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uBreit-Wheeler process: converting real photon into e!𝑒"

Breit & Wheeler, Phys. Rev. 46 (1934) 1087 
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The Breit-Wheeler Process : 𝜸𝜸 → 𝒆!𝒆"
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Breit-Wheeler Process, Why So Elusive ?
uAlready in 1934 Breit and Wheeler knew it was hard, maybe impossible?
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uAlready in 1934 Breit and Wheeler knew it was hard, maybe impossible?

uOr maybe not impossible?

E. J. Williams, Phys. Rev. 45, 729(1934)
K. F. Weizsacker, Z. Physik, 612 (1934)

Breit-Wheeler Process, Why So Elusive ?



u Highly Lorentz-contracted charged nuclei produce 

electromagnetic fields (EM)

u Equivalent Photon Approximation (EPA): EM fields → a 

flux of quasi-real photons
Weizsäcker, C. F. v. Zeitschrift für Physik 88 (1934): 612 

u High photon density from highly charged nuclei (∝ 𝑍#)

u Virtuality 𝑄# ≲ ⁄ℏ 𝑅$ # in UPCs ⟹ almost real

Ann.Rev.Nucl.Part.Sci. 55 (2005) 271-310 

uVirtuality cancels at low photon transverse momentum

Vidovic, M. and Greiner, M. and Best, C. Phys.Rev.C 47 (1993) 2308-2319
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Ultra-Peripheral Heavy Ion Collisions (UPCs)



u  Exclusive production of 𝑒!𝑒" pair

u  Smooth invariant mass spectra

u Individual ⁄𝑙! 𝑙" preferentially aligned 

along beam direction

uConcentrated at low 𝒑𝑻
p Back to back in transverse plane
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STAR, PRL 127 (2021) 052302 

Breit-Wheeler Process in UPCs



STAR: Phys.Rev.Lett. 121, 132301 (2018)

Observation of 𝛾𝛾 → 𝑒!𝑒" in hadronic heavy ion collisions at STAR
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Breit-Wheeler Process in Hadronic Heavy Ion Collisions (HHICs) 



STAR: Phys.Rev.Lett. 121, 132301 (2018)

Observation of 𝛾𝛾 → 𝑒!𝑒" in hadronic heavy ion collisions at STAR
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Energy dependence?

Centrality dependence?

Final state effect?

Breit-Wheeler Process in Hadronic Heavy Ion Collisions (HHICs) 



Excesses above hadronic production 
are observed at low-𝑝&

Lowest order EPA-QED predictions 
are consistent with observed excesses

Energy dependence  
54.4 GeV, 200 GeV

Centrality dependence
40-60%, 60-80%, 80-100%

Transverse Momentum Distribution
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Invariant Mass Distribution at Low-𝑝#
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Excesses (Data - Cocktail) are 
extracted

No vector meson observed 
(𝛾𝛾 vector meson) 

Excesses are well described by 
lowest order EPA-QED predictions
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Excess yield increase with beam energy

EPA-QED predicts similar energy dependence

Energy Dependence of Excess Yield
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𝑝&# is sensitive to 𝑝& broadening
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𝑝&# is sensitive to 𝑝& broadening

𝒑𝑻𝟐 decreases from semi-

peripheral to peripheral collisions

Initial state effect: Impact 
parameter dependence
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𝑝&# is sensitive to 𝑝& broadening

𝒑𝑻𝟐 decreases from semi-

peripheral to peripheral collisions

Initial state effect: 
Impact parameter dependence
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𝑝&# is sensitive to 𝑝& broadening

𝒑𝑻𝟐 decreases from semi-

peripheral to peripheral collisions

Initial state effect: 
Impact parameter dependence

The 𝑝&# of 𝑒!𝑒" pairs decreases 
with increasing beam energy
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𝑝&# is sensitive to 𝑝& broadening

𝒑𝑻𝟐 decreases from semi-

peripheral to peripheral collisions

Initial state effect: 
Impact parameter dependence

The 𝑝&# of 𝑒!𝑒" pairs decreases 
with increasing beam energy

Indication of final state effect
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Are there final-state QED effect?

STAR collaboration BUR for Run-23-25

higher statistics iTPC upgrade

lower 𝑝!, 
lower systematic uncertainty

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0755
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Cross section increases with beam energy
𝑝!" decreases with increasing beam energy

The kinematics of the Breit-Wheeler process are sensitive to the details of the nuclear charge distribution

Energy Dependence of Cross Section and 𝑝#$
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Application: Mapping the Magnetic Field

uTotal and differential cross-sections (e.g. 
⁄𝑑𝜎 𝑑𝑃() for 𝛾𝛾 → 𝑒!𝑒" are related to 

field strength and configuration
p Photon density is related to energy flux of 

the electromagnetic fields 𝑛 ∝ 𝑆 = #
$!
𝐸×𝐵

M. Vidovic ́, et al., Phys. Rev. C 47 (1993), 2308 

→ Extract 𝐵 (single ion) based on 
measured cross-section 
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Application: Constrain Charge Distribution with Precision
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parameterized

Using LO QED to calculate Breit-Wheeler process to match data with least-𝜒#

UPC consistent with nominal nuclear geometry

Peripheral collisions systematically larger
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Application: Constrain Charge Distribution with Precision

Using LO QED to calculate Breit-Wheeler process to match data with least-𝜒#

UPC consistent with nominal nuclear geometry

Peripheral collisions systematically larger



• Beam energy and centrality dependences of 𝛾𝛾 → e*𝑒+ have been 
measured at STAR
ü Excess yield: Increases with beam energy
ü 𝑝&# :  Decreases with increasing impact parameter
ü 𝑝&# : Decreases with increasing beam energy
ü 𝑝&# : Indication of final state effect
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Summary



• Beam energy and centrality dependences of 𝛾𝛾 → 𝑒*𝑒+ have been 
measured at STAR
ü Excess yield: Increases with beam energy
ü 𝑝&# :  Decreases with increasing impact parameter
ü 𝑝&# : Decreases with increasing beam energy
ü 𝑝&# : Indication of final state effect

• Application: 𝛾𝛾 → 𝑒*𝑒+ can be used to map the magnetic field and 
constrain nuclei charge distribution
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Summary

Thanks for your attention!


