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* Brief introduction
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- PHENIX detector

* Heavy flavor measurements by PHENIX
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- d+AuU results

* Highlighting the PHENIX results finalized soon

* Summary
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Studying open heavy flavor

» ptp collisions
- test pQCD calculations
- baseline for heavy ion collisions

* Heavy ion collisions
- probe effects of the strongly interacting hot medium

» d(p)*A collisions
- quantify cold nuclear matter effects

N
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Studying open heavy flavor

p+p collisions
- test pQCD calculations
- baseline for heavy ion collisions

Heavy ion collisions
- probe effects of the strongly interacting hot medium

d(p)*A collisions
- quantify cold nuclear matter effects

PHENIX has suitable design for lepton measurements
- single leptons from open heavy flavor
- lepton pairs from quarkonia

Semi-leptonic decay

- lepton triggered measurement(e, )
(statistical background subtraction)
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e measurement @ PHENIX central arm

PHENIX Detector

PC3 Central TEg <
PC2 Magnet

» kinematic range
i - n| < 0.35
k A(p —h |

« Detectors
- DC & PC for tracking
- RICH for electron ID

- EMcal for energy of electron

Yot =w6’L

Aerogel

West Beam View East
. Cocktail method » Converter method
- simulate photonic background with - using photon converter (1.68% Xo)
measured spectra of hadrons - increase photonic baground and
- large systematics e s, -20cevuns statistically limited FSE
- T10 Dalitz 3 ) mummies ZEL.

. conv—out __ v non—-y
- conversion Y e A

- direct Y & Ke3
- JIY, Y, DY
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LU measurement @ PHENIX muon arm

. . RPC3 e RPC3
kinematic range T, oo e
- 1.2 < |n| < 2.2 at forward ("’”4-/,.{% ,\@”0
E A(P = 21—r E | MPC , ‘
- ~|1 0\ absorber to reject hadrons SR - J//B EH],\ B
- Muon Tracker for momentum e MMJ W 1
- Muon identifier for hadron/muon
separation

Yy South Side View North NI
- |

18.5m= 60 ft

- Main background sources are decay muons from
light hadrons and punch-through hadrons.

MuTR Stations 1-3 MulD absorber plates

* Full MC simulation of hadron cocktail(TT, K, p)
iclsive - Tune to data by using z-vertex dependence of
Condle decay muons at MulD Gap 4 and yields of
stopped hadrons at MulD Gap 2 and 3

log (particle flux)
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0 40 120 690 770 870

\/ i
PH>/\<EN|X 6 S.H.Lim, IS 2013




Heavy flavor in p+p collisions
mid-rapidity forward rapidity
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Extend kinematic range and reduce uncertainties with enhanced
statistics and improved analysis techniques
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Quantifying medium effects

* Nuclear modification factor

- Raa = | : No overall modification P AN A A
- Raa < | :Suppression AA —
- Raa > | : Enhancement <NCOH> & deP
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* Nuclear modification factor

- Raa = | : No overall modification

- Raa < | : Suppression
- Raa > | : Enhancement

1.5

®  PHENIX 0-10% Au+Au, non-photonic e +e’
¥  STAR 0-5% Au+Au, non-photonic e +e
- =— g'+e from B+D meson decay, central Cu+Cu

+ -
= g +e from B+D me

l . 2 5 son decay, central Au+Au _
/—}\_ )
Q |
:(( _ -.
< 0.75
05 . | ﬁ__ ""'\/'.-ﬂ-\.»._/—
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025 I ———
i E=35
0 :
0

P [GeV]

Phys. Rev. C 80, 054902 (2009)
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Quantifying medium effects

AN A4
NCO”> X dep

I =
(

Theoretical model (Sharma,Vitev
and Zhang)

- radiative energy loss not enough

to describe large suppression

- includes partonic energy loss and
collisional dissociation

- CNM effects such as shadowing,
Cronin effect and initial energy loss
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Heavy flavor in HI collisions
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Phys. Rev. Lett 98, 172301 (2007) p; [GeV/c]

* Large suppression in central Au+Au collisions at mid-rapidity
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Heavy flavor in HI collisions
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* Large suppression in central Au+Au collisions at mid-rapidity

* The most central (0-20%) Cu+Cu collisions

- not much suppression at mid, but large suppression at forward
- well describe suppression at forward rapidity with additional CNM

effects (shadowing, initial energy loss)
’v
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Heavy flavor in HI collisions
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* Large suppression in central Au+Au collisions at mid-rapidity

* The most central (0-20%) Cu+Cu collisions
- not much suppression at mid, but large suppression at forward
- well describe suppression at forward rapidity with additional CNM
effects (shadowing, initial energy loss)
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Cold Nuclear Matter in d+Au collisions

 d+Au collision as a control experiment
- In heavy ion collision, CNM & HNM effects are mixed
- baseline measurements with minimal hot nuclear medium

wwwwwwwww T T T T

Shadowing .. pI broadening - Break up
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Cold Nuclear Matter in d+Au collisions

 d+Au collision as a control experiment
- In heavy ion collision, CNM & HNM effects are mixed
- baseline measurements with minimal hot nuclear medium

Shadowing .. pI broadening - Break up
:hfm,lmm Bias o ENIX - g 1.1E
[ K*+K A ] g 1;
ol A p+p _ I50.9;
% I ] 0.8§
e | 0.72
et G 1 - 0.62
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HF electrons @ mid-rapidity

* Rda ~ | in the peripheral collisions

n:% 2_ d+Au @ \'s, =200 GeV - * Large enhancement in the central
a) 0-20% : collision

Phys. Rev. Lett. 109, 242301 (2012)
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HF electrons @ mid-rapidity

* Rda ~ | in the peripheral collisions

< _ ] :
s [ d+Au @ ysy, =200 GeV - * Large enhancement in the central
o 2 o
a) 0-20% collision
1.50 I I E - HF Rqa is larger than T1° Rya
N R I ______________ l - HF suppression in Aut+Au is due to
: . l ] the HNM effects
0.5 1A :
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T |
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HF electrons @ mid-rapidity

* Rda ~ | in the peripheral collisions

n:% 2_ d+Au @ |sy, =200 GeV * Large enhancement in the central
- a) 0-20% ’

collision
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HF muons @ forward & backward rapidity
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* HF single muons pr spectra at backward(Au-direction, left) and
at forward(d-direction, right) in d+Au collisions
- lines are <Tag> scaled fit function of spectra in p+p collisions
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RdA

2.5

1.5

0.5

* No modification

HF muons Rqa, peripheral (60-88%)

d+Au @ |'s,,=200 GeV
60-88% centrality

m HFu,-20<n<-1.4
(Au-direction)
m HFu,1.4<n1<20

il

[ 1] HilH
[ il [HllE

(d-direction)

[

-
PH ENIX

PH-<ENIX
preliminary
| | |
4 5 6 7
P, (GeV/c)

at both rapidity ranges in most peripheral collisions
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HF muons Rqa, peripheral (60-88%) vs. central (0-20%)

< 3 <
ol o
d+Au @ |'s, =200 GeV = HFu,-2.0<n<-1.4 d+Au @ \'s =200 GeV = HF,-2.0<n<-1.4
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* No modification at both rapidity ranges in most peripheral collisions

- Enhancement at backward rapidity and suppression at
forward rapidity in most central collisions
- Strong CNM effects in the most central d+Au collisions!

e .
PH}>X<<EN|X 20 S.H.Lim, IS 2013



Comparison to models

<
o -
d+Au @ \'s,, =200 GeV
25— 0-100% centrality = HFy, ;3-0; n< } 4
u-airection
u HFw,1.4<n<2.0
(d-direction)
2— ) D,B — u, <y>=1.7 (l. Vitev)
1.5 " | ]
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1 E=ECEAR-H1N-RE
H iikhik.
0.5— —~—
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* good agreement with the prediction from [.Vitev

- muon production from D and B meson at <y>=|[.7
- considering shadowing, Cronin effect and initial parton energy loss
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Comparison to models

< 3
5 3 m" == EPS09s LO,D—-u ® HFu,-2.0<n<-1.4
d+Au @ |$,=200 GeV 05l == EPS09sLO,D—u = HFy,1.4<n<2.0
25— 0-100% centrality = HFu,-20<n<-1.4 B
(Au-direction) B
= HRw gj-gi;pti:n)z'o 2 NN

2— ) D,B — u, <y>=1.7 (l. Vitev)
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* good agreement with the prediction from [.Vitev

- muon production from D and B meson at <y>=|[.7
- considering shadowing, Cronin effect and initial parton energy loss

« EPS09s nPDF evaluation with PYTHIA
- consistent with data at forward rapidity as well
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Rapidity evolution of Rga vs. Ncoll

1.0 < p1 < 3.0 GeV/c 3.0 <pr <5.0 GeV/c

Raa (1.0 <p_ < 3.0 GeVrc)
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» Stronger centrality dependence at low pt region
- similar trends at backward and mid-rapidity
- opposite trend at forward, more suppression as larger Ncol
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Phys. Rev.C. 77,02491 1 (2008)

Comparison to |/
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Phys. Rev.C. 77,02491 1 (2008)

o) Comparison to /P
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Finalized soon |: HF M in d+Au (200 GeV) at forward

< 3
5 2 m" - el J/y, 22<n<-1.2 = HFy, -2.0<n<-1T4
> | —— - - ]
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m  HF e*, d+Au, Il <0.35 (PRL 109,242301) 1
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* HF Y production in central d+Au collisions at forward

(backward) rapidity is suppressed (enhanced).
- backward results are consistent with the results mid-rapidity

* Comparison to |/ results
- highlight the role of nuclear break-up cross section in quarkonia

_wl_gtion
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Finalized soon Il: HF e-p correlation in d+Au at 200 GeV

e-u Opposite - Like Sign Pairs, Background Subtracted
x10°®

. T T I T T T T ] T T

| PHENIX preliminary

L S,y = 200 GeV p+p and d+Au

| Overall systematic error 13.6%(d+Au), 13.5% (p+p)

e’ with p >0.5, [n|<0.35
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deuteron direction
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— N_,, error

'I|IIIIIII|III

. - . ’ -0.02'} + {1
- ° | — I | I I | I I | l 1 1 1 I 11 1 | l 11 1 1 I | I |
Opposite sign e-U azimuthal correlations: L . 1 ! L 1

double semi-leptonic heavy-flavor decay 46 (radians)

* Correlation between HF e (mid) and HF p (forward)
- In d+Au results at forward rapidity, suppression/de-correlation is
shown relative to p+p results.
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Finalized soon lll: HF e in Cu+Cu (200 GeV) at mid

Rauae: 40-60% & R___: 0-20%
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 Cu+tCu results are consistent with Aut+Au and d+Au results in

similar <Ncoi>

regioin
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Finalized soon lll: HF e in Cu+Cu (200 GeV) at mid

N
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« CutCu Raa is located between Rg4a and AutAu Raa.

» Smooth take over from CNM effect in d+Au/per":gheraI Cu+Cu
i

systems to central Cu+Cu/Au+Au systems as co

INCrease.
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Finalized soon llll: HF e in Aut+Au (62.4 GeV) at mid

© 107 = 03¢
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3 PH ENIX ™ \|$ | ’ 0.2 (Phys. Rev. C 84.044905(2011))
n prelimina ’ - u 7% v2: AuAu62Gev (PHENIX Preliminary)
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* Non-zero v, component of HF e in Aut+Au collisions at 62.4
GeV

- consistent with v in AutAu collisions at 200 GeV

'v_
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Summary

* PHENIX measured open heavy flavors in various collision system
- many interesting results will be finalized soon

mid-rapidity forward-rapidity

3 1.8:— %’*3‘ from heavy flavor

<
Mo -
+ d+Au 0-20% o, Rh,: 0- 20 % Central

= Cu+Cu 0-20% Y 160 v
1.6F « Au+Au 0-10% a , 4; g
14 ([T ]:4 [ananss “ﬁ I A ) _ >++ - A 4

| IR | L ST B

1f111111 ‘.}% i {'} | 1 Il 1_ + ! 15 %
0.83—l lf l'.. T { t 0.8 H 0.8
06:— ey H

0.6F 06 H i 1 pe O o o
0.4— sd+Au  Phys. Rev. Lett. 109, 242301 (2012) 04 , m 1 H H H H H H H H H
E 0.5—
0.2

<

&
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ction)
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e 20
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I I PP IR I I A PP AR I B L — B e e e b L b L b L L |
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* Theoretical prediction works well!

- consistent with Aut+Au and over predicts suppression in Cu+Cu at mid-rapidity
- consistent with d+Au and Cu+Cu at forward rapidity

* New PHENIX inner silicon vertex tracker system (VT X & FVTX) provides precise
vertex position and allows to separate charm and bottom meson.
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Heavy flavor muons Rga, 40 - 60%
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Heavy flavor muons Raa, 20 - 40%

I:{dA

d+Au @ \s,,=200 GeV = HFu,-20<n<-1.4
NN (Au-direction)
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Heavy flavor electrons Raa at mid-rapidity
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Heavy flavor 4 Raa at forward-rapidity
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Raa vs. Ncoil at mid-rapidity
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comparison between d+Au and Cu+Cu
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