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Dilepton production by bremsstrahlung of meson fields in nuclear collisions
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We study the bremsstrahlung of virtualmesons due to the collective deceleration of nuclei at the initial
stage of an ultrarelativistic heavy-ion collision. It is shown that electromagnetic decays of these mesons may
give an important contribution to the observed yields of dileptons. Mass specerheof and u* ™~ pairs
produced in central AttAu collisions are calculated under some simplifying assumptions on the space-time
variation of the baryonic current in a nuclear collision process. Comparison with the CERES data for
160A GeV Pbt+Au collisions shows that the proposed mechanism gives a noticeable fraction of the observed
e*e” pairs in the intermediate region of invariant masses. Sensitivity of the dilepton yield to the in-medium
modification of masses and widths of vector mesons is demonstf&@856-28188)01305-3

PACS numbsd(s): 25.75.Dw, 13.20-v, 25.40.Ve

According to the relativistic mean-field moddl], strong  collisions, e.g., byrm—p—e*e~ processes. According to
time-dependent meson fields are generated in the course ofRefs.[9,10] the experimental data can be reproduced assum-
relativistic heavy-ion collision. Using the approach devel-ing a strong reduction of the meson mass in dense and hot
oped in papers on the pi¢@] and photori3] bremsstrahlung nuclear matter. On the other hand, as argued in [Réf, the
we Suggested recentM] a mechanism of partic|e produc- in-medium effect was probably overestimated in these calcu-
tion by the collective bremsstrahlung and decay of classicdptions. Below we show that the enhanced dilepton yield may
meson fields in relativistic heavy-ion collisions. The com-bPe explained, at least partly, by the contribution of the col-
parison with the observed data on pion multiplicity sh¢@ks ~ '€ctive bremsstrahlung mechanism.
that this mechanism may be important in central collisions of
most heavy nuclei already at the SPS bombarding energy I. FORMULATION OF THE MODEL
160A GeV.

Within this mechanism the production of some partsle
i is considered as a two-step procégst A— w* —i+X.

By analogy to the Walecka model we introduce the vector
meson fieldw*(x) coupled to the four-curredt(x) of bary-
ons participating in a heavy-ion collision at a given impact

H H *
He;re_Ar\{)(:It) ;::?Qrd;:;or;?:]'le:\hper?reitlI?eargr?tr?sgggsearr:aiuct'on parameteb. The equation of motion determining the space-
IS avirtual v Son. Irst step 1 v 10N time evolution ofw*(Xx) can be written asd=7%=1)

corresponds to the virtual bremsstrahlung process leading to
the creation of an off-mass-shell vector meson. The second
step is the superposition of all channels of the virtual meson
decay with the particlé in the final state. Below we consider ) )
the production of virtual mesons in the coherent proces¥/nére gy is the oNN coupling constant andm,
caused by the collective deceleration of the projectile and™ 783 MeV is the omega meson mass. In the mean-field ap-
target nuclei at the initial stage of the reaction. PreliminaryProximation o* is considered as a purely classical field.
results concerning the contribution of the above mechanisri’™om Eg. (1) one can see that excitation of propagating
to the production of pions, rea mesons and dileptons are Waves in the vacuunithe bremsstrahlung procgss pos-
published in Ref[5]. sible if the Fourier transformed baryonic current
Below we focus mainly on the dilepton emission in cen-
tral collisions of ultrarelativistic nuclei. The analysis of the
dilepton production is interesting at least for two reasons.
First, dileptons are highly penetrating particles and carry
pra_\ctically an undistorted information about the_ir creati(_)niS nonzero in the timelike regiop2~mi.
points. Second, a strong_enhancement of the dilepton yield |, the following we study the bremsstrahlung process in
was observed recently in central 20GeV StAu [6], e |owest order approximation neglecting the back reaction
S+W [7], and 16@\ GeV Pbt-Au [8] collisions. The analy-  anq reabsorption of the emitted vector mesons, i.e., treating
sis showg9—11] that this enhancement can only partially be j« g an external current. From Ed) one can calculate the
explained by the conventional mechanism of binary hadrounergy flux of the vector field at a large distance from the
collision region[2]. Then this flux is expressed in terms of
the distribution of field quanta, i.eq mesons. This leads to
'Here and below the virtual particlés, p, andy) are marked by the following formulas for the momentum distribution of real
a superscript asterisk. ® mesons emitted in a heavy-ion collisiph2]:

(9"9,+m2) wH(x) = gyJ“(X), )

JH(p)= f d*x J#(x)e'Px )
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d®N,, move as a who_Ie :_along the beam axis with instantaneous
E. W:S(Ew,p), (3)  velocities z,= —z=z(t). The projectile velocityz(t) is a
decreasing function of time, which we parametrize in the
whereE,, = /m2 +p? and form [2]
v 2ty =t o 9
S(P)= 153 [35(P)I(P)] @ A =Zort g

is a source function. In our model the latter is fully deter-Whereris the effective deceleration time and is the final

mined by the collective motion of the projectile and targetV€loCity of nuclei(@tt—+c).
nucleons. In this approximation the Fourier transform of the baryon

To take into account the off-mass-shell effects we characU"mentJ*(p) is totally determined by the projectile trajec-

terize virtual @ mesons by the massl,=p? and total ©°7Y Z(1) [4k
width I' » . The spectral function of virtuab mesons may

be written as JO(p)= % J3(p)
0
V)= 2 M, I 5 .
MW= = 7 o 24 T, ® ~2a " dtescogpa()IF(BFF AT - 220D,
To calculate the distribution of virtual mesons in their four- (10

momentap we use the formul5] ) o
wherep, andpy are, respectively, the longitudinal and trans-

N,,* verse components of the three-momenfumnd F(q) is the
d%p =p(M,)S(p). 6 density form factor of the initial nuclei

4

In the limit T',x—0 one can replace(M,) by 26(M?2 F(q)zi f 4 p(r)e—iq.r:4_77 fwrdrp(r)sinqr
—m?). In this case Eq(6) becomes equivalent to the for- A Aq Jo '
mula (3) for the spectrum of the on-mass-shell vector me- (1)
sons. Below we study also how the dilepton production i
changed when the pole position in the vector meson prop
gator is shifted due to the in-medium effects.

We consider the following channels of the virtualde- sity p(r). .
cay, most important at invariant massdé,<m,: i In this work we .choose the same cou.pllng constgt
—ete”, ptu-, w0y, wlete”, #outu-, wrm, =13.78 and stopping parametersv; as in Ref.[4]. In

7+ a0, The total widthl',« is decomposed into the sum particular, it is assumed thatequals one half of the nuclear
of partial decay widthd « ;: passage time

the time integrals in Eq(10) were calculated numerically
assuming the Woods-Saxon distribution of the nuclear den-

R
Fw*zzi | R (7) T:sin—hyo’ (12

where R is the geometrical radius of initial nucleR

=ro,AY3 with r,=1.12 fm. Instead ob; it is more conve-
nient to introduce the c.m. rapidity losy defined by the
d*N s i d*N . relation

T w* —i —wi (8)

d’p L d% ve=tantyo— dy). (13

The distribution over the total four-momentum of particles in
a given decay channel can be written as

whereB ,«_j=I",«_i/T',« is the branching ratio of theh  por central Au-Au collisions we assume the energy-
decay channel. The latter is a function of the total '”Va”amindependent valufL3] dy=2.4 for ys>10 GeV and the full

mass of the decay particlés=p’=M,,. o stopping By=Yy,) for lower bombarding energies.
To calculate the four-currentd#(p) determining the

source functiorS(p) we adopt the simple picture of a high-
energy heavy-ion collision suggested in Ref]. We con-
sider collisions of identical nucleiX,=A;=A) at zero im-
pact parameter. In the equal velocity frame the projectile and Similarly to Ref.[14] we assume that the “direct” decays
target nuclei initially move towards each other with veloci- of  mesons into dileptonsy* —1*1~, proceed via the in-
ties *v, or rapidities *y,, where vg=tanhy,=(1 termediate emission and decay of virtual photefis In the
—4mg/9)Y? and /s is the c.m. bombarding energy per following the explicit formulas are presented for thée™
nucleon. In the “frozen density” approximatioe] the in-  production only. The corresponding expressions for dimuons
ternal compression and transverse motion of nuclear matteire obtained by replacing the lepton masses and decay
are disregarded at the earfinterpenetration stage of the widths. The matrix element of the procesg —e*e™ is
reaction. Within this approximation the colliding nuclei proportional to thew meson polarization vectdy, , the lep-

Il. DIFFERENT CHANNELS OF VIRTUAL MESON DECAY
AND DILEPTON PRODUCTION
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ton currentv_ y“u_, and the photon propagatork 2, In the softest region of invariant masséd,<m_., the
wherek=p, +p_ is the total four-momentum of the lepton channelsw* —3m, »*— 7y with the subsequent decay
pair. The calculation of the partial decay width gives them®—e*e™y become important. However, we do not con-
result[14] sider the contribution of these processes for the following
4 reasons. First, the corresponding mass region is strongly
ForedM)EM T s ge. (14 populated by decays at® mesons, produced in incoherent
hadron-hadron collisions. Also, this region is not interesting
from the viewpoint of dilepton enhancement observed by the
CERES Collaboration & >2m,. [6,8]. The acceptance cuts

Here M = k? is the dilepton invariant masén the direct
channeM =M,,) andI' .« _ ¢ is the partial width of a virtual

photon used in these experiments strongly suppress the contribution
o 52 of 7% decays.
Fy*%e=7 (1—§)M6(M—2me), (15 To calculate the total width of virtual’s one should

know the partial widths of nonelectromagnetic decay chan-
nels. In the considered region of masbés<1 GeV we take

where a=e?/fic, O(x)=3(1+sgnx), m, is the electron _ . : '
- ()=2( gy, Me into account the decays with two and three pions in the final

mass, and X : .
state. Assuming that the* — 27 matrix element is propor-
Am?2 tional to the product of th& meson polarization vector and
B=1\/1—- M—ze (16)  the difference of the pion four-momenta, we get
~2/\p2 2,3/
The proportionality coefficient in Eq(14) is determined Lor 27(M) <M (MG —4m)¥0(M,,—2m,,).
from the condition B« _,ced(M,)=Bee, Where Bg=7.1 (21)

X10° is the observed probability of the— ee decay[15]. o L -
We take into account also the three-particle “Dalitz” de- The proportionality coefficient is taken from the condition

caysw* —mPete”. At fixed values oM andM, the com-  Bux—2+(M,)=B2,=0.022[15]. The w* — 3 partial width

ponents of the total dilepton four-momentumin the o rest is calculated assuming that it is proportional to the three-pion

frame can be found by using the expressions phase space volume allowed by the kinemaltic
M2+ M2 —m2 r (M, )xds (M, )O(M,—3m,) (22)
— 2 2_ w T w* =37 w 3 w w )
ko= VKFH M?= —— (17)

w

with the coefficient determined from the relation
wherem, =0.14 GeV is the pion mass. The correspondingB . . ;,.(m,)=B;,=0.89[15].
partial width can be calculated assuming that the Dalitz de- The mass distribution ob*e™ pairs produced by the
cay is the two-step process* — 7y* —mee. Generalizing bremsstrahlung mechanism can be written as a convolution
the results of(16] to the case of virtualv's we obtain the  of the virtualw meson spectrum and the differential branch-
following expression for the differential width of the Dalitz ing of the w* —eeX decay[X denotes any particlg) emit-

decay: ted together with the lepton péir
drw*ﬂ‘rree 2 4
= I« ) . (18) dN d Nw dB * _eeX
dM MZ w* -y y* —ee ee:f 4 * 1) ee

The o* — my* decay width is proportional to the electro-
magnetic form factor squardéfm: Taking into account only the direct and Dalitz decays, the
dilepton mass distribution can be represented as

Lo mpexF2 |KI2O(M,—~M—m,), (19
where |k| is determined from Eq(17). The coefficient of ce_p . * +f dM ¥ T Dwr—eem
proportionality may be found by considering the limiting dM @Tee dMm M+m, ~ dM, dM

caseM ,—m,, M—0, when the left-hand side of E¢L9) (24
coincides with the observed width of the— 7y decay. As

shown in[16] the experimental data fd¥,,, are well repro- The first (direc) term is obtained by using the relation
duced within the vector meson dominance mddél]. As-  dB s« _,ce/dM=B_«_.6(M—M,) and performing the ex-
suming that this model is valid also for decays of virtués plicit integration overM .

we have To compare the model predictions with experimental data
one should take into account the various acceptance cuts
used in different experiments. This severely complicates the
calculations: in general one should know the differential
branchingd®B,+ . cex/d3p. d3p_ which describes the prob-
wherem, andI', are the mass and total width of the  ability of the o meson decay into the lepton pair with the
meson. Unless otherwise stated, Eg0) is used with the positron and electron three-momernta and p_, respec-
parametrizatiod” ,=I" (M) suggested in Re{14] and the tively. To calculate the acceptance-weighted mass distribu-
free p meson massnf,=m,0=0.77 GeV). tion one should replacéB,« _,.ex/dM in Eq. (23) by

2, 2, 2
Fo.= an(mzp—zi_rp)z 2
(M —mp) +mp1“p

(20
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dB, B
d—MeeX:f d3p+d3p_¢4wd3:fj(5(M— \/F)

(25

The weight functionA equals onezerg if p. are inside
(outside the kinematical volume covered in a given experi-
ment. In numerical calculations presented in the next section
we use fore*e™ pairs the acceptance cuts of the CERES
experimen{ 8]

dN,o/ dM (GeV™)

pr.>0.175 GeVe, 2.1<7.<2.65, 6q.>0.035.
(26)

Here pr- and . are the transverse momenta and pseudo- 12

rapidities of leptons and,. is their relative emission angle
in the lab frame. FIG. 1. Mass spectrum &" e~ pairs produced by the collective

AtgivenM andM,, the components of the vectqus are  bremsstrahlung mechanism in central A6GeV Au+Au colli-
fixed by the angular variable®=(6,¢) and Q=(6,¢), sions. Contributions of the directw(, —ee) and Dalitz (@*
where() denotes spherical angles lofwith respect to thes ~ — mee) decay channels are shown by dotted and dashed lines, re-
meson three-momentufin its rest framg and Q) stands for ~ SPectively.
the positron emission angles with respectkigin the pair

M (GeV)

rest frame. By using these variables one can rewrite &%) ll. RESULTS
as follows: Let us now discuss the results of numerical calculations
obtained within the model described above. One should bear
dB(wA*)HeeX dB,+ _eex ~ AW, s eex in mind that the model assumes a rather simplified space-
M dm dQ [ dQ “a0do time evolution, in particular the collective projectile-target

deceleration(see the discussion in Rg#]). Therefore, the

model in its present form can be used for a qualitative analy-
~ . e sis only.

wheredW, « _..x/dQ dQ is the angular distribution of the Figure 1 shows the dilepton mass spectrum in central (

* . .
’ I:g:jrx cda(asceai/hgoar;l?gfe?ot:oegtr};tey.of calculating the direc:O) 160A GeV AutAu colisions. One can see that the
and Dalitz contributions b?/ simple averaging ovegr all polar-Fnass distribution of dileptons produced by the virtuale-
) . cays is quite different from that predicted by the conven-
"ional hadronic sources. In particular, the low and intermedi-
ate mass region is strongly enhanced. This is explained by
the copious production of “soft” virtuak's by the brems-
strahlung mechanism. The contribution of directiecays is
peaked at very small invariant masses as well as at the pole
position of thew propagatotM =m,,. The Dalitz contribu-
tion is most important in the intermediate region of dilepton
masses, 0.2 Ge¥M=<0.6 GeV. A similar behavior is pre-
dWw*iee: Cdir(l—,BzcosZ?O‘) 5(Q), (28) dicteo_l for the dimuc_)n spectrufifrig. 2. The main difference
dQ dQ here is the much higher mass thresholdvat 2m,, .
In Fig. 3 we compare the model predictions for the same
whereCy; is the normalization constant. The anisotropy ofreaction, but at different bombarding energiegs
the lepton angular distribution in the rest frame of the =17.43A GeV (SPS and 20@ GeV (RHIC). We have also
meson is a consequence of its polarization. calculated the dilepton spectra at the LHC enerdy
The Dalitz part of the dilepton distribution is calculated =6.3A TeV but the corresponding results practically coin-
assuming 14,16 that thew* —eer matrix element is pro- cide with the model prediction for the RHIC energy. Such a
portional to eW,,sgf‘ka"(z)_+ y%u_). The direct calculation behavior follows from the energy independence of the stop-
gives ping parametey, assumed at high/s (see Sec.)l As a
consequence, the phase-space distribution of primoxdlial
mesons, produced by the bremsstrahlung mechanism, satu-
rates with raising bombarding enerfy.
(29) Due to the experimental acceptance cuts and a poor mass

(27)

from Eq. (1), the polarization vector of a virtual vector me-
son§,, is proportional toJ,,(p) wherep is the meson four-
momentum. In thes meson rest framé, = (0,§), where& is

a vector parallel to the direction @f. Proceeding from the
w* —ee matrix element(see abovewe get the following
relation for the direct part of the angular distribution:

dWw*ﬂeew
-

_ ; — 32ir2 A Qir( o —
10d5 = CyaSirt o[ 1— B2sirt 4 sir(d— )],

where Cy, is found from the normalization condition. The

averaging over the meson polarizations is equivalent to the - 2gjnce the branching ratio of the direct decay-u*u ™ is not
averaging ovef). As a result we obtain the distribution over known experimentally{15] we assume that it is equal B(w
Q) obtained earlier in Ref.18]. —eten).
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FIG. 2. The same as in Fig. 1, but for the spectrumudfu FIG. 4. Mass spectrum @& e~ pairs produced by the collective
pairrs. bremsstrahlung mechanism in central A6GeV Au+Au colli-

sions. The grey histografsolid line) shows the model results with
resolution the dilepton mass distributions receive significantwithout) inclusion of experimental mass resolution. The dotted
distortions as compared to those presented in Figs. 1-3. I@ashedl line shows the contribution of diredDalitz) @ meson
Fig. 4 we show the dilepton mass spectrum for centrabecays. Preliminary experimental data for centrat-Rl collisions
160A GeV Au+Au collisions. The CERES acceptance cuts[8] are shown by solid dots.
and mass resolution are included in this calculation. The
double differential spectrund®N../dM d# is obtained by tion in the intermediate mass region. However, the brems-
dividing the acceptance-weighted mass distribution,(24),  strahlung contribution alone is not sufficient to explain the
by the width of the CERES pseudorapidity window. In cal- dilepton yield observed in central 180GeV Pbt+Au colli-
culating the acceptance weigHtentering Eq{(27) we have sions. In the most interesting region of massks
neglected the transverse momenta of primordianesons =0.4-0.6 GeV the data are still underestimated by a factor
(see Ref.[4]). At the same figure we show separately theof about 3.
contributions of direct and Dalitz decays efmesons. Note Simple estimates show that this discrepancy cannot be
that the original spectruniwithout mass resolution correc- removed by taking into account the excitation and decays of
tions) of e" e pairs has a strong peak Mt=m_ . This peak virtual p mesons disregarded in the present calculation. In-
originates from the direcb meson decays. The steplike be- deed, the collective bremsstrahlung @fmesons may be
havior of the direct contribution al=0.35 GeV appears treated analogously to the meson case. The equation of
due to the CERES cut at small transverse momepta,  motion for thep?® field may be written agl]
>pPmin=0.175 GeVE. Indeed, in the limitp;,=0 the mini- o 0 0
mal invariant mass of “direct” pairs is ImZ+pZ;, (9¥d,+my)p,=9,J,. (30
~0.35 GeV. Taking into account nonzero components of —
pr, Will result in a certain smoothing of the above- Hereg, is the pNN coupling constant and)=1/2y7%y,,y
mentioned jump in the dilepton mass distribution. is the zero component of the isovector baryonic current. To
As one can see from Fig. 4, the bremsstrahlung mechgesnmateJ we assume that local values of the neutron to
nism gives a significant contribution to the dilepton produc-proton ratio are not changed significantly in the course of a
heavy-ion collision. In this approxmatm]0 XJ,., wWhere
10° . . . . : x=1/2—Z/A is the isospin asymmetry factor of the colliding
nuclei, determined by their charg&) and mass &) num-
bers. The spectrum of virtugh mesons produced by the
bremsstrahlung mechanism is given by Ed$-(6) with the
replacemeng,J,, ,mw,Fw*—>ng m,,I",+ . Using the for-

1/2

=200 GeV

E mulas of Sec. Il and taking into account onIy direct channels
= of vector meson decays one may estimate the ratio of inte-
N grated yields of dileptons produced by bremsstrahlung of
z and o mesons as
Naa—pete ~(& 2 Boo_ete- (31)
Naa— w* —ete- Ov X By_ete-

0 0.2 0.4 0.6 0.8 . . . .
M (GeV) ! 12 Substitutingg,=8.08 [19] we obtain that in the case of a

central Aut-Au collision this ratio is of the order of 3

FIG. 3. Comparison oé*e" yields in central Au-Au collisions X 10~3. The relative contribution g mesons becomes even

at the SPS and RHIC bombarding energies. smaller for lighter nuclei.
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FIG. 5. Comparison of*e” spectra in central 160 GeV FIG. 6. The same as in Fig. 5 but for different choices of the

Au+Au collisions for different values of the meson mass reductionvirtual » width in units of the vacuum widtli',= 8.4 MeV.
factor R,,. Experimental data for central PfAAu collisions are
taken from Ref[8].

from Fig. 6, the yield in the region 0.35Ge\M

Of course, in addition to the collective bremsstrahlung=0.7 GeV is strongly enhanced far=5.
mechanism the usual, incoherent, sources of dilepton produc- Additional experiments are necessary to establish the role
tion (e.g., themm—ee and m—eey processesalso give a played by the collective bremsstrahlung mechanism. It
noticeable contribution. According to Ref@-11] the dy- would be very useful to measure the distributions over total
namical models incorporating only these incoherent hadronitransverse momentumy; and rapidityy of a dilepton pair.
sources may easily explain the low mass dilepton yields inThese distributions have two characteristic features. First, as
S+Au and PbrAu collisions at the SPS energies. On thefollows from Eg. (10), the py distribution should be rela-
other hand, these models significantly underestimate the olively soft, due to the cutofbr=<7#/R imposed by the nuclear
served data in the intermediate mass region. As argued ifprm factor. Second, as shown in RE22], the rapidity dis-
Refs.[9,10] the agreement with experimental data can beyipution should have a dip at. =0, due to the cancella-
achieved if one assumes a strong reduction of the vectqfyn of projectile and target currents. This dip is especially

meson masses in dense nuclear matter. _ __pronounced at higher invariant masses when the Dalitz con-
To check the sensitivity of our model to the in-medium tribution is relatively small.

modification of the vector mesons, in Fig. 5 we compare the
dilepton mass distributions calculated for different values of
the p and w masses. To diminish the number of model pa-
rameters we take the same mass reduction factgs &rd w

mesons:m, /my=m, /M, =Ry. One can see that the  |n conclusion, we have shown that the collective brems-
dilepton yields are rather sensitiveRy, . A relatively small,  stranjung of the vector meson field can provide an important
20%, reduction of the meson masses raises the dilepton yield, ;;ce of dilepton production in high-energy heavy-ion col-

atM~0.5 GeV by a factor of about 2. On the other hand, thejjsions. This mechanism may be responsible, at least partly,
model calculation with fixedR,, predicts too high peaks in L

IV. SUMMARY

or the enhanced yield of dileptons observed in central
mass distributions. One should bear in mind that these ca y P

i . . . uclear collisions at the SPS bombarding energies. It has
culations provide only a rough estimate of the possible effecbeen demonstrated that the coherent dilepton production is
since in an actual nuclear collision the mass shifts should be

time and space dependent. Therefore, the observed spectrusr(rawnsmve to the in-medium modification of vector meson

will be a superposition of contributions with differeR, . masses and widths. Obviously, these effects should be stud-

As a result, the peak of direct dileptons will be smoothed oufed in more deta_ul In microscopic models._
in the integrated distribution, In future studies it will be necessary to implement a more

As shown in Refs[20,21], the  meson width may in- rgalistic dyna_mical pic';ure of a_hea_tvy-ion collision by_ using
crease significantly in a dense nuclear matter. At baryoni€ither the fluid-dynamical or kinetic approach. In this way
densities of the order of the normal nuclear density, theé®n€ can take into account the flow and compression effects
width may exceed the vacuum value by a large factor disregarded in the present model. Decoherence effects due to
~10. On the other hand, the meson mass is predicted to the stochastic scatterings and finite formation times of had-
lower only slightly in this case. To estimate the effects of therons should be studied. Also the formalism should be gener-
in-medium broadening of virtuab mesons, we have per- alized to study bremsstrahlung effects in a situation when
formed the calculation where the partial decay widths weremasses and widths of vector mesons are space and time de-
scaled by the same amplification factoy independent of pendent. To extend the calculations to collider energjss,
M,. The calculation shows that this broadening affects=200 GeV, the model should be reformulated on the quark-
mainly the direct component of the dilepton yield. As seengluon level.
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