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We calculate the total electromagnetic dissociation cross section in peripheral heavy-ion collisions
208pp 4 298P} for the planned colliders the Brookhaven Relativistic Heavy Ion Collider, the CERN
Large Hadron Collider, and the Superconducting Super Collider. The two nuclei interact via their
Lorentz contracted electromagnetic fields leading to nuclear disintegration. We employ an impact-
parameter-dependent version of the equivalent photon method with experimental photon-nucleus
dissociation cross sections. The hadronic structure of the photon at large equivalent photon energies

has been taken into account.
probability for small impact parameters.

PACS number(s): 25.75.+r

The planned heavy-ion colliders RHIC (Brookhaven
Relativistic Heavy Ion Collider), LHC (Large Hadron
Collider) at CERN, and SSC (Superconducting Super
Collider) in Texas will open exciting possibilities for fun-
damental physical studies. Besides the formation of a
quark-gluon plasma and its investigation in central colli-
sions, the particle production will be of interest not only
for central but especially in peripheral collisions [1,2],
where the two nuclei are assumed to exhibit no overlap.
Furthermore, the strong electromagnetic fields associated
with the relativistic nuclei should also be regarded as a
source for a large dilepton production yield [3-6].

As an additional effect we consider in this paper the
electromagnetic dissociation of nuclei as they pass by
each other [7-13]. The sudden electromagnetic pulse ac-
companying the fast impinging nucleus may lead to the
dissociation of the collision partner. A recent proton-
photoabsorption experiment at HERA [14] indicates that
the inelastic yp cross section rises again for photon ener-
gies larger than about 50 GeV in the proton rest frame
caused by the hadronic structure of the photon. This
increase might contribute considerably to the nuclear
electromagnetic dissociation cross section, which has not
been taken into account in previous calculations and
which could also substantially reduce the proposed lu-
minosities of the aforementioned heavy-ion colliders.

Because of the high collider energies it is justified to
utilize the equivalent photon method [1,15]. The strong
Lorentz contracted electromagnetic fields of the ultrarel-
ativistic heavy ions can be well simulated by a swarm of
equivalent photons. The electromagnetic dissociation of
nucleus A is determinded by the equivalent photon spec-
trum npg(w, b) of nucleus B, multiplied with the photon-
nucleus dissociation cross section o4 (w). For the com-
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In particular, we stress unitarity conservation of the dissociation

putation of the total cross section we have to integrate
over all photon energies w and impact parameters b:

Cais = / db27rb/dwn3(w,b)a.,,4(w) Y

b>Ri2

Since we only deal with peripheral collisions in order to
avoid any direct hadronic interactions, we perform the
impact-parameter integration from the sum of the nu-
clear radii Rj; = R4 + Rp up to infinity.

The expression for the equivalent photon distribution
can be derived by equating the energy flux of the trans-
verse electromagnetic field of the fast nucleus B being
described by the Poynting vector with the corresponding
energy flux of a number of photons. It results [1]

Z2al| T F(k2 + w?/y?
n(w,b) = o /atkl ’“i——gczi wz/{yz )Jl(bkl) ,
1
0

(2)

which indicates the number of photons with energy w for
nuclear trajectories at an impact parameter b. « is the
fine structure constant, Z is the nuclear charge number,
v = (1 —v?/c?)~1/2 is the Lorentz contraction factor,
and F denotes the nuclear charge form factor. J; is the
Bessel function of order 1. The Lorentz factor -« has to be
taken in the rest frame of the collision partner, so that a
corresponding Lorentz transformation of the c.m. system
of the collider with ~y.. to the rest frame yields

y=2vpu—-1 . (3)
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For relativistic velocities v &~ c or v > 1 we avoid a
decomposition of the electromagnetic field into different
multipoles. In Fig. 1 we display the equivalent photon
spectrum for RHIC (vycon = 100, v = 2 x 10*) and LHC
(Yeon = 3100, v = 1.9 x 107) energies for different im-
pact parameters. The spectra fall off rapidly for photon
energies w > «y/b. This becomes obvious in the limiting
case w > /b, where the equivalent photon distribution
approximates to [1]

Z2%2a 1 2w 0
n(w,b)z—g%e 2wb/y (w>>z) . (4)

On the other hand, for low photon energies w < 7/b the
number of photons n(w,b) transforms into
Z%a 1 (

n(w,b) ~ —~

Y
oo (0<3) (5)

b

In this region the equivalent photon spectrum is indepen-
dent of the collider energy and is proportional to 1/b2.
As a major result we note that photons with energies of
tens of GeV still exist at a distance of about 1 A.

For the photon-nucleus cross section 0., 4(w) of 2°8Pb
we adopt measured data [16]. The largest contribution
emerges from the excitation of the giant dipole reso-
nance (6 MeV < w < 40 MeV) [17], which predomi-
nantly leads to neutron emission. With increasing pho-
ton energy it follows the quasideuteron region [18] and
the A-resonance region [19,20] (40 MeV < w < 2 GeV).
High-energy photon-nucleus cross sections are measured
up to w = 80 GeV for 2°8Pb [21-23]. This is exempli-
fied in Fig. 2, where we plot 0., 4 (w) for 2°8Pb divided by
the nuclear mass number A. In Table I we present the
calculated contributions to the total cross section og4;s of
Eq. (1) from the three different photon energy regions,
6-40 MeV, 40-2000 MeV, and 2-80 GeV. As expected,
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FIG. 1. Equivalent photon distribution n(w,b) for RHIC
(v = 2 x 10%, dotted line) and LHC (y = 1.9 x 107, solid line)
energies in dependence on the photon energy w for various
impact parameters b, which is indicated in units of fermi.
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FIG. 2. Measured total photon absorption cross section of
208pp divided by the nuclear mass number 4 = 208 in depen-
dence on the photon energy w. The dotted line depicts the
employed interpolation.

the dominant portion originates from the giant resonance
region.

For photon energies w > 80 GeV no experimental data
for o,pp are available, so that we have to extrapolate
0ya(w) up to w = v/R. At these high energies the
photon does not interact purely electromagnetically with
the nucleus but also by its hadronic structure [24] re-
sulting from vacuum fluctuation of the photon such as
vy = ntrT, p, w, ¢, qd, q3g, etc. For an excellent report
we refer to [25]. For this extrapolation purpose we uti-
lize the proton photoabsorption cross section, which has
been measured extensively for w < 200 GeV and which
recently has been extended at HERA up to w =~ 20 TeV
[14]. As a first prescription we employ the extrapolation

(25,26] for the electromagnetic dissociation cross section
of 208Pb,

Oya = Aegg 0yp = C + D In? <~w—> . (6)

Wwo

The constant C is identified with the measured pho-
toabsorption cross section for Pb at wy = 80 GeV, i.e.,
C = oS5, (w = 80 GeV) = 152 mb = Ae o3P (w =
80 GeV). This also fixes the effective mass number to
Aeg = 0.654 ~ A°2 which has been introduced to
account for nuclear shadowing [27]. As a second extrap-
olation scheme we also apply the proposed fit [14] to all
measured large w inelastic yp cross sections and multiply
it with the effective mass number:

Oya = A (Xss + Ys_") . (7)

TABLE I. Contributions from various photon energy
ranges to the dissociation cross section o,p, in a peripheral
Pb+Pb collision as calculated from Eq. (1). Y indicates the
sum from the different ranges.

oaqis (b)
Yeott  (6-40) MeV  (40-2000) MeV (2-80) GeV 3
100 77.6 25.7 5.6 108.9
3100 133.6 53.7 18.7 206.0
8000 149.1 61.5 22.3 232.9
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s & 2Mpw is the c.m. energy in the yp system, where
M), denotes the proton mass and the parameters ¢, n, X,
Y are € = 0.0808, = 0.4525 [14], X = 0.06 mb/GeV?,
and Y = 0.16 mb/GeVZ. In Fig. 3 we present the pho-
ton absorption cross section of 2°8Pb divided by the nu-
clear mass number A = 208 in dependence on the pho-
ton energy w due to the hadronic structure of the high-
energy photon. We have to emphasize that the two data
points represent the only measured photon-proton cross
sections beyond w = 200 GeV multiplied with A.g/A.
They correspond to D = 0.2 mb for the parametriza-
tion (6) and the dotted line represents the proposed
fit (7). In view of the equivalent photon distributions
as displayed in Fig. 1 one may conclude that these ex-
trapolations are rather reliable for RHIC energies, since
Wmax = v/R = 550 GeV « Wene = 20 TeV. For LHC
energies we find wmax =~ 520 TeV, which is already by
about an order of magnitude larger than w33*. For SSC
energies (vecon = 8000, v = 1.28 x 108) the extrapola-
tion might not be as justified as for RHIC energies, be-
cause Wmax ~ 3500 TeV > wilr. Partly motivated by
these uncertainties, we also consider the more extreme
parametrization (6) with D = 0, 0.05, 0.5, and 5 mb,
respectively.

A second effect has to be accounted for in order to
calculate properly the total dissociation cross section in-
cluding also high-energy photons. In Eq. (1) we applied
lowest-order pertubation theory which may violate uni-
tarity conservation, because the probability

P(b) = / dw ng(w,b) oy a(w) )

formally may exceed its maximum value 1. Unitarity
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FIG. 3. Total photon absorption cross section of 2°*Pb di-
vided by the nuclear mass number A = 208 in dependence on
the photon energy w. The two data points at w ~ 20 TeV rep-
resent measured inelasic yp cross sections [14] rescaled with
the factor Aeg/A = 0.65. For w > 80 GeV the dotted curve
represents the extrapolation (7). The solid curves display the
parametrization (6) with D = 0, 0.05, 0.5, and 5 mb, respec-
tively.

conservation would be restored by taking into account
higher-order corrections. Whenever probabilites larger
than one occur, which, e.g., could reflect multiphoton
dissociation, we reduce it to its maximum value and the
nucleus is assumed to be dissociated. For our consid-
eration it is sufficient to know that the Pb nucleus will
definitely be lost for the further beam track. Figure 4
depicts the probability P(b) in dependence on the im-
pact parameter b for Pb+Pb collisions at LHC energies
for different parametrizations. Unitarity violation occurs
for small impact parameters up to 25 fm depending on
the extrapolation of 0,4 for w > 80 GeV. The solid line
results from the parametrization (7). To obtain the up-
per dashed curve we used (6) with D = 5 mb and for
the lower dashed curve we restricted 0,4 (w) to the avail-
able experimental data up to 80 GeV. Even if we neglect
completely the high-energy photon contribution, unitar-
ity would be violated in the total Coulomb dissociation
cross section. The maximum at about 7 fm traces back to
the equivalent photon distribution n(w,b), which yields
its largest contribution at the distance of the nuclear ra-
dius. Smaller impact parameters lead again to a reduc-
tion of P(b) because of the employed form factor and the
associated decrease of the electromagnetic field strength
inside the nucleus.

Even very large impact parameters contribute to the
total cross section, which is the integral of the dissocia-
tion probability P(b) over 2mb db:

oo
Odis — db2mb P(b) . (9)

b>Ri2

The approximate 1/b% decline of P(b) is partly compen-
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FIG. 4. Nuclear dissociation probability P(b) in depen-
dence on the impact parameter b for Pb+Pb collisions at
LHC energies (y = 3100). The solid curve results from
the parametrization (7) whereas the upper dashed line has
been obtained using the parametrization (6) with C = 15.2
mb, D = 5 mb. For the lower dashed line we simply fixed
C = D = 0. Also indicated is the maximum value 1 for the
probability P(b).
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sated by the area element 27bdb. Thus the impact-
parameter dependence in Eq. (8) is determined by the
photon distribution n(w, b), which reduces to Eq. (5) for
not too large wb/vy. In this range the photon spectrum
is independent of v and covers completely the region of
available experimental data. Therefore P(b) displays a
1/b% dependence up to about 10° fm for RHIC energies.
For still larger impact parameters the photon spectrum
(4) declines rapidly.

We also evaluate a:i‘i‘;i, where we use as an upper limit
P(b) = 1 in Eq. (9). The computed cross sections are
listed in Table II, where “no” D factor means that the
integration over w is restricted to the experimental Pb
data up to 80 GeV and “other,” that we employ the
extrapolation (7). One can deduce from Table II that
unitarity violation plays practically no role for RHIC
energies. For LHC and SSC energies the difference be-
tween the cross section (1) and its simple unitarized ver-
sion becomes large only if the extrapolations for o4
(w > 80 GeV) are extremely enhanced (D = 5 mb),
which, however, is not supported by experimental data.
Using the extrapolation of Eq. (7) we derived the follow-
ing results for the unitarized Coulomb dissociation cross
section of Pb in a Pb+Pb collision: for RHIC energies we
find o42i(other) = 108.9 b, for LHC energies we obtain
o4ni(other) = 221.7 b, and for SSC energies we calculated
o3P (other) = 258.3 b.

These refined calculations of the Coulomb dissocia-
tion cross section imply some immediate consequences
for the heavy-ion collider luminosities. For RHIC the in-
fluence of the hadronic photon structure for photon en-
ergies greater than the measured 80 GeV turns out to
be negligible, so that the expected luminosity does not
diminish. For LHC the situation is different; our calcu-
lated cross sections for the Coulomb dissociation process
in a Pb+Pb collision is about 40 b larger than a previous
calculation [7], which modifies the expected luminosity.

In principle, the Coulomb dissociation process could
be used as a trigger on the impact parameter. For very
large impact parameters only relatively small photon en-
ergies contribute, so that the dissociation process corre-
sponds mainly to a neutron emission caused by the ex-
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TABLE II. The dissociation cross section og;s and o§f¥; for
the latter we adopt the probability restriction to 1. “No” D
factor means that we use only the experimental data for the
photon-nucleus cross section up to w = 80 GeV, and “other”
means that we use the extrapolation indicated in Eq. (7).

Yeoll D factor (mb) oais (b) oﬁf;i (b)
100 No 108.9 108.9
0 108.9 108.9
0.05 108.9 108.9
0.5 108.9 108.9
5 109.1 109.0
Other 108.9 108.9
3100 No 206.0 205.9
0 220.4 219.8
0.05 221.0 220.3
0.5 225.4 224.3
5 270.3 260.6
Other 222.3 221.7
8000 No 232.9 232.7
0 255.0 254.3
0.05 256.2 255.4
0.5 266.7 264.9
5 372.1 348.2
Other 259.2 258.3

citation of the giant resonance. In contrast to this the
hadronic structure of the photon becomes more and more
important for very small impact parameters. Part of the
nuclear fragmentation can be generated by an incoming
gluon or quark leading to strong interaction processes
inside the nucleus and finally to fragmentation. The nu-
cleus might be dissociated into more or less independent
hadrons, which could be detected in the spectator detec-
tor at large rapidities.
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