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Why to study heavy quarks <5
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SR How to Measure Charm Quarks

* |ndirect measurements through semi- q@“
leptonic decay
Y
* can be triggered easily (high p;) &
“

* higher B.R.
* indirect access to the heavy quark kinematics

* contribution from both charm and bottom hadron
decays
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* Indirect measurements through semi- q®° Y
leptonic decay ] 1

Q

* can be triggered easily (high p) &
* higher B.R. ik
* indirect access to the heavy quark kinematics
* contribution from both charm and bottom hadron

decays

* Direct reconstruction

* direct access to heavy quark
kinematics

* difficult to trigger (high energy
trigger only f lati oP
gg y for correlation S D()
measurements) o
* smaller Branching Ratio (B.R.)

* large combinatorial background K~ T+
(need handle on decay vertex)
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The STAR Detector

Solenoidal Tracker At RHIC: -1< n<1,0<¢<2m
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The STAR Detector

Solenoidal Tracker At RHIC : -1< N<1,0<¢<2n
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D® Au+Au 200 GeV Invariant Yield Spectra & R, , Q{g
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st D® Au+Au 200 GeV Invariant Yield Spectra &R, , Q{g
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Number-of-binary-collisions Scaling
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Charm cross section follows number of
binary collisions scaling =>

Charm quark produced at early stage of
collisions.
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DO and D* Signal in p+p 500 GeV “{%
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DO and D* Signal in p+p 500 GeV “{%
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A D°and D* p_ Spectra in p+p 500 GeV 1
N ' ' — 1 1 T T T T T - 0
o ®  \s=500GeV data 1|D yIE|C| scaled by
S 102 Vs =500 GeV power-law fit _ NDO/N - 0565[1]
8 = FONLL; m =1.5 GeV/c’ s cc
= C FONLL; m =127 GeV/c? 1|D” yield scaled by
c L e 3 [ ] FONLL uncertainty; m =1.5 GeV/c? _ [1]
: 10° S.. [ ] FONLL uncertainty; m =1.27 GeV/c* — ND*/NCC 0.224
> - -
'8' . i 727 1 [1] C. Amsler et al.
a 10 = L,' 9 (Particle Data Group), PLB
\‘c\i - N 1 667 (2008) 1.
>|\o - Opp(NSD) 500 Gev = 34 mb ~ ]
B 10° ) L —| [2] FONLL calculation:
e = PowerLaw = 497 2=V =2) (1 + L) - 1 Ramona Vogt
~ - dy (pr)*(n—3)? {pr)(n —3) . g
A R N [ S A N R e ME=HrR=M, |y| <1
1 2 3 4 5 6 7 8
o [GeV/c]
do .= V/s=500GeV do.- AN .-
g — 217 + 86(stat.) & 73(sys.) ub cc — ) o NSD)
Y ly=o dy |,—o dy |,—o
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sikR D°and D* p_ Spectra in p+p 500 GeV oM

' ' L B
o ®  \s=500GeV data 1|D° yIE|C| scaled by
> 2 Vs = 500 GeV Levy fit 1 IN~-/N_=0.565!1I
8 10 £ FONLL; m =1.5 GeV/c? s po/ Nec
= C FONLL; m =1.27 GeV/c® 1|D” yield scaled by
c SR 3 [ ] FONLL uncertainty; m =1.5 GeV/c? _ [1]
: 108 7 Q.. [ ] FONLL uncertainty; m =1.27 GeV/c* — ND*/NCC 0.224
> f E
|_ — -]
% . i * 1 [1] C. Amsler et al.
o 10 = 9 (Particle Data Group), PLB
8§ f SN 1 667 (2008) 1.
>I\o - 7pp(NSD) V5=500 GeV = 34 mb .. R | .
b 10° I SRS —| [2] FONLL calculation:
(1'0/ F Levy = dgf 27TnC('7En_Clj—(Zzo_(s)— %) <1 3 W_ m0> ) 1 Ramona Vogt
S wrE=Emg yl <1
1 2 3 4 5 6 7 8
o [GeV/c]
do. V/5=500GeV do .- AN .
g = 174 £ 55(stat.) & 47(sys.) ub cc — ¢ O pp(NSD)
Y ly= d d
y=0 Y ly=0 Y ly=0
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STAR Total Charm Cross Section "{%
|_|1055IIII| | | | IIIII| | | IIIIII| | | IE dN_
9 NLO pQCD (j1,=2m,) : T = =
~o b PYTHIA ] dy y=0
Zz O
B 10°F ¢ SPS/FNAL ~ .
© . PHENXe ; F=mid y — full y
- ¢ Pamir/Muon % . 500 GeV,F=5.6
3| © UA2 B \
10 % STAR p+p ﬁ% - Oce = 1 2 1 5
" STAR A“*{‘ﬂ;:;ff;‘.ﬂ» : + 482(stat.)
10°F E
: % ; + 409(sys.) ,ub)
i re ) 200 GeV, F = 4.7
0F A 0 \
B ',"':.-’:: * i O-Cé — 797
1_||||| IR IR I I_ 1 210(Stat)
10 10° 10°
+208
Collision energy \'s [GeV] [ T595(8y8.) Mb)
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sy Summary o

"
A

% D9 and D* are measured in p+p 200 GeV up to 6 GeV/c and in p+p 500
GeV up to 6 GeV/c

= d°0°/ppdprdy consistent with FONLL upper limit.

% DO are measured in Au+Au 200 GeV up to 6 GeV/c for 3 centrality bins.

= Charm cross sections at mid-rapidity follow number of
binary collisions scaling

= Strong suppression above 2.2 GeV/c in central collisions, consistent
with resonance recombination model

% DO observation might indicate non-zero vz, consistency with quark
coalescence models

% Further improvement with Heavy Flavor Tracker

David Tlusty, NPl ASCR Quark Matter 2012, Washington D.C. 5. Summary 14
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Heavy Flavor Tracker
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§°/ o5 - 200 GeV Au+Au Collisions ~ ****** Hydro E
>N E (D% 500M min bias events; |y|<0.5) —_ Sg(ir)gf?/:(]:;’rons:
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£ |
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Pust 51 e ]
° - e 1
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C O ]
T L | | 1 |
| ' | ! | ' | ! | '
201 200 GeV Au+Au Collisions at RHIC 1
(D°: 500M minimum bias events; |y|<0.5)
1.0 ]
STAR Heavy Flavor Tracker Project. - Ny, scaling ]
[ o, ]
v Reconstruct secondary vertex. n:% I oy ]
I,
v Dramatically improve the precision of measurements. 0l Noan 802119 L + ------ % ----- :
/ .
Address physics related to heavy flavor. o o Ghargsdhatron |
. i 1 L O Expected errors on D’ Rgp ]
v, : thermalization 0 PreedeeReiRe
0 2 4 6 8 10

Rcp: charm quark energy loss mechanism. Transverse Momentum p_(GeVic)
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SiAR Systematic error study “{%

1) Raw Counts — Difference between methods T ﬁ% !
@ a
c 08 ‘

2) nFitPoints - difference between g |
MC(nFitPts>25)/MC(nFitPts>15) and 9 —
Data(nFitPtS>25)/Data(nFitPts>15) é 0.4 Kaons from data D° mass window

v R
I
3) DCA - difference between MC(dca<1)/MC(dca<2) & o=
and Data(dca<1)/Data(dca<2) Al
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Pile-up removal

. Pile-up pions fraction

p ) LSl S S S A S S S S S A S s
p //éf%ié VISP IS IS II I I
VISP IS IS IIII IS

A G 4

AR (o AT S (L Ll

n multiplicity

Pions with T

3 B0, VRO SRR ............... ...........................................................................................................

2: ............... ............... ................ ............... ..... : : :

{E--PP2pp streamidata | . . T T b
SN DU BUUE DUUTE DUUE DU U DU BT

(=)

el b b b b b
0 100 200 300 400 500 600 700 800
BBC And*1000

N
900 1000

* pp collisions peak luminosity

Leak = 5%10% cm?st in year 2009.
« EventRate =L

seak 0'°°(30 mb) = 1.5 MHz
* TPC readout ~ 80 us => TPC sees tracks from
120 collisions. Pile-ups are removed by
* |VpdVz - TpcVz| < 6cm cut
* TPC PPV reconstruction algorithm
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