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Matter-induced p-é mixing: A source of dileptons
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We study the possibility op-6 mixing via N-N excitations in dense nuclear matter. This mixing induces a
peak in the dilepton spectra at an invariant mass equal to that of.thée calculate the cross section for
dilepton production through the mixing process and we compare its size with thatmofannihilation.
In-medium masses and mixing angles are also calculated.

PACS numbd(s): 25.75.Dw, 24.10.Cn

Heavy ion physics has recently seen a considerable effort We explore here the possibility @6 (or ag as listed in
being devoted to the study of the properties of hadrons in §15]) mixing via nucleonfl)-nucleonf) excitations in
hot and/or dense nuclear medium. Those activities wer@uclear matter. Such a mixing, in effect, is similar to the
stimulated in part by the suggestion that in the nuclear mekKnown w-¢ mixing [16—19. This is a pure density-
dium, the vector meson masses would drop from their valuedependent effect and is forbidden in free space on account of

in free space and that this could be interpreted as a precurslaprgr;]tgv\f}éggﬁgﬁo\?ﬁgvgill sh%"r‘: trr‘géjgggng ar:]r::j(linng dggggz .
phenomenon of chiral symmetry restoratid. Several at- pal ; pton p

Y . additional peak in theb mass region.
tempts have been made to highlight and understand the iN-"ry, jyieraciion Lagrangian we will use can be written as

medium behavior of vector mesons, both in theory and ex-
periment [1-4]. In this respect electromagnetic signals Lin=0o¥both+9stdsaTh+ Gunnth ¥, Pt
constitute valuable probes, especially lepton pairs. This owes
to the fact that the leptons couple to hadrons via vector me-
sons and, therefore, hadronic processes involehg™ in
the final channel are expected to reve_al th_eir propertie_s _in thﬁ/herew b, b3, p, ande correspond to nucleows, 8, p,
dilepton spectra. Furthermore, tlee e pairs suffer mini- 514, fields, andr, is a Pauli matrix. The values used for the
mum final state interactions and are thus likely to bring in-coupling parameters are obtained from HeD].
formation to the detectors essentially unscathed. Several ex- The polarization vector through which ttéecouples top
periments have measured, or are planning to measure, théa then-n loop is given by
lepton pairs produced in nucleus-nucleus collisions. They "
have been carried out by the Dilepton Spectrom@&iS) at S
Lawrence Berkeley LaboratoyBL ) [5], and byHELIOS [6] Hﬂ(qo,IqI)—Zlggng (277)4Tr[G(k)FuG(k+q)],
andceres[2] at CERN. Two new initiatives that will focus (2)
on electromagnetic probes will beHENIX at Relativistic
Heavy lon Collider(RHIC) [7] and HADES at Gesellschaft
flr Schwerionenforschun@Sl) [8]. The density-dependent
characteristics of vector mesons can also be highlighted K, ,
through experiments performed at Thomas Jefferson Na- Lu=vu— 2m, Tud- ©)
tional Accelerator Facility (TINAF) [9]. The last two
projects will involve measurements performed in environ-G(K) is the in-medium nucleon propagator given [3i]
ments where the possible modifications from vacuum prop- ~ .
erties will mostly be density driven. It is with those in mind G(ko,[K[)=Gr(K)+Gp(ko k) S
that we have performed the theoretical estimates which wegith
report in this Rapid Communication.

While several theoretical studies have sought to investi- (k+mp)
gate the in-medium properties of the vector mes@nainly Ge(k)= K—m*2+ie’ ®)
the p), their possible mixing with other mesons has only "
started to receive attention in the context of dense baryoniand
matter. An exception is the case@fw [10,11]. This specific
mixing can be omitted when dealing with symmetric nuclear
matter, as we will here. The popularity of tleemeson re-
sides in the fact that in nuclear collisions a substantial con-
tribution to the dilepton spectra comes froms annihila-  where Ef = \k®+m} 2. The second term@p) deletes on-
tion, which proceeds throughas an intermediate state. This mass shell propagation of nucleons having momenta below
fact can also be stated as the dilepton spectrum sampling thlee Fermi momenturkg . In Eq. (4), the subscript& andD
in-medium vector meson spectral functipi?2—14. refer to the free and density-dependent part of the propaga-

Pl s (1)

_ K, —
+9, (//‘yluTal//‘f' Z—mn{,/IO'MVTaﬁV

where 2 is an isospin factor and the vertex genn coupling

i
GD<ko,|k|>=<k+m:>E—fa<ko— 5 oke— kD), (©)
k
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tor. In the subsequent equations; denotes the effective

4
nucleon mass evaluated at the mean field I1¢22&]. 1%(qo.|q)) = —2ig§J’

T G(k)G(k+q)], (13

With the evaluation of the trace, and after a little algebra, (2m)*
Eq. (2) could be cast into a suggestive form: .
- d*k ~

II” (qo.la))=—2i 2J—TerFGk+ r,].

- | |)_gpg§2 ) ) *_qu /.LV(qO q|) gp (271_)4 [ ( ) o ( q) ]
«(do,10]) = Y q°| 2m, 2m, (14)
q It should be mentioned that, unlike mixing, Eq$3) and

_

“£(k-q) (14) also involve a free part stemming from t@g (k) Gg(k)
) combination which is divergent. This therefore needs to be
regularized. The regularization condition we employ is

8”HF(q2)/6(q2)”|m:_,m,qz:mgzO (n=0,1,2 ... %) [10].
This leads immediately to two conclusions. First, it respectgor p the results may be found in R¢fL0], which we do not
the current conservation conditiomiz., g“II,=0=11,9". present here and fat the free part of the self-energy is given
Secondly, there are only two components which would surby
vive after the integration over azimuthal angle. In fact this
guarantees that it is only the longitudinal component of¢the 39§ —
meson which couples to the scalar meson while the transI1°(g?)=——[3(m}*—mp) —4(my —m,)m,
verse mode remains unaltered. Furthermore, current conser- 2w
vation implies that out of the two nonzero components of 1
IT,, only one is independent. It should be noted here that the _(ml*;?_mﬁ)]f dxIn
tensor interaction, as evident from Eg), inhibits the mix- 0
ing.

In the presence of mixing the combined meson propagator 1 2 2
might be written in a matrix form where the dressed propa- h fo dx(my —x(1=x)q%)n
gator would no longer be block-diagonal:

ij 3k~ 2
X .
o E*(k) g*—4(k-q)?

my = x(1-x)g’

2
n

m

mﬁz—x(l—x)qzl
m2—x(1-x)g? |

(15
D=D°+DMD. 8 . . :
® It might be worthwhile to say here that being a vector, the

It is to be noted that the free propagator is block-diagonaf®!lective oscillations set by they meson propagation
and, following the notation used {16], has the form through matter would have longitudindl) and transverse
(T) components depending upon whether its spin is aligned

D 0 along or perpendicular to the direction of propagation. Ac-
p0:< wr ) (9) cordingly, with a special choice afaxis along the direction
0 A of the momenta ci), one can define the longitudinal and
transverse polarization ad| = —1lgy+ 1133 and [11=1144
=1I1,,, respectively16]. To determine the collective modes,
one defines the dielectric function H5]

In Eqg. (9) the noninteracting propagator for tiéeand p are
given, respectively, by

AO(Q):ﬁ, (10 €(q0’|q|):de(1_DOH):E$X€mixr (16)
—m5+
ammaTie where e; corresponds to two identical transvelde modes
and e, correspond to the longitudinal mode with the mix-
—g,,+ 9.9 ing. The latter, of course, also characterizes the mode rel-
0 B g2 evant for thes meson propagation:
D)= —F————. 1
g —my+ie 1
o . o o er=1-dolly, do=—F—5—
The mixing is characterized by the polarization insertion in g°—ms+ie
Eq. (8), which is a 5<5 matrix containing nonblock-
diagonal elements: g2
€mix= (1= dolT) (1= AolTg) ——=—Agdo(ITp)?.  (17)
. (Hixq) Hy<q>) " al
IT,(a) m%aq)) " The zeros of the dielectric functions define the dispersion

relation for meson propagation. Figure 1 shows the relevant
In the above expressioh]® and 117 , refer to the diagonal dispersion curves with and without mixing at densjty
self-energies of theS and p meson induced by the-n =2.5pq. As only theL mode mixes with the scalar mode, we
polarization: do not consider th& mode. The latter in fact is the same as
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FIG. 1. The dispersion curve farand 6 meson with and with- p/po

out mixing atp=2.5p.
FIG. 2. The “invariant mass” as a function of the relative

presented in Ref10] for p meson. The effect of mixing on nuclear density.

the pole masses, as evident from Fig. 1, are found to be Veryiih density reaching a minimum, and then again starts in-
small. However, the mixing could be large when the mesongeasing. This behavior arises from the nonmonotonic den-

involved go off-shell. It should be noted that the modes withg;, qependence of the polarization functions. This trend is
mixing move away from each other compared to what on

obtains without mixing. This can be understood in terms o
“level-level” repulsion driven by the off-diagonal terms of
the dressed propagatfi8].

he same for the whole relevant domain|qf.
To calculate the mixing angle, one diagonalizes the mass
matrix [10] with the mixing and obtains

The “invariant mass” M; =\, —|0i?) (i=p,d) is 1 211P0 a8
i indi i i Omix=7 arctal . 18
determined by finding the solutiongy{) of the equation mix~ 5 mtzs_ mi—Hf+H5

emix=0 for a fixed value ofq|. Figure 2 shows the depen-
dence ofM; on nuclear densities fdig|=0.3. It is evident In Eq. (18) 122, =M, /|q|II,, which increases with density.

mix "~

that the difference of the “invariant masses” first decreasedI, is the zero component of E¢7). Equation(18) clearly
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FIG. 3. The mixing angle as a function of the relative nuclear derigjtand momentuntb).
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For the decay widths we consider the invariant mass de-
pendence as presented below:

3
e
Gy | 4™
FIG. 4. The Feynman diagram for the process- p—e* r,(m)= = NE . (20)
+e.
o ~and
shows that the mixing angle depends not only on the mixing
amplitude (1I,) but also on the “energy denominator.” The U5y V(MZ=(m_+m,)H)(M2—(m,—m )2)
latter, as seen in Fig. 2, first decreases as a function of den-I's(M)= 16m M3
sity then again shows an increase characterizing the density 21)
dependence of the mixing angle as presented in Fig. 3. It
should be noted here that the mixing angle is a functioguof To describe ther 67 vertex we use
and |q|. Therefore estimated values presented here corre-
spond to the two poles) andp, determined by the zeros of mfs— mi I
emx [22]. The mixing angle in Fig. 3 corresponds |q| Lsny=Tomn m,, bybn b5 (22)

=0.3 GeVEt. The momentum dependence for a density 2.5

times higher than the normal nuclear matter density is showwhere for later convenience we defirg,;,= f&m(m(s

in the right panel of the same figure. This shows that for— p? im,.

momenta beyondig| ~0.2 GeVE the mixing is quite appre- Of course, there is an uncertainty involved with the cou-
ciable, which affects the dilepton yield substantially aspling parameterf ., as discussed in Ref$23,15. This
shown later. It should also be noted that the mixing anglerises from the fact that (or a,) lies close to the opening of

vanishes at(i| = 0 or atp = 0, as it should. the KK channel leading to a cusplike behavior in the reso-
The p-6 mixing opens a new channeljz, 7w+ n—e” nant amplitude, therefore a naive Breit-Wigner form for the
+e~ in dense nuclear matter through-n excitations. The decay width is inadequate. Furthermore, as mentioned be-

Feynman diagram of the process is depicted in Fig. 4. fore, there is also uncertainty involved with tl&&IN cou-
The cross section for this process might be expressed ipling, which renders the precise extraction &f m-5 cou-
terms of the mixing amplitudel{) pling even more difficult[23]. We take a value for

f5,-=0.44 from Ref.[23] which givesT';_ ,,(m; =59
MeV, while the experimental vacuum width éfis between

. L. ggm m; 50— 100 MeV[15].
n—ete 3sz 92 (Mz—m2)2+ mzl“ 2(M) One can notice in Fig. 5 that the processt n—e*
’ +e~, at densities higher thap,, not only enhances the
1 1 overall production of lepton pairs but also induces an addi-

X o2 4 : -
2 242 22 =5 7 ional peak near the mass region. The contribution at the
(M7=m3)"+ mGI5(M) YM™—4mz mass is comparable to that af+ m—e*+e~ near thep

(19 peak, for densities higher thgw. Figure 5 also shows that

10 T T T T T . 10! T T T T T

(@) : [ (b)
L q,= 03 GeV/c 3 [ q,= 03 Gev/c

p/p= 25
..... S~
~_ —~ il | R 1
'g g —sum
b 10° 4 b 10°} .

1.2 0.0 0.2 0.4 0.6 0.8 1.0 12

FIG. 5. Dilepton spectrum induced by+ 7—e*+e~ andw+ »—e* +e™ considering matter-inducge— 6 mixing. (a) p=1.5p,. (b)
p=2.50.

051901-4



RAPID COMMUNICATIONS

MATTER-INDUCED p-é MIXING: A SOURCE OF DILEPTONS PHYSICAL REVIEW C 61 051901R)

as the density goes even higher the dilepton yield arising odgation can, and will be, improved upon: further studies are in
of the mixing also increases further. The cross section inprogress to assess finite temperature effects and to self-
creases with increasing momenta of the mesons in keepingonsistently incorporate the necessary many-body machin-
with the mixing angle as shown in Fig. 3. ery. For example, the characteristics of thean be modified

We have highlighted the possibility gf-6 mixing inin the nuclear mediumi24] and the in-medium behavior of
dense nuclear matter. We observe the appearance of an afle 5 needs to be addressed. We have verified that the inclu-
ditional peak at a dilepton invariant mass that corresponds tgion of hadronic form factors does not change the conclu-

that of thes. With sufficient experimental resolution, this gjons we reach in this work. Detailed results will be pre-
effect could be observable, probably not as an individuakgnted elsewhere.

peak, because of th&s vacuum width which is already not

small, but more realistically as a shoulder in thespectrum. This work was supported in part by the Natural Sciences
This feature is then exclusively density dependent. Our ainand Engineering Research Council of Canada and in part by
here was to establish the existence of the signal. Our calcihe Fonds FCAR of the Qbec Government.
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