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Reaction spectroscopy @ JLab and 
γ-ray spectroscopy @ J-PARC

@JLab @J-PARC

Reaction (e,e’K+) (K-,π-γ)

Measurement Absolute binding energy
Cross section

Energy space

Resolution ~ 3-400 keV ( FWHM ) a few keV ( FWHM )

Difficulty Yield, Background, …..

Combine information from complementary experiments
Λ hypernuclear structureΛ hypernuclear structure
Λ-N interaction



Progress of (e, e’K+) Spectroscopy
Year2000

1st Gen. (E89-009) 2nd Gen. (E01-011)

2005 （2009）

3rd Gen. (E05-115)
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JLab E05 115 ExperimentJLab E05-115 Experiment

Ph i i iPhysics motivations
7Li(e, e’ K+)7

ΛHe, 10B(e, e’ K+)10
ΛBe, ( H2O for calibration )

N i h h l i• Neutron rich hypernuclei
• Charge symmetry breaking
• ΛN - ΣN couplingp g

40Ca(e, e’ K+) 40
ΛK, 52Cr(e, e’ K+) 52

ΛV
• Binding energy of s-, p-, d- orbit, Cross section

l li i• ls splitting
• Single-particle potential

89Y(e e’ K+) 89
ΛSrY(e, e K ) ΛSr

• Feasibility

Requirement : more hypernuclear yield



77Li targetLi target E. Hiyama77Li targetLi target y
Private Comm.

-3.79 (EXP)
•Convert p into Λ•Convert p into Λ
•Absolute binding 

-5.40 (EXP)

energy 
Possible Charge 

SymSym. 
Breaking?

ΛN – ΣN coupling NO DATA

7Li(e,e’K+)



Various targetsVarious targets
E89-009 First Generation
E94-107 Hall A ExperimentVarious targetsVarious targets p
E01-011 Second Generation
E05-115 Third Generation
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P.H.Pile et al. PRL 66 (1991) 2585

40Ca target
( )

Response to Theory Gr commentResponse to Theory Gr.  comment

• LS spilitting or core config. mixing

• Compare spectrum with Shell 
model Calc.

• Reliable E(Λs), E(Λp), E(Λd) inputs 
for Mean Field Theories

• Cross sections of various states 
constraint ΛN interaction models



How to improve yield?
Increase beam energy !

Bremsstrahlung, Møller : more forward peak
A i d i h i l h l h l di ib i

Virtual Photon Energy 1.5 GeV
2nd gen. (E01-011) 3rd gen. (E05-115)

Associated with virtual photon : almost the same angular distribution

2 gen. (E01 011)
Beam Energy 1.8 GeV
Enge 0.3 GeV/c

3 gen. (E05 115)
Beam Energy 2.5 GeV
HES 1.0 GeV/c

Enge acceptance HES acceptance
×10

Moller
y’ y’

Brems x’ x’Brems x
10 times virtual photon tagging efficiency

x’



E05-115 Setupp

HESHESHESHES

HKSHKS
1.0GeV/c e’

HKSHKS

SplitterSplitter
1.2GeV/c K+

CEBAF 2 5GeVCEBAF 2.5GeV 
Electron Beam



Splitter Magnet

1.72 m



Q-Q-D Magnet EQ1
EQ2

g

EQ1EQ2

1 25 m

ED

1.25 m

~8 degreeg



Summary y
The 3rd generation (e,e’K+) hypernuclear spectroscopy

Wide mass region (A=6~89)Wide mass region (A=6 89)

High resolution of 300-400 keV(FWHM)

Larger yield : 5 times larger than the 2nd generation expLarger yield : 5 times larger than the 2 generation exp

HES magnets were arrived at JLab

HES detectors are under constructionHES detectors are under construction

ScheduleSchedule
Mar 2008 : Test experiment of  detectors at Tohoku Univ. (LNS)p ( )

By the end of   2008 : Ready to install HES in Hall C

( 2009~  : J-PARC )

2009 summer  : Beamtime


