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Strong fields and relativistic beams (γ=108 at RHIC) 
amenable to good description of interaction via 
Weizsäcker-Williams formalism: Each ion sees a pulse
of plane-polarized quasi-real photons that last Δt~b/γc 
with energies that reach hωmax=h/Δt=γhc/b

Brief Ultra Peripheral Physics formalism

Heavy Ions in colliders are a source of 
very strong EM fields (Zα =0.58) 
interesting physics accessible if hadronic 
interactions are excluded (b>2RA)
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Bertulani, Klein, Nystrand
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Springer Tracts in Modern Physics Volume 140 (Springer, Berlin, Heidelberg, 1997)J.A. Crittenden

For the photon-nucleus
events, the RHIC 
energies are in the 
Pomeron dominated 
region. 
Only the J/ψ probe has 
a hard scale:
Q2 ~2.5 (GeV/c)2

Minimum γ energy to 
produce a ρ at rest: 0.5GeV
Wmin~14GeV

shows a distinctly stronger energy dependence, motivating a modified description of the under-
lying physical process. Modifications to the Pomeron–exchange process have been suggested to
account for the stronger energy dependence [79, 80, 81]. Perturbative QCD calculations have
also been proposed to describe these measurements [87]. They are of particular interest because
they entail a strong sensitivity to the gluon density in the proton (see section 2).

Figure 21: The energy dependence of the ρ0, ω, φ and J/ψ exclusive photoproduction cross
sections measured at HERA, compared to measurements at lower energy and to the total pho-
toproduction cross section. The lines illustrate a comparison of various power–law energy de-
pendences at high energy.

Figure 22 compares the new J/ψ measurements to those at lower energy [65] and with the
results of pQCD calculations for three gluon density parametrizations, which exhibit signifi-
cantly different slopes in the HERA energy region and are only weakly constrained by other
measurements.

Figures 23 and 24 show the H1 and ZEUS results for the energy dependences of the ρ0

and φ production cross sections for Q2 values between 3.7 and 20 GeV2, compared to var-
ious power–law assumptions. The value of the power used to represent expectations based
on the phenomenological Pomeron exchange was obtained using the parameters in eqs. 2.10
and averaging over the t–distribution in the data. Measurements by the NMC collaboration

52

Pomeron exchange

RHIC AuAu 
200GeV

Meson exchange
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RHIC kinematical reach
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The UPC events can 
be photon-nucleus (a) 
or photon-photon (b)

a)The photon-nucleus interaction is well described with di-quark 
fluctuations:
•u, d quark dipole ρ0 (uū-dƌ) published STAR
•s quark dipole Φ (s s) seen in STAR, study in progress.
•c quark dipole J/ψ (c c) published by PHENIX, study in     
progress in STAR and PHENIX.

b)The high mass γ+γ→e+ e-  has been published by PHENIX and 
the low mass region by STAR.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

Additional 𝛾 exchange produce 
nuclear excitations that help in 
trigger and event selection.

UPC event types
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Triggering on UPC events in collider mode

Avoid hadronic interactions      Reduce impact parameter
UPC events have most activity distributed around
mid-rapidity with simple (2-4 tracks) topologies.
Triggers are based on the requirements: 
•No activity in a wide range of rapidity (symmetric).
•Low activity in a region of interest. 
In high luminosity environments, these regions may get 
flooded with background and require additional
constraints; beam momentum neutron counts at 0 
degrees are good to clean-up the triggers

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013
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TPC
TOF BBC

ZDC 18m

TPC & TOF:  |η|<1.2 1<hits<7

BBC:   2<|η|<5

VPD

Triggering UPC in STAR
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Triggering UPC in PHENIX

2004 Central Arm |y|<0.35: 
Veto on both BBC 3<|η|<3.9,
EMCal trigger ERT 2X2 tile with signal 
above 0.8 GeV
At least 30 GeV in one or both 
ZDCs. (Xn)

2010 Forward Muon arm(1.2<|y|<2.2)
same as 2007 but replace EMCal-trigger

by requirement of a Muon track
both ZDCs are required XnYn

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013
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2004 PHENIX e+e- events in Central Arm
8M events collected with the UPC 
trigger, 6.7M selected.
Integrated luminosity Lint = 141±12 μb-1

Vertex reconstructed in 2 tracks events 
δp/p ≈ 0.7% ⊕ 1.0%p[GeV/c]
Electron id in RICH and EMCal 
Coherent production: one track in each
central arm.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

Physics Letters B 679, 321 (2009)

J/ψ Xn
Background 
estimator: same 
sign pairs. No 
counts under 
above 2 GeV/c2

Syst. uncert. on 
continuum
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RHIC UPC J/ψ
Q2=2.5GeV2

x~0.01

2004 PHENIX e+e- events in Central Arm

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

The J/Psi + A interaction in UPC at 
y~0 has a scale Q2~Mv2/4, it 
probes gluon PDFs that are, so far, 
unconstrained

From raw counts of 
N(J/ψ)=9.9 ± 4.1 (stat) ± 1.0 (syst)

Cross sections for e+e- and 
J/ψ at y~0
e+e- pairs are coherent.
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J/ψ +Xn Central 2004 & 2007

2004+2007

2007 PHENIX

76 ± 31 (stat) ±15 (syst) μb
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Combined result:

2004 PHENIX
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2010 PHENIX UPC with Muon Arms 1.2<|y|<2.2

Clear di-μ peak at J/ψ mass in 
both muon arms.
The pT distribution appears to 
be filled mainly from 
incoherent photo-production.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

At least a neutron 
count in both 
ZDCs XnYn

North
South

μ pair pT [GeV/c]

PHENIX Preliminary

North
Unlike
like

South
Unlike
like

PHENIX PreliminaryPHENIX Preliminary
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PHENIX J/ψ at different rapidities

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

The 2007 higher statistics show clear presence of coherent and incoherent 
components at mid-rapidity. In the 2010 dataset one only finds incoherent photo-
production at higher rapidity.

With the 2010 data set an 
almost complete rapidity 
distribution is possible.
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The STAR UPC program

Event selection and triggering
di electron from 𝛾+𝛾 with low inv. mass
ρ0 production
Φ production
J/ψ production
ρ0 diffraction
Future plans (include UU + pA)

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

Publications:
$rho^{0}$ Photoproduction in AuAu Collisions at $\sqrt{s_{NN}}$=62.4 GeV with STAR 
Submitted Jul. 22, 2011 , published Jan. 30, 2012 
Phys. Rev. C 85 (2012) 14910
Observation of pi^+pi^-pi^+pi^- photoproduction in ultraperipheral heavy-ion collisions at sqrt(s_NN) = 200 GeV at the STAR detector 
Submitted Dec. 4, 2009 , published Apr. 2, 2010 
Phys. Rev. C 81 (2010) 44901
Observation of Two-source Interference in the Photoproduction Reaction $Au Au \rightarrow Au Au \rho^0$ 
Submitted Dec. 5, 2008 , published Mar. 16, 2009 
Phys. Rev. Lett. 102 (2009) 112301
$\rho^0$ Photoproduction in Ultra-Peripheral Relativistic Heavy Ion Collisions with STAR 
Submitted Dec. 21, 2007 , published Mar. 31, 2008 
Phys. Rev. C 77 (2008) 34910
Coherent Rho-zero Production in Ultra-Peripheral Heavy Ion Collisions 
Submitted Jun. 7, 2002 , published Dec. 20, 2002 
Phys. Rev. Lett. 89 (2002) 272302
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STAR triggers
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The STAR collaboration reports the first observation of exclusive ρ0 photo-production, AuAu→
AuAuρ0, and ρ0 production accompanied by mutual nuclear Coulomb excitation, AuAu →
Au!Au!ρ0, in ultra-peripheral heavy-ion collisions. The ρ0 have low transverse momenta, con-
sistent with coherent coupling to both nuclei. The cross sections at

√
sNN = 130 GeV agree with

theoretical predictions treating ρ0 production and Coulomb excitation as independent processes.

PACS numbers: 25.20.-x, 25.75.DW, 13.60.-r

In ultra-peripheral heavy-ion collisions the two nuclei
geometrically ‘miss’ each other and no hadronic nucleon-
nucleon collisions occur. At impact parameters b sig-
nificantly larger than twice the nuclear radius RA, the
nuclei interact by photon exchange and photon-photon
or photon-Pomeron collisions [1]. Examples are nuclear
Coulomb excitation, electron-positron pair and meson
production, and vector meson production. The exchange
bosons can couple coherently to the nuclei, yielding large
cross sections. Coherence restricts the final states to low
transverse momenta, a distinctive experimental signa-
ture. The STAR collaboration reports the first observa-
tion of coherent exclusive ρ0 photo-production, AuAu→
AuAuρ0, and coherent ρ0 production accompanied by
mutual nuclear excitation, AuAu → Au!Au!ρ0. Ultra-
peripheral heavy-ion collisions are a new laboratory for
diffractive interactions, complementary to fixed-target ρ0

photo-production on complex nuclei [2].

Exclusive ρ0 meson production, AuAu→AuAuρ0 (c.f.
Fig. 1a), can be described by the Weizsäcker-Williams
approach [3] to the photon flux and the vector meson
dominance model [4]. A photon emitted by one nucleus
fluctuates to a virtual ρ0 meson, which scatters elasti-
cally from the other nucleus. The gold nuclei are not
disrupted, and the final state consists solely of the two
nuclei and the vector meson decay products [5]. In the

rest frame of the target nucleus, mid-rapidity ρ0 produc-
tion at RHIC corresponds to a photon energy of 50 GeV
and a photon-nucleon center-of-mass energy of 10 GeV.
At this energy, Pomeron (P) exchange dominates over
meson exchange, as indicated by the rise of the ρ0 pro-
duction cross section with increasing energy in lepton-
nucleon scattering [6]. In addition to coherent ρ0 produc-
tion, the exchange of virtual photons may excite the nu-
clei. These processes are assumed to factorize for heavy-
ion collisions, which is justified by the similar case of
two-photon interactions in relativistic ion collisions ac-
companied by nuclear breakup, where it was shown that
the non-factorisable diagrams are small [7]. The process
AuAu→Au!Au!ρ0 is shown in Fig. 1b. In lowest order,
mutual nuclear excitation of heavy ions occurs by the ex-
change of two photons [8, 9]. Because of the Coulomb

Au
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Au*Au
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!

Au

"

"

b)a)

##

AuAu *
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#* #*
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FIG. 1: Diagram for (a) exclusive ρ0 production in ultra-
peripheral heavy ion collisions, and (b) ρ0 production with
nuclear excitation. The dashed lines indicate factorization.

a) UPC_Topo:  veto on all BBC tiles 2<|η|<5,
                       TOF hits in two sectors and veto
                       remaining ones (exclude cosmic 
                       rays.)

TOF

b) UPC_Main: veto on small BBC tiles 3<|η|<5,
                      2≤TOF hits ≤6, 
                     1≤beam neutron≤6 in both 
                     ZDCs (may select smaller b)
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The STAR UPC event selection

Low activity at y~0 use STAR TPC 
and trigger with TOF. Multiple 
events recorded in TPC. Use TOF
to select the triggered events

PID done with 
ionization in TPC 
(up to 47 samples)

Diffraction 
analysis requires 
1n1n in ZDCs

Exclusive vector meson 
production by selecting 
events with only 2 tracks 
out of selected vertex.
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Mon Aug 19 09:47:43 2013  pair invariant mass [GeV]π
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Phys. Rev. C77 034910

Reproduces old 
results with 
much higher 
statistics.

π+π-

++ --
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STAR Preliminary

STAR Preliminary
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ρ0 meson diffraction

Higher statistics permit to visualize a 
diffraction pattern off a Au target.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013
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COMPASS has similar measurement  
in pion diffractive dissociation into 
three pion system Pπ=190GeV/c

PRC77
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STAR e+ e- pair in 𝛾-𝛾 events

Using the big dataset from 
run 2010. Use TOF to 
select relativistic particles
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1/
β

p [GeV/c]

0.96<1/β<1.02

STAR Preliminary

STAR Preliminary

Need to extract the efficiency of this cut

18Thursday, September 12, 13



E
nt

rie
s

Rapidity

STAR 
Preliminary

2010 Data
2001 Simulations
2001 Data

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

e pair PT [GeV/c]

C
ou

nt
s

STAR Preliminary

2010 Data

Phys. Rev. C 70 (2004) 031902(R) 2010 run analysis (raw counts)
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STAR Φ production in UPC_Main events
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STAR J/ψ XnYn photo-production Au+Au 200 GeV
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Same sign background 
subtracted. Remaining e
+e- continuum fit with 
polynomial + Gauss. 
~230 counts in peak

Identification done solely by invariant 
mass. Includes electron and muon 
pairs. Work in progress to extract
efficiencies from data and MC.

STAR Preliminary
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ρ0 diffraction off Au nuclei in UPC events
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Δt/t = 0.01 + 0.008√t
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The main background 
to the exclusive ρ0

production must be 
contributions from 
peripheral hadronic 
events that elude our 
vetoes in the trigger. 

Sat Mar 31 19:32:47 2012  [GeV/c]
T

pion pair p
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

C
ou

nt
s

50

100

150

200

250

300

350

310×

Thu Apr  5 10:13:21 2012 ]2 [GeV/cππM
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

C
ou

nt
s

0

10000

20000

30000

40000

50000

60000

70000

STAR Preliminary

π+π+

π+π-

STAR Preliminary

22Thursday, September 12, 13



The ZEUS Collaboration: Measurement of diffractive photoproduction of vector mesons 227
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Fig. 9. a The differential cross sections dσ/dt for
elastic (circles) and proton-dissociative (squares) ρ0

photoproduction. The solid lines represent the results
of the fit with the function Aebt. The normalization
error of 15% is not shown. b The ratio of the elastic
to the proton-dissociative cross sections shown in a.
The inner error bars indicate the statistical errors, the
outer bars the statistical and systematic uncertainties
added in quadrature. The shaded bands represent the
size of the correlated errors due to the modeling of
the proton dissociation in the Monte Carlo
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Fig. 10. The differential cross-sections, dσ/dt, for
elastic ρ0 photoproduction. The solid circles are those
shown in Fig. 9; the open circles and crosses are from
earlier ZEUS data [8,41]. The shaded band represents
the size of the correlated errors due to the modeling
of the proton dissociation in the Monte Carlo. The
normalization error of 15% is not shown

three-dimensional angular distribution has been averaged
over the azimuthal angle between the positron scattering
plane and the ρ0 production plane, Φ (see Fig. 2), and
thus no longer distinguishes the photon helicity states ±
1. The normalized two-dimensional decay angular distri-
bution can be written as [43]

W (cos θh, φh) =
3
4π

{

1
2
(1 − r04

00) +
1
2
(3r04

00 − 1) cos2 θh

−
√

2Re[r04
10] sin 2θh cos φh

−r04
1−1 sin2 θh cos 2φh

}

, (18)

where the spin-density matrix element r04
00 represents the

probability that the produced ρ0 has helicity 0; the ele-
ment r04

10 is related to the interference between the helicity

non-flip and single-flip amplitudes and r04
1−1 is related to

the interference between the non-flip and double-flip am-
plitudes. If s-channel helicity conservation (SCHC) [44]
holds, r04

00, r04
1−1 and Re[r04

10] should be zero.
The parameters r04

00, r04
1−1 and Re[r04

10] were obtained
by minimizing the difference between the two-dimensional
(cos θh, φh) angular distributions of the data and those of
the simulated events, which were re-weighted according to
(18). A binned χ2-method was used.

The three spin-density matrix elements are shown in
Fig. 11, separately for elastic and proton-dissociative ρ0

production as a function of −t. In the t range of this anal-
ysis, Re[r04

10] tends to be non-zero and positive, while r04
1−1

tends to be non-zero and negative. This is an indication
for small deviations from SCHC giving rise to non-zero

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

ZEUS results for 𝛾p→ρN 
scaled by 10.6 match the 
measured tail.

The subtraction of the ρ0 incoherent production

Eur. Phys. J. C 14, 213–238 (2000)Tue Aug 27 22:09:53 2013 )]2-t [(GeV/c)
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The tail of the -t distribution is mostly 
filled with events where the rho mesons 
interacts with individual nucleons. We fit 
the tail with a power law shape and 
subtract it to bring forward the 
underlying coherent distribution.
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Diffractive pattern produced by elastic ρ0 
scattering off Au nuclei

The Sartre histogram shows the -t distribution of 
the recoiling Au target.  

)]2-t [(GeV/c)
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

]2
/d

yd
t [

m
b/

G
eV

σd

-310

-210

-110

1

10

210

data

Sartre 100% coherent Feb29

STAR Preliminary2

The diffraction pattern 
is evident up to its 
third peak, the slope 
of the first peak as 
well as the location of 
the peaks is consistent 
with the coherent 
interaction with an 
object with 
dimensions 
comparable to the Au 
nuclei.

Nuclei described with 
Wood-Saxon R=6.38 fm 
a=0.53 fm

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

Phys.Rev. C87 (2013) 024913
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Comparison to Sartre

If we run Starlight with 
Wood-Saxon distribution 
from electron scattering 
measurements we get a 
distribution that is shifted 
systematically to higher pT 
values.

Sartre photon flux is based on StarLight. We 
display the -t distribution of the Au recoils 
(best match to dip location). The rho -t  minus 
the photon pT contribution (good match but 
below data). The distribution of rho which 
includes the photon pt (worst deviation from 
data).
Does this calls for a “tuning” of the Au charge 
form factor?

STAR Preliminary
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Comparison to StarLight

PHYSICAL REVIEW C, VOLUME 60, 014903
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STAR Future plans

Planned p+A run in 2015 run. STAR 
will add Roman Pots. UPC program 
will gain the control of the t1 recoil of 
the proton.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

p

Au

Get the different analyses into publications.
Proceed with the analysis of the U+U at 193 GeV
data. 
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Summary

PHENIX measured J/ ψ photo-production cross-sections and their pT 
dependence in a broad rapidity region.
 J/ψ +Xn result at mid-rapidity is consistent with calculations 
suggesting strong gluon shadowing.
Important contribution from incoherent processes in J/ψ  
Xn(y<0)Yn(y>0) at forward rapidity.
New vertex detectors will help to further study UPC events at RHIC.

STAR has measured ρ0 photo-production in A+A at several
energies  and systems. The high statistics obtained in recent runs 
permit the study of a diffraction pattern off the Au nucleus.
STAR is also embarked in the study of J/ψ photo-production in two
units of rapidity at mid-rapidity. We are analyzing the U+U at 193 GeV
and preparing for the 2015 p+Au run with the Roman Pots. 

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

27Thursday, September 12, 13



Backups
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J/ψ Xn  PHENIX y~0 cont.

2007 run

pT(GeV/c)

Several 
calculations 
tend to agree 
with the 2004 
result.

dσ/dy |y=0 = 76 ± 31 (stat) ±15 (syst) μb

Higher statistics 2007 analysis applies 
same conditions: (Xn)

PHENIX Preliminary
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Normalization

Luminosity from min_bias :

ρ meson detection 
efficiency obtained from 
embedding of Starlight 
pion pairs from ρ into 
zero-bias events:
averaged over -1<η<1

Tue Mar 27 16:12:34 2012
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0.679 nb-1 Scaler counts from the 
“minbias_monitor” trigger uses VPD and
assumes 6 b cross section.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

STAR Preliminary
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Comparison to StarLight

From our presentation at the 
last DNP:
StarLight required RAu=7.5 fm 
to match the data. The 
authors are working on an 
improved version to bring the 
radius back to ~6 fm

VOLUME 84, NUMBER 11 P HY S I CA L R EV I EW LE T T ER S 13 MARCH 2000

The vector meson p! is the sum of the photon and
Pomeron perpendicular momentum; these are the perpen-
dicular momentum transfer from the photon emitter and
target nuclei, respectively. The spectrum is a convolution
of the two sources. The photon perpendicular momentum
spectrum can be found with the equivalent photon approxi-
mation [4]

d3Ng!k, k!"
d2k!dk

!
a2Z2F2!k2

! 1 k2#g2"k2
!

p2!k2
! 1 k2#g2"2

. (1)

The nuclear form factor

F!q" !
4pr0

Aq3 $sin!qRA" 2 qRA cos!qRA"%
∑

1
1 1 a2q2

∏

,

(2)

is the convolution of a hard sphere and a Yukawa potential
with range a ! 0.7 fm. This is an excellent fit to a Woods-
Saxon density distribution [1]. Here, r0 is the nuclear
density and A the atomic number. For a given k, k! is
independent of b, with d3Ng!k, k!"#d2k!dk rising from 0
at k! ! 0 to a maximum at k! ! k#g and then dropping
as k! rises further.
Since the Pomeron range,,1 fm [5], is short, compared

to the size of a nucleus, its perpendicular momentum spec-
trum is determined by Eq. (2). Figure 1 shows the photon
and Pomeron perpendicular momentum spectra, along with
their convolution, for y ! 0 and y ! 22. Diffractive dips

FIG. 1. Perpendicular momentum spectra for photons (dotted
curves), Pomerons (dashed curves), and the final state vector
mesons (solid curves) at (a) y ! 0 and (b) y ! 22 (corre-
sponding to k ! 69 MeV in the lab frame) for f production
in gold collisions at RHIC. The curves are each normalized to
a maximum dN#dp2

! ! 1. Clear diffraction minima appear in
the Pomeron spectra. Since k! is small compared to p!, the
minima remain visible in the f p! spectrum.

are visible in the Pomeron spectrum; since the photon con-
tribution to p! is usually small, these fringes also appear
in the final p! spectrum. If the Pomeron had a longer
range, the effect would be similar to increasing RA; the p!

spectrum would be shifted to lower values.
The impact parameter dependent photon energy spec-

trum was given in Ref. [1]. It was convoluted with
s!gA ! VA" to give sA1A!A1A1V !y, b". The nuclear
photoproduction cross section was found with a Glauber
calculation using s!gp ! Vp" data as input. This cal-
culation accounts for the effects of multiple interactions
in the nucleus. The data are fit to s!gp ! gp" &
XWe 1 YW2h , where W is the g-nucleon center of mass
energy and e, h, X, and Y are fit results [2]. The X, e
term represents Pomeron exchange, while Y , h is for
photon-meson (primarily the f0 [6]) fusion, present for
the r and v.
Since p! and b are conjugate variables, one cannot

find a b-dependent photon k! spectrum; instead, we
use the b-integrated k! spectrum, properly normalized,
to find sA1A!A1A1V !y, p!, b". Then, A!y, p!, b" !
p

sA1A!A1A1V !y, p!, b" where here both s and A are
for the photon coming from a known direction. So, this
s is half the total rate.
The production phase depends on the process. The soft

Pomeron represents the absorptive part of the cross sec-
tion, so the amplitude for photon-Pomeron fusion should
be largely imaginary. There will be a small real part be-
cause the cross section rises slowly with photon energy, so
f!y" ! tan21!pe#4", independent of y [7]. For the light
mesons, data indicate e ! 0.22, sof & 100. For the J#c ,
e ! 0.8, inconsistent with the soft Pomeron; the steep rise
may be due to threshold behavior or signal the breakdown
of the soft Pomeron model [8], but in either case, the J#c
phase angle must be treated with caution. Of course, the
phases for gA and gp reactions may be different.
For the r and v, photon-meson fusion should have a

different phase from the photon-Pomeron channel. Since
h . 1, photon-meson fusion decreases as W rises; if the
two channels have different phases, the overall phase will
vary with y. Because the only available data are averaged
over energy [9], we will ignore this variation. Of course,
at y ! 0, the energies are equal; as jyj rises, any phase
difference will grow.
For two nuclei at points "x1 and "x2, the amplitude A0 for

observing a vector meson at a distant point x0 is found
by approximating the vector mesons by plane waves. The
meson momentum "p is determined by p! and k via pjj !
k 2 m2

V #4k. The amplitude is

A0!x0, "p, b" ! A!p!, y, b"ei$f!y"1 "p?! "x12 "x0"%

2 A!p!, 2y, b"ei$f!2y"1 "p?! "x22 "x0"%. (3)

The two components have opposite signs for rapidity
because the photon emitters are coming from different
directions. With the negative vector meson parity, this
also gives the two components opposite signs.

2331

W-W photon

PomeronStarLight doesn’t have deep 
valleys between diffraction 
peaks because it allows for a 
transverse component in the 
photon momentum.

Klein Nystrand
PRL84 2330

STAR data

StarLight RAu=7.5 fm

StarLight: Object-oriented simulator of 
γγ or γp interaction in UPC events.

EDS Blois 2013 Saariselkä Finland 9-13th Sep.2013

STAR Preliminary
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