PHYSICAL REVIEW C 69, 054902(2004)
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The STAR Collaboration at the Relativistic Heavy lon Collider is measuring the production of electron-
positron pairs at small impact parameters, larger than but already close to the range, where the ions interact
strongly with each other. We calculate the cross section relevant for the STAR experimental setup, as well as,
differential distributions of the pair production process with the electromagnetic excitation of both ions in a
semiclassical approach and within a lowest order QED calculation. We compare the distribution of electron and
positron with the one coming from the cross section calculation without tagging for the excitation of the two
ions. Finally we give an outlook of possible results at the LHC.
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I. INTRODUCTION
. S R . L szbbP(b)
Pair production in relativistic heavy ion collisions has at- — 8R,
tracted interest in the past mainly due to the fact that the = ~— ~19fm, 1)

strong fields allow for multiple pairs to be produced. At im- f d?bP(b)

pact parameter of the order of twice the nuclear radius, but

still larger than this, so that the two ions do not interactyne may expect strong field effects to be present for the
hadronically with each othethat is, the regime of the so- .o

called “ultraperipheral collisions” UPCthe total pair pro- Due to the design of the STAR detector only electrons and
duction multiplicity is found to be about 1.5 for Au-Au col- positrons having a transverse momentpyn 65 MeV/c and

lisions at the Relativistic Heavy lon Collider RHIC and | _. . : -
g being emitted with a rapidityy| <1.15 can be detected. As
about 3.9 for Pb-Pb collisions at the LHC. These results are ost of the pairs produced in ultraperipheral collisions

based on a lowest order QED calculatidij and one might UPCs are emitted with energies of the order of a fawc?

suspect that at 'these small impfe\ct parameters th.e stro d at small angles, such a measurement can only look at the
fields of the two ions do lead to higher order corrections. tails of the distribution of the pairs. Even this momentum

_Therefore It IS of Interest to measure electror)-p(_)sn_ror}ange was only possible using a lowered magnetic field in
pairs produced in such collisions and compare their distribuz,

tion with theoretical predictions, e.g., in lowest order QED.the STAR detector.

The STAR Collaboration has recently measueéel pairs in 7 7"
collisions, which were selected by a trigger, looking for the - =!
simultaneous excitation of the two iosainly to the giant
dipole resonance GDRin addition to the pair production
procesg2—4], see Fig. 1. Such an event is characterized by
the subsequent emission of one or only a few neutrons,
which are then detected in the forward ZO@ero degree
calorimetey. This tagging was first proposed in order to
study vector meson productidis—7]. Mutual excitation of .
the two ions is also used for the luminosity measurement at Z Z
RHIC [8,9]. ) . . .
As the average impact parameter in such collisions is only /G- 1. The pair production together with the electromagnetic
about[10] excnatl_on of both ions, predpmlnantly to the_glant dipole resonance
(GDR) is shown as one typical Feynman diagram. The process in
lowest order involves at least the exchange of four photareny
more “soft Coulomb photons” are exchanged as wé&le to this
*Electronic address: k.hencken@unibas.ch; the process predominantly occurs at small impact parameter, where
URL.: http://quasar.unibas.Ctvencken/ the electromagnetic fields are strong, in contrast to the “untagged
"Electronic address: g.baur@fz-juelich.de cross section”(without electromagnetic excitation of the igns
*Electronic address: dirk.trautmann@unibas.ch which has contributions coming also from large impact parameters.
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One approach to the calculation of this process is the usexcitation in both ions, see Fig. 1. In order to incorporate the
of the impact parameter dependent equivalent photon apexperimental conditions in the theoretical calculation, it is
proximation [11-14. The additional electromagnetic pro- most appropriate to work in the semiclassical approach. Us-
cesses are easily incorporated in this semiclassical approaahg the fact, that in this approach the probabilities of the

and the cross section can be expressed as individual processes factorize and are given by the product

o of the individual probabilitiegfor a theoretical description of
d°Tere- 260R this approach, see Rdfl0]) we can write the cross section

d®p,d®p_ for this process as

d'L oy e e (wr,0)) 6 = 6
= | d?bP% (b) e , d0ete 26DR d°P(b)
J PR dhdwydw,  d*p.dp. P, 2T . bdbPéDR<b>—d3p+d3p_- 3
2

. The minimum impact parameter was chosen to g,
where o, .+ denotes the cross section for real photons b P

. =2R,=~14 fm, where we assume the nuclei to touch, that is

4 /A2 _ a , ) )
Sﬂg?orl;/Iﬂr?l%%ﬁglifﬁetkn;pggsaﬁ)lzrz?ﬁgrp?r?oﬂggt-j;r?;t%hnoltsp interact hadronically with each other. The use of the semi-
minosity, see Sec. 3 of Refl5] and Sec. 2.7 of Ref16] classical description in this case is not only justified due to

and references thergirOne difficulty in this approach is the the strong Coulomb interaction between the two idead-
. Y ppI¢ ing to a large number of “soft” Coulomb photons exchanged
correct choice of the cutoff parameter present in the expre

sion for the photon spectrum. This is especially difficult duesbfe'[Ween theny but also simplifies the c_alculatlon_of this
higher order procesgagged process: pair production plus

ot o 1h e o GOR exctaion processesonsideraly

; ) C Following Ref.[23] the probability for GDR excitation in
photon from the elastic form factor of the ion, which is given one ion is to a good approximation given as
by 1/R,~=80 MeV. For a discussion see RdfL6], espe-
cially Chap. 7, beginning of p. 412. It was found that the Peor(b) = S/b? 4)
total cross section for electron-positron pair production GDR ’
(given by a full QED calculation in lowest orddd7] or ity
alternatively by the approximate analytic expression of Ra-
cah[18], which coincide within the numerical accuracy of 20273N
the calculationgs is only reproduced with a cutoff chosen = A
aroundm,. On the other hand it was also found that neither a My

choice ofm, nor of Ry is able to reproduce the total impact \herem, denotes the nucleon mass, and the neutron, proton
parameter dependent probabiliB(b) at impact parameter and mass number of the ions ah&kaZ andA, respecti\,/ely '
smaller than the Compton wavelength=386 fm from an e consider only symmetric collisions here, the calculation
exact QED calculatiofil]. For a discussion about the choice ¢4, trivially be extended to incorporate also asymmetric sys-
of the cutoff parameter see, e.g., Ref9]. In addition, inthe (e g. The excitation probability is inversely proportional to
usual semiclassical approach the transverse momentum dig;e energyw(~80 MeV A3 of the GDR state. Neutrons
tribution of the photons is integrated over. In order to get, fory o ot only emitted from the GDR excitation but are also

example, the transverse momentum distribution of the Paifeoming from higher excited staté8,24,23. These can be
one needs to take this momentum distribution into account tQ;xan into account approximately by increasi8gaccord-

get the correct final result. For a possible approach taking,,, as this does not change thei®behavior for the small
this Into account from first principles see ReﬂEO,Z_J]. Due impact parameter, we are interested in, and only leads to a
to this it is of interest to do an exact calculation of this regeaiing of the cross section, not the form of the differential
process in lowest order QED in order to compare with eX-yigyrihytions, we have used in our calculation the more

perimen.tal results, as well as, .in or'der.to unde'rstand Wheth%rimple value ofS in Eq. (5). Of course one needs then to

the equivalent photon approximation is a valid approximasciyde in addition the different decay channels into one,

tion in this case. L . two, etc., neutronf26-29, as well as, the fact that the prob-
In Sec. Il we show how our calculation is done in lowest i for GDR excitation is already quite largabout 0.5

order QED and in the semiclassical approximation. This iy ) 5o that multiphoton excitation mechanisms need to

then used in Sec. Il to calculate cross sections and differensg inciyded as well. Assuming a Poisson distribution for the

tial distributions for RHIC and also for possible LHC condi- iterent (independentexcitation processes, one would need
tions. The comparison with the experimental results has beep replacePapr(b) then with [24]

done in the meantime and will be presented by the STAR
Collaboration in another publicatidi22]. Pa_(b) =1 - exgPgpr(b)]. (6)

~5.45% 10°Z3NA 23 fm2, (5)

Il. CALCULATION OF PAIR PRODUCTION

AND NUCLEAR EXCITATION IN LOWEST ORDER QED One sees that the multiphoton excitation tends to reduce

again the probabilityit has to stay below the unitarity limit
The STAR experiment at RHIC measures the pair producef 1). In the Appendix we show how a more compléx
tion cross section together with the double electromagnetidependence than a simplet for Pgpg(b) can be calculated
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(D )

d°P(q) . 1 J
—— = 005 [NgN3NgN,] ™
d®p.cp_ =(Za) ,32 4 (2m)52¢,2¢. 02l NoN1N3Ny]
X TH{(p-+ MNP (- - iy + M + Ny
X (@ = pe + mUE(p. — MNg3 i (p- - ¢
g § +m)iY + Noxd®(dy - p. + mu@T}, (10
@ @ with
FIG. 2. The two Feynman diagrams contributing to pair produc-
tion in lowest order QED are shown. The crosses denote the cou- No=-q3, Ni=-[qf—(p,+p)]%
pling to the(external Coulomb field of one of the ions.
within the same approach. Therefore an improved calculation N3=-(q+?% Ng=-[a+(q=-p.—p)F,

can be done in this way. On the other hand for the current

experimental accuracy the simplified approach seems to be

appropriate. Nop == (Gs = P-)? + 1P, Npy=—(qy — ps)?+ 7,
With this the cross section for pair production together

with the GDR excitation of both ions is given by

Nsp = —[q; + (g - p)J* +n?,

6
d Oete”,2GDR

d°P(q) ith the longitudinal t iven by qo=1
qdq—J (gb) with the longitudinal components af; given by q;0=3[ (e,
j d°p,dp_° +e )+ B(Ps+p-r)], 01,=[1/2B][(es+€) + B(Ps+P-y)]

=(1/B)th0, andur?=1(1,0,0, B) are the four velocities

d°P@ [~ . Jo(gb) - :
=27 252f dg—=——r— bdb——— of the two ions,y and 8 are the Lorentz factor and velocity
(em) “ d®p.d’p_ Brnin b* of each ion in the center-of-mass frame. We have included in
6 . addition a nuclear form factdf(q). We choose for ease of
= (2m)2S | qd d P(Q) db b computation in our case a monopole form factor of the form
=(2m)°S q—dgp | b3 Jo(gb),
) AT A2
F(Q)— Az_qz_ A2+Q21 (ll)

where we have introduced the two-dimensional Fourier

transform of the impact parameter dependent probability fowhere A2=6/(R?) is set to about 80 MeV in order to repro-

pair productiond®P(b)/d%p,d®p_ as duce the rms radius of the ion. This leads in the teN5
N7, N3', and N;' to a replacement of the term ¢% by
F(g)/g°. The integration oved?q, can be done analytically,

d®P(b) & = d°p P(q) using the usual tricks for Feynman integrations in two di-
Po.dp. ) Y expli| ) 3p.dp- mensions. For details of this, we refer the reader to Réf.
The integrall 3(z=gby,i,) in EQ. (9) can be solved analyti-
d°p (q) cally and calculated easily, as is shown in the Appendix.
- wa dq ‘]0( b). ®) Finally we make the integral ovelg dimensionless to get
We rewrite the integral ovebd in dimensionless units as
d®o d6p(b )
*te™,2GDR
: e [P . 0
ngo(qb) q’ —Jo(x) = :q15(Abmin).  (9) P.d"p- min P-

min APmin

For the “untagged differential cross sectigtfiat is with-
Following the derivation of Refg1,17], one can calculate out triggering on the additional electromagnetic excitations

the two-dimensional Fourier transform dfP(b)/d3,d®p_  of the iong, we integrate oveb without the factorP2,«(b)

in lowest order QED. The two Feynman diagrams for thisin Eq. (3). As the contribution coming frorh<<b,;, is small

process in the semiclassical approximation are shown in Fign this case, we have extendg¢dnly herg the integration
2. One gets the differential probability as over allb.
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doee _ f 2y &°P(D) 10 | ) " with FF ——
d®p,d®p_ d®p,dp_ \
“ 120
d°P(q) -
= | d®bd? expligh =
f qd3p+d3p_ Higb) s 100
o g
d®P(q) -
= 2 zfdz 5 _—_ _ 80 B
( 77) q (®d3p+d3p_ §
- X 60t
d®P(0) E
=Q2m)?5—a—. 13 <
( 77) d3p+d3p_ ( ) \b/ 40 F
This approach was pursued in RgE7] and differential and 20 L
integrated cross sections were calculated. For the untagged
cross sections we do not take a nuclear form factor of the two 0
ions into account, as pair productions occurs predominantly 5
at large impact parameter and for smadlof the two pho-
tons. bunin fim]

~ Whereas for the untagged cross section only the value of FIG. 3. The tagged cross section including kinematical restric-
P(q) for q=0 is needed, here our expression, ER), is @ tions of the STAR experiment are shown as a function of the mini-
folding over a range o given in terms of 1b,;,. In orderto  mal allowed impact parametby,;,. Calculations with and without a
compare the differential distributions in both the tagged andorm factor for the nucleus are shown. The lines were calculated by
in the untagged case we have also made calculations of thlculatingP(b) first and integrating then ovér. These lines are in
untagged cross section with the same kinematical restrictiongerfect agreement with a similar approach, whiege) is calculated
as in the case with GDR excitations. first and then integrated ovegr The circles correspond to the results
The expression of Eq12) is in a form, which can be of our Monte Carlo approach, where, as explained in the text, both
evaluated using a Monte Carlo integration for both the inteih€ integration oveq and ovemp, andp- are done within the Monte
gration overz, as well as, the six-dimensional integration Carlo integration routine.

over p, and p_ at the same time. For this we have used . . . .
VEGAS [29]. Both P(q) and J are oscillatory functions, the pair production process and integrate numerically bver

having both positive and negative values, which could lead®&cOnd we can start frof(q) directly and do the integration
to cancellations. Looking afl(z) together with the result of ©Overd numerically via the Fourier transformed Btpr(b),
P(z/by;,) one sees that the integrand falls off for lagyéhat that is, usind(z). Finally we have done the calculation with

is, for largeq. It is found that the main contribution comes the integration ovem, that is, z, directly with the Monte
from the region around=2 and that the contribution from Carlo integration. In all three cases we have restricted the

the negative part at largerare suppressed. The integration Phase-space integration over the momenta of electron and
will have positive and negative contributions but the cancelP0sitron according to the experimental conditions of STAR:
lations between them are not severe. With the help of VEP:™>60 MeV/cand|y| <1.15 for each lepton. The results are

GAS we can get the integrated cross section and also diffe€"0Wn in Fig 3. The lines correspond to calculations with
ential cross sections by binning the differential results. ~ @nd without a monopole form factor for the nucleus, showing

that the incorporation of a form factor is important. All three
approaches agree quite well with each other, showing that
. RESULTS our approach is working well.

We have made calculations of the cross section and of Fom this we get an integrated cross section for Au-Au

differential distributions of the electron, the positron and thecPllisions — at RHIC, including the  restrictions
P Ipi| >60 MeV/c, ly| <1.15 of 2.30, 1.76, 1.43 mb, fdu,

pair including the experimental restrictions at STAR. The!" 418 f vel dditi h |
integration ovelb (or equivalentlyq) is incorporated into the =13,14, and 15 m, respectively. I.n addition we have calcu-
lated a number of differential distributions, which were also

Monte (;? flo m:egr? ton. An.other strategy would be. to cal studied at STAR. The cross section as a function of the trans-
culate d°P(q)/d"p,d"p- for different values ofg and fixed o156 momenta and energy distribution of the electron and
values ofp,, p- and do a Bessel transform in each case. FOpqsitron are shown in Fig. 4. In lowest order QED the dis-
the integrated cross section, that @), this can be done tribution of electron and positron are identical to each other.
and was done as an independent check of our approach. Tthe difference between the two distributions can therefore be
obtain differential cross sections, this approach is ratheseen as a measure of the accuracy the Monte Carlo integra-
cumbersome. tion. One can look also at properties of the produced pair:
In a first step, we have calculated the total cross sectiofThe transverse momentum and the invariant mass of the pair
(with the kinematical conditions of the STAR experimeas  are shown in Fig. 5. We have not shown the rapidity distri-
a function ofby,;,, the minimum impact parameter, by using bution, which we found to be more or less flat over the
three different approaches: We can calcul(le) directly for  allowed range. In all four diagrams we show also the differ-
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jor FIG. 4. Energy and transverse momentum dis-

tributions are shown for the electron and the pos-
itron, corresponding to the STAR experimental
conditions. In lowest order QED the two distribu-
tions are identical and the spread between the two
is a measure of the uncertainties coming from the
Monte Carlo integration. This is compared with
an untagged cross section calculatiototted
line), divided by a factor 183 to give the same
integrated cross section.
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ential distributions of the untagged cross section. The total2R,/5~17 fm, which is a small change compared to the
untagged cross sectigwithin the STAR acceptance range Compton wavelength of the electr@¢d00 frm), but is still a
was found to be 0.322 b. We have rescaled therefore th&#0% reduction of this average impact parameter. We have
untagged cross section by a factor of 183, so that the intetherefore studied the distribution of electron and positron
grated cross section is the same as in the tagged case awader this condition. As expected the differential distribu-
their shape can be better compared. We see that the trarf#ns are found to be the same within the uncertainties of the
verse momentum distribution and the energy distribution ofMonte Carlo approach used.
the individual leptons are more or less identical in shape. The As an outlook for future experiments we are showing re-
same is also true for the invariant mass distribution, with thesults and distributions one might expect to see for Pb-Pb
only exception that the “tail” at low invariant masses is collisions at the LHC. Using the same kinematical restric-
higher for the untagged distributions. The biggest effect igions as for the STAR experiment, the results are shown in
seen in the transverse momentum distribution of the pairftigs. 6 and 7. The integrated cross section is found to be
Here we also expect the effect of the small impact paramete?-90 mb for the tagged case.
(corresponding to larger transverse momenta of the phptons Finally as a rather optimistic estimate we have calculated
to be largest. The slower fall-off at larger transverse mo-also the differential cross section for a kinematical range of
menta is most probably due to the fact that no form factolPt| >2.6 MeV/c and|y| <1.5, where ALICE will be able to
was used in the calculation of this cross section, whicHletect the electrons with its internal trigger systémsS),
should be visible aP,>80 MeV/c. In order to investigate €ven though it will not be able to measure energies or mo-
the effect of the nuclear form factor and in order to under-menta.
stand the large difference between the cross section with and With these kinematical conditions we can study the ques-
without nuclear form factor, see Fig. 3 above, we show intion, whether ALICE will be able to see multiple pairs pro-
this plot also the transverse momentum distribution of theduced in a single collisions. For this we calculate the impact
pair for a calculation without form factor. It can be seen thatParameter dependent probability under the kinematical con-
in this case the cross section gets sizeable contributions féftions. One finds that for impact parameters close to
P,>80 MeV/c. bminP(b) =20%. Following Refs.[16,17,30,31 we use a
We have studied in addition the question, whether espePoisson distribution as a good approximation for kheair
cially the distribution as a function d®, of the pair is sen- production probability
sitive to the form ofPgpgr(b) used in our approach. Using a P(b)N
more general approach, see Appendix for details, one expect P(N,b) = TGXF[— P(b)]. (14)
that the next correction is of the forBg,,(b) ~ 1/b® instead |
of PZpg(b)~1/b% In such a model the average impact pa-Multiplying with P%(b) and integrating oveb we get the
rameter changes from aboutR33~19fm to about cross section foll,2,... N pair production.

16 T T T T T 40

4t 35 s FIG. 5. The cross section of thée™ pair as a
function of the invariant mass and the transverse
momentum are shown. Again the results are com-
pared with the untagged cross secti@otted
line). In addition we have plotted the result of the
tagged calculation without form factdidashed
line). Both the untagged cross section and the one
without form factor have been normalizéay di-
l . ] viding them with a factor 183 and 2.74, respec-
,,,,,,,,,,,,, o - tively) to give the same integrated cross section
0 30 10 150 200 250 300 0 20 4 60 S0 100 120 140 as the tagged case including the form factor.
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FIG. 6. Energy and transverse momentum dis-
tribution are shown for the two leptons for Pb-Pb
collisions at the LHC(solid ling). This is com-
pared with the rescaled spectryfactor 1.65 of
Au-Au collisions at RHIC(dotted ling.
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IV. DISCUSSION AND OUTLOOK
a(N) = f d?bP2pR(b)P(N,b). (15) . . o
We have calculated cross section and differential distribu-

tions of the pair production process in ultraperipheral heavy
The result as a function dd,,;, is shown in Fig. 8 together ion collisions in lowest order QED for the simultaneous elec-

with the total integrated cross section tromagnetic excitation of both ions. We have seen that the
most sensitive quantity is the transverse momentum distribu-
* tion, which differs the most from the distribution of the un-
Oiotal = > a(N). (16) tagged process. As the comparison will shiga22] our re-
N=1 sults were found to be in good agreement with the

experimental results. On the other hand only about 50 events
The cross section one would get from the Born cross sectiowere found at STAR, so the overall statistics is not very
can be interpreted as a “multiplicity” cross section good. Additional runs might give better statistics. Still our

analysis shows that the data at the moment give no sign that

0 higher order Coulomb effects are large for pairs produced
chomzf d?bPZx(b)P(b) = >, Na(N), (17)  with these large transverse momef#2]. Such higher order
N=1 Coulomb effects would lead most likely to an asymmetry of

the electron and positron distribution especially for the trans-
and would be relevant in order to calculate the number ofverse momentum distribution. At the moment however no
pairs producedin contrast to the number of event©ne can  calculation exists, which describes consistently the effects of
see that about 10% of all events are multiple pair productiorthe strong Coulomb fields of both pairs on the pair produc-
events and accordingly also about 10% of all pairs are protion process at small impact parameter. Due to the experi-
duced in a multiple pair production process. This shows thamental conditions of RHIC, the probability for pair produc-
at ALICE one should be able to detect and study multipletion is well below one; the multiple pair productions effects
pair production. are therefore rather small.

We have investigated a similar question also for RHIC As already mentioned above the transverse momentum
using as an estimate for a possible rapge 50 MeV/c and  cut of p,>65 MeV/c at STAR was only possible due to a
2.5<y<4.0. Unfortunately the probability for pair produc- reduced magnetic field. There are currently plans to use even
tion under these conditions is only of the order of a fewlower magnetic fields and also making use of other detectors
permille and therefore the multiple pair production cross secwithin STAR [33] in order to extend the measurements both
tion is less than one permille of the single pair productionto smaller transverse momenta and to larger rapidities. It

cross section, making such an investigation difficult. remains to be seen, whether the new phenomenon of mul-
25 T T T T T 80
70 t
20 b
60
E 5} E or FIG. 7. The invariant mass and the transverse
el Sl momentum of thes*e™ pair is shown for Pb-Pb
8wt ) w0l collisions at the LHQsolid line). The results are
] < compared with the rescaled spectruffactor
st 20 1 1.65 of Au-Au collisions at RHIC(dotted line.
10
0 L L L 0 L L . L . 1
0 50 100 156 200 250 300 0 20 40 60 80 100 120 140
M (MeV) P, (MeV)
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Pacs el =3 2 (A1)

Using this in the expression faoe e opr/ (d°p.d3p-), see
Eqg.(12), we need to calculate generalizationd @, Eq.(9),
of the form

“d
1n(2): = j 9, (A2)

o [barn]

with I5(z) corresponding to the one used in our calculations.
For the calculation of these integrals, we first use the fol-
lowing recursion relation:

Jo(2) Ji(2) 1
| = - _ L ().
n(z) (n _ 1)Zn—1 (n _ 1)22n—2 (n _ 1)2 n 2(2)
(A3)
byin [fm] This relation can be easily derived by partial integration and

. : . . by using the well-known recursion relations between the
FIG. 8. The different cross sections for single and multiple pair ; o
production together with the mutual electromagnetic excitation ofBessel funCtlongln(z) [34]. By repeated application of Eq.
both ions are shown for the kinematical conditions at ALICE. The(AS)_every In with odd and evem can be re_duced to_ the
cross section is shown as a function ke, the minimal impact ~ Starting valued,(z) andlq(2), respectively, which are given
parameter. See the text for further details of the different crosdn the literature[34]:
sections. )

<1 3 7
lo(2)=1-2z4F,| i1, —

272" 4 (A4

tiple pair production will then be detected. On the other hand

with the low transverse momentum cutoff of the ITS at 4

ALICE/LHC, about 10% of all pair production events are

going to be multiple pair production processes, therefore one 7 z

should expect that this new phenomena will be observed 11(2) = §2F3(1,1i2,2,2?‘z> —Ins -, (A5)

easily there. The fact that no kinematical information and

also no particle identification is possible at ALICE, will wherey is the Euler constant.

make such a measurement still a challenge. These two expressions can be calculated easily by the

rapidly converging power series of the hypergeometric func-

tions or by using suited polynomial expressions given in the

literature[34]. We are here only interested in the case, where
The authors would like to thank Spencer R. Klein andn=2m+1 is an odd number, in which case the complete re-

Vladimir B. Morozov for interesting discussions and col- cursion relation is given by

laborations on this subject ari®.K.) for critical reading of m

the manuscript. Discussions with Serguei Sadovsky and Yuri | 2= " 3@ s! (s-1)! (_ i)s

Kharlov have been important in understanding the possibili- 2m+1 mi2p2m+1 | SO e = R

ties of detecting the pair production at LHC.
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APPENDIX 2 s1

Throughout our calculations we have assumed that onljMoreover this equation can be further simplified, by splitting
the GDR excitation is relevant for the triggering and there-off the terms singular a=0 (the principal part of the Lau-
fore a simplified dependence dy see Eq.(4), has been rentexpansion i), by using the power series for the Bessel
used. In this appendix we want to show that this is not a reafunctions:
limitation, but that other impact parameter dependencies can -
be treated as well. For example, assuming that the higher 1(2)= <E>m2 (— Z214)k a7
resonant states of the GDR are excited through m~ 7 2 k! (k+m)!’

a Poisson process, we would need to replReggg(b) by

1-exg—-Pgpr(b)]. In general we assume that the relevantand by rearranging the resulting sum. After some straightfor-
Pa_a _x+xn(b) can be expressed as a series of inverse powward algebra we thus obtain the compact expressionmfor
ers ofb =0
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GE | 2

lome1(2) = mzzfg 1,1;2,2+m,2 +m; - Z
(A8)

D™ [z S 2%
—W<ln§+7> +k§:%am,kz : (A9)
where

G R S o L

o= Sz g Ak QA (m g1
(A10)

Form=1 we get the explicit expression

1 1/ z 1
I32) == +=|In=+y-1] - —7,F4(1,1:2,3,3;:-74/4),
3(2) 52 4( n2 Y ) 128”2 a( )

(A11)

and similarly form=2. Again the hypergeometric function in
Eq. (A9) can well be calculated numerically by its power

series:

PHYSICAL REVIEW C 69, 054902(2004)

Z
2|:3<1,1;2,2 +m,2+m;-

_Z)
:(m+1)!2<—ziz)§ ( 4>

=k +m)t2 (A12)

We use this rapidly converging power series in our numerical

calculations. For the case wheneis an even number, the

same approach can be used. For completeness we only give

here the final result:

| (Z)=; F (—m+—'—m+§ 1-—2—2>
(_ 1)m22mm!2
(2m)12 (AL3)
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