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To understand the heavy quark energy loss in the QGP
To extract the emergent QGP transport parameters
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CD white paper - arXiv: 1502.02730/

Full momentum coverage, especially at low p-
- better sensitivity to the collisional energy loss
- better constraint to the diffusion coefficient parameter
- better constraint to the total charm yield

May 1-5, 2017

INT-17-1b Program, Seattle

X. Dong




~
A

\
rrerrrr ]

Experimental Methods

Indirect - through inclusive semi-leptonic/J/y channels

- easy to t_rig_ger f_ v,
- high statistics cr~123um ¥ ¢
oS

- background sources
- kinematic smearing due to decays

Direct - through exclusive hadronic channels
- full charmed hadron kinematics
- hard to trigger
- smaller branching ratios
- need precision vertex detector to reduce
combinatorial background

Hadron Abundance ct (um)
DO 56% 123
D* 24% 312
D, 10% 150
A, 10% 60
B* 40% 491
BO 40% 456

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong
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Creation of Heavy Quarks

Measurements with prior-HFT data
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- FONLL pQCD describes charm production in p+p from 200 GeV -13 TeV
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Heavy Quark Correlations in p+p Collisions
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« D*-h azimuthal correlation
- consistent with h-h correlation in the away side

- lower correlation yield in the near side — harder fragmentation for charm

- PYTHIA calculations describe the correlations well

* Proof-of-principle measurement of D-Dbar azimuthal correlations

May 1-5, 2017
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E Detector Setup

* Full azimuthal coverage
* In<1
HFT in 2014-2016

' Heavy Flavor Tracker

May 1-5, 2017 INT-17-1b Program, Seattle
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Heavy Flavor Tracker

Precision measurements of heavy flavor hadrons need a detector with:

« Ultimate position resolution and solid mechanical support *

* Thin detector material to allow precision measurement over a broad p region *

* Full azimuthal angle coverage at mid-rapidity
» Fast DAQ readout to be able to handle RHIC-II luminosity

« Sufficient radiation tolerance to be operated in RHIC collider environment
* Uniqueness of the STAR HFT

Radius Hit Resolution :
Detector (cm) R/ - Z (um - um) Thickness
Silicon Strip Detector 22 30 /860 1% X,
Intermediate Silicon Tracker| 14 170 /1800 1.3%X,
_ 8 12 /12 0.4%X,
PiXeL
2.9 12 /12 0.4%X, *

May 1-5, 2017

*0.5%X, in Runl4
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Key Instruments — Pixel Silicon Detector

,
ALICE ATLAS CMS LHCb | PHENIX | STAR
Sensor tech. Hybrid Hybrid Hybrid | Hybrid | Hybrid | MAPS
P'tcg Slze 50x425 50x400 | 100x150 | 200x200 | 50x425 | 20x20
(nm?)
Radius of first 3.9 51 4.4 N/A 2.5 2.8
layer (cm)
: ~10 0
Thickness of 19X, 196X, 1%X, 106X %X | o 4%X,

first layer

(MAPS - Monolithic Active Pixel Sensor)

Next generation MAPS planed for future experiments:

ALICE ITS upgrade, sPHENIX MVTX
- to address the QGP medium properties
Also for CBM, EIC detector R&D

STAR Pixel —first application of MAPS technology in collider experiments

May 1-5, 2017
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Pixel Detector Performance

Exclusive reconstruction of HF hadrons

—~ 250 in heavy-ion collisions
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BrRxELEY Lam
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*1.. Adamczyvk et al. (STAR),
PRLIIZ 142301
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Charm Hadron R,
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« Significant charm hadron suppression in central Au+Au collisions at p:>3 GeV/c

* Raa(D) ~ Raa(h) at pr > 3 GeVi/c
- suggesting significant charm quark energy loss

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong
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Charm Hadron v,
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STAR, arXiv:1701.06060, PRL in press

* Mass ordering at p; < 2 GeV/c (hydrodynamic behavior)
* v,(D) follows the (m+-m,) NCQ scaling as light hadrons below 1 GeV/c?

Evidence of charm quarks flowing the same with the

medium

- suggest charm quarks may have achieved thermalization

May 1-5, 2017

INT-17-1b Program, Seattle

X. Dong 13
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Charm Hadron v, Compared to Models

0
® STARD STAR Au+Au \sy, = 200 GeV

- --- SUBATECH
> - —— TAMU c-quark diff. 0-80%
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QL 02 Duke - 2nTD=7
) L LBT
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(O $ —~
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> 0.1 +, """ # $
o) | §
=
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p. (GeV/C)  sTaR, arxiv:1701.06060, PRL in press

« 3D viscous hydro model calculations describe the D° v, at p;< 3-4 GeV/c
- Indication of charm quark thermalization in the QGP

» Data precision good enough to constrain model calculations

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong 14
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R, and v, Compared to Models
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between models

on medium transport parameter

» Understand the trivial/non-trivial differences
* Precision data starts to provide constraints

- e.g. Bayesian analysis - Yingru Xu QM17

May 1-5, 2017

INT-17-1b Program, Seattle
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SUBATECH: M. Nahgrang et al, PRC 91, 014904 (2015)

- Significant D° v; at RHIC
» DO v, follows the same scaling as light hadrons

thermalization of charm quarks

-> consistent with significant charm flow, suggesting

May 1-5, 2017 INT-17-1b Program, Seattle

X. Dong
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Charm Hadronization
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Ko model : Y. Oh, et.al. PRC 79,044905 (2009)

H. Min et al. PRL 110,112301 (2013)
Greco model : S.Ghosh, et. al. PRD 90,054018 (2014)

Coalescence hadronization
Strangeness enhancement -> D, enhancement
Baryon enhancement -> A_ enhancement

20.. =D’ +D"+D} + A} +cc.

60.8% 24.0% 8.0% 6.2% M Lisowyi, et. al. EPJ C 76, 397 (2016)
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D, Enhancement

l***f

SHM

(] 1IIII|IIII|IIIIIIIIIIII|IIII|IIII|IIII
O B o
Au+Au @ 200 GeV,0-80% _Right-Sign 5‘” - - 0-10% Au+Au @ 200 GeV
2.5<p_<8.0 GeV/c ~-Wrong-Sign 0.8 —®-10-40% STAR Preliminary
D +RS-WS “|L —— ee/pp/ep average
s i I PYTHIA(ver. 6.4)
STAR Preliminary 0.6— Il TAMU(b=7.24fm)

AN

195 2 205 21

19
Invariant Mass M(K K*r) GeV/c?

185

TAMU: H. Min et al. PRL 110,112301 (2013)

A strong enhancement w.r.t PYTHIA and ee/pp/ep fragmentation ratio average

 D./DV ratio larger than the TAMU prediction
- D/DY for TAMU: Rpa(D)/RAn(D)|ramy * 0.187

« SHM predicts D/DP° ratio ~ 0.35-0.40 (central)

A. Andronic et al., PLB 571, 36 (2003)

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong 18
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Strangeness-to-nonstrangness Meson Ratios

o 1 T T | LI | L | L L | 1T 11 | T T | T T 1
% [ —e DD 0-10% Au+Au @ 200 GeV
o 0.8 - —@— D/D° 10-40% STAR Preliminary y
| - —0— Kd/m, 10-40% i
0.6|- g
i 0000 2l ¢ %> i
i <>o O%IH @ ¢ TP [ ]
0.4 _— <> _';_ oy t—_‘ —_
i | | | | | 1 Ll | | L1 Ll | | | L1 | | | | | | 1 L1 1 | | | | | | Ll | I_

00 1 2 3 4 5 6

7 8
P, [GeV/c]

Similar amplitude as light hadrons at 3.5-8 GeV/c, smaller at lower p;

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong 19
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A, Reconstruction in Heavy lon Collisions

A, —pK z* * pK* 1.98% * 66.7% = 1.32%
* A*K 1.09% * 100% = 1.09%

cr =60um
« A(1520) w* 2.2% * 22.5% = 0.495%

_ 0
B.R.=6.35% * Non-resonant 3.5%
1201~ Au+Au @ 200GeV I 3.0<p_<6.0 GEWCI
o - 10-60% - pK'j;“' + ﬁKt};'
© 00y . — wrong-sign
>
[ |
= 80
= #(Ao) = 108 + 21
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E 60 \l h‘!:“-.'!. v
c T
S i l'] | 4
O 40 ; llliq =
I i r.ﬂr gt fig!
lig: -
| STAR Preliminary + +
20 = AL u 1 | J. | B A L J. 1 il L L J. L L ] 1
2.1 2.2 2.3 2.4 2.5

M., (GeV/c?)
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A, Enhancement in Heavy lon Collisions

BerkeLey Las]
| L L N N L L | | LA IR N N L B | | L B LA B B N |
(73] GD +p_ ) (A+K) AutAu @ 200GeV (A +@
@) MES 1 ¢ 1
-t-|:ﬁ (’.TE++‘J'C.) 1 ZKg 1 STAR Preliminary (DB+ITJ) -
e 0-5% QQ”*Q. .- Ko:diquark |
O | 0-12% g% @ 4 ¢ ¢ 1 R 10-60%
N 1 ® oy QC’OQQ‘:’ 1 et AL 1
Q ® .. + $ : ]
§ ° L ° 1 Q ¢(:3 [:) 4) Ko: three-quark ~~
= 0% o % et -0 TV 4 % | ",
O ey
o) Oo Q & (:) 1 i 1 R
P ¢ 60-80% | * |
(© Q@
m s |l St Greco (A/D)
@
PYTHIA
g 1 I 1 | | | | I L I I 1 I | I 1 | 1 I | I 1 I I | I | I 1 | 1 I 1 | 1 I

Al e |
042 3 4 5 60 1 2 3 4 5 60 1 2 3 4 5 6

Transverse Momentum p_ (GeV/c)

Ko model : Y. Oh, et.al. PRC 79 (2009) 044905; Greco model : S.Ghosh, et. al. PRD 90 (2014) 054018

« Significant enhancement in A/D compared to PYTHIA/fragmentation baseline
« The A /DO ratio is compatible with light flavor baryon-to-meson ratios
 Consistent with coalescence + thermalized charm quarks

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong 21
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Summary - Charm

[ ! | ! [
21~ Au+Au — D" @ 200 GeV 0-10%

o D°2014
o D°2010/11

= S

P '\ 70-12% STAR |

—0

2

Anisotropg Parameter, v /n

15

o

o
a

e D°

T T
STAR Au+Au @ 200 GeV

10-40%

1 15 2

mo) / n_ (GeVic %)

D/D°

T T T T T I T T T T T | T T T T T 1]
1k Au+Au @ 200 GeV * 0-10% | | AutAu @ 200 GeV
| STAR Preliminary -+ 10-40% | | STAR Preliminary ]
0-60%
- e Koo di-quark T 10-6
_;_ K " Ko: three-quark :
TAMU (AC/D)
b=7.24 i
PYTHIA - SHM Greco
Frag
......................... A
4L . 1 B} | . | 107! | | s | L | L l L | L |
%0 2 4 6 8 0 1 2 3 4 5 6

Transverse Momentum P, (GeVlic)

Transverse Momentum P, (GeVlic)

Raa(D) ~ Raa(h) (pr>3 GeV/c)
V,(D) ~ v,(h) vs. m;
A /D and D/D° enhancement

- charm quarks flow like light quarks

- charm quarks lose significant energy

- coalescence hadronization

Charm quarks very strongly coupled with QGP
Evidence of charm quark flowing and possibly thermalized in the QGP

May 1-5, 2017

INT-17-1b Program, Seattle

X. Dong
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Near Term Plan: Charm

A
recceee |

2016 datasets
Au+Au 200 GeV, 2x more minimum bias, x5 times sampled luminosity
d+Au 200 GeV, 300M minimum bias

- Centrality dependence of D° spectra and v,

- D% v, — unique access to initial magnetic field
- DJA. R,

- D® CNM measurement

- D% v, in d+Au collisions

- Di-electrons at IMR for correlated charm and QGP radiation

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong
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- 5.5, % g(GeWc)cﬁ 5 | | p+p 200 GeV
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D/B->e in p+p Collisions

A¢ (rad)
STAR, PRL 105, 202301 (2010)

N, /(N_+N,)

D

- e e-hcorrelation
1 © e-D°correlation
_  — FONLL
-~ ----FONLL uncertainty =
0.8}
0.6
0.4
0.2 .
et BP ZUUPEV|
% |1 |2 1 3 1 4 1 5 6 1 7 l | l
pT (GeVIc)

Method: Template fit to e-h azimuthal correlation in p+p collisions
- Challenging to do this in Au+Au collisions due to various background

* eg/(epteg) fraction is consistent with the FONLL pQCD calculation

May 1-5, 2017

INT-17-1b Program, Seattle

X. Dong 24



-
: .
\
reeeeerc|

Topological Separation of Bottom Decays with HFT

Hadron Abundance et (um)
(fragmentation) i

. .
D 56% 123 Inclusive impact parameter method

+ (0]
D 24% 312 e.g. D/B->e, B->D, B->J/y ...

D, 10% 150
A, 10% 60 Precision silicon vertex tracker is crucial
B* 40% 491

RO 40% 456

Courtesy of K. Oh

E E Secondary
: 4 : . Vertex
BN B i

: i:/\‘. ; Primary Vertex /

: DCA- : DCA.
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Non-prompt J/ pseudo-ct

/J\‘ A
Freeeer ’m

Br

wa‘am L AL BN | T T ‘_:—\ 1.05!-. T T T T T 3 T T T T T T
T L STAR Preliminary = £ STAR Preliminary 3<p,<5 GeVic
3 3000 :_ Au+hu |5, = 200 GeV E = C : :tnllke-ﬁlgn - BG
Q T 080 Iyl o 10°F [ prompt Jiy
[ 3ap<5 GeVic i p - 1 non-prampt Jiy
2500 -+ Unlike-Sign ] o -
- - = 10f
r ~* background _ o 3
oty R
r gttt ] T 3
C e - ] L
1500 ey ] -
- Tte,, 0"
‘”Jm : 1 1 1 1 I-.-:.:‘.- 1
v : — o~ ——
= 1oof. STAR Preliminary E = 10° L STAR Preliminary ~ 5P<10 GeVic
§ L AuvAu (5, = 200 GoV ] £ g — fl-iltn"kﬂ-ﬁlgﬂ - BG
L 0-80% lyl<t ] o X
100 ] 2 B [ prompt Jiy
[ 5ep <10 GaVic i o 10 3 [ non-prampt Jfy
[ s Unlike-Sign ] o f
80 s background + ] o i
[ ] T
60 ] g F
4 L — ~

A4ty
40 t 107
Eﬂit*+ -+-t*+++.++..++i T& #f | +

. . N B R W
26 28 3 _0.05 0 0.05 |p|/€
MEE {GeWcz] thp (cm)
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Non-prompt J/yv R

H—}.f.-"llﬂf d 3
B [ awenn (data)
R e Lt . W data)
—Jhy
ff)'i‘f.r (IhE{JF}J { ||||||||||||||||||||||||||||||||||||||||||
m{ i STAR Pre hmumn
03— 71— | . - AutAu fsNN:ZI]UGe?
) - STAR Preliminary . O mr:luswe D’
E 0.25 - Autau0-80% |5, = 200 GeV - I - DUKE : B—J/y
iy - —— FONLL+CEM p+p Vs = 200 GeV @ @
--;... 0.2 :_ FONLL: Phys. Rev. Letz. 95, 122001 (2005) @ L DUKE. Phoe. Res €92 024907
? - CEM:J Piys. Rep. 2008 04 002 1%—:#-'— ————————————————————— ;b\ —————————————————————————————————————— "
N N 02+ ? i
C 7 FONLL B—J/ vy uncertainty
||||||||||||||||||||||||||||||||||||||||||
10 1 2 3 4 5 6 7 8
P, (GEV,-"C) p, (GeVic)

* Non-prompt J/y suppressed at p; > 6 GeV/c (FONLL baseline)

May 1-5, 2017
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——— 17—
- —— Unlike Sign

Counts (per 10 MeV/c®)

Counts (per 10 MeV/c®)

~

Non-prompt D° DCA

- — Like Sign

ooy
L “¢

1000

S00—

STAR Au+dAu @ 200 G
0-80%

30< P, < 5.0 GeVie
0.006 <DCA_, <0.080

STAR Preliminary

"

eV

200

———————+—
400——— US-LS

RawYield = 810 =130

M (GeV/ic’)

May 1-5, 2017

D} tecay/Dipy = 0.065 = 0.007

STAR Au+Au @ 200 GeV
0-80%
30< P, < 50GeV/ie

STAR Preliminary

T T I T
—4—data
— Fit

—— prompt D’
—— B decayed D°

4,
HE 10*
L ]
L )
L]
: ]
BH % w
H '
IE 1
{/‘1&' =
DCA"§ 15
©°

J

00

008

D’ DCA (cm)
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Non-prompt D° R,

B— 1 incl, [’
y—y -IIr .}C|-1rr+.-|..'.l X I[-IJI‘IN|"II-1r.'+.||.'.l ,J"(f_ff.)r .
R =— P H20 Xiaolong Chen
{h:.p.'.-':: .{frj"\wrjr_-r}\-”)"(fu'?}?- - LR L L O I B
- L L
o STAR Preliminary
F‘D.15 T T [ T T T [ T T T [ T T T [T - A“+Aﬂ ”SI\_N=2|]|] GEV i —
£ | Au+Au @ 200 GeV [[]B(FONLL) and D(FONLL),] 0-10% @ B—D" (0-20%/FONLL)
s £ I [JB(FONLL) and D(pp data) _ i O @ inclusive D’ ]
= ® 0-20% 0
— - W 20-60% FONLL: Phys. Rev. Let. 03, 122001 (2003) _| B (] ---- DUKE : B—=D |
? L 0.80% p+p: Nucl Phys. 4 931, 520-524 (2014) | (E + -.-- DUKE : prompt D’
7 Phys. Rev. Letr. 113 (2014) 142301
= 01+ — Pliys. Nuel. Phys. 4 056, 473476 (2016)

o DUEE: Phys. Rev. C 92, 024207
T STAR Preliminary

B->D"
AuAun T

T

@

_D'“

p—t

|

i

|

1

¢
Ly W

f
| 1 1
I:I I

C T

—OF

0.05 -

S S gl

i ] (.2 | "™ p+p vacertainty o E ''''''''''' -
- - FONLL B—D" uncertainty
0 1 1 1 | 1 ! 1 i 1 ! 1 i 1 1 1 ! 1 1 1 11 | 11 1 1 | 1 11 1 | 1 1 11 | 11 1 1 | 1 11 1 | 1 1 1 | 11 1 1 | 1 1
0 2 4 6 8 1 2 3 4 5 6 7 8
D’ p, (GeV/e) P, (GeVic)

* Non-prompt D° suppressed at p; > 6 GeV/c
* Indication of less suppression for non-prompt D° compared to inclusive D°
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Template Fit to Electron DCA Distributions

Secondary

10% 4, bertex

B

10*

10°

101

pr(tagged e) > 1 GeV/c
6\\\I1\\I\2\I\\3I\\I4\\I\‘5\I\\gl\\\;\\l\‘s\l\\‘gl\\ao

Conversion Radius [cm]

May 1-5, 2017

[T
‘
o

:‘\ T T T | T T | T T | T 1 | T T | T 1 T T | T T | T T | T T_]
g 107 5= AutAu |5y =200 GeV 0-80% F ¢ Inclusive e E
~ [ 25<p <35GeVic _' — B—e ]

Z L m<o7 D—e -
<105 = . — i —

UIO = STAR Preliminary Photonic ¢ =
= = — Hadron contamatior
- [ — Fit result ]
Z

10° = _
T E 3
10* rprtd o |

TT \_T_l*j_l_l|llll_‘|_[|||

7> /NDF = 61/48 — Fit works well!

5
# e ﬁp
........ t-...*,w.-.-.--..,v P o gapr +— -# - %
01 -0.08 -0.06 -0.04 -002 0 002 004 006 008
DCA (cm)
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Charm/Bottom Separated Electron R,

]
A\
frreeer ‘m

_||||||||| T T T T |||||||||| T T ||||||||_ : _IIII|IIII|IIII|IIII|IIII|I.'I'I‘I|IIII.|I‘III|II_
12— STAR Preliminary Aut+Au @ 200 GeV — & | AutAu |5 = 200 GeV STAR Preliminary |
- a ) ® B—e
® STAR Au+Au HFT 0-80 % N - 0-80% O D—e .
I~ @ STAR p+p e-hadron correlation _ ] --- DUKE : B—e
- PHENIX Au+Au VTX . I -~ DUKE : D—¢ |
%d“ 08— FONLL p+p —
s | | Y E—
Z 0.6
o
Z

| ECHC S e —
A ¢ l'i! "“‘i::-..Q ; }”:::

04— y * ----------------------- —
0.2 N l o p+p: Phys. Rev. Lett. 105 202301 (2010) | DUKE: Phys. Rev. C 92, 024907 % !
PHENIY: Phys. Rev. C. 93.034904 (2015) 02+ i
i _ ‘ — FONLL: Phys. Rev. Lett. 95, 122001 (2005) | . RE*P~* uncertainty
0--+--IIIIIII| : ! ! ! |IIII|IIII ! . |IIII|II ||||||III!IIII|IIII!IIII|IIIIIIIIIIIIIIIIII
1 2 3 4 5 6 7 8 -
p¢ (GeV/e) Phin ) .
T = 2.1+0.5(stat)+0.3(sys) ;L ®
B—e B _ : 2 * i
- Sawaddata) . A-fuaafdata) S . A A
R:l:;,(= H+Al R;ﬁ (fdﬁfﬂ) Ri\ _ +At R:’,{{ E(dﬁ'fﬂ) o 0 | | | 1 .
-B - A B—se A4 1
f ’,,:;"(dam) I-f,., (data) 2 4 6 8
p. (GeV/e)

* Raa(€p) < Raa(eg) (=20 at 3-8 GeV/c)
- Consistent with mass hierarchy for parton energy loss
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Bottom Measurements at STAR

-

-
£
| 0-8B0%

=E

0.2

$

?

L Au+Au |||s“ = 200 GeV

O inclusive D"
o DURE ¢ B—Jfyp

STAR Preliminary
& B—Ji (0-80%/FONLL)

T R B B B e L B e
4 g 4
L AutAu |5 =200 GeV STAR Preliminary - gy pu 5 = 200 GeV
o ® B—D (0-20%/FONLL) -
| 0-10% ! | o0-80%
) @ inclusive D
- - DUKE: 8—D"
@ + -+ DUKE : prompt D" b'>e
T_év;,, .................................. M- *
1- ¢ + A c->e
| == pHp uncertainty =
FOMLL B[ uncertainty R uncertainty
FTETETE R | IS NI AP AT TN A ATAAT AT e AT T | | 1 1 ]

STAR Preliminary |
® B—e |
O D—e
- DUKE : B—e
= DUKE : D—e

3 1T 2 3 4 5 6 7 8 1 234

Transverse Momentum (GeV/c)

Impact parameter method to separate c/b electrons and non-prompt D°, J/y

* Raa(€g) < Ran(ep) at 3 — 8 GeV/ic (26) mass hierarchy of parton energy loss

Near term plan:
2016 datasets:

- centrality dependence, bottom decay electron v,

x2 mb data, x5 more sample luminosity

May 1-5, 2017
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Precision bottom (B-meson and b-jet) measurements over a broad momentum
region (especially at low py)
- systematic investigation of mass dependence of parton energy loss

HF Program in 2020+ at RHIC

- precision determination of heavy quark diffusion coefficient D,

TS upgrade at ALICE, MVIX@SPHENIX, HFT+@STAR

/ STAR HFT+ \ / SPHENIX MVTX \

>l

1 - I n
e B Sy P RHIC 200 GeV @ 2022+ s T
‘0 — LHC =276 TeV —
w/ STAR HFT* 2" PSRu»,ng-‘wgvzu
o =032
= IO I IS
10 nb™" Au+Au = 0.6 e e 0
2 |
2 60 pb' p+p B o4t
O L

E b-quark-jet, 120% uncertainty in QGP transport coef.
2 {a} ] 02 — Light jet, large transport coefficient B
I w CMS, PRL 113, 132301 (2014)

L | L | L | L | s
0 20 40 60 80 100

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

Transverse momentum [GeVi/c]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - osl . : : —
b b-jets — B-meson I Au +Au @ 200 GeV s D-meson ]
— 1k e D'fromB _| 100B MB <+ B-meson (m_scaling)
S L - D-meson 0151~ ®  Uncert. of DY .
e “O’ = ) . @ Uncert of D°fromB |
. 4 | = © 18 o1 " ]
= — 3 » S N ; . ) ]
. (=} \ =2

- o5 . U : :
; =3 . ; > 005~ 7 e
(c) 5 .
L L 1 L) T *tes [ ]
0 2 4 6 8 10 12 14 10 20 a0 40 I ] Oreeee ‘+"'+“+""+“+“ B A
' Au+Au @ 200 GeV, 100B MB 1 N ]

L L 1 | 1 L 1

Transverse Momentum P, (GeV/c) 0 2 3 5 5 0 2 ry 5 8 10

Transverse Momentum P, (GeV/c) Transverse Momentum P, (GeVic
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Backups
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Charm Production in p+p Collisions

« Charm hadron spectra well
described by pQCD FONLL

- data prefer upper bounds of
FONLL calculations

—~ 10°F
53 ............................ 0. gy g T
S - p+p@E)=D'/D +X
o Ll Yo,
g 10° | A
B O tqr;
E B @) g&)
= 1} o W pp 7. TeV.[x107]
o ? @] ® .(C]gi) )
Rl L A
S . e © pp 1.96 TeV [x107]
|—10 o ® O V)Y
o ] 0 “p- °
O O 2y
5 te %%
T 404 » -~ pp.500 GeV [x10] .
= Fp ¥
avs Ny
- o | O
1076 [ pp.200.GeV
__ ............................... FOI\ILL
108
0 5 10 15 20

Transverse Momentum P, (GeV/c)
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STAR Heavy Flavor Tracker
_

2013 May — PXL prototype engineering run with 3 sectors (out of 10 in total)
2014 Spring — Commissioning in Au+Au 200 GeV collisions. Physics mode since
then

2014 Sept — HFT project closeout. Project finished on time and under budget
2015 Spring - p+p and p+Au 200 GeV runs with HFT

20106 Spring - AU+Au and d+Au 200 GeV runs with HF 1

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong
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Monolithic Active Pixel Sensors (MAPS)

MAPS pixel cross-section (not to scale)

Properties:
/ionizing particle = Standard commercial CMOS technology
7 passivation = Sensor and signal processing are

integrated in the same silicon wafer

= Signal is created in the low-doped epitaxial

layer (typically ~10-15 pm) — MIP signal is
Y \§§\ limited to <1000 electrons

50 um

= Charge collection is mainly through
thermal diffusion (~100 ns), reflective
boundaries at p-well and substrate

Hybrid
MAPS and competition | MAPS Pixel CCD
Granularity + - +
Small material budget + - +
Readout speed + ++ -
Radiation tolerance + ++ -

MAPS - particularly chosen for measuring HF hadron decays in heavy ion collisions

STAR HFT —first application of MAPS pixel detector at a collider
May 1-5, 2017 INT-17-1b Program, Seattle X. Dong
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Event plane method

« Event plane (EP) reconstructed using TPC
tracks with acceptance non-umiformity
corrected

- Tracks 1n m-sub region are used to
reconstruct EP to suppress non-flow
effects

—
Amin=0.05

S 1-sub region

1
EP! = v®™ /EP! %
Vn{ ¥ Va {EP} <EP Resohltiﬂll>

AM. Poskanzer and 5.A. Voloshin. PRC 38 (1998) 1671

® DO candidate

Yield

4000 - =
30< p, < 3.5 GeV/c

- __vgbs = 0.085 +0.010 -

2000 - N
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Two-particle correlation method

* V= (cos(2@y —2¢,)) = V] * Vs
heh hy2
V" = (cos(2@y, —20,,)) = (V;)" A (o
<
cand bk QA
) Vsagna_l _ “Neand * V) _kag "V, E’
Nsigual $
Background estimated from side-band 0

* Same An) gap as used in EP method

May 1-5, 2017

e D°candidate - h

INT-17-1b Program, Seattle

— O background - h (shifted)
oo'ﬂj‘?*b .
'S ’
L .:) —
T 2 3 4 5 6 7
P (GeV/c)
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BERKELE

5031 STAR Au+Au @ 200 GeV, 0-80% ]
S i ® event plane method )
g 0.2 :_ o  correlation method (Shifted) _:
S (M :
&0 &L ¥ :
> 01 TS S
S I % % % :
8 | L
N F v S ]
< ] $$ | L | |

O
-
N
o
N
a1
@)
~ L

May 1-5, 2017 INT-17-1b Program, Seattle X. Dong



~

./\l \
r.rr_r%

BERKELEY Lam

2

0.2

Anisotropy Parameter, v

DY v, Compared to Models

T [ T I
@ STARD"
----- SUBATECH
—— TAMU c-quark diff.
TAMU no c-quark diff.
.——— Duke - 2aTD,=7

= LBT
——. PHSD

— - 3D viscous hydrg
s %

STAR Au+Au @ 200 GeV]
0-80%

Different models:

+ SUBATECH: pQCD + hard thermal loop

« P B. Cossigux, J. Aichelin, T. Crousset, and V. Gigho, Strangeness i quark matter
+ TAMU: T-matrix, non-perturbative model with

internal energy potential

- M.He, R..JT. Fries, and R. Rapp, PRCS6, 014903 (2012)

+  Duke: free constant D, fit to LHC high pt Raa

- 5 Cao, -Y. Oin, and 5. A. Bass, PRCSS, (44907 (2013)

* hydro: A 3D viscous hydrodynamic model
- L-G. Pang, Y. Hatta, X_-N. Wang, and B.-W. Xiao PRD9], 074027 (2015)

+  PHSD: Parton-Hadron-String Dynamics, a

transport model
- H. Berrehrah et al. PRCS0 (2014) 051901

+ LBT: A Linearized Boltzmann Transport model
= 5. Cao, T Luo, &-F. Oin, and X_-N. Wang, PRC, 014209 (2016)

p_(GeV/c
compare with y2/m.d.f.

3D viscous hydro - 36/6 0.73

ILBT 3-6 11.1/8 0.19

PHSD 5-12 8717 0.28

TAMU c quark diff. 2-12 100/8 0.26

SUBATECH 2-4 152/8 0.06
TAMU no ¢ quark diff. - 2905/8 2x 104
DUKE 7 375/8 2x10-5

May 1-5, 2017
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V2 Comparisons: RHIC vs. LHC

o B 0 -
c [ ¢ D STAR Au+Au @ 200 GeV -
SO15F o -
> oA 10-40%
O - :
2 o1f i -
o : F Intage £ 5@ ]
o N Lo = 82 o= T 4
o i ﬁfﬁ?‘f@ =2 - L A
~ 0.05 |- @. — = 4
) | B :
i LA |
o i ]
'E 0 ...................................................................................................... )
< - -

[~ | | | | |
0 0.5 1 15 > 25

(m mo)/n (GeV/c?)

May 1-5, 2017

q

2

Anisotropy Parameter,v_/n

O
(V)

o
.
w

O
—

o
o
a

o

.

a
L

Pb+Pb 30-50%

O
&
*

ﬁ?qjog[g

e D’ @5.02TeV CMS
® D’ @5.02TeV ALICE
i

ALICE 2.76 TeV

8 ﬂ

OKS

U p+p
A A+A

o]

NN

0.5

1

(m_-mg)/n_(GeVic %)

1.5

2

n
o
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DY R,, and v, Compared to Models at RHIC

I STAR 200 GeV |

T

1.6}
1.4F
1.2F

v L L | ]

STAR Preliminary Au+Au 200GeV, 0-10% e STARD’
e D" 2014 i . F - SUBATECH
o D° 2010/11 — TAMU c-quark diff.
— TAMU

— SUBATECH g

2

S Duke - 2nTD=7
SRES LBT

memn PHSD

— — 3D viscous hydro ,

<
N

o
—

Anisotropy Parameter, v

(=

STAR Au+Au @ 200 GeV

TAMU no c-quark diff.

0-80%

2 3 4 5 6 7 8
Transverse Momentum P, (GeV/c)

* Charm mesons at RHIC show
significant suppression at high p;, Raa(D) ~ Raa(h)

significant flow at low-intermediate p, v,(D) ~ v,(h) vs. m+-m,
» Models with a diffusion coefficient 2rTD, ~ 2-12 describe both D° R,, and v,

differences between models to be settled

May 1-5, 2017 INT-17-1b Program, Seattle
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g . = DCAbetween sz ¢ ® ) |
S i o M S COS(Ypointin :
5 Decay Length 1 2 daughters // { 3 S
% :
| E
3 E S i F
" 0.01 0.02 0.03 0.04 0.05 0.08 0.07 0.08 0.09 0.1‘ 0.002 0.004 0.008 0.008 om 85 0.96 0.97 098 0.99 1
decayLength (cm) dcaDaughters (em) cosTheta
= % - - %
Bl 3 Ba
2 7 S $ /| Proton DCA
Wy T
%.W 0.006 0.008 0.01 0.0120.014 0.0160.018 0.02 %N‘ 0.006 0.008 0.01 0.0120.014 0.016 0.018 0.02 8 0.006 0.008 0.01 0.092 0014 0.096 0.018 D02
dcaKaon (cm) dcaPion (cm) dcaProton (cm)
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D, Enhancement in Heavy lon Collisions

(e ] _I T | T T | T T I
A [ ancemomil ALICE, 2.76/5.02 TeVL tr— | STAR, 200 GeV |
140 o 30-50% Pb-Pb, |5, = 5.02 TeV ] [ —®-0-10% e ST
B m  0-10% Pb-Pb, s, =276 TeV i D - —8— 10-40% STAR Preliminary :
1-2:_ + pp, (s=7TeV _: 0.8 | =~ ee/pp/ep average |1
h 1 E - [l PYTHIA(ver. 6.4) ]
- ] 0.6 |- Il TAMU(b=7.24fm) i Hi
0.8 HIE . I as |
- in i | SHM % P i
0.6 ] &4-2'E| IRy T +
"SHM il : ) t - ki I
0.4 ] - o — - ]
<€ g A i
0.2:_ m m E _: _ololobatctlololololobonatatlolololololatatcolololalolanotctaololalololobotctaocalololobon u_
[ = 3.7% BR uncertainty not shown ] 0_....I....I....I....I....I.......I. N
L1 1 | L1 1 | L1 1 | 1 1 | L1 1 | 1 1 | L1 1 | L1 1
® 24 6 8 10 12 14 1 AN A RN LRI IR R MRRRN NP > STV
p_(GeV/c) TAMU: H. Min et al. PRL 110, 112301 (2013) p. (GeV/c)
T
-Significant D/D° enhancement in mid-central Au+Au and Pb+Pb collisions
w.r.t fragmentation baseline or p+p measurement
- Coalescence hadronization
- SHM predicts D/DP° ratio ~ 0.35-0.40 (central) A. andronic et al., PLB 571 (2003) 36
- relation to charm quark thermalization in QGP?
May 1-5, 2017 INT-17-1b Program, Seattle X. Dong 45
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CMS Preliminary

Non-prompt D° Fraction

PbPb |5, = 5.02 TeV

lyl <1.0
—— Prompt
—— Non-prompt

s

May 1-5, 2017

20.15
o E
=
H%‘
g
‘E: 0.1
]
% =
13
o
0.05
| | |
100 0

| Au+Au @ 200 GeV [ JB(FONLL) and D(FONLL)-

[]B(FONLL) and D(pp data)

INT-17-1b Program, Seattle

- @ 0-20%
L FONLL: Phys. Rev. Lett. 95, 122001 (2003)
H 20-60% ptp: Nucl. Phys. 4 931, 520-524 (2014)
- A 0-80% 1
" STAR Preliminary )
i | 1 ] )
i 1 | | L 1 1 ] 1 L 1 1 1 1 L 1 1
0 2 4 6 8
D’ p, (GeV/o)
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Comparison to PHENIX and ALICE

0.2

M
2

TR

=]

Au+Au

. 0-80%

S\y = 200 GeV

STAR Preliminary
B—e

O D—e

---- DUKE : B—¢

---- DUKE : D—e
0O B—e ALICE 0-20%

| ALICE: arXiv:1609.03895, % 3) |
DUKE: Phys. Rev. C 92, 024907
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Bottom Electron R,, at RHIC
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* Raa(eg) < Ran(ep) at 3 —5 GeV/c in central Au+Au 200 GeV collisions
mass hierarchy of parton energy loss
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