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't is a very clean probe to investigate the space-time evolution of the collision
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Missing something in the model? Experimental uncertainties?
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Enhancing the robustness of experimental data

Separate the direct photon source into individual components

Systematic comparison across different collision systems and energies
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« Excellent statistics and high-quality data have been released by PHENIX at RHIC

* Non-prompt component has been extracted
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« Excellent statistics and high-quality data have been released by PHENIX at RHIC
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Excellent statistics and high-quality data have been released by PHENIX at RHIC

Non-prompt component has been extracted

— Non-prompt = Direct photon - Prompt photon (scaled pp data)

x2~3 discrepancy at lower p7 (late stage) is still remaining but not higher pt (early stage)
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« PHENIX has measured direct photon at /syny = 39 and 62.4 GeV

* Excess (~ 20%) above decay photon has been observed
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Direct photon production at lower collision energies

Direct photon
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Update of the measurement at LHC (2.76 TeV)
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Update of the measurement at LHC (2.76 TeV)

« ALICE has released the new result by photon conversion method with the data-driven detector
material budget

— The systematic uncertainty related to material budget has been reduced from 4.5% to 2.5%
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Update of the measurement at LHC (2.76 TeV)

« ALICE has released the new result by photon conversion method with the data-driven detector
material budget

— The systematic uncertainty related to material budget has been reduced from 4.5% to 2.5%
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Re: Direct photon puzzle
Underestimate state-of-art model at low-p1?

* New ALICE results are in agreement with the state-of-art model within experimental uncertainties,
out systematically larger than the model
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Re: Direct photon puzzle
Underestimate state-of-art model at low-p1?
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Re: Direct photon puzzle
Underestimate state-of-art model at low-p1?

* New ALICE results are in agreement with the state-of-art model within experimental uncertainties,

out systematically larger than the model
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Energy and system size dependence of direct photon

No \/snn dependence of Teg has been observed
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Energy and system size dependence of direct photon

No \/snn dependence of Teg has been observed

— Late stage emission is dominated by near phase transition (0.4 - 1.3 GeV/c)
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Energy and system size dependence of direct photon

Non-prompt photon
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Energy and system size dependence of direct photon

Non-prompt photon

* No snny dependence of T has been observed % zzz: PN AR AR fb+%
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Energy and system size dependence of direct photon

No \/snn dependence of Teg has been observed

Late stage emission is dominated by near phase transition (0.4 - 1.3 GeV/c)

QGP stage and thermalized emissions are also NOT dependent on collision
energies (0.9 - 2.1 GeV/c)

AuAu @ 200 GeV: 514x61 MeV, PbPb @ 2760 GeV: 406+41 MeV (2 - 4 GeV/c)

Direct photon yield is proportional to (dN/dn)e
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Energy and system size dependence of direct photon

No \/snn dependence of Teg has been observed
— Late stage emission is dominated by near phase transition (0.4 - 1.3 GeV/c)

— QGP stage and thermalized emissions are also NOT dependent on collision
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The theoretical predictionisa ~ 1.6
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Energy and system size dependence of direct photon

Non- prompt photon
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Dileptons in HIC

—h
o
N

* Low mass region (IMR), M < 1.5 GeV/c?, is sensitivetothe W T T T TR
Q B ]
= " Pb-Pb = 5.5 TeV — §

ate-stage temperature > [ Piw=ssTe Pl
J 10§ =
S |ne| < 0.85 — Rapp Sum =
o 7
8 p, >0.2 GeV/c .
s [~ -
o 1t =
< - .
o B |
2101 E
107 E
10_35_ =

[ | | | | | | | | | | | | | | | | | | | [ ™ | | :l:

0 0.5 1 1.5 2 2.5

M., (GeV/c?)

10



Dileptons in HIC
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Dielectrons from BESII

Talk at QM2022

« Clear enhancement compared to cocktail contribution in both low mass region and
intermediate mass region at 27 and 54.4 GeV have been observed




Temperature from excess dilepton from BESII
Low mass region (LMR) = late stage

Talk at QM2022
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Temperature from excess dilepton from BESII
Low mass region (LMR) = late stage

Talk at QM2022
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Temperature from excess dilepton from BESII
Low mass region (LMR) = late stage

Talk at QM2022
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Temperature from excess dilepton from BESII
Low mass region (LMR) = late stage

Talk at QM2022

e Charge density normalized mass spectrum in

=— STAR Au+Au 54.4 GeV (0-80%) ~ b
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Temperature from excess dilepton from BESII
Intermediate mass region (IMR) = early stage

Talk at QM2022

— STAR AutAU 54.4 GeV (0-80%) « Charge density normalized mass spectrum in
«— STAR Au+Au 27 GeV (0-80%) AuAu collisions at 54.4 and 27 GeV are similar but
NAGO In+in 17.3 GeV (dN, /an > 30) higher than SPS (Inin @ 17.3 GeV)
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Temperature from excess dilepton from BESII
Intermediate mass region (IMR) = early stage

Talk at QM2022

. STAR Au+Au 54.4 GeV (0-80%) » Charge density normalized mass spectrum in
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Temperature from excess dilepton from BESII
Intermediate mass region (IMR) = early stage

Talk at QM2022

— STAR AutAU 54.4 GeV (0-80%) « Charge density normalized mass spectrum in
«— STAR Au+Au 27 GeV (0-80%) AuAu collisions at 54.4 and 27 GeV are similar but
*— NABD In+In17.3 GeV (dN, /dn > 30) higher than SPS (Inin @ 17.3 GeV)
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Temperature from excess dilepton from BESII
Intermediate mass region (IMR) = early stage

Talk at QM2022

— STAR AutAU 54.4 GeV (0-80%) « Charge density normalized mass spectrum in
«— STAR Au+Au 27 GeV (0-80%) AuAu collisions at 54.4 and 27 GeV are similar but
*— NABD In+In17.3 GeV (dN, /dn > 30) higher than SPS (Inin @ 17.3 GeV)
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System size and pg dependence

* The models describe LMR (late-stage) thermal dilepton, but IMR (early-stage) is underestimated
— This is the opposite result of non-prompt direct photon measured by the PHENIX experiment at 200 GeV
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System size and pg dependence

* The models describe LMR (late-stage) thermal dilepton, but IMR (early-stage) is underestimated
— This is the opposite result of non-prompt direct photon measured by the PHENIX experiment at 200 GeV

« Temperature from dilepton doesn’t depend on the system size

— Temperature of the early stage is expected to depend on

— Late-stage LMR temperature is nearly at the phase transition temperature
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System size and pg dependence

* The models describe LMR (late-stage) thermal dilepton, but IMR (early-stage) is underestimated
— This is the opposite result of non-prompt direct photon measured by the PHENIX experiment at 200 GeV

« Temperature from dilepton doesn’t depend on the system size

— Temperature of the early stage is expected to depend on

— Late-stage LMR temperature is nearly at the phase transition temperature
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The information to reveal the QCD phase diagram is gradually being gathered
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Dilepton measurement at LHC energies

« Itis challenging to extract the dielectron excess at LHC energy due to
the huge background

— Contribution from light flavors and heavy flavors are dominant contributions
for LMR and IMR, respectively

Talk at QM2022
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Dilepton measurement at LHC energies

« Itis challenging to extract the dielectron excess at LHC energy due to
the huge background

— Contribution from light flavors and heavy flavors are dominant contributions
for LMR and IMR, respectively

* Directy has been measured in PbPb collisions at 5.02 TeV

— yindmeasured with photon conversion method is used

Talk at QM2022
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Dilepton measurement at LHC energies

Talk at QM2022

02 ALICE Preliminary
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Dilepton measurement at LHC energies

Talk at QM2022

02 ALICE Preliminary

» Itis challenging to extract the dielectron excess at LHC energy due to @ “fuo mmy i oo |
the huge background B

- 108-00<p _<80GeVic

— Contribution from light flavors and heavy flavors are dominant contributions
for LMR and IMR, respectively

* Directy has been measured in PbPb collisions at 5.02 TeV

— yindmeasured with photon conversion method is used
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Dilepton excess at LHC energies
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Dilepton excess at LHC energies
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Dilepton excess at LHC energies

1(1\'_\ _||||||||||||||||||||||||IIIIIIII
. 2 1ol ALICE Preliminary |
* Dielectron excess has been extracted 5 'F 0-10%Po-Pbat {55 - 5.02 Tev :
8"’ T 0.2«< Pro< 10 GeV/c, |ne| <0.8 _
= : g 3 T 00<p <80 GeV/c 7
— LFs are measured results, but N scaled HF contribution w/ and 1S 1EF  (3)erceso - Data- Cookl (Fwlo p+ Jip + POWHEG x _») =
. —_3 a E’Excess = Data - Cocktail (LF w/o p + J/y + POWHEG x <NCO”> X R%E"e) —
W/O RAA eﬁeCt 1S Used < — QGP + in-medium p (R.Rapp, Advp. HEI:IT 2013 (2013) 148253) -
o __ — QGP + in-medium p (PHSD, PRC 97 (2018) 064907) _—
? ? Arrows show upper limits at 95% C.L. ?
» Due to large statistical and systematic uncertainties, it is 10 Y _

difficult to resolve the QGP contribution

=
|
/
<
Ll

— LMR: Combinatorial electrons \ |
| \ 4 VY_|
— IMR: Contribution from HF ( 0..tHC ~ 10 x o RHIC) 10 &
E Hadronic matter QGP N
_l L 1 1 I L 11 1 I I I I L 11 1 I I I 11 l—
0 0.5 1 1.5 2 2.5 3 3.5

me. (GeV/c?)

e The following improvement is necessary (besides statistics)




Dilepton excess at LHC energies
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e The following improvement is necessary (besides statistics)

— LMR: Reducing background electrons by improving detector material, or altering target lepton
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Dilepton excess at LHC energies
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e The following improvement is necessary (besides statistics)
— LMR: Reducing background electrons by improving detector material, or altering target lepton

— IMR: Improving HF determination by excellent detectors, or altering measuring rapidity
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Direct photon production in high-multiplicity pp
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 Significant reduction of uncertainties compared to the previous ALICE paper




Direct photon production in high-multiplicity pp
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« Similar direct photon fraction in MB and HM pp collisions has been observed




Chance meet of high pg and high multiplicity pp collisions

« HADES claims w meson is clearly visible at high pr but disappeared at low pr
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Chance meet of high pg and high multiplicity pp collisions

« HADES claims w meson is clearly visible at high pr but disappeared at low pr

« ALICE has reported decreasing of w meson compared to total multiplicity in pp collisions at /s = 13 TeV
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Chance meet of high pg and high multiplicity pp collisions

« HADES claims w meson is clearly visible at high pr but disappeared at low pr

« ALICE has reported decreasing of w meson compared to total multiplicity in pp collisions at /s = 13 TeV
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Chance meet of high pg and high multiplicity pp collisions

« HADES claims w meson is clearly visible at high pr but disappeared at low pr

« ALICE has reported decreasing of w meson compared to total multiplicity in pp collisions at /s = 13 TeV

— This effect appears to be the disappearance of the peak in the invariant mass spectrum
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« ALICE has reported decreasing of w meson compared to total multiplicity in pp collisions at /s = 13 TeV
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Same phenomenon in high multiplicity pp (forward) as in the high pg environment?

Look forwarding to updates from HADES
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— Temperature measurement, space-time evolution, and chiral symmetry restoration
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EM probe is the most important probes in HIC

— Temperature measurement, space-time evolution, and chiral symmetry restoration

Very high-quality data enable us to separate the photon emission stage with both real photon and
dilepton channels

— Improve experimental data robustness

— New collision energies with high statistics

Direct photon puzzle in yield is still remaining, but the discrepancy has been reduced

— New photon puzzle at early stage photon yield in real photon and virtual photon (dilepton)?

There could be interesting relationships between low energy HIC and high multiplicity small system






« PHENIX has reported the existence of event selection bias with high

pT particles in d+Au collisions

« PHENIX has proposed a method to evaluate N with direct y data

in each centrality
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Hydrodynamics + chiral mixing model

* The new model has been created with chiral mixing phenomena in the viscous hydrodynamics

3 scenarios have been demonstrated,
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