
1/14

FROM WIGNER DISTRIBUTIONS OF PHOTONS TO DILEPTON
PRODUCTION IN SEMICENTRAL HEAVY ION COLLISIONS

Mariola Kłusek-Gawenda
Institute of Nuclear Physics Polish Academy of Sciences, Kraków, Poland

3 M. K-G, R. Rapp, W. Schäfer and A. Szczurek,
Dilepton Radiation in Heavy-Ion Collisions at Small Transverse Momentum,
Phys. Lett. B790 (2019) 339,

3 M. K-G, W. Schäfer and A. Szczurek,
Centrality dependence of dilepton production via γγ processes from Wigner distributions of photons in nuclei,
Phys. Lett. B814 (2021) 136114.

DILEPTON PRODUCTION M. KŁUSEK-GAWENDA ONLINE CONFERENCE, JULY 26-30, 2021 1 / 14

THE HENRYK NIEWODNICZAŃSKI

INSTITUTE OF NUCLEAR PHYSICS
POLISH ACADEMY OF SCIENCES



2/14

OUTLINE

â From ultraperipheral to semicentral collisions→ dilepton sources
â γγ fusion mechanism

â Invariant mass
â SPS (NA60 data)
â RHIC (STAR data)
â LHC (ALICE data)

â Low-PT dilepton spectra
â RHIC (STAR data)
â LHC (ALICE data)

â Acoplanarity
â LHC (ATLAS data)
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B-SPACE

NUCLEAR CROSS SECTION - IMPACT PARAMETER SPACE
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The transverse momentum PT of the pair is neglected

σA1A2→A1A2 l+ l− =

=

∫
N (ω1,b1) N (ω2,b2) δ(2)(b − b1 − b2)

×
∫

d2b1d2b2d2b dy+dy−dp2
t

dσ(γγ → l+l−; ŝ)
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→ fraction of inelastic hadronic event

dσin
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= 2πb(1− e−σ

in
NNTAA(b))→ optical Glauber model

TAA(b) =

∫
d3~r1d3~r2 δ

(2)(b − r1⊥ − r2⊥) nA(r1)nA(r2)→ Nuclear thickness function
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B-SPACE

ELECTRIC FIELD VS FORM FACTOR
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The factorization formula is written in terms of the Wigner function:
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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
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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

DIMUON 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

3 centrality classespt >0.2 GeV,

|ye|<1
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The total γγ cross section keeps rising at high collision energies,

the main contributions arise from large impact parameters
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RESULTS

EXCITATION FUNCTION OF LOW-PT
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3 centrality classes

γγ is subleading @SPS & keeps rising @ RHIC or LHC
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EPA SEMICENTRAL

DIELECTRON PAIR TRANSVERSE MOMENTUM

ë kt -factorization
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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

- - - - - - PLB790 (2019) 339
vs.

—— PLB814 (2021) 136114
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Small correction to the STAR decription & much better situation for LHC
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RESULTS

ACOPLANARITY - ATLAS DATA

From central to peripheral collisions

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (05)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (510)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (1020)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (2030)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (3040)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (4050)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (5060)%

ATLAS prel.

theory

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

α

0

1

2

3

4

5

6

7

8

9

10α
/d


µ

+
µc
=

(6
0
7

0
)%

 d
N

b
=

a
ll

1
/N


µ

+
µPbPb→PbPb

| < 2.4η= (445) GeV, |
µ+µ

 > 4 GeV, M
t

p

c = (6070)%

ATLAS prel.

theory

A successful description of ATLAS data by γγ-fusion alone

A correct normalization and shape of the distributions

pt >4 GeV,

Mµ+µ− =(4-45) GeV,

|ηµ|<2.4
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RESULTS

IMPACT PARAMETER
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Distribution shape depends on the dielectron invariant mass range
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Comparison with ALICE experimental data
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Excellent agreement with ALICE experimental data for Me+e− < 2.5 GeV.
The ratio of e+e− production inside and outside of the nuclei ≈ 1.

Yash Arya & Roxana Busuioc e+e−production - impact parameter space 30/07/2021 10 / 12
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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 (but
taking into account Wigner distribution) 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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