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Ultraperipheral Collisions J,

UPC: nuclei do not touch each other
— only electromagnetic interaction between the ions

W recent reviews

| v A.J. Baltz et al. Physics Reports 458(2008)1
C.A. Bertulani, S.R. Klein, J.Nystrand, Ann. Rev.
| Nucl. Part. Sci. 55(2005) 271

b G.Baur, K.Hencken, D. Trautmann, S.Sadovsky,
Y. Kharlov, Phys. Rep. 364(2002)359

Ze

' N/
Vo
Observer

Characteristics of the electromagnetic pulse
Strong electromagnetic field: E,,q,; ~ %~

short time: Tooqision ~ % b> Ryin

2 .
momentum transfer Ap ~ eEyazTeonision ~ 4% independent of ~
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Huge cross sections )

for soft processes: both useful and a nuisance
excitation of giant dipole resonance (GDR)

et e -pair production:

free pairs: huge, several kb

bound-free pairs: large ~ 100b

the mechanism to produce fast antihydrogen atoms: C.T. Munger, S.J. Brodsky, I.Schmidt, Phys.
Rev. D49(1994) 3228; observed at CERN/LEAR (W.Oelert et al. 1996) and Fermilab (1998)

— beam loss, local beam pipe heating with danger of quenching of LHC magnets (Spencer Klein)
bound-free pairs measured at RHIC: R.Bruce et al. Phys. Rev. Lett. 99(2007)144801

(Physics News Update October 2007:'The vacuum strikes back’)

— GDR excitation, followed by neutron emission: signal in Zero
Degree Calorimeter: trigger on interesting UPC processes
luminosity monitor, at RHIC: M.Chiu et al. PRL 89(2002)012302
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Method of equivalent photons J,

taken from Sebastian White,
Erice 2001, Hot Topics in UPC

one-photon Process

Fermi(1924), Weizsacker-Williams % .
.. 107 LHC
factorization:o = [ “n(w)o,(w)
37 \\
soft spec;rum = | eRHIC*6000
n(w) ~ Z*log mem %OZ

Rin IS the major uncertainty

: : : . : 0 v RHIC
Typical maximum equivalent photon energies( in :

the collider frame!)

fOl' RHIC(’Y — 100)_> Wmax — 3G€V 1 [ \ o
10° 10° 10 10 10°
for LHC (v = 3400)— wmaz = 100GeV <M @v>

now: w im orbiterframe n(w) = wdN/dw
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strong fields, for a short time J,

perturbative treatment

2
Coulomb parameter n = £ ~ 222 ~ > 1 — exchange of

many (O(n)) photons in elastic collisions

high photon flux (up to very high energy ~ %)

For n >> 1 the ion motion can be treated classically:

straight line, with impact parameter b

The ion creates a time-dependent (external) field A, (b,?)
time-dependent interaction V(t) ~ A, - 7,

Ju --- currents for various (independent) processes, e.g. nuclear
GDR excitation, vector meson production, eTe™ pair production

some simple scaling results, see below
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exchange of many photons

o/,

Y

In a single fast collision: a, -
many inelastic photon ex-
changes occur in one collision:
G.Baur, K.Hencken, A. Aste, D.Trautmann und
S.R.Klein NPA729(2003)787

matrix-element < f|e?X(®) | > GDR GDR

with x(b) = XGDR + Xet+e— + Xp + -
Factorization:

probability P(b) =[], Fi(b) o°

where 1 denotes a specific

Inelastic channel

Many graphs are summed up Iin GDR
the semiclassical
(or eikonal) method

Y
Y

Y
Y

collision

o’ produc-

tion and GDR excitation in a single
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Vector meson photoproduction J,
low-x QCD studies

- Interference and transverse momentum
distribution of vector mesons /
S.R. Klein and J.Nystrand PRL
84(2000)2330;

A.J. Baltz, S.R. Klein, J.Nystrand, PRL
89(2002)012301;

K.Hencken, G.Baur and D.Trautmann PRL
96(2006)012303

N/

. experimental results for p° production from
STAR: C.Adler et al. PRL 89(2002)272302,
B.l. Abelev et al. PRC77(2008)034910

- J/W production at PHENIX

exchange of quasireal photon
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transverse momentum 0

distribution of vector mesons

Kinematics:

p+k—p +k +ovforreaction A+ A — A® + A 1V with or
without excitation of giant dipole resonance A*

'direct’ process ‘'exchange’ process
p P p P
Q A
\' \'
A Q
Kk Kk
K’ K’

factorization of semiclassical excitation amplitudes:
ari(b) = a1(b)az(b)ay (b,v1,Y) (@ = ZreY)

P;(b) = |a;(b)|* GDR excitation of ion i: P;(b) = S /b

with S = 5.4 x 107523 NA—2/3 fm?2 (TRK-sum rule, Eqgpr = 80A~1/3MeV)
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transverse momentum 0

distribution of o’ meson production
electromagnetic current (simple model)
JHA — A+V,Q) = el, Fo(Y)exp(—A%R3,)
A=7-0
amplitude for vector meson excitation:
ay (b,v7,Y) =
= [d*QAL (6, Q) - Ju(Q)
. e—iQ]_.Ee—R%/(vl—Ql)Q

= ZeFy [ d? )| e _
0[d*Q.1Q, -ev QT (=2

perpendicular momentum of photon (depends on impact parameter b) is taken into account (small

effect, however)

Interference: photon can either come from ion 1 or ion 2:
1 — - — - N — — -
ap*® (b, v1,Y) = ay(b,71,Y) + exp(—iv] - b)ay (—b,v1,Y)

P(b) = |at¢tal|2 ~ N(w,b)o~ +interference term

Z2a
b2

b-dependent equivalent photon number: N (w,b) ~
note that b > b,,,in

for0<w<%

Qe t@LD

N(w,b) ~ | [ d? |2
(w, b) |f QL Qi+(%)2 |
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numerical results

p-production, Y=0, RHIC, Au-Au

with interference
Incoherent addition
(an approximation)

tagging tends to emphasize small impact param-

eters

single tagged |

N

~

50 100
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)]

2
'~
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H'-\
o N

d?old?ve dY [ubi(
O N DM OO @

o

50 100
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~_
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100
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transverse momentum 0

J/¥ meson production, Y=0,LHC, Pb-Pb
9 . .
140 ; ; 81 single tagged
S120 untagged 71
S100 | 6|
% 80 .:' ““ 5}
> 600 O\ 41
T 40 3|
S 20 \ 2t \
o} S~ 1t
NS 0 N = ~—
0 50 100 0 '
v [MeVic] 0 50 100
vp [MeV/c]
2.5 - -
ol double tagged | o
with interference
1571 ' incoherent addition
1t : (an approximation)
05| - tagging tends to emphasize small impact param-
O i M —
0 50 100 eters

v [MeV/c]
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Lepton (electron) pair production J,

W+ Zy —eTe” + 71+ 2y

lowest order: 2-photon mecha- >
nism: Z4
Serbo et al.:

probability P(b) ~ ZlZ:lf;Q) X

D

X In vy (1 < meb <)

X (Iny)? (¢ < meb < 4?)

Zo

N

> P

(bremsstrahlung- mechanism Lowest order contribution
amplitude ~ Z2 Zse? is suppressed)
review: G.Baur, K.Hencken and D.Trautmann Physics Reports 457(2007)1
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higher order effects J,

. ‘Bethe-Maximon’ type of corrections (cf. v+ 7 — ete™ + 2

287° 2w 109 :
OBethe—Heitler—Maximon = 92 (ln me. 42 f(ZO‘)) with

f(Za) = v + Re¥Y (1 + iZa)

. Bound-free pair
production:Z, + Zs — (Z1 + € )K.L...—shell + Z2 + €
bound state wave function contains the higher order effects
limit of Pb-Pb luminosity at LHC

- I+ Zy —nlete) — +21 + Zo
multiple pairs n > 1
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Bound-free pair production

A (Zl -+ 6_)nlj +et + /9
approximate scaling: o
Z%Zf%glogv

H.Meier et al. Phys. Rev.
A63(2001)032713

argument for scaling: [ ~ O(m.)
relative momentum of bound
state wave function k.. ~
O(Ziamy)

loop integration...— ¥(0) oc Z3/2
and deviations from scaling:
for heavy nuclel Z;a Isnhot <<
1,

s-wave character of p;,, -Dirac
wave function
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Numerical Results

o/Z" (barn)

107
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Classes of diagrams )

T

>
G =

Born approximation o o (In~)? (Landau, Lifshitz)

S
S S o8
C T C )
2 ﬁ 2 > Bethe-Maximon type of

corrections, o o (Invy)?

S 3
2 32 genuine type for heavy ions : small for Iny >> 1
(Ivanov, Serbo, Schiller,1999);difficult problem




Multiple pair production J,

A strong field effect
An early observation (c.ABertulani and G.Baur Phys. Rep. 163(1988)299):

lowest order pair production amplitude P (b) exceeds unitarity
limit

4.5

4 E
35
3}
2.5 F

PY(p)

2|
15
1}k

05

0 N N P N N MR BT
10t 107 10°

(from K.Hencken, D.Trautmann, and G.Baur Phys. Rev. A51(1995)1874)
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emission of multiple pairs J,

In a single collision: G.Baur Phys. Rev. A42(1990)5736
Poisson distribution P, (b) = (P:;))n exp (—P)

P1(b): lowest order pair production probability, can be > 1.

o i | H | cf. infrared catas-

% % % trophe:
) % g % Z emission of many

| | higher order cor- Soft photons,
3-pair-production  yection to one-pair-
production
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STAR @ RHIC J,

Production of eTe~pairs accom- %
panied by nuclear dissociation S
in ultraperipheral heavy ion col- L
lisions | §
J.Adams et al. Phys. Rev. C70(2004) 031902(R) _—
e <@A% : pT > 65 MeV/c, pseudorapid-
| ity |n| = | — logtan6/2| < 1.15
neutrons from GDR decay: neutrons in ZDC(Zero Degree
UpC Calorimeter)

cross section for eTe™ pair production and giant dipole
resonance excitation in both nuclei

d’ _ 00 2 d°P(b)
d3p+££),p_ o 27T fbmzn bdbPGDR(b) d3p+d3p_
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STAR @RHIC J,

comparison of experiment to
theory
EPA: equivalent photon approx-

Imation T
QED: lowest order (=two- %L

photon pair production)

K.Hencken, G.Baur and D.Trautmann, Phys. Rev. I
C69(2004)054902

EPA favours ¢; .92, ~ 0 — p, 1s small in EPA
QED favours in addition: p? , ~ m2: 'equivalent electron
approximation’: intermediate electron almost 'on-shell’

electron pair with large p |
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results from STAR/RHIC J,

comparison of QED and EPA calculations to experiment

- 7 SEPS Callcullation @) g 0 i: 7 EPA Calculation (D)
Z S ; i
2 “2 another analysis by A.J. Baltz Phys. Reuv.

Lett. 100(2008)062302 : inclusion of higher order
electromagnetic effects : consistent with data
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Conclusion ’J

- the power of coherence

- high flux of quasireal photons up to unprecedented energies

- photon-nucleus collisions at very high energies:

. coherent vector meson production, transverse momentum
distribution depends on interference effect

. strong field effects: multiphoton exchange, can be treated
perturbatively
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