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Pre-Equilibrium?

Large excess yield in Au+Au at low p;
- Rates not well-constrained

Prompt photons at high p;
—> scaled p+p yields
- pQCD calculations
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Elliptic flow and n,-scaling
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Direct photon puzzle
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Thermal emission?

- most produced early

Looks like late emission
Direct photon v, ~ pion v,
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Photon production from qg-q at
hadronization

Could similar soft gluon interactions lead to an
increase in ¢ — q photon production as the

system becomes color neutral?
q

q
g

This mechanism could produce MANY MANY photons
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Prompt photons at high p-

Late-stage g — g photons
dominate at low p-
= Should see n-scaling of v,
with n, =2
—> Can this source describe
the shape of the excess
p; yield?
—> Can this source reproduce
the v, at low p;?
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Data-driven Monte Carlo

15t quark: 1.) Randomly pick r?,¢,n from flat distributions

2.) Randomly pick m;===) 3.) Calculate v, from p; =) 4.) Randomly pick ¢

Blast Wave Distrib. (r et AR
(o) 0.09F y;%.gg:%%g : ~N(1 + 2v,c05(2¢))
From PRD 89 026013 (2005): o B=134+016 3 3
m, = 300 MeV - 0.06 A =0.265+- 002 3 -
< 0.05F i 3 -
T=106 MeV 2 0.04F E 3
R=8.5fm 0.03F -
0.02} 3
B =0.75 0.01 0-20% scaled by 1.6 - =
<B>:OS NP PN B I B 0 0.5 1 75" 2 25 3
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KE;/n, (GeV)

2" 3rd quarks: | 5.) Assume at the same Blast Wave Distrib. as 1%t quark
6.) Repeat steps 2-4 for 2"4, 3 quark

Make pairs: 7. ) Apply co-moving requirements (PRC 68 034904 (2003))
8.) Bring on mass shell, conserve KE
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—> systematically low at p; > 2 GeV/c
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Sensitive to fluctuations in

Higher orders of v_

the initial energy

distributions in the nuclei
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Results in 20-40% Vs, = 200 GeV Au+Au

compared with other models
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v, {v,} and v,{y,} Predictions
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Conclusions

! ¢ g — g photon production at confinement describes
_the direct photon p; shape and large v, values
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Future improvements
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Direct photon n g-scaling

Ifn
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Data-Data Calculation

Find optimal n,, using

(V2y /Mgy UEF&/’”‘@)Q

=22 2.

Cent. w,K.,p KET/ng

(0,/1,)?

Published data in two KET/nCI ranges

Von/ng fromm, K, p .
identified hadron data
AKET/nq <0.1

NDF changes with n,,
v2 discontinuous

+ (Jh/n‘q)z

The only free parameter

Data-Fit Calculation

Von/ng fromfitton, K, p
identified hadron data

— Use probability density function
of Gamma distribution,

_ A (x=w/BY~Le 1 x~W)/B
Glx) =4 BT

TMinuit simultaneous fit to

0-20% and 20-40%
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¥? Results

O~ = Ostat S¥ Osys O~ = Ostat
HEADING ngy £ (stat) Ngy = 2 ng, £ (stat) £ (sys) Ngy = 2
Data, Range 1 1.79J_r8:8§ 26 1.791“8:8?25697'87 16
+0.002+-1.09
Data, Rangc 2 ]_79 + 0.27 16 1.79_0_01_0_72 10
Fit, Range 1 1.59 £ 0.22 26 1.79 +0.021 052 16
Fit, Range 2 1.83 + 0.44 1o 1.88 +£0.07+118 1o
0.12f
Optimal value of n,, = 1.8 w1
Y go.os:—
- Need reduced uaad
> el
systematic errors 0.04f
Y - E
- vin 1.6 foP0-20% I [
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8.0 05 1.0 Ké}?nq%é)evl%)s 0.5 1.0 KI::'T'?nq (’ZGOBWg).S

Data is consistent with the n =2 hypothesis
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Hadronic flow
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Direct photon n,-scaling
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Coalescence Model
Q\

ﬁ:lvl

a/
* Quarks: dN/do ™~ 1+ 2v, (p;) cos(2¢)
* Mesons: v,(p;) =2v, (p/2)
* Baryons: v,(py) = 3v, (py/3)
* Assumes co-moving quarks of same momentum

= Prm 2 2Py, Pre 2 3Pr,
— Momentum conservation maintained by mean-field
interaction

* Quarks close in phase space
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Dlrect photon V3
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> 016 pHENIX Preliminary s Calorimeter > 0141 20-40% Au+Au 5,;=200 GeV
[ 1 1 T 1 1 1 0_14:— — ® Conversion [ « PHENIXPreliminary  ——
0.035 -y =y 20% T % T 1 C —_ nq-_scaled Vo 012 — n,-scaled v,
omoi ‘ nq_:[- (a)O 20% J (b) 20-40/ X i ﬁ 012 — weighted n -scaled v, [ weighted n -scaled v, -
E o K'+K _‘{ EE I:.-" ] C ] iz | D_1j %
E:U 0.020; { % 1 :, ‘ 0.08— } D.DB:— ! \ } B
> o015~ T 0.06— | % 0.06]— o
0.01 o; ' + 0.041— 0.04 :— —
o.oosi— —— — D,uzf— i i E
0000l 1 oE — 002 %
00 05 10 15 20 05 10 15 20 C C
KE,/n, (GeV) KE,/n, (GeV) 002 0-20% Au+Au |5,,,=200 GeV] . L e
— oo bl [ I A NN R N [ = 1|||||||||||||||||||‘IIIIII\IIIII\||||||
. . . E 1 5 OET o——
Fit with same functional g 0;\ § osb —
E e, Q 06 L
form as v,/n, S oar sargezxé\giight N : EE_ same woe;ght TR
02 as oV T 2= a5 20-40% v R
00—|||\|||||||||\|||||||||\|||||||||\3|5||||"|”T‘*f‘1~ﬂ—+~_,¢* O{]IIllqllII‘{IIII?IIZIZ‘HHZlﬁHHzlilllll‘llmw

1.5 E 4 4.5 3.5 éi- Vi
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=22 2

V,/n
ozlpq

0.04f

0.02

0.14-
c0.12}
N 0.1

0.08"

0.06"

0.04F

0.025
0
-0.02"

ol Ly NI A
0 05 1 15 2 2.5

Data-Data y? Calculation

(vay/Tgy

_ UQFL/”‘Q)Q

(0 /ngy)? + (on/ng)?

v2/NDF = 16.28/35

.06}

O

)

g

NDF changes with n,
v? discontinuous

Cent. m,K,p KEp [ng =0.47
h=2 || 020% 1 ] 020% = ] 0-20% |
wy + ny my ]
- i oTC E s K - o P ]
4 5 o1k %
- I l j i ' AKE <0.1
B b Ct ] [AKE/ng<0.
O = Ogpat D Ogys % _
N R AR I:li::I:lH"IHI'IIII'IIH'HII'HH'H """""""""" A
l 20-40% 20-40% 20-40% ]
Y - nY Y =
% oTC _: ! i+ oK o P

KE./n,

05115

2

KE./n
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Data-Data y? Calculation
X _ yx y\ : ’U?"r/n qy UQ.’L/’H‘Q)Z XZ/NDF — 186.3/50

Cent. m,K,p KET /ng U"f/nif‘f) T (Uh/'n’q) = 3.89
CDO-OGE_"']:“; ; '3' rrrrrTT T I.'of';"z'o%' '_;;_ """""""""""" 'E".-Y'z'ol%' '_;;_' L I L B Ié;?b:%' '_;
2005 [gbpey T b o T [H e

AL T
S e

0.0%F

0; LR T | T
0. F R
52-0.082— :lq LI ) 3 \ + __ . : TN ??(-400/0_2_ Dq. s * ?[':{’-40%_:
Zoos { LR { x {* |
0_04;_ + ) 3?-40 /o_;_ + n __ + ) .
002l eI + i + NDF changes with n,
o + I H ‘ | v2 discontinuous
-0.02:— ....... Ll .|T ! —:—.H.IH. Ll bl ! :

0 05 115 2 25 05 1 15 2 25 05 1 15 2 25
KE,/n, KE./n KE,/n,
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Compare n,-scaled v, for y and hadrons

2 2
* X ZchpT/nq (V2y/nqy Vo, h/nq h) /(G + Gy )
— Sum over centrality, hadron for each y data point in pT/nq
_62=Gy2+6stat
* Matchv, andv,, points so p;./n,, ~ Prp/Ngy

— Need to be within 0.1 to be a match

* NDF = # points — 1 parameter 2 Ng

— As changes n_ ., NDF changes

q,y’
* Find n,, at minimum »*/NDF

2
— N, error range from ¥*/NDF + 1

* Alternate comparison: use KE;/n, to match



Find optimal n,, using

(Vay /Mgy 'U%/n'q)g
=) 2. 2 o)

Cent. m,K.p K ET /nq (J“f/?;“q’?'

The only free parameter

Data-Data Calculation Data-Fit Calculation

* Vyp/ng fromm, K, p * Vyp/ng fromfittom, K, p
identified hadron data identified hadron data
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Find optimal n,, using

(Vay /Mgy 'U%/n'q)g
LL Z (J“r’/?;‘iﬂ + (on/ng)?

Cent. w,K.,p KET/ng

The only free parameter

Data-Data Calculation Data-Fit Calculation
* V2h/nq fromm, K, p . v2h/nq fromfittom, K, p
identified hadron data identified hadron data

* AKE;/n,<0.1

* NDF changes with n,
v2 discontinuous

Sarah Campbell -- Erice
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Data-Data Results

0A5F iy . R RaEEsut
v T — v mn r m :
Z Z Z 27/ q 2h/ q) - 010:_ > LLET- 20_40%_:‘
Cent. m,K,p KEr /ng (O'—y/nq..}, T (O'h/ﬂq) & :
T X 0.05} .
| > : ¢
Range 1: KET/nq <1GeVin 20-40% 0.00f %_{?{“}; :
Range 2: KE;/n,< 1.7 GeV in 0-20% : . ]
KE;/ny<1GeVin20-40% | %7 N
KE;/n, (GeV/c)
NR NR
955_ o Range 1, KE_/n, <1 GeV in 20-40% --- 20: xfnin+4
E + Range 2, KETInq<(1.7, 1)GeV .. 3o:¢2 +9
e b e e e 1’....|....|....|....|"."n...
1.4 1.6 1.8 2 . . . gq.ﬁ 1.7 1.8 1.9 2 21
Ngy Moy
HEADING ngy £ (stat) ngy £ (stat) £ (sys)
Data, Range 1 179705 < ppidt s

Sarah Campbell -- Erice 30
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Data-Fit Calculation
Simultaneous fit to 0-20% and 20-40% with TMinuit

=22 >

Cent. m,K.,p KEr/ng

Use probability density function
of Gamma distribution,
G(x) = A G=w/BY1e 107 W/

UQv/n 9 _W'

(0 /1gy)* + (Jh/nq)z

O~ = Ostat S Osys

BT (y)

Fittom, K, p vz/nq

O
-
=]
T

v,/n, X 1.6 for 0-20% |

‘ T TTTT TTTT TTTT TTTT TTTT TTTT T
ATC++1C- ____
O K +K 4

20-40% high KE;
protons not in fit

20-40% |
I‘\III‘\Illl\\lllll\\llll\‘li

0.0 0.5 1.0 1.5 2.0 2.5 3.0

KE,/n, (GeV)

05 1.0 15 2.0 25 3.0
KE,/n, (GeV)

O~ = Ostat

HEADING ngy £ (stat) ngy £ (stat) & (sys)
Fit, Range 1 1.59 + 0.22 1.79 + 0.021085
Fit, Range 2 1.83 +0.44 1.88 + 0.07+118

Sarah Campbell --

Erice
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¥? Results

Uncorrelated sys errors Fully-correlated sys errors
Oy = Ostat D Osys O~ = Ostat
HEADING ngy E (stat) x?/NDF ngy £ (stat) = (sys) x?/NDF
Data, Range 1 1797098 4.85/20 = 0.24 1.7910 0024057 101.6/20 = 5.1
Data, Range 2 1.79 4+ 0.27 4.53/17 = 0.27 1.7970- 0925109 99.5/17 = 5.9
Fit, Range 1 1.59+£0.22  3.51/13 = 0.26 1.79 £ 0.0270 8 44.67/14 = 3.19
Fit, Range 2 1.83 4+ 0.44 1.55/5 = 0.31 1.88 +0.07751% 34.14/6 = 5.68
v?/NDF < 1 v2/NDF > 1
—> over-estimating - under-estimating
uncorrelated errors uncorrelated errors

Need systematic errors separated in correlated and
uncorrelated types to interpret ¥2/NDF values.

Sarah Campbell -- Erice 32




¥? Results

O~ = Ostat D Osys O~y = Ostat

HEADING ngy £ (stat) Mgy = 2 ngy £ (stat) = (sys) Ngy = 2
Data, Range 1 1. 79+8 g? 26 1. 79+8 B?QJBD?S? 16

Data, Range 2 1.79 + 0.27 1o 1. 79+8 8?2131789 16

Fit, Range 1 1.59 + 0.22 26 1.79 +0.0279 52 1o l
Fit, Range 2 1.83 +0.44 iy 1.88 +0.077 513 1o

0.15._....,....,.'...',....,....,
Range 1: 0.10: %

KE;/n,<1GeVin20-40% o

Range 2:

KE;/n, < 1.7 GeV in 0-20% :
KE;/ng<1GeVin20-40% %O

e i
= 0.05
> !

[ vzln *1.6afor 0-20% ]
0.055. Biliaateiiibiiiinl

0 1 2 3 4

Sarah Campbell - Erice KE/n, (GeVic) KEq/n, (GeVic) .,




Blast Wave m; Distrib

From Physical Review C 48, 2462 (1993):

dﬂi,?\f 2 prsinh(p)cos(¢)—mpcosh(p)cosh(y)

- o< mprcosh(y)e T
dmrdydo

. 1022r [ -
where T 1s the temperature, A H}%_

E =

e
1F N 3 B,
mp = \/ p3 + mg 0 N\" ‘QZQ;_%:;: o 3

p = atanh (Bs (I/R)a) m;::;;%;m K- m K*

L -
™

= [(c/GeV)]

S o 8 3

JE Y (=] [ _;

L T T |"|ﬂ LI
) f
A

SO TR
/

¢ T

From PRD 89 026013 (2005):
m, = 300 MeV
T=106 MeV

R=8.5fm \g\
B = 0.75} B>=05 ?% | %

d&’N
dYdp.p,

=1 S ‘.
a B 102 A ° <
e g
Sarah Campbell -- Erice 10? : - ) . . ,
. 05 1_15 05 1_15
Py (GeVic) p; (GeVic)



Comoving requirements
From probability functions in PRC 68 034904 (2003):

Mesons

Saulx1.x2:p1.P2)= (A2 —(x;—x,) }{:'{i

EJJJS
1

) ] 2
—Iiﬁ'l—}?z] _I[ml_mﬂ ). (3)

where A, and A, are the covanant spatial and momentum
coalescence radu., and they are related by the uncertainty

Baryons

!

lx; — x| < Ax
lp1 — p2| < 24p

ApM — ApB = 0.2 GeV/C
mq; =m, = mg;

Selx1.x7.x3:p1.P2.P3)

97
= ij3{)|_\——fr1 :r‘,il

( |2
P17 P2 'Ej ‘ig

Pt | =

x(—}{ A2—

X0 A2-

I |:I]_+J.’_':-_2.1'3]2I|

fa— ﬂ\.||—-

II. > 3
X GI'-. Ap—gllpitpa—2p3)°

lx; — x5| < AxV2
lx; +x5 —2x3| < AxV6
Ip1 — P2l < ApV2

IpL + 02 — 2p3] < ApV6

Sarah Campbell -- Erice
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Kinetic energy conservation

o _ ¥ ol o2o%x1s @1 = M @]
Kinetic energy conservation i I Gl ;
best reproduced the n_-scaling .. & "1i" 4 g, 13

. g "'M“L T8 P ﬂg ]
seen in the data M@W 18 “M ;
1§ E
™
|||§;||||||'
KE:m(z‘;ZWc): T oeE e KE:nq(éva)
’
Gluon’s energy component
fCo020% o — M. % 2040% ———

Egluon — Ey - qu — qu

3=

C 10°

=l C
N 107 B
; 1
i 10 -
L 075 07 ! b

-0.65 -0.6
E gluon (GeV)

Gluons remove ~600 MeV of energy
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Fit p; shape with
exponential, Ae Pr/T

p; shape: Inverse slopes

3 F
i »g,  Monte Carlo
E Y .
E ++++++ 10 ﬁ’%{ 0.6-2.0 Fit
E i, E i .
: © % 1.0-2.2Fit
L 10"
= 1(]'25—
E ++++++ g
C i
3 O - 2 O % ﬂﬂﬂ#ﬂ 10 E 2 O - 4 O % J[HJFHH o
T T T T TR I I 1 ..uﬂ.ﬂﬂl
0 05 1 15 2 25 3 ) 0.5 1 15 2.5
p, (Gevic) p, (Gevic)

Centrality pr range Monte Carlo Au+Au data [2, 3]
0-20% 0.6 < pr < 2.0 GeV/c 233 +6 239 £29 %7
0-20% 1.0 < pr <22 GeV/c 251 £8 221 194+ 19
20-40% 0.6 <pr <20 GeV/c 233 £ 8 260 £33 =8
20-40% 1.0 < pr <22 GeV/c 251 £ 10 217 £ 18 £ 16

Can this source describe the shape of the excess p; yield?
= Inverse slopes are consistent with values from data

Sarah Campbell -- Erice
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Aut+Au data/Total fit

s _-|||||||||||||||||||||||||||||||||||||||||||||||
10% - 0-20% Au+Au 5,200 GeV 5 o
L # AutAu arXiv:1405.3940 . O-ZOA) pT SpECtrum
101 o Au+Au PRL 104 132301 (2010)
= % o Au+Au PRL 109 152302 (2012) o _
L% = pspPRU104 132001 2010) | Fit to the measured yields:
= 5 O p+p PRL 98 012002 (2007) =
3 & p+p PRD 86 072008 (2012) - id_N —N <id_N> LT (id_N>
10 ) iZ::‘l::zn;:::‘w:idnﬁﬁﬂdﬂ —§ pr de Dy de e AA D de -
o2l [la% = Total fityield N /‘
- 3 | The only free parameter From p+p data,
10° - ;% . p+p fit at low p;
- 1 x*/NDF =20.69/22
104 = ' “H‘ 3 = 0.94
sl h %\%\ 1 Can this source describe the
= i = .
ool I io . 1 Shape of the excess p; yield?
§| |||-||| 1111 || || ”ml’lll ||||| 1111 ||||| |||| I" 9 YeS
25 £
2 ;_;}
"SE i AutAudata _
L R %% ittt Flat! | A4bAudaie — 0951 +0.051
0 £
_[}IED:lIII'!I||||2|||||3|||||4|.| ||5|||||'5|||||?|||||B|||||g!|||!‘I{:I

arXiv:1405.3940  PricV
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T

| T

20-40% p; spectrum

Fit to the measured yields:

_N<1 dN) 7 (1 dN>
prdpr/,,. “\pr dpr

x%/NDF = 35.12/22

= 1.60

Can this source describe the
shape of the excess p; yield?

AutAudata __
utAudata — 1.038 + 0.046

arXiv:1405.3940

P, [GeVic]

x2/NDF = 32.5/26 = 1.25

o
S ol 20-40% Au+Au 5,,=200 GeV -
©_ = # Au+Au arXiv:1405.3940 =
2 3 o Au+Au PRL 104 132301 (2010) _
T=% o Au+Au PRL 109 152302 (2012) =
B %% m p+p PRL 104 132301 (2010)
10— % O p+p PRL 98 012002 (2007)  _|
T R & p+p PRD 86 072008 (2012) 3 1 dN
s, # I p+p fit from arXiv:1405.3940 | __
2 : u d
10 - ;{ -t g-g Monte Carlo = Pt AP
- f 1= Total fit yield ]
10 = 55N =
- f -
10 = i =
- ; 7
107 = \ \% -
= "r =
- " & 7
106 5,,1 By -
= | + =
1077 = mM‘ =
— 5III|-III IIIIIII|IIlll}lmllllllIIIIIIII|IIII: eYeS
% 25 ;—
sos b gt 11
b1 .
g 1 TJ. i . T < Flat!
gﬂ.ﬁ_% TITIT0 1
A }
P “NTNY INTRY INR 1 AYER1 RRTRI ARTRINTARI NUTTE FAATY
-ﬂﬁ ELoc ot e bbb bbb donnd
o 1 2 3 4 5 6 7 8 9 10
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0-20% v,

= Yes, systematically low 0.02
at p; > 2 GeV/c

u_mf e Calorimeter y PHENIX Preliminary
E m Conversiony
v = YleldMC . MC + Yleldpp D"lEEiTﬂtﬂr::ﬂowc rl
= — : -
2 YleldTotal 2 YleldTotal u.14: q-f Monte Carlo
u_12:—
q-qg MC weight v,PP = () u.1f_
D_Dﬂf— +
Can this source reproduce 0.06|— {
the v, at low p;? 004

0-20% Au+Au y5,,=200 GeV |

!||||||||||||||||||||||||||||”|||||||||||

- A

(] BE s

o

IqT ST "w++++
- RS

T 02F e
{]:IIII|IIII|IIII|IIII|IIII|IIII|IIII|III1."M|""?-
0 0.5 1.5 2 25 3 3.5

[GaWc]
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(%)

20-40% v,

” p.os| @ Calorimetery PHENIX Preliminary
" m Conversion y
YieldMC MC + Yieldpp :—+—Tntal"f flow
= v ; 2F 4 q.
Yle,idTotal ? Yieldrotq 7#[+-a-q Monte Carlo
d-q MC weight v, PP = o-1er |
B "
01—
Can this source reproduce - bl
the v, at low p;? vosl_
= Yes, systematically low -
= 20-40% Au+A =200 GeV
atpT>ZGeV/C Em qMIHI??TIII|IIE|||||||||.\'1||||||
T 08F ——
% {].E;— ‘*‘*—rﬂ_&*ﬂ
o 0.4F- e,
7 02E e
{]:|||||||||||||||||||||||||||||||||||||T+T"'i"‘1'**r-+~
0 0.5 1 1.5 2 2.5 3 3.5 4
p, [GeVic]
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o~
>

q-g MC weight

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

© 0 900
N DO D

IIIIIIIIIII”IHI

o
o

At low p;

0-20% Au+Au 5, =200 Ge
" @ PRL 109 122302 (2012)

” 4 Total flow

llll]lllllllllllllll]llll

4 i i

T

lllllllllllllllllllllllllllllllllllllllllllll

|

MC weight

-\\“‘
N—,‘.
oy

-~
.

-t
.
-Aq."‘

bl berra b b b boa o b e toaesds

1T

0.5 1 1.5 2 2.5 3 3.5 4 4.5
p, [GeVic]

Can this source reproduce the v, at low p;?

Sarah Campbell -- Erice

=

0.3

0.25

0.2

0.15

0.1

0.08

-0.05

—

/

oo
o,

o4
=l =
M

=]
=

~20-40% AutAu |5, =200 GEV

-« PRL 109 122302 (2012)

Total flow

-,.\.

I|IIII_IIII|IIII|IIII|IIII|IIII
n

-m.,.mw .
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IITW"T"‘I"‘+P‘L-.-

0.5 1 1.5 2 2.5 3 3.5 4 4.5
p, [GeV/c]
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q-§ MC weight

With preliminary results

0 15; s Calorimeter vy ] PHENIX Preliminary g o.os| ® Calorimeter y PHENIX Preliminary
- = Conversiony - m Conversion y
mﬁf—{— Total y flow "} Total y flow I
0.14[— 02— l
012 ) B
- 0.15—
01— - .
0.08[— B ik
- 01—
0.06— + - %
0.04— B
- 0.05—
0.02[— & . -
I~ =209 = i I
n 0-20% Au+Au |'s,,=200 GeV _;; 20-40% Au+Au {5-=200 GeV
q.TlllllllllllllllllIllllllllllIIIIIIIIIII — ﬂ.ﬂlllllllll|IIII|IIII|IIII|IIII|IIII|I:III|III
= T BT —
0.8 - 'g 0.8E —
06E i R Q 06F |, . e
04F- Weights, theory . 2 E Weights, theory S
0.2f- curve unchanged Hhm**“w T D‘25_ curve unchanged ‘“‘*awm
:|...I....I....I....I....I....I....I.T‘T*Wm E ot
{]{] 0.5 1 1.5 2 25 2 35 4 ﬂ{]lHxlt].lﬁllH1|IIH1.|5H|I:;I_FIIllz,lﬁllllslllllg_lﬁlllﬁww
p, [GeVic] p, [GeVic]

Can this source reproduce the v, at low p;? > Yes
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Direct photon v; modified n -scaling

oaf AT (c)0-20% [T (d) 20-40% | It ng, = .
. DK +K. T =
N oo} PP R 1 &Lt Joos
™ o L+ | Emc ‘ﬁhféié + [ale & t + ]
.Em 0.02f 'ﬂ’Tcm h e {, @+ I laje Jo.02
B an L 3
> u.n1j— ‘% * I . :1-’ + Jo.01
Dﬂﬂiﬁé‘i T P {. E|:ur.n|:t
PHENIJ( pnehmm:ar:.ur
001 . .. b Ly L 2.0.01
0.0 0.5 1.0 1.5 2.0 0.5 1 l] 1.5 2 0
prln {GeWc] pr)'n {GeWc]
| 2N T ]
0046 (e] ﬂ 20% I {f} 21}-40% 4o.04
: . gt 4 it 5
] 0.03 R T & —0.03
>t (ated gy t e s B 4 ;
-— 0.02[ # i + T .i' .i. 10.02
Kl t t :
0.01} éﬁ% s 24 I i-!‘ + J0.01
unuzfn'? Y 7 + Ellml
: ¥ PHENIX preliminary
Qo0 e = e e S 1 A g0
0.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
KE;/n, (GeV/c) KE,/n, (GeV/c)
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iy AutAu—7y Vs, =200GeV 0-20% o
R 36"
S 0f = A Few Theories
mo" = ’
5 L4F —_ 16
% 10 SR |
TR —"| + Delayed QGP formati
Delayed Q ormation
. 10-10::
0.15F ™ =L - , L H 1
1A pbentnd o Magnetic fields
p, (GeV)
* |nitial state Glasma effects
, 2
e * Hydrodynamic models
MC&Elb. 1/s=0.08 0-20% @ RHIC
~ 10° (@) .
NN * In HG: baryon-baryon,
T2 ‘ . .
S N meson-baryon interactions
E 10°} — ?otal photons ) .\ R "
S |- hemasheeograier e TN ity TNV IR
S0 pemmemeigiew,  Wn, 100K\ @ PHENDCPHSD: ‘ :
@ # Exp. data = y <
oy 10 0.5p 10 15 20 25 30 35 19 _"\\. :Cft“?“?_llmmy ] :E] 10-20% Au-Au, [y|<0.35 hadron gas ———
1000 % pr (GeV) % . = —mB->mBy — o | s rimnrdiral o
S, SIS N\t s B R AN "o
N = Cdeeaysofotbay ol |1TUNSS PHENIX 1
01r' Fg_? 10-3 Pach '_n; 10 “f':‘\'_.%\-\" 1
\ -:h E 10 iy ]
2,001 g‘i 10 \\ :E 10 *.x%.i‘_ _ ]
g \ . i
10 ”5 i \\ .. m_: KT“\.,M 1
1077 10 v, N 10
| Sarangampbgi —ETige s 0 1 2 3 45 5

p, [GeVie] pr (GeV)



Chun: Hydro

1 T T T T
10 . . . ’ v
—~ 10°} CI. 10t (@)
; '
% 1 —
§ 107} 1 2 8
P Q
£10?} : =
»é’ Lo 6_
§ 3 prompt photons o= v =1-1.5 GeV
~ 107 } — total photons _f:; = Pr .
~ __ thermal photons QGP 2 to 2 T — pr=15-2 GeV
= 4 + HG 2 to 2 x 2+ AMY collinear = ;‘{; a4r . T
= 107 ¢ thermal photons 2 to 2 only Sal == py =2-2.5 GeV
(used in the rest of the paper) R — pp=2.5-3 GeV
® ® Exp. data ‘::\ 2_ r ) _
107 R . . . . . AN — pyp=3-3.5 GeV
05 1.0 15 20 25 3.0 35 4.0 _35_4GeV
pr (GeV) Py =35
| 8 05 0.3 0.4 0.5
10 , -
MCGIb. /s =0.08 @ RHIC pr >0.4 GeV: slope = 1.486 T (GeV)
pp >0.4 GeV: slope = 1.667 pr>0.6 GeV: slope = 1.516
pr >0.6 GeV: slope = 1.701 pr >0.8 GeV: slope = 1.551
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Magnetic field contribution?

Sarah Campbell -- Erice

020

-
II-l"-'--— o

o i

1] £ aT

P
oy

FIG. 2: The red(dot-dashed) and blue(dashed) curves corre-
spond to the ve of the photons with in-plane and out-plane
polarizations, respectively. The blacki{zolid) curve correspond
to the one from the averaged emission rate of two types of po-
larizations. Here we consider the contribution from massless
quarks at B, = II::rrI'}I!.
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FIG. 3: The colors correspond to the same cases as in Fig.2.
Here we consider the contributions from solely the massive
quarks with m = 1.143 at B, = 1{=T)".
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Also seen at LHC in ALICE
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