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¢ meson mass and decay width in nuclear matter
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The ¢ meson spectrum, which in vacuum is dominated by its coupling td?ﬂhesystem, is modified in
nuclear matter. Following a model based on chiral®Wlynamics we calculate th¢ meson self-energy in
nuclear matter considering thé andK in-medium properties. For the latter we use the results of previous
calculations which account fd& and P-wave kaon-nucleon interactions based on the lowest order meson-
baryon chiral effective Lagrangian, and this leads to a dressing of the kaon propagators in the medium. In
addition, a set of vertex corrections is evaluated to fulfill gauge invariance, which involves contact couplings
of the ¢ meson tdcS-wave andP-wave kaon-baryon vertices. Within this scheme the mass shift and decay width
of the ¢ meson in nuclear matter are studied.
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I. INTRODUCTION rules[14,15, or the Nambu—Jona-Lasinio modéb]. The ¢
width modification in matter has also been a subject of study

The study of the renormalization of the hadron propertiesn a dropping meson mass scendi@,17-21, as a result of
(such as effective masses and widltimsa hot/dense baryonic collisional broadening througl)-baryon [22] or ¢-meson
medium has been a matter of wide interest during the ladi23] scattering processes and on the basis of modifications of
years(see, for instance, Refl]). Electromagnetic decays of the main decay channels in vaculiB)24]. All these works
vector mesons are specially suited to explore the high denspoint at a sizable renormalization of tigewidth and a small
ties that occur in nuclei or neutron stars, since the emittednass shift
dilepton pairs, which carry the spectral information of the The purpose of this work is to obtain thgmeson self-
vector meson in the moment of the decay, undergo a lovenergy in cold, symmetric nuclear matter from which we
distortion before they abandon the dense medium and readall study how the mass and decay width are modified in the
the detector. In particular, th meson stands as a unique medium. We follow the lines of Ref24] in which the main
probe for a possible partial restoration of chiral symmetry ininput to the calculation of the self-energy in nuclear matter
hadronic matter, since it does not overlap with other lightis the kaon self-energy of Ref25], arising fromS and
resonances in the mass spectrum. In addition, the modificd-wave interactions with the nucleons. Ti&wave kaon
tion of the ¢ properties in the medium is strongly related to self-energy is obtained from a self-consistent coupled chan-

the renormalization of the kaon pl’operties in the mEdiUm, del unitary calculation of thEN amp”tude based on effec-
topic that has also received much attention because of n@jve chiral Lagrangians, in which Pauli blocking, the renor-
table deviations from the low density theorem needed to remalization of the pions, and mean-field potentials of the
produce kaonic atoms dafa—5] and the possibility of for-  haryons in the intermediate states are taken into account. The
mation of kaon condensates in neutron st The ¢  p-wave kaon self-energy is driven by the coupling to
properties in a nuclear medium could be tested through denyperon-hole excitations. Although we adhere to this ap-
tection of its decay products iA-A and p-A collisions[7],  proach for the kaon self-energy, we introduce some technical
by means of the reactiom p— ¢n in nuclei [8] or the  novelties. Whereas the work in RéR4] is devoted to the
recently proposed method based on inclugiMghotoproduc-  calculation of the in-mediump width and thus only the
tion in nuclei[9]. imaginary part of thep self-energy is obtained, we also fo-
Concerning the change of theproperties in the medium, cus on the real part to look for the shift in thlemass. This
much of the work done has been partly stimulated by thdeads us to improve the model of Rg24] by including
idea that partial restoration of chiral symmetry may modify additional mechanisms required by gauge invariance as well
the masses of mesons at finite temperature and/or densitys performing a finer study of the relativistic recoil correc-
The ¢ mass change has been studied in several approachtéisns considered in th®-wave kaon self-energy. In Sec. Il
such as using effective Lagrangiaf$10—13, QCD sum  we detail our model of thep self-energy for which we ad-

*Email address: Daniel.Cabrera@ific.uv.es IExcept for Ref.[14], in which a mass shift of a few hundred
TEmail address: Manuel.J.Vicente@ific.uv.es MeV is reported under hot and dense matter conditions.
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self-energy in nuclear matter after including kaon self-energies. The
FIG. 1. Diagrams contributing to theX(g3) ¢ self-energy in  dressing ok (K) propagator is indicated by a roursguared box.
free space(a) two-kaon loop,(b) kaon tadpole.

readily calculated from the imaginary part Hfzrfe and, by

here to the vector field_ representation of RJ&]. S a_nd omparing to the experimental value Bf, .-, one gets
P-wave kaon self-energies are quoted as the major input —457

ion i Jé : .
';he cglculrx’qon n r;uclea_r matter z?)nd a set Otf Vertex Cormec="rpe calculation of the¢-meson self-energy in nuclear
fons involving contact—meson-—-baryon vertices, are con- e 7med proceeds by a dressing of the kaon propaga-

sidered as requested by gauge invariance. In Sec. Il Wbrs including bothS and P-wave self-energies, as well as

pregent our results for th¢l self—engrgy and the consgquent vertex corrections demanded by gauge invariance. We per-
findings for the¢ mass shift and width, and summarize our . ree .
form a subtraction of the free self-ener@% from the in-

conclusions. . . .
medium self-energ)ﬂg‘edwhlch, as we shall discuss below,
provides a convergent result. From this in-medium sub-
Il. #-MESON SELF-ENERGY IN VACUUM tracted self-energyATI}*=T17°- 117, the width and
AND IN NUCLEAR MATTER mass shift of thep meson will be obtained in Sec. Ill. Since

In this work we shall deal with the coupling of theto W€ are interested in both the real and imaginary parts of the

KK channels, which in vacuum accounts for 85% of the total® selt-energy, the tadpole terms have to be explicitly in-

. . . . cluded in the calculation and properly modified in the me-
decay width. It was found in Reft8,24] that the in-medium dium. The first step to include the effects of the medium

KK related channels give rise to @ width several times consists of a modification of the kaon propagator with a

larger than in free space. Here we shall focus on the inproper self-energyl,(qP,G;p). A diagrammatic representa-

medium modifications of the wholg-meson self-energy tion is shown in Fig. 2.

(both real and imaginary pajtsarising from KK related After this is done, the kaon propagator is given, in its

channels, and we shall ignore further renormalization comspectral representatid8], by

ing from other contributing channels in free space as the 3

channel. o 5 — 5
To describe the interactions of thiemeson with pseudo- DR(K)(qo,d;p)=f dw( SEéK)(w,q,p) _SKéK)(w,q,p)

scalar mesons and baryons, we follow the model developed 0 g -otin g to—in

in Refs.[13,2€]. The Lagrangian describing the coupling of 2

the ¢ meson to kaons reads

where S¢(k) is the spectral function of thE(K) meson,

Ly kaons= — 19 4¢ (K~ KT —K*g*K ™ +KO9#K° .

Plaons o¢ MO ) o Serr (0. Gip) = 1 |mHE(K)(CIO.q;P)

_ “ KK-KT K AP = =
KO9*K®) +g5 ¢, "(K KT +KK?), (1) (K) p |(qo)2_qz_mﬁ_HE(K)(qo,q;pn(z

and it provides, a(’)(gi), a ¢-meson self-energﬁgee con-

sisting of two-kaon loop contributions and kaon tadpoleang M) is the K(K) self-energy in nuclear matter. From
terms(see Fig. 1 The free width to th&KK channel can be now on we take the isospin limit and sei=mg=(my+
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+myo)/2. The in-mediumyp self-energy arising from dressing
the kaon propagators for @ meson at rest reads

4

q _
42Dk(P—q;p)Dk(d;p)

HLi(PO;p>=5‘ii292ff
3) (2m)*

4
iji 2 -
d*q N
+f (277)4D|<(q;p) =84(P%p), (4
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FIG. 3. KaonP-wave self-energy diagramsa) K direct term;
(b) K crossed term.

K

where only spatial components are nonvanishing. If we take

a constant self-energy for the kaon, as in RE?§,28, the
doP andd() integrations can be readily evaluated and ¢he
self-energy takes the simple form
f dw
0

q>2
o(q)

y Sc(w,|G];p)[e+®(q)]
(POY2—[w+a(q)]?+ie

s

0 1
— d , *; -
+2] |, doscolalo o

1 4 (=
0. \_ 92 - =22
I 4(P ,p)—2914,—2772 BL dgq {

s

I
where®(q)?=q2+mz+1I(p).
In the following sections we discuss how the kaon self
energies are obtained. We follow closely R&4] and focus
only on the differences introduced in this work.

A. S'wave kaon self-energy

The interactions oK ™, K® andK®, K~ with the nucleons
of the medium are rather different and it is necessary to tre
them separately. Since there are 8&1 baryonic reso-
nances, theKN interaction is smooth at low energies. We
take the approach of Ref®5,28 where atp approximation
is used and a constant self-energy is obtained.

The KN interaction, however, is dominated at low ener-

gies by the excitation of thd (1405) resonance, which ap-
pears just below th&N threshold. To account for a realistic

ergies and momenta up to 1.5 GeV. Outside this range we
take a constant value matching it to the boundary value at
energy 1.5 GeV and zero momentum. We have checked that
the dependence of our results on the choice of the matching
point is negligible. We refer the reader to Reff25,29 for
details of the model.

B. P-wave kaon self-energy

Kaons from¢ decay are emitted with rather low energies,
what makes th&wave self-energy a major renormalization
source to be included in nuclear matter. However, in Refs.
[8,24] it was noticed that including-wave kaon couplings
to nucleons gives rise to a considerable source of renormal-
ization of the¢ in the medium, leading to a further increase
of the ¢ width of the same order as that provided by the
-Swave contribution.

We includeP-wave kaon self-energies accounting for the
excitation ofAh, £h, andX*h pairs[2* =3*(1385)]. The
corresponding many-body mechanisms are shown in Fig. 3.
Notice that, because of strangeness conservation, only direct

terms are permitted for thié excitations. Conversely, thi€
self-energy arises from the crossed terms. Since the excited
ar‘iyperon is far off-shell in the crossed kinematics, we expect
the K to be barely modified by th®-wave self-energy and

we shall not include it in the calculation.

The KNY vertices involved are derived from the lowest
order chiral Lagrangian that couples the octet of pseudo-
scalar mesons to the 172aryon octe{ZSi and then treated

in a nonrelativistic approach. THewaveK self-energy then
reads

Eself-energy in nuclear matter we follow the coupled chan-

nel chiral unitary approach t&-wave KN scattering devel-
oped in Ref.[29]. Starting from this successful scheme in

"%, 6; p) =6 211 "*1a°, d; p)

free space, an effective interaction in the medium was ob-
tained in Ref[25], solving a coupled channel Bethe-Salpeter
equation including Pauli blocking on the nucleons, mean-
field binding potentials for the baryons involved, and the
medium modifications ofr mesons andK mesons them-
selves, leading thus to a self-consistent calculation. By sum-
ming over the occupied states in the Fermi sea,Khspec-

tral function was obtained. The inclusion of tBevave self-
energy accounts for decay channels of theneson of the
type KY Mh, the major contribution coming frony=2%,,

M = 7. The range of validity of this model covers kaon en-whereUy (Y=A,X,>*) stands for the Lindhard function

1.
2 Vi*pAff\(Q)QZUA(qO,Q;p)

3 72 2 =2 0 =~
+5 Vk-psof5(@)G°Us(q7.d:p)

1

+
2

Vi-psrofex(@)G2Usx(d°,G;p),

(6)

045203-3



D. CABRERA AND M. J. VICENTE VACAS PHYSICAL REVIEW C67, 045203 (2003

including only dir_ect kinematics, and thégyy factors con- R/©\
tain the requir_ed(NY couplings and isospin factors which P,\/\J( q VP
can be found in Ref.24]. /
In the model of Ref[24] a nonrelativistic treatment of the N Ra oy
KNY vertices is used, including relativistic recoil corrections @)

of O(1/My), to deal with the imaginary part of the¢ self-
energy. However, in this work, we are also concerned with ~ -

the calculation of RH’;‘ed and larger energies and momenta \/\C/ \r\/\, N/ \va\
are involved in the loop contributions. We have improved the

model of Ref.[24] in the treatment of the relativistic recoil - -
corrections, quoted as tié(q) functions in Eq(6). Starting (b) (©

from the fully relativistic KN—Y—KN amplitude with an
approximately at rest in-medium nucleon and keeping the
positive energy intermediate hyperon propagator, we get the
following correction factor: N

(E\(_l\/|\()2_(qo)2 (d)

2 _
fo(q)=1+ AE MY , (7)

FIG. 4. O(p) contributions to thep self-energy fromP-wave

= . kaon self-energy insertions and related vertex corrections.
whereEy = \/MY2+ G2 andq’ is the kaon energy. 24

Additionally, to account for the off-shell behavior of the
kaon-baryon vertices we have included static dipolar for
factors. In Refs[8,24] relativistic dipolar form factors were
used, eactKNY vertex carrying g A%/ (A2—(q°)%+G?)]?
factor with A=1.05 GeV. In this work, the use of such form Iy (P%p)
factors is not a proper approach because it generates ficti-
tious poles in the loop contributions to thg self-energy. o q ., p-wave, .

Instead, we choose to use a static version. :'29¢§J (27)4(} 1L (dip)

To compensate for both changes, we properly rescale the
KNY form factors to maintain consistency with the vertices 1 1
used in Refs[8,24]. Therefore we multiply eackKNY vertex X(Po_qo)z_wz(q)ﬂe (9°)2— w?(q)+ie
by C[A?/(A%+G?)]? and we fix theC constant by perform-
ing an on-shell matching to the expressions in RESs24). (8)
Details on how this matching is done are given in
Appendix A.

of diagrams(b) and(c) and diagran{d), respectively. Using
Mhe Feynman rules derived in RdR4] one finds, at first
order in density,

4

4
q ~ P-wave

(2m* ¢

I1;°%(P% p)=i2g7 f (d:p)

C. Vertex corrections and gauge invariance
1

The introduction of the¢ coupling to kaons an&KNY X ,
interactions in a gauge vector description of themeson (P°~q°)%~w*(q)+ie
generates additionalhKNY contact interaction vertices. 5 o
These vertices can be evaluated systematically as done With @“(q) =g “+mji . In Egs.(8) and(9) we have used bare
Ref. [13]. Alternatively, one can also obtain the Feynmankaon propagators. These results can be further extended to
rules for these vertices by requiring tedN— KY amplitude  higher orders in density by considering additional self-
to vanish when replacing the vector meson polarization by it§nergy insertions in the kaon propagators. Eventually we

(€)

four-momentum. substitute the bare kaon propagators in E&s.and (9) by

At the lowest order in the nuclear densiBwave kaon  the fully dressed propagators described in the previous sec-
self-energy insertions plus vertex corrections are considerei#ons. Both contributiondI =", I1,~“ are finite provided
in the diagrams depicted in Fig. 4. that suitable form factors, as discussed in the preceding sec-

The contribution of diagrante) in Fig. 4 has already been tion, are used in th®-wave KN Yvertices.
considered in Eqg4) and(5) since it corresponds to a single In the same line as done for the kaon-nuclé®mave
bubble insertion in th& propagator and it is accounted for interaction, gauge invariance prescribes a coupling of¢the
by using fully dressed kaon propagators in the calculation ofneson to theSwave KNMY vertices. This coupling is ob-
the ¢-meson self-energy. Diagranfis)—(d), however, cannot  tained by substituting the ordinary derivative in the meson-
be cast as medium modifications of the meson propagatoisaryon chiral Lagrangian of Rei29] [see Eq(5) therein by
but as genuine vertex corrections. Let us daI][,Cl and a covariant derivative that includes the vector meson field

I the self-energy contributions associated with the sunBU(3) matrix V# and reads
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M our approach, there are small violations of gauge invariance
B @\ due to the omitted diagrams discussed above, the non-fully-
K~ relativistic treatment of the vertices involving baryons,
’\/\«( /\\/\/ which keep only the lowest orders in @/(M) expansion
<« K [25]; and also to the fact that only the positive energy part of
the hyperon propagators has been included in the calculation.
- (€Y B We have explicitly checked that transversality of theself-
'V} ~ K K M energy is achieved at the lowest order inpdNl) expansion,
\/\@/ \ / \% where p is the kaon momentum, when all the diagrams in
K Figs. 4 and 5, plus those with th# meson coupled to hy-
K~ N _ 7 peron lines, are considered. In particular, for thet rest,
) © which is the case under study, this means Tigt, 11}, and
H‘;’J vanish at the lowest order that contributesﬂg in a
(p/M) expansion. Numerically, we have found that these
M©W components are indeed negligible as compareH jfo
We have also checked that, for ¢ meson at rest, the
K — relevant momenta running in the kaon loops are around 300
(d) MeV. Thus the corrections to the nonrelativistic approxima-

o tion, which behave as powers of the kaon momentum over
FIG. 5. O(p) contributions to the} self-energy fromSwave  the hyperon mass, are expected to be small. However, for

kaon self-energy insertions and related vertex corrections. high ¢ momenta that are easily obtained in a typical heavy
ion collision, a fully relativistic calculation of the interaction
g vertices and baryon propagators would be advisable.
M D —DHD = D —i| E[V“,Cb], (10

. . D. Regularization
where® represents the pseudoscalar meson field méatrex 9

is also possible to obtain the actual Feynman rules calculafections, is a quadratically divergent object either in the me-

- . _ - dium or in free space, and therefore a regularization proce-
ing the amplitudeiyy_.kno=t1v v, €(}), and requirin _ _ : _ .
g P MY =Ko = Ly g €1(¢) 4UMN9 " Gure is required to remove divergences. Actually, since we

twy—kngP»=0 with P the four-momentum carried by the are interested in the medium modifications of theneson,
¢-meson field. Thep self-energy diagrams involvingwave e calculate a subtracted in-medium self-enengyl ", in-

kaon self-energy insertions plus related vertex correctiongqduced at the beginning of Sec. Il. This procedure cancels

are shown in Fig. 5. _ o all divergences leading to a finite result both for the real and
As in the case of th®-wave gauging, the contribution of imaginary parts OfAH;r;ed_ To perform the subtraction we
the first diagram in Fig. 5 is already included in E¢®. and free

: _ _calculatelT,** and H[Qe"in a momentum cutoff scheme, so
(E) by using thﬁ renormahfzed I1<[a051 propagators dhressehd Withat each of them depends on a regularization parameter
the Swave self-energy of Refl25]. We expect the other . . . . -
three termgFigs. 5b)—5(d)] to give a small contribution to qmax;t:cut the subtraction gives a finite result in the limit
':jhe irgagri]nary part of ;Eheﬁ self-energy because of the reI‘- mgnce .the vacuung self-energy is subtracted, one is left
uced phase space of the intermediate states. We evaluate,: . . L » L
them in Appendix B and find both the real and imaginary%lfﬁrSt order in density, with single meson self-energy inser

contributions to be negligible as compared to the leading . diagrams in the propagators and vertex correction in-
o med glg P QIoIving one baryonic loop. Those diagrams involving
contributions tolI ,~".

. . o P-wave couplings are convergent once the form factors are
In addition to the vertex corrections presented in this sec

considered, as can be seen from power counting.Shivave

tion one should include also other contributions in which theself—energy insertion diagrams are also convergent provided

¢ meson directly couples to the hyperons. These terms WeIR ot the high energy-momentum behavior of xave kaon

also considgred in Re[:27] for the case of the meson self-energy is at most a constant, of course density depen-
self-energy in the medium. We have checked numencallydent as in our model.

that all of them are about two orders of magnitude smaller The convergence of the calculation is easily shown by

than the relevant pieces in thé self-energy, essentially ,pqining explicitly the subtraction of the in-mediugnself-
driven by meson self-energy insertions aRdvave vertex energy and the freé self-energy, and using for tf@wave

gorrections. One of the_ reasons i_s that wheneverdhie ., self-energy its asymptotic value. In a cutoff regulariza-
involved in a¢YY coupling, there is a hyperon propagator +ion scheme. the subtraction reads
that lies far off-shell in any of these terms. '

The introduction of the contact vertices, following a mini- 1 1
mal goupling scheme as in Refd.3,24], gu_arantees gauge Hrzz,egsympt_ nge:CO+C,22—+O — |- (11
invariance and therefore thg self-energy is transverse. In Umax max
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FIG. 6. Imaginary part of the subtractg¢dmeson self-energy in FIG. 7. Contributions to the imaginary part of the subtracted
nuclear matter for several densities. ¢-meson self-energy in nuclear matterpat p.

The quadratic and logarithmic pieces cancel exactly and in In the next curves, we consider additionally thevaveK
the limit q,a— wWe are left with a finite par€, that de-  self-energy due to the kaon coupling A, Ah+2>h, and
pends orP® and the density. Ah+3h+3*h excitations. We find a quite small contribu-
tion from the 3 and sizable contributions from theN
—KA and pN—KZX* processes. As commented above, the
lll. RESULTS AND DISCUSSION >* channel has its threshold around 940 MeV and therefore

In Fig. 6 we show the imaginary part of the subtracted ©ONly contributes strongly above this energy. The small con-
self-energy for different densities fromy/4 to p,. The re- tribution be_Iow .the thres_hold, visible in thg figure, is due to
sulting width of the meson grows as a function of the the approximation of using a constabt width in the cal-
density, and after adding the free width it reaches the valugulation. TheN—KA channel has a much lower threshold
of around 30 MeV at the vacuugh mass for normal nuclear and thus its contribution depends little on energy. Finally, the
density. Most of the¢ decay channels contributing to the solid line also incorporates the vertex corrections leading to a
in-medium width have a smooth behavior at the energiedurther enhancement of the total width.
under consideration, except for thé—K3*h channel In Fig. 8 we show the real part afI1};* which we find
which, neglecting th&* width, has a threshold at 940 MeV. Mildly attractive up to energies around 1.1 GeV. The change
This threshold moves to higher energies as density grow# the ¢ mass at/s=M 4 is approximately 8 MeV to lower
because of the repulsive potential felt by the kaons. The poenergies ap= p,. This small correction is in agreement with
sition of this threshold could be used to constrain the kaorprevious workg8,10], although it disagrees with naive scal-
andX* optical potentials. ing expectations. There are recent experimental resulfs at

The results are quite similar in size and shape to those of 0 [30] which do not observe any signature of in-medium
Ref.[24], except for the more visible bump related to e
channels. The shape of the imaginary part of the subtracted 12 ‘
self-energy also agrees quite well with the results of Rajf.
although a larger width of around 45 MeV is obtained in that 10
work. The possible reasons of this difference are related tos
the different approaches in the calculation of the kaon self-
energieg 24] and the consideration of the recoil factors here. e ¢|

In Fig. 7, we show the¢ subtracted width at normal
nuclear density obtained by successively considering differ8 4

8

(Me

/1 2M

ent choices of antikaon self-energy and the inclusion of ver- =

tex corrections. In all cases we use the fillvave repulsive j 2

kaon self-energy in the calculation. The lowest curve corre- &

sponds to thep subtracted medium width when tiepropa-

gator incorporates only th&waveK self-energy. This self- -2

energy is mildly attractive, compensating in part the 085 09 0% 100 105 110 115
repulsion felt by the kaon. Its imaginary part comes from the P° (GeV)

kaon decaying intarAh and 72 h and therefore this corre-

sponds to the¢ decay channelsp—KwAh and ¢ FIG. 8. Real part of the subtractegkmeson self-energy in
—KaXh. nuclear matter for several densities.
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modification of the¢ mass in the reactiopA—K"K~X. h
However, one should be careful in the interpretation of the
results without a detailed theoretical calculation. On the one
hand, the distortion of the final kaons and the initial protons _
could force the reaction to occur at the nuclear surface and (P K -~
therefore at low densities. On the other hand, due to the long ~o K -
¢ lifetime and the large averagémomentum a good part of N Y
the events could correspond ¢odecays in vacuum. Further- N
more, for those events with a fagt meson, the use of a N\
self-energy obtained for & at rest is not justified. N
In summary, we have studied tlfeself-energy for ap at N
rest in a cold, symmetric nuclear medium, by considering the K N .
medium effects over the tadpole adk decay diagrams
which dominate thep vacuum self-energy. This has been  FIG. 9. ¢ meson decay into K meson and & h excitation.
done by dressing the kaons withandP-wave self-energies.
The Swave antikaon seIf—energy was obta}ined in a self- (My+ M¢)2+mﬁ— M$
consistent coupled channel unitary calculation based on ef- =

K )
fective chiral Lagrangians in which Pauli blocking, pion self- 2(My+My)
energy, and mean-field potentials of the baryons are taken
into account. TheP wave is driven by the coupling to E-=M .—E

K= Mg K

hyperon-hole excitations. In addition to these self-energy in-

sertions we have calculated a set of vertex corrections re-
uired by gauge invariance. We obtain a small mass shift of S Al—— 22

ground g%/le\? and a width of around 30 MeV at normal [dlic=1dlc= VEic—mi. (A1)

nuclear density. Thus, the main medium effect on ¢hee-

son is the growth of its width by almost one order of mag-The matching proceeds by demanding the following equality

nitude at normal nuclear density. Nevertheless, ¢hstays tg be satisfied:

narrow enough to be visible as an isolated resonance and

then give a clear signal in possible experiments measuring

. — 2 4
dilepton orKK spectra. 2 2 e | A
—— | FW(E 4R
AZ1(q2 v(Eildlk
A2 N
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We thank E. Oset for fruitful discussions. We acknowl-
edge patrtial financial support from the DGICYT under Con-
tract No. BFM2000-1326. D.C. thanks MCYT for financial what fixes the value of the scaling consténin terms of the
support. chosen cutoff parametey=1.05 GeV[8,24]. We setMy to
an average value of 1200 Me\‘/?, is given in Eq.(7), and
2, =[1—Ex/(2My)]? is the recoil factor of Ref[24]. We
get a scaling constant value Gf=1.04.
APPENDIX A: ON-SHELL MATCHING OF KNY STATIC
FORM FACTOR

. APPENDIX B: SWAVE GAUGING TERMS
In this work we have used the model of RE24] for the

K self-energy. However, as we are interested in the real part \We évaluate here the self-energy contributions from dia-
of the ¢ self-energy and therefore need to evaluate loop condrams in Figs. &)—5(d). The necessary Feynman rules for

tributions, we have introduced neliNY form factors and the vertices involvedFig. 10 are given by
more precise recoil corrections. In order to maintain consis-

tency with the coupling of previous calculatiof8,24 we < q k - N q k -

match our couplings at the appropriate kinematic conditions. 4 v Y v

Let us consider the process depicted in Fig. 9 in whicha __ ™ 7 o 7

meson decays into a kaon aNd excitation. p 'ﬁ q-k r;/ﬁ q+ P-k
It corresponds to the unitary cut of the self-energy dia-

gram in Fig. 4a) and relates to thep-nucleon scattering P

processpN—KY. In the situation of ap at rest with respect
to the nuclear medium the energies and momenta carried by ri. 10. Swave kaon-nucleon vertex and the corresponding

the on-shellK and the off-shelK are given by contact coupling.
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o(PO)=V1-4mi/(P%?  |Gonl=a(P%) P12,  wk(q)
~itkumy=1 = Cigy (a+k), — 3%+ mZ, w (K)=vk2+m2, and u=g-k/|d|-|k| for
diagrams(b) and(c), and
_itENMY¢:i9¢ﬁCi,f7”€#(¢)1 (B1) 3 1

5 (Pp)=ig; 256f*M2 272
where theC;; coefficients, related to the initial and final AT
states, can be found in RgR29]. We use a nonrelativistic o G2

reduction of these vertices which is enough to determine the Xf dq2 ) T[—wk(a),]dl],

size of the imaginary part. We only keep the temporal com- q

ponents in the slash appearingtigyvy and theO(1/Myg) (B3)
terms intgyvy, - IN addition, we neglect terms linear in the

hole momentum. We select the case of an intermedidte

state, which is the one less disfavored in phase space. Und‘@’rl

these assumptions we find

: 1 G2
mYet' (po: p)= — f
s (Pp)= g"’128f “M 2 PO[ qu(q)

—PO'— | —w |
| =P ex(@.lal] 1l K<q>,|q|]]

PO+ 2wk (q) PO— 2wy (q)
. |qon| 0 - 0
—|7TTI(—P 12| Gonl) O(P°—2my) 1,
(B2)
with 1(q%,|d])=—i/(2m)2f5dk k2[q°+ PO~ w (k) ]/
20,(K) [ T1du(G2=G-k) U,[q%+ P+ w(k),G—K;p/2],

T(g®|d)=

—j © 2
(277)2j0 2w (k)

XUA[q%+ P+ w(K),G—K: p/2]

+1 .
j du(g—k)?
-1

for diagram(d). The imaginary parts of1},“*" and IT}

are finite and very small compared to the contributions of
meson self-energy insertions aRevave vertex corrections.
The real parts are divergent and one has to regularize both
the -Y h loop and the external kaon loop. Under reasonable
momentum cutoff§1—-2 Ge\j we find that the real parts are

of the same order as the imaginary parts and thus negligible
compared to the leading contributions.
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