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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 Ion Collider~RHIC! and the Large Hadron Collider~LHC!. 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 number~s!: 25.75.Dw, 13.40.2f
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I. INTRODUCTION

Collisions at relativistic heavy ion colliders like the Rel
tivistic Heavy Ion Collider~RHIC! and the Large Hadron
Collider ~LHC! ~operating in its heavy ion mode! are mainly
devoted to the search of the quark gluon plasma. Howe
peripheral heavy ion collisions also open up a broad are
studies as advocated by Baur and collaborators@1,2#. Ex-
amples are the possible discovery of an intermediate-m
Higgs boson@3,4# or beyond standard model physics@5# us-
ing peripheral ion collisions, which have been discussed
length in the literature. More promising than these may
the study of hadronic physics, which will appear quite sim
larly to the two-photon hadronic physics ate1e2 machines
with the advantage of a huge photon luminosity peaked
small energies@1,2,6#. Due to this large photon luminosity i
will become possible to discover resonances that cou
weakly to the photons@7#.

Double-pomeron exchange will also occur in periphe
heavy ion collisions and their contribution is similar to th
two-photon one as discussed by Baur@1# and Klein @6#. A
detailed calculation performed by Mu¨ller and Schramm of
Higgs boson production has shown that the diffractive c
tribution is much smaller than the electromagnetic one@8#.
We can easily understand this result remembering that
coupling between the Higgs boson and the pomerons is
termediated by quarks, and according to the pomeron m
of Donnachie and Landshoff@9# when in the vertex
pomeron-quark-quark any of the quark legs goes far ‘‘o
shell’’ the coupling with the pomeron decreases. Therefo
we do not need to worry about the pomeron-pomeron c
tribution in peripheral heavy ion collisions when heavy~or
far ‘‘off-shell’’ ! quarks are present. However, this is n
what happens in the case of light resonances@7#, where
double diffraction was claimed to be as important as pho
initiated processes. In particular, Engelet al. @10# have
shown that at the LHC the diffractive production of hadro
may be a background for the photonic one.

In Ref. @1# it was remarked that the effect of removin
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‘‘central collisions’’ should also be performed in the doubl
pomeron calculation, implying a considerable reduction
the background calculated in Ref.@10#. This claim is the
same presented by Baur@2# and Cahn and Jackson@4# in the
case of early calculations of peripheral heavy ion collisio
Roughly speaking we must enforce that the minimum imp
parameter (bmin) should be larger than (R11R2), whereRi is
the nuclear radius of the ion ‘‘i ,’’ in order to have both ions
coming out intact after the interaction.

In this work we will compute the production of reso
nances, pion-pairs, and a hadron cluster with invariant m
MX through photon-photon and pomeron-pomeron fusion
peripheral heavy ion collisions at the energies of RHIC a
LHC. We will take into account the effect of the impa
parameter as discussed in the preceding paragraph for
tons as well as for pomerons. We also compare this appro
to cut the central collisions with the use of an absorpt
factor in the Glauber approximation. The inclusion of pio
pairs production is important because they certainly will
studied at these colliders, and they also represent a b
ground for glueball ~and other hadrons! detection. The
pomeron physics within the ion will be described by t
Donnachie and Landshoff model@9,11#. We will focus on
the values of the cross sections that shall be measured in
already quoted ion colliders, and point out when pomer
pomeron processes can be considered competitive or
with photon-photon collisions. The arrangement of our pa
is the following: Sec. II contains a discussion of the phot
and pomeron distributions in the nuclei. In Sec. III we intr
duce the cross section for the elementary processes. Fin
Sec. IV contains the results and conclusions.

II. PHOTONS AND POMERONS DISTRIBUTION
FUNCTIONS

A. Photons in the nuclei

The photon distribution in the nucleus can be describ
using the equivalent-photon or Weizsa¨cker-Williams ap-
proximation in the impact parameter space. Denoting
F(x)dx the number of photons carrying a fraction betweex
©2000 The American Physical Society07-1



em

e
e
y
r-
r-

a-

e

n
de
.

d
h

ap
e
a

e
gy
ith
-
off

ory

-
a
ron

t
r
ls
y
e-

ir-

d a
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andx1dx of the total momentum of a nucleus of chargeZe,
we can define the two-photon luminosity through

dL

dt
5E

t

1dx

x
F~x!F~t/x!, ~2.1!

wheret5 ŝ/s; ŝ is the square of the center-of-mass syst
~c.m.s.! energy of the two photons ands of the ion-ion sys-
tem. The total cross sectionZZ→ZZgg→ZZX, whereX is
the particle produced within the rapidity gap, is

s~s!5E dt
dL

dt
ŝ~ ŝ!, ~2.2!

whereŝ( ŝ) is the cross section of the subprocessgg→X.
There remains only to determineF(x). In the literature

there are several approaches for doing so, and we choos
conservative and more realistic photon distribution of R
@4#. Cahn and Jackson@4#, using a prescription proposed b
Baur @1#, obtained a photon distribution which is not facto
izable. However, they were able to give a fit for the diffe
ential luminosity which is quite useful in practical calcul
tions:

dL

dt
5S Z2a

p D 2 16

3t
j~z!, ~2.3!

wherez52MRAt,M is the nucleus mass,R its radius, and
j(z) is given by

j~z!5(
i 51

3

Aie
2biz, ~2.4!

which is a fit resulting from the numerical integration of th
photon distribution, accurate to 2% or better for 0.05,z
,5.0, and whereA151.909, A2512.35, A3546.28, b1
52.566, b254.948, andb3515.21. Forz,0.05 we use the
expression~see Ref.@4#!

dL

dt
5S Z2a

p D 216

3t F lnS 1.234

z D G3

. ~2.5!

The condition for realistic peripheral collisions (bmin.R1
1R2) is present in the photon distributions shown above, a
the applications of Sec. IV are straightforward once we
termine the cross sections for the elementary processes

B. Pomerons in the nuclei

In the case where the intermediary particles exchange
the nucleus-nucleus collisions are pomerons instead of p
tons, we can follow closely the work of Mu¨ller and Schramm
@8# and make a generalization of the equivalent photon
proximation method to this new situation. So the cross s
tion for particle production via two pomerons exchange c
be written as

sAA
PP5E dx1dx2f P~x1! f P~x2!sPP~sPP!, ~2.6!
06490
the
f.

d
-

in
o-

-
c-
n

where f P(x) is the distribution function that describes th
probability of finding a pomeron in the nucleus with ener
fractionx andsPP(sPP) is the subprocess cross section w
energy squaredsPP . In the case of inclusive particle produc
tion we use the form given by Donnachie and Landsh
@12#,

f P~x!5
1

4p2x
E

2`

2(xM)2

dtubAP~ t !u2uDP~ t;s8!u2, ~2.7!

whereDP(t;s8) is the pomeron propagator@11#,

DP~ t;s!5
~s/m2!aP(t)21

sin„1
2 paP~ t !…

expS 2
1

2
ipaP~ t ! D ,

with s the total squared c.m. energy. The Regge traject
obeyed by the pomeron isaP(t)511«1aP8 t, where «
50.085,aP8 50.25 GeV22, andt is a small exchanged four
momentum square,t5k2!1, so the pomeron behaves like
spin-one boson. The term in the denominator of the pome

propagator,@sin„1
2 paP(t)…#21, is the signature factor tha

expresses the different properties of the pomeron undeC
andP conjugation. At very high c.m. energy this factor fal
very rapidly with k2, whose exponential slope is given b
aP8 ln(s/m2), m is the proton mass, and it is possible to n
glect thisk2 dependence,

sin
1

2
p~11«2aP8k2!'cosS 1

2
p« D'1.

If we define the pomeron range parameterr 0 as

r 0
25aP8 ln~s/m2!, ~2.8!

the pomeron propagator can be written as

uDP~ t52k2;s!u5~s/m2!«e2r 0
2k2

. ~2.9!

Since we are interested in the spatial distribution of the v
tual quanta in the nuclear rest frame, we are usingt52k2.

The nucleus-pomeron coupling has the form@12#

bAP~ t !53Ab0FA~2t !,

whereb051.8 GeV21 is the pomeron-quark coupling,A is
the atomic number of the colliding nucleus, andFA(2t) is
the nuclear form factor for which there is usually assume
Gaussian expression~see, e.g., Dreeset al. in @3#!

FA~2t !5et/2Q0
2
, ~2.10!

whereQ0560 MeV.
Performing thet integration of the distribution function in

Eq. ~2.7! we obtain
7-2
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f P~x!5
~3Ab0!2

~2p!2x
S s8

m2D 2«E
2`

2(xM)2

dt et/Q0
2

5
~3Ab0Q0!2

~2p!2x
S s8

m2D 2«

expF2S xM

Q0
D 2G .

The total cross section for an inclusive particle product
is obtained with the above distribution and also with t
expression for the subprocessPP→X as prescribed in Eq
~2.6!. However, in Eq.~2.6! the cases where the two nucl
overlap are not excluded. To enforce the realistic condit
of a peripheral collision, it is necessary to perform the c
culation taking into account the impact parameter dep
dence,b. It is straightforward to verify that in the collision o
two identical nuclei the total cross section of Eq.~2.6! is
modified to@8#

d2sAA
PP→X

d2b
5

Q82

2p
e2Q82 b2/2sAA

PP , ~2.11!

where (Q8)225(Q0)2212r 0
2. The total cross section for in

clusive processes is obtained after integration of Eq.~2.11!
with the conditionbmin.2R in the case of identical ions.

For exclusive particle production the determination of t
pomeron distribution function in the nuclei is slightly mod
fied, because in this case some specific assumption abou
pomeron internal structure is necessary@13#. Following Ref.
@8# the distribution function of pomerons is

f P~x!5
~3Ab0!2

~2p!2x
E

2`

2(xM)2

dt~2t2x2M2!FA~2t !2uD~ t !u2,

~2.12!

and the cross section for a resonance production as a fun
of the impact parameter is@14#

d2sAA
PP→R

d2b
52pS 3Ab0

2p2 D 4E dx1

x1

dx2

x2

3Q1
4Q2

4Q̃2e2x1
2M2/Q1

2
e2x2

2M2/Q2
2

3S x1x2s2

m4 D 2«

sAA
PP→R~x1x2s!b2Q̃2e2b2Q̃2/2,

with sAA
PP→R(x1x2s) indicating the subprocess cross secti

~double pomeron fusion producing a resonance!, and where

Q̃225
1

2
~Q1

221Q2
22!,

with Qi
22[Q0

2212r 0
2 for identical ions. In the calculation

we are going to perform we noticed that the approximat
Qi

22'Q0
22 is quite reasonable, because for the energies

we shall consider the pomeron range parameter@Eq. ~2.8!# is
smaller than the width of the Gaussian form factor and c
sequentlyQ̃2'Q0

2. Therefore, we obtain the final expressio
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d2sAA
PP→R

d2b
52pS 3Ab0Q0

2

2p2 D 4E dx1

x1

dx2

x2
e2x1

2M2/Q0
2
e2x2

2M2/Q0
2

3S x1x2s2

m4 D 2«

sAA
PP→R~x1x2s!b2Q0

4e2b2Q0
2/2.

~2.13!

As discussed previously, to enforce the condition of perip
eral collisions we integrate Eq.~2.13! with the condition
bmin.2R.

Another way to exclude events due to inelastic cen
collisions is through the introduction of an absortion fac
computed in the Glauber aproximation@15#. This factor
modifies the cross section in the following form:

dsAA
gl

d2b
5

dsAA
PP→R

d2b
expF2A2bs0E dQ2

~2p!2
FA

2~Q2!eiQbG
5

dsAA
PP→R

d2b
expF2A2bs0

Q0
2

4p
e2Q0

2b2/4G , ~2.14!

wheres0 is the nucleon-nucleon total cross section, who
value for the different energy domains that we shall consi
is obtained directly from the fit of Ref.@16#,

s05Xse1Y1s2h11Y2s2h2,

with X518.256,Y1560.19,Y2533.43,e50.34,h150.34,

h250.55, FA(Q2)5e2Q2/2Q0
2
, and we exemplified Eq

~2.14! for the case of resonance production, i.e.,sAA
PP→R is

the total cross section for the resonance production to
discussed in the next section. The integration in Eq.~2.14! is
over all impact parameter space and in the final section
discuss the differences between the two approaches sh
above for removing central collisions.

III. SUBPROCESSES INITIATED BY PHOTONS AND
POMERONS

A. Resonances

The main motivation to study resonance production
peripheral heavy ion collisions is that the high photon lum
nosity will allow us to observe resonances that couple v
weakly to photons. The simplicity of this calculation als
enables us to test the methods for removing central co
sions, as well as to check to which degree the dou
pomeron exchange is or is not a background for the tw
photon physics.

To estimate the production of single spin-zero resonan
we note that these states can be formed by photon-ph
fusion with a coupling strength that is measured by th
photonic width,

ŝgg→R5
8p2

MRŝ
GR→ggdS t2

MR
2

ŝ
D , ~3.1!
7-3
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whereMR is the ressonance mass andGR→gg its decay width
in two photons. Using this expression in Eq.~2.2!, we obtain
the total cross section for the production of pseudoscalar
sons.

To compute the cross section of the subprocessPP→R,
we can use the pomeron model of Donnachie and Lands
@11#. In this model it is assumed that the pomeron couple
the quarks like an isoscalar photon@11#. This means that the
cross sections ofPP→X subprocesses can be obtained fro
suitable modifications on the cross section forgg→X. An-
other aspect to be considered is that the pomeron-qu
quark vertex is not pointlike, and when either or both of t
two quark legs in this vertex goes far off shell, the coupli
is known to decrease. So the quark-pomeron couplingb0
must be replaced by

b̃0~q2!5
b0m0

2

m0
21Q2

, ~3.2!

where m0
251.2 GeV2 is a mass scale characteristic of t

pomeron; in the case of resonance productionQ5MR/2
measures how far one of the quark legs is off mass shell
MR is the resonance mass. Therefore, the processPP→R is
totally similar to the one initiated by photons unless from
appropriate change of factors. The cross section we are l
ing for is obtained changing the fine-structure constanta by
9b̃/16p2, whereb̃ is given by Eq.~3.2! and 9532 is a color
factor, leading to

sPP
R 5

9

2

b̃4

a2

G~R→gg!

MR
d~x1x2s2MR

2 !.

Using this expression in Eq.~2.13!, the total cross section i
equal to

sAA
PP→R5

9p

8

~ b̃Q0!4

a2 S 3Ab0Q0

2p D 4 G~R→gg!

MR
S MR

2s

m4 D 2e

3
Q0

4

MR
2 E dx

x
expF S 2

MR
2M

sQ0x D 2

2
~xM!2

Q0
2 G

3E
bmin

`

db 2pb3e2Q0
2b2/2, ~3.3!

wherebmin52R.

B. Pion pair production

The continuous production of pion pairs (p1p2) is also
an interesting signal to be observed in peripheral heavy
collisions, mostly because they are a background for glue
and other resonance decays. Here we discuss the subpr
cross sections for two photonsZZ→gg→ZZp1p2, and
two pomerons exchange,ZZ→PP→ZZp1p2.

The cross section for pion pair production by two photo
can be calculated approximately by using a low-energy th
rem derived from a partially-conserved-axial-vector-curr
hypothesis and current algebra and is equal to@17#
06490
e-
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s~gg→p1p2!>
2pa2

s S 12
4mp

2

s D (1/2)

3F mV
4

S 1

2
s1mV

2 D S 1

4
s1mV

2 D G
2

, ~3.4!

wheremp is the pion mass,s its squared energy, andmV is a
free parameter, whose value that provides the best fit to
experimental data ismV>1.4 GeV. This expression shows
nice agreement with the experimental data@18#. For large
values ofs it deviates from the Brodsky and Lepage formu
@19#. However, since most of the photon distribution is co
centrated in the smallx region, i.e., the photons carry a sma
fraction of the momentum of the incoming ion, the diffe
ence is negligible.

Using Eqs.~3.4! and ~2.2! we obtain

s~s!5
2pa2

s E
tmin

1 dt

t S 12
4mp

2

st D (1/2)

3F mV
4

S 1

2
st1mV

2 D S 1

4
st1mV

2 D G
2
dL

dt
.

In the case of double pomeron exchange producing a p
pair we use once again the Donnachie and Landshoff mo
for the pomeron, obtaining the cross section forPP

→p1p2 from the photonic one changinga2→9b̃0
4/16p2 in

s(gg→p1p2), and the resulting expression replac
sAA

PP→R(x1x2s) in Eq. ~2.13!. The total cross section appea
after we perform the integration in the parameter space
resentation of the following equation:

d2sAA
PP→p1p2

db2
5S p2

8 D 9

4

~ b̃0Q0!4

s S 3Ab0Q0

2p2 D 4

3E dx1

x1
2

dx2

x2
2

e2(x1M )2/Q0
2
e2(x2M )2/Q0

2

3S x1x2s2

m4 D 2«S 12
4mp

2

x1x2sD
1/2

3F mV
4

S x1x2s

2
1mV

2 D S x1x2s

4
1mV

2 D G
2

3E
bmin

`

db 2pQ0
4b3e2b2Q0

2/2.

C. Multiple particle production

The elementary cross section for multiple-particle prod
tion via two-photon fusion can be described by the para
etrization@20#
7-4
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sgg→hadrons5C1S s

s0
D e

1C2S s

s0
D 2h

, ~3.5!

where C15173 nbarn, C25519 nbarn, s051 GeV2, e
50.079, andh50.4678. The total cross section comes o
from Eq. ~2.2!.

Within the Donnachie and Landshoff model it is straigh
forward to see that with the above parametrization the
ferential cross section to produce a cluster of particles w
massMX through double pomeron exchange is

ds

dMX
5

~3Ab0b̃0m0!4

~2p!4RN
4 ~16p2a2!

1

2MX
E ds8

s8
FC1S s8

s0
D e

1C2S s8

s0
D 2hGexpF2S s8MRN

s D 2

2S MX
2MRN

s8
D 2G E

bmin

`

db b
e2b2/2RN

2

RN
2

.

To obtain this expression we used the pomeron distribu
function in the nucleus for an inclusive process@Eq. ~2.7!#.

To enable a comparison with the work of Engelet al.
@10#, we also make use of the Ter-Martirosyan@21# model
for diffractive multiparticle production. In this model th
subprocessPP→hadrons is characterized by the cross s
tion

sPP
tot

„ln~MX
2/m2!,t1 ,t2…'8pr ~ t1!r ~ t2!, ~3.6!

which is a function of the triple-pomeron vertexr (t), where
t is the exchanged momentum. Using the value ofr (0) from
Ref. @22#, sPP

tot 58pr 2(0)'140 mbarn. Note that we have
clear differences between the approaches described ab
Equation~3.5! is a parametrization valid for a wide range
momenta, and with this one we naively apply the model
Ref. @9# to compute the total cross section for multipartic
production. On the other hand, Eq.~3.6! is obtained in an-
other specific model and it is not expected to be valid for
same range of energies as Eq.~3.5!. This difference is going
to be discussed in the final section.

Streng @23# applied the model of Ref.@21# for proton-
proton collisions where the initial protons are scattered
most elastically, emerging with a very large fraction of t
initial energy,

ux1u,ux2u>c, c>0.9.

The double pomeron exchange produces a particle clu
within a large rapidity gap and with a mass of the order

MX
2's~12ux1u!~12ux2u!, ~3.7!

wheres is the reaction energy squared. As the scatterin
almost elastic, i.e., the emerging beam has approximately
same energy as the incident one, the following kinemat
boundaries can be introduced:
06490
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M0<MX<~12c!As,
~3.8!

MX
2

~12c!
<s1<~12c!s,

where M052 GeV and c50.9. These limits have bee
translated for the case of heavy ions by Engelet al. @10# and
we will proceed as they did. If we consider Eq.~3.6!, dress it
with the pomeron distribution functions within the nucle
and subtract the central collisions considering the absor
factor computed in the Glauber aproximation@15#, we repro-
duce the results of Ref.@10#.

IV. RESULTS AND CONCLUSIONS

Peripheral collisions at relativistic heavy ion collide
provide an arena for interesting studies of hadronic phys
Resonances coupling weakly to photons can be studied
to the large photon luminosity; the continuous production
pion pairs will be observed not only as a reaction of inter
but also as a possible background for some resonance
cays. A hadron cluster produced within a large rapidity g
will give information about photon-photon and doub
pomeron exchange. In this work we estimate the cross
tion for these processes. One of the main points is to ve
whether the double pomeron exchange is or is not a ba
ground for the purely electromagnetic process. We discus
double pomeron exchange according to the Donnachie
Landshoff@11# model and calculated the cross sections in
impact parameter space. The condition for a realistic peri
eral collision is imposed integrating the cross section w
bmin.2R in the case of two identical ions with radiusR.

We considered the production of pseudoscalar resona
in the collision of 238U for energies available at RHIC (As
5200 GeV/nucleon), and collisions of206Pb at energies
available in LHC (As56,300 GeV/nucleon). Our results ar
shown in Table I. Contrary to the result of Ref.@7#, the
double pomeron exchange is not important when the cu
the impact parameter is introduced. For a realistic periph
collision in the case of resonance production, the pomer
pomeron process is at least two orders of magnitude be
the photon-photon one. Note in Table I that the rate of d
fractive resonance production decreases with the increas
the meson mass. The main reason for this behavior lies in
fast decrease of the pomeron-quark coupling as shown in
~3.2!.

Note that the results of this table assume 100% efficie
in tagging the peripheral collision. Even if we consider
small efficiency, we recall that the cross section for lig
resonances implies approximately billions of events/yr wh
easily survive the cuts for the background separation p
posed by Nystrand and Klein~see the last paper of Ref.@6#!.
One of the most important cuts to separate inelastic nuc
reactions, associated with grazing collisions, is the sm
multiplicity of the final state, and this is exactly what w
may expect in the final state of the particles discussed
Table I.

The decays ofp0,h, etc. will be dominated by two-~or
three-! body decays in the central region of rapidity, an
7-5
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TABLE I. Cross sections for resonance production through photon-photon (gg) and double-pomeron
(PP) processes. For RHIC,As5200 GeV/nucleon, we considered238U ion and for LHC, As
56,300 GeV/nucleon, the nucleus is206Pb. The cross sections are in mbarn.

Meson MR G (R→gg) RHICgg LHCgg RHICPP LHCPP

p0 135 831023 7.1 40 0.05 0.367
h 547 0.463 1.5 17 0.038 0.355
h8 958 4.3 1.1 22 0.04 0.405
hc 2979 6.6 0.3231022 0.5 0.4731024 0.2731023

hc8 3605 2.7 0.3631023 0.1 0.3431025 0.6131024

hb 9366 0.4 0.1331027 0.3731023 0.11310210 0.7731029
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easily separated from the larger multiplicity common to
elastic collisions. It is interesting that in the case ofp0 andh
production we may focus on the 2g decay, and even if it is
possible to separate the background from inelastic nuc
reactions, we still have the background of the photon-pho
scattering through the QED box diagram producing the sa
final state. The box diagram will be dominated by lig
quarks, electron, and muon, and for these we can use
asymptotic expression ofgg scattering@s(s);20/s#. Inte-
grating this expression in a bin of energy~proportional to the
resonance partial width into two photons! centered at the
mass of the resonance, we obtain a cross section smaller
the resonant one with subsequent decay into two phot
We do not consider the interference between the box
resonant diagram because on resonance the two process
out of phase. It is important to mention that the decay pr
ucts will fill the central region of rapidity, which is also on
of the conditions proposed in Ref.@6# to isolate the periph-
eral collisions.

As discussed in Sec. II, we have two different ways
enforce a realistic peripheral heavy ion collision. One is
geometrical cut in the impact parameter space wherebmin
.2R is imposed, the other is through the introduction of t
absorption factor in the Glauber approximation as given
Eq. ~2.14!. In Table II we compare the ratios between t
total cross sections for diffractive resonance production co
puted with Eq.~2.14! and the one with the cut on the impa
parameter@given by Eq.~3.3!# in the collision of 238U for
energies available at RHIC (As5200 GeV/nucleon), and
collisions of 206Pb at energies available in LHC (As
56,300 GeV/nucleon).

TABLE II. Ratios of cross sections for diffractive resonan
production calculated with the Glauber absorption factor to the
with the geometrical cut in the collision of238U for energies avail-
able at RHIC (As5200 GeV/nucleon), and collisions of206Pb for
energies available at LHC (As56,300 GeV/nucleon).

Meson sAA
gl /sAA

PP→R(LHC) sAA
gl /sAA

PP→R(RHIC)

p0 3.5431023 1.531022

h 3.5831023 1.4731022

h8 3.4631023 1.531022

hc 3.4731023 1.3231022

hc8 3.6131023 1.531022

hb 3.531023 1.4531022
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The values of Table II show that the geometrical cut
less restrictive than the one given by the Glauber absorp
factor. However, which one is more realistic also depends
the energy and on the ion that we are considering. In Ta
III we present the cross section forp0 production for differ-
ent ions and at different energies. From Eq.~2.14! we notice
that small variations ins0 ~the nucleon-nucleon total cros
section! are also promptly transmitted to the total cross s
tion, and modify the ratios between the different methods
exclude inelastic collisions. Table III shows that the diffe
ence between the methods also becomes less importan
light ions, but the most striking fact in this table is that f
light ions double pomeron exchange starts becoming a b
ground for photon-photon processes. According to Table
for 28Si the diffractivep0 production is a factor of 2 lower
than the electromagnetic one~assuming the geometrical cut!.
This is not surprising because we know that for proto
proton the double pomeron exchange process should
larger than the electromagnetic one for producing a li
resonance.

In Table IV we show the pion pair cross section for d
ferent ions. The values were obtained using the geometr
cut, and even if with this procedure the diffractive cross s
tion is a little bit overestimated for heavy ions, we verify th
photon-photon dominates. For light ions the diffractive pr
cess is already of the order of 10% of the electromagn
one.

The simulations discussed in the last paper of Ref.@6#
have shown that thegg interactions produce final states wit
small summed transverse momentum (u( p̄Tu). Therefore, a
cut of u( p̄Tu<402100 MeV/c can reduce considerably th
background of nonperipheral collisions. In Table IV w
present the cross section for pion pair production throue

TABLE III. Cross section forp0 production for different ions
and at different energies. The energies are in GeV/nucleon and
cross sections in mbarn.sPP→R is the cross section computed wit
the geometrical cut andsgl is the one with the absorption factor.

Nucleus As sAA
PP→R

sAA
glPP sgg

Au (A5197) 100 0.044 0.5531023 2.4
Ca (A540) 3 500 0.043 0.3931023 0.14
Si (A528) 200 0.3431022 0.1531023 0.6931022

Si (A528) 100 0.2231022 0.1231023 0.3931022
7-6
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double photon interaction withu( p̄Tu<100 MeV/c. With
this cut the cross section was reduced almost by a factor o
The electromagnetic process with the restriction onpT is still
larger than those of double pomeron exchange without
cut, and the introduction of this cut in the diffractive proce
produces a similar reduction.

The results for a hadron cluster production with invaria
massMX are depicted in Fig. 1. In the figure is shown t
cross section for four different ions~Pb, Au, Ag, Ca! at en-
ergies that will be available at RHIC and LHC. The resu
were obtained integrating the cross sections with the co
tion bmin.2R. At LHC the photon-photon process will dom
nate the cross sections for heavy ions, whereas for light
and small invariant mass they become of the same order.
heavy ions the diffractive process is indeed negligible. N
that our result for photons is similar to that of Engelet al.
@10#, but the diffractive cross sections are slightly smal

TABLE IV. Cross sections forp1p2 production. The energies
are in GeV/nucleon and the cross sections in mbarn.sgg(pT

,100 MeV) is the pion pair production through photon-phot
interaction with the cutpT<100 MeV.

Nucleus As sgg sgg(pT<100 MeV) sPP

U 200 9 2.15 7.4731023

Pb 6,300 81.96 15.98 1.3431022

Au 100 2.3 0.523 8.1131023

Ca 3,500 0.28 0.05 5.8531023

Si 200 0.9831022 0.2131022 1.0231023

Si 100 0.4931022 0.1231022 8.631024
06490
4.

is
s

t

i-

ns
or
e

r

than that of Ref.@10#. We credit this deviation to the differ
ences in our approaches to calculating the subprocess c
section, mainly in the use of Eq.~3.5! with the changes pre
scribed by Donnachie and Landshoff@11# instead of Eq.
~3.6! given by the Ter-Martirosyan@21# model. They also
use a value fors0 that is smaller than the one we consider
here, which gives a smaller cut of the central collisions. W
believe that the use of Eq.~3.5! and the model of Ref.@11# is
more appropriate for the full range of momenta. Actual
diffractive models are plagued by uncertainties and the m
surement of the double pomeron exchange in heavy ion
liders will provide useful information to distinguish betwee
different models.

For multiple particle production we will not have the cr
teria of low multiplicity to help us to select the truly periph
eral collisions. In addition it is far from clear if the cut i
transverse momentum will be very effective to select thegg
events. However, we can separate the peripheral event
the basis of a clustering in the central region of rapidi
although an extensive and detailed simulation of the ba
ground processes will be necessary in order to set the pre
interval of rapidity needed to cut the inelastic nuclear co
sions@24#.

As verified by Drees, Ellis, and Zeppenfeld@3#, Eq.~2.10!
is a reasonable approximation for the form factor obtain
from a Fermi or Woods-Saxon density distribution. How
ever, their result shows that for heavy final states the pho
photon luminosity is slightly underestimated, and we can
pect the same for the pomeron one. A simple form fac
expression consistent with the Fermi distribution has b
recently obtained in Ref.@25#, and its use would yield a few
e

-
lid
e
at
-

ge
n

FIG. 1. Cross section for multiple particl
production with invariant mass equal toMX for
different nuclei collisions. The nuclei are indi
cated in the upper corner of each figure. The so
line is for pomeron-pomeron interaction and th
dashed line is for double photon exchange
LHC, As56,300 GeV/nucleon. In the same fig
ures can be seen the cross section for RHIC,As
5200 GeV/nucleon. Double pomeron exchan
is given by the dotted line and photon interactio
by the dotted-dashed line.
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C. G. ROLDÃO AND A. A. NATALE PHYSICAL REVIEW C 61 064907
percent larger cross section in the case of a very heavy
ron cluster production.

In the case of peripheral heavy ion collisions at RHIC,
surely cannot neglect the diffractive contribution. For lig
ions and a hadron cluster with low invariant mass it sur
dominates photon-photon collisions. Notice that these res
may change if we use the Glauber absorption factor to c
pute the cross section~depending on the energy, the ion, a
invariant mass!, but the actual fact is that double pomero
exchange cannot be neglected at RHIC.

In conclusion, we estimated the production of resonan
pion pairs, and a cluster of hadrons with invariant massMX
in peripheral heavy ion collisions at energies that will
available at RHIC and LHC. The condition for a realist
peripheral collision was studied with the use of a geometr
cut, where the minimum impact parameter was forced to
larger than twice the identical nuclei radius. The introduct
of an absorption factor in the Glauber approximation
eliminate central collisions was also studied. We find out t
the most restrictive method to account for inelastic collisio
depended on the energy, the ion, as well as on the valu
18

on

,

B
,
.

r,

P.

alk

.
7

06490
d-

t
y
lts
-

s,

l
e

n

t
s
of

s0 ~the nucleon-nucleon total cross section!. The geometrical
cut is not always the most restrictive way to enforce perip
eral collisions. This is a topic that should be answered
future experiments. In both cases we noticed that at ener
of the LHC operating in the heavy ion mode and for ve
heavy ions the double pomeron exchange is not a ba
ground for the two-photon process. The situation chan
considerably for light ions and mostly for the energies ava
able at RHIC, where double pomeron exchange canno
neglected.
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