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INTRODUCTION

Goals:

To understand YN and YY interactions

To study short range interactions in baryonic interactions
(OPE is absent in AN interaction)

To better explore nuclear structure using A as a probe (not
Pauli blocked by nucleons)

Model the baryonic many body system

Study the role and the single particle nature of A in various
nuclear medium and density

Shell Model with A-N Effective Potential ( pNsA)

AN SA@NA SA@»N”Q

Radial Integrals
Coefficients of operators

Additional Contribution: A-X coupling A\



RELIABILITY OF EMULSION RESULTS

USING (Ks;0p: ) REACTION
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Reliability: Questionable




ACHIEVEMENT OF GAMMA S
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THEORY: DOUBLETS OF P-SHELL HYPERNUCLEI

A=0.430MeV S ,=-0.015MeV S, =-0.390MeV T =0.030MeV
(A2 strength is solved and calculated by other mean)

Contributions in keV

J, JP, A A Sl Sy T AES*P AE™
F/ ) 13/2Y ) /1/2¢ (2 628 ! -4 -9 692 693
TS ] 152 | 13/27 4 9571 | 82 -8 -71 471 494
9.Be 3/2* 5/2* -8 -14 37 O 28 43 44

However, they need to be modified for heavier hypernuclei
A=0.330MeV S,=-0.015MeV S, =-0.350MeV T =0.0239MeV

Contributions in keV
P, JP, A A 9 St i AE®eXP AEth
1B 7/2t 5/2* 56 339 -3 -10 -80 264 267
1B 3/2¢ 1/2* 61 424 -3 44 -10 505 475

12¢c 2 1 61 175 12 -13 42 161 153
15 N 3/2*, 1/2*, 65 451 2 -16 -10 481 507
60 1 O 33 123 20 1§ 188 26 23

60 2 1-, oo} § | Bbi 4 | i o RN Y 2l 248



CALCULATED CONTRIBUTIONS TO GROUND STATE B,

(EXAMPLES)
Contributions in keV
Jr(g.s.) i A S S T Sum
7 He 1/2* 101 il 0 176 0 278
L 1/2* 78 419 0 94 -2 589
9 Li 3/2* 1831 11850 -10 434 -6 952
°,Be 1/2* 4 0 0 207 0 211
JLAB 11 Be 1/2* 99 2 0) 540 0) 641
10.B ¥ 35 125 -13 386 | -15 518
11.B 5/2 g4 [ | 1203 -20 652 | -43 858
12 B 1 103 108 -14 704 | -29 869
3,B 1/2* 130 197 -6 621 | -57 885
FC 1/2* 28 -4 0] 841 -1 864
5 N 3/2* 59 40 12 630 | - 726
16 N 1 62 94 6 349 | -45 412

Mass spectroscopy and level structures with precise binding
energy measurement is very important

Agreement between theory and limited experimental results
IS not consistently good (~15-20%)



IMPORTANCE OF RESOLUTION AND MASS CALIBRATION
EXAMPLE: 12C(n*,K*)12,C MASS SPECTRA WITH MESON BEAM
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High resolution, high yield, and systematic
study is essential and is the key to unlock
the “gate”
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ELECTRO-PRODUCTION USING CEBAF BEAM

High quality primary beam allows high precision
mass spectroscopy on A-hypernuclei

Producing A and X° from proton simultaneously
allows absolute mass calibration - precise binding

energy

Mirror and neutron rich hypernuclei comparing those
from (x*,K*) reaction

Spectroscopy dominated by high spin-stretched
spin-flip states

Results are important in determining A2, Sy and V,,
terms from A, states and S, term from states with A
at higher orbits



HALL C TECHNIQUE IN 6GEV PROGRAM
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HALL C TECHNIQUE IN 6GEV PROGRAM

¢ » ' Phase Il Common SpllTTer Magne‘r
| E05-115

» New HES spectrometer — larger AQ2
s Same Tilt Method

 High beam luminosity

» Further improves accidental rate

** Further improves resolution and
accuracy

* High yield rate
s First possible study for A > 50
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6GEV PROGRAM HIGHLIGHTS

p(e, e’'K+)A and X° (CH2 target)

Allowing precise calibration
of mass scale
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I.

285j(e, e’K*)28, Al (Hall C E01-011)

6GEV PROGRAM HIGHLIGHTS- CON
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6GEV PROGRAM HIGHLIGHTS - CONT.
(PHASE 1l EXPERIMENT E05-115)

9,Lispectrum, Hall C HKS E01-115 (2009)
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GEV PROGRAM HIGHLIGHTS - CONT.

(PHASE Ill EXP. E05-115 IN WHICH %2,V HAS NOT YET ANALYZED )
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6GEV PROGRAM TECHNIQUE SUMMARY

Hall A experiment (Pair of Septums + two HRS)
Advantage: Almost no accidental background and be
able to study elementary process at low Q2 at forward
angle

Disadvantage: Low yield rate and cannot study heavier
hypernuclei

Hall C experiment (Common Splitter + HKS + HES/Enge)
Advantage: High yield rate and high precision in binding
energy measurement

Disadvantage: High accidental background and solid
targets only

Future program: Combination




EXPERIMENTAL LAYOUT IF IN HALL C

Enge Spectrometer

Dri Chamber

‘ "y HES - Electrons
Enge - Pions

Is there enough \

space between |
SHMS and HMS? HAS - Kaons 1
‘L 8
Trigger I: HKS(K) & Enge(r) for Decay Pion Spectroscopy Experiment
Trigger ll: HKS(K) & HES(e”) for Mass Spectroscopy Experiment




Experimental Layout If in Hall A

HRS - Electron

Are there sufficient utilities?

|

HES - Pions HKS - Kaons

%%

v

Trigger I: HRS(K) & Enge(r) for Decay Pion Spectroscopy Experiment
Trigger |l: HRS(K) & HRS(e’) for Mass Spectroscopy Experiment




Technical Features of Future Program

High quality with low background

High precision on binding energy and high resolution

High yield rate which leads to wide range of physics:
Elementary production at forward angle
Detailed and precise level structure of light and medium
heavy hypernuclei (shell models)
Precise shell structure of heavy hypernuclei (single particle
nature and field theory)

High efficiency and productivity:
one exp. = 4-5 6GeV experiments
New physics: Decay pion spectroscopy (Light Hypernuclei)
Precise ground state B,
Determination of ground state JP
Search for neutron rich limit (high Isospin states — A2)



MAMI-C Short Test Run on Decay Pion Spectroscopy

g 110 ~ 160 MeV/c  110.05 ~ 160.05 MeV/c |} g 110.1 ~ 160.1 MeV/c |z,

: WMM iy LA

130 135 140 1 11ﬂ£""mﬂm@mmm
b 110 15 ~ 160.15 MeV/c
Possible observation

rm 110.2 ~ 160.2 MeV/c &
: WWW W : M’WWMW 4, H ground state

Central Mom. : 133.5 MeV/c — B,(*\H): ~ —1.60 MeV
Width : 97 keV/c FWHM

Target straggling loss was not corrected

Spec-C momentum calibration was not yet done

[




SUMMARY

Hypernuclear Physics is an important part of
nuclear physics

Program with CEBAF beam is the only one
that provides precise B, and features as

Precision mass spectroscopy program
Future program will be highly productive



