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Suppression of heavy iongg production of the Higgs particle by Coulomb dissociation
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The predicted two-photon Higgs production with heavy ions at the CERN LHC is shown to be reduced due
to the large Coulomb dissociation cross section. Incorporating the effect of dissociation reduces the production
of a 100 GeV Higgs boson by about a factor of three compared to rates in the literature calculated without this
effect. @S0556-2821~98!01901-8#

PACS number~s!: 14.80.Bn, 25.75.2q
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The possible production of the Higgs particle or oth
heavy particles via the coherent two-photon mechanism f
colliding heavy ion beams at the CERN Large Hadron C
lider LHC has been a subject of much interest in recent ye
@1–8#. However, with the exception of one recent work@9#,
the modification of production rates due to Coulomb dis
ciation of the nucleus has been ignored. Henken, Trautm
and Baur@9# calculated the effectivegg luminosity in con-
junction with giant dipole excitation of one of the nuclei an
found this higher order process appreciable when comp
to the gg luminosity calculated without consideration o
other processes. In this paper we investigate the effec
suppression of Higgs production at LHC due to interferen
of Coulomb dissociation not only via the giant dipole sta
but also through equivalent photons of up to many GeV
pinging on each nucleus in its rest frame@10#. The large
magnitude of these higher excitations is seen in the re
calculated cross sections for Coulomb dissociation in Pb1Pb
collisions at LHC: including all excitations led to 220 barn
including only the giant dipole excitation led to 127 bar
@10#.

In the standard calculation the two colliding heavy io
~e.g. Pb1Pb! are assumed to travel on straight line trajec
ries at an impact parameter such that their densities do
overlap. Each of the ions produce a spectrum~equivalent
photon number! of Weizsacker-Williams photons of energ
v dependent on the transverse distancebi

N~v,bi !5
Z2av2

p2g2 K1
2S biv

g D ~1!

whereK1 is the modified Bessel function andg is the rela-
tivistic factor of the colliding ions seen in the center of ma
frame. The effectivegg luminosity function at a given
equivalent massW is then given by@4,5#
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whereR1 and R2 are the nuclear radii andb is the ion-ion
impact parameter

b25b1
21b2

222b1b2 cos~f!. ~3!

The u function excludes impact parameters where densi
overlap. The cross section for producing a particle in
heavy ion collision is then

s~W!5
8p2

W3 GH→gg~W!Lgg~W! ~4!

where GH→gg(W) is the two photon decay width of th
Higgs boson.

From Fig. 2 of Ref.@10# one can see that the probabilit
of a colliding Pb ion being dissociated in the field
the other Pb ion at LHC is approximately equal
„12exp@2(17.4/b)2#… whereb, the impact parameter, is in
fermis. The survival probability~neither ion being Coulomb
dissociated! is then approximately exp@22(17.4/b)2#. A par-
allel calculation including only the giant dipole resonan
gives a corresponding survival probability of approximate
exp@22(11.2/b)2#.

Figure 1 shows the effect of Coulomb dissociation on
luminosity function for theg53000 of LHC. R1 and R2
were set at 7 fm. The upper curve is the luminosity witho
dissociation, the middle curve shows the luminosity reduc
by Coulomb dissociation via the giant dipole resonance,
the lower curve includes Coulomb dissociation to all fin
states.

We now calculate Higgs production at LHC. Calculatio
of the widthGH→gg(W) is a textbook exercise@11–13#. The
mechanism is dominated by triangle loops of which theW6

is most dominant followed by the top quark. Lower ma
contributions are relatively insignificant and we have ignor
them here. Figure 2 shows the effect of Coulomb dissoc
tion on Higgs production. The cusp at 160 GeV is at twi
the mass of theW6. At 100 GeV the production rate of th
Higgs boson is reduced by more than a factor of three fr
the rate calculated without Coulomb dissociation. Note t
the effective suppression factor depends on the kind of
tector used to select thegg mechanism. If one uses the lac
of activity in the zero angle calorimeter the suppression f
548 © 1997 The American Physical Society
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tor is as we calculated above. On the other hand if one u
a detector with a wide rapidity coverage such as one
cussed for the FELIX detector@14# the Coulomb dissociation
would lead to much less of a suppression.

Note also that the calculated rates are fairly sensitive
the radius and impact parameter cutoff. If we setR1 andR2
to 8 fm rather than 7, then the 100 GeV Higgs is reduced
41% on the top curve and by 30% on the bottom curve. S
an increase in radius is maybe justified by a large (;2)

FIG. 1. gg luminosity function. The upper curve is without dis
sociation, the middle curve includes Coulomb dissociation only
the giant dipole resonance, and the lower curve includes Coul
dissociation to all final states.
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increase of the radius of the strong interaction at LHC en
gies @15# as compared to the incident energies;1 GeV
which were used to determine the effective nuclear radii
pA interactions.

One of us~A.J.B.! would like to acknowledge useful con
versations with Sally Dawson. This manuscript has been
thored under Contract No. DE-AC02-76-CH00016 with t
U.S. Department of Energy. The work was partially su
ported by the U.S. Department of Energy under Contract
DE-FG02-93ER40771.
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FIG. 2. Coherent electromagnetic Higgs production at LH
The upper curve is without dissociation, and the lower curve
cludes Coulomb dissociation to all final states.
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