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. detector

Electromagnetic Radiation in A+A Collisions

Hubble expansion: T=300-160 160-110
A+A beams

110 MeV

freeze out

\\-‘4‘; > /

; thermaliztio‘ﬂ/ £

collision hadroniztior®
O1fm

1fm 10 fm
Initial gg-Compton

qg-Compton (deconfinement)

. Tp Scattering
Centrality dependence:

Hadron Decays
X N ol x Ngh 1<a=s2 X Ncp
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Photon Measurements with PHENIX

2007, 2010 setup

e*te" identification

E/p and RICH PC3  Central o O Photons,
pcy Magnet | neutral pion
Y, > Yy

Calorimeter

Photons

y > ete”

ac magnetic field &
tracking detectors

lim (y*—> ete™)

Mee—0

West Beam View East
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PHENIX Low p; Direct Photon Analyses

Low pt Direct Photon Spectra

Run system energy type Thesis Publication
Run 2004/2005 [Au+Au/p+p |200 GeV |[y* Dahms SBU 2008 |PRL 104 (2010) 132301
PRC 81 (2010) 34911

Run 2006/2008 |p+p/d+Au  |200 GeV |[y* Yamaguchi Tokyo 2011 |[PRC 87 (2013) 54907

Run 2007 Au+Au 200 GeV |y — ee |Petti _ SBU 2013 PRC 91 (2015) 64904

Run 2010 Au+Au 200 GeV |y — ee |Bannier SBU 2014

Run 2004 Au+Au 200 GeV |y Gong SBU 2014 -

Run 2005 Cu+Cu 200 GeV  |y* Hoshino Hiroshima 2017 |PRC 98 (2018) 54902

Run 2010 Au+Au 39/62 GeV |y — ee |Khachatryan SBU 2015 [arXiv:1804.04181

Run 2014/2015 |Au+Au/p+Au|200 GeV |y — ee |[Fan SBU est. 2019

Low pt Direct Photon Azimuthal Anisotropy

Run system energy type Thesis Publication

Run 2004 Au+Au 200 GeV |y Miki Tsukuba 2009 ([PRL109 ((2012) 122302
N :

Run 2010 Au+Au 200 GeV |y > ee Ba.nnler SBU 2014 PRC 94 (2016) 64901

Run 2007 Au+Au 200 GeV |y Mizuno Tsukuba 2015

Run 2014 Au+Au 200 GeV |y —>ee |Fan SBU est. 2019

Well established data analysis

3 different methods, 9 theses, 8 publications

q\\\‘ Stony Brook University

Axel Drees




Current Status of PHENIX Results

PHENIX: Phys. Rev. C94 (2016) 064901

“Direct Photon Puzzle”

_ ”“% \ | (a) Invariant yield 555  (B)v, H .
tension between data and models*: € 108\ls _ rieva senario = @ ,
. z —— Semi-QGP w/o viscous [
. More tradltlonal’ Iarge %I% 1 E y E\Zisaa?strong magnetic field - : El
contribution from hadron gas : 0.1}
¢ Thermal rate in QGP & HG, 107 sk
with hydro (viscous/non viscous) i :
or blastwave evolution 102} 0!
» Microscopic transport (PHSD) ook s PHENIX
. . S | @Calorimeter
@ New early contributions L. 315 SComarsion
¢ Non-equilibrium effects ¢ ol :
(glasma, etc.) AU+A:02(’;;43°/° 0.1p
.. . L \S= e [
¢ Enhanced thermal emission in 10_5:_‘ 0.05|
Iarge B-fields Yield is from PRC 91, 064904 !
» Modified formation time and % 3 4
initial conditions P, (GeVie) P i0eiic)

® New effects at phase boundary
¢ Extended emission
@ Emission at hadronization

Large yield and v, challenge

understanding of sources, emission
rates and space-time evolution

\ *list not complete
q\\\\ Stony Brook University 5



Centrality Dependence of Thermal Component

PHENIX: Phys. Rev. C91 (2015) 064904

;(a)l 1 I 1 (b) I | (d) T T (b) 1 1 I 3
& 100E" g AR v g 10') ‘2391?&{"? Me V/c 261 50 Me V/c .
' F V/SNN = e I ]
5 N % a;
_ N _ I < ]
= 107 = 107 e 8 1
Il 107 22 103} | ]
S o4l G ¥ e
£ 1074 £ 1074
e < F & < F : ;
<107 k. 0-40% / <107 fo. 20% 1 120-40% | T 1
o | 1 | l l | | . J 1 | . | ]
E (C) | 1 I 1 ( )I 1 | I E E ( ) | I I (d) | | I 3
10' | L ocawscated pp fit 4 10'f 226500 MeV/e f 2425000 Me V/c ]
of @ ’ ] of i i 1
107 E 107k " Au+Au
10-! t ; -1k ':& L4 \/_S‘NN—2OOGeV
1 —2 _; 10—2;_ . %
1073 ; 103 - ' ¥
104 : 1074 -
102 § 107 £40-60% ] ] ¥ 92% T ¥ 3
0o 1 2 3 4 1 2 3 4 5 0 1 2 3 5
pr|GeV/c] pr [GeV /c]

yield o« N
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Large direct photon excess

et 32007 with inv. slope T ~ 240 MeV
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Centrality Dependence of Thermal Component

PHENIX: Phys. Rev. C91 (2015) 064904

pmin (GeV/c) o A
. 0.4 1.36 + 0.08 + 0.08  (7.85 & 2.96 & 4.52) x 1073
@ Centrality dependence 0.6 1.414£0.1440.12  (2.20+ 1.54 4 1.64) x 1073
Au+Au 200 GeV 0.8 1.4240.07+0.11  (1.07 4 0.39 4 0.75) x 103
1.0 1354+ 0.06 +0.07 (7.70 +2.32 +4.37) x 10~
1.2 1.36 + 0.09 4 0.07 (3.90 4 1.79 4+ 2.81) x 10~
dN, B . 1.4 1404+ 0.06 +0.10  (1.63 +0.47 4 1.11) x 10~
dy =A Npart = =
101 — - _
> a=1.38+0.03+0.7 ¥ _ i
» independent of p; _ = - - _4
0 - -~ - {
® At fixed Vs: i st T
=, - P - P
St 101 3
@ Ngp X Ngp ~ Nyare e pr > 0.4GeV/c ;
s pr > 0.6GeV/c |
., apr>08GeV/c |
dNyzANﬁ 10 vpr > 1.0GeV/c 3
dy qp <pr>12GeV/c ]

e f=1.274+0.03+0.7 103

10!

q\\\‘ Stony Brook University

> pr > 1.4GeV/c |
| . .
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New Insight: Vary System Size and Geometry

M. Strickland: QM2018 arXiv:1807.07191
- System size and
‘ % geometry matter
Mini-jets Glasma Parton escape Collective flow
QCD bremsstrahlung

OO )%
% ;': > ) .
R\2 g PR
7T\ K
Wi
a\/

Azimuthal Correlation Importance

“Event multiplicity (fixed size)

@ Vary size & geometry through changing collision system, Vs, centrality

dN:p

® Measure system size via event multiplicity or or similar

Wen s an experimental observable
o Compare data
» at fixed Vs d;" ~ Nparg = Volume as function of
. _ o\
¢ Varying \s en energy density x Volume i

dn

@ Available for direct y analysis in PHENIX
o 200 GeV: Au+Au, Cu+Au, Cu+Cu, 3He+Au, d+Au, p+Au, p+p
» 200-62.4 -39 GeV: Aut+Au

q\\\‘ Stony Brook University 8 Axel Drees



Compare Different Systems as function of System Size

PHENIX: arXiv:1804.04181

J Comp_are d_ifferent systems and "~ AusAu,|s,, =39 GeV  =1.25+0.02
energies using dNcp ] 04:_. Au+Au, \'s,, = 62.4 GeV F“:ﬁ (dN_/c)”
dn - m Au+Au, |'s,, = 200 GeV
- ¢ Pb+Pb, s, = 2760 GeV
» Measure of energy deposited by 103- o ‘;"
j j _10°¢ i
incoming beams 5 PHENIX | Y
Z i Sy y
| | | T,
® Discovery of scaling behavior - *& e L Py
» Connects bulk particle production i z /.,//'
and hard scattering processes B L4 | |
10¢ 12 10°  10°
C VSpy [GEV]
L 1 1 l L1 il II l 1 L1 1 1| |
N 1 (chh ) o 102 10°
T v
8V (V5en) dn dNg/dn |

What is the origin of

this scaling?

q\\\w Stony Brook University 9 Axel Drees



Comparison of Different Collision Systems

PHENIX: arXiv:1804.04181

ALICE: Phys. Lett. B 754 (2016) 235

® Au+Au, Y5, = 62.4 GeV, 0-86%

¢ Au+Au, 5., = 39 GeV, 0-86%
O p+p, s = 62.4 GeV

O P+p, s =63 GeV
— pQCD, s = 62.4 GeV
.... PQCD, ¥s = 39 GeV

syny = 200 GeV:
I * B Au+Au, 0-20%
= ® Au+Au, 20-40%

A Au+Au, 40-60%
n O P+p, ¥s = 200 GeV

= p+p fit, ¥s = 200 GeV
.... PQCD, Vs=200GeV |

¢ Pb+Pb, ySyy = 2760 GeV, 0-20%]
B Au+Au, |5y, =200 GeV, 0-20%
® Au+Au, {5y, = 62.4 GeV, 0-20%

+ Cu+Cu, Y5y = 200 GeV, 0-40%
— PQCD, ¥s = 2760 GeV

.... pPQCD, Vs = 200 GeV

PHENIX

Similar thermal photon yield when scaled with

N, 125
d

independent of energy, centrality, or system size

q\\\‘ Stony Brook University
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Focus on low p+ Region

q\\\‘ Stony Brook University

® AusAu,ys,, =624 GeV, 0-86% [ \,, = 200 GeV: # Pb+Pb, {5, = 2760 GeV, 0-20%
* A.LI+#.IJ, m =739 EIE.“H', 0-B6%: B Ausdu 0-20% [ | #.IJ*AL.I. l's_hh =200 GeV, 0-20°%
3 o P+p, 15 = 62.4 GeV 3 + P F ® AusAu, |5, = 62.4 GV, 0-20%
i 0 P+P, 15 = 63 GeV 5 ' 5 + CusCu, \5_ = 200 GeV, 0-40%
i 1‘ __ pOCD, {5 = 62.4 GeV A& Auisiu, 40-80% |, — pOcD, §s'= 2760 GeV
[ T ... pOCD, Y5 = 39 GeV L O P+P. 15 = 200 GeV L ? ... pOCD, 15 = 200 GeV
= p+p fit, {5 = 200 GeV [ ) Fit = A Exp[-p_T ]
[ ..., POCD, 15 = 200 GeV [ Fit range p,_ = [0.9, 2.1] GeVic
T_, =0.270 + 0.025 GeV
- T F
1 ] ]
F 3 F
(b) (©)
EIIIII||I|IIIII“L|||I:II|III|III|II |r-|E_|III|III|III||I‘I.-.1'JI
1 2 | 3 4 1 2 + 3 4 1 2 3 4
P; [GeV/c] P; [GeV/c] P; [GeV/c]
@® Similar inverse slope
o T~ 270 MeV for all spectra 0.9 < pT <2.1 GeV/c
» Independent of centrality and Vs from 39 to 2760 GeV
11 Axel Drees



Scaled Spectra Divided by Common Fit

® Data normalized to common fit 0.9 < p; < 2.1 GeV

8
L Divided by the common fit for the three data sets J
—_ s 4 Pb+Pb, \Syn = 2760 GeV, 0-20% (PLB 754, 235) )
= 10 E i
%’ B Au+Au, s, = 200 GeV, 0-20% (PRC 91, 064904) 6
E ® Au+Au, \s,, = 200 GeV, 0-20% (PRL 104, 132301) :
€ 10%F
| -
=" ik
1o ’ \ -
= " ¢ ¢ + —2
5 TIPS LA !
S v Thhint ¢ o _
©
5 —0
[mn) .
10F
1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1
1 2 3 1 2 3
p. [GeV/c] P, [GeV/c]

» Data similar in overlap region below 2 GeV
» Data not truly exponential
o For p:>2.5 GeV developing Vs dependence

q\\\‘ Stony Brook University 12 Axel Drees



Integrated Direct Photon Yield

PHENIX: arXiv:1804.04181

Lok ® AutAu, Y5y, = 624 GeV, 0-86% | VS = 200 GeV: | ¢ Pb}Pb, Ysyy = 2760 GeV, 0-20%
I ¢ Au+Au, {5, = 39 GeV, 0-86% L B AusAu, 0-20% : B AupAu, Y5y =200 GeV, 0-20%

O P+p. s = 62.4 GeV
0 p+p. s = 63 GeV
—_ pQCD, fs = 62.4 GeV

® AufrAu, Y5y = 62.4 GeV, 0-20%

+ CufrCu, Ysy, = 200 GeV, 0-40%
— pQCD, Vs = 2760 GeV

.. pQCD, ¥s = 200 GeV

i ® Au+Au, 20-40% L
A Au+Au, 40-60% [

..., pPQCD, 1s = 39 GeV
— p+p fit, ¥s = 200 GeV

c‘:lj_l

Q)

L

> 104 " Vs = 200 GeV

(D 10 -_ I~ O p+ps = € -_
O)

—

0 .... pPQCD, ¥s = 200 GeV

PHENIX

..lo.
) .,
q '..'0.
| _I ] 11 | 1 1 ] | I | 1 1 _I | ] | ] 1 1 ] | I | 1 1
0 5 10 0 5 10
p, [GeV/c] p. [GeV/c]
pr>1GeV pr> 5 GeV
“thermal” region “hard scattering”
region

q\\\‘ Stony Brook University 13 Axel Drees



Integrated “Thermal” Photon Yield

PHENIX: arXiv:1804.04181 ALICE: arXiv:1804.04181
10°E

= A+Ap+p oy, + X o=1.25

- [® Pb+Pb, |s,,, = 2760 GeV PHENIX Universal _scallng
— 10 = u Au+Au, s, = 200 GeV behavior!
; - @ AusAu, |, = 62.4 GeV S |
D - [0 Au+Au, s, = 39 GeV L
G TE v CusCu, sy, = 200 Gev ._‘_} Source of thermal
o C O p+p, IS =200 GeV photons must be
— 10_1‘_ similar!
A T0E
e

2

> 10 S
‘“2~; _ N, scaled prompt photons
5 10°E p+p fit, /s, = 200 GeV

- —pQCD, |'s,, = 2760 GeV

B —pQCD, s, = 200 GeV

1 0—4 | —pQCD, \s,, = 62.4 GeV
E | | | L1 11 I| | 1 | L 11 I| | l 1 L1l II|

10 10°

10°
d NCh/dn L]:O

Ncoll x pQCD and Ncoll x p+p follow
same scaling at 0.1 of yield

q\\\‘ Stony Brook University 14 Axel Drees




Integrated Photon Yield p+ > 5 GeV/c

PHENIX: arXiv:1804.04181

107 AYAPHR = 1y, * X o =1.25
= [#] Pb+Pb, {5\, = 2760 GeV
—~ F WAURAU Y5y = 200 GeV PHENIX 4 Au+Au at 200 GeV
O 102 © p+p. Vs =200 GeV e - -
> = @ pp, 152624 GeV consistent with
O 4030 Ncoll x p+p
o = and Ncoll + pQCD
Iy} L
A 1074
- =
> -
5]
> 107
e —
"‘Z“;a- Ny N, scaled prompt photons
5 107 p+p fit, 1S = 200 GeV
- —pQCD, (s = 2760 GeV
- —pQCD, {s = 200 GeV
107 —pQCD, Vs = 62 GeV
- | | | 1 11| I| | | | 1 11| I| | | 1 1 111 |

2 3
10 dN /dn ng 10

Pb+Pb same scaling but 30% above
Ncoll x pQCD p+p

q\\\‘ Stony Brook University 15 Axel Drees



Comment on p+ > 5 GeV ALICE data

ol ¢ Pb+Pb, sy = 2760 GeV, 0-20%
10777 \! B Au+Au, s, =200 GeV, 0-20% 0%,
o ® Au+Au, s, = 62.4 GeV, 0-20% :
o + Cu+Cu, Ysy = 200 GeV, 0-40% 104}
= — PQCD, ¥s = 2760 GeV
(q_r')’ 107 .... PQCD, 1s = 200 GeV 105}
= =
. mao 6
& kit
— . Excellent agreement 10-7L
=y ! 7 0f N, *PQCD with data
P“-s: with s N 0%
SR AN 2760 GeV
Z i pQCD C ", > | -9
S gl crossing JIm&a 0000 =
— 10T . . S,
~ - exponential
> s
'CJI_ _ .
- _—
o 200 GeV "
E 1 0_1 o "'-,'
=z
“o "
(C)
~12|
1 D | l 1 1 l | 11 l ] I 11 l
0 5 10
\ p. [GeV/c]
q\\\\ Stony Brook University | 16

Systematic uncertainty of

pPQCD calculation

nPDF: CTEQ6.1M/EPS09
[ ] JeTPHOX CT10, BFG2

} ALICE

scale uncertainties
PDF uncertainties

[ | yeTPHOX EPSO9, BFG2

— J-F Paquet

PHENIX

5 10
P, [GeV/c]

@ Comparison Datato N, * pQCD

o Agreement moves higher p;
with increasing Vs

+ Exponential + pQCD would move
to lower p; with increasing s

» Significant if scale uncertainties
dominate pQCD uncertainties

Axel Drees



PHENIX — STAR Direct Photon Comparison

PHENIX y—e*e: Phys. Rev. C91 (2015) 064904

STAR: Phys. Lett. B770 (2017) 451

#: Phys. Rev. Lett. 104 (2010) 132301

VS = 200 GeV:
O Au+Au, 0-20% (STAR)
A Au+Au, 20-40% (STAR)
Vv Au+Au, 40-80% (STAR)
& Au+Au, 60-80% (STAR)

-

S
ha

|

dBNdepTdy / (chnfdnf'Eﬁ [(GeV/c)?]
3 S o 3
r T B -

—y
9
-]
T

(@

o P+p. Vs =200 GeV (PHENIX)

== p+p fit, s = 200 GeV (PHENIX) [
pQCD, Vs = 200 GeV

: (b)

I | I | L1 1 | 11 1 ‘I..‘.r"_ |

VS = 200 GeV:
B Au+Au, 0-20% (PHENIX)
® Au+Au, 20-40% (PHENIX)
A Au+Au, 40-60% (PHENMIX)

o P+P. 15 =200 GeV (PHENIX)

= p+pfit, Vs = 200 GeV (PHENIX)
pQCD, \s = 200 GaV

.
ks,
R
"

1 | 11 | 1 1 | .PI.."T“-

1 2 3 -
P, [GeV/c]

1

2 3 4
P, [GeV/c]

® PHENIX data consistent between independent analyses

® STAR data significantly lower than PHENIX data
» STAR assume a smaller n yield than PHENIX
o Using PHENIX m yield will reduce STAR direct photon yield further

@® Discrepancy not (yet) resolved

q\\\w Stony Brook University
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Direct Photon Centrality Dependence

/dy (p_> 1.0 GeV/c)

® Comparison STAR - PHENIX - ALICE

—
(@)
N

—
(=)

N

E A+A/p+p—>ydir+X =125
- [® Pb+Pb, sy, = 2760 GeV
= W Au+Au, |s, = 200 GeV :
E 1 AusAu, |5y, = 62.4 GeV e |
0 Au+Au, \sy, = 39 GeV ,__.«l"
? v Cu+CLi, VS = 200 GeV i i
- © p+p, \s =200 GeV . j
| &l Au+Au, sy, = 200 GeV (STAR) ..--*
- B

A
:F |
E N..y scaled prompt photons
L p+p fit, \'syy = 200 GeV
g —PQCD, \s, = 2760 GeV
B —pQCD, \s,,, = 200 GeV
| —PpQCD, Vs, = 62.4 GeV
E 1 1 1 | D ) I 1 1 1 g ol | 1 1 1 | I

10? 10°
dN,y/dn |

q\\\‘ Stony Brook University
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dN,/dy (p. > 1.5 GeV/c)

s
o

T TTTII

—

T ]llllll

107"

N

— —
) o
b o

S
i

T IIIIIII| T IIIII|T|

T IIIIIII

_ A+Alp+p — ¥, + X

# Pb+Pb, \s\, = 2760 GeV

B Au+Au, \s, = 200 GeV

® Au+Au, \s, = 62.4 GeV

v Cu+Cu, \'sy,, = 200 GeV

O p+p, Vs = 200 GeV

& Au+Au, \sy, = 200 GeV (STAR)

Illllll | 1

IllIIlI 1 1

a=1.25

.
.

\

.

E 2

N,y scaled prompt photons
p+p fit, \Syy = 200 GeV
—PQCD, sy, = 2760 GeV
—PQCD, ys,,, = 200 GeV
—PpQCD, Vs = 62.4 GeV

10

10° 10°

dN,/an |
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Survey of System Size Dependence of Direct Radiation

® Direct Photon Data

» PHENIX dN dN .\
| =Y _ k ch
s ALICE ﬁ iy dn
@ Dilepton Enhancement
» STAR . l —
» CERES N§ - PHENIX/ALICE direct photons :
+ NA38/NA50 3 - e Pb+pb 2760 200 GeV :
= - ®m Au+Au 200 GeV (real y) h
» NA6O A 4k o AurAu200GeV (virtual y) =
& - 4 Cu+Cu 200 GeV .
Direct photons follow Zls - 4 AurAu624 :
u Au+Au 39 GeV |
—— fit PHENIX data: k N,
dN 2/ 10'1:— L I 5/4 =l * —
k ch [~ k Nch =
dn - 0=127+007 1
scaling with s and centrality sel 1 | o
10 102 103dNch
an

q\\\‘ Stony Brook University 19 Axel Drees



@ Dileptons form beam energy scan

» Au+AuU collisions

Vs =19.6, 27, 39, 62.4 and 200 GeV

» Fully corrected dilepton excess

dN,p,
» s dependence as Excess/ y -
106 -_ STAR ——e'e — Cocktail Sum
-1 Au+Au 0-80% — n’—=yee --o- oyee
o p$>0-2 GeVic I:I woee & nsnlee — 1—syee
| %<1, |Yee|<1 |:| b—ee & p—nee \:I Jiy—ee

“ cC—ee == DY—ee

q\\\w Stony Brook University

STAR Dileptons

-

_.
2
%

104

ch

_k
e
5

-

o
L
>

Excess[Data-Cocktail/(dN _ /dy) (20 MeV/c?)

10°H

x10°  QTAR
— STAR
- 0.4<M,<0.75 GeV/c? >
o %
o] 1 ¢ B f
o I i
b LI
B Y Au+Au 0-80%
41— Cocktail Uncert.
- ¢ In+In dN/dn =30
C O Rapp et al.
21 - Endres et al.
N . . . V. PI—’SD .
20 30 40 50 60 100 200
STAR: arXiv:1810.10159 \'snn (GeV)
" STAR  __RappSum ... PHSD Sum -
Au+Au 0-80% ...... Rapp Rho — - PHSD Rho |
S
= Cocktail Uncert. -...-. PHSD Delta ]
27 GeV x10°
Axel Drees
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STAR Dileptons

STAR: Phys.Lett. B750 (2015) 64-71 @ Dileptons centrality dependence
= 5194‘3.,..,T...,”T.._20,; o Au+Au at 200 GeV
18F .
RO e afiot ety J1& » U+Uat 193 GeV
% E —®- AutAu 196 GeV E - et
E 14:_ —=— In+In 17.3 GeV ] E dN dN N N
> - 142 l i ch ch
£ 10f . 12 dy dy dn dn
8f E
- m— Th. lifetime 17.3 GeV _] 8
6 —— Th. lifetime 19.6 GeV 1 a [ T T T T T ]
4 :_ - - = . Th. lifetime 200 Ge: _: ; - Dilepton excess ]
s 0.4<My<0.75 Gevic™ - © —— fitto STAR data: k N,
o ooy sy 4 s 102 NG |
0 200 400 600 800 o - oh E
dN_/dy 0 - .
v - STAR ]
E= = m  Au+Au 200 GeV .
STAR dileptons follow v A e oV !
S 10— Au+Au 39.0 GeV —
5,/4 NS = Au+Au 27.0 GeV ! B
lel dNCh Z=|>“ B + Au+Au 19.6 GeV h
—_— = k © IO = ]
dy dn - @=129401 -
104 =
scaling with 's and centrality ]
10 102 10°
dN_,
an

q\\\‘ Stony Brook University 21 Axel Drees



CERES ete” Palr Enhancement

CERES/NA45 Eur.Phys.J. C41 (2005) 475

Pb-Au 158 AGeV 0/ 305~ 28%

<dN_/dn>=245
2.1<n<2.65
p,>0.2 GeV/c

0,..>35 mrad

—
Q
o
|

combined 95/96 data

<dN,./dm,.>/<N, > (100 MeV/c?)”
=) =)

10°F

q\\\‘ Stony Brook University

® Large low mass e*e  pair enhancement
» 0.2<m<0.6 GeV/c2:

Z (%)data - F Z (%)cocktail

dm dm

F=2.73 +0.25 (stat) + 1.0 (sys)

L dN
» F has asignificant dc" dependence
6
w m<0.2 GeV/c? 0.2<m=0.6 GeV/c? m=>0.6 GeV/c?
5
. _
24T -
(5 .
E
=
T 9 : !
Al 4t *—
1 I—=-t=~=¢=.—-_;l L ]
0 L L P L PR N TR R |
0 200 400 200 400 200, /00
29 Axel Drees



CERES ete” Palr Enhancement

CERES/NA45 Eur.Phys.J. C41 (2005) 475

| Pb-Au 158 AGeV

G/C gy~ 28%
<dN_/dn>=245
2.1<n<2.65
p>0.2 GeV/c

6,..>35 mrad

Q =]
& n

<dN,,/dm,,>/<N_,> (100 MeV/c?)"
=)

1071
: . ] P L
12 14 16
2
M. (GeV/c")

CERES dileptons consistent

dNp

a
dy k<dn>

witho > 5/4

q\\\‘ Stony Brook University

® Large low mass e*e  pair enhancement

e 0.2<m<0.6GeV/c2

dN
? ConvertF( ch
dn

) to excess yield

cocktail dN b
excess _ ee c
Nge —(F—l)N—OC(F—l) 7
( ch) n
10 il Bl -
- CERES e’e” pairs Pb+Au 158 GeV/A =
B 0.2<m<0.6 GeV/c? ]
[ — kNG, i
RS
1= _
1071 ? 7:
- 22+06
1 I L L II 11 L1 |
10 10°
Nop
an
23 Axel Drees



NA35/NA50Q Dimuon Enhancement

NA38/NA50 Eur.Phys.J. C14 (2000) 443

NAS50
Pb-Pb 158 GeV

central collisions:

1 T T ] T T T T I T T T T I T T T AT ‘f. T T T T I T T T T I 1§
1 2 3 4 5 6
M (GeV)

E : Enhancement of open charm

. exp.
N,,=Npy+ ENp,

Nyp = (N;’)I; + EN%%) Ncou

q\\\‘ Stony Brook University

Intermediate mass dimuon enhancement
o Discovered by NA38/NA50
o Originally interpreted as charm enhancement

o Established as thermal dimuons from QGP by
NAG60 using vertex detectors

Enhancement of open charm yield
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NA35/NA50 Dimuon Enhancement

NA38/NA50 Eur.Phys.J. C14 (2000) 443

® Intermediate mass dimuon enhancement

A ¢ Assume: Enhancement — 1 ~ Direct Yield
0% - NA50

Pb-Pb 158 GeV Nihermat = (E—1) NP2 N o

o Assume gxA independent of source

10

t=0—) 10__ 1 1 I LI III T ) T 1 I III| I T ) T LI III —]
Z - NA38/NA50 py pairs excess 1.5 to 2.5 GeV/c? 3
10 - . - - Pb+Pb 158 GeV/A .
N S L — kNG, .

central collisions:, ©

|8 -

1 L B S L 4 1= —
1 2 3 4 5 6 S - ]
M (GeV) % N ]
. dN © i i
® Reverse engineer d;h = i |

(W]
— 107 E
+ NA5BO: PLB 530 (2002) 43: - -
( ) - a=207+£0.2 .
dN:p - g T

d—;;~1'23Npart 1 Lol 1 1 Lol 1 1 Lol

10 102 10° N i
- - Cc
» Small non linear correction an
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NA60 Excess Dimuons

NAG60: Eur.Phys.J. C61 (2009) 711

® Dimuon excess — uncorrected for acceptance

> 4000
S | In-inNA6O — Rapp/Wambach » Isolate p-peak and continuum region using
8 3500~ semicentral — - Brown/Rho Side bandS
s - dN,, ;‘a_' —- Vacpump ] )
8 s000 < =140 4L cockt.p » Normalize to expected p yield (ec dN,/dn)
S - i i-|- DD
S} - allp P
Z 2500 T [
2000[~ P
: ', .‘ (8 10: | | 1 1 :
- ) ' o 8— ® excess/p 0.2<M<1.0 GeV _
1000 L o Y -
- ; > 1 A continuum/p p/w=1.0 3
500 6_? A peak/p i 3
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_ Aoa ]
4 & ' =
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NA60 Excess Dimuons

NAG60: Eur.Phys.J. C61 (2009) 711

® Dimuon excess — uncorrected for acceptance

> 4000
S | In-inNA6O — Rapp/Wambach » Isolate p-peak and continuum region using
8 3500~ semicentral — - Brown/Rho Side bandS
- | 5 d-v : :
& s000f <d§,;“>=14o Dl C;;f? " » Normalize to expected p yield (ec dN,/dn)
S - i i-|- DD
2 :_ all pT 1: ‘I'
% 2500: |_ ;.’ |:)'iE U
R NA60 (QM2008): J.Phys. G35 (2008) 104036
6“1 PSS IS T S T [ S S S SR S S S S I S S J» " 10: M| " " " L PSS |
% 5 ® excess,, .. /P r % ::iz::znmqmﬁxcess x
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NAG6O Excess Dimuons

NAG60: Eur.Phys. J. C 61 (2009) 711

® Dimuon excess — uncorrected for acceptance

> 4000
S [ InInNA6Q ~~ Rapp/Wambach » Isolate p-peak and continuum region using
Q 3500F semicentral =~ Brown/Rho side bands
5 i dN,, (A Vachump . ield d /d
8 aooof  <ar>=140 i% | cockt.p o Normalize to expected p yield (ec dN,/dn)
s : i i-.|- DD
ke ~ allp P
> 2500 T P N __excess dN.p
o B i -
: ; Pi U thermal P dn
2000[ P
: e 10F T T T =
15001~ Zjl'g = NAG60 pu pairs In+In 158 GeV/A 3
. @ e excess/p 0.2<m<1.0 GeV/c? 4
1000~ = - a continuum/p 0.2<m<1.0 GeV/c? 7
- 5 T o0 excess/p 1.0<m<1.4 GeV/c? 7
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107 E
NAG60O dileptons consistent : .
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Compilation of SPS Results

® Dilepton Continuum Excess at SPS

T 1[[]I]]

T T T 71T

» NAG60, NA50, CERES data o 102F T T
give consistent picture 2 - NAGOIn+In 158 GeV/A 2
litv D q > -+ continuum 0.2<m<1.0 GeV/c
» Common Centrali y Lepenaence % . o continuum 1.0<m<1.4 GeV/c?
@
above and below p meson © {0} CERES Pb+Au 158 GeV/A
LLi - scaled 0.2<m<0.6 GeV/c?
dNy; " (chh>a 5 " NA50 Pb+Pb 158 GeV/A
= ey |« scaled 1.5<m<2.5 GeV/c?
dy dn @
0O  1E— kN2
a~1.72 -
o Possible substructure ol
Centrality dependence at SPS !
| 1 11 1 11 |
]

similar but different from 0

Vs and centrality dependence at
higher energies
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Backup
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PHENIX Dileptons

10

E-1

10"

PHENIX e’e” pair excess Au+Au at 200 GeV
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Run-10 0.3<m<0.76 GeV/c?
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NA35/NA50Q Dimuon Enhancement

NA38/NA50 Eur.Phys.J. C14 (2000) 443

® Intermediate mass dimuon enhancement

A ¢ Assume: Enhancement — 1 ~ Direct Yield
0% - NA50 exp
) Pb-Pb 158 GeV Nihermar = (E—1) Npp

o Not corrected for N,
o Assume gxA independent of source

10 4
— 10__ T T T T II| T T T T L II T T T T LI II —]
= - NA38/NA50 pp pairs excess 1.5t0 2.5 GeV/c? =
10 - 8 o S+U200 GeV/A .
L . e Pb+Pb 158 GeV/A .
central collisions:, S - — kNG, 1
| £ - kN
1 AN EEAEEEEE N BE R EE R BEAE BEREE BEEEEE RN BEEE B BN [h] 1__ -
1 2 3 4 5 6 ® - .
M (GeV) = - ]
dN . i ]
® Reverse engineer ch i i
dn 10— —
- =1.05+0.14 -
» NAS50: PLB 530 (2002) 43: : « .
dN p, I 1
dn ~ 1. 23 Npart | 1 |- II| 1 1 L1 1 1 II 1 | 1 L1 1 1 II
10 10 10° N,
- - c
+ Small non linear correction @
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First Results From p/d-Au Collisions

0'5 102§ Direct-y: g

% ol =] Po+Pb, {5,=2760GeV  PH:-<ENIX

© F EEJAuAusw=200GeV  preliminary .«
— F [%] d+Au, ys,=200 GeV o

(SJ 1? [ * | p+Au, \5,,=200 GeV g

[0} - | & | p+p, V5=200 GeV "..—""

GO0 et
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~— ol ,.-"-*

A 10° 3 e '

Q}— m $
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%1 Ok t ------ A+A fit f(x)=A(dN/dn)"*>
> F 2 ' [ ] N, scaled p+p fit
Z10E

-o E 1 1 lllljll 1 1 LlJllJl 1 1 lllllll

1 10 0 10°

1
dN_,/dn | k.

0

dNcn

Onset of thermal radiation at o 10?

First evidence for threshold of QGP production!
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