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Outline

Detector

Measurements
— High p; photons in p+p and Au+Au

— Low p- thermal photons
* Virtual photon method
« External conversion method

Direct photon flow in Au+Au
Conclusions
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Photon sources
« Hadron decays
— 10 ~ 80%, n ~15% background in p+p

+ High p- S s K
— Initial hard scattering 2> v, =0 7

— Fragmentation > v, >0 : ——
_ Jet conversion and * Possible modifications

bremsstralung > v, <0| — Isospin

Thermal = v. > 0 « Shadowing, anti-shadowing
- 2

_ Qe — Energy loss
- gq annihilationin QGP > suppress frag. photons
— Hadron annihilation

— Radiation from jet-medium

q g ™~ . .
>v\/\< “>:{“ Y. _ Interactions

_ / Y .
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PHENIX

At RHIC
— PP, d+AU, CU+CU’ Au+Au PHENIX Detector
 For EMCal photons: P Gk e “
— Shower in the EMCal L/

« PbSc 2.1% ®8.1/VE //
 PbGl 0.8% ®©5.9/VE "X (
— No charged tracks point |[#1HIE e /7 e
to the cluster D e R 4
 For virtual photons:
— Tracking in DC & PC1

* Gy Ipr=0.7% ® 1% p; West Beam View East

— Electron ID with RICH ring
and EMC shower
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p+p high p photon measurement
 n° Tagging method

— Reconstruct 7° — yy to measure N_,

« E7 ., cut to remove cluster merged photons
unmelrged s

NDiT' — NITlCl — (1 ~+ A)(]. + R)NTEO

|
7%, n, ® and n‘ backgrounds

A calculated with m; scaling, 2 < ® _
meson-to-r ratios & o8l West arm (e 1+RIN,
_ m | — (1+RN,  °
R calculated by Monte Carlo using 0.6 — N,: (tagged)
the known =n° shape, detectordead o4 ., “— |
areas, acceptance and resolution 0.2 " ; | |
Ly l T .
°5 10 15 20 25
p,[GeVic]
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High p; photons in p+p

« 2006 PHENIX p+p data “"Oau Voo
— pr 5-25 GeV/c o “”’
. Agrees with NLO pQCD % S
—~ BFGII Frag. Function
* Power law fit '
— p7 8-25 GeV/c 3
— ¥2/NDF = 8.3/10 P
n =7.08 £ 0.09 (stat) £ 0.1 (sys) ::E
L R S
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High p; photon measurement

In Au+Au
* Double ratio method VDirect = Yinet * (1 — 1/R,)
— Systematic errors cancel j

3 72_3) | P 20068 *E (3"qu¢ 'I)
0= AdAu, 0.92% E R, — T/ Meas
iE s bbb - *
25 T %ﬂ_g Photons from <—
B v = hadron decays
© “b)  {Sw=200GeV 3 _ _ _
gE  AutAu 0% J’] E Simulation calculated with
T E . b4 E detector resolution, dead areas,
2 i i and meson-to-pion ratios
o 4 =) Izuu A E
= PbS E - :
e e o = —R,increases with
e st = centrality because
oF 2 4 6 8 10 12 14 16 18 ) (Gevé 7‘[0 Suppressed
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High p; photons in Au+Au

« 2004 Au+Au data
— pr 4-22 GeV/c

* T,, Scaled fit of
p+p data

— NoO apparent
modification

T, = NColl )
AA — o inel
pp

arXiv:1205.5759
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direct y P, spectra
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= °- * p+p
- m ‘¢~.‘ ‘ B4 of, flototinel  10*
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= 7T -4
= oy B ~5- 30-40%x 3-10
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= o —— 50-60% x 3 -10°°
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=1 | | | | | | | |
;_I | | | | | | | | | |
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R, direct photons
* First time using p+p reference data NOT a fit
« Consistent with 1

| i g }
— No modification OR | o
. ;(:1.35— _ Ie ' ' ' ' ' 1 ' ' —
balancing of terms o;_:r ] =
. _‘g ;Eg ot 'ii!iii—i % } .E
* energy loss, medium-  £:= { =
_ oze- (0) =
Induced bremsstralung e
< 2'25 — |SOSpIN effect n?:' EZA"‘ *Au, 60-92% i { { E
X 2= ssmwanns EPS09 PDF D Ee— - E
18— - prompt+qgp . g 3:25: iif H}H IE%
1.6;— == == = coherent+conversion+A E 335: (c) :E
1.4 T2 4 6 8 10 12 14 16 18 20 22
12 }, p, (GeVic)
i _ Does not agree with the data
0.8—
o6~ TS e e e . : .
oA Au*Au, (,,=200 GeV Most of high pT direct photons
02 directyR,,, 0-5% are from hard scattering

arXiv:1205.5759

(GeVlc)
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Thermal photons from dielectrons

* Virtual photons access low p; thermal photons
— Mge << Pr > Mee< 0.3, pr>1

no - Dalitz

« Cocktail background signals |+
 Hadron - e+e- o, p, ¢ )
« Hadron Dalitz decays =% n, v, o, ¢
» Correlated open charm decays

» Possible QGP modifications ™™ 2Vl :
» Mass-modified p E . llef"l-"laf"'l‘ .: . {fi'i;fﬂﬁ';'i'.','l'.”,'.',".é
« Correlated charm modification 1 mass (GeVic?)
 Additional thermal photon yield

Chiral symmetry restoration
P®  Continuum enhancement =
Thermal radiation

=\ ‘i Modification (31/‘ vector mesons =
Feate v

Suppression

youppression
or =
nhancement
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Background removal

Remove with pair cut

— Conversions, RICH ring overlap
Simulate backgrounds

— Combinatorial > event mixed % * Jpesiea Uy Sl
— Jets - Pythia

— Cross pairs - Exodus
— Include efficiency, dead areas .«
Statistical subtraction

— Inm,, and p+

Use like-sign pairs to
normalize backgrounds

— No like-sign signal yield
Correct for efficiency, dead
areas in my, and py HIC i the LHC era - 7117/2012

10° =
p+p \'s = 200 GeV

o all like sign pairs(N__)

-+

(c2/5 MeV)

counts/N
3
(=]

________

oW




Cocktall Generation

’"‘10 T 7
» Hadrons from Exodus using data Lo\ PrPAEIZ0GE
2102 3 “-.1“ Ot By salat
— mprspectrafit g 0°c e ooy e Berty o
5%10_1 @ "~ W N An st -J-:’lp-ae e
— mT Sca”ng: pT —)\/p.? + mrieson —m72[ 310.2 _ PHENIX Preliminary
— When able use measured mesons p; spectra |,
« J/y suppression, J/y and y’ rad. tails 10 ...,
10 i
07 et
« Charm, Bottom, Drell Yan from Pythia :Z@ Ty
0 2 4 6 8 .10
~ In p+p, measure the O SOUTSM L L
10°E Iyl <035 [T v 6T
O, = 544 + 39(stat) + 142(sys) + 200 (model) pb & [ reze ,7[54 A
* agrees Wlth non'phOtoniC S|ng|e e- " 1 [ e ::’:m—)ee(FYTHIA)

107

O, = 567 + 57(stat) + 193 (sys) ub
— d+Au, Cu+Cu, Au+Au N, scale

 Filter into PHENX ideal acceptance, g
smear by detector resolution

108

dmee {c%GeV) IN PHENIX ACCEPTANCE

IHI‘ T 1T T TTTIT

_ 1 ‘ | . L1 ‘ | I Il | L1 Il ‘ 1 ‘ | . Il
10"0 1 2 3 4 5
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Dielectron mass spectra in p+ slices

10

_(c¥GeV) in PHENIX acceptance

dN/dm .
=)
&

107

(a) p+p

1 -Eprcz GeVlic
2-=prc3 GeVlic

3<pr<4 GeVic

4<p <5 GeVi/c

p+p matches cocktall
at low p;

0

0.05

0.1

0.15

_(c¥GeV) in PHENIX acceptance
= =

dN/dm .
=)
b

10°°

p+p & Au+Au
see excess,

at high pT

107

0.2 0.25 0.3

m.. (GeVic?)

(b) Au+Au (Min. Bias)

Au+Au has excess

at all p's

0

0.05
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Photons from dielectrons
* Virtual photons produce e+e- pairs

— Mge << Pr > Pr> 1, Mee< 0.3
—m,, > 0.15 - avoid large =n° backgrounds
* Thermal photon production

?N.. o L(M)
M2~ 37 M2

— As m_./p; = O, then L(m_.)=>1, S(m_.)>1

{_z 2 ¢KTE e 2 Y 1 {'f. AK':I{-

S(M.q)dN,

dmeedpr 37 mee dpp

* Thermal photon component, f;, a 1/m_,
— Filter by acceptance, smear by resolution
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Fit to find r,

10"

f(mee) — (1 - ry)fc(mee) + Tyfdir(mee)

=

—>

{czr‘GeV}_i_n PHENIX acceptance

T TIT HJL'L_‘,“L"L.'_U"”l

Au+Au (Min. Bias) 1.0<pT<1 .5 GeVic

cocktail components

fdir(m“)
f(m )
— (1-n)f (m_ )4rf ﬂir(me.)

r=0.189+0.0213
¥2/INDF = 12.2/6

1 1 2 A0
* Fit for m_, in 0.15-0.3 GeV/c* ¢
In eaCh pT SI ICe 10° ;. . L.;.‘j'l'.‘lirri‘ .‘ | T e ST T
0 005 01 015 02 025 03 035 04 045 05
. m,.,- (GeV/c)
e [ p+p:Ns=200GeV | d+Aun/s  =200GeV | Cu+Cu:nys,  =200GeV 1 Au+hAunfs  =200GeV
"o - lwvl<0.36 1 (Min Bias) |v|<0.35 T (Min Bias) |y|<0.35 T (Min Bias) |vy|<0.35
% 0.25" pRL104,132301 ‘1T PHENIX preliminary 1T  PHENIX preliminary 1T  PRL104,132301 ]
= B +
5 ool 1 No excess i 1 1 ]
g 1 -
S L 1 In d+Au
.'.’u.15:— 1 * T .
E . ; o real photon (d}
0.1 T T L+ virtual photon
5 1 , 5F §
008 Excess - z = -
L . _ - o D
oF In Cu+Cu: : ]
[ L1 1 L1 1 1 L1l L1 1 "I | L1111 | L1 11 | L1l | Ll | L1 1l | "I | L1 11 | | | L1l | L1 11 | L1 11 | _I | L1l | L1l | L1 | :
‘II 2| :Ii -IL EI I:I‘l 1 2 3 ) 5 [ 1 z 3 i 5 & 1 2 3 1— :ﬁﬁ
p [GeVic] p,[GeVic] P, [GeVic] .
0'5:_I||.I||.I..nl...l...l..nl
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PRL 104 132301 (2010) HIC in the LHC era -- 7/17/2012 p, [GeVic]



Au+Au low p- photons
External conversion method o

2007

Apparent mass from mis-

.\ﬂogcl

reconstructed momentum o et

— In PHENIX 2007 data, CQJI|S|on vertex assumed

~ Mee X Teony ? 5‘ e "I"I . *“":f :[mm; o

R, method | {

— Measure 7° by tagging - *{H +H * | i +
inclusive n° photons F s : J

HIC in the LHC era -- 7/17/2012 o T2 BS 3 3 tenp, [GeV]




Xt scaling in p+p

+ PHENIX p+p

\/SNN = 200 GeV data = Ty, Almuas qu

with other p+p
experiments

— Collider & fixed target  1°F
- Syy =19.4-7000 GeV & ™=

 Cross sections scaled x oo,
Neff _
by Vs, nerr =45 s e

2
o= """

arXiv:1205.5533

=10

U ]

T 10" ycous aooy  Direct photon (y~0)
@O L J .
Q-mﬂa Yy n=4.5 {Exp. (\s)}
8 v [] DO (1800)

2 PHENIX (200)

mb,mm %1

& oY

510 2006.data, .
& [ PHENX (200 A ?:tll} ) This repo
w10 2003 data A UA2 (830)

= - o, UAT (546)

E-

E
= | RBOT (63.0) Bi10 (63 %
B [y R108 (62.4) > )

10 7 ET06 (38.7)

g m NA24 (23.8)
10

A WATO (22.3)
107

10°

107 10™
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Ed*N/dp’(GeV3cd)
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d+Au photons
RdA consistent with 1

« dAu agrees with T,,-
scaled p+p data

» dAu agrees with T,,-

RdAu

scaled NLO pQCD

R [ T,a% pHp fit result
Y
. B s
.T L]
=N ‘}‘u
E >
©
o | Q
,,Z
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.f‘ z
N Lr]
N o
w

- }‘ f@
i StE
i_P_I:IvE_NIX preliminary [ E%

102
d+Au:\[s, = 200GeV, |y|<0.35
—— d+Au {RUNB, virtual photon)
—&— d+Au (RUN3, preliminary)

— = T, % p+p (RUNS, PRL104 132301)
— = T, xp+p (RUN3, PRL98 012002)

3 4
P, (GeVl/c)

-
o
IS
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-
(=]
]

107

107

5 — 5
- d+Au:|s,,=200GeV .
[ "v—— C
A + PHEENIX 5 °F s
L preliminary = £
3? Sl 1 |
1 2 4 5 6
: ® p_(GeVic)
- @ virtual photon
2_
C QL O real photon
s % L LT TR
— - —— Cronin+lsospin I \[ D
B Cronin+Shadowing &)
ol— Cron|n+Shadc>W|ng+AEInIt
=t 1 ‘ 1 1 | 1 1 1 ‘ 1 1 ‘ 1 ‘ 1 1 | 1 | ‘

N

4 6 8

Tyax NLO pQCD (p=p )
T,,,% NLO pQCD ( u=0.5p_)
Tyawx NLO pQCD (1=2.0p))

T

Little to n

nuclear matter effects

o visible cold

4
P, (GeVic)
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Thermal te
« Additional thermal yield

— Average temperature >
Inverse slope of expo.

— Initial temperatures from

theoretical calculations

e Tg~15-3*T,,

E _q’N/dp3 (c%/GeV?)
o
TI T ”171 T 1111

—

o
N

oo

-

o
&
|

104F
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llllll'

Thermal Photons in AusAu at\s - = 200 GeV
e DATAO-20%

D. dEnterma & D. Peressounko: T, = 500 MeV t, = 0.15 v

S.Rasanen et al ' T, = 580 MeV' ¢,
T, p 450-600 '-'-y".
S. Turtide et al - T, = 370 MeV
F M Uuetal: T, =370 MeV,t, = 06w « LO pQCD
J. Alametal T, = 300 MeV,t, =05 fm'c

W. Vogeisang: Prompty NLO pQCD Tu (0-20%)

-.- DK Srvastava 02

1, =033 tve

111111111111111'lli11111111

¢

H L1
107,

1

2 3 4 5 6
P, (GeVlie)

7

2 03)

Ed®N/dp*(GeV2c?) or Ed’s/dp® (mb GeV

104

10

mperatures

|T|'| IIIII|T|'| IIIHﬂT| \\IH|T|'| ’IIIII|T|" II\II|T|'|‘IIIIIIII| IIIIIIII| TIII.IIIﬂTl' IIIH|T|'| TTTIT

4 4+ AuAu Min. Bias x10*

°© & AuAu 0-20% x102
0 =  AuAu 20-40% x10
& v p+p

-=- Turbide et al. PRC69

Dashed lines
Taa-SCaled p+p

Solid lines
Taa-SCaled p+p
+ expo

,=233+14+£19

102 MeV
=221+19+19
10° : MeV
- =217+ 18+ 16
MeV
10°
[ - A
: e NLO pQCD
10-7||||||\|||||||||||\||||||||||\
1 2 4 5 6 7
P, (GeV/c)
E L ] D. d'Enterria & D, Paresscounko
— | 5. Rasanén o1 al.
- D.K. Srivastava ot al.
= oy | S, Turbide et al.
= * F. Liu wt al.
T...~ 300 to 600 MeV
3 s | 175~0.15-0.5fmlc
II-TII-'lI I:':J I I['!3 I I':I-Iﬂ I IIJ-IS I ‘
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Inclusive photon v,
aN X No[1 + 2v; cos{2(P — Wrp) )]
5

d(P—-¥gp)

« Remove hadron contamination
— Confirmed by external conversion

method O
J 0250 200GeV AutAu 20-40%
. E PHENIX Preliminary
* Divide by ogp = i
n.15;— \:\\\ e v,
Ext | . 0.1:~+++ \\\\\0\\ (@2°5¢)
xternal conversions : \}:;:%
0.05F
e r . .
/}e' of V%V, With external
w0st CONVersion method
HBD backplane R N A
p, [GeVic]
2007 Au+Au data
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Measuring v,4"

R, (pr)v vincl _ ) yBG < Calculated with a
p, yvdir = ¥ Pr)V2 2 [ cocktail assuming
R, (pr) — 1 KE, and m; scaling
MB Au+Au q d v
0.25:— 0 Vv, _ ,Yinc. Vv, an meaSU re V2
> 02l L= EPRM(=1.0~2.8) . 03r
E : . E.PFBC(|]’||=3_1~3_9) 5025_ external ions (PHENIX preliminary)
0.1?— W — % %0153 +{%é
E J | : % i @
0.051 } - R rug—{{,'} } %
Qf } ,,,,,, e t | °°Z: R S T
0.05 i_I (a) | | | | | | i_\ (b) | | | | | | __\ | | | | | | 0 05;_
0 2 4 6 8 1 120 2 4 6 8 1 120 2 4 6 8 10 12 B T T R
P; [GeVic] ¢ 2 4 ® 8 mpT (GeVie
P2

(f) ngh pT’ V2 ~0
— Consistent with
20-40% hard scattering

J\ Low py, V, large
i ; F=—""1 — Largerthan
theoretical
Sos oo 0ozod b B0 2 E e 0 oy pectations

. o BEC (b) |- . a |z
v V21¢2 ) : 0.6 fm/c i cyjation fr(omll :
0.4 fm/cPRC 79, 021901(R] =

MB (0-92%) 0-20% -

HIC in the LHC era -- 7/17/2012 P, [GeVic]



ect photon \-"2

Thermal photon emission

EE e
3 . T e Looks like partonic emission
S Loeee /mEp) T~ 300 to 600 MeV
“F o 7, ~ 0.15- 0.5 fm/c
"t MB Au+Au virtual photons
00 LAl 10 lllll '2; i1 L0}3A i1 xo AAAAA 5 5; il ;016; il ;0
t, (fmlc)
Sk *ﬁ% .¢ ‘ - # Looks like hadronic emission
T A {, Large v,
| J e o
MB Au+Au : :
------------ —— * |nconsistent with standard

o- range of virtual hydro-space time evolution
Photon analysis — After impact but before 1,?
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New detectors =z

« Hadron blind detector (HBD) parter posiorlE
— 2009 p+p, 2010 Au+Au e
— Improve dielectron spectrum e
signal-to-background by factor of 5.
* Reject combinatorial background e U
_ 1= uncorrected e
— Results will be shown at QM o prpwithHBD T

0 os 1 is 2 253
m.... [GeV/cT]

Vertex detectors (VTX)

— SIVTX: 2011 Au+Au, 2012 p+p
e Virtual photons at m,, > 1 GeV/c?

« Measure correlated charm
distribution

— Forward VTX: 2012 Cu+Au
* Electronsatl1l.2<|n|<2.4

SIVTX FVTX
HIC in the LHC era -- 7/17/2012  — Measure reaction Dlane

- - famessr



MPC-EX

“;1 £ / 0.15
é. A ; z MPC-EX 1 n=3.5
,.é"' o/~ 350nbd+Au .'\g‘ <(5, [ p*p 49 pbr twist-3 extraction
o | 49pbt p+p W
5 T 0.05 -
ER7 ’
0.8
@ 0 ! +
S S 5
20.6 [
o % ..........
(=] v L
B4 / ‘-o,os -
W 0% \ extraction with SIDIS data
Lo 90% C.L. 03 04 05 06 07 08
0_1 Ll l I B S 1 L Ll l | 5%t | l L { b=} l (BB 1S ) l 1 | B | l 1 lgl | F

4 35 -3 25 -2 15 1 05 O
| LOQW(Xg.uon)
o 14 log(x,) region
Si+W preshower 025 3 GeV 4
—1.8mm x 15mm minipad sensors | '/

MulD
il

1J9¢
=
£
=\

* Measure forward prompt y
—-pT >3GeV, 3.1<|n| <3.8 e
— Separate m°and y out to 80 GeV [ for 2014

HIC in the LHC era -- 7/17/2012




- HCAL OUTER

-~ HCALINNER

SPHENIX
 EMCal compact W-Si
— o/E =15%/ \E
- An X Ag ~ 0.03 x 0.03
 Will be able to measure

direct photons with EMCal
before isolation cuts

* Internal and external photon
conversions ;

— Ap/p ~ 1% i;
_ e/ rejection ~ 1/500 - 1/1000° |
— Study on going Qi v v W 74

HIC in the LHC era - 7/17/2012 B TR T

T EMCAL

- SOLENOID

pp Ratios (NLO pQcD)
——— Direct /=" (RHIC 200 GoV)
———— PHENIX Data (RHIC 200 Go\"

——— Direct y/=* (LHC 2.76 ToV) 'i 10:._ Avmiis | POaP Ratics (Scaied MO GOT)

oton)




Conclusions
X7 scaling at wide range of energies

High p+ of direct photons extended
—Rya~1,v2~0

Low p; Au+Au, Cu+Cu enhanced thermal yield
— Little to no cold nuclear matter effects T

— Au+Au v, VERY large < Confirmed by two
separate analyses

Future: in Au+Au data

— Virtual photon v, — p+Au collisions

— HBD virtual photons — SPHENIX

—m,, > 1 virtual photons VTX
— Forward prompt photons MPC-EX

HIC in the LHC era -- 7/17/2012



Backup
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|solation cuts In p+p

Npir'™® = Nipt"* = (ngo/S© + Nyo'*°R) — A150(1 + R)N o'

 Remove d I rect phOton n,0%° - a subset of N0'* when y passes
b ac kg roun d S fro m the 1solation cut without the partner’s energy
fragmentation photons

. Conein d([)-dTl Space% "“: p+p \s=200GeV 2006 data
- : oo, ,
radius 0.5 * 1 :ﬁ% - . !
o8 pJ e
* Ejncone <0.9 Ey Fore ol " %
— Eincone Is total cluster © g, o o ¢ O |
energy and Charged 02:_ e® Direct photons
n° decay photons
track momenta E

0 5 10 15

0 25
p’T’[GeV/c]

HIC in the LHC era -- 7/17/2012 arxiv:1205.5533



n® Photon concentration
« Using n° cross section E %‘; = 1.777 x 1010 p, =822
 Ratio of direct photons/=°®

 Ratio of n° decay photons/zn®

0.5

(=4
=]
]
*0.45

—o— 'ydlrl'no
Expected ratio for %4
n° decay photons/n° 9-36

— 7 J7° . *
0.3 . |
= 0.277 — > b gEBama oo % ---------------
8.22—1 0.25 + * :

- _ 0 decay photons/n®
£ 0 3 —+ .
Iif n° Is pure power law 0.2 ¢ - __‘/ decreases because

015 R _|_ of cluster merging

T
;
+
£
L
—o—

01 ¢

0.05- .
0: | | | | | | | | | | | | | | | | | | | | | | | |
HIC in the LHC era -- 7/17/2012 p,[GeVic]




RAA vs Npart

* Photons from 2001 data with a fit of p+p
data

N

® 200 GeV Au+Au Direct Photon
O 200 GeV Au+Au P

R,a(P; > 6.0 GeV/c)
(8]

.—I—.I:—.
.
1o

I

=)
o
O

0 50 100 150 200 250 300 350
HIC in the LHC era -- 7/17/2012 Npart



1+R

East arm

20 25
pT[GeV/c]

s

5
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(9+1)

(d+1)

~— — v —
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Comparison with models. No success..

* Later thermalization gives larger v, (QGP photons)

» Large photon flow is not explained by models for QGP

od
Hydro after :
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Is Pythia the right way to model the

heavy quark components?

* p+p non-photonic electron p; not well described by PYTHIA
* Au+Au suppression of high p+ non-photonic electrons

* Model a random heavy quark component, using Au+Au non-
photonlc P+ spectra with random angular orientation

SN — Contains charm and bottom correlations
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Type equation here.
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p+p Measurement

'§ 0 p+p S = 200 GeV
© o alllike sign pairs(N__)
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AU+AU measurement
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Like Sign subtraction — p+p A+A

counts (c*/5 MeV)
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Data/Cocktail

dN/(dMdy) [(GeV/eH )

'PHENIX vs STAR p+g
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 Different acceptance: 2n, Instarl < 1.0; not 2n, Mppenx] < 0.35

» Different ... STAR 1.4 + 0.2(stat) + 0.4 (sys) mb;

PHENIX 0.57 + 0.06(stat) £ 0.19 (sys) mb
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Data/Cocktall

PHENIX vs STAR Au+Au MB
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PHENIX vs STAR:
Acceptance: low pt

PHENIX
— +/- 0.5 rapidity

— Single electrons p; >0.2 GeV

— Pairs m; > 0.4

STAR efficienc
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* STAR and PHENIX NPE results in
200 GeV p+p collisions are consistent
within errors at pt > 2.5 GeV/c
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STAR vs PHENIX S ——
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LMR m Spectra in p; Slices

p+p \'s = 200 GeV
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* p+p matches the cocktall fairly well, high p; excess
* There exists LMR excess in Au+Au at all p;s
* Au+Au LMR excess is largest low pair p;
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p+p In p- slices

« Matches at low pT

* High pT IMR excess
— No bottom in cocktalil

— p+p non-photonic
single electron p; not

well described by

PYTHIA

* High pT LMR excess
from thermal photons

HIC in i
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Au+Au I\/IB and Cu+Cu 0-10%

—_
o
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Min. Bias Aut+Au =200 GeV
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 LMR excess at low pT
« High pT LMR excess from thermal photons
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(1/2np.) dzcr/(dyde_)L (arb. units)
q,

Baryon Meson differences

el T T T T 171
alk-

L T

- O PHENIX mesons
# STAR mesons
— @ PHENIX baryons
[ x STAR baryons

p+p\s=200GeV _|
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PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central
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Dielectron Contlnuum Motlvatlon

* p—>ete-
— Broad mass distribution
— Short lifetime

— Broadening (and/or mass shift)

— EM probe, no color charge
* Diverse Physics Signals

— Direct virtual photons 3“7 e

— Dalitz decays 3 B
] = 25000

— Hadronic decays :

— Semi-leptonic heavy flavgr

— Vector mesons

1000}

- Broadening/dropping masss:

dN_/dydm

P055|ble modlflcatlons
,n,u) - Dalitz
Chiral symmetry restoration
Continuum enhancement
Thermal radiation
‘b Modification of vector mesons

Jy

Suppression
or
Enhancement 7

.=—Thermal radiatio N
= Modlfled heavy flavor

. Drell-Yan i e,
EI 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I T"’I‘."f"’ la
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Vacuum p

mass (GeV/c?)

cockl. p (dashed)

— Full time evolution of QGP-




Hadronic Cocktaill Generation
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Open Charm Component; /-

D mesons semi-leptonically %@%

decay S

— e-e+ correlated by the ccbar ?ﬁ“«;}-—/’”y

Simulated with Pythia /0

In p+p, measure the charm e

Cross section m-j;*:‘g’_;;fﬂoo SV romeesan

— agrees with the non-photonic 10_6%] e
single electron measurement, = — aum .

1077

O, = 567 + 57(stat) £ 193 (sys)
— Phys. Lett. B 670, 313 (2009)

Au+Au and Cu+Cu use N,
scaling of the p+p
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S
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Combinatorial Backgro

« Largest background in HI

— Large multiplicities,
combinatorial goes as
multiplicity squared

« Shape determined by
event mixing

Mix
Current Event

Previous Event 1

Previous Event N

~ " Positrons >
[ ]
[ ]
[ ]

Previous Event 2 - E E -

’(5105 T T T T

und

min. bias Aut+Au\/s =200 GeV
o all like-sign pairs: p, < 1 GeVic ]
o all like-sign pairs: 1< p; < 2 GeVic_|
» all like-sign pairs: P; =2 GeV/c
— combinatorial background

1
10™ =
L1l | L1l ‘ L1 \‘ L1l | L1l ‘ L1l ‘ | | L1 3
0 0.5 1 1.5 2 25 3 3.5 4
m,. (GeV/c?)
UL LA L L B I B LN BN B
05 =
N E
E ] L =
_{}. C_ —
E.. o1 o L | 1 | 2.
U5 1 15 75 ] 2
m.. (GeVic’)
EI T T | T T | T | T T I T T T | | T T |—
001 3
DE_ Q. 0 4’
E G ¥ ¢ ' 3
0.01E- =
02 IE T 05 7 I VT




Cut pairs with opening

angle 1 to B,
and charge ordered
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Backgrounds
Double Dalitz Jets

Decays with multiple e+e-

— Like-, unlike-sign at same rate
— Exodus-like simulation

0 - - 0 170 0 . - .
T Ereere Mo T . Pairs from 10 in jet
0 e correlated by jet

— Like-, unlike-sign at same rate

— Pythla simulation
[ e o] gm T

------------- Allpairs | -

% Underlying evt

I #Eﬁ . =il Subtracted
” TR A
L ([N R

E 1

L|k |g ike-si
nlike-sign oo IKE-S n F Like-sign
0 04 02 03 04 05 06 N X B I S ¥ R - R s LI AR L b e
m,, [GeVic?] m,, [GeVic]  © .= ! ' S 7 e emen




Background Removal — 2 Methods

counts/N, , (c%/5 MeV)
=]
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LN o B B I

p+p \/s = 200 GeV
o all like sign p airs(N_ )

—enmemnagene= 3¢ COMPoONENt subtraction

. correlated palrs (B )
— Cross pa irs (EXODUS)

et pars (PYTHIA — Use like-sign pairs to

\ normalize BGs

“‘%x&

SR,

e R — Subtract each of the BG
R components

Cemmmeemi® e | [ke-sign acceptance

— cross pairs (EXODUS)

--jet pairs (PYTHIA) ‘.. Corrected SUbtraCtion
',“ A — Correct the like-sign pairs to

T” have the unlike-sign pair
ET e acceptance
— Subtract like-sign pairs from
\ unlike-sign pairs
M * |In p+p, Au+Au, Cu+Cu both
wk ] methods are consistent
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HI Modifications -- Ry,

2

< | PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central

<[
18- §i direct v (prelim.) %0 (PRC83, 024090)
16 i § n° (PRL101,232301) % 0-20% cent. (arXiv:1105.3467)
L n , arXiv: )
(PRC82, 011902) et _ (arXiv:1005.1627)
1.4 {‘: K, 0-20% cent (prelim) § K (arXiv:1102.0753)
o (arxiv:1102.0753)
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 Baryon Meson difference in R,



p+p Normalization region
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Cu+Cu 0-10% measurement
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1/N_,, dN/dm,, [c*/GeV] IN PHENIX ACCEPTANCE
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DatafCocktail

1/N,, dN/dm, (C¥GeV) in PHENIX acceptance
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dN/dm,, (c*/GeV) IN PHENIX ACCEPTANCE
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p+p and d+Au Min Bias
measurement
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Compare p+p and d+Au
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p+p d+Au comparison
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Most Central al Spectra

] H
E 03 B AutAu 0-10% *1/325.2 N
a 4 AutAu 10-20% * 1/234.6 E
3 ® Cu+Cu 0-10% * 1/98.2 .
< i
z
-3||||||||||||||%1U-4: =
T i 3
1 [] c O .
: & ]
8 = i
g€ .
A S 107 = =
10 3 = -
. 9 - -
o, = _
g )
-5 I 107 = =
10 z g E
£ C 3
ZL% B ! .
= 7 | | | | L
108 "o 02 04 06 038 1 1.2
m,, [Gev/c?]

1Ng e AN/, [c%/GeVIIN,__ in PHENIX acceptance

107 e - =
%"ﬂ + . L' -

) ﬂ-.;_-,.ﬁ:‘_*" - tul |
10 | & =
|"|.._'llr }H’I \ :

= 3

— PHENIX Preliminary -

1[]-10 |.g-_ AN I N T N T [N N TN NN T N T T T N T N T N T T O A ]

* 1/Np,, Scaled Mee [GeVIC?]
* Onset of LMR excess



Centrality Dependence
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Yields vs Np_
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EMC cuts

* p+p  AU+Au
— No charged tracks point — No charged tracks
to cluster _ PID cuts

« Remove charged tracks + Remove merged

— Time-of-flight cut +/- 5 ns clusters mainly from
« Remove cosmics pi0, eta
— Shower shape cuts — GEANT simulation
 Remove conversions after * Remove neutrons
DC

— Isolation cuts (optional)

 Remove frag. photons
HIC in the LHC era -- 7/17/2012
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P+ Spectra of LMR

Corrected to the full 2n acceptance
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LMR m Spectra in p; Slices
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* p+p matches the cocktall fairly well, high p; excess
* There exists LMR excess in Au+Au at all p;s
* Au+Au LMR excess is largest low pair p;
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LMR Theory In p; Slices

K Dusllng and I Zahed |

W. Cassmg and E.

Bratkovskaya
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* In the high p+ ranges the theones are close
but still low
— Should including virtual photon processes, q + g ->q e+ e-

* At low p;, none describe the Au+Au MB data
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Photon sources

Hadron decays
— 0 ~ 80%, n ~15% background in p+p

Initial hard scattering - -
— High p, v, =0

Fragmentation
— High p;, v, >0 « Possible modifications
Jet conversion and ~ — !sospin
Bremsstralung — nPDFs
— High py, V, <0 « Shadowing, anti-shadowing
" — Energy loss - suppress frags.
Thermal o . .
— Radiation from jet-medium
— Low p, v, >0 interactions

HIC in the LHC era -- 7/17/2012
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LMR Theory p+ Spectra

R. Rapp and H. van Hees K. Dusling and I. Zahed W. Cassing and E. Bratkovskaya
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* None really describe the data
— Cassing and Bratkovskaya closest

— Benefit from including the virtual photon
s g+Qg->(Q+ete-
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Au+Au — Double Ratio Method
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Generate with

Combinatorial - oG
Conversions

RICH Ring overlap

Double dalitz - Simulate with

Exodus-like code

Remove with cuts

— Primarily &, n—nnmn

— Like- and unlike-sign at same rate
) Simulate

Jets - with Pythia

— Like-, unlike-sign pairs at same rate




