 125 203 108  —4 40 94
Sa 0 -6 —10 0 —13 —20 -—14 0 12 6
Sy 04 192 434 207 38 652 704 841 630 349
T -2 -9 =6 0 —15 —43 29 -1 —69 —45
Sum 589 625 952 211 518 858 869 864 726 412
Expt 558 680 850 6.71 889 10.24 11.37 11.69 13.76
6.84  8.29 9.11 %

V. —094 —1.02 —1.06 ~1.05 —1.04 —1.05 —0.96 ~0.93

* By = 13.76(16) MeV: F. Cusanno et al. PRL 103, 202501 (2009)

To get a rough V, take By (3He) = 3.12 MeV as s, single-particle energy, and

subtract sum from experimental B, value.
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Double one-pion exchange ANN interaction

Gal, Soper, and Dalitz: Ann. Phys. (N.Y.) 63, 53 (1971)

Independent of A spin. Averaged over s, wave function gives

]\G/JJC\; - Z le 1, T2) [017 02] ) [Cl(TAl)v Cm<f2>]k T1 - T2

klm

Parameters in MeV
ng (2)2 Q%Q Q(2)2 — Q%O Q%Q
0.026 1.037 —0.531 —0.049 0.245

e ), and QY, give repulsive contributions to By that depend
quadratically on the number of p-shell nucleons in the core.

e ()5, represents an anti-symmetric spin-orbit interaction that
behaves rather like Sy
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Future Hypernuclear y-ray Spectroscopy

e Hyperball-J at J-PARC (Tamura)

e (K- ,m ) px=11o0r15GeV/c

e Larger spin-flip amplitudes - test case 1He 17 — 07
e p-shell and light sd-shell nuclei as targets. First 1%F

o (K, my) also possible
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