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Soft direct photon v, and n -scaling
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Direct photon puzzle
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Early-stage partonic emission
Tinit ~ 300 to 600 MeV

~0.15-0.

5 fm/c

Late-stage hadronic emission

YA v, = v,

How hadrons flow and n -scalmg
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Quark number scaling is modeled using a coalescence framework. A simple coalescence model
assumes thermalized co-moving flowing quarks of the same momentum will form into mesons and
baryons and the p; and v, of the produced hadrons scale with the number of quarks.

» Quarks:  dN

d
 Mesons: ?
» Baryons:

pT,B _)3pT,q

~1+2v,,(p; ) C0s(2¢)
Pr v — 2 Pr 4 and Vom (pT,I\/I) — 2V2,q(pT,M /2)

ana Vo g ( pT,B) — 3V2,q ( pT,B/3)

Within the coalescence model, momentum conservation is maintained by the mean field interaction

resulting in soft gluon interactions with the medium.

Increased photon production at confinement?
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Could similar mean field or soft gluon interactions
lead to an increase In the quark-anti-quark
annihilation as the system moves toward
confinement?  This could result in increased
thermal photon production from partonic processes
late In the medium’s evolution when quarks are
flowing. These thermal photons would then show
similar ng-scaling properties with n, . = 2.
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Assuming Ngy = 2, the ni-scaled direct photon v,
follows a similar trend as the ng-scaled pion, kaon
and proton v, for both p;- and KE;-scaling.

Test with a v% analysis
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Is n,, =2 is the best value for the data? The y*-

P space was scanned comparing the direct photon

and hadron data with one free parameter, n,..
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Pl The sum is over the charged pion, kaon and

proton data in 0-20% and 20-40% centralities.
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Photon and hadron errors are the quadrature

2 7 sum of the statistical and systematic errors. To
be compared, the photon and hadron point data points must be within 0.1

in py/in,. The number of degrees of freedom varies with n ..
comparison was also performed with a similar method.

A KE;-scaling

v* Results
s Range of ng,

Whole range .82 17-2.34
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The results are consistent with a late-stage photon production from g-g annihilation hypothesis of n, ., = 2.

Data-driven Monte Carlo
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18t quark: 1.) Randomly pick n from a flat distribution
2.) Randomly pick p- 3.) Calculate v2 from KE; 4.) Randomly pick ¢
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2M 31 quarks: | 5.) Assume at the same ny as 1%t quark Free parameters:
. 6.) Repeat steps 2-4 for 2", 3 quark T=180 MeV
Make pairs: 7.) Comoving requirements m, =0 MeV
for mesons: - p,| < 2Ap, A py = 0.24[4]
for baryons: — P, <V2Apg A pg= A py
D1 + Py — 25| < VBApg [4]

8.) For pion, proton and photon: conserve p, E or KE

Monte Carlo Results

.10-20% AutAu

Requiring kinetic energy conservation best
reproduced the n-scaling seen in the pion
and proton data. As expected, the photon
v2 is similar to the pion v2.
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Comparlson W|th measurement
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% i ‘ é::ﬁ;ﬂ;ggﬂgz;f* The Monte Carlo provides the p; shape of the g-g annihilation

55310_1__ _: component. No attempt to reproduce the measured yield is made. A

yield calculation would be dependent on the number of quarks and the

o volume of the QGP. Instead, the Monte Carlo p; shape is arbitrarily
0oL scaled to the measured direct photon p; spectrum and summed with a
o b N, -scaled fit to the p+p spectrum.
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0-20% Au+Au |s,, = 200 GeV

o v, q-G Monte Carlo

»
Va

o

o
l

6 o vy qgMC, Vi ™ =0.037 0'02;:.5‘;
””””””” 0.15 R R e e e e e
. . C v, q-qMC, vp =0 Py (GeVic)
The total v, is determined by 5 PRL109122302 (2012 Two prompt v, components

the weighted average of the

g-q Monte Carlo v, and the v, ;.
of the N.,—scaled p+p
component. 0

are examined.
I - — * No prompt v,
%; L » Constantvalue of 0.037

- 1 1 1 | 1 1 1 | 1 | | | | 1 1 | 1 | | |
0'05{] 2 4 6 8 10
P, (GeVic)

The published PHENIX 0-20% Au+Au data are consistentat the lowest p; values with late-stage partonic
production by g-q annihilation within a medium containing soft gluons. When the prompt v, is zero, the
theory is unable to reproduce the measurementabove 2 GeV/c. When the prompt v, is a constant value
of 0.037, the total v, is near the bottom of the measured uncertainties from 2 - 3 GeV/c. Fragmentation
photons and thermal-mini-jet pairs may be able to produce a non-zero v, above 2 GeV/c. These
additional contributions need further study.
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This poster presents results for the 0-20% centrality bin only. Calculations for other centralities are
ongoing. New measurements extending the direct photon v, measurements to more centralities and
higher orders of n while improving the systematic errors are needed to understand the physics of this
observable and determine whether it scales with n, = 2.

Thanks to John Lajoie and the lowa State group, Paul Stankus, Anne Sickles, Benjamin Bannier and the
PHENIX Collaboration and Che-Ming Ko for helpful discussions.
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