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Abstract: Relativistic heavy-ion colliders in the 100 GeV/A and several TeV/A region are planned and 
considered in Brookhaven and at CERN. Cross sections for electromagnetic processes in distant 

collisions are large; they are studied in view of their practical importance in the collider design 

(limitations on luminosity half-life due to electromagnetic fragmentation process and e+e- pair 

production with em capture) as well as for their potential for basic physics (like Higgs boson 

production in yy collisions). We especially consider giant dipole excitation, lepton pair creation 

and yy physics. 

1. Introduction 

Relativistic heavy-ion (RHI) colliders are planned and considered in Brookhaven 

(RHIC) ‘) and at CERN (LHC) 2). The main interest in this kind of collisions has 

been the study of a new phase of matter (quark-gluon plasma) in central nuclear 

collisions. It is the purpose of this paper to study the effects of the electromagnetic 

processes which occur in even very distant collisions with no nuclear contact. These 

effects are of very long range and can be very strong for high-2 projectiles. This is 

of twofold importance for RHI colliders: 

(i) due to fragmentation processes, induced by the electromagnetic excitation, 

and to lepton (mainly electron) pair creation processes the ion beam looses particles, 

or energy, or changes their charge state (e+e- pair creation and e- capture). This 

leads to a decrease of luminosity with time, and it should be taken into account 

appropriately in the design parameters. Since in general the response of nuclei to 

.the electromagnetic interaction is known quite well, safe predictions are possible. 

(ii) since the RHI’s can be considered as a strong source of hard equivalent 

photons, a new way to study yy physics could open up. The essential advantage is 

a factor Z4 (in symmetric collisions) in the cross section, as compared to e+e- 

colliders. However, strong interaction and other background problems have to be 

seriously studied. 
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The interaction of the very sudden electromagnetic pulse due to the passage of 

one nucleus leads to the electromagnetic excitation of the other one. This will be 

studied in sect. 2. Especially large is the effect of the excitation of the giant dipole 

resonance, since it decays mainly by particle emission. This leads to a beam loss. 

In sect, 3 we study the effects of lepton pair production. The production of e+e- 

pairs is most important due to their low mass. When the electron is produced in a 

bound atomic state, the charge of the ion is changed, resulting in an immediate 

beam loss. We calculate the energy loss spectra; this will be important for consider- 

ations of beam stability ‘). The pair production mechanism also contributes to the 

stopping power of cosmic-ray nuclei. Being linear in y (the Lorentz factor in the 

centre-of-mass system), it will outweigh for high enough ‘y, the contribution due to 

electronic collisions as given by the Bethe-Bloch formula. In sect. 4 we investigate 

the use of RHI colliders for yy reactions which might be investigated. Our con- 

clusions are given in sect. 5. 

Fairly recent reviews on electromagnetic processes in RHI collisions are given in 

refs. 3,4), a preliminary account of part of the present work is given in ref. ‘). 

In our numerical examples we choose the systems U + U at y = 100 (corresponding 

to RHIC plans ‘) and the systems Pb + Pb, La + La and Sr + Sr at E/A = 4000 GeV/A 

(being considered for LHC ‘). Since the cross sections vary essentially logarithmically 

with y, and since there are rather simple and accurate scaling laws with respect to 

Z and A, we think that the presently studied examples will give an accurate and 

detailed picture of what is to be expected. 

2. Electromagnetic excitation and fragmentation of nuclei 

The cross sections for Coulomb, or electromagnetic, excitation of nuclei can be 

written as a product of a kinematical factor and the photonuclear cross section, i.e., 

the cross sections induced by a real photon. The kinematical factors are interpreted 

as the number of equivalent photons incident on the nucleus [see refs. 374) and 

further references given there]. Since the Lorentz factors y,,, as viewed in a system 

where one of the nuclei is at rest, are very high (they are given by 

yp=2y2-1) (2.1) 

where y is the Lorentz factor in the c.m. system), the corresponding equivalent 

photon spectrum is very hard, i.e., it contains a large amount of highly energetic 

photons. 

The largest part of the photoabsorption cross section corresponds to the excitation 

of the giant dipole resonance (GDR) in the nuclei. Such excited states decay mainly 

by particle emission, or by fission, in the case of very heavy nuclei, contributing 

largely to the total fragmentation cross section in RHI collisions 6*7). Further effects 

(at the 10% level), in the energy range of some tens of MeV, are the excitation of 

collective E2 strength and the quasi-deuteron effect. Experimental investigations at 
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the highest presently available energies (200 GeV/A) were made by various groups 

with target “) and projectile ‘) fragmentation at the CERN heavy-ion beam. They 

are in essential agreement with the theoretical calculations 3,4). In order to obtain 

an accurate overview we can assume that the giant dipole resonance exhausts the 

Thomas-Reiche-Kuhn sum rule and is located at EGDR = 80A-“3 MeV, where A is 

the mass number. The total cross section for symmetric systems is “) 

crobn=3.42$$ln yr(pb). (2.2) 

The corresponding numbers for the typical examples are collected table 1. The 

one-photon exchange process with the logarithmic rise with yP is the dominant 

effect. Multiphoton exchange processes, like the excitation of multiphonon giant 

dipole modes “) or surface vibrations coupled to giant resonance states ‘) will lead 

to a constant value for yP+ co (<l b). Therefore, as compared to the first-order 

process, they are not so important for the present considerations of beam loss. 

There are also sizeable contributions due to electromagnetic excitation in the 

region of nucleon (especially A) resonances. In ref. ‘) the experimentally known 

yN (nucleon) total cross sections was folded with the equivalent photon spectrum. 

In order to take shadowing into account lo), one can multiply the elementary yN 

cross section by A” with (Y = 0.6. After that one obtains a simple scaling law (see 

eq. (3.3.3) of ref. ‘)) given by 

oprod(Ey < 2 GeV) = 10P2A”Z2 In (&y,,) (mb) , (2.3) 

where the factor $ in the logarithm comes from the factor hey,/ hwR, which appears 

in the equivalent photon spectrum for yP+ 1, where R is the sum of the nuclear 

radii. For hw > 140 MeV (threshold for rr-production) the first and largest peak 

occurs at ho - 300 MeV, corresponding to the A-excitation. Taking hw at this peak 

the factor &y, in (2.3) is obtained. With this law we obtain the numbers collected 

in table 1. Although smaller than the values found or GDR excitation they are a 

non-negligible source of beam loss. It is worth mentioning that experiments with 

60 and 200 GeV/A heavy-ion beams at CERN 7,‘1) have verified this contribution 

(“electromagnetic spallation”) and the formula above may be considered as a safe 

prediction of (electromagnetic) hadron production in RHI collisions. 

Some ambiguities will remain in the theoretical predictions of the contributions 

from equivalent photon energies above the nucleon resonance region, i.e., for 

E, > 2 GeV. At least, this is the case for the LHC energies, which correspond to 

yp= 3.6~ 107. This leads to equivalent photon energies up to Eyax = y,hc/R = 

500 TeV, which is a hitherto experimentally unexplored (yN) energy region. If we 

assume a constant value of urN = 100 yb, we find 

gprod( E, > 2 GeV) = 0.46A”Z’ ln2(~E~““) ((*b) (2.4) 

with Eyax given in GeV. Using this formula we obtain the numbers given in 

table 1 (for RHIC, ETax = 300 GeV). However, it must be borne in mind that this 
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TABLE 1 

Cross section for electromagnetic processes in RHI colliders (in barns) 

System GDR 

Nucleon E,.>2GeV e+e- z+z+ 
resonance region, (assuming pairs (Z+e-) 

E,<2GeV CT = const = 100 ub) (free) +e++Z 

u+u 100 17 2.6 77 000 80 
RHIC 

Sr+Sr 8.3 3.2 0.24 13 000 2 

LHC 
La+La 34 9.5 0.33 67 000 19.3 

LHC 
Pb+Pb 118 25 19 290 000 106 

LHC 

Except for the production of free e+e- pairs, the values refer to one nucleus. At RHIC, y = 100, and 

at LHC, y = 4000, is assumed. 

extrapolation of an energy-independent total yN cross section is quite uncertain. 

For 2 GeV up to about 200 GeV (the highest measured energy “)) the cross section 

can be approximated by cry= 100 u.b for our present purposes, so that the values 

given in table 1 for the RHIC case are probably a good estimate. On the other hand, 

one could use this extremely hard part of the equivalent photon spectrum in order 

to measure yN cross sections in this hitherto unaccessible energy range. 

3. Lepton pair production and luminosity loss 

Lepton pair production in RHI collisions due to the yy mechanism is copious 

and has been studied by many authors - 1p’3s’4). This mechanism dominates over the 

bremsstrahlung pair-production mechanism due to the large mass of the ions 15*16). 

The cross section for lepton pair production in RHI colliders is given by 

where rf = e’/ms with mc equal to the lepton mass (8= e, p or 7). This formula 16) 

is a good approximation for e+e- production if y,,* 1. It also describes well pcL+pL- 

and T+T- production if rp%=20 and ypS 300, respectively i4). Both conditions are 

satisfied at RHIC, as well as at LHC. Cross sections for the production of free e+e- 

pairs is huge, as seen in table 1. From (3.1) one sees that the production of free 

~+,u- (or T+T-) pairs can be obtained by scaling with the mass factor (m,/mf)2 
(l= p or 7). For example, the pfp- pair production cross section in Pb-Pb collisions 

with y,, = 3.6 x lo7 is found to be 6.9 barns. 

A direct source of beam loss will be the capture process 3X’4) 

Z+Z-,(Z+e-),,,,...+e++Z (3.2) 
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which changes the charge state of the ions. For Za Q 1, the cross sections for this 

process were first calculated in ref. ‘) and is given by 

a,+,- = 12.6Z8a6rz 
1 

e27rZa _ 1 In (~J15.5) , (3.3) 

where capture in all atomic shells are included. The capture is mainly proceeded 

into the K-shell. Capture into other orbits contributes about 20% to the cross section. 

The formula (3.3) is obtained using lepton wave functions which are valid for 

ZLY Q 1. Thus, for very precise values for the high-Z cases, the use of more accurate 

lepton wave functions will become necessary “). 

The loss of particles dN/dt in the ring per unit time is given by 

+;= -kLa, (3.4) 

where k is the number of intersections, L the luminosity and m the total cross section 

for loss processes. Let us take the number from the CERN plans as an example. 

We assume “*Pb + 208Pb, L = 1O28 cmp2 s-l, and k =3, with a total capture cross 

section of 100 b (from the numbers given in table 1 we would surely underestimate 

the total loss cross section somewhat). We obtain dN/dt = -3 x lo6 s-l. The decay 

rate of the beam intensity is given by 

1 dN kLu 
A=-Ndt=nb, (3.5) 

where b is the number of bunches and n is the number of particles per bunch 

(N = nb). The luminosity is proportional to the square of the number of particles, 

and therefore the luminosity decays like 

L = Lee-2A’ , (3.6) 

where Lo is the luminosity for t = 0. With the numbers for the CERN plans, 

n = 1.6 x lo’, b = 643, one obtains a luminosity decay constant of 2h = (4h))‘. This 

is a strong limitation when one wants to run the beam for a period of 10 h2), only 

intrabeam scattering seems to pose more stringent limits on beam lifetime ‘). 

The cross section for relativistic Coulomb fragmentation is somewhat larger than 

that of atomic capture. They also pose stringent beam losses. For the CERN plans 

the decay constant for Coulomb fragmentation is of the same order of the contribu- 

tion due to e- capture. This gives a total decay constant of 2A = (2/r)‘. 

Although the production of free e+e- pairs does not lead to a direct loss of 

particles from the beam, a careful investigation of the effects of the energy loss on 

the beam behaviour is necessary. The basic quantity which one has to know is the 

differential energy loss spectrum (and the moments associated with it). The transverse 

momenta are very small in these peripheral processes, so we only deal here with 

the longitudinal components. 
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The differential energy loss spectrum da/do, can be obtained quite simply and 

accurately by the following method (see fig. 1). Nucleus 1, travelling in the +z- 

direction emits an equivalent photon of energy w1 (in the collider or lab system). 

This corresponds to the energy loss of ion 1. The equivalent photon interacts with 

nucleus 2 giving rise to e’e- production. Using the Bethe-Heitler cross section (for 

an unscreened nucleus) and the equivalent photon spectrum relevant for pair- 

production we obtain 

(3.7a) 

The photon frequency CO,,,, as viewed from the system of nucleus 2 is given by 

01 
%‘. 

=---~2yliJ,. 
y(l - ?I) 

(3.7b) 

The Bethe-Heitler cross section (for an unscreened nucleus, as is appropriate in 

the case of a collider) is given by Is) 

*yz+e+e-Z =TZ2arf In 
2%sl. 

[C > 
- -%-f(Z) ) me 1 

where 

“f(Z) = WY E, n(n*;z2a2). 

(3.7c) 

(3.7d) 

The differential cross section becomes 

~=~(Z2crr~)‘{ln2y-ln’(~) +ln (z)[ln4-$$?-f(Z)]}. (3.8) 

The average energy loss is found to be 

(W(T),+,- = 2 
I 

ym dw 02 
2m 

=~(Z2arJ2m,y{21n y+ln4-g-f(Z)}. (3.9) 

Z1 J 
z-axis 

_-____--__* 

w Cm. 

Y Y* -P 

Fig. 1. Two heavy ions collide in the collider lab system. Ion 1 emits an equivalent (virtual) photon of 

energy ol, this leads to an energy loss of o1 of the ion 1 (in the lab system). This photon interacts with 
ion 2 and produces the e+e- pair in the Bethe-Heitler process. 
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The factor 2 in the definition of eq. (3.9) arises because an energy loss happens to 

both nuclei. In addition, it is of interest to know the second moment for beam 

stability considerations ‘) 

(~‘a)~+~- = 2 
I 

ym dw w2g 
2m 

=~(Z2nrJ2m~Y2{21n Y-ln4+%+f(Z)}. 

In a collider with k crossing points the energy loss per unit time is 

= kL(cou)e+.e- . 
e+e- 

(3.10) 

(3.11) 

For the CERN collider with k = 3, y = 4000, L = lo’* cme2 s-l and for 208Pb beams, 

one finds dE/dt = 7.6 x 10” MeV/s = 1.3 x 10e2 W. 

We can also calculate the energy loss due to bremsstrahlung using eq. (3.7a) and 

the classical Thomson cross section 

uyz * yz (3.12) 

which is a good approximation for the scattering of the equivalent photons by a 

point like nucleus with charge Z and mass Am,, where mN is the nucleon mass. 

When folded with the equivalent photon numbers, one obtains 

(3.13) 

where AN = l/ mN is the nucleon Compton wavelength, and R is the sum of the two 

nuclear radii. The energy loss by bremsstrahlung will be 

bdbrem. = 
da 

dw w-+6a3&51n 

dw Y 
(3.14) 

where wb is the maximum energy for which the Thomson cross section is still a 

reasonable approximation for elastic y-nucleus scattering. We take wb = 10 MeV, 

where deviations due to the excitation of giant resonances come into play. The 

upper limit of the integral in (3.14) comes from the use of the relation (3.7b). 

For the collider plans at CERN, with the same parameters as in the examples 

above, we find that (Wg),+,-/(W(T)b,_,. = 4 x 107. Therefore, one sees that bremsstrah- 

lung provides negligible energy loss to the collider as compared to pair production. 

Also, bremsstrahlung production of e+e- pairs, being a higher order process (it is 

the decay of a “virtual” bremsstrahlung photon into an efe- pair), is negligible 

compared to direct pair production. This is essentially due to the large mass of the 
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ions which causes only a very small acceleration of them by means of their Coulomb 

repulsion. 

To conclude this section, we calculate in a similar way the energy loss of 

high-energy (heavy) ions of charge 2, passing through a medium of density p and 

charge Z,. This is relevant for the stopping power of cosmic rays. In this case, we 

can assume complete target screening. The energy loss per unit length due to efe- 

pair creation is found to be 

g= -E r$r,p(Z,Z,cY)2y{ln (183/Z”3) -A-f(Z, Z,)} , (3.15) 

where p is the number of target nuclei per unit volume, and T(Z,, 2,) = 

[Z,f(Z,) + Z,f(Z,)]/(Z, + Z,) is a correction function which accounts for the elastic 

scattering of the electron and positron in the Coulomb field of both nuclei after 

they are created (see sect. 7.3 of ref. ‘)). Being linear in 7, this mechanism will, for 

high enough energies, exceed the stopping power due to the atomic ionization, given 

by the Bethe-Bloch formula 18) 

dE 

( > dx, 
= 47rr&pZ:{ln ) (2m,y2/I) - 1)) (3.16) 

where I = 16/Z:” eV. 

In fig. 2 we show the ratio between stopping power, dE,,, of cosmic rays by 

means of e+e- production and the stopping power, dE,, by means of atomic 

ionization for (naked) Fe nuclei penetrating several targets. One sees that for large 

Fig. 2. The ratio dE,,/dE, between the energy loss by pair production and that one arising from atomic 

ionization is shown as a function of 7, for various values of the charge Z, of the medium. As a projectile, 

we take a Fe nucleus (2, = 26). 
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-y, e+e- production is by far the dominant mechanism for the energy loss of heavy-ion 

cosmic rays. 

4. yy physics with relativistic heavy ions 

The appropriate tool to study yy physics is e+e- colliders 19). Essentially due to 

the enhancement factor of about Z4(c108) in the 2 y cross section 20), interesting 

possibilities open up for peripheral ultra-relativistic heavy-ion colliders. Strong 

background problems will certainly have to be overcome in an experimental realiza- 

tion of such a programme. If one could selectively trigger on peripheral processes, 

where “the ions come in as they come out”, the background may be strongly reduced. 

It is the purpose of this section to illustrate the possibilities for yy physics at 

ultra-relativistic heavy-ion colliders. 

Recently, the invariant mass spectrum of lepton pairs produced in peripheral 

relativistic heavy-ion collisions was calculated by Alexander et al. 21). Using the 

formulations of ref. 20) the cross section is given by 

withh=c=l,andwherea ,,r+C+e- is the cross section for lepton pair creation (see 

e.g. ref. ‘“)). The invariant mass of the lepton pair is denoted by me/. The length 

parameter m denotes a minimum impact parameter cut-off. For e = e, due to 

the small mass of the electron, one should use the electron Compton wavelength 

l/m, for this parameter 14**‘). Indeed, as a function of the impact parameter b in 

the collision the probability to create a efe- pair is approximately constant up to 

b = l/m,. For larger values of b the probability decreases as l/b* up to a maximum 

impact parameter of order of y/m,. Beyond this value, the probability decreases 

exponentially, this justifies the above approximation for y % 1. Especially for low 

values of 7, this point needs further theoretical study. Inserting the cr’yy_e+e- cross 

section Is) in the above formula we get 

-$=$ (z,z,a)*$ F(Y, Y> , 
e+e e 

where F(y, y) is a universal function given by 

with 

(4.3b) 
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In fig. 3a we show the invariant mass spectrum for e+e- pair production, represen- 

ted by the function F, for y = 100 and y = 4000 plotted against m:+=-/4rnz. Quite 

similar to the more involved numerical studies of Alexander et al. ‘l), we obtain a 

strong peak in the invariant mass spectrum at low energies (for rnz+.=- = 8mz). That 

means that the created electron, or positron, will have on average a kinetic energy 

of about one half of its rest mass. This peak value rises only very slowly with the 

collider energy. It can be quite simply traced to the folding of the yy + e+e- cross 

section with the yy luminosity (see eq. (4.1)). 

In the case of $p”- production the Compton wavelength is smaller than the 

nuclear radii, and one uses m as the lower cut-off parameter. The invariant 

F 
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Fig. 3. (a) The dimensionless function F(y,y) as defined by eq. (4.3a) is shown as a function of 

mz+,-/4mz= (1 -y)-‘. We take y = 100 and y=4000, respectively. The differential cross section 
-I - 

do/dmf+.- is obtained from eq. (4.2). (b) The dimensionless function G(~, ,J, m) is shown for 
R, = R, = 5 fm as a function of rn:ie -/4mi. We take y = 100 and y = 4000, respectlvety. 
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mass spectrum is given by 

da --=2(Z,Z+)2-$ G(y, y,m), 
dm2,+,- 37r IL 

where 

G( Y, Y, m) = F(Y, Y> 
ln3 (r-) 

(4.4a) 

(4.4b) 

In fig. 3b the adimensional function G is displayed of a typical value of R, = Rz = 
5 fm and for y = 100 and 4000. 

Again, the usual shape of the invariant mass spectra, which varies slowly (except 

for the increasing of the height of its peak with increasing y) with y as found in 

ref. *I), is reproduced. 

In principle, the Z4 factor in the cross section presents an enormous advantage 

of ultra-relativistic heavy-ion colliders for yy physics as compared to e+e- machines. 

We restrict ourselves here to presenting some typical numbers in order to illustrate 

the potential of the method. A real assessment, of course, will have to carefully 

consider possible detectors as well as the strong interaction background problem. 

In ref. “) the yy production of C = +l mesons R was directly calculated in terms 

of their yy partial widths T(R-s yy), of their mass mR and spin JR. The cross section 

for their production in relativistic heavy-ion collision is 

rr, = ~(z,z,a)* I‘!Rm:kyy) (23, + 1) ln3 
~rn~~~ * 

(4.5) 

In table 2 we collect the results for some relevant examples, in a collision at 

RHIC with 2 = 92 and y = 100, and at LHC with 2 = 82 and y = 4000. We use 

R. = 1 2 A!‘j fm. I . I 
The mass of the rjb is taken from the theoretical quark model calculations “). 

Note that the mass of nb is very high and the approximation (4.5) does not apply 

for the RHIC energy. In this case one should use the exponential tail of the equivalent 

photon spectrum for a better evaluation 3). 

TABLE 2 

Cross sections for the production of C = +1 mesons at RHIC (with 2 = 92) and at LHC, with 

2=82 

Meson R Mass (MeV) I- (R+ yy) 
RHIC LHC 

Z=92, y=lOO Z=82, y=4000 

135 9eV 

549 1 keV 

958 5 keV 

2981 6.3 keV 

9366 0.41 keV 

12.7 mb 

5.3 mb 

2.3 mb 

5.4 pb 

62 mb 

55 mb 

39 mb 

0.8 mb 

0.9 pb 
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In this context, the suggestion of Papageorgiu 23) and Grabiak et al. 24) of produc- 

ing neutral Higgs particles is especially interesting (see also ref. “)). The partial 

width T(H’+ y-y) as taken from the standard electro-weak model is 26) 

f = _-Zc-_ GFm3,]I]2 ) 

H-yy xJz7r3 (4.6) 

where GF is the Fermi constant and rn,.., is the Higgs mass. I is a factor containing 

contributions from intermediate lepton, quark and gauge boson loops, and is of 

order one (see. e.g. ref. ““)). Then, the cross section for Higgs boson production by 

means of the two-photon mechanism in RHI collisions has the form 

(4.7) 

For the LHC, in 208Pb+ *“Pb collisions, and using a Higgs mass of 50 GeV and 

taking 1 - 1, we find a cross section of about 0.23 nb. The two-gluon mechanism 

gg + Ho has about the same cross section in proton collisions at 40 TeV c.m. energy, 

but is accompanied with a myriad of other particles which are produced in hadronic 

scattering. In RHI colliders, on the other hand, a suitable choice of experimental 

set-ups, selecting low-multiplicity events and small transverse momenta, maybe a 

more favourable method to detect the Higgs boson. 

The advantage over pp colliders (like SSC) may be especially true for rather low 

values of t‘ne Higgs boson mass. This is due to the rapid decrease of the yy luminosity 

with increasing invariant mass. 

Even the investigation of continuum final states could be envisaged. Using the 

equivalent photon method, it is also quite straightforward to obtain differential cross 

sections, as shown above in the Higgs boson example. 

Another interesting process which could be studied is y+ y+ y+ 7, the elastic 

scattering of light on light (see e.g. ref. ‘“)). Its cross section involves an additional 

factor of cr* as compared to the pair production, it is, therefore, rather small and 

it has never been possible to study it directly. On the other hand, the elastic scattering 

of y’s in the Coulomb field of nuclei has been experimentally investigated (Delbriick 

scattering). It is also a good possibility to study elastic scattering of two photons 

with RHI collisions by means of the process 2, + 2, + 2, + Z2 + y + y. In ref. 20) it 

was shown that the total cross section for this process in RHI collisions is entirely 

dominated by high-energy photons with w B rn,. The cross section was found to 

be 20) (correcting a printing error in that reference) 

cZ,Z2+Z*Z*YY = 2.54(Z,Z2ar2)2rz[ln3 &-$ ln2 e-t; In &--$j, (4.8) 

where ,$ = y/ m,m. For the LHC with U + U beams, one finds a cross section 

of 51 b. This rather large effect (although orders of magnitude smaller than the e+e- 

production) might be used as an alternative to the experimental study of yy elastic 

scattering, or may be viewed as an unwanted “background”. In summary, due to 
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the suppression of the bremsstrahlung mechanism, as compared to the e+e- col- 

lisions, the heavy ions may be an advantage to study yy processes, however, 

background problems are certainly severe and must be studied more carefully in 

the future. 

5. Conclusion 

It has become clear in the course of this investigation, that electromagnetic effects 

in peripheral collisions at RHI colliders are a serious beam loss mechanism, as well 

as a potential tool for new physics. The main loss mechanisms are giant dipole 

resonance excitations and pair production with atomically bound electrons. Our 

calculations involve rather well established concepts in QED and nuclear physics, 

and therefore our predictions can be considered as safe. Especially at LHC condi- 

tions, the contributions of the extremely hard component of the equivalent photon 

spectrum can only be estimated at present. They are expected to be sizeable, although 

not larger than giant dipole resonance contributions. On the other hand, such 

collisions could be used to investigate y-nucleus cross sections in the energy range 

up to several 100 TeV. 

Especially striking is the production of e+e- pairs (to a lesser extent also pucpu- 

and ~~7~ pairs). Is this unwanted, or could these particles be useful for some other 

purpose? (cf. the somehow analogous situation of synchrotron radiation in electron 

rings). 

The possibility to use RHI collisions for yy physics has to be studied more 

carefully in the future. Apart from theoretical predictions it will be necessary to 

investigate the needs for detectors specific to the low multiplicity in these peripheral 

collisions, as well as the influence of the strong background from the central nucleon 

collisions. 

One of the authors (G.B.) is very grateful to Drs. D. Brandt and A. Sandoval for 

very illuminating discussions on relativistic heavy-ion colliders, as well as for their 

encouragement. 
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