% Open heavy flavor at RHIC//<\”/E

Counts (per 10 MeV/c?)

x10°
J\II!II\‘IIII\II\II\IIIIIII\IIIlI\IIlIIIi
F Run14 1.0<p_r< 12.0
[ 57.3M 0-80% Events

4~ Run14 Reproduction s/{S+B =13 _
[ 20.0M 0-80% Events Counts = 1324 + 102]
I Projected Run14 S/YS+B =220 S/YS+B =33

3 Counts = 2387 + 82
C Scaled S/YS+B =56
=3 .
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Relativistic Heavy-lon Collider

B RHIC Amazing QCD Machine: Many Species and Many Energies!

0.01
8 9 12 15 20 23 27 39 56 62 130 193 200 410 500 510

Center-of-mass energy Vsyy [GeV] (scale not linear)

,v‘\‘ !‘ s [ N
VAA YW ‘ R
’/ \ A \/ A ¥
N N A YV I /
N R Y VN ‘ |- L \
/ \/ VV | \ Cu+Cu
Y Y Bl B BEENL
/'\/ = f | \ Cut+Au
/ ‘ A} B |
/ / [ | [ \ " \
/ [ !

RHIC energies, species combinations and luminosities (Run-1 to 16)

A Extremely versatile: has collected data colliding a large array of different

heavy ions
A Only polarized proton collider in the world
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Outline

A D mesons in p+p collisions
A d+Au NPE measurements
A D mesons with STAR HFT

A NPE in heavy ion at RHIC

jaroslav.bielcik@fjfi.cvut.cz



Heavy quarks T open guestions

A Colour charge and quark mass dependence of energy loss
Expectation Ec < Euds< Eg vs. observation Raa( D) »a8p) R
Low p; (<10 GeV/c): mass effect on energy loss + radial flow?
At which p; does R,,(b) become compatible with R,,(light)?

A Energy loss mechanism: collisional vs. radiative

Path length dependence of energy loss (via v, at high p+)
Correlation measurements

A Cold nuclear matter effects in the initial and final state
d+Au, system and energy scan

A Collectivity and thermalization
charm v, and R,, measurements at low p;

A Hadronization mechanism: coalescence vs. fragmentation
D., L, measurements; v, and R,, measurements at low pT

SaporeGravis network review Eur. Phys. J. C (2016) 76:107

jaroslav.bielcik@fjfi.cvut.cz



DY and D* p sp

ectra in

p+p 200 GeV co

lisions

107 e

10

o

10

T

—k— do,./0.224 from HT2 Run 12
—4@)— do,. /0.224 from Min Bias Run 12
—ll— do./0.565 from Min Bias Run 12

Levy fit to Run 12 points

Power Law fit to Run 12 points

STAR Preliminary

(2rp_dp_dy) [mb(GeV/c)?

10°

d’cPP /

-7
10 FONLL

—@— do,. /0.224 from Min Bias Run 09 -
—A— do,/0.565 from Min Bias Run 09 ~.x.‘;_\
Levy fit to Run 09 points

- ———- Power Law fit to Run 09 points

1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| L1111t

0 2

T> T

P, [GeV/c]
New measurement from Run 12 extents the range towards low-p;
FONLL upper band is consistent with charm spectra.

FONLL: 200 GeV M. Cacciari, PRL 95 (2005) 122001

Run 09: Phys. Rev. D 86 (2012) 72013
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DY and D* p; spectrain p+p 500 GeV collisions

10_1 E 1 1 I I 1 1 I 1 1 1 I I I 1 I I 1 I I 1 I I I 1 1 1 I 1 I I I 1 I 1 | 1 1
= STAR Preliminary — e— do,./0.224 from BHT1 data
& By D
O 102 m PP Vs =500 GeV ——— do../0.224 from Min Bias data
SE- T, § :
[ — B — m— do_,/0.565 from Min Bias data
D 10° P
o e 5 Y Lévy-fit to All Data
% 10" = FONLL ug = ue = 1.5 GeV/c?
> F ‘> 2
© ) N FONLL up =u-=1.27 GeV/c
d_ 10°® = i.‘ Urp = Ug
O E L
— -
g 10° .,
AN = A
- — I
Qo 107:5 *"’h-.,‘
B .
10 E "‘-:.:____
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1
0 2 = 6 8 10 12 14 16 18
P, [GeV/c]

A D* measurement in p+p 500 GeV up to p; ~ 18 GeV/c.
A FONLL is consistent with data.

FONLL: 500 GeV R.Vogt priv. comm., [y|<1 .
jaroslav.bielcik@fjfi.cvut.cz



(mb/(GeV/c))

T
y=0

do/d pTdyI
=

=1
F S

10°°

-y
o
[i]

=k
T

- p+p(§i}%D{'ID +X
o
o
© ]
- £
o Dl"ff{fgé}
- - pp 7 TeV [x107
... G .
" . ::‘_]D . pp 1.96 TeV [x107
- . D':* . °
— ¢ . o )
n e @ o pp 500 GeV [x10]
w
afd}, E::'
— P O
- pp 200 GeV
- FONLL
| | |
0 5 10 15 20

Transverse Momentum P, (GeV/e)

STAR: PRD 86 (2012) 072013NPA 931 (2014520
CDF: PRL 91 (2003241804 ALICE: JHEPO1 (2012) 128
FONLL: PRL 95 (2005) 122001

v
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Total inclusive charm cross-section

E [;] STllkR éolllat;OLalti:)A, Phys. F]%ev. El) 86|, 7|20|1 3I U I I ID‘%I\ B l—l'
5_1 04 —[2] STAR Collaboration, arXiv:1404.6185 D‘bc_.“'\:,.—‘
[ [3] ALICE Collaboration, JHEP07(2012)191 _\K P
Iz_llo C 4] R.Vogte:;.,olg?];?ﬂev.087, 014908 (2013) \MJ((\\__/}-' A STAR 200GeV and 500 GeV
z - . .
B F O d T ] data points are in world data trend.
L : Pt A\s
3| mM=127Gev/c % ..... %",' \35'\
— — q.- s\ e - .
107 Ay | # ,..-Mm,\»e! 1 A NLO pQCD calculations
— R -_— - "' _’_-' —
N 1 reproduce the data well.
- e STAR preliminary -
10° = =
B [4] ]
i ¥r STAR p+p Run 12, 11 NLO w -
# STARp+pRun 9l --reeeeeee NLO limit
10 % STAR Au+Aul? A SPS/FNALY 5
- O ALICE®! O  PHENIXe™ 7
" ® ATLAS Preliminary o PamirMuon -
o LHCb Preliminary ] UA2 -
1 | I | | | | | [ | | | | | | |
3
10° 10 10°

\s [GeV]
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Cold nuclear matter@dAu 200GeV

A Non-photonic electrons at midrapidity (PHENIX)

- d+Au @ |Sy,, = 200 GeV . - (b) 60-88%

20 (a) 0-20% g 20 B

5 150 _;m% 1.5 I l -

1+ RIS ol S ‘ ----------- i1

05__||| __ 05__ A T S IR I L]

9 5 6 7 8 9
p, [GeV/c]
Central - Enhancement at intermediate p; Peripheral - Consistent with
_ scaled p+p results

Shadowing/AntiShadowing s

Transition

EPS09 NLO Q*=13.0 GeV?

0.4 [ — Error sets 2-31

=== Central set 1

I veeninybana ¥ PHENIX Phys. Rev. Lett. 109, 242301 (2012)
Ry from EPSQQ ° siorkenx




Muons at Forward/Backward Rapidity@PHENIX

PHENIX Phys. Rev. Lett. 112, 252301 (2014)

25 f— Z."— broadening <k:>=2.25 GeV%/c? —f
HHH
< - ' ii N .,ﬁ .
n:'c 1.5 :— H'-’" \\\\\ : H i1 —:
- RS E H EL .
ol AL _;
I 2 3 4 567

P (GeV/c)

Central:

Suppression Enhancement

at forward rapidity at backward rapidity

<<<<<<<<<<

Ry in Au

Shadowing Regio

EPS09 NLO Q?=13.0 GeV?

Anti-Shadowing Regio

— Error sets 2-31

"R, from EPS09 *

10

Bjorken x

25 o 20<y<-1.4 —
- d+Au @ |'s, =200 GeV s 1.4<y<20 ]
21— _ =
S 15[ ﬁ m -
15.. xxxxxxx ! l___El_ ______ m _-_I
0.5 f—— PYTHIA + EPS09s LO, D —u (backward) @ —f
- ==: PYTHIA + EPS09s LO, D —u (forward) .
0||||||||||||||||||||||||I||||6|||||7
P, (GeV/c)
Peripheral:
Consistent with
scaled p+p results
10




R, @PHENIX

< 3
C ] S | EEPYTHIA+EPS09sLO,D—-u e HFw,-20<y<-1.4
I% C d+Au @ SNN =200 GeV - n:2_5:_ “ PYTHIA + EPS09s LO, D—u ® HF 14<z<2o
2_— (o) ] : ----- roadening <k’>= ev?/c?
P a) 0-20 /o |n|<0_35 i 2:_ IIII“ ------ :roa:emnz <i2>—2 22 zexzjc
1 '5:_ E 15 M .....
- - L B
e T——— I ------------ I ‘;‘ ----------- HETIHI IHU%I
. 0.5
05_Ph¥s Rev. Lett. 109, 242301 (2 12) = ; 0-20% centrality
1 2 3 4586 7 R THIE B e S T
b, [Geve] p, (GeVic)

A Initial-state effects fail to reproduce the data at both rapidity
simultaneously
A Modification of nPDF
A Initial k; broadening

A Cronin enhancement?

A Initial k; component due to multiple scattering of incoming partons
11

Phys. Rev. C. 88, 024906 (2013)



TPC 1 Time Projection Chamber
STAR Heavy Flavor Tracker (HFT) (main tracking detector in STAR)

HFT 1 Heavy Flavor Tracker

ASSD i Silicon Strip Detector
A

APXL i Pixel Detector (356M
pixels on ~0.16 m? of silicon)

Acceptance coverage:

-1<h<1
O<f<2p
STAR+HFT collected MB events - 30 s=~1mm
Runl4 Au+Au 1.2B SSD r=22 T o~ éi\; A~
Runl5 p+p 1B L 20 VM :“:éoo-m
p+Au 0.6B 1
Run 16 Au+Au 2B PXL r,=8  + 10




HFT Performance vs. design goals

Au + Au @ 200 GeV

=) O Proton 3 O Proton
=2 ® Kaon = ® Kaon
> . N
x 0 O Pion < ° O Pion
S 5 L O
A . o Ueo
°
O
1 e 102 H®
E . O | D.o
i e o CD4 Kaon Goal i D.O CD4 Kaon Goal
----------- E O------------------ ML p-oé------------------
: gﬂo LegO
: o : ® o
L . Cedsagecy
oce : -
STAR Preliminary
10 L | | 10' L |
0 0.5 1 1.5 2 0 0.5 1 1.5 2

P, (GeV/c) P, (GeV/c)

AKaon track pointing resolution exceeds the requirement < 55 nm at p;=750 MeV/c

APointing resolution in the region with Al-cables ~ 45 nm

13
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Counts (per 10 MeV/c?)

D mesons with HFT

65""-..""-.~ 'y
555 Au+Au |5, = 200 GeV 2
ol TPC PID
5

................

U AusAu |5, = 200 GeV
TOF PID: = Ekn | 10*

E 10°
=
D
X
3 g 1o°
i
©
10

[ STAR Preliminary - RHIC Year 2014
A TS T ] ' B8 T, b2 @ BB 3
Charge x |IMomentum| (GeVi/c) |Momentum| (GeV/c)

5 180— ! T T T = . T — .
e L A e 51 ; ! 120F T T T T i 3
700:_ STAR Preliminary = :-;]-‘"; 160; AUu+AU s, =200 GeV - C STAR Preliminary ]
E AutAu 5y =200 Gev I = o STAR Preliminary I L Au+Au |s,, =200 GeV -
600 RHIC Run 2014 =2 140— RHIC Run 14 — % 100 RHIC Run 2014 7
= 15 E A r b
sn0E= 5 & 120 2 g0t 750 MinBias Events ]
= I E -+ ] C (S+B - i
s00F 3£ 10 | | *'*—Ll l }_‘_ 0 r SNS+B=8 ]
= - 3 - |yt —] 1 e L 4
E 8 Bo; T+ T+*TT T ! +_ g 60 I
WE 3 e T 2 1
200 ER 3 t ++ .
F 0 —I— — 125M MinBias Events 3 : :I: :F :l: 5N5+B =8 - O r
100 — VS+B - = 200 — = “T)=E +y— 1
Do K e - = DT o K2 senees T DS 5 KPK w4
L7 175 1.8 1.85 19 1.95 2 205 1 1.7 1.75 1.8 1.85 1.8 1.85 2 2.05 2 P S S TR S P P
Invariant mass, m,_ (GeV/c?) . (Gevie) 1.9 1.95 2 2.05 2.1

. 2
Invariant mass, M (GeV/c9)

A Excellent long-lived hadron and electron identification

A Secondary vertex r ec dhldnematiceeconsructiomwof t h F
charmed hadron

14
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Topological reconstruction

h AL L L L L L L L L L L L) BB BN b
Wlt H FTmo; STAR Preliminary ~ —
& E Au+Au Vsyy, = 200 GeV J
S 600} RHIC Run 2014 —
= 5001 =
. . o — =
A Greatly reduced combinatorial T 400F 1o°f =
background (4 orders of & joof NIRRT i
magnitude) g ENF 1 -
S 200 °F =
8 = oy With HFT Cuts 125M MinBias Events J
A Highly improved S/B L S e SNS+B = 18 E
()E..‘|1I‘7:.I.1.I'8|.I.1.I'Q.I|.é..l.|2'.1...|...‘\....l....l....E
17 175 18 18 1.9 195 2 205 2
Invariant mass, my,, (GeV/c2)
w/o HFT w HFT
N
2010 + 2011 2014 Do(ﬁ) L KT T
#events(MB) 1.1 B 280 M B.R. 3.9% ¢ ~ 120 um
analyzed
D° Decay
significance 13 51
per billion
events

ot

|
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Nuclear modification factor

A High py: significant
suppression in central
Au+Au collisions.

A New results have improved
precision
A Strong charm-medium

interaction

A Ru(D)>1p;~1.5GeVic
A Indication of charm

coalescence with bulk

<
<
o

1.8 Au+Au 200GeV, 0-10%
16 e D°2014 (780M)
s o D°2010/11 (1.1B)

1.2

=
IIII|III|III|III|I

0-8F + p+p uncert.
0.6 % “$$ 3 d&
0.4}
¢ L
0.2 STAR Preliminary L

o 1 2 3 4 5 6 7
Transverse Momentum p; (GeV.c)

g
o
- 1
m 1 | | ] | | | | ] | | I*

_ dNAA/dy
sz’nary X dep/dy

Raa

STAR: PRL 113 (2014) 142301
PLB 655 (2007) 104
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Nuclear modification factor

. e e LN DL LI B

A High py: significant 1.8 Au+Au 200GeV, 0-10%

.. 16 e D° 2014 -
suppression in central o D° 2010/11

- 1.4 T =

Au+Au collisions. o ]
1.2 —

A New results have improved ~ _ ]
: ol - ]
precision o E

A Strong charm-medium

interaction

STAR Preliminary

A Ru(D) >1pr~1.5GeVic N e D N AR
Transverse Momentum P, (GeV/c)

A Indication of charm

coalescence with bulk
dNAA/dy

R —
a4 sz’nary X dep/dy

A Similar suppression for light partons

and charm quarks at high p; (>4 GeV/c) STAR: PRL 113 (2014) 142301

PLB 655 (2007) 104 17




DO azimuthal anisot

A D° azimuthal anisotropy
significantly above zero for
pr>2 GeV/c

A Data favor the model
including charm quark

diffusion in the medium

N | /7 \
7N //

0.3
0.25f

0.2k

o
|||IITIIII|IIII

- Au+Au
o D°

[ —— TAMU w c diff.
—— TAMU w/o c diff.

TAR IF’reliminlary

ropy

ppp— e
200GeV, 0-80%

Non-flow est.

m
®
!\LJ

3 4 5 6

1 2
Transverse Momentum P, (GeV/c)

N
aw

0 1+ ; QUNCOS(nqb)]

~

Theory: arXiv:1506.03981
(2015) & private comm.
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Mass effect | ~jemem,

62301
0T c AutAu @ 200 GeV 0-80% 0
[ Au+Au 200GeV, 0-80% N ~ oD ©¢
- 0 on-flow est. ] ~ 0.1
025f @ D°EP ] > 0Q  OKg
O KS
B ] T
0'2:_ E 00 O o & 5
B ~ T - i (I) ®
0.15— a0 @ [ m -
. @@DG ORSOTI) b & ] 0.05 o I %
01‘ ©@ - o % ] B 5. 4] o
@ (1N l
@ #
0.05 e 7
e
8] — 1 ] N
STAR Preliminary 1 . STAR Preliminar
A [ I AR AR A T | | | | |
9% 1 2 3 4 5 6 7 0 0.5 1 15 2 25 3

Transverse Momentum P, (GeVlc)

(m_-mg)/n, (GeV/c?)

A Systematically below results obtained for light hadrons. Need better

statistics for a firm conclusion

A Suggests charm quarks may not be fully thermalized with the medium
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Charm mesons vs models

" Au+Au 200GeV, 0-10%
o D°2014 ]

o D°2010/11

— TAMU

— SUBATECH

0 1 2 3

Transverse Momentum P, (GeV/c)

A
[ Au+Au 200GeV, 0-80%

025f e D°
f —— TAMU
0.o0f — SUBATECH
E— Duke
0.15F

0.05F

Non-flow est.

E STAR Preliminary | o
-0.0% 1 2 3 2 5 5 7

A Models can successfully describe

both R,, and v,

TAMU: non-perturbative T-Matrix

approach:
2’ T)b=2-~11

SUBATECH: pQCD + Hard Thermal

Loops for resummation:
2 T)Dh=2-4

DUKE: Langevin simulation with

transport properties tuned to LHC data:

(2" T)D=7

Transverse Momentum P, (GeV/c)

Theory:  PRC 92(2015) 024907
arXiv:1506.03981 (2015)
& private comm.

STAR 2010/11: PRL 113 (2014) 142301
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Extracting the diffusion coefficient (2° T)D

" Au+Au 200GeV, 0-10%
o D°2014 ]

o D°2010/11 =
— TAMU 1
— SUBATECH E

0.05F

STAR Preliminary | | ]
-0.0% 1 2 3 2 5 5 7

1.2F
< 1k """""""""""""""
0.8
0.6f
0.4}
0.2 . " =
- STAR Preliminar ¢ ]
... ... . .| . .../ . ... [ ... [ 1 . .. ! ..
% 1 2 3 4 5 6 7 8
Transverse Momentum P, (GeV/c)
O'SJ‘“\““\““\““““\““\““
[ Au+Au 200GeV, 0-80% ]
- 0 Non-flow est. E
025 @ D .
f —— TAMU ]
0.2 — SUBATECH =
E— Duke ]
0.15

Transverse Momentum P, (GeV/c)

A

A

Values for the diffusion coefficient
extracted from models as a function
of T/T.and inferred range (2 to ~ 11)
from STAR data.

Lattice calculations, although with
large uncertainties, are consistent
with values inferred from data

— 40 40
o : m | attice QCD: Banerjee et al. | (q ]
) : O Lattice QCD: Ding et al. ch{?_\__Q ______ i %
0O 30 T - S 30
[ 2
T N\a\\"\XF p g ]
201 - 20
\“. ’S’
10| -0
0] 0
0.5 1

15 .
/T, STAR Preliminary 21




Run 14 data reprocessing

A Improved HFT tracking efficiency
after PXL decoding issue has been

discovered and resolved -> Factor 2-4

improvement in DO significance

A Preliminary results are consistent with
the results obtained with the available

re-processed sample

A Run 16:

Full aluminum cables for inner
layer of PXL: Factor 2 -3 further
improvement for D9 significance
@ 1 GeV/c

Precision heavy flavor
measurements

Counts (per 10 MeV/c?)

5

4

3

x10

R R R RN R R IR R
L Runi4 1.0<p <120
- 57.3M 0-80% Events .
| Run14 Reproduction S/{S+B=13 _]
 20.0M 0-80% Events Counts = 1324 + 102]

| Projected Run14 S/{S+B =220

@Ill

SIVsS+B =33 ]
Counts = 2387 + 82—
Scaled 5/YS+B =56

STAR Preliminary —

gy
"
el

III|IIII|-IIII|I-III'|

1.7 1.75 18 185 19

195 2 205 21

Invariant Mass m,_ (GeV/c?)
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DO spectra in U+U 193 GeV

12F T 1 T 1 - oF ' =
N U+U 193 GeV D°, lyl < 1 - : % £ 40-80% (b) -
D | _ 1.5 -
§ I @{f@%\ * 0-80% | 1=+ < $ ------- [g; -------------- I E
o) [ g %, ® 0-10% [x20] ] 0 5E_§j $ § §-
5 I '\ > m 10-40% [x5] | “E STAR preliminary E
— - ﬁ@* s S 4 40-80% [/2] ' 2; : ? N
N Ty R S | : 10-40% (c) 3
e I ¢ B m 1 S156 =
Q_l_ \‘ @\ S S m{ . E E
s S (i 1 P
s * e ¥ ~ @) e I'E:[ 'y L
Q 107 N » S s, = 0.5t 3
& \:0:\ %;\ “ ) \I :I - 2 ; T T ; ¥ =
a>_) __ \0 e R * e 2_ =
=z arXiv:1404.6185 - ~ & 15f 0-10% (d) 3
\2'/ [ O p+p D’+D* [x2] b’ - - . 2 § ]
Lo R ]
o 107 SREEH e A H00 e S (@) 15 -7 % STAR PRL108, 072302 (;)1!)-5
© - = = p+p Levy scaled by (Nbin) for Au+Au 200GeV 7 0.5F 9 + ¢ 0-12% == 3
i p+p Leyy scaled by (I}lhm) for U+U 193GeV — :. = ) : ) ) ] ;i ]
0 2 4 6 8 s & : e 8
p, [GeV/c] p; [GeV/c]
Phys. Rev. Lett. 113, 142301 (2014) Au+Au Collisions
DO

A U+U collisions can reach 20% more energy density. optate
. . . . . U+U Collisions
A Similar suppression pattern in U+U collisions. — —

23
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DO spectra in Au+Au vs. U+U collisions

AA)

Nuclear Modification Factor (R

A Similar suppression of charm mesons and pions.
A Increasing suppression with N

STAR Preliminary
M U+U193GeV  D':lyl<1, 3<p <5 GeV/c
2 ® Au+Au 200 GeV D°: lyl<t, 3<p,<8 GeV/c, arXiv:1404.6185 (submitted to PRL)
Au+Au 200 GeV 7*: lyl<0.5, pT>6 GeV/c, PLB655, 104 (2007)
1.5
u 0-80% Koim.
. T RS =
o3
0.5 I E i ) ';'
J
. 40-|80% | | 1 O-40|% | Q-1 0% |
0 100 200 300 400

Number of participants (Npart>

part.
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Ed*aidpiimb Gevie?)

Data/FOMLL

NPE UU193GeV

101

10! .
. — % — U+U, centrality 0-5% (ToF+ZDC
o STAR Preliminary —— Runt2 MinBlas 101 Yo% { )
B, p+p@/S=200 GeV —— Runi2 BEMC - F= AurAu, centrality 0-5%
1-5: %%};\. —— Run05+Run0g"’ - . i%?““ Preliminary — — I_V?tev; large Croni_n
10° '§E-s,;&;T — FONLL™® o mmim [.Vitev; small Cronin
107 R -
. S nl<0.7 .
" M% ) - # # I syst. uncertainty from N;:
10" ) < # H [ syst. uncertainty from N’si‘:‘“

[1] STAR, PRD 83 (2011) 52006

1_
| [2] R.E. Nelson et al. PRC 87 (2013)014908 - + +
: SR
1 ~ _“‘t% ----- j_ —_ —_———
'1 | | | 1 | | | | | 1 | | | | | | | | | | |
107 2 3 4
p. (GeV/ce)

- Improved reference from Runl2 data
- For 0-5% Au+Au 200 GeV and U+U 193 GeV no difference observed



Non-photonic electrons in 200 GeV Au+Au

PHENIX: PRL 109 242301

S [ nefRy, 17" Rya
CE.‘ 2- BeRy, 9 7% Raa
< T
Y 1.5 !
0.5:_ g @ B g I a
- S MIIE v v Oliw
I T T S R T
P, [GeVic]
Au+Au 200 GeV (min.bias) d+Au 200 GeV
1.0<p;<5GeVic: Rys(eyr) > Raa(P®)  1.0<p;r<5GeVic:Rps(epr) > Raa(P?)
pr >5GeVic: Raa(eyr) ~ Raa(p?) Pr >5 GeV/c : Raa(enr) ~ Raa(P®)

At high-psuppression similar to pions At high-p: suppression similar to pions

Heavy flavor are suppressed due to final state effects in hot and
dense nuclear medium in Au+Au 200 GeV.
No difference vs, pions observed.




Heavy Flavor Electrons
R@A and v,

High-pt 1.6
A Significant suppression §
A Similar suppression of light -

hadrons and EHF (c+b): !

what about c-e and b-e? g
c 038
0.6
0.4
0.2
Low-p+ 1
A Little suppression o

A EHF less suppressed
than light hadrons. 0.15
A Significant v,, but less than
light hadrons. > 0

0.05

Au+Au at\'s,, = 200 GeV

d
( ) B  r°R,,: 0-10% central (PHENIX)
gp m* Ry, 0-12% central (STAR)

® e R: 0-10% central (PHENIX)
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Non-photonic electrons in Cu+Cu 200GeV

PHENIX: Phys.Rev. C90 (2014) 034903

2_ L e ]
L A d'l'AU 0 20% 4
m = Cu+Cu 0-10% B
N e AutAu 0-10% _
1 '5: ““li ;; } :
< L[4 uy |
02( 1‘ i ‘I[. i u B { [ I
1 - 4 ¥ ;]
0.5 ongid It -
: ¢ i
B Global error: +£9.9% t * i
1 | 1 1 1 | 1 1 1 | l 1 1 | 1 1 1
Y 24 6 s

pT[GeV/c]

A Clear enhancement in
Cold nuclear matter effects

A Large suppression in
Hot Medium effects

system intermediate
R, between that in d + Au and
Au + Au
Interplay between CNM and
Hot Medium effects.



Nuclear modification for similar <N

PHENIX: Phys.Rev. C90 (2014) 034903

R B B B P B | LN S
I Global error: +9.9%. Global error: +9.9% |
i (a) | i % (b) |
H } } | = } H—
05__ } | " i
- “Rasuoz0n Npan15.4 1 *Raavsoerre Npan=7.0
[ ™Reucus0-60% Npan=21-2 T "Reucu.s0-84% Nparn=6-4 i
1 11 | 111 | 1 11 | 1 11 ‘ 1 11 [ | 1 1| | 1 11 ‘ 1 1 | L 11
0 2 4 6 8 2 4 6 8 10
pT[GeV/c] pT[GeV/c]
Npar>=15Ind+AU <N > =7 in d+Au
Npar> = 20N CU+CU - <N > = 6 in Cu+Cu

part>

2 T | T T | | T T 7T | 1T T T | 1T | T | T T | T
i *Rauvauz040% Npar=140.47 *Rauaud0-60% Npar=59.95 7
: "Reucuo-10% Npar=98.2 i "Reucuo20% Nparr=85.9 ]
1.50 u. T4 ]
< ;s ] _
o TR T |
i ; iﬁ ? y ]
¥ %, B
0.5} (a) t % ] ¢ 1! (b) - 2
| | Globalerror: +9.9% 1 | Globalerror: +9.9% L
0 c v b b b b e b b b e B
0 2 4 6 8 2 4 6 8 10
pT[GeV/c] pT[G eV/c]
<Npa> =100 in Cu+Cu <N, ,> = 86 in Cu+Cu
<N_.+> = 140 in Au+Au <Ny = 60 in Au+AU

part

Similar enhancement and suppression are seen for the
different system at similar <N, >

jaroslav.bielcik@fjfi.cvut.cz
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dependence of R,,

part
PHENIX: Phys.Rev. C90 (2014) 034903
2_ L L | ' L LI | i
L ‘d+A -
§ i -Cu+(L'.I:u ]
$ 1.5F o r cAutAu -
- [ ¥ z i
A ol ]
¢ T+ ¥ F 1 0=
A | : ]
o 0.5F :
\' - (a) Global error: +9.9%
10\ 107
part

Increase of enhancement

CNM effects Onset of suppression

Hot matter effects take over

Enhancement and suppression effects depend on system size
jaroslav.bielcik@fjfi.cvut.cz
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RCuCu

Cu+Cu 200 GeV

e*’- midrapidity vs. m for forward rapidity

1.5

O
o

PHENIX: Phys.Rev. C90 (2014) 034903 More suppression in m yield

= 0-10% e |y|<0.35

e 0-20% u-1.4<|y|<1.9 shadowing and initial state

energy loss

i A Additional CNM effects like

H*% ol

|
1 T* e N N jfjj\i

—— - ——
L]

Theoretical calculation

R.Sharma et al. Phys.Rev. C 80 (2009)
054902

A partonic energy loss
A suppression due to

- "

J
I||'
|
|

5

Global error: + 9.9%

P

"1 2 3 4 5 6

fragmentation and dissociation
p_[GeV/c] of heavy-flavor hadrons

! A shadowing effect

A Cronin effect

-.q

No theoretical calculation to explain both data

31
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Non-photonic electrons Au+Au 62.4 GeV

3 5 [T T T T T T T T T T T
< | - DalaprCD Aushu @ ‘j_ 62.4 GeV .
< B C ® Min-Bias ]

12 y: ]
- - pQCD: Maciula-Szczurek kt—fact. with Jung CCFM UGDF .
2 3 - PRD 87 (2013) 9, 094022 E
i - *
i 2 * =
(R | 11! el R MIELI : z
B - 1+ * : % a
Au+Au,\s,, =62 Ge\EEEme__| | - . .

L AUTAU, \S\y NV e o STAR preliminary E
- 0-20% Most Central | - -
% 1 2 _1|:I 11 | | | | | | L1 1 1 | | | 11 1 | | | I |- I:|
2 25 3 3.5 4 4.5 5 .5 (]

p.(GeV/c)

No suppression of NPE observed

in 62.4 GeV Au+Au collisions.

Cold nuclear matter effects are not known.
Note: pQCD-scaled p+p reference

Vitev model can describes 200 GeV
suppression but it underpredicts
62.4 GeV data.
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R, heavy flavor vs. pions

PHENIX: PRL 109 242301

+
- #eRya
- -
2 Be Ry,

0

il RdA
0

T RAA

ml@ MIIE O w DD
IIIIIIIIII\IIII

Au+Au 62 GeV

There is enhancement at Au+Au 62 GeV

What is the source of this difference?

7 8

P, [GeVI/c]

Due to less energy loss? larger

Cronin effects?

Initial state effects might be different.

PHENIX: PRC 91 044907
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Non-photonic electrons Au+Au 39, 62.4 GeV

c—e Glauber (by S.Cao)
—— b—e Glauber (by S.Cao)

C ' AuAu at 62.4Gey | —— mix Glauber (by S.Cao)
0.5 occentralitv<aoss c—e KLN (by S.Cao) |0.5
- entrality<40% b—e KLN (by S.Cao)
gqf 2By mix KLN (by S.Ca0) | ,
“*L vheavy flavor * v, o
0.3 —0.3
> 0.2f =
0.1F —
(] 0
- | | | P |:
0% 1 2 3 4 501
P, [GeVic]
g O.2_I LI LI LI T I LI I LI I LI L] I LI L] I LI I LI I_
— : §804(ie\</ arXiv:1405.6348 (b) 3
> — e Submitted to PLB 3
0.15: o 30GeV (Submitted to ) ]
0.1 ]
: : L N L
0.05F N Coom * -
OF !._. !+ i; ‘ .
-0.05F - 3
s 0 60% Centrahty

_0 11 I L1 1 I L1 1 I L1 1 I L L L
]U 0.2 04 0.6 0.8 1 12 14 16 1.8 2
P [GeV/c]

Anisotropy (V)

A Charm has a positive v, in
62 GeV Au + Au p> 1GeV.

, A Collective motion of charm itself?

A Collective motion of charmed hadrons
through recombination with flowing light
partons?

A NPE in 39 and 62.4 GeV Au+Au
collisions consistent with no flow.

A Statistically different from 200 GeV for
pr <1 GeVlc.



; AN
c/b separation by secondary vertex

T VTX (2011):
- Midrapidity: |h | <1.2
- AuAu 200 GeV:

~6 0 mOCA,

' - . . resolution
4 % Life time ¢t)
N w 3 D°: 123mm
VTX detector BO: 464mm

vertex plane

1 FVTX (2012):

- Forward rapidity - 1.2 < |h| < 2.2

- Improved muon momentum
resolution & precise
tracking

- FVTX detector
BROOKHFEVEN
TAKEN FROM RACHID NOUICER SQM 2016 TALK 35



What NEW on Open Heavy Flavor? ‘

First Results from PHENIX VTX: b/c separation

DCA; Distributions: Backgrounds
1.50 <p_<2.00

Conversions:
Monte Carlo shape
With Measured Pi0 yield
~75% rejected

—— Data

High-Multiplicity Bkg. 10°
Data driven shape
Tracks with large DCA,

== == Random

-------- Hadron Contamination

||||||||||||||| Dalitz

10°

"""" Conversion

Mis-identified hadrons:
Data driven shape = 10°
RICH Swap Method :

Ke3.
Monte Carlo shape
With measured yield

10
Dalitz:
Monte Carlo shape Monte Carlo shape
With measured yield L With measured yield
= = B i ‘."
10—1 e (eleeeleeleeJe!leeeleeleeeleeleeir;%:_l_l_l_l_l_:.%eeleelecelceleeeleeleeJe!leeeleeleeeletll
-0.15 -0.1 -0.05 0 0.05 0.1 0.15
c*DCA2d(cm)

PHENIC: PRC 93, 034904 (2016)

BROOKHEVEN
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First Results from PHENIX VTX: b/c separation
DCA; Distributions: b/c separation

PHENIX: PRC 93, 034904 (2016)

b Y e

c Y e
Total

Data
Backgrounds
BROOKHAVEN

NATIONAL LABORATORY

10"E

 (a)

aaaaaa

1.5-2.0 GeVic
b/(b+c)=0.143 1
a Au+Au MB i
T \/ SNN =200 Gev_g

..........

C->€:
Monte Carlo shape
Normalization
from unfolding

b->e:
Monte Carlo shape
Normalization from
unfolding

15-0.10 -0.05 0.00 0.05 0.10 0.15

DCA; [cm]

TAKEN FROM RACHID NOUICER SQM 2016 TALK

The charm and bottom
yield predicted by the
unfolding is consistent
with electron measured
DCA; distributions.
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First Results from PHENIX VTX: b/c separation
Invariant yield compared to previous published results

PHENIX: PRC 93, 034904 (2016)

10_2 — c—e+b—e
=== cCce 1
a3 m e b—s+g 1 i . .
10 8 Phys. Rev.C 84, 044005 @011)[] | The unfolding results are consistent

' with the previous published inclusive

_4 ' . . .
100 . heavy flavor electron invariant yields.
S 10°F Ty
O
2 10°
z® 7
eig 10 5 25
=& 10 © 20

o x 1.5 m
10° ! lyl<0.35 P mmﬁﬂi—g—ﬂ ————— .
10 | AUrAU MB /5y =200 GeV = g-g- - e
' PHENIX 2011 5 Y1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9 pT [GeVic]

pT [GeVic]

BROOKHEVEN
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What NEW on Open Heavy Flavor?  [N5

First Results from PHENIX VTX: b/c separation

Invariant yield:

__________________________________________________________________________

PHENIX unfolded D° P Spectra agrees | PHENIX: PRC 93, 034904 (2016)
L - . | i T X o0 ' '
. within uncertainties with measurements o f PRERIXDMB
| . 107 ¢ * STARD" 0-80% x 278
| from STAR i 1 - —- Lewy fit x modified blast wave
e .—. 10 FPrem ;
T T T T T T = i ‘ﬁl
2.5/ { T 107} Re
E 2.0 o ® ® % i ‘El.'
_FE 1.5‘ @ ‘Iﬁ‘ e E_D__,_... 10_3 \\\0
e h
a 1_0-@)-.&1&'3}- @~ -k - =z ‘e
Q5Le ] ls 10 “'-'-"
0.0 ' ~|g : .
0 1 2 3 4 5 6 7 ™ 1051 2.
pr [GeV/(] y|<1 Fe e
10° | Au+Au at /55y =200 GeV E
0O 1 2 3 4 5 6 1
pr [GeV/c]
BROOKHFAVEN
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What NEW on Open Heavy Flavor?

AN

First Results from PHENIX VTX: b/c separation

PHENIX: PRC 93, 034904 (2016) | BOttom and Charm .RAA

1.6}

FONLL
== Unfold Result
f STARe-h correlationinp+p
* STARe-D correlatoninp+p [~ """ """ """~ 7~~~
¢ PHENIX e-h correlation in p +p

—
I

—
=

b—e/(b—e+c—e)
o o
o o

O
~

|y[<0.35

o
N

PHENIX 2011

Au+Au MB /sy =200 GeV |
0.2}

o
o

pT [GeVic]

c—e _ (1- FAuAu!R

AA T (1—Fpp)

b—e — Fauau
RyZ* = “p2Ry5,

. We see that around p; < 4 GeV the electrons from
bottom experience much less suppression than !
. electrons from charm. ;

1 2 3 4 5 6 17 8 9

PHENIX: PRC 93, 034904 (2016)

1.4

1.2

0.8}

0.6}

0.4r

Au+Au MB /s, =200 GeV
PHENIX Run 4 + Run 11

(c+b) e E
Phys, Rev, C 84, 044905 (2011)

i1

b—e

Au+Au from Unfold
p +p from e-h correlations
Phys,Rev Lett, 105 {2010)

1

5 6 7 8
pT [GeVic]

Stay Tuned:

12014 data set x10 better statistics than 2011
- Decrease uncertainties
- Increase p; reach
- Centrality separation

9 Good 2015 p+p and p+Au data sets

BTG LA AR ORATORY TAKEN FROM RACHID NOUICER SQM 2016 TALK




What NEW on Open Heavy Flavor?  [N5

First Results from the PHENIX FVTX: B - J/y
Nuclear Modification factor Cu+Au at 200 GeV: R, (B->J/i )

~ fThe BY J/- fraction

- measured in theCu+Au
collisions at PHENIX is muc
larger than the LHC results |

1 Assuming the fraction
is 0.1in 200 GeV p+p |
- collisions, the R, defined
~ as is less suppressed '

PHENIX and LHg,Rollow
the same trend

%

- non-prompt

A

CuAu
B—=Jly _ B—J/ly inc.J Iy
Culdu CuAu
o _
1.2
B B PHENIX Cu-going |/s,,=200 GeV 1.2<y<2.2
1 ® PHENIX Au-going |/s,,=200 GeV -2.2<y<-1.3
B e M O ALICE Pb+Pb |s,,=2.76 TeV |y|<0.8
0.8 {. A CMSPb+Pb |5.,=2.76 TeV |y|<2.4
QL
ok PH. ENIX
s I preliminary
0.4 %ﬂ
0.2
oL | Ll | | T B
0 2 4 6 8 10 12

J/p o [GeV/c]
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Summary

A Recent charm production measurement in p+p at 200 and 500 GeV in extented
p; range. The pQCD calculations are consistent with data.

A Large suppression of heavy quark production at high-p; in D° and
non-photonic electrons measurements in 200 GeV central Au+Au and U+U collisions.
Similar to light quarks. Dead cone effect?
Comparison to models |

A d+Au, Cu+Cu, Au+Au 200 GeV
Similar enhancement and suppression for the different system at similar <Npart>

A Au+Au 62 GeV , need for better reference
Importance of CNM effects at low energies.

A Finite v, of non-photonic electrons at 200 GeV

Consistent with zero at lower energies p;<1GeV/c, nonzero for p:>1GeV/c.
Charm flow?

A Significant improvement of heavy flavor measurements with STAR HFT
A and PHENIX VTX. 42
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Single Pion Efficiency (a.u.)

0.5~

A HFT (~200es)A HF T +

HFT+ simulation

Efficiency: fast vs. slow HFT

T TET (4
i lisug : st

HFT (1)

HFETY 200 )

Au+Au 200 GeV @ 2020
ZDCx = 100 kHz

:2 2.0 3
P, (GeV/c)

EP4 0

Nuclear Modification Factor R,, (0-10%)

HFT+ flagship measurements

NS o | RHIC 200 GeV @ 2021+
/ ool w/ STAR HFT+
10 nb™' Au+Au
60 pb™' p+p
0.2} (a)
1 i -
N Bk ] - brjets
>
%21 ()

I I I I I 1 I
0 2 4 6 8 10 12 14

Transverse Momentum P, (GeV/c)

R, for J/y and DO from B, and b-jets

The planned HFT+ program (2021-2022) is complementary to SPHENIX
at RHIC and ALICE HF program at LHC
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Future HFT+ Upgrade plan (2021-2022)

HFT+ upgrade motivation:
A Measure bottom quark hadrons at the RHIC energy
A Take data in higher luminosity with high efficiency

HFT+ detector requirements:

A Faster frame readout of 40 ns or Ieg;s
o t noint ut
A Similar or bette pomtlng/rl\lesrgtzjc;uon ALICE ITS Upgrade

Total power consumption MAPS sensor

Radiation length

A Compatible with the existing insertion mechanism, STAR HFT
support structure, air cooling system — mechanics and
services

HFT+ read-out electronics requirements:

A Compatible with STAR DAQ system and trigger STAR + ALICE
new development
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STAR Heavy Flavor Il (2021-2022)

—

RHIC 200 GeV @ 2021+

HFT"(10us)

HF T+ with Faster MAPS sensors

» integration time from ~185 ys to
below 40 s — less pile-up hits
and thus better tracking efficiency

« use chips developed for ALICE
ITS upgrade and existing HFT
infrastructure — cost effective Projected R,,(0-10%) stat. uncertainty

- experienced team worked on HFT for RHIC pp and AuAu running in 2021-22

Precise bottom measurements with the HF T+ to complete the heavy flavor physics
at RHIC. Complementary to ALICE HF and sPHENIX Jet and Upsilon programs.

S
L
>.. —_—
e L &2 w/ STAR HFT+
O
= / " HFT00us) | T 50 b A
1] / 9 n u+AU
50%
15 g 60 pb™ p+p
o 05 «f
o S 02
8 g @
75} Aut+Au 200 GeV @ 2020 | P
ZDCx = 100 kH c
X z .9
0 i ] ‘(-6
0 0.5 1 1.5 2 25 3 g
p_(GeVic) 7
o)
=
.
©
o
O
]
=

' | L
0 2 4 6 8 10 12 14 10 20 30 40

Transverse Momentum P, (GeV/c)
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D

d*N/(dy" dy®dAg) (rad™)
=9

Electron Muon Correlaﬂon@dAuZOOGeV

>,<10 , , 0 7><10 — | .
80— p+p\.9_200 Gev. ) p_|_ p_ g 06k 7P T:-05GeWc m|<05 \sNN_ c-o ev -
e POWHEG 1 = TUF wtip>1 GeVie, 1.4<n<2.1 Ui
B PYTHIA ‘ = = I E
0 [ s PYTHIA (NO LO) | " —_ % 0-55 o <Ny >-scaled p+p . E
- MC@NLO 1 %" 0.4 = d+Au % | Lo
- . = » ) | .
o NG £ 03[ . a I '
I N 0 = 5 e
0.1f ' @ 3|
Of--------=-fp--- #ff---- - oo - : il
' ' ' O A I || o
0 2 4 0 2 4
A(I) (rad) A¢' (rad)

A pQCD-based models agree with the data in p+p collisions
A Clear suppression of e-mu correlation in d+Au collisions
I CNM effects from heavy nuclei

—fwd-mid .- =

3
< 14

o N
(14 12] 5 =2 eV
.

o.4é Error sets 2:31 46
" R, from EPS09 ¥
rom EPSOY  © Phys. Rev. C. 89, 034915 (2014)
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0
10° 102 10 .
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Models backward@dAu

1.8

RdA

A. Sickles

1.6

1.4

1.2

4

0.8

0.6

04~ — Blast Wave calculation

|[III]II|[II|III,IIIIIIIIII![IIIIII]

0.2

T

2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

e electrons, 0-20% PRL 109 242301 (2012) H

IIII|IIIIIIIIIIIIllllllllllIIIIIIIllIIlIIlII

|[II|III|[IIIIIIIIII[IIIIIII[III'II]

oO

1 2 3 4 5 6 7 8
P, (GeV/c)
Phys. Lett. B731 (2014) 51

A Radial flow also qualitatively
reproduce the enhancement

oLl

s 2.5
< - !
oL !
] PHENIX -2.0<y<-14
2 |- % High-twist
{K . [ EPS09
15} 0| | ™ | .
1Tl (TN . Vitev et al
L v o ’M.\h-—- R - o
| F— e — —
0.5 |-
Heavy-flavor muons in d+Au min. bias, Vs=200 GeV
O‘II‘IIVI’IVI‘IIIIIII\]I‘!lll'v‘llll'lll

0 | 2 3 4 5 6 7 8 9 10
Pr (GeV)

Phys. Lett. B740 (2015) 25

A pQCD calculation considering
Incoherent multiple scattering
reproduce the enhancement at
backward rapidity



RCP

2.0

1.0

0.2

0.1
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>

Heavy flavor with HFT 2014- 2016

i 200 GeV Au+Au CoII|S|0ns at RHIC ]
_______;;lg_r‘_"_ﬁi ----------------------------
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200 GeV Au+Au Collisions
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Ralf Rapp @ SaporeGravis workshop 2014

3.0 T T T i T L 1 '

- - Cronin only ]

o5k = = =w/o Cronin, w/o RRM]

Dr -=-w/o Cronin, w/ RRM
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20 e W/ Cronin, w/ RRM

s15¢ e S s b
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E ~ ; '°"-—0'-—-'—.-.~,-0> ----------

05 e e
0o - AutAu, 62 AGeV, 20-40% |
0 1 2 3 4 5

Aimportance of flow + Cronin effect o.s

P, (GeV)

at lower energies

[« 9

%]
o

jaroslav.bielcik@

electrons, 0-20%/40-60%

T Au+tAu, 62 AGeV

electrons, 20-40%

Au+Au, 62.4 AGeV ]
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Non-photonic electrons azimuthal anisotropy

STAR arXiv:1405.6348

>L‘\]O. 18_| T 1] Il_[ L l| rrrr|yrrrryrrrrrrrr|rrrr|rrrr] 2 T r T T T T T T T T T T

~ = Heetal. 3 B -
0.16F _ . gamps e 200 GeV, 0-60% centrality = L STAR Au+Au 200 GeV, 0-10% .
- 3 L reliminary DGLV Rad. ng/dy =1000 -
0.14F BAMPS heavy quark . . P DGLV Rad+EL i
e Gossi tal 3 1.5 Min He et al. —
0.12E ossiaux et al. = . BAMPS 4
[~ 3 B M Collisonal dissociation. 1
0.1 J B ¢ Ads/CFT D=3 ]

- . :E 1' o =i = Gossiaux et al.

0.08F 4

0.06F . ]
0.04F = .
0.02F -
o S ]

Anisotropy (v,)
A Substantial elliptic flow of NPE is seen in 200 GeV Au+Au collisions.

A Models with strong charm medium coupling are consistent with the data
within the current uncertainties.

A ités challenging for models to descr i



Heavy Flavor Tracker

ner Field Cage
Ce7aE Ny

jaroslav.bielcik@fjfi.cvut.cz

- Radius| Hit Resolution | Radiation

(cm) Rfj -Z (mm-nm) length

SSD 22 20 /740 1% X,
IST 14 170/ 1800 <1.5% X,
8 12 /12 ~0.4% X,

PIXEL
2.5 12/12 ~0.4% X,
51



NPE flow in Au+Au 200 GeV

SO BE PN Vel T T
- lv,,}Z! min-bias 200 GeV | (a)
0.2+ev,{4} min-bias

- «v,{2} High-Tower

- vev,{EP]}
0.15=non-flow (p+p data)

[l e |
| |

0.1F

0.05F
{ : 0-60% centrality
)
-IlllllllllllIIIIIIIIIIIIIIIIJ.J.J.J.J.IIIIII-
o 1 2 3 4 5 6 7 8

P, [GeV/c]
arXiv:1405.6348

A Finite v2 at low and intermediate pT
A Increase of v2 at high pT likely due to jet-like correlation
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Heavy Flavor Comparison with J/y |
d-Going Mid-Rapidity Au-Going
3 C
n:isf_pmm 0-20% centrality ; # HF e*, lyl<0.35 0-20% centrality
~E [m |HFu, 1.4<y<2.0 " 2r IJ/lp, |y|<0.35 [o |HFp, 20<y<-14
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ﬁ Similar suppression at forward rapidity

Low co-mover density
Same suppression mechanism

A Different behavior at mid and backward rapidity

Different suppression mechanism

\A Larger nuclear break-up effects at higher-density region

="~ co-movers
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J /:¥Phys. Rev. C. 87, 034904 (2013)



RdAu V.S. |\Icoll

PRI 112, 252301 (2014)

2" ¢ e, |y| <0.35 (Phys. Rev. Lett. 109, 242301)
e U,-20<y<-14 -
m U,14<y<20 ®

RdA

1.5

0.5 Global sys. =+10.1 % 0
(@) 1.0 < p [GeV/c] <3.0° 52 PYTHIA + EPS09s LO, Doy |

- PYTHIA + EPS09s LO, D—)p
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< coII>

A Peripheral Rjp,F ™

A Central Mid/Backward R;, >1
Forward-y Rya<1

A Difference Back/Forward beyond EPS09s nPDF
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B— J/y prompt J/y separation through DCAR

AU- gomg DCAQ Distributions for clarlty are shown BG subtracted Cu- gomg

‘Tg 100 -2.2<y<-1.2 e Daia-BG §103:— 12<y<22
S F  Au-going = F  Cu-going
” i agess. 00 ¥ K= prompt J/w <C£ C
B O - e o
3 [ PH ENKX By S [ pHYENIX
D el preliminary [ Total signal z preliminary
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C gp” 4BF @
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3 02 -0.1 0 0.1 0.3 -0.3 -0.2 -0.1 0
muon DCA,, [cm] muon DCA_, [cm]

-------------------------------------------------------------------------------------------------------------------------------------------

' | Prompt J/' and B-> J/! DCAg template i  The sum of the DCAg contributions

' shapes, determined using MC S|mulat|ons i agrees well with the data as shown in
. were used in the fit. the bottom panel.
BROOKHAVEN
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What NEW on Open Heavy Flavor?

------------------------------------------------------------------------------------------------------------------------------------- / AN
First Results from the PHENIX FVTX: B-meson A J/' in Cu+Au 200 GeV |

B->J/' fraction

PHENIX: Au+Cu at 200 GeV

' N Was determined

for both the gold and
. copper going directions.
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