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Photon-photon and pomeron-pomeron processes in peripheral heavy ion collisions
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We estimate the cross sections for the production of resonances, pion pairs, and a central cluster of hadrons
in peripheral heavy-ion collisions through two-photon and double-pomeron exchange, at energies that will be
available at the Relativistic Heavy lon CollidédRHIC) and the Large Hadron Collidét.HC). The effect of
the impact parameter in the diffractive reactions is introduced, and by imposing the condition for realistic
peripheral collisions we verify that in the case of very heavy ions the pomeron-pomeron contribution is indeed
smaller than the electromagnetic one. However, they give a non-negligible background in the collision of light
ions. This diffractive background will be more important at RHIC than at LHC.

PACS numbd(s): 25.75.Dw, 13.40-f

I. INTRODUCTION “central collisions” should also be performed in the double-
pomeron calculation, implying a considerable reduction of
Collisions at relativistic heavy ion colliders like the Rela- the background calculated in RdfL0]. This claim is the
tivistic Heavy lon Collider(RHIC) and the Large Hadron same presented by BalfZ] and Cahn and Jacks4] in the
Collider (LHC) (operating in its heavy ion mogare mainly  case of early calculations of peripheral heavy ion collisions.
devoted to the search of the quark gluon plasma. HoweveRoughly speaking we must enforce that the minimum impact
peripheral heavy ion collisions also open up a broad area qjarameterlf,,,,) should be larger tharR; + R,), whereR; is
studies as advocated by Baur and collaboraf@(8]. Ex-  the nuclear radius of the ioni*’ in order to have both ions
amples are the possible discovery of an intermediate—masﬁ)ming out intact after the interaction.
Higgs bosor{3,4] or beyond standard model phys{& us- In this work we will compute the production of reso-
ing peripheral ion collisions, which have been discussed abances, pion-pairs, and a hadron cluster with invariant mass
length in the I|teratgre. Mo_re promising than these_ may pqle through photon-photon and pomeron-pomeron fusion in
rgﬁyszgdt{]gi\:i%ﬁg;gnpuéﬂf;i‘évrgﬁgs\?g! g?g,e a&ggg; ;m"peripheral heavy ion collisions at the energies of RHIC and
alt.HC. We will take into account the effect of the impact

with the advantage of a huge photon luminosity peaked di din th di h for oh

small energie$l,2,6). Due to this large photon luminosity it parameter as discussed in the preceding baragraph for pho-

will become possible to discover resonances that coupléOns as well as for pomerons. We also compare this apprgach
to cut the central collisions with the use of an absorption

weakly to the photon§7]. ) o . . X
Double-pomeron exchange will also occur in peripheralfaCtor in the Glauber approximation. The inclusion of pion-

heavy ion collisions and their contribution is similar to the P&rs production is important because they certainly will be
two-photon one as discussed by Bdi and Klein[6]. A Studied at these colliders, and they also represent a back-
detailed calculation performed by Mer and Schramm of ground for glueball(and other hadronsdetection. The
Higgs boson production has shown that the diffractive conpomeron physics within the ion will be described by the
tribution is much smaller than the electromagnetic g8  Donnachie and Landshoff modgd,11]. We will focus on
We can easily understand this result remembering that thtéhe values of the cross sections that shall be measured in the
coupling between the Higgs boson and the pomerons is iralready quoted ion colliders, and point out when pomeron-
termediated by quarks, and according to the pomeron modg@omeron processes can be considered competitive or not
of Donnachie and Landshoff9] when in the vertex with photon-photon collisions. The arrangement of our paper
pomeron-quark-quark any of the quark legs goes far “off-is the following: Sec. Il contains a discussion of the photon
shell” the coupling with the pomeron decreases. Thereforeand pomeron distributions in the nuclei. In Sec. Ill we intro-
we do not need to worry about the pomeron-pomeron conduce the cross section for the elementary processes. Finally,
tribution in peripheral heavy ion collisions when hea@y  sec. IV contains the results and conclusions.
far “off-shell” ) quarks are present. However, this is not
what happens in the case of light resonangés where
double diffraction was claimed to be as important as photon
initiated processes. In particular, Enget al. [10] have
shown that at the LHC the diffractive production of hadrons
may be a background for the photonic one. A. Photons in the nuclei
In Ref. [1] it was remarked that the effect of removing

II. PHOTONS AND POMERONS DISTRIBUTION
FUNCTIONS

The photon distribution in the nucleus can be described
using the equivalent-photon or Weizkar-Williams ap-
*Electronic address: roldao@ift.unesp.br proximation in the impact parameter space. Denoting by
TElectronic address: natale@ift.unesp.br F(x)dx the number of photons carrying a fraction betweaen
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andx+ dx of the total momentum of a nucleus of chaige ~ where fp(x) is the distribution function that describes the

we can define the two-photon luminosity through probability of finding a pomeron in the nucleus with energy
fractionx andopp(Spp) is the subprocess cross section with
d_'— _ fld—XF(x)F( /%) 2.1) energy squaredpp. In the case of inclusive particle produc-
dr X e ' tion we use the form given by Donnachie and Landshoff
[12],

wherer=s/s; s is the square of the center-of-mass system

(c.m.s) energy of the two photons arglof the ion-ion sys- 1 — (xM)2

tem. The total cross sectichZ— ZZyy—ZZX, whereX is fp(X)=— J dt| Bap(t)[?|Dp(t;s)[?, (2.7)
the particle produced within the rapidity gap, is 4 X -

whereDp(t;s’) is the pomeron propagatft 1],

(S/mZ)ap(t)fl
T . Dp(t;s)= ———ex
whereo(s) is the cross section of the subprocess— X. sin(: map(t))

There remains only to determirie(x). In the literature
there are several approaches for doing so, and we choose t\rllvﬂ
conservative and more realistic photon distribution of Ref.
[4]. Cahn and Jacksdr], using a prescription proposed by
Baur[1], obtained a photon distribution which is not factor-
izable. However, they were able to give a fit for the differ-
ential luminosity which is quite useful in practical calcula-

dL. .
o(s)= dTE‘T(S)’ (2.2

_Eiﬂ'ap(t)),

h s the total squared c.m. energy. The Regge trajectory
obeyed by the pomeron igp(t)=1+¢e+apt, where ¢
=0.085,ap=0.25 GeV 2, andt is a small exchanged four-
momentum squaré=k?<1, so the pomeron behaves like a
spin-one boson. The term in the denominator of the pomeron

tions: propagator,[sin(3 map(t))] 2, is the signature factor that
expresses the different properties of the pomeron u@er

dL [Z?a\?16 andP conjugation. At very high c.m. energy this factor falls

3\ | 3762, 23 very rapidly with k?, whose exponential slope is given by

apIn(gm?), mis the proton mass, and it is possible to ne-
wherez=2MR\/7,M is the nucleus masg its radius, and glect thisk? dependence,
&(2) is given by

3 Sin—lﬂ'(l-l—s 1k?) Cos{lﬂ's) 1
— o ~ — ~1.
£(z)=2, Ae ", (2.4) 2 P 2
-1

. . . L . If we define the pomeron range paramatgmas
which is a fit resulting from the numerical integration of the P gep ae

photon distribution, accurate to 2% or better for GG5
<5.0, and whereA;=1.909, A,=12.35, A;=46.28, b,

=2.566, b,=4.948, ancdb;=15.21. Forz<0.05 we use the ]
expressior(see Ref[4]) the pomeron propagator can be written as

(1.234)
In

z
The condition for realistic peripheral collision$ {;,>R;
+Ry) is present in the photon distributions shown above, an

the applications of Sec. IV are straightforward once we de-
termine the cross sections for the elementary processes.

r3=apln(s/m?), (2.9

i (2.5 IDp(t=—k2%s)|=(s/m?)*e "o, (2.9

dL Z%a\ 216
dr \ « | 3r

w

Since we are interested in the spatial distribution of the vir-
éual quanta in the nuclear rest frame, we are using- k2.
The nucleus-pomeron coupling has the fdri2]

Bap(t) =3ABoFa(—1),
B. Pomerons in the nuclei 1 S
) ) ) whereBy=1.8 GeV - is the pomeron-quark coupling, is
In the case where the intermediary particles exchanged ithe atomic number of the colliding nucleus, aRg(—t) is

the nucleus-nucleus collisions are pomerons instead of ph@he nuclear form factor for which there is usually assumed a
tons, we can follow Closely the work of Mar and Schramm Gaussian expressic(ﬂee, e.g., Dreest al. in [3])

[8] and make a generalization of the equivalent photon ap-
proximation method to this new situation. So the cross sec-
tion for particle production via two pomerons exchange can
be written as

Fa(—1)=et220, (2.10

whereQ,=60 MeV.

Performing the integration of the distribution function in
UZK:J dx1 0% f p(X1) fp(X2) opp(Spp), (2.6) Eq. (2.7) we gbtain J
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2/ o\ 28 2 _PP—R 2\ 4
()= (3AB0)°[ " J’—(xM)Zdtet,Qg d“oan 5 3ABoQo| [ dxg %e,xiMz,Qge,ngz,Qg
(2m)°x \m? - d’b 212 X1 Xz
2 g \% 2 X1X52 |
_ BABQ expg — M . - i UKKHR(XMZS)szge’szg’z.
(27)%x m?2 Qo m

) ) ) ) ) (2.13
The total cross section for an inclusive particle production

is obtained with the above distribution and also with theas discussed previously, to enforce the condition of periph-

expression for the subproceBP— X as prescribed in EQ. eral collisions we integrate Eq2.13 with the condition
(2.6). However, in Eq(2.6) the cases where the two nuclei p . >2R

overlap are not excluded. To enforce the realistic condition ~Another way to exclude events due to inelastic central
of a peripheral collision, it is necessary to perform the cal-ollisions is through the introduction of an absortion factor
culation taking into account the impact parameter depencomputed in the Glauber aproximatidi5]. This factor
denceb. It is straightforward to verify that in the collision of modifies the cross section in the following form:

two identical nuclei the total cross section of EG.6) is

modified to[8 [ —
(8] dofs dopn © a2 dQ® _, 5 ion
=———exg —Aboy Fa(Q%)e
PoPPX Q2 b d% (2m)?
AR X o Qb2 PP (2.11)
db 27 A '
doga © 2 Qs ~Q2%4

where Q') "?=(Q,) 2+ 2r3. The total cross section for in- T exp —ATbaome T, (214
clusive processes is obtained after integration of @dqL1)
with the conditionb,,>2R in the case of identical ions.  where o is the nucleon-nucleon total cross section, whose

For exclusive particle production the determination of theya|ue for the different energy domains that we shall consider
pomeron distribution function in the nuclei is slightly modi- js obtained directly from the fit of Ref16],

fied, because in this case some specific assumption about the
pomeron internal structure is necessktg]. Following Ref. 0o=XS+ Y, M+ Y, 72,
[8] the distribution function of pomerons is

with X=18.256,Y,=60.19,Y,=33.43,e=0.34, 7, = 0.34,

dt(—t—x2M2)Fo(—1)?|D(1)|? ~0.55, Fo(Q?)=e 2%, and we exemplified E
A ) 2= V.99, Fp ) pline q.
(2.14 for the case of resonance production, ieh: " is
(212 the total cross section for the resonance production to be
0dl%scussed in the next section. The integration in @dl4) is
over all impact parameter space and in the final section we

discuss the differences between the two approaches shown

p(X)=—————

_ (3Aﬁo)2f(xM)2
(27)°x

—o0

and the cross section for a resonance production as a functi
of the impact parameter [44]

. above for removing central collisions.
L S AN ’
2 2
d*b 2m X1 Xz I1l. SUBPROCESSES INITIATED BY PHOTONS AND

~ POMERON
X Q2QID2e Mg 5MI0S OMERONS

A. Resonances

2\ 2¢
x| 228 0P R(x,x,5)b2D%e Q2 The main motivation to study resonance production in
m* AA e ' peripheral heavy ion collisions is that the high photon lumi-
nosity will allow us to observe resonances that couple very
with obh ~R(x1x,8) indicating the subprocess cross sectionweakly to photons. The simplicity of this calculation also
(double pomeron fusion producing a resonaneed where enables us to test the methods for removing central colli-
sions, as well as to check to which degree the double
~, 1 5, pomeron exchange is or is not a background for the two-
Q _E(Ql +Q27), photon physics.

To estimate the production of single spin-zero resonances,
with Q; ?=Q, 2+ 2r3 for identical ions. In the calculations we note that these states can be formed by photon-photon
we are going to perform we noticed that the approximationfusion with a coupling strength that is measured by their
Q: 2~Q, 2 is quite reasonable, because for the energies thathotonic width,
we shall consider the pomeron range paramidEqr (2.9)] is 5
smaller than the width of the Gaussian form factor and con- A 8w R

2
12 o mm e T 8 r— =R, 3.1
sequentlyQ?~ Q3. Therefore, we obtain the final expression TR M ( s)
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whereMpg is the ressonance mass dngl ., its decay width 2 ma 4m?2 (112)
in two photons. Using this expression in Eg.2), we obtain o(yy—mm)= -
: ; s s

the total cross section for the production of pseudoscalar me-
sons. 4 5

To compute the cross section of the subprodeBs- R, % my (3.9
we can use the pomeron model of Donnachie and Landshoff 1 L1 S :
[11]. In this model it is assumed that the pomeron couples to SStmyl|zs+tmy

the quarks like an isoscalar photflti]. This means that the
cross sections dP P— X subprocesses can be obtained fromwheremw is the pion masss its squared energy, amd, is a

suitable modifications on the cross section for—X. An-  fae narameter, whose value that provides the best fit to the
other aspect to be considered is that the pomeron-quarks,yerimental data i, =1.4 GeV. This expression shows a
quark vertex is not pointlike, and when either or both of the ;- agreement with the experimental d&t8]. For large

two quark legs in this vertex goes far off shell, the coupling 5|65 ofs it deviates from the Brodsky and Lepage formula
is known to decrease. So the quark-pomeron coupBgg [19]. However, since most of the photon distribution is con-
must be replaced by centrated in the smaX region, i.e., the photons carry a small
9 fraction of the momentum of the incoming ion, the differ-
Bo(q?) = Boro , (3.2  enceis negligible. .
M§+ Q? Using Egs.(3.4) and(2.2) we obtain

where u3=1.2 GeV is a mass scale characteristic of the 2ma? (1 dr[  4m2|(*2
pomeron; in the case of resonance product@s Mg/2 o(s)= S f I\
measures how far one of the quark legs is off mass shell and
Mp is the resonance mass. Therefore, the proBé%s:R is m? 4L
- e \Y

totally similar to the one initiated by photons unless from an X 1 1 I
appropriate change of factors. The cross section we are look- Zsr+ml (_ ST+ m 7
. . . . . Vv \Y
ing for is obtained changing the fine-structure constaibly 2 4
9B/16m2, whereg is given by Eq(3.2) and 9=32 is a color

factor, leading to

T ST

Tmin

In the case of double pomeron exchange producing a pion
pair we use once again the Donnachie and Landshoff model
. 9 B* I'(R— ) , for the pomeron, obtal_nlng the crgss ses'ﬂon fBP
Opp=5 L OXaXeS—Mg). — 't~ from the photonic one changing’— 985/167 in
@ R o(yy—atw"), and the resulting expression replaces

PP—R ; ;
Using this expression in Eq2.13), the total cross section is “Aa  (X1X2S) in EQ.(2.13. The total cross section appears
equal to after we perform the integration in the parameter space rep-

resentation of the following equation:
~ 2e
97 (BQo)* (3ABsQo| *TI'(R—yy) [ Mis ‘e
PPR_ —at 7% 4
A R I e Mr | d? o)l "7 T [ 7|9 (BoQo)* [ 3ABoQo
db? 8/4 s 2m?
Q0 f dx ( M%M)Z (XM)?
Mz ) x SQox Q3 %%e—(xlmﬁ/@ge-(xzwz/gg
2 2
X1 X2
N 30— Q20?2 .
xfb ~db2mb’e Qob/2, (3.3 . Xy %52\ 2 am? | V2
min —
m* X1X2S
whereb,n=2R.
my 2
B. Pion pair production X XXzS | [Xs
The continuous production of pion pairsg{ 7 ) is also ( 2 +mV)( 4 + V)

an interesting signal to be observed in peripheral heavy ion

collisions, mostly because they are a background for glueball « f” db 2 70%3 —b2Q2%/2
! mQpb e™? ~o'4,

and other resonance decays. Here we discuss the subprocess i

cross sections for two photoridZ— yy—ZZ=" 7, and

two pomerons exchangéZ—PP—ZZn 7.

The cross section for pion pair production by two photons
can be calculated approximately by using a low-energy theo- The elementary cross section for multiple-particle produc-
rem derived from a partially-conserved-axial-vector-currenttion via two-photon fusion can be described by the param-
hypothesis and current algebra and is equallid etrization[20]

n

C. Multiple particle production
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oS Mo=My=(1-0)\s,
a'yyﬂhadronszcl(s_o +C, S_O) ) (3.5 , (3.9
IvIX
where C;=173 nbarn, C,=519 nbarn, s,=1 Ge\?, e (1—C)S31S(1_C)S’
=0.079, and»=0.4678. The total cross section comes out
from Eq. (2.2). where My=2 GeV andc=0.9. These limits have been

Within the Donnachie and Landshoff model it is straight- translated for the case of heavy ions by Engfedl.[10] and
forward to see that with the above parametrization the difwe will proceed as they did. If we consider Eg.6), dress it
ferential cross section to produce a cluster of particles wittwith the pomeron distribution functions within the nuclei,

massM y through double pomeron exchange is and subtract the central collisions considering the absortion
factor computed in the Glauber aproximatidrb], we repro-
do (3ABoBoro)* 1 j ds’ (Sr)e duce the results of Ref10].
- 454 2 2 o | T s,
AMx (2m*Ri(167°a?) 2Mx) s S0 IV. RESULTS AND CONCLUSIONS
i S_')_” o F{_(S'MRN)Z Peripheral collisions at relativistic heavy ion colliders
2l s provide an arena for interesting studies of hadronic physics.
Resonances coupling weakly to photons can be studied due
MiM Ry 2] e e—b2/2R§ to the large photon luminosity; the continuous production of
|\ db b———. pion pairs will be observed not only as a reaction of interest
= Prmin R\ but also as a possible background for some resonance de-

o _ ... cays. A hadron cluster produced within a large rapidity gap

To obtain this expression we used the pomeron distributiogj| give information about photon-photon and double
function in the nucleus for an inclusive proc¢&s]. (2.7)].  pomeron exchange. In this work we estimate the cross sec-
To enable a comparison with the work of Eng#lal.  tion for these processes. One of the main points is to verify
[10], we also make use of the Ter-Martirosyg#i] model  \hether the double pomeron exchange is or is not a back-
for diffractive multiparticle production. In this model the ground for the purely electromagnetic process. We discussed
subproces$ P— hadrons is characterized by the cross secyguple pomeron exchange according to the Donnachie and

tion Landshoff[11] model and calculated the cross sections in the
ot _ impact parameter space. The condition for a realistic periph-
app(IN(M&/M?),ty,t)~87r (ty)r(ty), (3.6 eral collision is imposed integrating the cross section with
bmin=>2R in the case of two identical ions with radiks
which is a function of the triple-pomeron vertei), where We considered the production of pseudoscalar resonances

tis the exchanged momentum. Using the value(@) from  in the collision of ?>%U for energies available at RHIC/6
Ref. [22], o'9p=87r?(0)~140 wbarn. Note that we have =200 GeV/nucleon), and collisions ci%Pb at energies
clear differences between the approaches described abov@sailable in LHC (\/§:6,300 GeV/nucleon). Our results are
Equation(3.5) is a parametrization valid for a wide range of shown in Table I. Contrary to the result of Réf], the
momenta, and with this one we naively apply the model ofdouble pomeron exchange is not important when the cut in
Ref. [9] to compute the total cross section for multiparticle the impact parameter is introduced. For a realistic peripheral
production. On the other hand, E@.6) is obtained in an- collision in the case of resonance production, the pomeron-
other specific model and it is not expected to be valid for th%omeron process is at least two orders of magnitude below
same range of energies as E8.5). This difference is going the photon-photon one. Note in Table | that the rate of dif-
to be discussed in the final section. fractive resonance production decreases with the increase of
Streng[23] applied the model of Refl.21] for proton-  the meson mass. The main reason for this behavior lies in the
proton collisions where the initial protons are scattered alfast decrease of the pomeron-quark coupling as shown in Eq.
most elastically, emerging with a very large fraction of the(3.2).
initial energy, Note that the results of this table assume 100% efficiency
in tagging the peripheral collision. Even if we consider a
x41],[x2|=¢, ¢=0.9. small efficiency, we recall that the cross section for light
resonances implies approximately billions of events/yr which
The double pomeron exchange produces a particle clust@fasily survive the cuts for the background separation pro-
within a large rapidity gap and with a mass of the order  posed by Nystrand and Kleiisee the last paper of R¢B]).
One of the most important cuts to separate inelastic nuclear
M2Z~s(1—|x|)(1—|xa|), (3.7  reactions, associated with grazing collisions, is the small
multiplicity of the final state, and this is exactly what we
wheres is the reaction energy squared. As the scattering isnay expect in the final state of the particles discussed in
almost elastic, i.e., the emerging beam has approximately th€able I.
same energy as the incident one, the following kinematical The decays ofr°, 5, etc. will be dominated by twotor
boundaries can be introduced: threej body decays in the central region of rapidity, and
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TABLE I. Cross sections for resonance production through photon-phogem &nd double-pomeron
(PP) processes. For RHIC./s=200 GeV/nucleon, we considered®®J ion and for LHC, s
=6,300 GeV/nucleon, the nucleus 3¥Pb. The cross sections are in mbarn.

Meson Mg LR yy) RHIC,, LHC,, RHICrp LHCpp
0 135 8x 103 7.1 40 0.05 0.367

7 547 0.463 1.5 17 0.038 0.355
7' 958 4.3 1.1 22 0.04 0.405
Ne 2979 6.6 0.3x10°2 0.5 0.47x 104 0.27x10°3
7t 3605 2.7 0.3&10°3 0.1 0.34<10°° 0.61x10°*
Ty 9366 0.4 0.1%10°7 0.37x10°3 0.11x10°10 0.77x10°°

easily separated from the larger multiplicity common to in- The values of Table Il show that the geometrical cut is
elastic collisions. It is interesting that in the casenSfand 7 less restrictive than the one given by the Glauber absorption
production we may focus on they2decay, and even if it is factor. However, which one is more realistic also depends on
possible to separate the background from inelastic nucledhe energy and on the ion that we are considering. In Table
reactions, we still have the background of the photon-photoiil we present the cross section fat’ production for differ-
scattering through the QED box diagram producing the sament ions and at different energies. From E2114) we notice
final state. The box diagram will be dominated by light that small variations irnr, (the nucleon-nucleon total cross
quarks, electron, and muon, and for these we can use thsection are also promptly transmitted to the total cross sec-
asymptotic expression ofy scattering] o(s)~20/s]. Inte-  tion, and modify the ratios between the different methods to
grating this expression in a bin of ener@roportional to the exclude inelastic collisions. Table Il shows that the differ-
resonance partial width into two photgnsentered at the ence between the methods also becomes less important for
mass of the resonance, we obtain a cross section smaller thght ions, but the most striking fact in this table is that for
the resonant one with subsequent decay into two photon$ight ions double pomeron exchange starts becoming a back-
We do not consider the interference between the box andround for photon-photon processes. According to Table IlI
resonant diagram because on resonance the two processesfare?Si the diffractivew® production is a factor of 2 lower
out of phase. It is important to mention that the decay prodthan the electromagnetic of@ssuming the geometrical gut
ucts will fill the central region of rapidity, which is also one This is not surprising because we know that for proton-
of the conditions proposed in Rd6] to isolate the periph- proton the double pomeron exchange process should be
eral collisions. larger than the electromagnetic one for producing a light
As discussed in Sec. I, we have two different ways toresonance.
enforce a realistic peripheral heavy ion collision. One is a In Table IV we show the pion pair cross section for dif-
geometrical cut in the impact parameter space wihgre  ferent ions. The values were obtained using the geometrical
>2Ris imposed, the other is through the introduction of thecut, and even if with this procedure the diffractive cross sec-
absorption factor in the Glauber approximation as given bytion is a little bit overestimated for heavy ions, we verify that
Eqg. (2.14). In Table 1l we compare the ratios between the photon-photon dominates. For light ions the diffractive pro-
total cross sections for diffractive resonance production comeess is already of the order of 10% of the electromagnetic
puted with Eq.(2.14) and the one with the cut on the impact one.
parametefgiven by Eq.(3.3)] in the collision of 223U for The simulations discussed in the last paper of R&J.
energies available at RHIC\/€= 200 GeV/nucleon), and have shown that the+y interactions produce final states with
collisions of 2%Pb at energies available in LHC\§  small summed transverse momentuf §|). Therefore, a
=6,300 GeV/nucleon). cut of |Xpy|<40-100 MeV/c can reduce considerably the

TABLE II. Ratios of cross sections for diffractive resonance Packground of nonperipheral collisions. In Table IV we
production calculated with the Glauber absorption factor to the ondresent the cross section for pion pair production through
with the geometrical cut in the collision 3f%U for energies avail-

able at RHIC (/s=200 GeV/nucleon), and collisions &f°Pb for TABLE lIl. Cross section form® production for different ions
energies available at LHC\6=6,300 GeV/nucleon). and at different energies. The energies are in GeV/nucleon and the
cross sections in mbare:""~R is the cross section computed with
Meson oy ahrR(LHC) ol o "R(RHIC) the geometrical cut and?' is the one with the absorption factor.
0 —3 —2 . P
: mol L e & @ ar o
7' 3.46x10°3 1.5x10°? Au (A=197) 100 0.044 0.5810°3 2.4
Ne 3.47x10°3 1.32x1072 Ca (A=40) 3500 0.043 0.3910 % 0.14
7L 3.61x10° 3 1.5x10°? Si (A=28) 200 0.3x10°2 0.15x10 % 0.69x10 ?
Mo 3.5x10 3 1.45<10°2 Si (A=28) 100 0.2x10°2 0.12x10°% 0.39x10 ?
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TABLE IV. Cross sections forr 7~ production. The energies than that of Ref[10]. We credit this deviation to the differ-
are in GeV/nucleon and the cross sections in mbarp,(pr  ences in our approaches to calculating the subprocess cross
<100 MeV) is the pion pair production through photon-photon section, mainly in the use of E€3.5) with the changes pre-
interaction with the cupr<100 MeV. scribed by Donnachie and Landshdff1] instead of Eq.
(3.6) given by the Ter-Martirosyaf21] model. They also

Nucleus s Try 7y/(Pr=100 Mev) i use a value forrg that is smaller than the one we considered
u 200 9 2.15 7.4%10°° here, which gives a smaller cut of the central collisions. We
Pb 6,300 81.96 15.98 1.3410°? believe that the use of E¢B.5 and the model of Refl1] is

Au 100 2.3 0.523 8.1410°3 more appropriate for the full range of momenta. Actually,
Ca 3,500 0.28 0.05 5.8510 ° diffractive models are plagued by uncertainties and the mea-
Si 200 0.9%10°2 0.21x10°? 1.02x10°%  surement of the double pomeron exchange in heavy ion col-
Si 100 0.4%10°2 0.12x102 8.6x10 4 liders will provide useful information to distinguish between

different models.
For multiple particle production we will not have the cri-

double photon interaction WitIhEHT|<100 MeV/c. With teria of I_O\_N multiplicity_ t_o h_elp_ us to select the _truly periph-
this cut the cross section was reduced almost by a factor of f_ral collisions. In addItIO!’] it is far from plear if the cut in
The electromagnetic process with the restrictiorperis still transverse momentum will be very effective _to selectihe
larger than those of double pomeron exchange without thi§VeNnts. However, we can separate the peripheral events on
cut, and the introduction of this cut in the diffractive processthe basis of a clustering in the central region of rapidity,
produces a similar reduction. although an extensive and detailed simulation of the back-
The results for a hadron cluster production with invariantground processes will be necessary in order to set the precise
massMy are depicted in Fig. 1. In the figure is shown the interval of rapidity needed to cut the inelastic nuclear colli-
cross section for four different ion®b, Au, Ag, Caat en-  sions[24].
ergies that will be available at RHIC and LHC. The results As verified by Drees, Ellis, and Zeppenf¢®l, Eq.(2.10
were obtained integrating the cross sections with the condis a reasonable approximation for the form factor obtained
tion b,;>2R. At LHC the photon-photon process will domi- from a Fermi or Woods-Saxon density distribution. How-
nate the cross sections for heavy ions, whereas for light ionsver, their result shows that for heavy final states the photon-
and small invariant mass they become of the same order. F@hoton luminosity is slightly underestimated, and we can ex-
heavy ions the diffractive process is indeed negligible. Notgect the same for the pomeron one. A simple form factor
that our result for photons is similar to that of Engetlal.  expression consistent with the Fermi distribution has been
[10], but the diffractive cross sections are slightly smallerrecently obtained in Ref25], and its use would yield a few

1k Pb Au -3
~ -1 3~ E
510 = = E
g 2E 3 Q 3
cl0 g 1< 3
= 3E 3 5 3
fé 10 = I é =
4F 3 3
b= E | 3 = | El
© SF \ 1 © 5, 7 i i )
S0 = R FIG. 1. Cross section for multiple particle
© 10 “";_ 4 w0 '6;r . production with invariant mass equal My for
10»73 L T 10-7F L o] different nuclei collisions. The nuclei are indi-
1 10 102 1 10 102 cated in the upper corner of each figure. The solid
M, (GeV) M, (GeV) line is for pomeron-pomeron interaction and the
S dashed line is for double photon exchange at
E T T T 11737 T T T T g E T T T El .
E ‘ E E c 3 LHC, Vs=6,300 GeV/nucleon. In the same fig-
1 E Ae g I F ° ures can be seen the cross section for RHE,
E 10k = (?.5 10 & = =200 GeV/nucleon. Double pomeron exchange
g 26 RS ] is given by the dotted line and photon interaction
=10 E 4 =10 _
SR EI- 3 by the dotted-dashed line.
S£10 k = 210 =
E o4 j E E
= 10 3 E %" 10 . E ‘%
© SE E SE 3
s ERCR E
hel 10-6: ] © 10-6: j
P L, 52 107 i S
1 10 10 1 10 10
M, (GeV) M, (GeV)
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percent larger cross section in the case of a very heavy hadr, (the nucleon-nucleon total cross secjiorhe geometrical
ron cluster production. cut is not always the most restrictive way to enforce periph-
In the case of peripheral heavy ion collisions at RHIC, weeral collisions. This is a topic that should be answered by
surely cannot neglect the diffractive contribution. For light future experiments. In both cases we noticed that at energies
ions and a hadron cluster with low invariant mass it surelyof the LHC operating in the heavy ion mode and for very
dominates photon-photon collisions. Notice that these resultﬁ%“,y ions the double pomeron exchange is not a back-
may change if we use the Glauber absorption factor to comground for the two-photon process. The situation changes
pute the cross sectiddepending on the energy, the ion, and considerably for light ions and mostly for the energies avail-

invariant maS)s but the actual fact is that double pomeron able at RH|C, where double pomeron exchange cannot be
exchange cannot be neglected at RHIC. neglected.

In conclusion, we estimated the production of resonances,
pion pairs, and a cluster of hadrons with invariant mislss
in peripheral heavy ion collisions at energies that will be
available at RHIC and LHC. The condition for a realistic ACKNOWLEDGMENTS
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