Open Heavy Flavor Results
from RHIC and the LHC




Why Study Heavy Quarks?
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* Charm (m, ~ 1.5 GeV) & Bottom (m,, ~ 5 GeV)

°m.},>> Aqep
Large mass - short formation time

Medium doesn’t change flavor, but can modify phase-space
distribution

Difficult to destroy or create in medium

» Experience full evolution of medium
Describe medium and interaction
Measure intrinsic transport properties



Measuring Heavy Flavor
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Full hadron kinematics I | %

Hard to trigger AT

Large combinatorial background

 Indirect
Kinematic smearing
Easy to trigger — high statistics
Lots of background sources
Branching ratios ~10% I




p+p collisions
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» Test pQCD predictions
Results in good agreement
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» Another baseline system?

p(d)+A collisions
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» Cold nuclear matter effects?

Modification to the nPDF
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A+A collisions

* Energy loss in the medium

» “Dead cone” effect
>AE, >AE,

AE, >AE, 4

» Collectivity
Heavy quarks flow
Thermalization
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Charm in p+p
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Bottom 1n p+p
» Data consistent with pQCD | . -
FONLL calculations oo * P <025 A
o [ FONLLY=0
° ] > - - FONLLerrorbandy=0 | ...
o Multiple Vs energies, Jup |
experiments, rapidities ? s B
% 04 ;— ......... -
S 102k \_‘.‘ ALICE pp, Vs = 2.76 TeV ! 2 0.3 E'— ................ 90% C.L.
S i ’ 02 [
$ o9me b . p+p at\s=200 GeV
g * data ] E‘ ..1 1 1 1 Il 1
T i o By
g‘ - GM-VFNS | by Electron p_(GeV/c)
% 1.4 :— :::Ia:i—f;) ALICE pp, \'s = 2.76 TeV —;
8 12 ..FONLL =
3 Tk e E
< o8|
: Tosf
3 5 o4l
g 02|
£ -
P, (GeVic)

T
0




Total Cross Sections
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 Total charm cross section (RHIC mid-rapidity) scales
with number of binary collisions
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» Significant energy loss in the < .

Heavy flavor leptons in A+A

medium

R, < 1for p;y >2GeV/c

R (HF) ~ Ry, (LF)
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aa(e) ~ Rya(w)
No rapidity dependence



Charm modification
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* High pp: RyA(D) ~ Rya(e)
» Low prat RHIC: Enhancement

PRL 113(2014)142301
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* High p;: Similar suppression at RHIC & LHC

Charm modification
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* Low p: CNM?
Probing different x-regions (~103 LHC & 102 RHIC)

Charm flow?
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* Possibly with the medium
» Need better precision data at low p;



Dependence on collision energy
15

» No suppression at high p; observed
n° still suppressed

* v,(62.4/39 GeV) < v, (200 GeV)

Reduced/no strong interaction with the medium?
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Nuclear Modification Factor (R

Suppression across systems

RHIC - LHC
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Several models consistent with the data
Should also describe v, and correlations



What about the other “small” systems?

 RHIC

O M]d—rapldlty 1.2¢y<2.4 |y|<0.35-2.2<y<-1.2
= No modification :

© Forward rapidity
» Shadowing

o Backward rapidity
= Anti-shadowing

» LHC

o Mid-rapidity: low-x *" Bjorken x




RHIC mid-rapidity d+Au
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 Peripheral R, ~ 1

* Central Ry, > 1 2k (oo TS

» CNM eftects?

Cronin?
pr broadening?

T2 3 4 5 6 7 8 9
pT[GeVIc]



RHIC mid-rapidity d+Au

 Peripheral R, ~ 1
* Central Ry, > 1

» CNM eftects?

Cronin?
pr broadening?

* Or a small drop of HNM?
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LHC heavy flavor in p+PDb

Nuclear modification factor
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Forward Rapidities: RHIC d+Au
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» Peripheral

o Ry, ~ 1 for all rapidities

» Central

o Forward: Ry, <1

« Consistent with pQCD
+shadowing

o Backward: Ry, > 1

~ Consistent with additional
k; broadening

o Backward & Forward not
described simultaneously




Forward Rapidities: LHC p+Pb

p-Pb \ s, =5.02 TeV, p* c,b decays 1

C 2.5<y  <3.54
- ALICE Preliminary
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—— NLO (MNR) with EPS09 shadowing .
Vitev: coherent scattering + kT broad + CNM Eloss R

................................
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e Forward: R p, ~ 1
No modification

» Backward: R p,slightly
larger than 1 at low py

» Consistent with RHIC
results

» Consistent with pQCD

models that include
CNM effects



System Size Dependence

23

o v | IS
e Au+Au 0-10% .

| | Central Cu+Cu & Au+Au
] |j » Enhancement

L
HiH
-
——
——
et

Central d+Au & Peripheral
Cu+Cu

4 6 8 10 mi
& vy * Same trend for similar N, ,

L 2 rrrprrrprer T T T rrprTrprr e T T T
Global error: = 9.9% | *Rauauz20-40% Npan=140.4 1 *Rauauao60% Npan=59.95 |
+ » "Reucuo10% Npari=98-2 | "Reucu020% Npar=85-9 |
+ l 1.5¢ g! T
% ! ‘ I s i { [ |
T T D:< 1 §im | H‘IH
i Wt ||
0.5f T 057 (a) t
“Ryau,0-20% Npan 15.4 1 *Ryau,a0-60% Npan=7-° {
-RCuCu,40-60%Npan=21'2 "Rcucu,60-94% Npart=6-4 Global error: + 9.9% Global error: + 9.9% _
o e by by b b b by b sy 0 o b by b by by b by b By
0 2 4 6 8 2 4 6 8 10 0 2 4 6 8 2 4 6 8 10

pT[G eV/c] p_[GeV/c] pT[GeV/c] pT[GeV/c]



2r
§ [
S 1.5 4
s i
V -
¢ 1 =
N :
:E 05:
oc VY.-or
v - (a)
O- .

ad+Au
s Cu+Cu
e Au+Au

Global error: + 9.9%

10

N

10°
part

T

<RAA>3<p <5 GeV/c
o
o)

N

—
9]

—
T 1 T T 1

o

LA |

ad+Au
= Cu+Cu
e Au+Au

Global error: + 9.9%

N

10°
part

» Smooth trend from enhancement (central d+Au,

peripheral Cu+Cu) to suppression (central Cu+Cu and

Au+Au)



25
TCMS Preliminary  pPb |sy,=5.02 TeV
oy, l<198 L=348nb"
2 FONLL
- [P B
L[] Syst. L+BR
; 15+ Syst. err. from FONLL pp ref.
S< [ .
o -
N +
0.5
O_llllllllllllllllllllllllllllllllll
0 10 20 30 40 50 60
P, (GeVl/c)

» p+p reference from FONLL
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» Pb+PDb suppression not coming from CNM effect
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Open heavy flavor (direct & indirect) give us insight
into the medium produced in heavy ion collisions



RCuCu
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