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Introduction

- Photons are color blind probes
of Quark Gluon Plasma.

Final detected
160 - 110 MeV 110 MeV Particle distributions

Kinetic Freeze-out

Collision Overlap
Photon Region

| Density
Sources

Initial energy Hadronization

Non-Prompt

7Tp Scattering
- Low T spectrum
- Large flow/blue shift

Hadron decays

- Spectra derived from
parent particles
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Photon Measurements with PHENIX

Photons that directly
Calorimeter | — | deposit energy into

Method EMCals. Photons,

ete- identification PHENIX Detector
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External Photons that convert Au+Au dataset at . (,{

detector material. (2014)
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Direct y for Au+Au at 200 GeV
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Direct y for Au+Au at 200 GeV
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Non-Prompt Direct y for Au+Au at 200 GeV
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Terr and scaling behaviour of non-prompt direct y
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Elliptic flow of direct photons

Off-center collisions
between gold nuclei
produce an elliptical
region of quark-
gluon medium.

The pressure gradients
inthe elliptical region
causeittoexplode
outward, mostlyin

the plane of the
collision (arrows).
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Fragment of
gold nucleus

gluon medium

%

Quantified by the second Fourier moment of the particle
azimuthal distribution with respect to the reaction plane.

dN
@ = Nyl1 + 2v, cos(2¢)]

In the analysis, v, is calculated using the following equation

incl dec
Ryvz — V5

R,—1

dir __
V2 =

We measure the anisotropy in the azimuthal distribution of
photons with respect to the reaction plane determined by the

forward vertex detector 1.5 < | 5| < 2.9.

N
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Direct Photons v,
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Direct Photons v,
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Multi-messenger heavy-ion physics

- Hybrid model that describes all
stages of relativistic heavy-ion
collisions

- Effect of pre-equilibrium phase on
both photonic and hadronic
observables highlighted.

Theoretical models qualitatively
reproduce the shape but falls short
quantitatively.
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Thermal radiation in dilepton spectra

Schematic Dilepton Spectrum

lllllllllIlllllllllllllllllll

- In the dilepton invariant mass range from about 1 to 3 GeV/cz,
there is a significant contribution from thermal emission from the
el TEPl e

QGP. I! P,® dM
=
— Background from semileptonic decays of open heavy flavor. \ thermal source

— Small contribution from Drell-Yan.

— Vertex detector is required to disentangle the thermal and

semiletonic components

(PHENIX installed Silicon Vertex Detector in 2011).

120 Olual] ‘saaiq 'V

- Silicon Vertex detector presents a huge photon conversion Sl T S e

bacl d 1 2 3 4 5
ackground. mass (GeV/c?)

Poster by Roli Esha
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Invariant mass spectrum in p+p at 200 GeV
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Comparison to Hadronic Cocktail
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Separating the J/y and heavy flavor contributions

Particle
We calculate a transverse DCA of the central arm tracks to the Track
interaction vertex determined by the VTX given by
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R circular
A : T e : g | | | | | | | | | | | | | | | | | \ tl‘aCk
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Summary

(A) (B) (C)
Direct Photon Spectra Direct Photon Flow Dilepton Continuum
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Thank you!




Direct y in small systems

Bridging the gap
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Onset of QGP?
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p+p kit

— - T = —————— —

Functional form inspired by pQCD

Fit below 1 GeV/c motivated by Drell Yan
measurements [Ito, et al, PRD23, 604 (1981)]

Systematic errors include the fit errors, different
functional forms

dN 2\ "
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External Conversion Method

%1 03 Runi4 Au+Au @ 200GeV, 0-20%
iti £ 10098 p* < 1.06e .
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Systematic uncertainty source (39 GeV)

¥ reconstruction
tagged photon yield 8% A
Conditional acceptance
input Hagedorn pr spectra and energy scale 8% B
Cocktail ratio
,),hadron /ﬂ.O 2%, B

Systematic uncertainty source (62.4 GeV)

Osys/ Ry Type

¥ reconstruction
tagged photon yield 5% A
Conditional acceptance
input Hagedorn pr spectra and energy scale 5% B
Cocktail ratio
,Yhadron /ﬂ.O 2%, B
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Systematic Uncertainties
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Inclusive and Decay Photons v;
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AU+AU, Ysyy =200 GeV preliminary - Au+AU, Ys =200 GeV 7 preliminary | '
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e n 1 1 % 1 3 I 1 @9y 1
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© 0.2r 0% T _e% 1 0%y, | Q 0.2F 0%, 1 Oooooo 1 Oooooo 1§ 1 111 i
o @
Ny td ; |

0) 0 -

05 0 15 0 5 0 15 0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15

p. [GeVi/c] p. [GeV/c] p. [GeVi/c] P, [GeVic] P, [GeVic] P, [GeVic]
Quantitatively, elliptic flow of both the inclusive and decay photons is very similar!
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n/7° fromworld data
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Accounting for
effects of radial

flow
—-
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Using the track-hit association to remove
conversions: Conversion Veto

delphi_pt_B1

—1250

—1200

150

100

9 10
pT(GeV/c)

x10°

delphi_pt_B2

delphi_pt_B3

oo ....................  Single Photon simulation .................... ...................

o VTXLayer3z ... oo NTXLayerq ... |7

o .................... S mglePhotonSImulatlQn ............. ................... i

Opening angle as a function of the parent photon pT between the electron and the positron track for conversions
happening at the beam pipe and the innermost VTX Layer.

pr (GeV/c)

B1 [mrad|]

B2 [mrad|]

B3 [mrad|]

1.00

4.09

30.97

51.93

5.00

2.36

8.68

13.19

@ extent of the sensor for VTX L2: ~ 1 mrad
¢ extent of the sensor for VTX L3 and L4: ~ 0.7 mrad

Even if only one of the conversion tracks is reconstructed by the DC we will always find a hit in the vicinity of a conversion track!
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Performace of our rejection techniques

rejection_efficiecny
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rejection_efficiecny
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Understanding the important aspects of the spectra using Pythia8 Simulations

Pyth|a8 D+pP S|mulat|ons
Zg Conversmns are not mcluded
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MinBias (47 Acceptance)

MinBias + ERT (4 Acceptance)

MinBias + ERT (PHENIX
Acceptance)

MinBias + ERT + PHENIX
Acceptance + Bremstruhlung

MinBias + ERT + PHENIX
Acceptance + Bremstruhlung +
pT Smearing

In the intermediate mass
region, the combination
of acceptance and ERT
trigger flattens out the
curve.
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