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The matter we are investigating at RHIC has shown a
behavior that has not been observed previously.
rm‘ze s Some Questions
I I'p+  ©can heavy quarks be treated
F czgﬁ ~ by pQCD ?

\\ {‘/ Y © how does the medium look
%@Z QOIS ,@ llk e P

O
mm@j e / F . is the deconfinement of
quarks and gluons

\ OGP / observed ?
& > how is the thermal radiation

at the initial stages ?
- > does chiral symmetry

space .
ﬁ R restoration occur ?
Aul| 'au  Lepton decays are good probes to

answer these questions.
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PHENIX Measures Electrons and Muons

PHENIX Detector @@gu
‘“ % Central Magnet A

‘“ South Side View North
West Beam View
“ n|<0.35 ¢-1.2>n>-2.0 and 2.4 >n>1.2
o Ap=2 X /2 © Adp=2n
« amount of material = 0.4% X_ ¢ Muon |p| > 2 GeV/c
¢ 3 detectors for electron ID ¢ 4 hadron absorbers in MulD
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The data accumulated allow us to measure
some rare processes

Run Species s"2[GeV] [Ldt

01 AutAu 130 1 ub!
02 AutAu 200 24 ub-!
ptp 200 0.15 pb!
03 d+Au 200 2.74 nb'!
ptp 200 0.35 pb'!
04 AutAu 200 241 ub’!
Aut+Au 62 9 ub!
05 Cu+Cu 200 3 nb!

Cu+Cu 62 0.19 nb!
CutCu 225 2.7 ub!

ptp 200 3.8 pb’!
06 ptp 200 10.7 pb-!
ptp 62 ?

data used in this presentation
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Heavy Quark Production

thermalization

QS
9
ad
Q

W\;
T
\% 4% UPGRADE

» Experimental challenge to remove “photonic” sources of electrons
and hadron decays/contamination in muon arms

> Production in the early stages of collision with large momentum
transfer. Good test for pQCD estimations.

» Loss of energy under the influence of medium environment.

> Anisotropy (v2) sensitive to collective motion in the first stages of

collision.
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Photonic contribution to electron yield.
Subtraction of a “cocktail” of Estimation of photonic yield per X by

measured sources of electron: : : :
easured sources of electrons. introducing a known amount of material.
Tt T T e ey 4
8 E « Data =
m‘u" 10_2 :_ - Cocktail Total ;
E = 3
810 a
= &
w 10™ = =
10'5;— ;
10-“;— é
10'7;— é
_ 10-*;, |
5 1= =
5 = 3
S r ]
g _
E | | Q-z "'O """"""""""""" .'I"."I'+ """""
E ‘o' = 10 .99 Raw yield of incl. e +e”
-‘5= E = 10° . g e w/o conversion material
E C 2 “ . . owith conversion material
gL N K10 o
\ [
T St = 10° .
o n'—yee
-/ ] 10° ¢
| ‘ L NenKdeaay 0 05 1 15 2 25 3 35 4
10 %5 1 15 2 25 3 35 4 45 5
pr [GeVic]

Results from the two methods are in good agreement.
Non-photonic originated from heavy quarks.

C.L.Silva NN2006 — Rio de Janeiro — Brazil — 09/01/2006



ptp2>*DB > e" + X

Km0 L L L B B~
E = . (a) (i:i)/: -Photonic Dat ;
T‘é 102 §E ‘\‘?‘? -------- Ps(?HIAO(En;CS.Sa)aCharm + Bottom ?
Eob Ng | £
,,!; = B SLIEIEE FONLLB -> e =
S 4o L & Lo FONLLB->D->e -
3 7 Non-photonic electron yield in pt+p
E % collisions consistent with FONLL
3 = pQCD calculation.

e b —evmiasrone | 2 Brand new result with extended p.
T 7 from high luminosity Run5 p+p
£ 1 coming up.
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Suppression of Heavy Quarks in Au+Au Collisions

® i N systematic error
NUCICar mOdlﬁcatlon factor Au+Au @\Jg =200 GeV, 0-10% Centrality |~ stafistical error
dN o 4F PHENIX PRELIMINARY [ ety i T
- Au + AM ) __ unceriainty in p+p ref.
A4~ - A
1.2 (1)'q=0 GeV?¥fm
P 5 s —— | Qg @dN,/dy=1000
1.2; ]

(2) q =4 GeV*fm

@ (3)q = 14 GeV¥/fm ‘

o
©
T

e
)
T

o ﬁ 0.2
0.2
000'51‘1‘5£2‘5:‘;3‘5“‘4'55 0 e b b b b b b b b L
b, [GeV/c] 0 05 1 156 2 25 3 35 4 45 5
p; [GeVic]
@ (1-3) charm contribution only : N. Armesto,

etal., PRD 71, 054027

(4) charm + bottom : M. Djordjevic, M.
Gyulassy, S.Wicks, PRL 94, 112301

Strong heavy quark energy loss.

Surprisingly consistent to light quark

A .
q : transport coefficient
mesons. dN /dy initial gluon density
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Anisotropy of Heavy Quarks in Au+Au Collisions
dN

=oc | +2V2008[2((I)—'1VR.P>]+... Y . »:reaction plane

ottt
23 - @ PHENIX prel (min bias) — c+breso -
205 Au-Au Vs=200 GeV (b=7 fm) c+b PQCD_f

: — C Ieso
- Van Hees, Greco, Rapp, _ only

15:‘ Phys. Rev. C73:034913

p [GeV]
Flow (v >0) observed for p <2GeV/c where charm is dominant.

Consistent with thermalized and high density partonic matter.
Drop of v, at high p_ : possibly bottom contribution.
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Quarkonia

C.C% » Nuclear Absorbtion
— » Shadowing
»pT broadening

1 yewm . Lo
| | » Dissociation

mass (GeV/c 2}

. 06 -
. . . . . s @l/'(o.%fm) 1
[T yGese T 2Mp > o b -' 04 K% Debye length from lottice QCD 7 ln deconﬁned
e - D | :
D50 - ° ® 0o | Jenw 1 quarks and
i Mﬂ}f;_ e 02 6\ gluons
Db arsy S | I 0% T (043 tm) ]
3.4 S . el E
I I [ £ 0_\III|II\\‘I\\\|II\\|\\II|IIII‘\\I\‘I_
i L1520 25 3 35 4 4 g
I ;IIIJ!'W?}{X_:) Jy-30% “ ‘ “ .R bs ti
N L o ccompination
s % % w v | e ® ® » Coalescence
R ’ :
Production ®

* Recent lattice calculation has shown J/y wont dissociate until T>2Tc (Datta et. al., J.Phys. G30 (2004))
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ptp = Iy
60

PRL 96, 012304 (2006)
1 I 1 I 1 I 1 I 1 I 1
@® PHENIX W J
J/¥ p+p Cross Section vs Energy i . PHENIX e+e- i
| |
L s - == PYTHIA
197 color octet model __.-—- .
10°F ] T %\ 40 T i
E & e
— o Ve
S 107 - CE 4 ]
© o  an
107 - b E—
= Relative
® Lowerenergy m rement - _ —
| P(I)-|EeNI()a( 233-533”93, oe51202 (2004) mn 20 I1_ PHENIX
1071 B PHENIX run3 - PRL 96, 012304 (2006) -] Acceptance
— COM(GRV98NLO)
— - COM(MRST2001NLO)

107 10 100 ﬂ ﬁ /\
sgrt(s) (GeV)
0

Consistent with color octet model and PYTHIA
10x more statistics from Run5 and 30x more statistics from Run6
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d+Au = Jy

PRL 96, 012304 (2006)

' dAu/pp J/
1.2 Pp Jiy
1
< 0.8F P
o 5
o
0.6
0.4 .=+ Kopeliovich Y
— EKS 3mb (Vogt) Vg
0.2} —- EKS 1mb (Vogt) Mo
| - - - FGS 3mb (Vogt) . :
O 1 I 1 I L l 1 ] L ]

3 2 41 0 1 2
Rapidity
Vogt, PRC71, 054902 (2005)
Kopeliovich, NP A696, 669 (2001)

2«
— 1.4
og,~0 4
1.2

1.0

0.8

1.2
o

0.8

12

0.8

1.0

.

RL 96, 012304
LI L I LI L] I LI I

A

(2006)
e

O E866 (-0.1<x <0.3)_|
— @ dAup'p (x~-0.08)
L L [ ] L 1 L I 1 [ ] L I 1 [ ] 1 I L [ ]

| I 1 1 1 I 1 1 1 I 1 1 1 I 1 1

- @ dAue'e (x;~0) Rl
~
o / —
~

= Anialy’ Sankssiaininininbby m
| | i A
| | 1 |

- O E866 (0.3<x,<0.93)

- W dAu p'y (x,~0.09) -

Weak gluon shadowing and nuclear absorbtion
More d+Au data is needed to constrain models

C.L.Silva

NN2006 — Rio de Janeiro — Brazil — 09/01/2006

12



Au+Au and Cu+Cu = J/y

Nuclear absorption + color screening scenarios
PHENIX 200 GeV J/y -- Preliminary

1 5 | | | |
L | —— Rapp direct @ CuCupp -
: — Capella 1 mb @ CuCuee
- — = Capella 3 mb @ CuCuup62Gev 7
: —— Satz percolation (with CNM added) B AuAupp _
B AuAuee
4

|
0.0

| |
100 200 300 400
N
part
C.L.Silva NN2006 — Rio de Janeiro — Brazil — 09/01/2006
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AutAu and Cu+Cu = J/y

Nuclear abs. + color screening + recombination scenarios
PHENIX 200 GeV J/y -- Preliminary

I I I

—— FRzpptotzl {y=2 & CulCupu -
- Repp direct (y=C] @& CuCusae
— = Rapp ragan (y=1] @ Culu 62 Gav
o — - Thewe = = 0.3 GeV, pQCD NL2 charm B Ausupp

—  Thews =, =04 GeV, pQGD NLZ charm B Auluoe

Thews ~ - 0.5 Gel, pQCD NLG charm @ dAU Ly .

1.5

1. .
RAA Thews :
Eur.Phyi%@. 97 (2003)
0.5 E i
i el . -
L7 Sm Grandchamp, Rapp, Brown .
R4 ~~ PRL&&E!_Z?P.UW}
0.0 |/ | | .
0 100 200 300 400
Npart
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J <p2 >

Obtamed by ﬁttmg A(1+(p /B) )

8 11 1T 1T 11 | ] 1T 1T 11 | | I
@ G« 22<y< 12
B @ CuCuli<y<22 PHENIX 200 GeV J/Psi -- Preliminary 7
O CuCu lyl<0.35
T B AvAul2d<yk22 =
[0 AvAulyl<035
B £ dAu-22<y<-12 ]
WV dAul.2<y<22
o~ B /N dAulyl035 —
(Q\ €@ rolxiyl22
§ - & pplyk03s -
v O _ N
O | mixture i
e <> Al -
AN S ‘ é JT § 4;7 T -
= — |
o r - l All regeneration i
3= AN il —
- § - —— Thews diagonal -
) Y;zhewsh/0504226 —— Thews mixture (NCC =10)
— ep-p ; - N
_ nucl-th/0505055 | —— Thews mixture (N, =20))
and private comm. | —— Thews All pairs
11 | | | | L1 1 11 | | | | 11 1 11 | | | | | 1 1 11
1
10° 10' 10” 10°
coll

Regeneration assumption is favored again.
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Jhy rapidity dependence

& # Cu+Cu 0% - 20%
103_PHENIX preliminary | 2 &%= || 153l PHENIX preliminary | o So2-o
= AU+AU ZOOGeV : .::;Autlt}%vgg% . 5 CU+CU ZOOGeV : Su;CuGO%-Qtt%
) ; x O
~~ K Z
% 10° - O 10"
m g X Ix
m X K ¥
% ¥ ~~ IIII ¥ ¥
= * - ¥ L] ItIE
10° 10° I;II -
- ) [] EII
[} .
10°- 10 }:
= x ¥ X = = ¥ =
- ] ] (] {
-? 1 | 1 1 | 1 | 1 | | 1 1 1 | | | 1 1 1 | | | | 1 | 1 1 L L ‘7 1 L | — I Ll L 1 | L Il Ll I Ll Il 1 | L Il | - I | I 1
L -3 -2 -1 0 1 2 3 10 -3 -2 -1 0 1 2 3
Rapidity y Rapidity y

Flatter shapes than expected in regeneration models*®.
* Thews & Mangano, Phys.Rev. C73 (2006) 014904.
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Other states of charmonium

Run 6 p+p @ s”=200 GeV

X, 2JP+yretre+y

i o Dielectron mass
R :
107 %%y . ! « unlike sign 40 .
E T, - Run 5 p+p @ s”=200 GeV
- ¥ # LI)' -) e+ e_ 30
I t #
10— #ﬁ\ +++ -

M
I B L
(GeV/c) - 1M(X1Jj\|l)(GeV/c)H

Important to account feed-down contribution in J/y
suppression.
Need much more statistics to see them in heavy ion

collisions.
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Much more physics from J/y

Polarization measurement

N(O) = A1 +Acos’0]

)
c
=

3 % ; &

_ " 4.193/6 ©

% ygf. PHENIX Preliminary | % /™' o || &

-E 186F AuAu 200 GeV Lambda  -0.05588 + 0.2753 §

3 "L =)

E 1.4

g 1.2 l

o

5 1| ! I - '

5 ¥ ! ‘ )

ﬂ D.8— T T + T

L]

T 0.6

n

8 o.af-

1] B

% 0.2f

§ D 1 1 | 1 1 1 | 1 11 | 11 | 1 1 1 | 1 11 | 11 | 1 1 1 | 1 11 | 11 1

1 -08 -06 -D4 -D2 -D D2 04 D06 D8 1

C.L.Silva
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Photo-production in ultra

penpheral colhsmns

PHENIX AuAu UPC s

=200 GeV

] e (coherent continuum subtracted)

PHENIX Preliminary
m,,, = 3.096 = 0.129 GeV/c’

+*NDF = 1.71/2.00
= 44 + 16(stat) = 18(syst) ub

doldyl, .,

: ﬁ T
LR

3

m,, (GeVic)
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First observation of Bottonium at RHIC

PHENIX 200 GeV p-p
Upsilon > p'u’

4
10 | |
@ PHENIX pu EXTRAPOLATED 1o y=0
—— Vogt NLO CEM MRST HO
3 —— Vogt NLO CEM GRV98HO
10 -
23 PHENIX Preliminary
I
-
g
~ 21
= 10
m I
s
" = PHE_l\JIé(R%ﬁxigs.pmlmm
E 12 L ?;::INLO
b 1 L B PHENIX Preliminary
- 10 B
i
o0 ® o
0
10 )
O-_
1 2 3
10 10 10

C.L.Silva

sgrt(s) (GeV)
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Low Mass Vector Mesons

Chiral symmetry restoration changes the peak position and width of
low mass vector mesons (p,d),m)

(Mevl')

P 01 | | | | | | |
B ¢%ee 0 — K'K
< - O Minimum Bias 7
© - = Centrality selected * Centrality selected -
"~ 0.08 4 Centrality selected n
E (from integral-extrapolated yield)
o " © Minimum Bias, d+Au
> I
2 0.06 N
e I
| _
i A
—%)l L 4 L4
i PHENIX PRELIMINARY AU+AU\I_ -2OOGeV
00 50 100 150 200 250 300 350

Npart

800

T

600

400

200"

TR

PHENIX PRELIMINARY  Au+Au \|SNN=ZOOGeV

¢ ->k'k” measured at PHENIX
¢ -> e'e channel

t

O Minimum Bias
m Centrality selected

o — K'K
 Centrality selected

0 —e'e

© Minimum Bias, |d-l-Au

I ! 1 ! 1 I | I | I | I |
(]0 50 100 150 200 250 300 350

Npart

Temperatures (obtained from transverse mass spectra) are consistent
for kaon and electron decays.
Errors too large to make statements about changes in electron
branching ratio.

C.L.Silva
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Dielectron Continuum
minimum bias Au+Au @ s = 200 GeV

o NI T
PRELIMINARYWu N fee ]
D

T e e

ol W eebe L

10

dN/dm,, [c/GeV] IN PHENIX ACCEPTANCE

10'?|||||

0 35 4
m,, [GeV/c?]

Errors too large to distinguish thermal radiation scenario.
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Upgrades

Hadron Blind Detector Silicon Vertex Detector
> Improve S/B for low mass di- ® better S/B non-photonic electron
electrons ® disentangle D from B production
> Select e™+¢ from their opening
angle
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Summary
PHENIX obtained plenty of information from lepton

decays, which are related to the early stages of RHIC
collisions.

Low mass di-
electrons waiting for

Heavy flavor ol
consistent with IS HBD
CD . .
PQ ~ ' Y,y ) are feasible
Heavy quarks = measurements with
strongly suppressed higher luminosities

like light mesons

\

~ Charm flows. Absorption of J/y 1n Color SCIeching apd
Therefore, the matter nuclear matter 1s TS descr.lbe
seen 1s partonic and about 1-3mb Well Iy SUPPIESSION
 thermalized Coming up : \\m AutAu colhs10ns/
o results from high luminosity p+p runs
> ~x4 Aut+Au data in 2007

> detector upgrades
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Heavy Quark Paper for the next week(s)

Title: Measurement of high-p_ Single Electrons from Heavy-Flavor Decays
in p+p Collisions at s

Abstract:

The momentum distribution of electrons from decays of heavy flavor (charm
and beauty) at mid-rapidity in p+p collisions at s"=200 GeV has

been measured by the PHENIX experiment at the Relativistic Heavy lon
Collider (RHIC) over the transverse momentum range 0.3 < p_< 9 GeV/c.

Two independent methods have been used to determine the heavy flavor yields,
and the results are in good agreement with each other. A Fixed Order plus

Next to Leading Log pQCD calculation agrees with the data within the
theoretical and experimental uncertainties, with the data/theory ratio

~ 1.7 over the entire measured range of transverse momentum. The

total charm production cross section at this energy has also been deduced.



¢ Transverse mass spectra

30 -60% x0.02 PHENIX Prelimina

Au + Au @ 200 GeV
0 — K'K

Y]
r:lA102§ + G _E Run 4
o ¢ — e e Au+Au\[s,=200GeV © E
> = Minimum Bias x 10 2> 107k
O i ¢ 20-40%x025  (§ F
> 40-94% x 0.10 =107
) i T E
3 21080
5 : S
S107°¢ 5
é_ u Z1D'Eg-l‘-.-'1|nbias><10
N a = 10-10%
N E O =
-, ~af ~—10CLv10-20% x 0.5
107 ¢ T E =20-30%x0.2
F 7[ *30 - 40% x 0.1
- 5 10 v 40 - 50% x 0.05
10-6: 'PH'ENIIX IPRFL"IV"NARIY . | | : 10_8 | I(Iinl | ?Wﬁ%giq% | |
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