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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
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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.

FIG. 1. event diagrams

I. INTRODUCTION

II. THE STAR DETECTOR

The data used for this analysis were collected with
the STAR detector at RHIC from Au+Au collisions with
center of mass energy per nucleon

√
s
NN

=200 GeV. The
momentum of charged particles were detected with the
STAR Time Projection Chamber (TPC) in two units of
pseudo-rapidity centered around 0 (|η| < 1) and full az-
imuthal coverage. The TPC records up to 45 samples
of the ionization left in the detector gas which allows
for a good resolution particle identification based on en-
ergy loss. The charge left by particles inside the TPC
drifts along its axis and is read out on the East and West
sides which are divided into six sectors each. The TPC
is also used to identify the vertex of the collisions and
together with the bending power of the 0.5 Tesla mag-
netic field, it provides a momentum resolution equal to
∆pT /pT = 0.005+0.004pT . More details about the TPC
can be found in [1]. The cylindrical TPC is completely
surrounded by the Time Of Flight (TOF) detector con-
sisting of 23040 Resistive Parallel Plate gas detectors ar-
ranged in cells, groups of which form modules installed
in two sets of trays along the East and West sides of
the TPC, 10 TOF trays overlap the azimuth coverage of
one TPC readout sector. The TOF detector was used to
trigger the UPC events and provides good time-of-flight
measurements, although this analysis doesn’t make use of
that information. STAR has two Zero Degrees Calorime-
ters (ZDC) installed at ±18 meters away from the nom-
inal interaction point. These calorimeters are optimized
for the detection of beam energy neutrons. These detec-
tors are instrumental in the definition of the trigger used
for this analysis, more details about them can be found
in [2].
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FIG. 2. Signal in one of the ZDC detectors.
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FIG. 3. Particle identification with energy loss in the TPC.



2

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
o

u
n

ts

0

10000

20000

30000

40000

50000

60000

70000

FIG. 4. from the WWND Proceedings
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FIG. 5. from the WWND Proceedings

III. THE ρ MESONS RECONSTRUCTION

A. Reconstruction efficiency and detector
acceptance

B. Normalization and reconstruction efficiencies

IV. EXTRACTION OF THE dσ/dt
DISTRIBUTION

V. AZIMUTHAL DISTRIBUTIONS

A. The ZDC Shower Maximum Detector
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FIG. 6. Normalized rho rapidity distribution

Wed Sep 12 22:35:25 2012

mySpectra
Entries  185451
Mean   0.01839
RMS    0.06507

 / ndf 2χ  32.01 / 33
Yield     15043± 7.609e+04 
p0        0.1025± 0.2427 
power     0.445± 2.901 

)]2-t [(GeV/c)
0 0.2 0.4 0.6 0.8 1

]2
/d

yd
t [

m
b/

G
eV

σ2 d

-210

-110

1

10

210

mySpectra
Entries  185451
Mean   0.01839
RMS    0.06507

 / ndf 2χ  32.01 / 33
Yield     15043± 7.609e+04 
p0        0.1025± 0.2427 
power     0.445± 2.901 

 / ndf 2χ   1.73 / 9
Yield     0.04199± 0.1944 
p0        1.737± 1.135 
power     4.374± 5.216 

 / ndf 2χ   1.73 / 9
Yield     0.04199± 0.1944 
p0        1.737± 1.135 
power     4.374± 5.216 

dn/pt2 for rho UPC-Main ZDC 1 >26 hits 2 track Mass

FIG. 7. from the WWND Proceedings

)]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

σ2 d

-310

-210

-110

1

10

210

Data 

Sartre 100% coherent bSat

FIG. 8. from the WWND Proceedings



4

Sun Jul 22 21:10:24 2012 b [fm]
-10 -5 0 5 10

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

F(b)

STAR Preliminary

FIG. 9. Fourier transformation
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FIG. 10. Rho phi distribution
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FIG. 11. SMD phi distribution East
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FIG. 12. delta phi East neutron - rho


