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Coherent p° production in the (p,p’) reaction
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Cross sections for coherent rho production in thep() reaction on*?C have been calculated in the beam
energy range 1-82.5 GeV. The rho meson produced at fhe’ vertex is brought on-shell by the coherent
effect of the target nucleus through an optical potential. The latter is constructed using the high energy ansatz
with the elementarypN scattering amplitude coming from the vector dominance model and the resonance
model, and the coupled channel calculations on the meson-nucleon scattering. The cross sections are found to
be significant and sensitive to the strength of the potential and the beam energy. The rho mesons are found to
come mostly in the forward direction.
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[. INTRODUCTION cally these data have been found to be compatible with both
the “dropping” mass scenario as well as the more conven-
Recently, there has been much interest in the mediurntional p-meson spectral function modification due to cou-
modification of hadron masses. Brown and RHd sug- pling of p,7,A, and nucleon dynamids].

gested that the masses of vector bosons, sugh @s etc. Thus, with so much interest in the vector-meson mass
(and also baryonsscale as modification and no such conclusive evidence emerging for
it from the heavy-ion reactions, attention has been shifted of
my(e) fr(e) late to look for it somewhere else. Plans are in place to

my - f. (1) measure the photoproducti@f cross section by measuring

the dielectron yield at CEBAF ana™ 7~ at the 1.3 GeV

where the asterisk denotes the in-medium quantifigsis  Tokyo Electron Synchrotrofi9]. The e"e™ measurements
the pion weak decay constant. If the decay constgntle-  have an advantage in that they do not interact with the me-
creases, as it does at higher nuclear densities/temperaturgisim strongly, and therefore preserve the information about
due to restoration of the chiral symmetry, the vector bosonhe p mass modification. But the cross section for this chan-
masses decrease. At the nuclear saturation dengify the  nel is very small, because the dielectron partial decay width
decrease in mass f@i(770) andw(782) mesons is thought of the p meson is only 6.77 keVI{,~150 MeV).
to be around 20% or so. At densities/temperatures Yet another potential tool to explore the above issue is
(~300/150 MeV) achievable in relativistic heavy-ion col- through proton scattering on nuclei at intermediate energies.
lisions, the decrease is estimated to be around a factor of I the past, p,n) and $Het) reactions have been used suc-
This decrease in vector meson mass, linked to the modificazessfully to explore the medium effect on pi-meson and delta
tion of quark condensates in the medium, is also corroboisobar [10]. The experience with these measurements had
rated by the effect obtained by using QCD sum rule techbeen very rich and rewarding. The same reactions should be
niques in the mediuni2]. Decreases in hadron masses arequite useful to study the rho production #He beams at
also seen in the relativistic mean field calculation by Wa-intermediate energy or the neutron detection at these ener-
leckaet al. [3]. A model calculation by Herrmanet al. [4] gies were available. In the absence of them at present, we
of the density dependent two pion self-energy in nucleahave explored thep,p’ p°) reaction to study the rho produc-
matter suggests a strongly increased decay width, but, unlikéon in nuclei. Like pion production in the’He t) reaction,
others, only a negligible change of the in-medipmass. At we visualize that the beam proton emits rho mesons. These
high densities, ¢ =2-3g,), they also find another peak in rho mesons, of course, are virtual as the four-momenta car-
the p meson spectral distribution function at the invariantried by them correspond to the dispersion relation obeyed by
mass~3m,_.. This branch corresponds to the decay of ghe protons. It is the nuclear medium which scatters them coher-
meson into a pion and A-hole state. Using ther-N-A-p  ently and brings them on shell to be detected in experiments.
configurations distinct medium modification of the rho- Naturally, the measure of these cross sections should have a
meson spectral function has also been found in several otheliirect bearing on the medium modification of rho meson
calculations[5], starting with those due to Chanfray and masses in nuclei. The experiment envisages the coincident
Schuck. Using the quark-meson coupling model a detailedneasurement betwegri andp® for different four-momenta
calculation on light nuclei has been reported by Seit@l.  of p’. This provides a handle for studying the medium ef-
[6] recently. They find that the average mass qf meson fects on the rho meson at different four-momenta. Fle
gets reduced by about 50 MeV #C nucleus. can be identified through the invariant mass of its decay

Experimentally, the indication of a large medium effect productsz* 7~ or dileptons. Alternatively? can be identi-
on the rho meson is believed to have been seen in the effied by detectingp’ in coincidence with the recoiling
hanced dilepton yield in CERES and HELIOS relativistic nucleus, which remains the target nucleus in the coherent
heavy-ion reaction data taken at CERN-SF$ Theoreti- production case, and then constructing the missing
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=T o i)
7 Fp(m)_l—‘pﬂ-rrﬂ'(mp) m k(mp) ’ (5)
/
(Bp-kp) wherel',_, . .(m,)=150 MeV andk(m) is the pion mo-

mentum in the rest frame of decaying rho meson of nmass
The T matrix T IS given by

Teon=Oxic Wi 0% L nnl)X), (6)

where y’s denote the distorted waves for the incoming and

outgoing protons. However, in the energy region of interest

for rho production the distortion effects are mainly absorp-
FIG. 1. A pictorial representation of the coherent rho productiontive. Therefore, the proton distorted waves above can be re-

mechanism. placed by plane waves for the present purpose. The effect of

absorption is included by multiplying the plane wave cross

mass spectrum. It is true that all these measurements have dection by the square of an attenuation fagtdrThis factor,

be done against the nonresonant background of events whigbr the above purpose, has been estimated using the relation

give the same missing mass. However, considering thg12]

present sophistication in the experimental measurements it

(o,k,)

should be possible. 1 pN

It may, however, be mentioned that, compared to pion fdbdzf(b,z)ex;{—gch QoL (b)]
production, the cross section for coherent rho-meson produc- N= ) (7)
tion in proton scattering on nuclei is expected to be much f dbdzf(b,z)

smaller due to larger momentum mismatch. For example, the

cross section for coheremt™ production in @,n) reaction at _ 4o .
forward direction, as estimated by Fendazet al. [11], is where L(b)[—f,wf(b,z)_dz] 1S th? length o:‘)Nthe path
travelled by the proton in the mediurgy and o™ are the

around 80 ub on '%C at 800 MeV beam energy, while, as ; .
gypmal nuclear density and the total proton-nucleon cross

shown later in Fig. 4, we estimate for similar settings a cros . . ) e
section of about 1ub for p° production at 2 GeV beam section, respectivelyf.(b,z) is the shape of the radial distri-
bution for the nuclear density.

energy. (—)% . . .
In Sec. Il we give the formalism for the cohergntpro- q’kp _'S the p-meson scattering wave function with
duction in the p,p’) reaction. In Sec. Ill we present the asymptotic momenturk,,. It has the form
calculated cross section for differemtoptical potentials. B .
Wi =e T Wl ®
P
IIl. FORMALISM . . . .
In the absence of any dispersive nuclear distortiop ahd
The cross section for thep(p’p°) reaction, as shown in p’, the first term in this equation does not contributéltg,

Fig. 1, is given by becausek,#k,—ky . In other words, as stated before,
the rho meson produced at the proton vertex is off shell. It
do=[PS|(|Tcol?), (2 cannot be seen in the detector without incorporating the
_ _ medium effects on itW ., is the part of the wave function
where the phase-space facf®tS] is written as which includes this effect. If we associate a self-energy
II(=2wV, whereV is the corresponding optical potenjial
— TMHEA Ko/ k> with the p meson, W is given by
6 _ (k. — K _
(27T) kp[kp(Ei Ep/) (kp kp/) kap] \chat:X(kp )*HGp(t), (9)
X S(m?)dm?dE,,dQ, dQ,,, ()

where X(k_)* is the scattering solution of the potentisl
1 j— . p . .
with Ej=ma+E, . E, andk, denote the energy and momen- G (1) is the p-meson propagator, and is given by
tum of the rho meson, respectively, corresponding to its mass
m. S(m?) is the free space rho mass distribution function 1
which is given by G,(t)=—

. 10
mo—t—im,I'(t) (10

1 m, L, (m) ' 4) t(=w?—qg® is the four-momentum transfer squared fo

7 [(m?—m2)2+mel2(m)] meson at the production vertex. The recoil effects are in-
cluded in our calculations by using the four-momentad)

with m,=770 MeV. The width,I" ,(m), of the rho meson, obtained after considering the full three-body kinematics in

which is energy dependent, is taken as the final state.

S(m?) =

054601-2
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For thep production Lagrangian in E¢6) we have taken 0.40 — : T . T - T
————— Re. IT
fF(t) Im. TI
Lonn=—-—N"(oxq)7N-p, (12) 0.30 - -
P
with pNN coupling constantf, equal to 7.81, and the off- 020
shell extrapolation form factor S
&)
2—m? =010
F(t)= : (12)
A2—t
0.00
with A=1.3 GeVE. These values are consistent with the I IS
nucleon-nucleon potentials such as the Bonn potefitiil e N
-0.10 =TT -
Ill. RESULTS AND DISCUSSION L . ! - ! . L
2.2 2.0 1.8 1.6 1.4

With the above formalism we calculate thpeproduction
cross section for thé?C target nucleus. The only quantity
required for the calculation is the description of the optical FIG. 2. Representative values for the self-energies obtained
potential V of the p meson, which, currently, is of much from the availablepN scattering amplitudes in Refgl5,16].
debate internationally. Some estimates exist for it in the lit-
erature[14,15. One of them, which also gives the energy due to the coupling of rho meson to resonances below the
dependence 0¥, is by Kondratyuket al.[15]. They use the  threshold, similar to thé\* (1520).
high-energy ansatz fov and write The radial shape of the density distributif(r) for the

12C nucleus is taken as

s"*(GeV)

U=—a

1 N
Evpo-g Qo (13 )
f(r)=[1+a(r/c)?]e (9", (16)
and
where the values od andc are 1.247 and 1.649 fm, respec-
N tively [17]. The attenuation factol is obtained with the
Vp9T Qols (14 above radial density distribution and an appropriate value for
pN
(TT .
where In Fig. 3 we plot the calculated outgoing proton energy

V=[U+iW]f(r). (15 40 S e L A L

f(r) gives the radial shape d « in the above is the ratio of L Cere) €
the real to imaginary part of the elementgsi{ scattering
amplitude andf’T’N is the total cross section for i@ is the
typical nuclear density. They use the vector dominance
model (VDM) at high energies and resonance model at low
energies to generate tipdl scattering parameters. However,
as emphasized by Frimagt al. recently[16], these potentials
might have large uncertainties at low energies because of the
lack of any constraint on the input quantities at these ener-
gies. Going further, following a coupled channel approach to
meson-nucleon scattering at low energies, they have given an
estimate for the rho-nucleon scattering amplitude. This am- I <J7me
plitude is constrained by the fact that their calculations re-
produce the pion-nucleon scattering data around the rho- 0 N R R T R P S
meson production threshold. In our calculations we have 18 16 1.4 12 1.0 08 06 04
usedV at low energies arising from theN scattering ampli- W(=T ~T) (GeV)

tude due to Frimaret al. [16], while at higher energies we o

use potentials by Kondratywdt al.[15]. Some representative g, 3. Calculated energy spectrum for the outgoing proton near
values of the self-energies used in our calculations are show@rward angle as a function of the energy transér= To—Tp) for

in Fig. 2. Up tos"? 1.8 GeV they are due to Frimatal.  2C(p,p’p®)*2C reaction integrated over all emission angles of the
and beyond from Kondratyukt al. The bumps at low ener- p° meson. The beam energy is 2 GeV. The dashed curve uses Ref.
gies in the self-energy, as mentioned by Frinedral, are  [15] potential throughout.
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FIG. 4. Calculated angular distribution of tip8 meson for the

energy transfer) at first two peaks in Fig. 3. FIG. 5. Calculated energy spectrum for the outgoing proton near

forward angle as a function of the energy trangsé¢rT,—T) for

. .. the different val fb ies.
spectrum forp’ going very near to the forward direction © cllietent vallies of beam energies

against the energy transfe(=T,—T,/). This energy trans- m

fer and the corresponding momentum transfgi=k, U~—(m*—m), (18
—kp) are shared between the rho meson and the recoiling E,

nucleus through the interaction of the rho meson with the
target nucleus. The beam energy is taken to be equal to
GeV. We see in the figure that the calculated distribution . T
(continuous curvehas several peaks. This peak structure israted, as done earlier, by multiplying by f(r).

the reflection of the structure in the self-energy shown in Fig, ' F19. 6, we fhow the calculated proton energy spectrum
2. The peak cross section is around 32(MV sp. The [of Am(=m—m") taken to be equal to 50, 100, and 150
dashed line corresponds to results if we had used the Kor//€V. The beam energy is 2.0 GeV. We observe in these
dratyuket al. potentials throughout. results that, with the increase in the strength of the potential,

In Fig. 4 we show the angular distribution of the abovethe magnitude of the cross section increases and the peak

rho mesons at the first two peaks positions in Fig. 3. It ig?0sition shifts towards lower values @b. In increasing

observed that most of the rho-meson flux gets emitted in the
forward direction only. Very little is seen beyond 30° or so. M i Am (MeV)
To show the variation of the cross section with the beam [ Clepp’) € 50 - — — x9.8

herem* is the medium modified mass of themeson. The
ependence on the nuclear density distribution is incorpo-

70 —————————

energy, in Fig. 5 we plot the calculated cross sections at two 60 - gp_j;,o GeV T Ja—— ;8.9
other energies, i.e., 1.8 and 2.5 GeV, along with the 2 GeV % T

results. As we see, the general structure of the cross sections = 50 - e .
remains the same at all the energies. The magnitude, how- = 7 "\

ever, increases with the beam energy. The cross section at E 40 | /] AN -

the broad peak, for example, increases to 33.8viY sr) at i /] \ ;
2.5 GeV from 2.4 nEMeV sr) at 1.8 GeV. This increase is 30 | /] \ _
mainly due to the reduction in the magnitude of the momen- \
tum mismatch —k,) between the momentum of the virtual
and the real rho meson with the increase in the beam energy. « ,
The above results are given for a certain choice of the I /0 \
p-meson optical potential. However, we expect them to be ‘
sensitive to the change in this potential. In Fig. 6 we have T
investigated this sensitivity. The optical poten'tlal for this 01.8 6 124 12 10 o8 o6 oz
purpose has been taken to be purely real, and different values
for the depth of it are fixed through different mass-shifts of w(=T,~T,) (GeV)
the p meson in the medium using the relation

4

/ dEp/dQ ,
~

20 b / N 1

do
~
-~

FIG. 6. Calculated energy spectrum for the outgoing proton near
II=m*?—m? (17) forward direction as a function of the energy transtef=T,
—Tp) at 2.0 GeV beam energy for different values @ineson
or mass shift.
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Am from 50 to 150 MeV the increment factor in the peak
cross section is around 80 and the shift in the peak position is
around 145 MeV.

Finally, before concluding it may be mentioned that the
decay of rho meson takes place all along its path. The rela:
tive probability of its decay inside and outside the nucleus
depends upon its speed, size of the nucleus, and the 8
decay length. A rigorous calculation, similar to that done by
Jain and Kundy18] for the A propagation in the nucleus,
should take this aspect into account. This would involve the
spectral functionS(m?) inside and outside the nucleus and
the distortion of rho meson as well as its decay products.
This task would be a lot more involved. Considering the
exploratory nature of the present work we have not at-
tempted this here. If we go by the work on delta decay, this

PHYSICAL REVIEW C 63 054601

IV. CONCLUSIONS

We find that in proton scattering on nuclei a measurable
cross section exists fgr meson production due to coherent
effect of the target nucleus. The actual magnitude of the
cross section depends sensitively on the strength ofpthe
eson optical potential which is related to the rho-mass
modification in the nuclear medium. The cross section in-
creases with the increase in the potential strength and the
beam energy. The angular distribution of the emitted rho-
mesons is such that most of them go in a forward cone of
about 30°.
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