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First Interaction,
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STAR has a long history of using photons 
from Ultra-peripheral collisions at RHIC 

• Coherent diffractive photoproduction of 
rho0 mesons on gold nuclei at 200 
GeV/nucleon-pair at the Relativistic Heavy 
Ion Collider
Phys. Rev. C 96 (2017) 54904
e-Print Archives (1702.07705)

• $rho^{0}$ Photoproduction in AuAu 
Collisions at $\sqrt{s_{NN}}$=62.4 GeV with 
STAR
Phys. Rev. C 85 (2012) 14910
e-Print Archives (arXiv:1107.4630)

• Observation of pi^+pi^-pi^+pi^-
photoproduction in ultraperipheral heavy-
ion collisions at sqrt(s_NN) = 200 GeV at the 
STAR detector
Phys. Rev. C 81 (2010) 44901
e-Print Archives (0912.0604)

• Observation of Two-source Interference in the 
Photoproduction Reaction $Au Au \rightarrow Au 
Au \rho^0$
Phys. Rev. Lett. 102 (2009) 112301
e-Print Archives (0812.1063)

• $\rho^0$ Photoproduction in Ultra-Peripheral 
Relativistic Heavy Ion Collisions with STAR
Phys. Rev. C 77 (2008) 34910
e-Print Archives (0712.3320)

• Coherent Rho-zero Production in Ultra-Peripheral 
Heavy Ion Collisions
Phys. Rev. Lett. 89 (2002) 272302
e-Print Archives (nucl-ex/0206004)

• Production of e+e- Pairs Accompanied by Nuclear 
Dissociation in Ultra-Peripheral Heavy Ion 
Collision
Phys. Rev. C 70 (2004) 031902(R)
e-Print Archives (nucl-ex/0404012)

photon-photon collisions 

Photon-Pameron Interaction (vector-meson dominant)
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Photon interactions in A+A
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l This large flux of quasi-real photons makes a hadron collider also a 
photon collider!
ü Photon-nucleus interactions: Vector meson
ü Photon-photon interactions: dileptons …

= +

Electromagnetic interaction
Photon-photon 

interactions
Photon-nucleus

interactions

V=r , w  , f ,  J/y

Ann. Rev. Nucl. Part. 
Sci.55:271 (2005)

l Conventionally believed to be only exist in ultra-peripheral collisions 
(UPC) to keep “coherent”!

Wangmei Zha (USTC), BNL nuclear Seminar, July 24, 2018



Ultra-peripheral vs Peripheral collisions
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Transverse momentum spectra in UPC
The  photon kT spectrum for fixed k:

The final-state e+e- pT is the vector sum of the two photon.

Phys. Rev. C 70 (2004) 031902(R)
e-Print Archives (nucl-ex/0404012)

Phys.Lett. B781 (2018) 182-186
8

Point-like charge Z: 



”Coherent” Interactions
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Traditional Coherent diffractive 
photoproduction: 
Coherent dominates at low t,
Incoherent dominates at high t,
Diffractive pattern =
a Fourier transf. of nuclear size 

“coherent”

“Semi-coherent”

“incoherent”

Photon-photon collisions: 
“coherent” dominates at all scale, 
photon distribution does NOT depend on nuclear size (r>R),
cross-section dominates at E1,2/g, pt~=10s MeV
NOT sensitive to nuclear size

STAR PRC  96 (2017) P. Staig, E. Shuryak, 1005.3531 unpublished M. Vidovic, et al., PRC 47 (1993)

RHIC LHC



Spatial distribution of photon collisions
Example of e+e- pair spatial distribution, 
50-60% Au+Au collisions

10Phys.Lett. B781 (2018) 182-186



D. Kharzeev
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CME & Magnetic Field

• Chiral Symmetry Restoration
• low-mass dilepton excess (change of vector meson r

spectral function) 

• Strong Magnetic Field
• Global Hyperon Polarization
• Coherent photo-production of J/Ψ and low-mass 

dilepton in non-central A+A collisions

A required set of Extraordinary Phenomena: 

QCD Topological Charge 

+ Chiral Symmetry Restoration 

+ Strong Magnetic Field

Observable: 

Chirally restored quarks separated 
along magnetic field

Two other Extraordinary 
phenomena to make this 
possible (QCD topology 
reflects in charge separation)

Disentangle and assess 
necessary conditions

Zhangbu Xu, Moriond Conference, Italy, March 2017
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QCD phase transition is a chiral phase transition

PRL113(2014)

PLB750(2015)

Golden probe of chiral symmetry restoration:
change vector meson (r→e+e-) spectral function
STAR data (RHIC and SPS): 
Consistent with continuous QGP radiation and 
broadening of vector meson in-medium 

13IMR: BESII and 2023



STAR Detector used for dielectron analysis
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Electron Identification

TPC dE/dx: large hadron background

EMC: pT>~2.0 GeV/c

|1/β-1|<0.03

Not able to do without TOF!

A prototype TOF tray (TOFr) in 2003 

Nucl-ex/0505026, M. Shao et al.
X. Dong PHD Thesis (USTC 2005)



Characteristics of photon collisions

Photon-interactions: 
Peak at low pT ~= 30MeV
Prominent above background

Hadronic production: 
<pT>~=500MeV/c

Datasets: 
Au+Au 2010+2011
U+U 2012
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Good Signal 
over background
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Linear Scale
Signal-to-background ratio is 
about 17:1 



Invariant mass distributions
Photon collisions: 

Continuous in invariant mass 

Photoproduction: 

Vector Meson Dominant 

Invariant mass distributions 

show combination of both

High mass (VMD): 

photoproduction of J/Psi

Low-mass: 

photon collisions 

18
FOCUS ON LOW MASS (<2.7GeV)



Contributions from different sources

Hadronic cocktail 
subtracted: 
Smooth continuous 
invariant mass spectra

Residual: 
• Photon collisions + photonuclear production 

+ rho medium broadening + QGP radiation
• Model can describe the yields well  
• Data dominated by photon collisions 

Woods-Saxon match data on yields 

STARlight underpredicts x2 yields

19



Yields in centrality and species

• Photon collision: Relatively independent of centrality 
• hadronic yields increase rapidly with Npart
• U+U > Au+Au (40% higher) 20



pT2 Spectra

Spectra is exponential in (-t) 
or Guassian in pT: 
exp(-pT

2/st
2) 

U+U yield higher than Au+Au

Spectra broader than models

Au+Au pT broader than U+U

21



pT broadening

Two Issues: 

pT spread (st) > Model
additional broadening of
40MeV 

Au+Au > U+U

Why “broadening”: 
Gaussian in pT

Au+Au

U+U

22



D. Kharzeev
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Impact of magnetic field on e+e- pT spectra

ç Example of e+e- pair spacial distribution, 

Assume uniform magnetic field along y-axis, 
Calculate 1014T and 1fm time (equivalent to 
the pair travels for 1fm in distance): 
the deflection of the spectra is 2*e*L0*B 

e+ e- 24



Spatial distribution of photon collisions
Example of e+e- pair spatial distribution, 
50-60% Au+Au collisions

25

Conductivities of the medium
b=8fm, t=0.4fm, s= 5.8MeV, s!= 1.5MeV

G. Inghirami et al., arXiv: 1609.03042, 
Chirality workshop



Measured pT
2 spectra compared to models

BLUE curve is without B field

Red is with B field of 

1014T and 1fm 

(time, traversing distance)

60-80% Au+Au

Mee [0.4,0.76] GeV
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Yields 
Au+Au<U+U

st: <pT
2>

Au+Au>U+U
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Resolving U+U vs Au+Au puzzle

Prithwish Tribedy

Peripheral U+U larger Z 
More photon flux, 
But more spread-out 
weaker field at center
è
• Higher dielectron yields
• Lower <pT

2>
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Projections and Predictions

Au+Au
30-40%

2023Ru+Ru
47-75%
2018Zr+Zr

47-75%
2018

UPC@200GeV
2010+2011

STAR PRC70 (2004)Quantitative 
Measurement of 
QGP response to 
magnetic field
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Why 2023 and STAR@RHIC?
iTPC sector
Regular sector• Require low detector material 

background from g conversion
run14-16 not usable 
2010+2011 Au+Au @ 200

• Require excellent 
electron identification
TPC dE/dx and TOF

• Low-momentum electrons
• Require large acceptance 
• Heavy-Ion Collisions with 

various species at 
the right energies: 
Z4g2 

• Au+Au middle-centrality at 200GeV

30



Combinatorial background 
could be show-stopper 

31

Linear Scale
• Combinatorial background is low at this range

with STAR at 0.3% material budget 
one layer of Silicon Tracker ~=1% 

• After background subtraction, 
Signal-to-background ratio is about 17:1 



Why not other measurements? 

• B field effect is at the level of 
50MeV on momentum 

•Most of hadrons 
<pT>~=500MeV – 1GeV
2% effect
• Light hadron (pion+-: v1 difference) 
• Charm v1 
• Lambda and anti-Lambda 

polarization difference 

Asakawa, Majumder, Mueller, arXiv:1003.2436
32

G. Inghirami et al., arXiv: 1609.03042



Why dielectrons from photon collisions 
perfect probe of Magnetic field in QGP?

• From beginning to the end, ONLY Electromagnetic processes are involved 
• Dielectron pairs are created from initial-state photon flux 

(virtuality m~=0.5-1GeV, 0.2-0.5fm, not too late) 
• Magnetic field in Vacuum is “normalized” by the UPC collisions 
• Well-defined initial photon-photon cross section independent of QCD
• EM force is long range (electrons can get kicked even outside of QGP)
• Spectra peaks at pT=30-50MeV, right magnitude to be very sensitive to 

magnetic field 
• Clean probe with unique characteristics 
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Perspective
Quantum Fluid:  
Highest temperature
Lowest viscosity/s
Most Vortical fluid
GOOD/best conductor?

D. Kharzeev, RHIC/AGS Users Meeting, June, 2015

34
G. Inghirami et al., arXiv: 1609.03042

Level observed



Radical Ideas, crazy experiments?
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Magneto-(sono)thermoluminescence (∝ B*V)

MTL/(thermal dilepton)

See you in 2023
Au+Au
iTPC+EPD+eTOF

arXiv:1809.07049
Klusek-Gawenda, Rapp, Schaefer, Szczurek
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Rapidity dependence of Global Polarization



Solenoidal Tracker at RHIC

Artistic rusty representation of past and present

Crystal Ball prediction of future (literately)

Still an indispensable discovery detector
37
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backup
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Higher order QED correction

(f) May be different in UPC and peripheral

Low invariant mass (~<1GeV), large formation time
middle rapidity

40

G. Baur et al. Phys. Report 364 (2002) 359 
arXiv:0112211


