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Photon 𝑝! spectrum and inverse slope
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Ref.: PHENIX Collaboration [ arXiv:2203.17187 ]

Results at the LHC by the ALICE Collaboration:

Centrality 𝑇𝒆𝒇𝒇 (GeV)
0.9 < 𝑝#  < 2.1 GeV

𝑇𝒆𝒇𝒇 (GeV)
1.1 < 𝑝#  < 2.1 GeV

0-20% 0.297 -

20-40% - 0.410
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Interpretation of the inverse slope
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Central 𝑃𝑏𝑃𝑏	
𝑠++=2.76 TeV

With transverse 
Doppler shift

Without transverse 
Doppler shift

Global effect of Doppler shift

Temperature profile
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Effect of transverse flow in a realistic calculation
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With transverse 
Doppler shift

Without transverse 
Doppler shift
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With transverse 
Doppler shift

Without transverse 
Doppler shift
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Inverse slope in Gubser hydro
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Initial 
temperature 
profile at 
𝜏% = 0.4	fm

𝑇 𝜏, 𝑟 =
𝑇!𝜏! 1 + 𝑞"𝜏!"
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Dashes are results for 
Bjorken expansion
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Dashes are results for 
Bjorken expansion
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Inverse slope in Gubser hydro
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Inverse slope in Bjorken hydrodynamics
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Paquet and Bass [ arXiv:2205.12299 ]

Bjorken hydrodynamics for longitudinal-dominated expansion: 𝑇 𝜏 = T* 𝜏*/𝜏 P.'
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Au-Au 𝑠"" =𝟐𝟎𝟎 GeV, 0-20%
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Ref.: PHENIX Collaboration [ arXiv:2203.17187 ]

𝒑𝑻	𝒄𝒖𝒕 𝑻𝒆𝒇𝒇
𝑻𝟎 =

𝑻𝒆𝒇𝒇

𝟏 − 𝟓𝟐
𝑻𝒆𝒇𝒇
𝒑𝑻

0.8 < 𝑝' < 1.9 GeV 277 MeV 570 MeV
2 < 𝑝' < 4 GeV 428 MeV 670 MeV

Caveats: other sources of photons (e.g. pre-
equilibrium), viscosity, ...



Au-Au 𝑠"" =𝟐𝟎𝟎 GeV, 0-20%
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Ref.: PHENIX Collaboration [ arXiv:2203.17187 ]

𝒑𝑻	𝒄𝒖𝒕 𝑻𝒆𝒇𝒇
𝑻𝟎 =

𝑻𝒆𝒇𝒇

𝟏 − 𝟓𝟐
𝑻𝒆𝒇𝒇
𝒑𝑻

0.8 < 𝑝' < 1.9 GeV 277 MeV 570 MeV
2 < 𝑝' < 4 GeV 428 MeV 670 MeV

Partly explains large 𝑝(-cut dependence of 𝑇)**

From hydro fit to hadronic data: 𝑇+ ≈ 530 MeV
[ from Gale, Paquet, Schenke, Shen (2022) PRC ]

Caveats: other sources of photons (e.g. pre-
equilibrium), viscosity, ...
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Summary
§ Doppler shift: large local effect but smaller global effect

§ Transverse flow ∼not the main driver of the inverse slope

§ Can study the inverse slope in simple models:

§ Constrain temperature volume profile with photons (and dileptons)
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Backup
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Effect of flow – central vs peripheral

21

10-4

10-3

10-2

10-1

100

101

102

103

 0  0.5  1  1.5  2  2.5  3

1/
(2
πp

T)
 d

N
γ /

dp
T 

(G
eV

-2
)

pT (GeV)

All thermal photons

Central 𝑃𝑏𝑃𝑏	 𝑠VV=2.76 TeV

With transverse 
Doppler shift

Without transverse 
Doppler shift

10-4

10-3

10-2

10-1

100

101

102

103

 0  0.5  1  1.5  2  2.5  3

1/
(2
πp

T)
 d

N
γ /

dp
T 

(G
eV

-2
)

pT (GeV)

All thermal photons

Peripheral 𝑃𝑏𝑃𝑏	 𝑠VV=2.76 TeV

With transverse 
Doppler shift

Without transverse 
Doppler shift



Photon 𝑝! spectrum and inverse slope
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Ref.: PHENIX Collaboration [ arXiv:2203.17187 ]

Vassu Doomra, Tuesday 3h30PM
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Comparing with spectrum (rather than 𝑇#$$)
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Paquet and Bass [ arXiv:2205.12299 ]
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Inverse slope in Bjorken hydrodynamics
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Bjorken hydrodynamics for longitudinal-dominated expansion: 𝑇 𝜏 = T* 𝜏*/𝜏 P.'

Black disk approx:

Gaussian approx:

𝑇 𝜏, 𝑟 < 𝜎 = T*
𝜏*
𝜏

P.'

𝑇 𝜏, 𝑟 = T*𝑒
\ ]'
+^'

𝜏*
𝜏

P.'

1
2𝜋𝑝'

d𝑁#
𝑑𝑝'

3
()*

≈ 2𝜋&
'*+,

'-
𝑑𝑇

𝒅𝑽𝑻
𝒅𝑻

𝑇
𝑝'	

𝐸
dΓ#
d$𝑝

𝑝', 𝑇



Inverse slope in Bjorken hydrodynamics

25

Paquet and Bass [ arXiv:2205.12299 ]

Bjorken hydrodynamics for longitudinal-dominated expansion: 𝑇 𝜏 = T* 𝜏*/𝜏 P.'
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Inverse slope in Gubser hydro
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[ JFP, arXiv:2305.10669 ]
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Comparison with 
state-of-the-art 
calculation of 
thermal photons



Comparison with model
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Comparison with 
state-of-the-art 
calculation of 
thermal photons



Comparison with data
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Energy dependence of photon emission rate

J-F PAQUET (VANDERBILT)
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¡ Exact photon rate highly non-
trivial

¡ But energy dependence 
overwhelmingly dominated by 
exp(− N_N]`(

aNb1N]ca4]N)

Dot-dashed: 𝑒\d/'



Thermal photon spectrum

J-F PAQUET (VANDERBILT)
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Hydrodynamic vs initial transverse flow

J-F PAQUET (VANDERBILT)
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Profile
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Thermal photons

√𝑠((=200 GeV 
Au-Au, 30-40% centrality

J-F PAQUET (VANDERBILT)


