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, Merits of the (e,e’K*) experiment

y © Large momentum transfer
€ — Excitation of deeply-bound state

'}/; /\ © p to A reaction — Mirror and Neutron-rich hypernuclei

u% © Spin-flip/non-flip production
\ © High Energy Resolution due to CEBAF beam’s quality

CEBAF Bird’s—eye photo
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2005(E01-011) 2 Experiment :
7,He 12, B, 28 Al

.:. Newly-constructed HKS for K+ side
< Apply “Tilt Method"” for e’ side

2009(E05-115) 3rd Experiment:
t2e8e. 0 He; 39 Be; 2, liaahd >,V

% Beam Energy 1.8 —»2.344 GeV
% Brand-new e’ spectrometer, HES

Calibration by the elementary process
p(e,e’ K*)Aor Z: CH,




Physical Goals:
e To understand YN and YY interactions

* To explore and understand nuclear structure using A as a probe

» Shell Model with A-N Effective Potential (pys,) for p-shell hypernuclei

12

Radial Integrals
Coefficients of
operators

* Additional Contribution: A-% coupling

Our results with precise B, are important in helping to determine these
parameters as well as to explore the full spectroscopy with unseen core states.



Spectrometer System Calibration

Spectrometer system calibration: key to reach sub-MeV energy resolution
Common splitter : Separated single arm calibration is impossible
Technique: 2-arm coupled calibration for both kinematics and optics

Using known masses of A, Z° from CH, target and identified known hypernuclear
bound states (*2,B g.s.) for spectrometer calibration
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Phys. Rev. Lett. 99, 052501 (2007) (HallA data)
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Phys. Rev. Lett. 99, 052501 (2007) (HallA data)
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Double gaussian Fitting for 12,Bg.s.
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E C Systematic uncertainty for E05-115 = £0.11MeV
§ 200 N #1 E0S-115 | Systematic uncertainty for E01-011 = +0.16MeV
o
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States from A in p-shell

P, means a strong mixing of P3/2n and P1/2a- M.lodice, et.al., Phys. Rev. Lett. 99, 052501 (2007)

| Peak | Structure _J* | Measured E, (MeV) | Calculated E, (MeV) |
118(3/2; g.5.) ® Py, 2,4 10.170 +0.081 10.48
- 118(3/27; g.s.) ® P, 1,* 10.52
- 118(3/25 g.5) ® Py py 2,5 10.979 +0.041 10.98
11B(3/2 g.5.) ® Py 34* 11.05

11B(1/27;2.125) ® Py /5, 25° 12.463 = 0.094 12.95
11B(1/27; 2.125) ® P, 1.* 13.05

a  9.009+0.077 sd shell 1B Core ® S, Dr. D.J. MILLENER says:
Thus, hypernuclear states
d 11.7311+0.043 sd shell *'B Core ® SA based the 9.873 and 11.60-

MeV states
are the best candidates

for the two extra peaks that
you see. One day, | will do the
shell-model calculation.

sd shell **B shell structure: S*P%(sd)

Such unpredicted structures appear to be common
in previously measured *? ,C and *? B spectrum
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EO01-011
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(a)

5He core
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(a)

5He core
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5He core
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10Be Missing Mass
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10Be Missing Mass
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o Our systematic calibration is almost
completed;

o The precise level structure of p-shell A
hypernuclei (“\He, 1°,Be, and 1%,B) are
evidential and encouraging;

o There is stronger evidence for sd-shell nuclei
from spectroscopy of *?,B and 28,Al;

o 2%,V spectroscopy is coming soon.
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b. Angular matrices (m,,ms,0)
c. Momentum matrices (?,Bgs)

d. Iteration



Electron beam

Momentum: 2.344GeV/c

Oy (D)

N

1.5}

v+p —~ A+K*

Kinematics of the

Target
nucleus Momentum: 0.844GeV/c +17%

1.5GeV y *

0.5F

EO05-115 Experiment

Scattered electron

Angular acceptance: 3° —9°

A

Coincidence

.
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p \ —'
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Momentum: 1.2GeV/c =12.5%
Angular acceptance : 1° ~13°
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12B Missing Mass
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-B,(MeV) Fitting
w/ (3:1) Preliminary
simulation

Fitting o | Separation
(KeV) (KeV)

EO05-115 231+2 170+21 2.7+1.8
EO01-011 30043 177421  3.35%1.65



States from A in p-shell
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A

-B, (MeV)

d

9.009+0.077 SD shell 1'B Core ® S,
11.731+0.043 SD shell *’B Core ® S,

From 1hw calculation, the sd-shell core has three
bands:

(1) 7.286(5/2+) and 7.978(3/2+);

(2) 9.272(5/2+) and 9.873(3/2+); and

(3) 11.60(5/2+)

sd shell 1B shell structure: S*P®(sd)

Such unpredicted structures appear to be common
in previously measured ** ,C and *? B spectrum



Cross section (nb/'st)
E ﬂ.mr] (E01-011)
-11. 511: +0.028 UB(3/2;8.5) @ Sy 101.0£42
-11.341 2 0.028 ﬂ-l'H i 0.028 TB{3/2;E5) @ 5y
-8.408 £ 0.063 3.107 £ 0.069 YB[1/2;2.125) @ Sy 1: 33560
YB(1/22125) @ Sy O
-5.462 + 0.070 6.053 + 0.085 UB(3/2;gs) @Sy 1, W60+54
UB(3/2;E5) @Sy 2

| 4 | -2so1oo8 sex4z00ss | | oeszse | |
-1.345 £ 0.076 10.170 £ 0.081 UB(3/2;E5) @ Py 2, 31.5+63 31
BB(3/2: g5 B P, 1.' 26
YB(3/2Es) @ Py 2 87.7 %115 30.5
_0.536 % 0.030 10.070 + 0.041 Yg[3/2 g mpw. 3 4&?

l]l_‘!‘.'l‘l"‘ﬁ[ﬁﬁ ll'.'l‘lﬁ"‘ﬂl]'T"' 4453"‘1-54

0648 = 0.090 12 463 £ 0.004 H{lﬂ' 2.125) & Pypy, 1. 285+108 194
YB[1/2 2125 B P, 58
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S » * 11_ D
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C AC [MeV]
(a)

3 3
3.020 == . 22
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1773107 +0.069

0 3/2 e 21 01740028
T 10
[MeV] llB 12 ‘LB [MeV]
(b)

#2

#1

0 2 4
-B,(MeV)

4th doublet separation: AE(1; - 2;) ~
0.213 (£0.09stat. £+0.07sys.) MeV

Theory prediction:

AE(1;-2;) =
0.107 MeV(Millener)




Energy levels of ''B

T, (fsec) )
E, (MeV+keV) J". T or I, . (keV) Reactions
0 1753

stable 1,2,6-28, 1217,
2125, 28, 30+63

2.124693 £0.027 T,=35+04 1,6->8,12-17, 2123,
28, 30, 31, 33, 34, 37,
38, 41, 46, 48 > 55, 5763
4.44489 £0.50 1.18£0.04 1,2,6-8, 1214, 17,
21-=23, 25, 27, 28, 30, 31,
33, 34, 37, 38, 41, 49,
51354, 5863




5.02031+0.30

6.7429 + .8

6.79180x0.30

7.28551+£0.43

7.97784+0.42

8.5603+1.8

8.9202+2.0

9.1850+2.0
9.2744+2
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0.34+0.01

2245

1.7+0.2

0.57:+0.04

0.57£0.06

0.70+0.07
I'=437+0.02eV

1.9%1 7ev
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11015
165+ 25
110£20
100+ 20
4500
11020
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n, a
n,a

1,68, 13, 14, 2123,
75, 28, 30, 31, 33, 34,
37, 38, 49, 50, 52 54,
5861, 63

1,2, 6,13, 14, 17,
2123, 25, 27, 30, 34, 37,
38, 49, 52, 53, 55, 58,
59, 60, 62, 63

1.2, 6,13, 14, 21123,
28, 30, 34, 38, 41, 52,
53, 55, 63

1,26, 1214, 21523,
28, 30, 34, 53, 63

1,2, 13, 21, 22, 28, 30,
34

1, 12, 13, 21, 22, 30,

31, 34, 59
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5
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