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A excitation in K*-nucleus collisions
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We present calculations fax excitation in the K*,K™) reaction in nuclei. The background from quasi-
elasticK * scattering in the\ region is also evaluated and shown to be quite small in some kinematical regions,
so as to allow for a clean identification of the excitation strength. Nuclear effects tied to therenormal-
ization in the nucleus are considered and the reaction is shown to provide new elements to enrich our knowl-
edge of theA properties in a nuclear mediuf50556-28188)05703-3

PACS numbes): 25.80.Nv, 14.20.Gk, 24.30.Gd

I. INTRODUCTION lead to parametrizations of th& spreading potentidl22],
although caution has to be exerted to compare to theoretical
Delta excitation in nuclei has been a topic of permanenimodels because the empirical spreading potential incorpo-
interest and it has been studied in connection with piorfates elements which in some theoretical models are part of
; : . Y
nucleus collision§1], photonuclear reactiof@—5], electron  the Ah interaction[1]. Experiments orK™-nucleus scatter-

sctrig on nuldS-S), nulearreacions nduced by pro- PO 1155 SN B0 ot o kione o,
tons or light nuclei[10-13, neutrino induced reactions fthe A y S lei and . r‘]) 9
[14.15, etc. of the A properties in nuclei and enrich it.

i L ) , Experiments on inclusivéK *-nucleus scattering are al-

In all these reactions tha excitation proceeds in a dif- ready availablg23,24), but they restrict themselves to the
ferent way: sometimes it is excited by a spin-isospin longi-quasielastic excitation region. These data have proved useful
tudinal source(pions, other times by a transverse sourcein order to learn about the strength of the residual nuclear
(photong, and in other cases by a mixture of both. Also, theforces[25], since they have offered new information with
range of energy and momentum used to exciteAhearies  respect to the one obtained from electron scattering at low
from one case to another. Differences also appear in the rénomentum transferf26]. The extension of this work to the
gime of nuclear densities explored. In some reactionsithe A excitation region, passing through the dip region should be
is more neatly excited than in others where backgroundanSt useful. We should recall that the dip region has been a

terms are important and, often, distortions of the Strong|y_permanent theoretical problem in inclusive electron scatter-
. ; . . . . ing and only the recent thorough many body calculation of
interacting particles involved in the reaction leaddshapes

that differ appreciably from each other. All these differencesgﬁrénghgajif?;i?nadbﬁ;%iggoi\&qe_niCffglrjsd 2(5:;%2?%2] \sNoitrf]ar.

however, serve to enrich our knowledge of theproperties  respect to electrons, we anticipate that this region should

in a nuclear medium and of its coupling to the nuclear compose a challenge to theory.

ponents. Delta excitation iK™ nuclear reactions has notyet  The elementankK “N—KA reaction has not been much

been explored and clearly deserves some attention in view aftudied but there are data f&" p— KN in several charge

its complementarity with respect to other reactions men<hannels which clearly indicate the contribution frdmex-

tioned. citation [27,28. A recent study of this reaction using the
The K™ is a meson belonging, like the pion, to the octetterms from chiral Lagrangians plus excitation, has been

of pseudoscalar mesons. However it has peculiar features. performed in[29] and this provides us with the elementary

a sense, the smaK*N cross sections allow the kaons to information needed to tackle the nuclear problem. The other

explore inner regions of the nucleus, while pion nuclear reimportant ingredient is thé self-energy in the nuclear me-

actions are usually more peripheral. Another big difference i§lium, which we take from Ref18]. This self-energy has

the fact that the pion can be absorbed by one nucleon to giveeen tested in elastic pion nucleus scattefidg] and in

the A, while this is not possible with th&* due to its quasielastic, single charge exchange, double charge ex-

strangeness. One can also not excite strange barfa@ns change, and_absorption of pions _in nudial). It has also
negative strangenessiith the K*. Hence theK* in this been tested in photonuclear reacti¢f$ and electronuclear

case can only release some momentum and energy and keré?ctions[g], and in all cases a good description of the data_
traveling as aK* (or K°). In this sense the\ excitation around the resonance region was found. With these ingredi-

induced byK * is similar to the proton induced one ip,{’) ents at hand we tackle now tie" nucleus inclusive scatter-
or (p,n) reactions, with the difference that in tie* case ing around theA region.

the A is excited only with a transverse source as we shall see. Il THE MODEL
The modifications of thel properties in a nuclear me- '
dium have been the object of much theoretical atterjtidir- Following the developments in photonuclear and electro-

21]. Also early empirical studies of pion-nucleus scatteringnuclear reaction§s,9] we evaluate the self-energy ofka"
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FIG. 1. A excitation term mediated by exchange in the

K*N—K*A reaction. K+

in nuclear matter and from there the cross section in nuclei

via the local density approximation. . ) ] ] )
The elementary model of29] for K*N_K*A is de- IIZIG.. 2. Self-energy oK™ associated with an intermediateh

picted in Fig. 1. The model consists pfexchange between &Xcitation.

the kaon and the baryonic components. The two necessary

ingredients are th& " K* p coupling and thepNA coupling, i d*q ’ 2 posee

which we take from[29] where a fit to the data was per- H(k):'f > 4Dp(Q)(m_) C,foUala)

formed. We have fop?— K"K~ (2) i

*

2

—i6H prk-=—iT e[ pi+— Pr-1, (1) Xy (kxK")2Dy+(k—a)F3(a),  (5)

My
and forp°N—A the vertex function §=p momentur whereM is the nucleon mas#/, the invariant mass of the
_ 5 f* L A, MZ=p¥-p3, D+ andD, are theK* andp propaga-
—i6H jona = \[5 m_w\/c_p(STXQ)'fp’ @ tors respectively, andli,(q) is the Ah Lindhard function
with the normalization
wheree}; is the polarization vector of the and S’ the spin

transition operator from spin 1/2 to 3/2. The coefficigial3 - 1
is an isospin coefficient. In addition we use a monopole form Ua(a)=p : : (6)
factor for thepNA vertex of the type Vs- My+il'(s)/2
A2—m? with p the nuclear density.
Fo(a)= L 3 The step fromlI(k) to a nuclear cross section is readily
A —q done by recalling that the reaction probability per unit time is
(2wVp=I1I)

with A=2 GeV. By fixing C,=2 and using the standard

value f*2/477=0.36, the fit to the data if29] gave a value 1

Tp:4.2, 30% higher than the expected SW value I'=—2Im V= — —ImII(K), (7)

7p:fp/2=3.1 [32,33. This value, however, is imposed by @

our choice of thepNA coupling, where we rely again on

SU(6) symmetry to relate it to the empiricalNN coupling with o the kaon energy. The probability of reaction per unit

used in[5]. length is then—ImII/k and hence the contribution of an
The next step is to evaluate the" self-energy in nuclear element of volume to the cross section is

matter where the intermediate stateki$ and aAh excita-

tion. This self-energy diagram is depicted in Fig. 2. By using 1
the sum over\ spins, do=-— EImH(k)d3r. (8)
v 2 i : i : :
2 $|Ms><Ms|Sj =§6ij— 3 Sijk Ok 4 The local density approximation comes now into action
MS

sincell(k) is a function ofp, the nuclear density, and then

N the cross section in a finite nucleus becomes
and taking into account that the three momenta ofgtNe\

coupling must be taken in th&e c.m. frame, we can write in
terms of theK ™A lab frame momenta the kaon self-energy o= — Ef d3rImIT(k p(;)) 9)
as k ' ’
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FIG. 3. Contribution to th& * self-energy from Tamm-Dancoff
propagation ofAh states.

One must now evaluate Ih from Eq. (5), which is
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4 *\2
EAHE’AZEA-F_(_) Vip,

5\ (13

where V7 is the transverse part of the spin-isospin interac-
tion,

aZ
Vi=———C,F2(a)+g’,

. (14

2
m,

andg’, the Landau-Migdal parameter, is takengds=0.6.
The next correction is the distortion of the kaons. This
requires some thought because #é is distorted only by
quasielastic collisions or conversion ink’. In the latter
case th&k ™ disappears after one collisigalthough it can be
generated again in a second colligionut in the quasielastic
collisions theK* remains, although changing direction and
energy. The conventional use oK -nucleus optical poten-
tial removes from theK ™ flux all events where there is a
quasielastic collision oK conversion. However, for small
angles of the emerging(* this procedure is numerically
accurate since the contribution of two step processes, one
guasielastic and the other one tHA transition, is negligible

readily 'done using Cutkosky rules, placing on shel.l the in-at small angles. This has been found as a general rule in
termediate states of the self-energy diagram. Technically ongadronic collisiong34], in the A excitation with the tHe t)

has

I1(k)— 2iImII, (10

Ua(a)—2i6(q%1Im U,(q), a1

Dy+(k—q)—2i 6(k°—q°)Im Dy +(k—q)

=2i ;(— 7) 8(k°—q°— w(k—q))
20(k—q) '

This allows us to write th& ™ differential cross section as

do _f d3r
dQ'dw’ (2m)3 k9

k' 8 f* 2 - _ ,
o) oo (k—k)

2
(kxKk")2D,(q)2F2(k—k),

M
oty (12

with D ,(q)=(q*—m2) ", o
So far we have not introducedl self-energies into the

reaction [35,36, and in K* quasielastic scatterin§25],
much closer to the problem we are dealing with.

Since we are going to deal with sm#ll* angles, we shall
then use distorted waves for tke" and the same assumption
of small angles allows us to use the eikonal approximation.
In this case we must multiply the cross section of @¢) by

the distortion factoD (k,k’,r) given by
> z N
D(k,k’,r)zexp{f o-%\),p(b,z’)dz’

+f O'ff,z,p(l;,z’)dz'), (15)
z

whereb is the impact parameter corresponding to the p6int
and o) o3 are theK "N cross sections of the incoming
and outgoing<* respectively, which we take frofi87].

Summarizing, our final formula for the cross section is
given by Eq.(12) multiplying the expression by the distor-
tion factor of Eq.(15) and substitutingVl, by M,+2} in
U,(q) of Eq. (6), with 3} given by Eq.(13).

We present results in the next section.

scheme. There is also another physical effect that must be

taken into account which is the distortion of tKe waves.
The A self-energy is readily introduced addiig, from

Ref. [18] to the A mass inU,(q), including Pauli correc-

IIl. RESULTS AND DISCUSSION

In Fig. 4 we show differential cross sections fdrpro-
duction fork=1 GeV/c and three different angles fdrC.

tions to theA width. At the same time one can introduce At the same time we calculate the background from quasi-
corrections from the RPA propagation &h in the medium  elasticK™ collisions in the same region, coming from one
to account for the diagrams of the type depicted in Fig. 3and two steps, as discussed #%]. Since our aim is to single
where backward going h excitations are omitted since they out kinematical regions where this background can be ex-
are negligible in theA region. This is also accomplished pected to be negligible, these latter calculations have been
technically in a very easy wajp] by substituting , by performed with some simplifications, that is the use of har-
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FIG. 5. As in Fig. 4, but foK* at 1.25 GeV¢.
FIG. 4. Double differential cross sections fié scattering on
12C at 1 GeVt and for three different angles. In the region
results for the freeA (dot-dot-dot-dashedand for the medium-
modified A (solid) are displayed. The dashed line represents the
total quasielastic background due to one-digglid) and two-step L2 LB LI o i
(dotted collisions. 9=10°.

monic oscillator state§instead of Woods-Saxgnthe omis- 50
sion of the RPA correction@vhich were found relevant only
on the left-hand side of the quasielastic peakd the neglect
of the width of theph states. We can see thatét 10° there
is a substantial background below thepeak coming from
two-step quasielastic collisions. The figure also shows the
effect of the A self-energy and theé\h interaction in the
transverse channéhddition ofX ) to M,). There is a small
shift of the peak to smaller excitation energies, a moderate
decrease of the strength at thepeak and some increased
strength at lower excitation energies, which comes as a con-
sequence of thA coupling toph components, i.e., the decay
mode of theA in the nucleusAN—NN. We can see this
strength more visibly at bigger anglés-20°,30°. For these
latter angles the quasielastic background is relatively
smaller, which makes it easier to identify the excitation 100
strength.

In Fig. 5 we show the same results for 1.25 GeV. The
gualitative features here are similar to those in Fig. 4, only

(@]

d?¢/d0dw (ub/MeV sr)
o 3

the relative strength of thA excitation with respect to the 0 et
guasielastic one is bigger. 0 200 400 600
In Fig. 6 we show the results fé&=1.5 GeV. Once again w (MeV)

the features are similar to those in the former figures and the
strength of theA excitation with respect to the quasielastic  FIG. 6. As in Fig. 4, but foK* at 1.5 GeVé. In the top panel,

one is even higher. At the angig=30° theA strength iS  the amount ofA strength in the medium due to pionic decay is also
bigger than the quasielastic one, but the quasielastic contrshown(heavy dots
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bution has a wide bump that induces an appreciable baclof a freeA, the width is fully associated to the pionic decay
ground below the\ peak. of the A while in the nuclear medium the width is associated

The effects of theA self-energy in the medium might to pion emission angbh excitations and only part of tha
look moderate by comparing the solid and dash-dotted linestrength of the figure goes into pion emission. This can be
in Figs. 4—6. However, the medium effects are far more relmade quantitative by recalling the form for theself-energy
evant than these two lines might indicate. Indeed, in the caskom [18]. We have

1

Ura(@)=p (16)

*

_., 4
Js—M,+iT/2—-ReS , — §(m

m

a B v
+icA2(ﬁ +iCA3<£)
Po Po

2
. p
Vip+iCqol —
) T Q Po

whereUR,A is theAh Lindhard function incorporating the self-energy corrections. In(&6) p, is the normal nuclear matter

density,T is the Pauli blocked width, an@q, Cap, Cag are coefficients parametrized i8] such that their corresponding
terms are associated to pionic decay Cq), 2plh decay Ca,), and J2h decay Cas).

The strength of the\ decaying into pions is associatedfoand theCq term and we can write

a B Y
ot cof 2] "+l 2]+l 2]
—~ 0 0 0
IMUg A(Q)=—p ; _— p . 17
a4/ f* r p\” P p\?
s—M,—ReS ——(—) V; )+(—+c ] 4Cul | +C (—
\/— A AT m.. TP 2 Q o A2 o A3 P

With this separation and bearing in mind the meaning ofand the shape of thA resonance is essentially log39].
Cutkosky rules, if we take the first two terms in the numera-Here, on the contrary, the cross section remains sizable up to
tor of Eq. (17), the resulting strength will go into primary angles of about 30° and more. This offers a wider spectrum
pion emission, while the one coming from the last two termsof excitation energies and momenta by means of which to
will go into nucleon emission. study theA excitation.

We have thus isolated the pionic decay content ofAhe
strength and show it in Fig. 6 &2=10°. This strength is
only about 70% of the corresponding one for a fleeand
the reduction is not due to the Pauli blocked width but to the We have evaluated the cross section for inclusive
competition of the otheA decay channels. Indeed, in the (K*,K™) scattering in nuclei around thie resonance region.
absence oph A decay channels, IBi~T !, and with a  These are the first evaluations for a reaction on which there
reducedl” width, the A peak would increase rather that the '€ N9 data yet, bu_t they could be o_btained asa con_tinuat_ion
opposite, while at the same time the resonance shape wou the recent experimental program in the quasielastic region

become narrower. 3—}?,4]' ti btained izabl d the mixt
We should also point out that this pionic content refers to € Cross sections obtained are sizab'e, an e mxire

the first step of the reaction, before there is any final stat¥"ith the quasielastic tail is sufficiently small in some regions

interaction. Recall that in our local density formula we aret0 aIIIow f;)fr at clean S.e?aéat'%ﬂ ff tTrf]E excnatmtn ?r:jd thﬁ Id
producing the pions in an element of volurddr. In their ~ NUCl€ar eflects associated with It. The present study shou

way out, part of these pions will be reabsorbed and will shov\r':‘tm.]UIate such measurements that surely Wi”. co'ntrib'ute o
up as particle emission. In a nucleus lik&C, about 30% of enr_lch our _knowled_ge of resonance renormalization in nu-
these pions are reabsorbed,38,, so that finally only about clei, which is a subject of continuous debate.
1/2 of the original strength assuming a fr&egoes into pion
emission. It would be interesting to perform some coinci-
dence measurements where pions would be detected together
with the K+, We would like to acknowledge support from the EU net-
We should also recall that the present reaction has othework CHRX-CT93-0323, and the hospitality of the Univer-
added advantages over thiHge t) reaction which has been sities of Valencia and Torino. One of us, J.A.O., wishes to
thoroughly studied. Indeed, thk information on that reac- acknowledge support from the Generalitat Valenciana. This
tion is essentially limited to 0°, since the cross section fallswork is partly supported by DGICYT Contract No. PB96-
by about two orders of magnitude when going to about 5°0753.

IV. CONCLUSIONS
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