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Outline
● Motivation/history
● Experimental program
● Ln final state interaction
● S production off the neutron
● 3,4He data
● Parasitic analyses: w, 12C, 27Al



Once Upon a Time 
(last millenium)

Dec. '89 & Mar '90: PAC4 deferes PR89-013
Nov. 1991: PAC5 approves E91-016
Jan '96: PAC10 gives E91-016 A- rating



E91-016 Goals
Electroproduction of K+ on D, 3He, 4He

First survey of the (e,e'K) reaction on complex nuclei
Choose light nuclear targets because of large cross sections for Kaon production; Measurements have good 

signal/background ratios; good yields with short runs.

Measure quasifree L and S production on D, 3,4He at Ee=3 GeV,
Ee'=1-1.5 GeV, gv=1.5-2 GeV

Measurement of K+ production on D, 3,4He with high precision provides:
a) <3% statistical error over most of the missing mass spectrum
b) the 3HL and 4HL bound state yields with <3% errors
c) experimental data for K+-p and mass dependence of various rates, backgrounds, etc.

K+ production on D sensitive to L-N and S-N intercations; study L-N and S-N intercations in the cusp region
Very few data available, even for H; theoretical calculations by Cotanch, Donelly, and others

Measure hypernuclear bound state production on 3,4He
Tests reaction dynamics and wave functions

Possibility of observing: bound S hyper-nuclear states; di-baryons

Provides a solid basis for planning future studies; a comprehensive base for hyper-nuclear studies; 
measurements extendable to cover wide range of energies and angles



Predictions for D(e,e'K+)
S.R. Cotanch and S.S. Hsiao, T.W. Donnelly and S.R. Cotanch



Experimental Program

Electron beam

Short Orbit Spectrometer, SOS
kaon arm

High Momentum Spectrometer, HMS
electron arm

1996 Kinematics

Ebeam=3.245 GeV(0.50, 1.80) (0.52,1.76) 0.0, 4.3, 8.3, 13.3 (0.38,1.90) (1.5, 6.0, 11.5)

Ebeam=2.245 GeV(0.50, 1.80) (0.52,1.76) 1 (0.38,1.90) 1.5

1999 Kinematics

Ebeam=3.245 GeV (0.35, 1.91) (0.0, 6.0, 12.0)

Targets: 1H, 2H, Carbon, Aluminum

(Q2(GeV2), W(GeV)) θγK,lab (o) (Q2(GeV2), W(GeV)) θγK,lab (o)

Targets: 1H, 2H, 3He, 4He, Carbon, Aluminum

(Q2(GeV2), W(GeV)) θγK,lab (o) (Q2(GeV2), W(GeV)) θγK,lab (o)



Particle IdentificationParticle Identification
K+ PID:

Coincidence time cuts
separate 99.9 % reak K+, π+,p

Aerogel cuts reject 98 % π+

b cuts reject 99 % p

e‘ PID

Cerenkov and calorimeter have
~ 99.8 % efficiency for electron
PID 



Missing Mass Analysis for 
p(e,e'K+)X
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H(e,eK) Monte Carlo: SIMC

●Generate pe and pK
●mY determines |pK|
●use reasonable model for ds/dW
●radiate event
●transport through spectrometers
●reconstruct
●compare with data
●iterate ds/dW until data and MC agree

^



Simple Model for Hydrogen Simple Model for Hydrogen 
DataData

d sigma
dOmega

= f Q2 g W h t i phi



X-section parametrization



Momentum Wavefunction
(Bonn potential)



2H(e,e'K+)



Modeling of FSI



Ln Potential Parametrization



Ln FSI from 2H(e,e'K+)



Singlet

Triplet



2H(e,e'K+)



t-channel:

s-channel:







User Proposal to Hall C 12GeV 
Upgrade



A=3    
3
ΛH B = 130 keV, Jπ= (1/2)+ (Hypertriton)

A=4  
4
ΛHe Bground (0+)= 2.93 ± 0.03 MeV  Bexcited (1+)= 1.24 ± 0.06 MeV

4
ΛH Bground (0+)= 2.04 ± 0.04 MeV  Bexcited (1+)= 1.00 ± 0.06 MeV

Different Production Mechanism:
(K,π) negligible spin flip strength, good momentum matching, may populate

substitutional states
(π,K) substantial momentum transfer, may excite higher spin states, 

spin flip strength

(γ*,K) Electroproduction: Large momentum transfer, large spin flip 
strength

Bound Λ-Hypernuclear States 
for He



3,4He(e,e'K+)
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Bound L-Hypernuclei A=4

Kaon-photon angle

Kaon-photon angle





H(e,e'p)w: Pawel Ambozewicz



12C,27Al(e,e'K): Wendy Hinton's analysis



Summary
� First d(e,e'K) with good resolution
� RL=1 ==> quasifree production mechanism
� RS=1.6 ==> S production s-channel dominated
� First ever A(e,e'K) for A>2
� 4He(e,e'K)4

LH qualitatively shows formfactor

Outlook
●HNSS achieved 1 MeV resolution
●Hall A will take data early 2004 (Franco Garibaldi, Saturday)
●New hypernuclear spectrometer HKS will take data later in 2004 
(S.N. Nakamura, Saturday)
●The HKS collaboration is considering the use of cryogenic targets
for future few-body studies



E91-016 Collaboration



THE END


	Kaon Electroproduction on Few-Body SystemsJefferson Lab Experiment E91-016
	Outline
	Once Upon a Time (last millenium)
	E91-016 Goals
	Predictions for D(e,e'K+)S.R. Cotanch and S.S. Hsiao, T.W. Donnelly and S.R. Cotanch
	Experimental Program
	Missing Mass Analysis for p(e,e'K+)X
	H(e,eK) Monte Carlo: SIMC
	X-section parametrization
	Momentum Wavefunction(Bonn potential)
	2H(e,e'K+)
	Modeling of FSI
	Ln Potential Parametrization
	Ln FSI from 2H(e,e'K+)
	2H(e,e'K+)
	User Proposal to Hall C 12GeV Upgrade
	H(e,e'p)w: Pawel Ambozewicz
	12C,27Al(e,e'K): Wendy Hinton's analysis
	Summary
	E91-016 Collaboration
	THE END

