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<rir How do we do it?
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srir How do we do it?
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srr What have we measured so far?

* RHIC has been exploring nuclear matter at extreme
conditions over the last few years

- 2000 - first run (Au+Au @ 130 GeV/NN)
- 2001 - small Au+Au and p+p runs @ 200 GeV/NN

- 2003 - d+Au and polarized p+p runs @ 200
CATANIN

- 2004 - large Au+Au run @ 200 GeV/NN and Au+Au
run @ 62 GeV/NN

‘ Alexandre A. P. Suaide
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srir The soft sector: the bulk of produced p

The matter produced show
strong collective flow

The relative yield of different
particles is in relative good
agreement with Thermal Model

- T,~160-170 MeV
U, ~ 25 MeV

Mass and p; dependence, as well

eliptic flow are consistent with

Hydro expectations for an ideal

relativistic fluid

Very high initial energy density
- Aprox 30 times cold nuclear

Temperature TfD (GC\.-".-"Cz}

.......

matter

1 dE,
TR dy
g . =0.13 GeV/fm’

cold

4.5-5.0 GeV/fm®

SBJ
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= The high-p, sector - sensitive to the initial stages
of the system evolution

\s,,, = 200 GeV
Au+Au, p+p

Strong hadron suppression in
central Au+Au collisions

- Compared to p+p and
peripheral events

- Not seen in d+Au
 Final state effect
10 12

Magnitude of suppression S e by (GeVIO)
indicates an initial gluon density

much larger than normal nuclear o SN

mC(T'l'CI" . p;(assoc.)>2 GeV/ic il ® Central Au+Au

O0<|An|<1.4 — PP

Suppression of away side jets ; Pl 4 e s

- Strong interactions with the
matter produced

A new physics at RHIC eral

A_
01 NSTAR
)54
(h'+h" )2 {16
{10 m
1
R
{108
{10 &
] a Ul'.\"
10 —

1/(2n py) d°N/dp, dnl, _, ((GeV/c)?)

2 3
A ¢ (radians)
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st What we already know. ..

. and what we don’t.

RHIC has produced matter that behaves differently from
anything we had seen previously...

- Is this the QGP?
- Can we see the phase fransition?
- Lower energies, different system sizes?
.. is dense (many times cold nuclear matter density)...
.. is dissipative...
.. exhibits strong collective behavior...

- Does dissipation and collective behavior both occur at the
partonic stage?
... and seems to be thermally equilibrated
- Isit?

‘ Alexandre A. P. Suaide
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srir What could heavy quarks give us?

D mesoRs

Heavy quark production —

- Charm produced in early
stage, mostly from initial
gluon fusion

- Sensitive to early
conditions:
- initial gluon density
- nuclear effects
- medium effects
* Are heavy-quarks mesons
suppressed as well as
light quarks ones?

- Probe of energy loss
mechanism
+ Thermalization probe? S
- Eliptic flow. [ i

CTEGED (DIS) (2002)
CTEGBL [LOY (2002)

0.1

0:"'I‘"\"'I'"I"'I"'\"‘I"‘I"'I"'\"'
0 20 40 B0 80 100 120 140 160 180 200 220
s (GaVi
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sTArR Heavy quark suppression?

Propagation of heavy quarks in QCD
matter

- Energy loss through gluon
radiation

- dead cone effect

* Gluon radiation suppressed
for 6 < M/E (Dokshitzer &
Kharzeev, PLB 519 (2001)
199)

Medium induced radiation
reduces effect but still sizeable
(Arnesto, Salgado, Wiedemann,
hep-ph/0312106)

large enhancement of D/n ratio
at moderate high p (5-10
GeV/c)

H-LRatio

Dokshitzer, Kharzeev,
PLB 519 (2001) 199

Arnesto, Salgado,
Wiedemann,
hep-ph/0312106

R=1000
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srir Heavy-quark flow

- Elliptic flow of D-
Meson and their decay
electrons is a sensitive
probe for
thermalization

- Charm flow
extremely
intferesting, because
of the c-quark's
mass (m=1.5GeV). If
the c-quarks flow,
there must have
been enough
iInteractions to
easily thermalize
light quarks.

‘“ Alexandre A. P. Suaide
® Universidade de S&o Paulo

Charm quarks
flow just like
light quarks

r T
20—~ < singlee’”
& singlee’ v, =0

- V.Greco, C.M. Ko

15" nucl-th/0405040

o
fy
0\..

A Ap
> 10

Only light
quarks flow
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stir Electrons: information from heavy quark production

Citation: K. Hagiwara et al. (Particle Data Group), Phys. Rev. D 66, 010001 (2002) (URL: http://pdg.Ibl.gov)

CHARMED MESONS
(C=+1)

Dt =cd, DY = cu, D =€u, D~ =%d,  similarly for D¥'s

1Py = %(07)

Mass m = 1869.3 + 0.5 MeV (S =1.1)
Mean life 7 = (1051 + 13) x 10715 5
cr = 315 um
c-quark decays
[(c — ¢tanything)/[(c — anything) = 0.096 + 0.004 ["7]
(e — D*(2010)T anything)/I(c — anything) = 0.255 4+ 0.017

CP-violation decay-rate asymmetries
Acp(K%7m%) = —0.016 + 0.017
Acp(KLK%) = 0.07 £ 0.06

BOTTOM MESONS
(B= +1)

Bt = ub, B® = db, BY = db, B~ = ub, similarly for B*'s

Scale factor/ p

BO DECAY MODES Fraction (I';/T) Confidence level (MeVic)

,
%

105 £0.8
2114017

(* vpanything qq] )
( )
( 460£0.21) %
( )
( )

[qq]
D~ (‘+J/‘£ [9q] %
D”(2010)‘ I vy (94]
p~ Yy, [ x 1074

+0.6
qq) (26 “57

Tty 18 +0.6 ) x 10~4
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stair Electron PID with MRPC TOF/TPC and EMC

Inclusive electron spectra
ToF

U.SCTPC EI" LINL L L L L L B LB

1)}

dE/dx
/E

reject hadrons
power ~ 107
GeV/c

1.
2Ba F s EMC p+p
or
MISIdenT 3 « EMC d+Au
ToF p+p
ToF d+Au
+ dE/dx p+p

dE/dx d+Au

|‘I]'|T|'|T|_|'

(=]

mum bias events

S

dE/dx (KeV/em)

—— dAu data

— hadron back.

dE/dx after TOFr P'D Cu

'|_|_|'|'|'|'|T| II[IUIl Il!!l'lTl'l IIIIIIII|

|.|J] IIIIIIlII |IIIIIII| IIIIIlI.I] |IIII|ll| IIIIIlIJ] |IIII|lI_| |IIIIIII| IIIIII.IJ] IIIIIIH] L1l

f

J_|IIII|IIII|IIII|IIII|IIII|IIII|IIII

3 4 5 6 7
p; (GeVic

—

il

7 8 9 10
p/E

“'\--F"m
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stir Electron background

Misidentified hadrons

- Obtained by shifting the TPC
dE/dx selection over the
hadrons region

ratio
T 1T

T

SR

v convertion and Dalitz decays
- Di-electron mass reconstruction
- High efficiency

T lllllll]

T T 17T T

T 1 II[II'II

T 1 |1|1|r[
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stir Background subtracted electron spectra

STAR Preliminary

1 IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
& EMC p+p

STAR has measured

electrons up to pr=
GeV/c

A EMC d+au

a ToF p+p
ToF d+Au

| dEfdx primary p+p
dEfdx primary d+Au

-
o

EMC, ToF and dE/dX
electrons agree within
errors

—
o
»

Systematic uncertainties
- Trigger bias ~ 0.56,,
- Efficiency ~ 0.20,, E%]@ " o -

- Other sources ~ 0.30,, - q
Bl
101[] EI |:I1_|
10‘11 L1 11 | L1111 | L1111 | L 111 | L1 11 | L1111 | 111 ||I|||_||

1 2 3 4 S 6 7
pr (GeVic

T

S

3

— -2

-510

4107

2

Z10™

=

£10° .
B .
o E

-q...-rm

Wed Oct 27 10:28:08 2004
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e Where these electrons come from?

STAR Prelippinay 9

1IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
a2 EMC p+p
EMC d+au
ToF p+p
ToF d+Au
dEfdx primary p+p
dEfdx primary d+Au

Are they from
heavy-quark decay?

Electrons calculated
from D-mesons
measurements
indicate that a
significant fraction
are from charm

- See Manuel
Calderon's talk

Pythia suggest that
high-p+ electrons
may have a
significant
contribution from
beauty decays. B S~
pr (GeVic

—

1/(2 = p;) d°N/dp, dn (GeVic)™

11l IIIIIIJ.I] IIIIIlIJ] IIIIIIlll IIIIIIlll LI

-q...-rm

Wed Oct 27 10:38:05 2004
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stir Charm Cross-Section

Measured D combined with measured
electron spectra

2
o™ =1.440.2(stat) +0.4(sys) mb ENNEEEE |
. ZIU104T () Cosmic Ray (Pamir/Muon)
Pythia and NLO pQCD ©  F K STARD’+eindAu
CGICUIOTiOﬂS _ @ PHENIX single e in AuAu
A

- Underpredicts cross-section by at [
least a factor of 3.

40 GeV  200GeV 5.5TeV

SPS/FNAL p beam i
¢,

Ramona Vogt

.
s
.
1..
.
.

hep-ph/0203151 2 ’
PDF me (GeV)  u/m. o (ub) G (ub) o (mb) 10 =
MRST HO 1.4 1 378 298 3.18 E
MRST HO 1.2 2 43.0 382 5.83 C
CTEQ 5M 1.4 1 40.3 366 4.52 -
CTEQ 5M 1.2 2 44.5 445 7.39 -
GRV 98 HO 1.3 1 34.9 289 4.59
0= A PYTHIA
- — NLO pQCD
- Ofther processes like flavor S L

excitation, gluon splitting, parton
showers et al. are needed

— To understand Au+Au need to
understand this first.

3
Collision Energy \S (GeV)
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» What about beauty?
... an exercise on Pythia simulation. ..

Pythia simulations suggest that

high-p,electrons above 3.5

GeV/c are sensitive to beauty _11 T ey T
- Obtaining beauty cross section i o o

ToF p+p
+  Uselhed dedown$ TIMATE a limit

/c)?

—
<
Ma

—
)
w

ToF d + Au
on beautydeueeuciiotbns and

dEfdx p + p
Pythia 6.220, WSU pars.
- IntewRtvecdtingyednrtipn yvield
sysTEARREBSPR s section

-
=
E S

107

—

1/(2 7 py) d°N/dp; dn (Ge

BRI A5 Y1686 Yo0 much

& prp Ys=200GeV
cro ugry large

Usé ts’frre&oclﬂyag %H}Tr'%l in

o
o
?
QS
)
=
g
=]
S,
Z
™
=
a
=
=
=

ct K1=5.89+/-0.95
bb K2=7.16+/-1.28
current measurements
bea 5.45 + 0.975%at + 2. ZSyS -
rH uge uncertainties L |Fit with systematic error

RamonaFvogtmD(e e\gh{;Pga?@‘](??nb) o (pb) o (b) E FCN 8. 89 NDF 12

MRST HO 175 1 0.82 1.90 1852 - g -=1.29+0.21mb
MRST HO 45 2 8.73 1.72 193.2 H cc
MRST HO 50 05 1096 2.16 184.8 E O™ 545+ 0.97 ub

GRV 98 HO 475 1 13.40 1.65 177.6
GRV 98 HHO 4.5 2 12.10 1.64 199.0
GRV 98 HO 50 0.5 14.80 1.73 166.0

1 2 3 4 5 6
p,(GeVIC)
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STIR  Comparison between p+p, d+Au and Au+Au?

+ d+Au collisions
- R,,, IS compati ble with Central Aut+Au (PHENIX) vs. p+p (STAR)
binary collision scalling 1

Maybe a small Cronin
enhacement

+  Au+Au collisions
- Too early to call

- But it seems we have some
modification

Do we really understand quark
energy loss?

Need to extend AuAu to
higher pt

- STAR results will be
available in the next
few months

STAR preliminary PHENIX preliminary

B EMC non-photonic p+p B non-photonic Au+Au
ToF non-photonic p+p scaled to p+p by Ny

®  dE/dx non-photonic p+p

Single Electrons @ s = 200 GeV

o
—
9]
R
>
[0)
O
S’
=
T
’_
Q
5
S
Z
o
o)
=
Q
R
N
=
A
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stk Does heavy-quark flow?

+ Elliptic flow of D-Meson is 0 [ EE IR T
Entries 381452

SenSiTive pr‘Obe for‘ Meanx 0.6086
thermalization ® Meany 153

RMSx 0.4014

RMS 1.567
- Fo RERAARN. TF ¢ ,,
_ fluarks flow, there must
Fle W S Ll
@ %?IOHS ?O 605” > | PHENIX preliminary V.Greca,C.M.Ka.R Rapp nucl-th/0312100

10

rks. : M’ gﬁf:zuoﬁev —— thermal+flow (e v.)
% 'F - non-photenic (a'+e7)/2 no reinteraction (e v
E o010 on \Z) ' -

- consistent wu‘rh Vac = Valight
theory calculations

- Still a long way to go
- Centrality dependence :
- Understand systematics """ o STAR preliminary

ol reiminary  preen
- Improve statistics B T T R T T TR
pr[GeV/c]
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srir Final remarks

STAR has measured electrons from heavy-quark decays up to 8
GeV/c in p+p and d+Au collisions

- Heavy-quark cross sections underestimated by pQCD
calculations

- Rya, Suggests Cronin enhancement in electrons but is
consistent with N,,, scaling within present errors

- There are indications of strong heavy-quark suppression in
central Au+Au

- Need to extend to higher p; and minimize systematics

- Do we understand heavy-quark energy loss (dead cone
effect)?

Preliminary results show non-zero v, for electrons from heavy-
quark decays

- Results are compatible with v, = v,,,., . theoretical calculations

It seems that there are strong interactions between heavy-
quarks and the medium created in RHIC.

- Y2004 data will provide enough statistics o confirm these results.
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srir Backup slides

 Not ready yet, but...
- Phenix AA electrons / Npart
- Electron id in detail
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STAR

Electron spectra from many experiments

—
Q|

CDF 1.96TeV D —e+X

STAR 200GeV D "+e combined fit
PHENIX pp fit 200GeV

PHENIX PYTHIA 130GeV

=
Ao

=
o

=
b

=
dn

&

{ ISR 52.7GeV p+p

% STAR 200GeV p+p

@ UA2630GeV p+p

2 PHENIX 130GeV Au+Au minbias

A PHENIX 200GeV Au+Au minbias
| | | |
1 2

(d*o)/(2np dp.dy) (mb/(GeVic)?)

=

=
o
o

o'
0
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stz Electron id in detail

| Electron peak for d+Au minimum bias events ]

« TPC as a candidate selector - | ::Addrbk
- dE/dX for p>15 GeV/c =~ |

- Electrons can be discrimitated
from hadrons up to 8 GeV/c
- EMC

- Towers

- p/E for electron and hadron
candidates

- pis the track momentum
- E is the tower energy

- Peak position depends on the
- SMD (Shdwsdnrdextdehedarder of the

- ShowéWéluster type
- Type 3 = both SMD planes
+ Track-SMD cluster distance
- Hadrons have a wider distribution
- e/h discrimination power ~ 10°
- TPC ~ 500
- EMC ~ 250

.r ..
&E peal:posltlgn
N w E

"y
-

0 0.006 0.012 0.018 0.024 0.03
distance to the center of the tower
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stir Electron id in detail (cont)

Residual hadronic contamination

& Inclusive electrons
® primary electrons

contamination

* Remaining hadronic contamination
(hadrons misidentified as
electrons)

- Obtained by selecting hadrons
using TPC dE/dX

- Larger for primary electrons et
i 2 25 3 35 4 45 5 55 6
p; (GeV/c)

Electron reconstruction efficiency

y

Efficienc
o
(=2

» Reconstruction efficiency

From embeddig simulated
electrons into real events

+ Aprox. 50% for p; > 2 GeV/c

p; (GeV/c)
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sriz High-p, electron trigger

+ EMC provides a Level O high-

pr electron trigger

- Runs for every RHIC

crossing (10 MHz)
- Two E; thresholds
- 2.5 and 5 GeV

Enhancement as high as
1000 for p+>5 GeV/c

- Trigger bias

- Suficient overlap between
the minimum bias and the
EMC triggered data

‘ Alexandre A. P. Suaide
' Universidade de Sao Paulo
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Inclusive electrons spectra

—
<
L

+ d+Au Minimum Bias ‘
= d+Au High Tower 1
d+Au High Tower 2

1/(2n p;) 1/N,, dN/dp,.
3
W

ﬂgh tower 1 to minimum bias trigger ratio for d+Au |

10°¢

{ Minimum Bias

High Tower 1

1 15 2 25 3 35 4 45 5
p; (GeV/c)




sTir  Electron v, and D v,
Pythia/Mevsim Simulation

‘“ Alexandre A. P. Suaide
® Universidade de S&o Paulo

Hard Probes 2004, Portugal




stir Hidden (Quarkonium) and Open Charm?

measurement of J/‘P,‘I"'
_||I|I|I|I>|I|I|I|I|I|.I|1I'|.I||__ : suppresswnatCERN/SPS:
] Absorption curve rescaled to 158 GeV with: | 1

LO calculation for DY, , ; 1 -Suppression with respect to
Schuler parametrization for J/y .
Ik - continuum (Drell-Yan)
6, =43£03mb I - Low statistics
' Npin/Npqr+ from Glauber
* Model dependent

* Fluctuations!
Continuum dominated by

o (a.u.)

d’c/dmdy],
BHH(T(J/U,’) (DY), 5 54 T:

[

[—]

=}
P

] A T -
1 @ Pb-Ph 2000 7] Statistical models:
1 » Pb-Pb 1998 ]

NA50, QM2004

0 40 60 80 100 120 140 | Open charm production provides a good
E; (GeV) ';:2 reference and may be the only mean to
Mee (GeV/c?) understand (same
gluon conditions in the initial stage)
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