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Electromagnetic Dissociation (ED) occurs in collisions of

relativistic heavy ions where the impact parameter is larger
than the interaction radius. In ED collisions, absorption of a
virtual photon generally leads to the excitation of a nuclear giant
resonance. The NA53 experiment studies ED by bombardment
of Au targets with 40 and 158 GeV/nucleon 298Pb projectiles
from the CERN-SPS accelerator. Preliminary ogp results for
the one- and two-neutron removal processes are reported for 158
GeV/nucleon beams. Theoretical predictions for ogp including
the effects of both E1 and E2 giant resonances were calculated
and extended to energies for heavy ion collisions at the RHIC and
LHC colliders.

Introduction

Studies of relativistic heavy ion collisions emphasize
the study of hadronic interactions at small impact
parameters but at energies for heavy nuclei at
RHIC and those planned for the LHC, most of
the reaction cross section will result from non-
hadronic processes due to electromagnetic interactions.
Electromagnetic Dissociation (ED) is such a process
involving a purely electromagnetic interaction for
impact parameters greater than the strong interaction
radius.

An example of an ED interaction is shown in Fig. 1
where a Au nucleus is excited by the passage of a
relativistic Pb projectile and decays by the emission of
one neutron. The ED process can be visualized as the
absorption of one or more photons by the nucleus due
to the very strong electromagnetic fields generated. This
usually leads to the excitation in the nucleus of a giant
multipole resonance. The giant resonance usually decays
by the emission of one or more neutrons since charged
particle emission for heavy nuclei is retarded by the
Coulomb barrier.

ED was first observed by Heckman and Lindstrom [1]
in projectile fragmentation and in target fragmentation
of Au and Co by our group [2]. Later the ED
measurements were extended to La projectiles [3] and
two-neutron removal processes [4]. Large ogpp were
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observed with Au beams [5] using the SIS accelerator
at GSL

In this paper, we report preliminary values for ogp
for the one- and two-neutron removal processes obtained
from the collision of Pb projectiles with Au targets
at the SPS accelerator at CERN. Below we describe
the experiment and calculations of ogp. A comparison
between the measured and calculated values is given and
the calculations are extended to energies for Au beams
in the RHIC and LHC colliders.

1. Experimental Method

The NA53 experiment was carried out by bombarding
Au targets of thickness 0.005 mm with 40 and 158
GeV/nucleon beams from the SPS accelerator. The
bombardments were carried out in the NA50 beamline
about 30 m upstream from the NA50 target but just
downstream from the NA50 hodoscope. The layout for
the NA53 experiment is shown in Fig. 2. Signals from
the NA50 hodoscope were used to determine the total
number of Pb ions incident on the Au targets. Beam

Electromagnetic Dissociation

Fig. 1. Schematic diagram of a collision of a Pb projectile with
a Au target leading to ED of the Au with emission of a single

neutron
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Fig. 2. The layout for the Nab3 target and beam scalers in the
NA50 beamline
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Fig. 3. The steps necessary to determine the saturated activities
generated by the one- and two-neutron removal processes from
bombardment of the Au targets

intensities were typically 4 x 107 per spill and total
fluences on the targets were of the order of 4 x 10'°
projectiles.

1.1. Determination of Neutron-remowval Cross
Sections

The cross sections for the one- and two-neutron removal
processes were determined by measuring the saturated
activities of 6 Au and '”°Au, respectively. Since the
halflives of the two above nuclides were 6.2 and 183
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Fig. 4. A portion of a typical 196 Au spectrum from a Au target
bombarded at the SPS. Three prominent + rays from 196 Au decay
are indicated

days, respectively, the targets were shipped to Iowa for
~ counting and determination of the saturated activity.
The three steps in this process are demonstrated in
Fig. 3.

In each case, the v decay was followed for several
halflives. A typical spectrum for %6 Au is shown in Fig. 4
where the '%6Au ~ rays are quite prominent.

Once the saturation activities had been measured
by counting of the 356-keV ~ ray from '%Au and
the 93-keV v ray from ®>Au, a number of corrections
were necessary before the final cross sections could
be determined. The experimental cross sections were
determined from the expression

N (atoms/sec) M (g/mole)

olem’) = f(proj/sec) N, (atoms/mole)p(g/cm”)

The disintegration rate at saturation was determined
from the y-ray count rate by

n(counts/sec)

N (atoms/sec) = SCBN ,
€

(2)
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where n refers to the counts per second at saturation and
€, b, G and B represent absolute detector efficiency, -
ray branching ratio, y-ray absorption in the target and
correction for finite beam width, respectively. X is the

radioactive decay constant in sec™!.

1.2. Nuclear Contribution to Neutron-removal
Cross Sections

To estimate the nuclear contribution, we wuse the
concepts of factorization [6] and limiting fragmentation
[7] of the nuclear cross section. Factorization assumes

oTP = V1P

where F, T, and P indicate dependences on target
fragment, target and projectile, respectively. Limiting
fragmentation states that for sufficiently high energies,
the cross section for the production of fragment F; is
independent of energy.

We estimate the nuclear part of the neutron removal
reaction from ratios such as

o[*7TAu(?°8Pb, X) F})
T Aup, OF] )

The proton cross sections were measured using the
28-GeV beam from the AGS accelerator. Assuming,
for example, factorization for the nuclear part of the
197 Ay (208Pb, X) 196 Au cross section,

o (2%8Pb, F})
U(pa Fz)

Fig. 5 shows a typical set of data used to determine
the nuclear contribution to a one-neutron removal cross
section measured in the past.

Onuct (*°Pb,"® Au) = o(p,'*® Au)

(4)

2. Calculation of Electromagnetic Dissociation
Cross Sections

The ogp was calculated by folding together the
appropriate virtual photon spectrum with an
experimentally measured photonuclear cross section.
The product is then integrated as shown below to give

OED = /NW(EW)UW(Ew)dEw- (5)

The virtual photon spectrum N, (E,) was calculated
using the Weizsacker—Williams (WW) method [8] in
a computer program modified by Cook [9]. The term
0(E,) is the experimentally measured photonuclear
cross section. The photonuclear cross sections for the
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Fig. 5. An example of the experimentally determined ratio used in
earlier experiments to determine the nuclear contribution to the
197 Au(139La, X)!96 Au cross section. The horizontal line indicates
an average of the plotted ratios and is extended to indicate the
nuclear contribution to the one-neutron removal process. Note that

when ogp becomes large the nuclear correction is very small

197 Au(y,n)% Au and °7Au(y,2n)!%° Au reactions used
were those given by Veyssiere et al. [10] but multiplied
by a factor of 0.93 to conform to recent measurements by
Berman et al. [11]. The only adjustable parameter in the
calculation is the minimum impact parameter byi,. We
have used the form bmin = ro[As/* + A1/* — X (4, '/% +
A;1/3)] suggested by Vary [12] where the A’s refer to
projectile and target, respectively. The values used for
ro and X were 1.34 fm and 0.75, respectively. byin can
be visualized as a radius characterizing the range of the
short-range nuclear force.

The procedure used to calculate ogp is shown in
Fig. 6 where the darkened areas represent information
necessary to calculate the two-neutron removal cross
section.

In the past, many ED treatments have neglected the
effects of transitions other than E1, but Goldberg [13]
has pointed out that, for virtual photon spectra with
heavy ions, the contribution to ED from M1 transitions
is expected to be negligible but that contributions from
E2 transitions are important since the strength of the
virtual E2 spectrum for v = 3 is about a factor of 3
greater than that for the E1 spectrum. We have used
a procedure by Norbury [14] to correct for effects of E2
transitions. The parameter for the E2 giant resonance
was obtained from the compilation of Bertrand [15].
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Fig. 6. Components necessary for calculation of ogp for one-
and two-neutron removal processes. In this illustrative example,
the virtual photon spectrum in (@) is that for 1.26 GeV /nucleon
13973 projectiles. Part (b) shows the 1°7Au(y,n)'?Au and
197 Au(, 2n)19% Au(shaded) photonuclear cross sections. Part (c)
shows the product of (a) and (b) that is integrated over photon
energy to obtain ogp

3. Results of Cross Section Measurements

Earlier measurements on the ED of Au targets were
carried out at the Bevalac [2, 3, 4] and SIS [5]. Projectiles
ranged in mass from '2C to 2°"Bi and in energies from
2 to 1 GeV/nucleon, respectively. Results for one- and
two-neutron removal reactions are shown as a function
of projectile charge in Fig. 7.

As can be seen from Fig. 7, the measured ogps
follow a power law dependence and are generally in good
agreement with the WW calculation when the effects of
both the E1 and E2 giant resonances are included. For
a point source interaction, ogp would be proportional
to Z? where Z is the charge of the projectile. The WW
calculation shows ogp proportional to Z1-8. This is due
to the fact that the cutoff radius by,;, increases as the Z
and radius of the projectile increase. As can be seen from
Fig. 7, the experimental data are in good agreement with
the WW calculation but show a power law dependence
on Z with a power slightly less than 1.8.
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Fig. 7. ogp for one- and two-neutron removal from a 197 Au target
as a function of projectile energy. The curves are obtained from
a WW calculation taking into account excitation of both the E1
and E2 giant resonances. The data have been scaled to the same

projectile energy of 1 GeV /nucleon

It is also of interest to determine experimentally the
behavior of ogp as a function of projectile energy. This is
of particular interest since ED is one of the major factors
determining the lifetime of heavy beams in colliders such
as RHIC and the LHC. Therefore a series of experiments
with Au projectiles on Au targets were carried out
at the SIS accelerator [5] and the AGS accelerator at
Brookhaven [16] at energies of 1.0 and 9.9 GeV /nucleon,
respectively. In order to extend the measurements to
even higher energies, experiment NA53 was carried
out at the SPS accelerator to measure ogp for Au
targets with 40- and 158-GeV /nucleon 2°*Pb beams.
PRELIMINARY values for the ogp cross sections at 158
GeV /nucleon were measured to be 26.4 +4.0b and 4.6 +
0.7b for the one- and two-neutron removal processes,
respectively. The corresponding “nuclear” cross sections
for the above processes were determined to be 0.3 £0.1b
and 0.13+0.04b, respectively. The data at the projectile
energy of 40 GeV /nucleon are being analyzed.
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The PRELIMINARY results of measurements of ogp
for Au targets bombarded with high energy Au and Pb
projectiles are shown in Fig. 8. A logarithmic dependence
of ogp on the projectile energy is expected from the
WW calculations. The agreement of the data with
theoretical predictions is reasonable but the predictions
are systematically too high for the one-neutron removal
process and systematically too low for the two-neutron
removal process. Llope and Braun—Munzinger [17] have
suggested that it is possible to excite a multiphonon
giant E1 resonance by absorption of more than one
photon. This effect has been used [5] to partially explain
the enhancement of the two- and three-neutron removal
processes for 1 GeV/nucleon Au projectiles on Au
targets.

4. Extrapolation of Results to Collider
Energies

Due to the large values of ogp for heavy projectiles at
ultrarelativistic energies, ED is a major determinant of
the lifetime and quality of Au beams at RHIC and will
be even more significant for Pb beams at the LHC. The
calculations for one- and two-neutron removal processes
for Au beams on Au targets have been extended to
100 GeV /nucleon beams in the RHIC collider as shown
in Fig. 8. The calculated ogps are about 49 and 7 barns,
respectively. A similar calculation has been carried out
for the maximum energies of Pb beams expected for
the LHC collider. The results for ogp are 92 and 17
barns for the one- and two-neutron removal processes,
respectively.

It is worth noting here that, at ultrarelativistic
energies, a second process in addition to ED leading to
neutron removal has a significant effect on the lifetimes
of collider beams at RHIC and the LHC. This involves
electromagnetic interactions leading to the formation of
an eT—e~ pair. The cross section for the emission of
electrons is very large but the electrons are of low energy
compared to the beam energies of colliders and are thus
not a problem. There is a process whereby the electron
from the et —e™ pair can be recaptured by the projectile
thus changing its charge so that it is lost to the stored
beam. It is calculated that this cross section is of the
same order of magnitude as ogp for neutron emission
but slightly larger.

Conclusions

The main conclusions from this work are listed
below:
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Fig. 8. Calculated ogp for Au targets. The upper and lower curves
are for one- and two-neutron removal reactions, respectively. The
solid and dashed curves represent the results of WW calculations
for Au and Pb projectiles, respectively

1. Large ED cross sections up to 26 barns have been
measured for the one-neutron removal process.

2. The ED cross section for the two-neutron removal
process is typically a factor of about 7 smaller.

3. The measured ED cross section is fairly well
described by:

(a) “nuclear” cross section

factorization

determined by

(b) “electromagnetic” cross section determined by
folding a Weizsacker-Williams virtual photon
spectrum with an experimental photonuclear
cross section

4. Effects of both E1 and E2 giant resonances need
to be included.

5. The one-neutron removal ED cross section
extrapolates to about 50 barns for Au + Au at
RHIC.
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6. Neutron removal by ED and et—e™ pair
production followed by electron recapture by the
projectile are the largest constraints on lifetimes of
heavy beams at RHIC and the LHC.
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EJIEKTPOMATHITHA JUCOIIIAIIIA
PEJIATUBICTCBKUNX BAKKUX IOHIB

Motc. Xiaa (610 NAS53-Korabopayii)
Peszwowme

Enexrpomarritaa amuconianist (EJT) BinOyBaerncs B 3iTKHEHHSX
PeIATUBICTCHKAX BaXKKHUX I0HOB, KOJM MMapaMeTp B3iTKHEHHS €
Ginmbmmm 3a pagiyc B3aemomili. EJ] B 3iTKHEHHSIX 3 MOTVIMHAH-
HIM BipTYaJbHOrO (POTOHA MPUBOAWTH, B 3arajibHOMY BHIIAJ-
Ky, 10 30y KeHHsI TiraHTCHKOTO sifepHOro pesoHaHcy. NABS3-
ekcriepuMeHnT BuBuae EJ] muisaxom GombGapayBanHs MmurieHeir Au
anpamu 298Pb 3 emepricto 40 i 158 T'eB/mykson nma SPS npu-
ckoproBadi B IIEPHI. IlpeacraBieHo momnepenHi pesyJbraTh Ie-
pepi3iB ogp A MpOIEeciB 3 BHOWMBAHHSAM OJHOIO Ta ABOX HeMH-
TpoHiB Ha mydxkax 3 enepriero 158 T'eB/myknon. Teopermuni
nepeabaveHus s OgED, BKIOYaoun edektu gk K1, tak i
E?2 riranTchbKOro pesoHaHCy, Oyau oOuucieHi Ta PO3MIHEPEH] I0
eHepriii 3iTKHEHHs BaXXKWX i0HIB Ha mnpuxkoprooBadax RHIC Ta
LHC.

SJIEKTPOMATHUTHASA JUCCOIIMAIINA
PEJIATUBUCTCKUX TAXKEJIBIX NOHOB

Motc. Xuan (om NA53-xoanrabopayuu,)
Peszmowme

AnekrpoMarauTHas aucconmanyst (D]I) IMPOHCXOZUT B COymape-
HUSAX PEJISITHUBUCTCKUX TSXKEJIBIX HOHOB, KOIJIA IapaMeTp COyIa-
penusi GosbIe, YeM pajuyc B3amMmogeicTBus. /1 B coymapeHusix
C HOTJIOIIEHHEM BUPTYaJbHOTO (DOTOHA IPUBOAUT, B OOIIEM CIy-
4qae, K BO30OY’KIEHHWIO T'MTAHTCKOrO siiepHOro pe3onanca. NA53-
SKCIepuMeHT m3ydaer /I myrem GoMOAPAMPOBKH MuUIneHed Au
ampavu 208Pb ¢ smeprumeit 40 u 158 I'sB/myxmon ma SPS ycko-
puresie B [IEPHe. IIpeacrabiensl nmpegsapuTesbHbIE Pe3yIbTaThl
ceveHUu# Ogp [JIS MPOIECCOB C BBIOMBAHHEM OJHOIO U JABYX Heil-
TPOHOB Ha mydkax ¢ sHeprumeil 158 'sB/mykson. Teopermueckme
MIpEeICKA3AHUS IJIsi ORD, BKIOUamomue 3hdekTsl kKak E1, Tak u
E2 ruraHTCKOr0 pe30HAHCA, OBIIN BEIYHCIEHL B PACIPOCTPAHEHDI
10 HEPTHil COymapeHus TAKesblX HOHOB Ha yckoputenax RHIC u
LHC.
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