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Deuteron photodissociation in ultraperipheral relativistic heavy-ion on deuteron collisions
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In ultraperipheral relativistic deuteron on heavy-ion collisions, a photon emitted from the heavy nucleus may
dissociate the deuterium ion. We find deuterium breakup cross sections of 1.38 b for deuterium-gold collisions
at a center of mass energy of 200 GeV per nucleon, as studied at the Relativistic Heavy Ion Collider, and 2.49
b for deuterium-lead collisions at a center-of-mass energy of 6.2 TeV, as proposed for the Large Hadron
Collider ~LHC!. This cross section includes an energy-independent 140-mb contribution from the hadronic
diffractive dissociation. At the LHC, the cross section is as large as that of hadronic interactions. The estimated
error is 5%. Deuteron dissociation could be used as a luminosity monitor and a ‘‘tag’’ for moderate impact-
parameter collisions.
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Deuterium–heavy-ion collisions are of considerable int
est at heavy-ion colliders. Technically, they are much ea
than proton-ion collisions because the deuteron charge
mass ratioZ/A is similar to that of heavy ions, greatly sim
plifying the magnetic optics around the collision point. Fu
ther, at the Large Hadron Collider~LHC!, the matchingZ/A
of the two beams means that the nucleon-nucleon cente
mass frame is closer to the lab frame than it would be inpA
collisions. The similarity in proton-neutron ratios will als
simplify the comparison of the data fromdA andAA colli-
sions. For these reasons,dA collisions may be preferred ove
pA.

UltraperipheraldA collisions are also of interest. Th
strong electromagnetic field of the heavy ion acts as an
tense photon beam, which strikes the deuterium, produ
very high-energygd collisions. InAA collisions, there is a
twofold ambiguity over which ion emitted the photon. How
ever, indA collisions, the photon almost always comes fro
the heavy ion, allowing a clean determination of the pho
energy based on the final state rapidity.

Some ultraperipheral reactions are unique todA colli-
sions. Here, we consider one example, photodissociatio
deuterium. This reaction has a very large cross section
can serve as a luminosity monitor and as a ‘‘tag’’ for mo
erate impact parameter ultraperipheral collisions. The ph
dissociation cross section is

sdiss5E dk
dN

dk
sd~k!, ~1!

wheredN(k)/dk is the photon flux from the heavy ion an
sd(k) is the photon-deuteron breakup cross section.

The photon flux emitted by the heavy ion is obtained fro
the Weizsacker-Williams approach. The flux, integrated o
impact parameters,b, greater thanRmin is @1#

dN

dk
5

2Z2a

pk FxK0~x!K1~x!2
x2

2
@K1

2~x!2K0
2~x!#G , ~2!

wherea is the fine structure constant,K0 andK1 are modi-
fied Bessel functions, andx5kRmin /\cG. HereG52g221,
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whereg is the Lorentz boost of a single beam. The minimu
radius Rmin5RA1Rd is required to eliminate the collision
that include hadronic interactions. We take 2.1 fm for t
deuteron radius@2# and assumeRA51.2A1/3 for the heavy
ion. Thus,Rmin59.08 fm for dAu and 9.21 fm fordPb col-
lisions. We will discuss the sensitivity toRmin later.

Since the photon spectrum scales as 1/k, deuteron
breakup is dominated by interactions near threshold, 2
MeV in the deuteron rest frame. There have been a num
of measurements of deuteron breakup by low-energy p
tons. Our breakup cross section, Fig. 1, is based on meas
ments at 2.754 MeV @3#, 4.45 MeV @4#, 5.97,k
,11.39 MeV @5#, and 15,k,75 MeV @6#. For k
,4 MeV, we use the cross sections calculated with ‘‘A
proximation III’’ in Table 1 of Ref.@7# since this approxima-
tion matches the 2.754 MeV data point. In the region
,k,440 MeV, we rely on a fit to the data@8#. For 440
,k,625 MeV, we use a slightly earlier fit@9#. We extrapo-
late this fit to 2 GeV with some loss in accuracy. At high
energies, QCD counting rules predict thatsd should drop
rapidly with energy@10#. Thus we neglect energies abov
2 GeV.

FIG. 1. Cross section for deuteron photodissociation as a fu
tion of photon energy, in the deuteron rest frame.
©2003 The American Physical Society02-1
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The integrand of Eq.~1! is shown in Fig. 2. The integrate
photodissociation cross section is 1.24 b for deuterium-g
collisions at 200 GeV/nucleon center-of-mass energy, as
rently studied at Relativistic Heavy Ion Collider~RHIC!. At
a luminosity of 431028 cm22s21 @11#, this is 50 000
interactions/s. For deuterium-lead collisions at 6.2 Te
nucleon, as may be studied at the LHC, the calculated c
section is 2.35 b. At a luminosity of 2.731029 cm22s21 @12#,
there will be 650 000 interactions/s. These cross sections
comparable to the calculated hadronic cross sections a
RHIC, 2.2660.10 b @13# and 2.3720.12

10.13 b @14#, and slightly
larger than the hadronic cross sections at the LHC. T
quoted 4% uncertainty in Ref.@13# includes only the deu-
teron wave function.

The accuracy of the photodissociation cross section
pends on the data from which it is derived. The most imp
tant photon energy range is below 10 MeV. Above 5.9 Me
the data are quite accurate with uncertainties well below 5
The 2.754-MeV data point also has only a 3.2% error. U
fortunately, at intermediate energies, the only data are fro
1952 measurement at 4.45 MeV with a 7% uncertainty. T
theoretical extrapolation from lower energies should be m
accurate than the data in this range. We estimate that
uncertainty insd contributes a 4% error to the totaldA cross
sections.

Another uncertainty arises from the truncation of the ph
ton spectrum. With the rapidly falling spectrum, stopping t
calculation at 500 MeV reduces the photodissociation cr
section by less than 0.1%. We estimate that the trunca
introduces an error of less than 0.5% into the calculation

The other important uncertainty in the cross section is
Rmin . The charge radii of heavy ions are well measured@15#,
but the radii of the matter distribution may be 0.1–0.3
larger @16#. In addition, heavy ions can have non-negligib
densities even at quite large distances. The deuteron w
function is complex, making an accurate geometric calcu
tion quite difficult. However, because the photon energies

FIG. 2. Photon-flux weighted cross section for deuteron pho
dissociation, in the deuteron rest frame, fordAu at RHIC ~solid
line! anddPb at the LHC~dotted line!.
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so low, the choice ofRmin is not important. For gold at
RHIC, increasingRmin by 2 fm only reduces the cross sectio
by 1.8%, while for lead at the LHC, a 2 fmincrease reduces
it by 1.1%.

In addition to photodissociation, diffraction can induc
deuteron dissociation. The heavy nucleus absorbs part o
deuteron wave function, leaving two independent nucle
in the outgoing state. For a completely black~absorptive!
target nucleus with radiusRA , the diffractive dissociation
cross section is@17,18#

sdiff5
p

3
@2ln~2!20.5#RARd . ~3!

We find sdiff5136 mb for gold andsdiff5139 mb for lead.
Since heavy nuclei are not completely black, this appro
probably overestimates the cross sections slightly. Howe
since diffractive breakup is a small fraction of the total cro
section,s5sdiss1sdiff , we do not correct for the partia
transparency.

We estimate the overall uncertainty in the dissociat
cross section to be less than 5%, comparable to that of
hadronic deuterium-ion cross sections. The uncertaintie
the hadronic radii of heavy ions and in the reaction geome
are at least as problematic as for hadronic interactions.

Experimentally, photodissociation has a clean signatur
proton and a neutron with roughly the beam momenta and
other visible reaction products. Other photonuclear inter
tions can break up the deuteron and create additional
ticles, but they represent a small fraction of the photodis
ciation cross section. The resulting neutron and proton ca
detected in a zero degree calorimeter@19# and a forward
proton calorimeter, respectively. Because of the small e
tation energies, even small calorimeters will have good
ceptance for the reaction products.

One final experimental issue is the backgroun
Deuteron–beam-gas interactions might mimic photodisso
tion. However, in beam-gas interactions the proton or
neutron will usually lose a large fraction of its energy, allow
ing these events to be rejected. The beam-gas backgro
can be measured by momentarily separating the beam
stop the collisions. With this check, deuteron breakup wo
be a useful calibration reaction for van der Meer scans
absolute luminosity@20#, and, in routine operations, as a lu
minosity monitor. Because of the high rates, a neutron ca
rimeter alone will likely suffice for the dissociation studie
In many respects, the use of deuteron photodissociation
allels the use of mutual Coulomb dissociation in heavy-
collisions @21#.

Photodissociation can be used as an impact-paramete
for studying other ultraperipheral collisions, as is done
mutual Coulomb dissociation@22#. The final state neutron~or
proton! provides a tag of a moderate impact-parameter
counter. The probability of photodissociation at impa
parameterb, P(b), is calculated using the impact-paramete
dependent photon flux@23#:
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FIG. 3. Breakup probabilityP(b) as a function of impact parameterb, for dAu at the RHIC~a! anddPb at the LHC~b!.
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P~b!5E d3N

dkd2b
sd~k!dk, ~4!

d3N

dkd2b
5

Z2ak

G2p2 @K1
2~x!1K0

2~x!/G2# ~5!

and herex5kb/\cG. As long asx,1 for the important
photon energies, 2,k,10 MeV, P(b)'1/b2 and ds/db
'1/b. This condition holds forb,0.4 nm at RHIC andb
,0.4 mm at the LHC. Photodissociation can thus occur
extremely large impact parameters! The breakup probab
as a function ofb is given in Fig. 3. At an impact paramete
of 10 fm, the probability of deuteron breakup is 1.8% f
dAu collisions at the RHIC, dropping to 0.1% at 45 fm
These probabilities are somewhat lower than for mut
Coulomb breakup inAA collisions but should still be a use
ful tag.
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Diffractive dissociation can occur when there is som
overlap between the ion and the deuteron wave functio
Including this contribution would increase the total break
probabilities slightly forb,20 fm.

In conclusion, we find that the cross section for deute
breakup indAu collisions at RHIC is 1.38 b, while at the
LHC, the cross section for dissociation indPb collisions is
2.49 b. Both cross sections have an estimated error of
This reaction has a well-determined cross section and a c
signature, giving its utility as a ‘‘calibration’’ for luminosity
measurement and monitoring and as a trigger for other u
peripheral collisions.

We thank Kai Hencken and Gerhard Baur for useful d
cussions about diffractive dissociation. This work was su
ported by the U.S. DOE, under Contract No. DE-AC-0
76SF00098.
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