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JLab E05-115 collaboration, 2009, JLab Hall-C



Quantum Many-body System
Bound by the Strong Int. |

Neutron Star

Obs. 2 M@
Hyperon Puzzle



Production of A Hypernuclel
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Spectroscopic technigues of Hypernuclei

0.5 MeV © X 100nb/sr p - A

1.5 -2 MeV O (norm 2,C) O 10ub/sr n- A

~2 MeV O (norm *2,C) © 10mb/sr n- A

0.003 MeV X
0.1 MeV O (only g.s.) - Fragments




Characteristics of (e,e’K*) HY stud)i.

» Electromagnetic production

>Convert Proton to Lambda :
Mirror to well studied HY by (=,K), (K, )

Absolute energy calibration
with A and X% masses

»High quality primary beam
High energy resolution (< 1MeV)

Thin €nriched target




Challenge of (e,e’K) HY Study I.

*Huge e’ Background due to
Bremsstrahlung and Md¢ller scattering
Signal/Noise, Detector

*|_ess Hypernuclear Cross Section
= Coincidence Measurement (e’, K*)
Limited Statistics
DC beam is necessary

High Quality Electron Beam is Essential !



Hypernuclear experiments at JLab |.

E89-009 (2000) : Existing spectrometers,
SOS + Enge

Proof of Principle

EO01-011 (2005) : E94-107 (2004-5)
Construction of HKS, Tilt Method Two HRSs + SC Septum
A, ZO, 7AHe, 12AB, 28AA| A, 30 9A|_i, 12AB’ 16AN

Light Hypernuclel Light Hypernuclei




Facllities for (e,e’K*) HY study

JLab Hall-C
HNSS (2000)
HKS (2005)
HKS+HES (2009)

_

Mainz MAMI-C A1 KaoS (2008-)



JLab E05-115 (Hall-C) setup  |I
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0.844+0.144 [GeV/c] )

8. = 6.5 = 5.0 degree EQ ' KQ 1.20£0.15 [GeV/¢]
7.0 msr EQ Q1 0, =5.7 = 4.6 de

: —
Splitter magnet 1 [m] 8.5 msr

2.344 [GeV] electron




Elementary Processl

ple,e ") AX°

| : KaoS 2008
A Jlab E01-011 : A(1116) P.Achenbach et al.
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Mass dependence of B,
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Emulsion : D.H.Davis, NPA754 (2005) 3c.
(m*, K*):0.Hashimoto,H.Tamura, PPNP57(2006)564.
| (e,e'’K™) : E01T011, E05-115, E?4-107
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Remove apparent A dependence

Deviaticon from Emulsion
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0.5 MeV (FWHM)

Counts/200keV

Absolute MM calibration

0.7 MeV (FWHM)

Counts/250keV

12C(T[+, K+)12/\C

1.45 MeV (FWHM)

[(ub/sr)/ 0.25 Me)
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12 C emulsion data

TasLE 17)

Decay mode t]:L en n.;thi B4 (as 7C)
ecay :rm?mu eus (MeV)
{pm) :

. BCs g +p+*He+ Be 3.0=08 10.45+£0.33
VCwa g +p+''C 43+0.7 10.50 +0.47
3.5+04 10.65+0.33
3505 10.85+0.44
3.4x0.5 11.59 =045

3.2+0.4 15.67 =0.50 2) 11C (3/2_) " Ex = 4.8MeV

inn is not the case for 7~ mesonic decay modes of YC: (# "°N), (= p''C),
7 p He'He'He) and (7 p*He'Be). Every one of these decay topologies is easily
confused with those of other hypernuclei.

=1 LA e W g e

e value obtained for B, of YC, (10.80+0.18) MeV

Statistical errors quoted, systematic errors (~0.04 MeV) reduced by measuring
M, in same emulsion stack.

Reference for all (n, K) B, data:
B, (*,Cg.s.) =10.76 +-0.19MeV

Statistical error only



2. B emulsion data

A NEW DETERMINATION OF THE BINDING-ENERGY VALUES

OF THE LIGHT HYPERNUCLEI (4 < 15)

# of events
Ie + *He ; 11.45 + 0.07

4

T+ qﬂr -

B, (*?,Bg.s.) = 11.45 +-0.07 MeV Emulsion Result (M.Juric et al.)

B, (12,Bg.s.) = 11.38 +- 0.02 (stat) MeV (JLab E05-115)

Totally independent measurement



Remove apparent A dependence

Deviaticon from Emulsion
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P033|ble shift of 12,C ¢ B, [

—0.5740.19 ﬂ“( 6 events, y"B: 87 events
—0.624+0.19 +£0.11 present data for B

Should be 0

T. Gogami, Doctor thesis, (2014) Tohoku U.



Shift 2,C,, B, by 0.54 MeV

Deviation from Emulsion
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E.Hiyama et al. PRC 80, 054321 (2009)



/" He spectrum of E01-01

SNN et al., PRL 110, 012502 (2013)

0.3 MeV

Juric et al.

E.Hiyamaetal.,
PRC80, 054321 (2009)

Counts per
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EO01-011(HKS) 90 counts
EO05-115(HKS-HES) >500 counts

unbound ®He excited state + A= bound 7,He excited state

(B, =5.36 MeV)

.
)

|



7 He spectrum of E05-115

T.Gogami, Doctor Thesis (2014) Tohoku Univ.

E.Hiyamaetal.,
PRC80, 054321 (2009)
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(B, =536MeV) <

EO01-011(HKS) 90 counts
EO05-115(HKS-HES) >500 counts

unbound ®He excited state + A= bound 7,He excited state



CSB Interaction test in A=7 Iso-triplet
comparison

SNN et al., PRL 110, 012502 (2013)
5 . e e

Prediction by E.Hiyama et al.
PRC80, 054321 (2009)

(a+n+n+A) (a+p+n+A) (a+p+p+A)

(Exp.) -5.1610.08

- JLabEO5-115
7Li(e, @' KOZHE

SR 1R |

A

JLab E05-115
(-5.55x=0.10£0.11)
(-5.68+0.03£0.25)

- JLabEO1-011




CSB Interaction test in A=7 Iso-triplet

comp

arison

JLab E05-11

5 1.90+0.22+ 0.05

E.Hiyama etal.,

PRC80, 054321 (2009)

E.Hiyama et al.,

1.70

PRC 80, 054321 (2009)

M.Sotona et al.,
PTP 117 (1994)

1.79

D.J.Millener

1.75

> Private communication
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10B(e,e’K*)1V Be

10
/\Be

Be

(ef

JLab E05-115
OF0B(e, e’K*)‘“B

5/2-

E.Hiyama and Y.Yamamoto

PTP 128, 1(2012)

3/ 158

(B, = 8.94 MeV)




10 10
1B and **,Be

T.Hasegawa et al.,
Physical Review C53, 1

JLab E05-115
19B(ee'K*)'? Be




Comparison of the ground states

(A=10)

JLab EO5-115
19B(e,e'K*)'?Be

:' KEK E14(a
JLab E05-115 -8.110.11=0.5
-8.60+0.07 +0.11

Prediction by E.Hiyama and Y.Yamamoto,
PTP, 128 (2012)

* KEK E140a

—8.64 +0.10 £ 0.50

—— W/oCSB
- w/ CSB (even)
w/ CSB (even+odd)



28 Al, first beyond p-shell hypernucleus by (e,eK)
28Si(e, e’ KT)48Al

28Gi(1,KY)28A1  E,=13 GeV 6y=3° B, (MeV)

diy CAL(SLA)

Doy ) O -16.5

o
27 L,Xl(p] .-"2.3.’"3) x_J A

-8.5

2T A1(5/23,3/25 ) x jA

] -1.1

2T AL (1/25.3/2) x J A

d?0/dQdE (nb/sr/MeV)
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T.Motoba, JLab Hypernuclear WS (2014)
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Summary

= \We have been developing large magnetic spectrometers I.
and new techniques in the last decade at JLab.

The (e,e’K) HY spectroscopy is NOW established.

*Absolute binding energy calibration is one of great
advantage of the (e,e’K) HY spectroscopy .

* Binding energy of 7AHegS was determined. Important input for
AN CSB potential. Excited state of ’,He was clearly observed.

= New data on 'Y, Be was obtained.

= 28 Al, 2,V spectra are getting finalized.

= New experiment is now designed and proposed to JLab
(C12-15-008).

Hypernuclear study with electrons (JLab, Mainz) and with
mesons (J-PARC) should progress complimentary in timely
manner.
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