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TOWARDS DECAY ANISOTROPY OF DILEPTONS

E.L.Bratkovskaya, O.V.Teryaev, V.D.Toneev

Attention is attracted to the study of angular characteristics of ete™ pairs created in hadronic
and nuclear collisions. Due to spin and angular momentum constraints, the dilepton decay
anisotropy is found to be quite sensitive. to the contribution of different sources. This is
illustrated by the anisotropy coefficients estimated for various processes of dilepton
production.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics,

" JINR.
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OGpaiaeTcss BHUMaHHE Ha HCCICIOBAHHE YITIOBBIX XaPAKTEPHCTHK €'e-nap, POXIECHHEIX B
AIPOHHBIX H AAEPHLIX CTOIKHOBEHHAX. OOHApYXKEHO, YTO U3-32 OTPAHHYCHMHN, HAKIATBIBAEMBIX
COXpaHEHHEM MPOCKLKH CIIMHA H YIIOBOrO MOMEHTa, aHH30TPOMMS Pacnaja JWIENTOHOB OKa-
3bIBACTCA BECHMA' YYBCTBHTENIBHOM K BKJIANy OT PARTHYHBIX HCTOYHHKOB. DTO WUTIOCTPHpYeTCH
PacCMOTpeHHEM KODMHLHMEHTOR aHHIOTPOMHH, OLEHEHHEIX LA PAUTHIHBIX npoueccos o6pa-
30BaHHA JIENTOHHBIX T1Ap.

PaGora sunoniena s JlaGoparopuu Teopetnueckoit (usuku uM.H.H.BoromoSosa OUSH.

Leptonic probes are quite attractive since they provide weakly disturbed information on
hot and dense nuclear matter at different stages of its evolution in heavy-ion collisions at
intermediate and ultrarelativistic energies. Information carried out by leptons may tell us
not only about interaction dynamics of colliding nuclei but also on properties of hadrons in
nuclear environment and on a possible phase transition of hadrons into quark gluon plasma.
However there exist a lot of hadronic sources of lepton pairs because the electromagnetic
field couples to all charges and magnetic moments. It is very desirable to have additional
information which would allow one to disentangle various sources experimentally. For this
aim, we propose to study a new observable — the decay anisotropy of a lepton [1].

Till the recent time, the invariant mass spectra do/ DM was the only observable to be

investigated for the e*e™ pairs created in heavy ion collisions. As is seen from Fig.1, the
variety of hadronic sources of lepton pairs gives rise to a very complicated picture. Really,
lepton pairs may be produced due to the electromagnetic decay of time-like virtual photons
which can result from the bremsstrahlung process or from the decay of baryonic and
mesonic resonances including the direct conversion of vector mesons into virtual photons
in accordance with the vector dominance hypothesis. The last processs has turned out [2]
to be quite competing with nn annihilation which was considered as the most promising
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s T——T——7———7— 3 channel for investigating properties of

[ hadrons in nuclear matter [3]. In addi-
2t Ca+Ca 1 BeV/A) tion, there are rather large uncertainties
with fiter in theoretical calculations. The most
complete list of hadronic sources has
been included into Quark Gluon String
Model calculations [4] presented in Fig.1.

)
2 ey

LoA ALARs

=]
A

®
<
i r / q Inspite of the fact that other models [5,6]
g 5 N l 3 predict different contributions of sources
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102k ,M \ \ ] .4 also reproduce these data within available
S sf AN j large experimental error bars. So, to
;n. s N ) R ] disentangle various leptonic channels
< 2r u/"\. \~ Q 1 experimentally the necessity of a new ap-
1ol : N, e 4 proach to this problem becomes quite
5 H \ N 3 evident. We see that spin variables taken
of N “ 1 into consideration may help in solution
RN RN 1 of this problem.
L E i ,\— 1 LN 3 Indeed, in all hadronic sources, the
00 a2 04 08 as 10 ¢ pairs are created due to electro-

Invariant Mass, GeV magnetic decay of time-like virtual pho-

Fig.1. Invariant mass distribution for dileptons produ- tons. In the rest frame, the decay of an

ced in Ca +Ca (2 GeV/A) collisions. Contribution of unpolarized photon gives rise to isotropy

different sources calculated within QGSM [4] is of the angular distribution for a created

shown. Experimental points are taken from {7] lepton pair since there is no preferential

direction. However, the coupling of the

virtual photon to hadrons may induce

some dynamical spin alignment of both

resonances and virtual photons. So, one can expect [1] that the angular distribution of a

lepton will be anisotropic with respect to the direction of dilepton emission. This decay

-anisotropy defined for the given dilepton mass is carrying some information on the spin

alignment of the virtual photon as well as on spins of interacting hadrons and thereby
allows one to disentangle different production processes, in principle.

Let characterize the decay: anisotropy by the azimuthal and polar angles, ¢, 6 of the
momentum 1_ of a created electron with respect to the momentum of a virtual photon in the

rest frame of this photon. For comparing the shape of the angular distribution in different
channels, the differential cross section for dilepton production may be represented in the
following form:

do
dM?dcos ©

In a general case, the B coefficient may be a function of M, ¢ and masses of particles
involved into the reaction.

=A (1 + B cos0). (1)
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The Dalitz decay of a pseudoscalar meson, say 7, is one of the simplest cases since the
zero spin of the meson disentangles the spin indices of the initial and final stated allowing

one to factorize the production 6"(s) and decay probabilities. In particular, the angular
distribution can be written as follows:

n noeey
sz - o-"](s) 1 dF—2_ , (2)
dM “dQ M dM4dQ
where the decay matrix
n-eley2 1L :
I M 4 (euaﬂ'y qB qu 8vocpc qp qlc) Luv €

‘o
entering the decay width IM7°¢Y js directly related to the lepton tensor
Luv =Tr f_ Y f; Y, - Here g, g, are the four momenta of a virtual and real photon. The final

distribution is reduced to the following one*:

n

__2d0 ~ 1 + cos?6. 4)
dM“dcos 6

The same answer results from the Dalitz

decay on any pseudoscalar meson, in parti- 1.2

cular, for the ° decay which dominates at L -,'7' -

M <0.14 GeV. These results are plotted in 08 r

Fig.2. [

Due to 3/2 spin of the delta, the 0.4
dilepton differential cross section for the

A — Ne¥e™ decay cannot be reduced to the B o0

pa (1.0 Gev)

factorized form of eq.(2) though do/dM is [ po (2.1 GeV)
described quite well in this approximation. ~ —0.4 | “\

If the A alignment effect is neglected for a i ‘\\ \\..\ PP (2.1 Gev)
moment we get in this very crude appro- -0.8 C pp (1.0 c;;i"‘“ e
ximation B = + 1. As was shown in [8], the L T

value B =1 is reached only in the limit of —g2 Coew o o o (o . . .

a real photon, M — 0 what illustrates a 0.1 0.3 0.5 0.7
high sensitivity of anisotropy to the spin M (GeV)

structure of the transition matrix element.
Fig.2. M-dependence of the decay anisotropy coef-

Bremsstrahlung channel for e*e™ pro- ficient for different elementary dilepton sources: the
duction is estimated in the soft photon ap-  Dalitz decay of 1 and n° mesons, n*%"-annihilation
proximation. One can see from Fig.2 that B pn and pp bremsstrahlung (at two energies)

»

*Strictly speaking, this simple result corresponds to a particular case of vanishing meson momentum (or the rest
frame of the 1} meson). In general, the decay anisotropy coefficient will be encrgy- and M-dependent 9.
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becomes M-dependent quantity changing its sign around M ~ 0.2 GeV. The distribution is
not isotropic in this case what introduces axial symmetry breaking.

For the pion annihilation differential cross section we get B =~ 1 [1] which is also
plotted in Fig.2. This result has not yet been averaged over the production angle, because

the production and decay frames coincide for the nx — e'e” process. In contrast with all.
previous cases, averaging procedure for this channel depends on the dymamical distribution
of pions and dilepton anisotropy for pion annihilation is vanishing when a system reaches
an equilibrium state [1]. Thus, the B values predicted for different channels are ranging
from + 1 to — 1 and may depend on the invariant mass M. A convolution of these B values
with do/ dM for every source corresponds to the measured B values. We hope that this new
observable will allow one to discriminate different models fitting equally well the available
data on dilepton production but predicting different contributions of dilepton sources.

The decay anisotropy can give some feeling as to the strength of in-medium effects
since only form factors, vertices, coupling constants and decay width of hadrons but not the
spin structure of interaction does be changed. [1]. A possible appearance of a new phase

characterized by a four-velocity v* may be indentified too in this way what is useful as a
possible signal of quark-gluon plasma [1]. The proposed new observable, dilepton decay
anisotropy, seems to be quite hopeful in attempt to disentangle various dilepton sources as
weel as different theoretical models.

This research is partly performed in the framework of the Grants No. MP8300 and

RFE300 from the International Science Foundation and Russian Government. The work of
V.D.T was supported by Grant No. 3405 from INTAS.

References

—

. Bratkovskaya E.L., Teryaev O.V., Toneev V.D. — Phys. Lett., 1995, B348, p.283.
2. Toneev V.D,, Gudima K.K., Titov A.T. — Preprint GSI-92-05, Darmstadt, 1992; Sov.
Journ. of Nucl. Phys., 1992, 55, p.1715; Gudima K K., Titov A.L,, Toneev V.D. —
Phys. Lett., 1992, B287, p.302.
. Gale C., Kapusta J. — Phys. Rev., 1985, C35, p.2107; Phys. Rev., 1988, C40, p.745.
4. Amelin N.S., Gudima K.K, Toneev V.D. — Nuclear Equation of State, Part B: QCD
and the Formation of Quark Gluon Plasma, Eds. W.Greiner, H.Stocker, Plenum Press,
1989, p.473; Amelin N.S., Gudima K K., Sivoklokov S.Yu., Toneev V.D. — Nucl.
Phys., 1990, A519, p.463c; Sov. Journ. of Nucl. Phys., 1990, 52, p.272.

5. Wolf Gy., Cassing W., Ehehalt W., Mosel U. — Progr. Part. Nucl. Phys., 1993, 30,
p.273.

6. Xiong L., Wu Z.G., Ko C.M., Wu J.Q. — Nucl. Phys., 1990, A512, p.772.

7. Roche G., Bystricky J., Carrol J. et al. — Phys. Lett., 1989, B226, p.228.

8. Bratkovskaya E.L., Schafer M., Cassing W., Mosel U., Teryaev O.V., Toneev V.D. —

Phys. Lett., 1995, B348, p.325.
9. Bratkovskaya E.L., Cassing W., Mosel U., Teryaev O.V., Titov A.l., Toneev V.D. —
Submitted to Phys.Lett.B.

w

Received on August 1, 1995,





