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Meson exchange currents in kaon scattering on the lightest nuclei
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TheK™* scattering on the lightest nuclel, *He, and*He is studied in the framework of multiple-scattering
theory. Effects from meson exchange currefMEC) tied to theK*N—KN7r reaction are evaluated. We
found that at momentum transfe@’< 0.5 (GeVi/c)? contributions from MEC are much smaller than kaon
rescattering corrections. This makes the conventional multiple-scattering picture a reliable tool to study these
reactions in this kinematical domain and to extractiten scattering amplitude from th¢*d data. At larger
transferred momentum MEC can become more reley&@556-28137)05206-0

PACS numbdss): 25.10+s, 24.10.Eq, 25.80 Nv

[. INTRODUCTION ties in Refs.[5,6] tied to the off-shell extrapolation of the
Kz amplitude were settled in Ref7] using the chiral
The K*-nucleon interaction is one of the weakest amongLagrangians involving the octet of pseudoscalar mesons and
other strongly interacting systems. Therefore, it is expecteaucleon and\ in the baryon sector. The calculations in Ref.
that for the description of the kaon-nuclear interaction g 7] were also done in spin-isospin saturated nuclear matter
simple impulse approximatioiA) should be more reliable. where some cancellations occur due to The0 andJ=0
However, recent theoreticil—7] studies in this framework character of the medium. In the present paper we shall evalu-
show systematic discrepancies with the experimental data, iate the MEC using nuclear wave functions with detailed
particular, for the ratio of th&k *-nuclear toK *-deuteron  spin-isospin structure. As a starting point to construct the
total cross sections. This puzzling situation still persists inMEC operator for kaon-nuclear scattering we shall use the
the description oK *-*2C andK *-*%Ca scattering and most amplitude for the< "N— KN reaction obtained recently in
of the theoretical and experimental studies are concentratdgef. [15] in the framework of standard chiral perturbation
on these targets. The reader can find a review of this probleriieory.
in Ref.[4]. A more recent experimental and theoretical study Finally let us make one comment abdGt d scattering.
of K™ scattering on Qnatura) and ®Li shows agreement As we mentioned above, this reaction is the main source of
between theory and experiment within errors for the elastiégnformation abouK * interaction with the neutron. From the
cross sections, but discrepancies for the ratio of the totadtudy of pion-deuteron scattering we know that, for this pur-
cross sections where systematic errors can be elimif8ied pose, the three-body Faddeev approach would be the best
On the other hand, the systematic study ofheinteraction  theoretical tool which offers the possibility to treat tNeN
with the lightest nucle{deuteron,®He, and*He) could pro- interaction and scattering processes within a unified and con-
vide us with new knowledge about the dynamics of the kaonsistent framework. Fortunately, in the caseofNN system,
nuclear interaction, which could be applied then to the casédue to the absence of kaon absorption processes, these chan-
of heavier nuclei. Examples of the practical realization ofnels are uncoupled. This makes the three-body approach
such a scheme were done in the study of pion-nu¢@at3] closer to the potential multiple-scattering theory. However,
and kaon-nucleaf14] scattering within multiple-scattering this statement would be more accurate if the MEC contribu-
theory. In the present paper we will extend it by includingtions would be small. In our paper we will show that, indeed,
meson exchange curre(WIEC) corrections. this is the case, providing a justification of the conventional
From the study of electromagnetic interactions it is wellcalculations done so far.
known that at high momentum transfers MEC's play an im- The structure of the paper is the following. In Sec. Il we
portant role and it is important to find their relevance inconsider the formalism for the description of the MEC. Sec-
K* nucleus scattering. In fact, the determination of thetion Ill presents our results and our conclusions are summa-
K*n amplitude from the study of thi€ " -deuteron scattering rized in Sec. IV.
is tied to the hypothetical strength of the MEC. This point is
stressed in Refl14] W_here the uncertainty in tHé_Jr nucleus II. FORMALISM
cross section from likely effects of the MEC is repeatedly
mentioned and kept in mind as a possible source of correc- The conventional approach in the description of the
tions needed to explain systematic discrepancies of the cak *-nuclear interaction is the potential multiple-scattering
culations with the data. theory. Due to the absence of the absorption channels such
Attempts to calculate MEC effects K" -nuclear scatter- an approach is rather precise in the treatment of the
ing were done for nuclear mattgs,6]. Remaining uncertain- K™*-nucleus dynamics. In the present paper we follow
closely the formalism and steps of REf4] whereK* scat-
tering on He targets was studied usi&g?,D,F partial am-
*Permanent address: Laboratory of Theoretical Physics, JINRlitudes forkK *N scattering from Refl16] and including the
Dubna, Head Post Office Box 79, SU-101000 Moscow, Russia. spin-isospin dependence of the first-order optical potential.
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FIG. 1. A diagram for MEC in kaon-nucleus scatterifig: pion
pole term,(b) contact term.
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We calculate this potential in a similar way as it was done for i Ny >~ N~ P
pion scattering on the lightest nucldi2,13. Note only that

for the deuteron we use realistic wave functions obtained

with the ParisNN potential[17]. In the description of the nl ¥ Ip nl ¥l Ip
3He ground state we use the solution of the Faddeev equa-

tion with the Reid-soft-core potenti@ll8]. In both casesS (©) (d)

and D components of the nuclear wave function are taken

into account.“He is described using a charge form factor FIG. 2. Diagrammatic representation of the MEC for the four
extracted from electron scattering. The contributions fromisospin channels in terms of the effectivéNKKm vertices
kaon rescattering are taken into account using the Kermars. . . . .t4. In diagram(a) the proton linep to the right contributes
McManus-Thaler version of multiple-scattering thefyp].  only in the *He case.

Within this framework the Lippmann-Schwinger integral

equation is solved with a Separable form for the Oﬁ'she”matter was forT:O Systems and On'y because kaons propa-
extrapolation of the<N amplitude. gate forward in nuclear matter. Away from the forward di-
The main aim of our paper is the study of contributionsrection, or if T+0, this does not occur. It is thus worth
from MEC which are not included in the potential multiple- jnyestigating in detail whether the effects of these MEC can
scattering theory. Originally it was supposed that the MEGshow up at large angles, as it is usually the case in electro-
are caused by thi€ * interaction with the nuclear pion cloud, magnetic MEC.
i.e., K" scattering from virtual pions exchanged between two |n the present work we shall construct the MEC operator
nucleon[see Fig. 1a)]. The detailed investigations of this starting from theK "N— KN amplitude obtained in Ref.
mechanism ik *-*?C scattering have been done by Jiang[15]. The procedure is similar to the way the MEC operator
and Koltun[5]. This work was improved in Ref6] by the  for photon absorption processes is generated starting from
addition of extra terms contributing to the imaginary part ofhe yN—N7 amplitude[24], or for pion photoproduction
the K™ self-energy from the<™ interaction with the pion  starting from theyN— N amplitude[25]. First, using the

virtual cloud, &Il . In addition, the static approximation results of Ref[15] we define the effectivélNKK vertex
used to deal with the virtual pion cloud was removed in Ref; .-

[6], resulting in appreciable numerical changes. Uncertain--

ties remained in the real part in Ref%,6] tied to the off-

shell extrapolation of th& 7 amplitude. te= 3 tpole™ teonts (1)
However, it was also mentioned in R¢B] that the addi-

tion of contact terms from chiral LagrangiapBig. 1(b)]

should partly cancel the contribution of the real part ofwheret,q. andt.,, are the pion pole and contact terms. In

Sllx, much as it happens in theeN— 77N reaction Fig. 1 they correspond to Fig.(d and Xb), respectively,

[20,21], or in the evaluation of the pion self-energy from the without the nucleon line to the right. In a second step we

interaction of the pion with the virtual pion cloy@2,23. A assume that the pion produced is off-shell and we let it be

detailed calculation of the real part 6f1, including the pion  absorbed by a second nucleon. Finally, taking into account

pole[Fig. 1(a)] and contact terniFig. 1(b)] was carried out all the possible isospin channels we obtain MEC operators in

in Ref.[7] using standard chiral Lagrangians for the octet offour effective verticest(, ... t;). They are associated with

pseudoscalar mesons. An exact cancellation was found fahe diagrams depicted in Fig. 2. In the evaluation of the

symmetric nuclear matter, unlike in the case of the pion selfspin-isospin matrix elements from the two-body MEC opera-

energy, where the terms cancelled only partigftg,23. tor we shall use the method which was suggested in Ref.
In view of the results obtained in Rdf7] for the real part [25]. It consists of writing explicitly the wave function in

of 8llx and the terms involved in the evaluation of the terms of spin and isospin up and down states and evaluating

imaginary part ofsTI , one envisages some reduction of thethe matrix elements of the operators in that base. Then, ne-

results obtained in Ref6], which were already rather small. glecting the nucleab states(we expect that due to momen-
However, the cancellation found in Rdf7] in nuclear tum sharing arguments their contributions are small and in
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any case they are corrections in correctjons get for dif-

ferent initial and final nuclear-spin states for tk€ d scat- K
tering
T
A=2(d+ter(1) o pr3ld-+)=—(T|tel 1 )(1oPIT), — >
(23 0 A
— >_ —
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FIG. 3. A excitation term in the MEC.
D=2(d+]|t 72 PT _ . . .
(d+lter(1) 2" p2dO) The final expression for the MEC amplitude, which has to
be added to the first-order kaon-nuclear potential, is given by

1 N PO
== UTIdN(1o B+ (Tl XTI Bl @9

B[ dP FAQP) o
Viee oo | o i o THER DFE)
E=2(d0|teq(1) op- pr5/dO)
. o f
1 SN .- —p)—=
== A= 5 ((1ItalL)(L]o- BT+ (Lt T)(T Bl 1)), PPy, ®

(2¢ wheref2/47=0.08 is thewNN coupling constantT{? are
the spin-isospin matrix elemends . . . ,G from Egs.(2) and
for the K**He scattering (3), Ea(k) and E=E(K)+Ex(k) are the kaon and total
kaon-nuclear energies in the c.m. frarﬁed) is the off-shell
form factor: F(q)=(A2—m2)/(A%+q?) with A=1300
= —(1]2t,+ 51T o pIT) = (T]te+ V2t,] 1) MeV, Q=k—k’ is the transferred momentum.

N N The two-body nuclear form fact(ﬁfA(@,ﬁ) in the case of
X(Lo-pIT)=(Lts+ V2t 1)(T|o-pll), (33 the deuteron is given by

F=6(°Hel |tex(1)op p75|°Hel)

@
ll

6(°He |ter(1) o, pr5|°Het)

—(LItS 11T pl 1)y = (LIt [1)(L]o-p[1).  (3D)
whereug(x) is the S-wave part of the deuteron wave func-
In Egs.(2)—(3) |1) and||) are the up- and down-spin states tion taken from Ref[17]. For *He we have
of the single nucleon. The operatdtsandt;’ are the fol-
lowing combinations of the effective vertices:

p—=

Fa(Q,p)= f ué(x)jo( x)dx, (6)

< - oo |]= (1
FBHe(Q,p)=f us(x.y)jo X|Jo| 3Qy|dxdy,
@

tg=ti—ta+thh),  thy)=\2(t,xty). (4)
Some details for the calculation of the matrix eleme@ss  Wherex andy are the standard Jacobi coordinatesgtx,y) is
(3) are given in the Appendix. the S-wave part of the radial wave function for the trinucleon

One should note that the dlagrams in Fig)land Xb)  System obtained in Ref18] by solving the Faddeev equa-
involve a model for th& *N— K * N process based on the tion. In the case of a simple harmonic oscillator model the
pion pole and contact terms. The model of R&6] contains ~ tWo- body form factor can be expressed in the analytical form
also a term forA excitation which was proved important in Faye (O,p) =€ 2°Q%/6g~b%-(p+ Q)12
the K *N— KN reaction in Ref[26]. This term would lead On finishing this section let us make a few comments
to the MEC term of Fig. 3. However, in the case of theabout the MEC. First, it turns out that in the casekofd
deuteron this term is zero because the intermedidtestate  scattering in the forward direction the MEC contributions
cannot have an isospin zero like the deuteron. In the case &fom the contact and pion pole terms cancel each other. This
%He and “He, and considering onl$-wave nuclear states, result is consistent with the results of RT] where this
we also find that thés excitation term does not contribute to effect was proved for a more general cak€e: scattering
the non-spin-flip amplitude. However, it contributes to thewith symmetric nuclear matter. The next comment is con-
spin-flip amplitudeG in the case of®He, but we find it nected with the spin-flip transition in kaon scattering on
negligible compared to the MEC related to the chiral terms.3He. The one-body part of the spin-flip amplitude is propor-



29088 KAMALOQOV, OLLER, OSET, AND VICENTE-VACAS 55

10 U N DA 101.
d(K*K*)d ' ' ' '
. K =342 MeV/c ]
10 Y GLEE 10°F d(K*,K*)d -
= K, =587 MeV/c
31 5 107k
e > E
> £
0 ~
E - $ 2
R ~ 107 F
Z 5
~ =
5 N 3
© Tmee 2]
107k 0k ]
890 MeV/c (x 0.01)."‘\ .................
L By SN A — o A
00 01 02 03 04 05 0 360 90 120 B0 80
—t [(GeV/c)?] 8., (deq)
FIG. 4. Elastic differential cross sectiods/dt for K*d scat- FIG. 5. MEC effects in elastil * d scattering ak,,=587 MeV/

tering at lab kaon momenta,,=342, 587, and 890 Me¥/ The ¢ The dashed and dash-dotted curves are PWIA and PWIA
dotted and dashed curves are the PWIA calculations without anfjeC results. The solid curve is the result of the full calculation. By
with deuteronD state, respectively. The solid curves are the full the dotted curve we denote the MEC contribution alone. Experi-
calculations(with kaon rescattering and Coulomb interacjioBx- mental data are from Ref27] (0) and Ref[28] (®).

perimental data are from Rdf27] (0) and Ref[28] (@®).

) ) forward direction. At backward angles due to the interfer-
tional to sirg. The same angle dependence was also Obance with the one-bod§PWIA) amplitudes they reduce the
tained for the MEC spin-flip amplitude. Note that this ampli- gitferential cross section in about a factor of 2, but this effect

tude contains only the, andt, effective vertices. This mean s practically cancelled by contributions from kaon rescatter-
that there are no contributions fromf-exchange diagrams. ing. The results for th& *-*He scattering are similar.

The last comment concerns the method used here for de- |, K +-3He scatteringsee Fig. 6, in contrast to the deu-
riving the nuclear matrix elements of the two-body operatorseron and*He cases, the contribution from MEC in the for-
Itis similar to the method used in quark models. On the othe{y4rq direction is not zero. However, in this region the con-
hand there is an alternative way based on the algebra Qfgntional one-body mechanism dominates. At backward

tensor operators. For the MEC we have done calculationgngles the contribution from kaon rescattering is more im-
with both methods in order to have extra confidence in theportant. We have also found that in this region it is very

results, which were identical in both cases. important to use realistic Faddeev wave functions instead of
the simple harmonic oscillator model. In the case of MEC
Ill. RESULTS AND DISCUSSION this essentially enhances the contribution of the non-spin-flip
amplitude.

We begin with the consideration &f*d scattering. In the
analysis of the experimental data the simple expressions ob-
tained in plane-wave impulse approximati@PWIA), with 10" T
only a deuteror§ state, are normally used in order to extract i
information about the kaon-neutron scattering amplitude.
However, this is an approximate expression where the deu-
teron D state and rescattering corrections are neglected. In
Fig. 4 we demonstrate the accuracy of such an approxima-
tion. In fact, it is good at momentum transfers
Q?=-1<0.2 (GeV/c)? and it turns out that most of the
analyzed experimental points are concentrated in this region.
This means that the results which could be obtained using
more accurate expressions would lead to small changes in
the kaon-neutron amplitude. We come to the same conclu-

SHe(K*K*)’He

K, =600 MeV/c

do/dQ (mb/sr)
3

sion in the analysis of the total cross section. o0 :_,:" \\ _-oT== E

Another correction which is not taken into account in the \\“-,{,’-/"""""’
simple PWIA approach is the effect from MEC coming from S T ]
diagrams depicted in Figs. 1 and 2. We have fo(se Fig. 0 50 0 90 260180
5) that inK " -d elastic scattering their contributions are small 8, . (deg)

in comparison with a contribution from the conventional
one-body mechanism. For example, due to the cancellation FIG. 6. The same as in Fig. 5, but for elagti¢ -*He scattering
effects found in Ref[ 7], there is no MEC contribution in the calculated using the Faddeev wave function from [REg].
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The MEC mechanisms which we are using here correthat one would obtain using our more accurate approach
spond to the consideration of the real part of #& self- would be the same one obtained so far.
energy from the interaction of the kaon with the virtual pion

cloud. The corrections from the imaginary part are very ACKNOWLEDGMENTS
small at low energies and were found to provide corrections . _ _
of 10-20 % atk ™ momenta around 800 MeW¥for 12C. In This work is partially supported by the CICYT Contract

the lightest nuclei considered here the effects should be ceNo. AEN-96-1719. S.S.K. acknowledges financial support
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tions from the imaginary part to be small, as the one found

here from the real part, essentially negligible within the ac- APPENDIX

curacy of the present data and the possible one in a near . . .
future. On the other hand, the MEC evaluated here would. In this appendix we present some details for .the calcula-
account for the p2h excitation diagrams considered in Ref. tions of the MEC'_F'rSt' let us conslder expressions for the
[7]. In addition one would have contributions frophAh fqur effective verticedty,, .. ..ty which correspond_ to the
components which are of the same order of magnitude aglagrams depl_cted in Fig. 2 W'.thOUt the.nucleon +I|ne o the
those of the p2h (and of opposite sign In view of the rlght._The verticed, andt,, Wh'Ch. descr!be the_l(_ K)
smallness of the contributions obtained from thE2h terms reaction on the.proton, were considered in detail in REB]

we refrain from extending the calculations to account forThf other verticed; and t, are new. They describe the
these corrections which would not change the conclusiof< K ) reaction on the neutron. As we discussed in Sec.

drawn here. i.e. the small relevance of the MEC in this prob—”’ all these vertices involve the contribution from the pion
lem compared to the one-body and rescattering contripuRole and contact terms. T.he explicit expressions for them are
the following (in the notation of Ref[15]):

tions. :
Pion pole terms
IV. CONCLUSION KysT
t§=2C1<p|;/2_;?n3|p>qM{2mﬁ—2k-k’+p~q+ m2},

The K™ scattering on the deuteron is the main source of
information about th& " -neutron interaction. The basic the-
oretical approach which is normally used for this purpose is (nlv*ys7_|p)
the simple plane-wave impulse approximation which does t§=4\/5012—57qﬂ{m§—p~k—2p~k’—k-k’
not take into account contributions from tBestate compo- q —ms
nents of the nuclear wave functions, from kaon rescattering +m2— pz} (A2)
and meson exchange currents. In the present paper we have g '
analyzed these ingredients including all of them together. At

(A1)

(n|y*ys73|n)

the same time we have evaluated cross sectionsHerand th=2C, > q.{2m2—2k-k’'+p-q+m?}
4 . . . — m y23 K )
He targets using these ingredients. q m
The MEC operator for the finite nuclei was constructed (A3)

using as an input the amplitude for tkeé N— K * N reac- "

tion, which was obtained in Ref15] in the framework of the tP=4.2C (Ply*ys74[n) q{m2—q-k—2q. k' —k-K’
standard chiral perturbation theory. We have found that 4 Yogt-m, peoK

MEC contributions are small at momentum transfers > 5

Q?<0.5(GeVic)?2. In this region more important corrections +mz—a%. (A4)
are coming from kaon rescattering, especially in the total
cross section at low energiek {,< 500 MeV). From this
result we can conclude that the conventional multiple- c_ _ “ r L

scattering theory which does not include MEC contributions t=(Co=Ca)(ply*ysmalp){ki k.= 2p,},  (AS)
is a reliable approach for kaon scattering on the lightest nu-

Contact terms

clei in this kinematical domain. t5=—V2Cu(n[y*ys7_ PP+ K, +2K,},  (A6)
At larger momentum transfers the MEC can become more c ,

relevant and, for instance, fé&¢* scattering in the deuteron t3=C2<n|yﬂy573|n>{ku—kﬂ—2pﬂ}, (A7)

and *He, with kaon momentum around 600 Me&VAnd

backward angles, they can reduce the cross section in abouta 5= —vV2Cy(p|y*ys+[n}{p,— 2k, —k,},  (A8)

factor of 2. However, the cross sections in that region are

about four and five orders of magnitude, respectivelywhere|p) and|n) are the proton and neutron states, respec-
smaller than at forward angles. In the casekof scattering ~ tively, 7, and7_ are the standard raising and lowering isos-
on the deuteron we have demonstrated thak,gi<400 pin operators t,[n)=|p) and 7_|p)=[n)). In Egs.(A1)—-
MeV/c and momentum transfel®?<0.2 (GeV/lc)?, where  (A8) the coupling constant§; andC, are defined as

most of the analyzed experimental data are concentrated, the

corrections from the deuterdd state and kaon rescattering _D+F 1 D-F i (A9)

are small. Therefore, the kaon-neutron-scattering amplitude o2 12t Co= 2 12f3
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with D=0.85,F=0.52, andf=92.4 MeV. Recall also the In the case of kaon scattering otHe we have another
convention used for the momentum conservation for the piomombination oftq, ... t, vertices[see Eqs(3)]. They can
pole term:k=k’ +p+q. be derived in a similar way. Here we present only the final

In order to construct the MEC operator in the nuclearresult for the non-spin-fli- and spin-flipG matrix elements
application we use a nonrelativistic expression for thefrom Ed.(3):

7NN vertex, i.e.,(N|y“ys|N)q,=—o-q and take into ac- 2B G2
count that pions are off-shellgf=py=0). Finally after F=—-6C, »p a- Q —2(2C,— 2)(252+(':)~5),
some algebra we obtain the following expression for the op- q +m
eratorty, defined in Eq(4), and which describes the MEC in (A11)
kaon deuteron elastic scattering:
p-(k+k) . .
_ac| 2" 2—p-q—Q2. - 2543 AL G=6.2C, 2—52+m2 I[p><q]+1—l[p><(k+k’)]+1],
ty= —————0-q+5:(2p+Q)|. ™
d 1 q2+m q (2p+Q) (A10) (A12)

Using this simple expression the matrix elemefits .. ,[E  where the product[,&x I§]+1=A+lBO—AOB+1 is defined
from Eqs.(2) can be easily derived. From EGA10) we can  in the covariant spherical basis. Note that expressions
also see that in the forward direction where the momentuntA10)—(A11) for the contributions of the pion terms, to-
transfer isQ=k—k’=0 andp=—q, the pion pole term is gether Wlth Eq(5), are symmetrical relative to the permuta-
canceled by the contact term. tion p—q.
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