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+ Heavy Quark as a Unique QGP Probe
+ PHENIX Heavy Flavor Physics Program

+ Latest Results for Open Charm
Measurements in PHENIX

+ Future Outlook
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Heavy Quarks — Unique Probes of QGP

12— 77—

+ Charm and bottom quarks do not | N Jdy=1000

exist in the nucleus = they need to | '
be produced early in the collision 5 .

+ Quark mass is large =» production
can be explained by pQCD
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+ Heavy =» energy loss in the i
medium should be smaller then for oz2;
light quarks
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+ Bottom quark is so heavy Pr GeV
(m ~ 4 5 GeV/CZ) that |t ShOUld be Theoretical predictions for Partonic
b ' 4 ) i Level R,, for different quark flavor
least affected by interactions with V1 Diordio
) . Djordjevic, M. Gyulassy, R. Vogt,
medium S. Wicks. Nucl-th/0507019

zfl) Y
» Los Alamos PH-<ENIX S. Butsyk

AAAAAAAAAAAAAAAAAA




ldentification of Heavy Flavor

+ Experimentally easy to observe W
. B/ x
= Hadronic decay channels D->Km, / [
DO>K* 7~ nf D.
- Semi-leptonic decays D>e(u) n v, ﬂ /
» Tagging B and D meson decays away e
from primary vertex T 2
= Separate bottom from charm by tagging ™ “"7/
B = Jiy+X decays X 7 D+ £,
Imm cut : 120 7 et
1mm vertex cut eliminate Meson b*,D°
7993 ot prompt fh Mass 1869(1865) GeV
B decays BR DY --> K*r- 3.85+0.10 %
_ BR DO --> K*rtn® 14.1+0.10 %
RHIC 10*1, I Background
];:ﬁ)gaji-r) Thy ma? after vertex cut BR --> et +X 172(67) %
oy H H‘HHH IIIIIIIIIIIIIIIIIIIIIIIIIII BR --> pu* +X 6.6 %
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Heavy Flavor Program at RHIC
+ PHENIX +STAR

+ Open Charm + Open Charm
= Single electron, muon = Direct D mesons decay
measurements in p+p, d+Au, channels in d+Au
Au+Au — DKt
Vs = 130,200,62.4 GeV - D*>Knmt
— D**->DO0rt
= Direct D mesons decay = Single electron
channels in p+p and d+Au Eeazurements in p+p, d+Au,
u+Au

\/SNN =200 GeY  iugme Slimii

/N “— Forward Time Projection Chamber
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PHENIX detector at RHIC

+ Photon & Charged Particle W

H _MONIDSTE o :
Tracking Ty ] B :
- |n|<0.35 _ p— ", oy S

= Two separate arms 90° - A §

= dp/pr=1.2% : p;

+ Electron ID fagan S
- RICH (Ythr=35)

= e/nt separation up to
pr~ 5 GeV/c

=  Energy/momentum matching

+ Muon measurements
- 12<n|<27

= Two separate arms in forward
and backward rapidity
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Electron ID In

PHENIX

+ PHENIX detector has unique electron

ID capabilities

Cherenkov Detector

each other

Image of electorn detection (one of 2 arms)

Electron is tagged by Ring Imaging

Energy of the EMC cluster and
momentum of the track should match

PHENIX Detector - Second Year Physics Run
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Heavy Flavor Analysis Progress

+ Greatly improved statistical significance of p+p
reference measurements using Run 5 dataset

+ Increased a p; range of single electron measurements
(pr > 5 GeV/c) by using tighter RICH and EMC cut

+ Finalizing of non-photonic electron v2 and di-lepton
continuum analyses

+ First look at direct reconstruction of D meson through
hadronic decay modes

+ Run 7 Au+Au data set should provide a factor of
~ 5 +10 statistics improvement to heavy flavor signal
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Charm Electrons in PHENIX

PRL 96(2006) 032001
L L B B L L LS
(e"+a7)/2
—v_ ® Data
m— (CoC ktail Total
PH—‘ fN lx Cocktail components:
smman 70— OE
— Y CONVEISIon
LELIELE (Bl 1=y -}
1 — ety
p—e'e
W — e'e and w — x'e’e
simie h— g’ and p— ne'e
m— Direct 7 conversion
Kaon K_; decay

+ Signal extraction methods:

= Cocktail subtraction

E do¥/dp® [mb ¢*/GeV?]
[T |I|||||||I TR EETIT I

Simulate “photonic” electron
background from decay of
7% light mesons, photon
conversion and K_; decays

= Converter subtraction

Extract the “photonic”

component by adding

conversion material of
“‘photon converter”
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Open Charm in p+p at Vs=200 GeV

PRL 97(2006) 252002

+ o..= 567 + 57(stat) + 224(sys) ub N A AL AL ARARLAMAMLAMANL AN
_y U 107 p+p — (e’ +€)/2 + X ats=200 GeV (a) 7

+ Central value for NLO predictions by g =
M.Cacciari underpredicts the data O ]

by 1.7 £ ¢ PHENIX data =

+ pQCD next order corrections usually "a'® FONLL(total) E
comparable with error bars on the 'ig w0 — FONLL(c — e) ]
previous order calculations T E FONLL(b— e) 3

W 10" é_ FONLL(b— c—e) E:
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5 [factor 2 " E PHENIX E
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= d05 1.72 +/-0.02 (stat) +/- 0.19 (sys) (b)_:
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Open Charm in p+p
STAR vs. PHENIX

+ PHENIX & STAR electron

. J B | | | | | | | | | | | | | I I | I ]
spectra both agree in shape 1 | e STAR(nuclex/0607012) i
with FONLL theoretical £ | & STAR(PRL94 (2005) 062301) -~ oXP/sFONLL -
pred iction 8 - e PHENIX (hep-ex/0609010) ccce i
+ Absolute scale is differentby QoL . _
a factor of 2 o Jf .
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Analysis Crosscheck

PRL 97(2006) 252002

+ Ratio of “non-photonic” £ o i
to “photonic” electrons £F J’n L T
agrees very well Hl M f
between two completely s F, o PRL96(2006) 032001
independent analysis g [= v E E
techniques 1 i :

100 _— | ; * |

+ Converter method more L g .

accurate at low p; - ’ | f

. . 10.20 . | Ratio Non-phmonilc to Phot‘anic | :l:l_o

+ Cocktail analysis more el o Commibtmn ||
. E Cocktail Subtraction Systematic Error |4

accurate at high p; R B Gomverer Subiracion -
E 1_2; : O e-y Coincidence : :

+ Combination of both 8 b [LMV¥. e
analysis is used for the [ 20283 38 A, (Geviel
publications g % — 1ol ]

£ o.aE— — |
°7E PH ENIX
% o5 1 15 2z 25 3 35 4 a5
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Open Charm in Au+Au at \s,,=200 GeV

Z 103 |||||||||||||||||||||||||||||||||||||||||||
+ Baiduotbrhighsstatistiamaber of 3 4eef W :
BBy collisions 8 10 HEE } }
T = I 515 -
5 1 o2 g $
* §&ﬁﬁ5'nﬁj@.¢mqffm o g ! IR Y
ggﬁ@fgﬁg@ﬂ IR GERFl collisions  _j="°
& 102
i 3
$ NGef ﬂ&@ﬁ@ﬁéﬁ%@rﬂﬁ%‘ilﬁe 10
les with N, 10
5
nucl-ex/0611018 10 oL X
- S I B L L DL L L B L) 10
o2 141 | AutAu @[Sy, = 200 GeV E 107
1.21 H l H II 108
dEiiy * 107 .
% g I : Tl :
0.6 . — 10" : 10-20:4,><10;
g 3 el ~
E ® e‘—':pT>O.3 GeV/c |:£| E 13 O 80.99% x 10°
02O € :p; >30GevVic L I 10 % prpx1024zmp  AutAu @ \[S[, = 200 GeV
E' n?:p >4.0GeVic E 10_14|||||||||||||||||||||||||||||||||||||||||||||| \
00 - If)lfjI . I‘1l|]0I - I1t|')0I . ééd - I25|0I - ‘3(|)0‘ . I3%0I e 0 1 2 3 4 5 6 7 8 9
part pT [GeWc]
_'_.__) Y
- Los Alamos PH-<ENIX S. Butsyk

MATIONA]! 1ABORATORY



R, for the Heavy Flavor from PHENIX

3
00-10 % (d '2' j
2 dp” ).
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Heavy Flavor Flow Interpretation

+ Indication of Quark level thermalization & strong coupling

+ Quark coalescence model perfectly describes v, of D meson as a
superposition of C and u quark v, [PRC 68 044901 Zi-wel & Denes]

— (1) ¢ thermal [Phys.Lett. B595 202-208 D v, (pT) =a*vyu (1/6 pT) + b*v,.c(5/6pT) -> e v,
{23 G, = 10 mb (AMPT) [PRC72,024906
[1(3) ctb — e v, (reso) [PRC73,034913]

0.15

0.1

0.05

-0.05

o
or
oL
L
N
o
N_
[ IR
ol
-
@r
(4,18
A

45 5 : _ ) 3 2 14 16 18
pP(GeVic) a; u quark

A

) aen
Los Alamos PH-<ENIX S. Butsyk

MATIONA]! 1ABORATORY

Y



First Look at Continuum In p+p
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+ e'e pair mass spectrum T LSS
from Run 5 p+p clearly 2 107 p+p at sy, = 200 GeV PHENIX Preliminary =
indicates a signal in the Boigtf meoss Foe e i
range of me, >1.5GeVic g R "7 e e -

. . ) . -- € ee (PYTHIA)
consistent with X 10° 5} o =
expectation from Open = - i 5 > 0 & nee E
Charm correlated decays :ET Y ,i -

+ PYTHIA underpredicts N% e § ‘ = E
the data the same way as  qefk |} | §u{ A _
for the single lepton cross 2 - \\* " -
section 3 \:\ 7\

+ Obtained an important F'w'“'nk' R e S WAy
reference for comparison m,, [GeV/c]
with Au+Au results
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Unanswered Question

102 ' | ' |
10l F —
100 Vs = 200 GeV Uncertainty bands
= 10-1 Iyl <0.75 for e from heavy flavor:
g 10—2 — D —etX
3 10-8 — B—etX
2 -4 = B—D+X—etX
2 1075 (all FONLL)
C\E{' 10-8
:2 1077 —
..g‘ 10—8 — Thelowend
10-9 —
10719 = R Vogt =
10—11 L . 3
0 5 1

Courtesy of J. Dunlop

c/b crossing point — somewhere in

3-10 GeV/c p; range

A

p, (GeV) ° \

The high end

)
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+ Separate Charm
from Bottom
contribution to the
lepton spectrum

+ Solutions:

= Direct measurement
of Open Charm signal
through hadronic D
decay channels

= Direct measurement
of Open Bottom
through Jiy - B+X
decay channel

S. Butsyk



Vertex Upgrade Plans

10° (-)-ly charged track production at n=-1.65
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Summary and Conclusions

+ PHENIX heavy flavor program significantly evolved over the last
year

+ Finalized and published results from:
Open Charm production in p+p collisions from electron channel
Nuclear modification of the heavy flavor production in Au+Au collisions
Correlated di-lepton production in Au+Au collisions

+ Total cross section for Open Charm is a factor of 1.7 higher than
current pQCD predictions

+ Both experiments results are in good agreement with each other in
spectral shape, absolute normalization need to be studied

+ Binary scaling of the cross section established with high accuracy in
d+Au and Au+Au collisions

+ There is a clear modification of high p; spectral shape in central
Au+Au collisions

More interesting results in near and far future ...
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