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Motivations

1 One of the most important probes for sSQGP
= Heavy quark involve more abundant E-loss mechanisms.
— gluon radiation, collisional energy loss, collisional disassociation, etc
= Allow further understanding of the medium properties.
= Cold Nuclear effects
— Gluon shadowing , Color glass condensate, etc
= Sensitive to the gluon nPDF distribution.
— produced mostly from gluon fusion

A good reference to quarkonia production

= Similar initial state effect.

— CGC, Shadowing, initial state energy loss, etc.
= Large cross section (compared to J/vy).

— Accurate reference measurements.

dA“ ” being fully explored.



How to study Heavy Quarks
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S * Direct reco. of HF
hadrons

Decay daughters from \ « One of the Key probes
HF Hadrons, e.g. at LHC and at RHIC
HF->e

after svtx upgrade
« Better Proxy of heavy
guarks

A Key probe at RHIC

Mixture of different

sources.

Proxy of heavy

guarks

Full heavy quark jet

reconstruction

» Measurement only from LHC

* From RHIC in near future

« Directly accessing heavy quark
dynamics.



How are Heavy Quarks Studied at RHIC

SSD at r=22cm

\ PIXEL at r=2.5cm and r=8cm

HETE-

|
Emmep Ill"l.l?g

IST at r=14cm

O Full reconstruction of HF hadrons U Decay daughters from HF hadrons

< More direct access to the heavy quark « Indirect access to the heavy quark

kinematics,

Kinematics
< hard to trigger. ¢ can be triggered easily.
. * ldeal for higher p; measurements
 Limit the p;reach of the measurements . : .
¢ High(er) branching ratio
+*» small(er) Branching Ratio: « BY/B* S et 4+ X: BR:~10%
« D> Kt BR: ~4.0% « B-oJ/Yy+X: BR: ~1%
« Df >K*'Kmn*: BR:~2.3% « DY—>et +X: BR: ~7%
+ B* > K*+]/: BR:~6x 1075 * DToet+X: BR:~17%
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Charm Fragmentation Fraction

Charm Fragmentation Fractions at HERA
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H1 ZEUS (prel)

O ~55% =» D (ct = 122.9 um):
Q ~10% =» DY (ct =149.9 um):
Q0 ~23% =» D* (ct = 311.8 um):
Q ~10% =>» A{ (ct =59.9 um):
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E. Groom et al. [Particle Data Group Collaboration], Eur.
Phys. J. C 15 (2000) 1.
http://www.desy.de/~ameyer/hg/node38.html
D° - K m* BR: 4.0%
D> w* + (¢ 2)KTK~  BR:2.3%
Dt »> K ntm~ BR: 9.4%
At->pTK—nt BR: 5.0% 5
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DO Signal in Au+Au at 200 GeV
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d Run2010 & 2011 w/o HFT.

 Total: ~800 M Min.Bias
events

« S/VS+ B (p~1-2 GeV/c):
~6.0

* S/vS+ B (p;~5-8 GeV/c):
3.8

O Run2014 w/ HFT.
 Total: ~1 B Min.Bias events

* S/vS+ B (p~1-2 GeV/c):
~22.3

* S/vS+ B (p~5-8 GeV/c):
14.4
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DP Signal in p+p Collisions
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0 FONLL provide a good description on HF production in pp collisions
 From 200 GeV - 13 TeV
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Nuclear Modification Factor (R

Enhancement of D° production at Intermediate p-
In Au+Au at 200 GeV
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d Enhancement at
Intermediate p

« Can be described by
models including
coalescence between
charm quark and light
quark

e Cold nuclear matter
effects may also
contribute



First Ds R,, Measurement in Au+Au at 200 GeV

4 o DS{Hun 14) [l Extrapolated error from p+p ref. [ e D (Au+Au, 10-40%)
i mm N uncertaint -

= DO(Run 10+11) Bin y 0.g|- Il PYTHIA
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P, (GeV/c)

501~ STAR Preliminary
o f aushu |5, =200Gev | Coalescence + Strangeness enhancement
é 40:_ RHIC Run 2014I eRAA (DS) > RAA (DO)
o 30/ e ey QO First Ds meson reconstruction at RHIC
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= : ! ++ H+ " # Cross section [Phys. Rev. D86, 72013 (2012)].
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Large Suppression of D° production at High p+ in
Au+Au at 200 GeV

n:§ 0.8
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O New result with HFT has improved precision.

25.8 pb™ (5.02 TeV pp) + 404 pub™' (5.02 TeV PbPb)

- CMS
V4L proliminary | | D°
1.2F —s— Charged hadrons
"E. Tas and lumi.
AR MOCEIIAINIY o
- Centrality 0-10% }
N lyl <1 . +
- ++
0.4 &= mn
0.2 LirIe
0:II Lol Lol 1
1 10 107
P, (GeV/c)

O Large suppression (5x) of D production at high p-
d R, (DO) = Rya(charged) for pr > 2 GeV/c within uncertainties

e at both RHIC and the LHC
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Significant D° v, Observed
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Q v, (D% is measured using EP and O NCQ scaling for light hadrons at RHIC
Correlation method. * Hint of v,/n, (D°) < v,/n,(hadrons)
Q v, (D% < v, (hardon) for specific p- bins. O Not a fair comparison
* N(DP o< Negi X Raa (D)
Centrality differential results are needed + N(hadron) o ()% X R (hadron)
for a better comparison
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Data/MC Comparison of D° Measurments

1.8

1.6
1.4

1.2

1.0F---

0.8F
0.6F

@ D° 2014

o D% 2010/11
— TAMU

p+p uncert.
I pp norm. uncert.
AuAu N, uncert.

Au+Au 200GeV, 0-10%

0.4F - ~
b ¢ i aurad

' F STAR Preliminary | | | | i
0% 1 2 3 4 5 6 7 8

Transverse Momentum P, (GeV/c)

O T-Matrix:

0.3 rer—r———

o D°

—— TAMU w/o c diff.

STAR Preliminary
T R |

[Tt e
- Au+Au 200GeV, 0-80%

0.25}
- —— TAMU w c diff.
0.2}

Non-flow est.

O_IIIIIIII|IIII.TIIII|IIII

1 > 3 4 5 5
Transverse Momentum P, (GeV/c)

 Full T-matrix treatment, non-perturbative model with internal
energy as heavy quark potential

 Spatial diffusion coefficient: 2nT x D = 3-11
 Data favor charm quark diffusion inside the medium.
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Data/MC Comparison of D° Measurments
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« A Linearized Boltzmann Transport Model

« Spatial diffusion coefficient: 2n'T x D = 7 from fitting to LHC results
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HF->e Production in p+p Collisions
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O FONLL can describe well the HF—>e production in p+p collisions

As for the directly reconstructed D and B meson.
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HF->e Production in d+Au Collisions

d+Au @ \sy,
(a) 0-20%

=200 GeV

—
o
I T 1T | T 1T | LI

151

I:‘dA

P [GeV/c]
O Significant enhancement in 0-20%

* |y|<0.35

. -2 O<y< 1 4 (Au gomg)

2.5

=== EPS09s LO, D—-»u
===+ EPS09s LO, D—u

arAu@ (s, 2006V & 2PV
150 | 5 (a)6088% -
1; ----- l:

ey
0.5 . -]
P, (GeV/c)
O R, ~ 1.0 in 60-88% for |y|<0.35

U Significant suppression in 0-20%
. 14<y<20(d going) 46




HF->e Enhancement at 62.4 GeV
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=

Radial flow and/or CNM enhancement compensate suppression at lower energy?
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Production of HF=>e in Au+Au Collisions
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high p; O (at least) partially responsible for the
O Rua (HF>e€) = Rua(7?) for pr > ~5 GeV/c difference.

- similar in the case of D production =~ U HF>e=D->e+B->e
O Rpa (HF>€) > RuA(°) for pr =1- 5 GeV/e * What about themassdependent RAoAB




B->e is significant in HF>e
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Disentangle B=>e from D-2>e in Au+Au

1.5-2.0 GeV/c |
b/(b+c)=0.143 3
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O Electrons from background

= Dalitz+convernsion+Jhy—>e +
Ke3 +hadron misPID + VTX hits

misAssocition.

d D->eand B>e fromD, B
spectra through an unfolding 20
procedure.




<
L)
V

(d@)

l

35<p; <4.0

T 37602

Sloieloie sloisisieinininiris

alalalalalslalelalalalalale

dpr’ dpr

v

Likelihood

¢,b hadron
yields 6:
de. de,

Variables:

Unfolding D and B hadron Spectra

1 dNeh/
Neve dpr

N
~
- N
e
o
< <
=9
~ [ o
> =
r\ St
o
< =
L ¢
i s
D
[
L

DCA for B, D decays depends on momentum
distribution which is not a priori known

From A. Dree: QM2015 PHENIX highlight
Input:

@,
S
>F
Q
N
Q

$
g
g

S

§
3

discontinuities
deviations from

(@) surpress

Probability for 6

given Xx:
p(6x)

N

e n |

N

NEOD

sinjeleje

g sjoiejole]e

Fqsfafeiojofe]e

s|elejele]ele]e

sjejojojejefefe]e

NOoooooooe

s in]a]e|e|e|ele]e]e]e

vm 4 M AIAI AR IR

- - NINININIS(0j0inininininie
m m s NIvinieloleloloiolelolelel @

~ = 00.oooococnsuntcnk
0e> 9>62 \jelelelelele]elele]|e]ele]s]e] o] o
sInjeolelelelelelelele]e]rls]s]e] o] o
III’........‘\\\‘\‘.‘
N A A A D I I LI
NINININISNIvlololololololvlriririvivioolol o
sinIn]s]s]sielelelelelele]lelsleleinle]le] o] o «
sinisis]slslelelelelelelelsleleleleiele]e] o] of «
g sininiaje]ojojeialalolefririslelolofeiofolo]e] of «
I".......‘\\\\\\.........‘
S AR AL L LI I I A LA I D LR
sjofolelelelelelelelel sl s|slslslelola]slalala]ele]e]e
Qiojojojojoioioioioioio i wivivieivinininininisivivieiniei =
oo 0iojvoiojoiviviojoinio nin|ninininioielojeinioiniee] e «
delsleiolo]elelelolele]elefelalala]alalaleleleleleloleleo]e] s «
ldrlololeio|o|o|ololo]o]|o]e|elolalalale]oalolole]o]e]lololalale] of «
= Noooooooo oo ccoopbpopoopibbbmnonee
v - o - o
Q o

P(x|0)n(6)
P(x)

21

e e

ISR N S W E ST

AR
ERCN
. l;

(o
R
o P
O
3 m 5
b

3
’ R ’
s
=z
ST
J.NH..J




10°

— — —
© o o
& o LN

(1/27py ) dN/dpy [(GeVic) ’]
S © o o o o
b & N & & &

Unfolding D and B hadron Spectra

LAU"’AU MB /syn =200 Ger‘ e Unfolded charm |7
_ .. PHENIX Run 4 + Run 11 { ¢ Unfolded bottom |1
[ L
o E
]
o -h..
]
[ 1 O.
[ L
[ ]
- o
®
o o
: K
o | ¢
(@) { () ‘ ¢
0 5 10 15 0 5 10 15

pT [GeVic]

P> [GeVi/c]

O DO p; spectra is obtained from PYTHIA

prediction on DO fraction.

A Unfolded DO spectra consistent with the

STAR measurements.

Data/fit

(@) [« PHENIXRun4 +Run 11 MB
10° «  STAR0-80% x 278
=== Levy fit x modified blast wave
107 Vg
] q..
107 q{
g
107
\\‘\
10% !
.\

5 -

10 "m\ .
DY |y|<1 .

10° | Au+Au at /5y =200 GeV ;

2.5| (b)

2.0 . .

1.5} o’ | . -

L gaaty 8ol

0.5}¢

0'00 1 2 3 4 5 6 7




Separate D=>e and B>e R,
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B->J/y in pp at 510 GeV

8 04 - B to J/y fraction in p+p (P) collisions
'§ 0 351_ — 1 — PHENIXp+p |8,,=510 GeV 1.2<lyl2.2
=L % CDF p+p (s, =1.96 TeV lyl<0.6
“—3% 0ak ALICE p+p (8, =7 TeV lyI<0.9 Q No large collisions
9 - A CMSp#p (8y,=7 TeV 1.6<lyk2.4 energy dependence for
0 o5 dl—— LHCb p+p|8y,=13 TeV 4.0<y<4 5 B->J/y fraction within
- uncertainties
0.2
0155 $ 0 One may assume
- o & * *U! i * ﬁh B->J/y fraction ~ O_.l
0.1 + ﬁ%, +I’+ for p; = 1-2 GeV/c in
- W pp at 200 GeV
005~ PH  ENIX
e RrEminary L
00 05 1 15 2 25 3 35 4 45 5

Inclusive J/y P, (GeVic)
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B— J/ fraction

B->J/y Ry, In Cu+Au at 200 GeV

0.7 < 12

= < B PHENIX Cu-going |$,=200 GeV 1.2<y<2.2
0.6 :_ — ® (Au-going) {5,,=200 GeV '2'2‘:)'{']‘20_93% Cent z | = ® PHENIX Au-going {5,200 GeV -2.2<y<-1.2

F PH ENIX O (Cugoing) {5,200 GeV 1.2<y<2.2 g - ® O ALICE Pb+Pb |5,,,=2.76 TeV |y|<0.8
0.5 - preliminary o aLice popb [Sex=2.76 TeV 0-50% Cent [y[<0.9 g 0.8 A CMSPb+Pb |5,,=2.76 TeV |y|<2.4

C A CMS Pb+Pby5,,=2.76 TeV 0-100% Cent |y|<2.4 ! - Q ~—
04F g I PH ENIX

C 0 CMS Pb+Pb 53=2.76 TeV 0-100% Cent L6<yi<24 & () 6| ke

- O preliminary
0.3 % .

- + 0.4 E{g
02F + ]l -
0.1 %ﬂ 0.2~

0 :J L1l l L1l J Ll 1 1 l L1l ] Ll 1 1 I 11 1 1 | Ll 1 1 I L1 1 J L1l I 11 1 1 0 B L 1 1 I L L L I L L 1 I L L L I 1 1 1 I L L L
0 1 2 3 4 5 6 7 8 9 10 0 2 4 6 8 10 12
I P, [GeV/c] Jp Py [GeV/c]
O Hint of larger B->J/y fraction in Cu+Au 58 B, ¢ 84, 04405 (2011)|
than p+p at 200 GeV 14 A = -
1.2l & ,_,\;' Au+Au from Unfold
“1l i p+p from e-h correlations

O Assuming B->J/y fraction =0.1 at 200
GeV

Phys.Rev.Lett, 105 (2010)

RB—V/‘/) FCuAu Rlnc- /Y g
CuAu FB—>]/1P CuAu !
CuAu ‘
O Consistent with the Iarge B>e Ry, at 02} AusAu M8y ~200 GoV

PHENIX Run 4 + Run 11 =l 26
pT [GeVic]

low p;




Expectations in the Near Future.

3

5¥I1I0I | TTTT I TTTT T TTT TTTT TTTT I TTTT | T TTT | T TTo 1.2 Run14 Au+Au proiecﬁon
- Runi4 1.0 < pT <120 ] : Charm with FVTX
- 57.3M 0-80% Events - @ 1 Beauty with FYTX
CG;; 4 — Runt4 Reproduction S/¥S+B=13 . Collisional Dissociation
= ” 20.0M 0-80% Events Counts = 1324 + 102 pp: 15 pb”, AuAu: 1.5 nb™, 121 < 1dem
2 [ Projected Runi4 S/{S+B =220 S/{S+B=33 § 0.8 Prescale 1/3 for p_<3 GeV
o 3+ Counts = 2387 + 82— Trig. Eff = 0.7 for p_>3 GeV
- i Scaled S/{S+B =56
8 PR 1 0.6
o 20 TR _ STAR Preliminary —
c L e 2 N i
§ i S . 0.4l ;
1le, = S
C ] 0.2
_I 11 | 1 111 | 1111 | 1111 | 1111 | 1 11 I-l 1 | I‘I-l-l‘l I—I.l‘l-l‘ll‘l.l
1.7 1.75 1.8 185 19 195 2 205 2.1
Invariant Mass m,_(GeV/c?) % 2 3 4 5 6
K P, (GeV)

O STAR: Runl4 (reproduction) + Run16 = 10 — 30 x Runl14 (presented)
O PHENIX: Runl4 + Runl6 ~ 30x Runl4 (presented)
O List of expected measurements from the near future:

* Precise Ry, 0f B>e, D>e, B=2>J/y

* Precise D° v, in different centrality bin and good v..

* First A in Au+Au collisions.
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Summary

O FONLL describe well the HF production in pp collisions from 62 GeV —
13 TeV.

O Large enhancement of HF->e observed in d+Au collision
* CNM or/and small system sQGP effect?

O Indication of enhancement of HF>e in 62.4 GeV/c Au+Au collisions.
 CNM or/and sQGP effect?

O Enhancement of D° production in intermediate p
« Coalescence

O Large suppression of D® and HF->e at high p+
» Consistent with light hadrons.

d Indication of higher B->e/B->J/ip R,, than that of D>e R,, at low p+.
» Mass ordering effect or/and p; spectra.

d Significant D° v, as well as HF>e v, are observed.
« More measurements in differential centrality bins.

Expecting New and Precision Measurements Soon! f
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Kinematical correlation between B-
decay daughters and B meson

i i i
0 5 10 15 2) 5 10 15 2) 5 10 15 2) 5 10 15 2C

p,(J/y) (GeV/c) pT(D) (GeV/c) pT(e) (GeV/c) pT(e) + pT(h) (GeV/c)
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Diffusion Coefficient

— 40 40
C%I | w Lattice QCD: Banerijee et al. I (q 1
X - O Lattice QCD: Ding et al. 0QCDLO . - ;JE
0O 30F T - 5 30
i =
- @
s arix F-P =
_ e 3
20+ B -20
5 <
L 3
10 g 140
0
0.5 LR VA STAR

Draliminary

DO v, and R,, can be described by models with values of 2nTxD between 2

and ~12

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

Differences between models need to be resolved

Guannan Hard Probes 2016, Wuhan, China
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p+p collisions at /s = 62 GeV
= 10320
& 10 =
o C
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@ =
O N
~ 10'34 = FIG. 13. (Color online) Invariant cross
E = section of heavy-flavor electrons in p+p
—_ - _ \‘ _ collisions at /8., = 62.4 GeV [38-40).
L a = t Basile et al. 1 1:\‘\“\\' The curve is a combined power-law fit (see
Tl o - m\-\\" Table III.
W 103 i Perez et al. t I~
= I Busser et al.
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Statistics uncertainty after 2 years of data taking.
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X+Jet

A RAIC Tody
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- PHENIX d+Au, ys = 200 GeV, anti-k,, A=0.3jet
N - 60-88% - 20-40%
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