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Physics beyond (N)"LO Diagram!!!
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» The water droplets on the

window demonstrate a » Does QCD exhibit

principle. equally beautiful

» Truly beautiful physics is properties as a bulk
expressed in systems medium.
vc\éfEl[c;se underlying physics is o ANSWER: YES!

» The diagram is a beginning 0 Nucleon Structure
not an end 0 Phase Structure

\ Thomas K Hemmick  Stony Brook University



Lattice QCD Shows Phase Structure
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» Lattice QCD results indicate a complex phase
structure including multiple features.

» At low baryon chemical potential, transition is
2"d order (cross-over).

Thomas K Hemmick
g




Relativistic Heavy lon Collider (RHIC)

Pioneering High Energy Nuclear Interaction eXperiment
(PHENIX)

v (T a AU || Sl /et =
» 2 counter-circulating rings, 3.8
km circumference
» Any nucleus on any other.

» Top energies (each beam):
100 GeV/nucleon Au-Au.
250 GeV polarized p-p.

\ T.K. Hemmick

» Maximal Set of Observables
« Photons, Electrons, Muons, ID-hadrons

» Highly Selective Triggering

- High Rate Capability.

 Rare Processes.




RHI Collision Terminology

Peripheral Collision Semi-Central Collision Central Collision
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Gow camy o

» Centrality and
Reaction Plane
determined on an React o N
Event-by-Event basis.
» Npa= # of i
muthal

Participants = Fourier decompose azi
o 2> 394 d3N

» Npinary=# of Collisions detlp. dy

D
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Paradigm #1: Hard Probes

» We accelerate nuclei to high energies with the
hope and intent of utilizing the beam energy to
drive a phase transition to QGP.

» The created system lasts for only ~10 fm/c

» The collision must not only utilize the energy
effectively, but generate the signatures of the
new phase for us.

» | will make an artificial distinction as follows:

- Medium: The bulk of the particles; dominantly soft

production and possibly exhibiting some phase.

- Probe: Particles whose production is calculable,
measurable, and thermally incompatible with (distinct
from) the medium.




q/g jets as probe of hot medium

Jets from hard scattered

guarks observed via fast

leading particlesor
azimuthal correlations
between the leading
particles

schematic view of jet production

leading

vadrons f //// i
— .

El

leading particle

hadrons

However, before they create jets, the scattered quarks
radiate energy (~ GeVfm) in the colored medium

Jet Quenching




Raa Normalization

1. Compare Au+Au to nucleon-nucleon cross sections
2. Compare Au+Au central/peripheral

R.(pr) = d"N™/dp,d7 — | nucleon-nucleon
o @@N / d@ Cross section

- If no “effects™
Raa < 1 in regime of soft physics

"hard"

06k R<1 _

L ~ Raa = 1 at high-p; where hard
04 " " _ )
bl SOt scattering dominates
0'0' . 1 l 1 1 - Suppression:

| Tranverse Momentum (GeV/c) |
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Calibrating the Probe(s)
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£ 6k " BN shaped Soft
O 5k S Production
10 ] ‘o 10°
<8 SR T i (I T I - -
e 2 4 6 810 12 3 4 =
p- (GeVc) < 20
L )=
» Measurement from 5 af
elementary =
collisions. 8 2 f
» “The tail that wags 3 o}
7
the dog” (M. R d)
r i 2 - / .,---.‘;:. ‘
5 Gyulassy) O T e
(1} 5 10 15
pr (GeVic)
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Suppression Discovered in Year One

PHENIX Au+Au (central collisions):

i [ Direct y
x A 7 Preliminary
10 il o 1

GLV parton energy loss (dN*/dy = 1100)

Observed I —
Expected 1 - -q' #H++“+H++++% ------------------------------ "\r/"IrEEZs
- AM@%%%%JA%%MMK# ﬁl} % % % - -

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 | 1
0 2 4 6 8 10 12 14 16 18 20 \ .
p; (GeVic)

» Quark-containing partic
» Photons Escape!




Could it be Initial Parton Distributions?
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Jet Tomography

» Jets are produced as back-to-back
pairs.

» If one jet escapes, is the other
shadowed?

» Map the dynamics of Near-Side and
Away-Side jets.

> Vary the reaction plane vs. jet orientation.

> Study the composition of the jets
> Reconstruct the WHOLE jet Lost Jet
“Far Side”

+ Find “suppressed” momentum & energy.

Escaping Jet
“Near Side

Out-plane
X-ray pictures are .
had fb
shadows of bones
In-plane

Can Jet Absorption be Used to
“Take an X-ray” of our Medium?
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Back-to-back jets

el Out-plane  STAR
= L e 60-80% Au+Au
% flow: v2 = 24.4%
= 902 —— pp data + flo
= PP
=
=
& ﬁ
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Lo v vov i owowoon Mg wov 15 5 aa il oo o oo o
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i —_ - T T T
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g S
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Z 14 e
h C e
3 r — P+Pp
1 - ] ] L | | } F m Au+Au, in-plane
3 2 1 0 1 2 3 .- '0'1_ « Au+Au, out-of-plane
A ¢ (radians) =1 o 1 2 3 4
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» Given one “jet” particle, where are it’s friends:

- Members of the “same jet” are in nearly the same
direction.

- Members of the “partner jet” are off by 180°
» Away-side jet “gone”




Paradigm 2: Collective Flow

Almond shape
overlap region in
coordinate space

Origin: spatial anisotropy of the system when crea  ted, followed by
multiple scattering of particles in the evolving sy stem
spatial anisotropy - momentum anisotropy

V,: 2nd harmonic Fourier d°N
céefficient in azimuthal d¢dedy - [1+ 2V1 COS(@ + 2V2 COS(2¢) + ]

distribution of particles
with respect to the
reaction plane

_yP=x%)
(y* +x%)

v, =(cos2¢) £

—— -



Anisotropic Flow

Liquid Li Explodes » Process is SELF-LIMITING

into Vacuum = Sensitive to the initial time
Position Space anisotropy

# 00 (eccentricity) is transferred to
k} 5 a momentum space anisotropy T At=D
visible to experiment LT — i
n 200 ps _ = 0.8
= Gases explode into R N
vacuum uniformly in g 0.6
400 ps . . y = i At=31fm/c
- all directions. 04\
‘ . . 0 . :
n 600 13 Liquids flow wolenﬁly oo N
along the short axis i
@ 800 us and gently along the 90 20 30 a0 50
long axis. Centrality Percentile
@ . We can observe the
- RHIC medium and ™
decide if it is more
1 . . . .
200 s liquid-like or gas-like

2000 s

i



:1: 0'355 e STAR Charged particles, minimum bias
La rg e V2 ! ! ! g 0.3;- - -+ Hydrocale. (Huovinenetal)  _.---
0.25;-
4
for particles.

» Can microscopic
models work as well?

» Flow is sensitive to
thermalization time
since expanding system
loses spatial asymmetry
over time.

» Hydro models require
thermalization in less
than t=1 fm/c

== STAR prelim. (Filimonov, Nov '01) I/
AN,/ dNeens = 1000 M _T -
0.15 " \yl -

0.1

T

0.05

0 F 04 =06 mb i

parton-hadron
MPC Au+Au @ 1304 GeV duality

impact parameter averaged v, (Jy] < 2)




Vv, Scales with valence quarks

KE;=m (y; - 1) P o Kinetic Energy Density
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0.3.@ ® '+ (PHENIX)
m K'+K (PHENIX
¥ KS (STAR)

0.2 d%@iﬁ? (#)~

> Cf] i
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e
L
| 1 |
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p; (GeVic)

= Valence quark scaling indicates that partons
(aka constituent quarks) exhibit collective motion.

= Implies that the final state hadrons may have
come from “recombination”

- :




High Order Moments v

» Event Plane method yields <v,> (v,44=0).

n

» 2—particle yields SQRT(<v,2>) (Vy4q>0).

» How to deal:

- PHENIX = EP method + factorization.
- ATLAS = Rapidity OUTSIDE other Jet.

- Everyone else = Factorization.

b J(r"cosmﬁ)+(r” sin ng)
sn = (rn)

) (r" sin ng)
\lan(n‘-l‘,,) g
9 We
L T '
g < J B
() v
.

av
Singles: d—¢°cl+Z2VnCOS”(¢—‘P,,) EP method

av 3
Pairs: mmHZZanicos(m) 2PC method

2

ClAD)

1.02-

101

0.99

vvvvvvvvvvvv

ATLAS Preliminary ]

2<|an|<5

2<p’, p<3GeV |




Paradigm 3: Hadrochemistry

0 1.0
§ pfp AA E/Z QIQ mint KIK Kin pim KW ¢/W Alh™ 2 QIx : %
1 S BT Sz x10 I *EH)%
- e -
_ﬁ‘mﬁ 0.8 + #
B K 0 6_— +
| % STAR il K23 f
1 — PHENIX A I #1 ® BRAHMS (62.4 GeV)
— O PHOBOS g B O BRAHMS (200 GeV)
— A BRAHMS —l%l— 0'4_§ < BRAHMS (130 GeV)
— _ A NA44 (17 GeV)
— SNN'13O GeV J% i O NA49 (6.3,7.6,9,12,17 GeV)
0? — Model re-fit with all data -%- R L L N—
— T=176 MeV, p,_ =41 MeV i 0.0 0.2 0.4 0.6 0.8
Braun-Munzinger et al., PLB 518 (2001) 41 pp
» Hadronization by random choice or

recombination will foIIow simple statistical
distributions: o - p°dp
4 j (E-1aB 1S —14a1 2 )i T +1
» pp collisions exhlblt canonlcal suppression’
of strange quark production (lifted by QGP).




“Perfect” Fluid

1.8 T e T

< C
< -

0C 16 (@) 0-10% central = == Armesto et al. (I)

(CGC) |(Glauber) :

M f=STAR = v, (2009)

wlffe (CGC)

s e PHENIX v, WWNDO09

(Glauber)

> a .5, 2000 n =z 4i Entropy Density Y= iﬂ S

48-Lacey et al, PRL 092301 (2007)

== Heltum (.1 MPa
= Nitrogen 10 MPa
= Water 100 MPa

ch Gf bepreschar et al. PRC76 024905 (2007)
(CGC) (Glauber) STAR p, con;:ation (2009)

[l

oh

=
I

Gavin & Abdel-Aziz, PRL 97 162302 1 006)
] (p correlation) ® (number density correlation)

Hydro. calculations, Song SQM08, Heinz WWND09
1

P. Romatschke & U. Romatschke, PRL 99 172301 (2007) 100 =
PHENIX PRL 98 172301 (2007)

Hees et al., arXiv:0808.3710

ectured
quantum limit

H. Meyer, PRD 76, 101701(R) (2007) [Lattice QCD]
—e—'(T=165T)

Demir & Bass, arXiv:0812.2422 (2009) [hadron gas]

j

VISCOSITY/ENTROPY DENSITY

. con
: He at T,

1 I 1 | 1 l 1 1 1 J 1 1 1 l 1 '[ 1 1 1 l
2 4 6 8 10 12 = C— o
4n /s AT

(=

o RHIC “fluid” is at ~1-3 on this scale (1)

> The Quark-Gluon Plasma is, within preset error, the
most perfect fluid possible in nature.




Limitat

ions of these Paradigms

» Hard or Jet Probes provide useful information
BECAUSE their initial production is well

known.

» Flow is @
anisotro

riven by “pre-collision” spatial
Oy

» Hadro-c

nemistry (and HBT) probe the final

state at de-coupling time.

PENETRATING (color-less) Probes are
Transparent to the QGP medium and

directly probe the initial state

PHOTONS & DILEPTONS!!
\ Thomas K Hemmick
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Dileptons vs Electron Scattering

Source/Target

time - like

b

e FormFactor

space - like

|
| 7(-”M,’:q)

Source/ Target FormFactor / \
C e'

Measures “time structure”

S(w,0)—S(¢) Measures “space structure”

§(0,g)—S(r)

Thomas K Hemmick 24




Dilepton Continuum Physics

Modifications due to QCD phase transition

et
Chiral symmetry restoration

continuum enhancement
modification of vector mesons

Sources “long” after collision:
» TP, n, wDalitz decays
o (p), w @ J/Y, Y decays
® Early in collision (hard probes):
+ Heavy flavor production
¢ Drell Yan, direct radiation

® Baseline from p-p

=
©
>
Ke]
~
Q
@
=
©

thermal radiation
& modified heavy flavor

TTT Illlll

1 1IN II| ] IIIIIIll | IIIIlIII ] lIIIIlIl

Thermal (blackbody) radiation
¢ indileptons and photons
¢ temperature evolution

® Medummodificatons of meson
o Tl - p - M7

suppression
v' (enhanceme

\
NS

na,
T

- "1
...... -~

.
oalt

I I llIIIIII T IIIIIIII

i Firellsan **-«-..-,r'.'i"_"_"_“_";'_--_--.-.....,* ¢ chiral symmetry restoration
E e 1 @ Medium effects on hard probes
L1 1 1 I L 1 1 1 | 1 1 1 1 I L1 1 1 I 1 1 1 | 1 1 [~
1 2 3 4 5 + Heavy flavor energy loss

mass (GeV/c?)
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Remote Temperature Sensing

INFRARED THEREIIN r ‘
: |l |

S

Red Hot White Hot
» Hot Objects produce thermal —
spectrum of EM radiation. HOT AW, i
» Red clothes are NOT red hot, R Ry
reflected light is not thermal. B Stores  SSGR
Photon measurements must distinguish Not Red Hot!

thermal radiation from other sources:
HADRONSIII Thomas K Hemmick 26




Non-Thermal Real Photon Sources

PHENIX Au+Au (central collis
> ymcluswe/yhadronlc (1%t plot) éml f :Pt,vm ary
exceeds .I at h|gh pT ; [ . GLV parton energy loss (dN%/dy = 1100)
indicating presence of Al i_+__T_¢_.+_+_+.+.¢.+...TL_____+_______# ______________________________
non-hadronic 9 ; b ;
photons. Hercpupbonprsy’ ﬁ | ! %
» Raa equals 1 for these L
same p+ indicating S R
that. high pT yie.ld.s. are g 2-42.F'HENIJ(RundPreliminary—SubtractionAnalysis
similar to pp: initial ¥ e e
. = il und iminary---bxt. Conversion et .
state hard scattering. L 1
» Measurement difficult 16 i1l.'.
at low p; w/ real S T ' .
photons. I e
- Au+AuVs=200Gev Min. blas
08 relimina
dZNAA/dIJTd,7 ue;.l....l....l....l....IPlu-IluﬂjuuxIP..I..I.w...

Raa(Pr) =

2 3 4 5 6 7 8

1
TAAd ZO-NN / de dl7 Thomas K Hemmick q“)1.((39‘”'3)27




Continuum in p+p and AuAu

Phys. Lett. B 670, 313 (2009) arXiv:0912.0244

— A
107%" p+p \s = 200 GeV {{#°—ree Jy — ee '0°F min. bias Au+Au\s,,, = 200 GeV
o DATA e v —ee i ® DATA  |lHiH = yee Jiy — ee
1048 <035 — 1 = yee === (T — ee (PYTHIA) 102 B V<035 wmeee 1] -3 YEE ki
! ‘ o vee e ¢T — ee (PYTHIA)
P> 0.2 GeVe p—ee —Dbb — ee (PYTHIA) P> 02 Gevie B:E: © sum

0 ee & rlee ™ €€ — ee (random correlation)
i bb — ee (PYTHIA)

........ - DY — ee (PYTHIA)

w— ee & TEU'E'E ---DY — ee (PYTHIA)
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=
dn

—p—=ee&nee —sum

=y
o
&

dN/dm,, (cszeV) IN PHENIX ACCEPTANCE
=)
N

dN/dm,. (c*/GeV) IN PHENIX ACCEPTANCE

=Y
=]
&

107

l-.‘\
L
L

= | Pt
i}

o &
s, - L,
oy, s,
", .
, s,
2 uy, S
- " L
= “ay .
| | L1 | L1l 1 5 P L] I I [ |

i
o
A ] s S

3 05 8
S I T I TR
m.. (GeVic?)
® Data and Cocktail of known ® Data and Cocktail of known
sources sources

@ Striking Enhancement at

xcellent Agreement
and below thew mass.



Estimate of Expected Sources

® Hadron decays:

» Fit ™ and ¢ data p+p or Au+Au .’ 1otk , min. bias Au+Au au%l: 200 GeV

E d’s A o ot o — KK
= g -
3 n S wll =TT o« Jw—ae'e
d°p  (exp(-ap, —bp2)+p;/p,) % it
w01 %
» For other mesons n, w, p, ¢, J/Y 0 R
etc. replace pr — myand fit EE N
normalization to existing data o3 : L
where available 0% 0.03 %, T
10t g - g
Hadron data follows “m scaling” s e e
_[U_E Ji 0 i 4 f
o ¥
107 e B
® Heavy flavor production: W_E e
s 0= Ny x 567+57+198ib from single W E—— Lo Lo Lo Lo 13
electron measurement p_(GeVic)

Predict cocktail of known pair sources
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Methodical Spectral Analysis

p':*' (GeVic)

IIIIIII
- [LMR

HMR

» IMR in cocktail is
dominated by
correlated open
charm.

» LMR-I wherein
m..<<p-

» LMR-Il where the
above condition
does not apply.

Thomas K Hemmick
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LRM divided into p+ Slices

ek
=]

—
b

p+p Vs = 200 GeV ‘

« 0.0< p{DSGeW(:xm“ 20<pT<QSGEWC
.US*‘p T<1.0 GeVic x 10° .25{[;:~~“~3ClGE".«"fcx1(]1

Ll
2
<
]
Q107 « 1.0<p.<1.5 GeVic x 107 oBU{p{«ﬁrDGech’IUE
z 6 » 15<p7<20 GeVicx 10 -4ﬂf‘p <50 GeVic x 107
2 —
107 — - St
Sl T ;_Z%‘;,nk_ 0005
gﬂf‘ ,_r“_ ‘fi A ¥y 0510
‘E:ID-G ;-;E'-:. h-!..-{ *rf!' !f\‘hrii * 1.0-1.5
10 % ", o FHH 1O
3 _— - B
©107 3 T Dﬁ% B “Mi 1 1520
103 p T L ? o
10—@ !"!. !-.!\ iﬂi%q‘f\i ! I,"ﬁ: ; 2025
-10 o5 i § R f J‘
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102 “‘ai ’/T \T\ B } 3040
1n-13 | 1| | | | | | 1 | | | 11 | J: ¥ I | L % | 49_50
0 0.2 04 0.6 0.8 1 1.2
m,, (GeV/c?)

» pp Shows excess growing
with p;.

» pp excess slopes

downward.

§ 10° min. bias Au+Au \|s =200 GeV
< 10° e 0.0<p <05 GeViex 10° « 2. 0<p_<2.5 GeV/c
E -05~’p '<1.0 GeV/e x 10° -25<-p <3.0 GeVic x 107
3103  1.0<p’<1.5 GeVic x 10° » 30<p_ ' <4.0 GeV/e x 102
3 - = 1.5<p[<2.0GeVicx 10 u 4.0<p <50 GeVic x 10°
<10 i W
& 10 Lf;_i_‘__ " efp
¥ — B -
| " IK e (L0
R N %-{EH
Lio2 N, "ot . A %’ B -—QE-H_. 05-10
L 3 e s fT 5
-3 |2 4 TR T il L _..' )
gI0°E . t A @\4 1015
— c,. — e ! \\ | g
% 10’4 =.- ¥ ‘-—..._xwm-_iv d_‘_,.f'l \'\-.__h‘;’ Il,l |L
™ N N SRA '"“"'IM 1520
. &
10°% i = ¥ @
T Y. A A 2025
107 ¥h I ok ]f,
H i- ? f ™ "\._: ] .-"' § I'. ;
10°® : : . T ~ INL 1 2530
) L
10° DR
/[ f |3040
107" L
40-50
1[].11 L1 1 | | | 1 1 | | | | | | | \\\1 |
0 0.2 0.4 0.6 0.8 1 1.2
m,. (GeV/c?)

» AuAu shows excess at all p;

» AuAu excess similarly
shaped to pp in higher p;
region

Thomas K Hemmick 31



Direct (pQCD) Radiation

® Measuring direct photons via virtual photons:
» any process that radiates y will also radiate yO
» for m<<p; ylis “almost real”
» extrapolate yi- e+e- yieldtom =0 > directyyield
» m>m_removes 90% of hadron decay background
"]

] _ _ arxiv:0804.4168
S/B improves by factor 10: 10% directy = 100% direct y*
gm" -
g 1<p<2GeV o |
E @p+p 5 pr< 3 GeV 2 C () pe |
210-‘ 3<pT<4GeV g u_z_— ) p+p .
z 4 <pr<5GeV :_:: -
gw-s E“ u.15:— pQCD | —
3 g - émma\— q 4
510-0 -il—- | E | i
z © 01— — VWV —
nF g y ]
07k access above cocktail i
fraction or direct photons: o5 7
10°E - $
- hadron decay cocktail-.. = Vgr — Ve .
, ok
10-9‘l|||||||||‘||||||‘|||‘|||||| yIEIICI yInCI _IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_
0 0.05 0.1 0.15 0.2 0.25 0.3
m.... (GeVic?) 1 1.5 2 25 3 a.5 4 45 1

P, (GeVic)

Small excess for m<< pconsistent with pQCD direct photons



Fit Mass Distribution to Extract the Direct Yield:
» Example: one pT bin for Au+Au collisions

FN,. 2 1 E iN,
( < = L(Int()‘S(’ncc-pT)( '

dmeedpr 3T Mee dpr’

107 E n2 )
= Au+Au (MB) 1.0<p_<1.5 GeV/c ) —ad1 = 4”;« (1 n -”_}f)_

: T m2. m#.

cocktail components S—— fd"(m) ee ee
: - — f.(m) M2
o - — (e mpsef ) | Siw(M) = |Fp(MHP(1-
P

r=0.189+0.0213
¥2INDF = 12.2/6

(c%GeV) in PHENIX acceptance

i, f .
107 Yield truncated
= at parent mass
20
E gl "
T &
=
=] j'
10° | f df
A 5 12 0 0 o T O O O 05 Y0 Y e o0 0 1 0 (0 SO0 (O m an . m
0 005 01 015 0.2 025 03 035 04 045 05 C( ee)_ d”( ee)
M, (GeVic) normalized to data

: e : for m, <30MeV
Direct y* yield fitted in range 120 to 300 MeV

Insensitive toT® yield



Interpretation as Direct Photon

Relation between real and virtual photons:

do, a 1 do,
2 2 2 M ) 2
dM“dprdy 37 M dprdy

Extrapolate real yyield from dileptons:

dN
deNee_) Y for M -0
dM

dM

Virtual Photon excess
At small mass and high p

Can be interpreted as
real photon excess

no change in shape

ox 04
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mi__ [GaWie
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1

0.13
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I

.03

WWW

can be extrapolated
to m=0

0.4 05 0.6 e {Gevac!];'r
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03 T
0.25 T

0.2 n
045 +
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Thermal Radiation at RHIC

G- 10°E
Q -
<~.4> af 4 4 AuAuMB x10*
e 10°E ﬁ :
2 102k AuAu 0-20% x10 » Direct photons from real photons:
E T E O =  AuAu 20-40% x10 > Measure inclusive photons
“a 10= > Subtract ™ and n decay photons at
T F p*p S/B < 1:10 for p;<3 GeV
mD 1=
5 E _ ,
e » Direct photons from virtual
o10°E photons:
& 1025 c Measure ete” pairs at m, < m << pg
>  Subtract n decays at S/B ~ 1:1
Q10%= - Extrapolate to mass 0
S04k
=107 ¢ .
B F First thermal photon
T0tE T o e measurement in RHI Collisions!
10°E T ey
10-7 - | L1 1 1 | L1 1 1 | pIQICID L1 1 | L1 1 | |‘II:;::_I1'II::"

1 2 3 4 5 6 7
P, (GeVic)




Calculation of Thermal Photons

& 10¢ = 800
> é Thermal Photons in Autiu atﬁ =200 GeV E = L D. d'Enterria & D. Peressounko
8 L & DATA 0-20% ‘:i?ﬂ-ﬂl;— m s R.asa.nen etal.
m"“ B —— D. d'Enterria & D. Peressounko: T, = 580 MeV, 1, = 0.15 fmic = m:_ :?:;:Zsz:ﬂal'
"9' 1 =3 —— 5. Rasanen etal.: T, = 5380 MeV, 1, = 0.17 fmic g ’ ’
mQ, E —— D. K. Srivastava: T, = 450-600 MeV, t, = 0.2 fm/c 51]4}:—
% : —— 5. Turbide et al.: T, = 370 MeV, t, = 0.33 fmic ..u]-u.f— "
AL —— F Livetal: T, =370 MeV, 1, = 0.6 fm/c =
qj"ﬁ ! E —— J.Alam et al: T, = 300 MeV, T, = 0.5 fmic mf_
r — W. Vogelsang: Prompt y NLO pQCD = TM (0-20%) iﬂ'ﬂ';_
102 "
= G5 52 Y 5 I
- T, (fmic}
10°¢
- » Initial temperatures
10%E and times from
- theoretical model fits
10°E to data:
- > 0.15 fm/c, 590 MeV (d’Enterria
- | | | | B et al.)
10—6 I | | | L1 1| L1 1| 1 1| ° 0.2 fm/c’ 450_660 Mev
U. 1 2 3 4 S BG v/ 4 (Srivastava et al.)
D.d’Enterria, D.Peressounko, Eur.Phys.J.C 46 (2006) pT( € C) o O[? fm/c, 300 MeV (A|am et
al.
Tini = 300 to 600 MeV > 0.1 7)fm/c, 580 MeV  (Rasanen
et al.
T,= 0.151t0 0.5 fm/c > 0.33fm/c, 370 MeV (Turbide

et al. 36



P+ Spectra

o 1 T T T 1 T 1T T 1 T 1T T 1 T 1T 1 1 T T T 1 1T 177 T T 1T 1 T T T 1 T T 1T 1 T 17 T 1
[ [ [ ‘!
% p+p ¥J5 = 200 GeV min. bias Au+Au VB, = 200 GeV/
% 1071 ® m.. < 100 MeVic® x 10 ® m.. <100 Mevic? = 10
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§10° W 300 MeVic? < my, = 500 MeV/c? x 107 SN S i < S MENE "0
% ¥ 500 MeVic? € me < 750 MeVic? x 102 . g:‘: ﬁ:ﬁ i'“*: gg ::::2 \ :[D[]
C 10t W 310 MeVic? < me = 990 MeVic® » 107 = Mee
-
(=N
-5
=10
=4 &
10
S,
o7
=
=107
10
1>
.“]—11
10712
1™
1ﬂ_14 I 111 | L 1 1 1 | L1 11 | | I | | | | 1 1 1 | 1 1 1 | I T | | 1 1 1 | I A I | |
0 1 2 3 4 51 1 2 3 4 5

P; {GeVic) P, (GeVic)

pp well described by Cocktail + gamma.
AuAu not well described:

Additional excess at low p+




Local Slopes - Cold Component

?'?61[]-3:— k mlnhﬂﬂm*mqﬂ=2mrﬂv [ 'D‘_E TTT |||| ||| TTTT TT T 7T TTTT TTT ||| |||| T I
L] = = 300 MeVic® < m,, < 750 Melic” 1‘ C» I].I:l{m,-mu{b.EGEU!'r.“ ]
- F 1\ S 2 [ ¥ 08<m-m <256 ]
"Lm4_ \1‘ S @ 0.5 o 0.0<m-m, <06 Gevic? (from fit Zexgo a) ]
Eie -. R 5 [ % 08<m-m <25Geic (fromft 2egob) ]
g E ! [} - .
B L 8 o.4f T ]
5 | g o4 -
E10°E = | | -
= = : | T :
S 03 1 | .
e = ¥ o .
S40°F B 5
z 0.2 oo S
= L C — ]
107 - -
= 0.4 . L] -
i C —oo 0.8 GeVic? (cocktail ]
- T-06< ﬁﬁ:lﬁ Gellic? ﬁmﬂ:ﬁjl 7

1D-E'_— {\.r L1l I 1111 I L1111 I 1111 L1111 | L1111 I L 111 I L1111 | L1111 I L1111
E -. 0 01 02 03 04 05 06 07 08 09 1
1 { ey gl jil | | 1111 | 1 111 | II'I L1 | 111 I I | I I | I mu {Gev'll‘:zl
0. 0 05 1 1.5 2 25 3

m; - m, (GeV/c®)

Soft component below m ~ 500 MeV:
T+ <120MeV independent of mass

more than 50% of yield
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CGC Revisited 200 GeV d+Au

PHENIX central spgctrometer magnet

Muon Piston
Calorimeter (MPC)

—

0

d
Backward direction Forward direction
(South) < (North) 2

Side View
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CGC Revisited 200 GeV d+Au

PHENIX central spgctrometer magnet

Muon Piston
Calorimeter (MPC)

Forward direction
(North) =

Backward direction
(South) €

Side View
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Di-Jet Correlations Span n and x

PHENIX central spgctrometer magnet

e
d Au

Muon Piston
Calorimeter (MPC)

0 8 3 1<n<3.7
-3.1>n>-3.7 ®
Backward direction Forward direction
(South) € (North) ->
: Au effective
Au effective . 103

X ~0.25

gluon

Side View —
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Revisiting Color Glass Condensate

_ t

| l'l.
E d+Au 60-88 pTd d+Au 0-20 pflf"“

[a—y
| IIIII|
|
|
[O ]
Fy=Na
’-.'-u

<
o
H -
-1 —

107 ¢ O 0.5-0.75 GeV/e ® 0.5-0.75 GeV/c
- 0 0.75-1.0 GeV/e W (.75-1.0 GeV/c
- A 1.0-1.5 GeV/e A 1.0-1.5GeV/c

10° frag 107
XAu

» d_+Au results at mid rapidity show that jet
suppression is a final state effect.

» However, at very low x, suppression is seen.
» Hints of CGC?

» What to do next?

RIS T ey Thomas K Hemmick
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Dileptons vs Electron Scattering

Source/Target

space - like

FormFactor |

| ‘Y(-”M’,:q)

Y

Measures “space structure”

§(0,g)—S(r)

Thomas K Hemmick




New Friends and Collaborators...

«

Letter of Intent for Detector R&D
Towards an EIC Detector
TK Hemmick for the EIC Tracking R&D Group Pz

UBrookhaven National Laboratory

MFlarida Tnctitite nf Terhnalanv L".Jurl
=T

NS




Backups...

Thomas K Hemmick



Au+Au Dilepton Continuum

w . . = - - _ - -
2 '"'F min. bias Au+Au at \lsyy = 200 GeV E § w-(a) Vem=2006ev [ -
B[« DATA Lsvee —— J¥ o ee ] < F Yield / (N_ /2) =
w 1024 <035 e s Y ee = =*F E
8 pr>02GeVlc __ nN-—yee  ==== cC— ee(PYTHIA) 3 ;‘é 30?— ®  AuAu DATA (150<m,.<750 MeV/c?) —f
: 108 4 poree e cC —» ee (random correlation) % 255_ s:cu 321: ﬂ?giﬁigg m::ﬂz;) _E
4 o> ee & n'ee = > F [EEEE COCKTAL (150<me,<750 MeVic’) 3
T W g ee e ] g 20 E
o = - -
z 10 E " oee E
Yy E 10 =
© - = -
9 10° = 5F- =
3] 3 el =
? ! 1 E PUl—....pw"‘...,....,...“HH‘....—gz
5 10-5 ;\ i 5 g 4—(
z B = 8 3
T N . Z £ 2 AuAu DATA (0<m,,<100 MeV/c?)
§107 00 S e B e o0 mevica)
E \ ‘ . S‘_f IR eSS COCKTAIL(0<meei1UO Mev.’cz) o
- i) L.L“MJ_I"LML&;'-».,‘ R A, W e % 50 700 150 200 250 300 Nséo
m,, [GeV/c
» Excess 150 <mee<750 MeV: Yield / (N,,./2) in mass windows
+ + + : :
(3)‘71 - Oc'|2€5tat') + 1.3(syst.) + 1® region: production scales
.7(mo € ) approximately with N,

» Inte r_med|a'_fe‘ma_55 th Excess region: expect contribution

IC3$DI'EITK l;'fm -hC0n5|_5tenthYf|_t y from hot matter
IT cnarm 1S moditi€ in-medium production from  T1OT

room for thermal radiation or qq annihilation

> yield should scale faster than I\, 46
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VA Do}, Vo D3}, v (P} at 200GeV Au+Au

arXiv:1105.3928

0-10 % 10-20 % 20-30 % 30-40 % 40-50 % 50-60 %
0.25} | - - - -

Au+Au 200GeV

& Vz{wz}
A Vs{ws}
] V4{'1P4}

0.2f

0.1

0.05

00511522533500511522533500511522533500511522533500511522533500511522533.5

P, [GeV/c]

(1) v is comparable tov , at 0~10%

charged particle v, : |[n|<0.35
reaction plane®, : [n|=1.0~2.8

All of these are consistent
3 with initial fluctuation.
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pr < 1 GeV Enhancement
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Search for Thermal Photons via Real Photons

o
N

|I||III|IIIIIIIIIIIIIIIIIII[I

» PHENIX Rund Preliminary—5Subtraction Analysis
= PHENIX Run4 Preliminary---Tagging Method
¢ PHENIX Run4 Preliminary—-Ext. Conversion Method

ha

Inclushve; hadronlc
¥ Iy
M
[ %]

1.8 | i
1.6 I
|
1.4 i |
1.2[= =172 --%--'r
- ? . :[__ N S— mternal conversions
- -
0.8 - Au+AuYs=200Gev Min. blas
TE PHENIX Preliminary
06—
_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII
1 2 3 4 5 6 7 8
v p{Gev/c)

» PHENIX has developed different methods:

> Subtraction or tagging of photons detected by calorimeter
- Tagging photons detected by conversions, i.e. ete™ pairs

Results consistent with internal conversion method




IMR Region (¢ =2 J/wv)

Subtract hadron decay contribution

------ DY — ee (PYTHIA)

—
=

sum o AusAu MB

m
and fit difference: % 10§-0<p <5 GeV/C  p+p & AurAu at\5,, = 200 GeV
E 103 : Au+Au min. bias ><;D5
T T T | T T T | T T T | T T T | T T T | T T T | T T T | 17T 1T 177 LIJ A AU+AU q-l‘]Bg%X 1?
Au+An 10-20% = 10
[ PP at\/s = 200 GeV * DATA- COCKTAIL 3 102fRe o, u AUtAU 20.40%
107 E Iyl<0.35 ~ < ® - -
p,>02GeVEc T ¢t — ee (PYTHIA) % 10 'E ﬁﬁ:::ﬁ gg—ggzﬁ i :gz
— bb - ee (PYTHIA) TR 4 ® ptpx 10
T
=
S

1] IIMLIHH ~—H

ﬁm-? 3 1)
5
21043 A

= 0-10%

1/N,,, dN/dm,, (c%GeV) IN PHENIX ACCEPTANCE

= i
10°¢ 10°8 :
- 1wk 2@t T
10'10 E_ 10° -! i 20-40%
11:| [ 11 Ll L1 [ s 108 I “-. e E
10 0 .|| 2' 3| fll 5 6 = B o 40-50%
2
mee (GerC ) 1{]-11 | 60-92%
Charm: after cocktail subtraction 1072 RS e
1 0.=544 + 39 (stat) + 142 (sys) = 200 (modglp 0 05 1 15 2 25 3 35 4 45
Simultaneous fit of charm and bottom: Surprise!

1 0.=518 +47 (stat) + 135 (sys) = 190 (modglp
0,= 3.9 + 2.4 (stat) +3/-2 (syq)b

-AuAu matches cocktail in MB.
-Slightly higher in peripheral
-Dashed line is result of max.
smearing of charm pairs.
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Cu+Cu Au+Au comparison

107

107

WSy =200 GeV  — Ay+Au 40-80% Cocktail
ly| <0.35 B Au+Au 40-80% Data

— Au+Au 40-60% Cocktail

/S = 200 GeV
lyl < 0.35 & Au+Au 40-60% Data

Spectral modification

g : S -
S 7 K _ .
ol oo sommn g reee Camanoa sl woesizi 1 should lower yield.
<10’ I 3 x10" E -Charm singles are
Eiote % %ﬁmj@ - well known to be
o E s B i ] strongly modified
s s &E : by the medium.
£ b E o N -These effects
Zsjoj?PHme Prelimi mﬁé ;Fw]?PHENI Preliminar _‘% ShOUId Iower the
P i Ll P et i Kl Ll IMR yield most at
s (GEVIc) " (G the most central

bin.
Prompt yields were

observed by NAGO in
this regime.

iy
Q
b

\Syy =200 GeV - Aut+Au 60-92% Cocktail

lyl <0.35 B Aut+Au 60-92% Data

p; > 0.2 GeV — Cu+Cu 40-94% Cocktail * (14.5/11.4)
» Cu+Cu 40-94% Data * (14.5/11.4)

\Sun =200 GeV  —— Au+Au 40-60% Cocktail

ly| <0.35 ® Au+Au 40-60% Data

ps > 0.2 GeV - Cu+Cu 20-40% Cocktail * (90.65/61.6)
® Cu+Cu 20-40% Data * (90.65/61.6)

N
e
S
=
Q
A

GeV) in PHENIX ACCEPTANCE
o

‘ I\HHH‘ L1 \IHHH‘ L L

dN/dm,, (c%/GeV) in PHENIX ACCEPTANCE
(=]
IS

A HHHI‘ 1 \HILIJ_‘ 1 \HHH‘ \II\HH‘ HHHHl I\HHH‘

107 = ”*TRM/ ? — .

o P s ‘Fﬁ‘* -Prompt yields

T f 1l " : might rise with
g ad centrality.

o' 1 i F7E -Competing or

R bl A TR, ety St el EE S, Y compensating effects?

m,, (GeV/c?) m,, (GeV/c?




AuAu IMR vyield vs Centrality.

©  FAu+tAu \[s,, =200 GeV ® pp

= 18 ® Au+Au
Z° [ Yield (1.2<m_<2.8 GeV/c’)/N_, [ pyiHiA

5 16 ] random e
L)

5

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
200 250 300

1 1 I
350

» Because of large errors, the IMR of AuAu is still
consistent with unmodified scaled pp or Pythia.
» Additional sources may also be present since

“suppression” due to charm spectral modification is
¥l observed in the pair data.




Challenge for PHENIX: Pair Background

» No background rejection - Signal/Background = 1/100 in Au-Au

» Unphysical correlated background
o Track overlaps in detectors
> Not reproducible by mixed events: removed from event sample (pair cut)

» Combinatorial background: e* and e from different uncorrelated source

- Need event mixing because of acceptance differences for et and e
o Use like sign pairs to check event mixing

» Correlated background: et and e from same source but not “signal”
> “Cross” pairs o “jet” pairs

Carlo simulation and like sign data to estimate and subtract background

53



Evolution of the Universe

-=t— Radius of the Visible Universe —»

Too hot for nuclei to bin

pu03as |

~*mthesis builds

Parting Company

SIE3), 000 00E

aslaAlun ay3 jo aby

First Galaxies Stars convert gravitational
energy to temperature.

They “replay” and finish
nucleosynthesis

~15,000,000 K in the center of *
our sun.

K-}

siea), uom)ig 1
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Centrality Dependence

10*&0<p. <5 GeV/c  p+p & Au+Au at\5,; = 200 GeV
10° ® Au+Au min. bias x;DE
=- " Au+Ay 0-10% x 1
. o ATAl 1096%%
10°gte e = Au+Au 20-40%

® Au+Au 40-60% x 107"
Au+Au 60-92% x 107
® p+px 10

-
=
e

! , ¢ + Au+Au MB
10°
“%10? '
8
_E" : = 0-10%
210°]
10°€ 10-20%
7
:IIE“B | 20-40%
10° 40-60%
107
,H]_11 - B0-52%
-12 +
1[] IIII|IIII|IIII|IIII|IIII|IIII|IIII|Illlllllpp
0 05 1 15 2 25 3 35 4 45
Mee (GeV/c?)
AR .

» Enhancement in low
mass region is a
strong function of
centrality.

» Statistics are also
sufficient to analyze
pr dependence.

» Need methodical
approach to the
spectra.

Thomas K Hemmick
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Heavy Flavor from Single Leptons

Open Heavy Flavor: Charmonium Subtracted

—
=
-

L
NO
> 1020
[«}]
= 10°
E PHENIX data
o 10° —— FONLL(total)
T | — FONLL(c — e)
c,_,g 10 5 N 0 FONLL(b — e)
W ~ FONLL(b— ¢ — e)

gy
=]
-~

=
L=
@

» Open Charm (and bottom)
states decay with
significant branching

—

=]
- Q
=] ©

ratios (~10%) semi- ;2_§§ -
leptonically £ |y —
» Parent quark mass makes < %#‘# rw = -
these the dominant LSS e SR R
source at high p; — - = =
» Cocktail (or convertor) @ pp results presented both as
subtraction yields inclusive heavy flavor and

spectrum of heavy flavor

apton decays. open” heavy flavor.

® Good agreement with pQCD
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Heavy Flavor Leptons in AuAu

o~ 0.2 T TT TTTT T TTT T TTT TTTT TTTT T TT TTTT T I_I T T TT
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- ] s B 7

1.2 ‘,‘ — Lo 0 4 E} { .
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- = 0.05— .t -
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C 4 - (Y ® —
0.6— — 0—&ueh

r ] ] C k | ]

0.4 - — - ]

- ] -0.05— —
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0.2: AusAU @\S—NN — 200 GeV m ] - AutAu /syy = 200 GeV .

07 T T S T B I T N N N SR N N N e

0 1 2 3 4 5 6 7 8 9 %% 05 1 15 2 25 3 35 4 45 5

P; [GeV/c] p, [GeVic]

» Heavy Flavor shows suppression similar to m° at fill
RHIC Energy.

» Heavy Flavor even flows.
» These results are the principal ones that define n/s.

» Similar conclusion for muons from CuCu: suppression
similar to T
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Future of the Continuum at RHIC

® Open experimental issues

» Large combinatorial background prohibits w2 HBD

precision measurements in low mass region! ¥

» Disentangle charm and thermal contribution in
intermediate mass region!

PeLy
K

Need tools to reject
photon conversions and Dalitz decay e 1
and to identify open charm rejection

0.7 GeVic < p,=15 GeVic
O min. bias Au+Au (Rund)
& p+p (Run5)
— Cocktail p+p
both normalized to m,, < 100 MeV/c?

» HBD is fully operational
> Proof of principle in 2007
- Taking data right now with p+p

> Hope for large Au+Au data set
in 2010

.II| 11 IIIII| I IIIIIII| 1 III|LI.I.| 1 IIIIIII| 1 I\IIIII|
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=
o
-
-

m,, (Gevic?)

e combinations dominated by
paere yield is largest 58



HBD Construction

“Standard” CERN Cu GEM foils

A

Jin HBD 2nd HBD installed

s o
i

in PHENIX
TR

VS N —— i
oo
| ‘T‘i

) {

v,

CSI photocathods
on GEM foils



Single and Double Response

Pulse height
Charge of the matched clusters Entries 4860
Mean 26.37
Iz | TP " "1 " "|Irms 14.52
;—: Dalits open pairs || Underflow 0
B Overflow 24
- m <0.15 GeV/c? |LIntegral 4836
800 _+_ —4— Cluster charge
600
400
- +
R -+ N _
2001
R . -
o - |
e
R -, -
0 1 I L1 T Pl £~ P S
0 20 40 60 80 100

Charge (p.e.)

Pulse height
Charge of the matched clusters Entries 34616
Mean 40.43
3 rrrrr e | RMs 15.41
;—: Dalits close pairs Underflow 0
Overflow 380
m < 0.15 GeV/c? Integral  3.424e+04
—4— Cluster charge
4000 o
+ -
-
2000 e
. - -
- Lo |
Bl -
- e _
e
0 1 1 1 1 1 1 1 1 1 1 1 19—
0 20 40 60 80 100

2008.07-14

Charge (p.e.)

» Using low mass pairs, one can select a sample with large opening

angle (isolated) or small opening angle (overlapping)

» The responses are 20 p.e. & 40 p.e. respectively. (WOW!)
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Compared to Run 4 Results

| [t VEEBG? 4 (BG x \fohuusign + 020’

2 al
LS E‘ff LS v LSTIIII Jan 14 15:02:57 - Thu Jan 14 19:26:23
Window Markers Analysis - -
Improvement of effective T
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<pe>

ffective statistics increased at least by factorZ

—> errors reduced by factor 5.6 — 8.5



PHENIX Upgrades @ Vertex

VTX, FVTX and NCC add key measurements to RHIC program:
Heavy quark characteristics in dense medium

Charmonium spectroscopy (3/W, ¢’ , x. and Y)

Light qurak/gluon energy loss through y-jet

Gluon spin structure (AG/G) through y-jet and c¢,b quarks
A-, pr-, X-dependence of the parton structure of nuclei




Raa(c—e) and Ry (b—e) with VTX
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v,(b—e) and v,(c—e) with VTX
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Importance of c/b Separation

1 1 I I | I | 1 i ] I

—— pQCD Rad+El, PHOBOS
— — pQCD Rad+El, KLN
.—. pQCD Rad, = 40

. pQCD Rad, ¢ = 100
— AdS Drag D = 3, PHOBOS
-—. AdS Drag D = 3, KLN
— — AdS Drag D = 1, PHOBOS
.-+ AdS Drag D=1, KLN
-—. AdS Drag A = 5.5, PHOBOS
-~ AdS Drag A = 5.5, KLN

Immovable Object - Irresistable Force Problem.

I’m again rooting for the immovable object!

Thomas K Hemmick
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Future Looks Bright!
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Summary

>

PHENIX results on dielectrons reveal a wealth of information:
Normalization of cocktail

Correlated charm

Correlated bottom

Low Mass Enhancement (primarily at low p;)

Direct Virtual Photons

Resultsowill be dramatically improved by use of the HBD during
Run-10.

> Practical for 200, 62.4, ~39, (27) GeV.

- Impractical below these energies before RHIC II.

- However, detector will be removed prior to Run-11.

PHENIX results on single leptons show that:

- Heavy flavor is modified at high p;
- Heavy Flavor Flows.

(¢] [e] (¢] [e] (¢]

» VTX & FVTX upc?rades will dramatically improve heavy flavor
capabilities an
flavor decay.

allow individual tagging of leptons from heavy
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» Backups...

P
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Timeline of PHENIX Upgrades

2008 2010 2012 2014
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Stochastic cooling “RHIC II” —
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Examining these signatures at finite pg

100%

B -
550 5 £ wow
A70 6.3 /
S 60% ‘ !
410 7.6 3 /
380 8.8 £ a0 /
300 12.3 £
290 18 - | ‘
150 28 0% —
75 60 0 20 40 60 80 100

Total ion energy [GeV/nucleon]

» Critical Point and the Onset of Deconfinement studies necessarily
involve lowering the beam energy in the machine.

» Luminosity scales as the square of beam energy.

» Furthermore, heavy quarks suffer in production rate at lower
energies.

» The product of these factors limits all present RHIC experiment
capabilities, but will be offset by future efforts:

> Stochastic Cooling for high energy running.
- E-beam cooling (3-6 X) for below 10.7 GeV running.
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Dielectron Capabilities at low Energy

|
=t

minimum bias Au+Au @ s, = 17.2 GaV minimum bias Au+Au @ /s, = 17.2 GeV
O lam man s :i & W
#= fiold configuration hadron cockladl = 4] - = figbd configuration hadron cocktall
"o 1g? S — R T "o 10 . packground wic HBD
B 3 B ! baokgroond wi HBD 5 = 3 hackground Wi HED =
%i 107} e e > ! A';E' : s TR e = -
% 1:1".: 50M mmljm'n _I:IEF"'“EI z 500 events w ;—l—hnhl:\r_h“'“%;

1|:|"..- b .

10"

w0

I |
|

m,, fﬁw.'n’]'z

, A d
L} 0.2 04 0.8 0B

B T
m,, [GeWic’]

» With the inclusion of the HBD, PHENIX could get a marginal
measurement for energies as low as 17.2 GeV w/ 50 M-evts
» However(!!!), the rate of collisions at this low energy makes
the collection time for 50 million evts prohibitively long.
> Practical di-electron measurements are at 62.4 & ~39 GeV.
- Marginal measurements available at 27 GeV.
> Impractical due to running time at lower energy.
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Dilepton Excess at High p+ - Small Mass

arXiv: 0706.3034

arXiv: 0802.0050
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Significant direct photon"excess beyond pQCD in AuAu
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Interpretation as Direct Photon

o4

Relation between real and virtual photons: 035 1- o5 e
L(M) = 1—%u+%) 025 % + '
do 2 _
C|20'ee2 ] a 12 L(M) 2y o.:: %} + ] } -
dM “dp;dy 37 M dprdy oo | T
Extrapolate real yyield from dileptons: =g T i
dN ossfE-
M x dNee N Y for M - 0 asE- 1.5<p,<2.0 GeVic
dM dM nasE + %
5:\ &15? } + { } }
$ L1 |
Virtual Photon excess A
At small mass and high p ¢ D
Can be interpreted as oE 2.0<p,<25 Gevic
real photon excess “ﬁ%} + ]l; } }
uni% ++ } 1

o
=3
=)
ha
=]
w
=]
=
=1
in

no change in shape ) TmE o ms o ea o es e o o-
can be extrapolated
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Radiation at RHIC

10°

JEa T~ 220 MeVa  + AuAumB x10*
10

. / © *  AuAu0-20% x10? direct photons from real photons:
10

P Measure inclusive photons

» Subtract ™ and n decay photons at
M ¥ pp S/B < 1:10 for p;<3 GeV

o =  AuAu 20-40% x10

=Y
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Jirect photons from virtual
yhotons:

P Measure ete” pairsat m_ < m << pg
P Subtract n decays at S/B ~ 1:1

P Extrapolate to mass O

— — —
S S e
u X} L

Ed®N/dp*(GeV2c3) or Ed’s/dp? (mb GeV2c?)
=]
b

— —
S o
o [4]

v (ete)

pQCD

1 2 3 4 5 6 7
b (Gevic) Tii > 220 MeV > T

First thermal photon measurement:

—
<
-4

74



False Pair Rejection

Conversion Pairs Overlapping Pairs
Opening angle in the RICH ring overlap

plane perp. to B field Require pairs are

Charges ordered by B field separated by twice the

roughly proportional to

the radius of the
conversion point

: 0 02 04 06 08 1 12 14
e (GEVICT) mg, (GeVic?




Combinatorial Backgr
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min. bias Au+Au\/s =200 GeV ]
o all like-sign pairs: P, < 1 GeVic ’
o all like-sign pairs: 1< Py < 2 GeVic_|
» all like-sign pairs: P, =2 GeV/c 3
— combinatorial background

» Largest background
in heavy ions
> Large multiplicities

» Shape determined
by event mixing

» Normalization :
determined using AT INNTIR
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Correlated Background

“Cross” pairs Jet Background
Decays that produce Pions in jets dalitz
multiple lepton pairs decay into electrons

Double dalitz, double Produced electron pairs
conversion, dalitz + are correlated by the jet

COMVETEIEEE Like-sign and unlike-sign

Like-sign and unlike-sign pairs produced at same
pairs produced at same rate rate

Simulated with Exodus Simulated with Pythia

Pions, etas only sizable
source




Full Background Removal
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» In Cu+Cu and Au+Au jet awayside component (dg > 90)
altered to account for jet modification in HI systems

Sarah Campbell WWND 2010



