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Motivation

Electroproduction of kaons is an efficient tool for investigating
fundamental baryonic interactions in the nuclear medium

New 'H(e,e’K)Y data for new, improved models
No data for electroproduction on 3He, 4He exists
A(e,e’K)Y for 'H, °H, 3He, 4He
¥ A-dependence of kaon electroproduction cross section
Bound hypernuclear states for A=3,4, e lightest hypernuclei




Electron beam




Experimental Program




Hydrogen Data "96 and “99
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Effective Range Ansatz

For A(e,e'K), A=2,3,4: ,

k >cotd® :1+re><k?+0(k4) k= Kyy
a

Calculate singlett and triplett s-wave enhancement factor I using inverse
Jost Function

Effective range Ansatz

1 k*+a“ ; k- ia

JJ k*+b° K-1b

7
]
&
o
]
1

with 0.5%, b - a) =1 , 0.5%,>a xb ==
a

Scattering length a and effective range r, are given by hypernuclear potential
such as Nijmegen 97f or Jilich A



Simulation of Production off Nuclear Targets (SI1MC)

Q VW QY8 VW B

Beam energy fixed (allow
smearing)

e' quantitites and K* angles
are thrown flat

production on free proton:

|p«| fixed by E and p
conserv.

production on nuclear target:
A=2
assume production on a single

nucleon while the others are
fixed (impulse approx.)

throw pg.,i USINg momentum
space wave function (Bonn
potential)

E=M-

E: = Ma - \/mzspectator + szermi

%)

@
@

For A>2: How to treat relative
momentum of spectators ?

Use spectral function P(k,E):

P(k,E) represents the
probability to find in a nucleus
a nucleon of momentum k and
removal energy E

Use spectral function by
Benhar et al (NPA 579(1994)
493)

also tried Atti et al
(PRC 53(1996) 1689) with
similar results.

SIMC created by Tom O*Naelll,
Naomi Makins, John Arrington and
many others.



M.Debowski et a: ZPA 356 (1996) 315

momentum distribution
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Fig. 16. Momentum distribution of nucleons in the nucleus (a) and the
spectral function for the same nucleus (b). as calculated by Sick et al
[35]. The thick sohd line 1s the nidge of the distnbution. The dashed line
correspond to the free space energy
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Bound L -Hypernuclear States for He

A=3
== 3 H (Hypertriton) B (1/2)* =130keV
A=4

‘LH Byround (01)=2.04 £ 0.04 MeV
— Bocieq (11)= 1.00 + 0.06 M eV

@ Production M echanism are different:
(K,p) negligible spin flip strength,
good momentum matching,
may populate substitutional states

(p,K) substantial momentum transfer,
may excite higher spin states,
medium spin flip strength

@ (g'K) Largemomentum transfer,
lar ge spin flip strength
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Fig. 4. Differential cross section for kaon photoproduction off the proton and *He as function of kaon angle.
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Summary and Outlook

measured at low Q2. clearly indicate 4H, and 3H,
bound states.

FSI (effective range approx.)
yields satisfactory description —~ First measurement in

using Nijmegen YN 97f. electroproduction.

are essential for the analysis of

data on nuclear targets.

Statements on separated
quasifree S°~ contributions
require strong assumptions.



Jefferson Lab E91-016 Collaboration:

. Abbott®, A. Abmidouch™® P. Ambrozewicz®, £.5. Armstrong™, J. Arrington®,
R. Asaturyard, K. Assamagan’, 5. Avery’, K. Bailey®, O.K. Baker!, 5. Beadoe”,
H. Bitao', W. Boeglin®®, H. Brever®, 5. Brown®, B Carlini®, J. Cha®, N. Chant®,
E. Christy®, A. Cochmani, L. Colef, G. Collins®, C. Cothran!, J. Crowder™,
W.J. Cummings®, 5. Danagoulian®®, F. Dohrmann®®, F. Duncan®, J. Bunne®,
. Dutta®, T. Edenf, M. Elaasar®, B. Ent®, L. Ewell*, H. Fenkar®, H.T. Fartune®,
Y. Fuji®, L. Gan', H. Gac®, K. Garrow®, > F. Geesaman®, P. Gueyef,

K. Gustafsson®, K. Hafidi®, J.Q. Hansen®, W. Hinton, H.E. Jackson®, H. Juengst®,
C. Keppelf, A. Kleint, D. Koltenuk®, . Liang", J.H. Liv%, A. Lung®, . Mack®,
E. Made'_-.rf"-, P. Markowitz2® C_J Martofff, . Meekins®, J. Mitchell® T. Miyoshi®,
H. Mkrtchyar!, B. Mohring®, S.K. Mtingwa', B. Mueller®, T.G. O'Neill®,

G. Niculescu™, |. Niculescu™, [, Potterveld®, J.W. Price™, B.A. Raue®®,

P.E. Reimer®, J. Reinhold®™" ). Roche®, P. Roos®, M. Samour?, Y. Sata”,

G. Savape’, R. Sawafta®, R.E. Sepel®, A. Semencov®, 5. Stepanyan!, V. Tadevosian!,
5. Tajima®, L. Tang’, B. Terburg®, A. Uzzle!, 5. Wood®, H. Yamaguchi®, €. Yan, ",
C. Yany,®, L. Yuanf, B Zeidman®, M. Zeier!, and B. Zihlmann!

2F|arida Intemational University, ® Thomas Jefferson National Accelerator Laboratory,
‘Argonne National Laboratory, TNC AT State University, "Kent State University,
"Hampton University, ®Temple University, *College of William and Mary, 'California
Institute of Technology, Yerevan Physics Institute, *University of Maryland, Whi-
versity of Virginia, ® Juniata College, *Forschungszentrum Rossendorf, "Northwestern
University, PSouthern University at New Orleans, TUn iversity of Pennsylvania, “Tohoku
University, University of Minnesota, "0ld Dominion University, "American University,
*Ohio University, ¥The Georpe Washington Univesity, *Rensselaer Polytechnic Insti-
tute, TUniversity of Houston, Duke University, T University of lllinois



Missing Mass Analysis for p(e,e'K)X
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Modeling of FSI

Y(kr + 0)
(k)

do ~
(d_Q)FSI = fps|Msil* = fps) ?| M ;|2

?J)*(k'?“ + 5) |2

T=1=n



L n Potential Parametrization

V() = Ve 184> 4 Ve /8e°

Model | state Vi (MeV) | Ba (fm) | a (fm) | r (fm)
Verma | Singlet (*Sy) | -167.34 1.100 | -2.29 | 3.15
Triplet (*Sy) | -132.42 1.100 | -1.77 | 3.25

Jiillich A | Singlet (So) | -373.94 | 0.790 | -1.60 | 1.33
)

)

Triplet (*Sy) | -144.14 1.059 | -1.60 | 3.15
Jiillich B | Singlet ('Sq) | -131.49 1.095 | -0.57 | 7.65
Triplet (°S;) | -189.60 0.964 | -1.94 | 2.42

Table 5.9: The parameters for the various potentials used in Eq. 5.11. The strength
and range of the repulsive part are fixed for all three potentials at Vz = 246.80
MeV, Br = 0.82 fm for the singlet state, and Vi = 181.68 MeV, Br = 0.82 fm for
the triplet state. From [8].



counts

2 'K+ 2
LnFSl from<H(e,e'K™) 2 o] I
8
1000 |- Monte Carlo with FSI
T Y TR LR d(e,eK" A D
i R d{e,eK")En
g0 - 4 1 0 e d{e, ek p
i An+Zn+Ip
500 600 |-
I d(e,eK")YN -
i ; . 400
L Monte Carle simulations L < g
400 L &uasifree 1 i § E
[ I diieh A ¥ w0 £
I Julich B -
300 [ O R e
L 2 Z.05 21 2.15 2.2 2.25 2.3 2.35
i missing mass (GeV)
200 |- Table 1: Scattering length and effective
- range for the three hyperon-nucleon poten-
I tials used in the simulations.
100 I Model State  a (fm) r (fm)
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High Resolution Kaon Spectrometer (HK'S)
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Cross section (mb)

L ambda-Proton Cross Section
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Kaon Electroproduction Cross Section
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Particle ldentification

K+ PID:

Coincidence time cuts
separate 99.9 % reak K+, p*,p
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Simple Model for Hydrogen Data

=z Available models

Y Adelseck, Saghai PRC42 (1990) 108 202
Vv Williams et al PRC46 (1992) 1617

do not describe the data - 2! =
z Use instead simple factorization

Ansatz which describes the data 1.9 —=. T —

over our acceptance

2 1.92 :_ ...... : —

ds o fo

H f(QZ)g(W)h(t)i(i ) S =

7 e Eil:l e ................ . ................

198 oo : = S

1.94 :_ R
B : O :

= Model describes 1996/1999 dat 186 [ -~ :

well and is also used for all 184 F W=

nuclear targets n o ==k
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W dependence of 'H(e,e'K)L scaled to tmin
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Figure from J Cha Hampton Univ. 2000.
The data are scaled in O,k cm and Q2.



Bound L -Hypernuclel A=4
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Elementary Cross Sections for 3He
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