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OUTLINE
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8 Dileptons from γγ fusion have peak at very low PT
8 Nuclei create event in which e.g. plasma can be formed
8 Dileptons are a classical probe of the QGP

â Ultraperipheral collisions
â From ultraperipheral to semicentral collisions→ dilepton sources

â Initial γγ fusion mechanism
â Thermal dileptons

â Low-PT dilepton spectra
â SPS
â RHIC
â LHCDILEPTON PRODUCTION M. KŁUSEK-GAWENDA KRAKÓW/BUDAPEST, 7-11 DECEMBER 2020 2 / 16

THE HENRYK NIEWODNICZAŃSKI

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES



3/16

EPA

EQUIVALENT PHOTON APPROXIMATION

The strong electromagnetic field is a source of photons that can induce
electromagnetic reactions in ion-ion collisions.

ULTRAPERIPHERAL COLLISIONS
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EPA UPC

NUCLEAR CROSS SECTION - UPC
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EPA UPC

EQUIVALENT PHOTON FLUX VS FORM FACTOR
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EPA SEMICENTRAL

DIELECTRON INVARIANT-MASS YIELD

Definition in the centrality class
ë Initial γγ fusion mechanism
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The calculation of thermal
dilepton production from
a near-equilibrated medium

3 Phys. Lett. B473 (2000)

3 Phys. Rev. Lett. 100 (2008)

3 Phys. Lett. B753 (2016) 586
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RESULTS

DIELECTRON INVARIANT-MASS SPECTRA - RHIC

4 γγ-fusion

4 thermal radiation

4 hadronic cocktail

3 centrality classespt >0.2 GeV,

|ηe|<1

|ye+e− |<1

0 1 2 3 4

 (GeV)e+eM

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

 (
1
/G

e
V

)


e
+

e
/d

M


e
+

e
d
N

STAR200GeV Au: 6080%
2

 10×                4060% 
4

 10×                1040% 

e+e→γγ

 + QGPρinmedium 

cocktail

0 1 2 3 4

 (GeV)e+eM

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

10

210

 (
1
/G

e
V

)


e
+

e
/d

M


e
+

e
d
N

STAR200GeV Au: 6080%

2
 10×                4060% 

4
 10×                1040% 

QGP and cocktail

,ρ, inmedium 

e+e→γγsum of 

The coherent emission dominates for the two peripheral samples

and is comparable to the cocktail and thermal radiation yields in semi-central collisions.
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RESULTS

DIELECTRON INVARIANT-MASS SPECTRA - SPS

4 γγ-fusion

4 thermal radiation
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The γγ contribution is small and plays some role at small Mµ+µ− where data run out of precision
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RESULTS

DIELECTRON INVARIANT-MASS SPECTRA - LHC

4 γγ-fusion

4 thermal radiation
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The total γγ cross section keeps rising at high collision energies,

the main contributions arise from large impact parameters b � 2RA
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RESULTS

EXCITATION FUNCTION OF LOW-PT
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γγ is subleading @SPS & keeps rising @ RHIC or LHC
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EPA SEMICENTRAL

DIELECTRON PAIR TRANSVERSE MOMENTUM
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A summation over photon polarizations i, j, k , l was implied
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RESULTS

PAIR TRANSVERSE MOMENTUM - RHIC & LHC
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Small correction to the STAR decription & much better situation for LHC
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RESULTS

ACOPLANARITY - ATLAS
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pt >4 GeV,

Mµ+µ− =(4-45) GeV,

|ηµ|<2.4

4 γγ-fusion

c= (0-10)%

A successful description of ATLAS data by γγ-fusion alone
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RESULTS

ACOPLANARITY - ATLAS
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Very good description of the data having

correct normalization and shape of the distributions

pt >4 GeV,

Mµ+µ− =(4-45) GeV,

|ηµ|<2.4

DILEPTON PRODUCTION M. KŁUSEK-GAWENDA KRAKÓW/BUDAPEST, 7-11 DECEMBER 2020 14 / 16

THE HENRYK NIEWODNICZAŃSKI

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES



15/16

RESULTS

IMPACT PARAMETER
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4 γγ-fusion
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CONCLUSION

CONCLUSION

3 The interplay of thermal radiation with the initial photon annihilation process triggered
by the coherent electromagnetic fields of the incoming nuclei was presented.

3 We first verify that the combination of photon fusion, thermal radiation, and final-state
hadron decays gives a fair description of the low-PT dilepton mass spectra and dilepton
transverse momentum distribution as measured by the STAR collaboration for different
centrality classes, including experimental acceptance cuts.

3 STAR, ALICE and ATLAS experimental data show that without free parameters very
good agreement with the data is achieved without including rescattering of leptons in
quark-gluon plasma.

3 Recently the CMS collaboration has measured modification of α distributions correlated
with neutron multiplicity. A very new ATLAS study also presents the dimuon cross
section in the presence of forward and/or backward neutron production. We plan to study it
in the future.

Thank you
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