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• Introduction to ultraperipheral collisions

• Fields and quanta, equivalent photons 

• Vector Meson Production 

• High Energy Colliders (RHIC, Tevatron, LHC) 

• High Energy Experiments at RHIC 

• Experimental Results on UPC from RHIC 

• Experimental Results on UPC from CDF/Tevatron

• Interference in Vector Meson production, new results 
from STAR 

• Outlook to LHC (ALICE Experiment) 
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Experiments at RHIC

STAR
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The STAR Detector
Main detector: Time Projection Chamber (TPC),

4m long, 4m diameter, |h|<1.5
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A typical experiment at a high-energy collider
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The STAR Detector
Main detector: Time Projection Chamber (TPC),

4m long, 4m diameter, |h|<1.5

Other components:
* Forward TPCs
* Electromagnetic      

Calorimeter 
* Zero-Degree 
Calorimeters
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The PHENIX Detector
Two central tracking arms: 
|h|<0.35, 2́Dj =90°

Drift Chambers,
MWPCs, 
RICH, 
ToF, EmCal 

Two muon arms: 
1.2<|h|<2.3, 
Tracking: 
Cathode Strip 
Chambers, 
MuId:
Streamer tubes 
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The BRAHMS Detector
2 Movable Spectrometer 
arms (TPCs for tracking). 
Particle Id for |h|<3.  

The PHOBOS Detector
Charged Particle Tracking 
(Si Pad detectors) for 
|h|<5.5, but Particle Id only 
near mid-rapidity. 
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Ultra-Peripheral Collisions at RHIC
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Two UPC trigger classes: 
1) Topology trigger: Based on hits in Central Trigger
Barrel, with a “topology” cut to remove cosmic rays. 
2) Min. Bias trigger: At least one neutron in each ZDC 
(Coulomb break-up). Low mult. in Central Trigger 
Barrel.  

Ultra-Peripheral Collisions in STAR
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Ultra-Peripheral Collisions in STAR
Compare central and ultra-peripheral collision

2 tracks                              > 1,000 tracks 
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Ultra-Peripheral Collisions in STAR at RHIC

background, 
like-sign pairs

Signal+background, 
unlike-sign pairs

Run 1 ÖsNN = 130 GeV –
Identification of coherent r 0.

STAR 
Preliminary

Run 4 ÖsNN = 200 GeV –
Measurement of  coherent  and 
incoherent r 0.
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The total cross section is huge, 32 kb at RHIC!

The observed cross section is a factor 5 ·10-8 lower! 
� � ! �� 3 emission angle q~1/g»1/100 � in beam-pipe.

Results in agreement 
with QED/equivalent 
photon calculations. 

Low mass pairs, 
140£ mINV £265 MeV

The photon virtuality 
important to describe the 
yield at low pT. 
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STAR Results on Au+Au ® Au*+Au*+e+e-
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Interference in r 0 Production 

p
p

p
p

r r
b

The production amplitudes will 
interfer (at y=0 |A1|=|A2|), 
|A1+A2|2 = 2 |A1|2 [1 - cos(p·b)]

The interference is destructive 
because of the (–) parity of the 
photon.   

Fit the observed t distribution (with 
t=pT

2) to a function

Transverse plane

[ ]( )1)t(RC1Ae
dt
dN kt -+= -

C = 0 « no interference
C = 1 « interference 

See S.R. Klein, J. Nystrand PRL 
84(2000)2330; PLA 308(2003)323.



Seminar at the Interface of Particle, Nuclear and Atomic Physics Joakim Nystrand, University of Bergen   15

Ultra-Peripheral Collisions in PHENIX

The goal was to search for the process g+Au ® J/Y+Au in reactions 
Au+Au ® Au + Au + e+e- . There was also a contribution from 
g+g®e+e- .  

The electrons were identified in the central tracking arm (|h| £ 0.35, 
Dj = 2́ 90°). 

D. d’Enterria, Quark Matter 2005, nucl-ex/0601001; D. Silvermyr, Workshop on 
Photoproduction at Collider Energies: ECT* Trento, 15 – 19 January, 2007, http://www.ect.it/. 
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Example II: Exclusive Production of di-lepton 
pairs

A+A ® A+A + e+e- / m+m- or 
p+p® p+p + e+e- / m+m- (the nuclei/protons remain intact).

A strong contribution from exclusively produced vector 
mesons (g+Pomeron), followed by V ® e+e- / m+m- . 

Reaction Colliding system
g+g ® e+e- / m+m- ee, ep, pp/AA
g+Pomeron ® V ® e+e- / m+m- ep, pp/AA 
Odderon+Pomeron ® V ® e+e- / m+m- pp/AA 

� If the g+gand g+Pomeron contributions are well understood, pp 
(and AA) interactions can be used to search for the Odderon. 
[A. Schäfer, L. Mankiewicz, O. Nachtmann, Phys. Lett. B 272 (1991) 419 and 
A. Bzdak, L. Motyka, L. Szymanowski, J.-R. Cudell hep-ph/0702134]
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Ultra-Peripheral Collisions in PHENIX

beam-beam 
counters 

(BBC)

zero-degree 
calorimeter 
(ZDC)

beam pipe
electromagnetic 
calorimeter (EMCal)

Drift Chamber, Pad 
Chamber, RICH,..

Central
Arm

Muon
Arm

PHENIX (bird’s eye view)

Level 1 Ultra-Peripheral Trigger: 
Veto on coincident BBC |h| ~ 3 – 4, Neutron(s) in at least on ZDC 
(E > 30 GeV), Large Energy  (E > 0.8 GeV) cluster in EmCal.  
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Ultra-Peripheral Collisions in PHENIX

dN/dminv (backgd subtracted) & with
2 fits of expected e+e- continuum shape 
(normalized at mee= 1.8 – 2.2 GeV/c2)

dN/dminv after e+e- continuum
subtraction

NJ/� = 10 ± 3 (stat)
± 3 (syst) 

D. d’Enterria, Quark Matter 2005, nucl-ex/0601001; D. Silvermyr, Workshop on 
Photoproduction at Collider Energies: ECT* Trento, 15 – 19 January, 2007, http://www.ect.it/. 
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d� J/� /dy|y=0 = 1/BR × 1/(Acc| y=0.·� ) × 1/� trig × 1/Lint × NJ/� /� y =  

= 1/(5.9%)×1/(5.7%·56.4%)×1/(90%)×1/120 � b-1×(10 ± 3± 3) =

= 48. ± 16. (stat) ± 18. (syst) � b

Preliminary J/Y cross section 

[10] Starlight: S.R. Klein, J.Nystrand PRC 60(1999)014903, NPA 752(2005)470.
[11] M. Strikman, M. Tverskoy, M. Zhalov, PLB 626(2005)72. 
[12] V. P. Goncalves and M. V. T. Machado,arXiv:0706.2810 (2007).
[13] Yu. P. Ivanov, B. Z. Kopeliovich and I. Schmidt, arXiv:0706.1532 (2007).

� Measured J/� yield at y=0 
consistent w/ theoret. calcs. [1,2]

� Syst. uncertainty: coherent e+e-

continuum under J/�
(work in progress).

� Reduction of stat. errors need         
larger luminosity.

� Current uncertainties preclude
yet detailed study of crucial                
model ingredients:

GA(x,Q2), s(J/� absorption).
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Can RHIC be used to test QED?
(Workshop held at BNL in 1990)

In the planning stages of RHIC a workshop was held at Brookhaven
on the topic ‘‘Can RHIC be used to test QED?’’[25]. A recent 
review article, ‘‘Electron-positron pair production in 
ultrarelativistic heavy-ion collisions’’ concluded, ‘‘We think that 
after about 17 years the answer to this question is ‘no’’’ [26]. The 
present results indicate that the answer may turn out to be ‘‘yes.’’
[25] M. Fatyga, M. Rhoades-Brown, and M. Tannenbaum, Brookhaven National 
Laboratory Report, BNL 52247 (1990).
[26] Gerhard Baur, Kai Hencken, and Dirk Trautmann, Phys.Rep. 453, 1 (2007).

Measurement of gg®e+e– by STAR in the range 140<minv<265 MeV

Recent paper by A.J. Baltz, PRL 100(2008)062302: 
Cross sections for e+e– within STAR acceptance
Leading order QED calc. s = 2.34 mb
Higher order QED calc. s = 1.67 mb
STAR result: s = 1.65 ± 0.23 (stat) ± 0.30 (syst) mb
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Ultra-Peripheral Collisions at the Tevatron
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Ultra-Peripheral Collisions in CDF

Exclusive production of e+e- and m+m– pairs.   
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”Ultra-peripheral” Collisions at the Tevatron
Three possible contributions to the process p+p® p+p+m+m- : 

Note: no feed down from cc to Y ’.
A contribution from Odderon+Pomeron also possible.
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”Ultra-peripheral” Collisions at the Tevatron
Calculations for the first two (ggand gP):  

s(pp® pp+J/Y(1S)): 19.6 nb s×Br(mm):  1.16 nb
s(pp® pp+Y ’(2S)): 3.2 nb s×Br(mm):  23 pb
s(pp® pp+mm):   2.4 nb (minv > 1.5 GeV/c2)

Applying cuts on the m+m- :
pT > 0.5 GeV/c
|h| < 2.0 �

Yield(Y ’)/Yield(J/Y ) »
1:50 
S.R.Klein, J.Nystrand, PRL 92 
(2004) 142003 (J/Y only).
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”Ultra-peripheral” Collisions at the Tevatron 
Uncertainties and limits on the cross sections

)k(
dk

dn
k)k(

dk

dn
k

dy
d

2Vpp
2

21Vpp
1

1 ®g
g

®g
g s+s=

s

Two ingredients: 
1) The photoproduction cross section, s(gp® Vp) 

� Has been measured at HERA 
� A J/Y within |y| < 0.5 at the Tevatron corresponds to 

60 £ Wgp £ 100 GeV.

2) The photon spectrum, dn/dk, has to be calculated. 
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”Ultra-peripheral” Collisions at the Tevatron 
Measurements at HERA and at lower energies

65.0
0

2

2
p

2
/Jp W

W

)mm(
1)p/Jp( ×s×

�
�

�

�

�
�

�

� +
-=y®gs

g

y
Data well described by
(s0 = 4.1 ± 0.4 nb)

RHIC
Tevatron

LHC

For a J/Y within
|y| £ 0.5
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”Ultra-peripheral” Collisions at the Tevatron 
Measurements at HERA and at lower energies

The region 60 £ Wgp £ 100 GeV well covered by H1 and ZEUS 
measurements. Systematic error in s: 6 – 9%.  
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”Ultra-peripheral” Collisions at the Tevatron 
The photon spectrum

�= 222
2

dQ|)Q(F|
dkdQ

dn
dk
dn

The photon spectrum of a single proton – calculable from the Form
Factor

In a pp collision, to exclude strong interactions, the calculations 
can be done in impact parameter space

� G-= 22
2

db|)b,s(1|
dkdb

dn
dk
dn �

Where G(s,b) is the Fourier transform of the pp elastic scattering 
Amplitude (Frankfurt, Hyde, Strikman, Weiss, Phys. Rev. D 75 
(2007) 054009). This is roughly equivalent to setting a min. impact 
parameter b > 1.4 fm. 
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”Ultra-peripheral” Collisions at the Tevatron 
Uncertainties and limits on the cross sections

Taking into account the error on s(gp® Vp) (9%),  and using the 
photon spectrum calculated from the Form Factor as a conservative  
upper limit gives  

nb6.19)/ppJpp( 7.4
8.1

+
-=y®s

nb2.3)'pppp( 8.0
3.0

+
-=y®s

nb7.2
dy

)0y(d 6.0
2.0

+
-=

=s
J/Y :

nb46.0
dy

)0y(d 11.0
04.0

+
-=

=s
Y’:

Eagerly awaiting the final results from CDF on the measured 
cross sections …
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Ultra-Peripheral Collisions in CDF

They were released ~10 days ago! 
(T.Aaltonen et al. (CDF Collaboration) arXiv:0902.1271)

402 signal events in a nearly background-free sample.
Contributions from J/Y® m +m–, Y ’ ® m+m–, gg® m+m–. 
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pT distributions in agreement with expectations. 

Ultra-Peripheral Collisions in CDF

(T.Aaltonen et al. (CDF Collaboration) arXiv:0902.1271)
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Ultra-Peripheral Collisions in CDF

nb7.2
dy

)0y(d 6.0
2.0

+
-=

=s
nb62.092.3

dy
)0y(d

±=
=s

nb14.053.0
dy

)0y(d
±=

=s
nb46.0

dy
)0y(d 11.0

04.0
+
-=

=s

J/Y :

Y ’:

Comparison of cross sections:  

Theory CDF

nb3.2
dy

)0y(d
<

=s

Sets a limit on the Odderon contribution to the J/Y (95% c.l.):
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nb5.07.2)6.0;0.4m0.3( inv ±=<h££sgg:

Ultra-Peripheral Collisions in CDF

Measurement also of gg®mm

In agreement with the lpair Monte Carlo (QED based). 

CDF has also studied gg®mmwith minv > 10 GeV. 
(A. Abulencia et al. (CDF Collaboration), PRL 98 (2007) 112001)
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ds 	 dn dn
——— =  
 k1 ——— s(gA2® VA2) f 1,2 (pT)    +    k2 ——— s(gA1® VA1) f 2,1 (pT)   db2

dYdPT
2 � dk1 db2 dk2 db2

Photon flux  
 � E(b,t) e ikt dt 
 2

Impact parameter, b, measurable in principle (but not in 
practice)

Integration over b only valid if pT >> 1/b .

� Add amplitudes

ds/dy dpT = � | A1 + A2 |2 db2

)k(
dk

dn
k)k(

dk

dn
k

dy
d

2Vpp
2

21Vpp
1

1 ®g
g

®g
g s+s=

s

which can be expanded to 

�������������	��
��������
����������	���
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(S.Klein, J.Nystrand PRL 84(2000)2330; K. Hencken, 
G. Baur, D.Trautmann PRL 96(2006)012303)

- Amplitude for observing a vector meson with momentum p
at given position, r, and time,t :

A(p,r,t)   =   � A(p,r,t;x,t’) dx dt’ µ � E(x,t’) r (x,t’) dx dt’

- E-field: E(x,t) = –E(–x,t) Anti-symmetric 
Density: r (x,t) = r (–x,t) Symmetric
� Interference destructive for low p.

- Since <b>  >>  R, we can treat the vector mesons as plane waves
A µ exp(ip·x)

emitted from 2 point sources at (x1, x2)

-At mid-rapidity (pz = 0), the contribution from both sources are of equal 
magnitude 

| A1 + A2 |2 = |A1|2 |e i p×(r -x1) – e i p×(r -x2) | 2 = 2 |A1|2 [1 - cos(p·b)]
different phase because of spatial separation between the nuclei, x1 - x2 = b

- Interference when pT < 1/b . 

�������������	��
��������
����������	���
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Quantum mechanical aspects of the interference

-The production is localized to the two nuclei because of the
short range of the nuclear force. 

- ct <<  <b>,   ct ~ 1fm   <b> ~ 40 fm

- The r will have decayed before the amplitudes from the two
sources can overlap. 

- For interference, the wave function of the pions must retain
information about their origin long after the decay.
Example of Einstein-Podolsky-Rosen paradox.

- A two-source interferometer for unstable particles! 

Transverse plane p

p p

r r

b

p
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pT spectrum  with (——) and without (- - - -) interference

Destructive interference for pT << 1/<b>, where <b> determined
by photon spectrum, n(w,b). 

Is it possible to change or measure <b> in another way? 

y = 0
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g

g
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The “target” nucleus is excited by a photon from the EM field of 
the other nucleus and breaks up.

The cross sections are large (Baltz,Chasman,White NIM A417(1998)1)

single dissociation (1 nucleus) :  s = 95 b 
double  dissociation (both nuclei) :  s = 3.7b

Double dissociation responsible for about 1/3 of the total ZDC 
coincidence cross section at RHIC. 
In a grazing collision (b=2R), P(double dissociation) » 35% 
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• The probabilities for exchanging several photons in one 
event factorize (G. Baur, K. Hencken, A. Aste, D. Trautmann, 
S.R. Klein, Nucl. Phys. A729 (2003) 787). 
• r 0 (and other mesons) can be produced in coincidence 
with Coulomb dissociation. 
• Excitation to Giant Dipole Resonance leads to emission 
of neutrons which can be detected in ZDC calorimeters. 
� Useful as trigger

vs.

a)

�������������	���	

��	��	��
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Probability for producing a r in a grazing collision: » 1%

If the Coulomb and r probabilities independent:
P(b=2R) = 0.35 ´ 0.01 = 3.5‰

Total cross section:

s = � PC(b)  PV(b)  2pb db
b>2R

This effectively changes the b dependence of the V.M. 
production from n(w,b) ® n(w,b) ́ PC(b).  

This means for the r : <b> = 46 fm    ® <b> = 18 fm

It also has the effect of making the photon spectrum harder.
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This is equivalent to changing the source separation in a two-slit
interferometer!

The interference pattern should change accordingly.

No interference

No Coulomb

With Coulomb

Note dN/dpT vs.
dN/dpT

2

y = 0 
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Results on interference from the STAR Collaboration, 
B.I. Abelev et al., arXiv:0812.1063. 

¬ With Coulomb break up

¬ Without Coulomb break up

Curves show the expected
shape with interference.
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The spectrum is fitted to a function: 

With interference one would expect c=1 and without 
interference c=0. Results: 

� First experimental observation of interference in ultraperipheral
collisions. A photoproduction measurement unique to hadron colliders.
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ALICE (= A Large Ion Collider Experiment) –
The dedicated Heavy-Ion Experiment at the LHC
Located at IP 2 (former L3) and uses the L3 Magnet 
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Ultra-Peripheral Collisions in ALICE

First an overview of what can be done, expected rates etc. 

then 

A discussion of the main challenge – Triggering on  UPCs.
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Two classes of UPCs

Exclusive or ”elastic”: 
The photon interacts with the entire nucleus coherently.
Both nuclei remain intact.
Pb+Pb� Pb+Pb+V ; g+Pb� V+Pb; V=� , J/� , ¡ ; 
Pb+Pb� Pb+Pb+� +� – ; gg�� +� –

Inclusive or ”inelastic”:
The photon interacts with a single nucleon or parton. 
The ”target” nucleus breaks up. 
Pb+Pb� Pb+X+cc; g+g� cc; Note: � » 1b, y=0 � x=5·10-4.
Pb+Pb� Pb+X+2jets.
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Ultra-Peripheral Collisions in ALICE
(Ideas for Run 1 and 2)

1. Vector Meson production; Unique possibility to 
measureg+A� ¡ +A; sensitive probe of g(x,Q2)

2. Photonuclear jet production; photon+parton� jet+jet; 
e.g. g+g� q+q; R.Vogt hep-ph/0407298, M.Strikman, R.Vogt,
S.White PRL 96(2006)082001.

3. Photonuclear production of heavy quarks, g+g� cc. 
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Exclusive Vector Meson Production: 
Increase in  � (J/Y ) with energy

� : RHIC 590mb  � LHC 5200mb factor 9
J/� RHIC 0.3 mb  � LHC 32mb factor 100
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Expected rates – Vector Mesons

Pb+Pb ; <L> = 5·1026 cm-2s-1 ; ALICE year 106 s

Prod. Rate  Decay Br.Ratio Geo Acc.*   Detection Rate
----------------------------------------------------------------------------------------------
� 2.6·109 �� 100% 0.079 2.0·108

J/� 1.6·107 e+e- 5.93% 0.101 1·105

¡ ~1·105 e+e- 2.38% 0.141 � 400

Geo Acc: |	 |<0.9, pT>0.15 GeV/c

These numbers have been confirmed from aliroot (the ALICE off-line analysis tool) 
simulations. The exact value of the acceptance will depend on the final track
selection and the exact status of the detector when the data were taken. 

There is in addition a vertex reconstruction efficiency, currently 85% 
for 2-track events, but this can probably be improved by tuning the
parameters for low-multiplicity events. 

A bug in the MC was found and that is the reason for the lower J/Y and ¡ acceptances
compared with the ALICE Physics Performance Report (J.Phys.G 32(2006)1295).  
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An example analysis, corresponding to 1.5 h at design luminosity
(or 15 h at 10% of design luminosity): 

Event Generator (StarLight) + Detector response simulation (Geant) 
+ Event reconstruction (aliroot)

375,000 gg� e+e-
5,141 J/Y � e+e-
122 Y ' � e+e-

Gives about
3,500 reconstructed gg� e+e-
500 reconstructed J/Y
10 reconstructed Y '

Note: continuum and VM 
production have very different 
angular distributions �
different acceptance.
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A similar analysis for pp, corresponding to 250 h at ALICE pp 
luminosity (NOTE: a factor 103 lower than the LHC design luminosity): 

Event Generator (StarLight) + Detector response simulation (Geant) 
+ Event reconstruction (aliroot)

150,000 gg� e+e-
35,796 J/Y � e+e-
729 Y ' � e+e-

Gives about
700 reconstructed gg� e+e-
1,400 reconstructed J/Y
30 reconstructed Y '

Much less background from 
gg� e+e- than in Pb+Pb. 
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Ultra-peripheral production of heavy quarks 
(with nuclear break-up)

Klein S R, Nystrand J and Vogt R 2002 Phys. Rev. C 66 044906
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1. Vector mesons, gg: 
Reconstruct 2 tracks (low multiplicity), charge balance, 
low sum |pT

1 + pT
2|< ~100 MeV/c (nuclear form factor)  

(the two tracks will have higher pT).

2. Photonuclear jets:
Rapidity gap between photon-emitting nucleus and jet,
distinguishes photonuclear jet production from hadronic
jet production, suppression for a gap 
 y: exp(–<dn/dy>·
 y)
� 
 y=2 � ~10-2 - 10-3 reduction.

Detection Principles
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Trigger Strategies and Backgrounds I

- Trigger in ALICE designed for central, hadronic
interactions. 
- Main low-level trigger detectors located outside the 
acceptance of the central barrel, T0 and V0 detectors 
at � 2 < |h| < 5.
- No problem for central collisions, the produced 
particles fill the entire rapidity axis (no gaps). 
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Trigger Strategies and Backgrounds II

- Experience from RHIC � highly advantageous to 
combine a trigger from the ZDC with a trigger at 
mid-rapidity. 
- Problem in ALICE: Long distance from primary 
vertex � ZDC. The time for the signal to reach the 
Central Trigger Processor exceeds the allowed 
maximum (800 nsec) by about 150 nsec. 
- The difference is not very big, but the overall L0 
time will not be modified before ALICE begins to 
take data.
- A short, dedicated run with different Level 0 timing 
is conceivable, but this would lead to a very low 
integrated luminosity. 
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Trigger Strategies and Backgrounds III

- A low-level trigger at mid-rapidity in ALICE is, 
however, not excluded. 
- Signals from Si-pixel and ToF-detectors will be 
included in Level 0 and could be used. 
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1. Cosmic rays. 

2. Peripheral nuclear collisions

3. beam-gas interactions

4. Incoherent photonuclear interactions. 

For coherent events (Vector Mesons, gg)  � Low-pT cut extremely
efficient. Shown in simulations, experience from RHIC.

Rapidity Gaps: Used by PHENIX at RHIC, should work for
gaps with
 y ~ 2-3.

Backgrounds



Seminar at the Interface of Particle, Nuclear and Atomic Physics Joakim Nystrand, University of Bergen   61

Effectiveness of Rapidity Gaps

Rapidity gap between photon-emitting nucleus and 
the produced particles, suppression for a gap 
 y: 
exp(–<dn/dy>·
 y)
� With <dn/dy> � 2.5-3.5 and 
 y=2 �
~10-2–10-3 reduction.

Production of heavy-quark pairs � s = 5.5 TeV:
R. Vogt [Hard Probe Collaboration], Int. J. Mod. Phys. E 12 (2003) 211.

� (pp � QQ + X): 5.8 mb (cc) 190� b (bb) 
[A2 · � (pp � QQ + X): 252 b (cc) 8.1 b (bb)]

Photoproduction� s = 5.5 TeV:
� (Pb+Pb� Pb+ QQ + X): 1.2 b (cc) 4.9 mb (bb)
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Conclusions – ALICE

• Acceptance and efficiency of the ALICE detector 
� Rates for many interesting UPC channels are high.
• There are ideas for triggering, but these must be 
implemented and shown to work with acceptable 
background rates. 
• With appropriate triggers, there are analysis 
techniques to separate a signal from background.
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From Jonathan Hollar, Presentation at Workshop on High Energy Photon 
Collisions at the LHC, CERN, 22-25 April, 2008. 

Ultra-peripheral Collisions in CMS 
Exclusive production of ¡ in pp and PbPb
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Two-photon production of Higgs at the LHC 

For a standard model Higgs with M=120 GeV, calculations give for 
two-photon production 
s(pp® pp+H) » 0.1 fb and s(PbPb® PbPb+H) » 10 pb

With integrated luminosities of (1 year 107/106 seconds)
105 pb–1 and 1 nb–1

this gives 
»10 events/year and »0.01 events/year

G.Baur et. al. Eur. Phys. J C32 (2003) s69;
L.I. Sarycheva, presentation at Workshop on High Energy Photon Collisions at 
the LHC, CERN, 22-25 April, 2008.  
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Conclusions and Outlook

• Studying photon-induced interactions at hadron colliders
is an opportunity that should not be missed. 
• The feasibility has been proven at RHIC and the 
Tevatron. 
• Much focus on Vector Mesons in this talk, but there is a 
rich variety of topics that can be studied: 

* direct g+p and g+A interactions, e.g. 
g+p® jet+jet+X, g+p® Q+Q+X; 
* two-photon interactions, gg®WW, gg®e+e- from  
strong fields in Pb+Pb collisions. 
* etc. etc. 


