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Introduction

e Quark Gluon plasma is strongly coupled QCD medium under high temperature

e Difficult to measure QGP directly
e Space-time evolution & hadronization smears out the QGP information
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QQ interaction with QGP decays

~0.02 ~0.08 ~0.3-1fm/c time scale ~5fm/c ~ 120 um/c ~ 460 pm/

e Heavy quark is a good probe to study properties of QGP
e Created mainly by initial hard scattering (early stage of the collision)
» Carry the QGP information when passing through QGP

» Suffer energy loss and flow effects — p; and angular distributions can be modified in QGP

e Quarkonia would be melted

Open bottom and charm, and guarkonia provide valuable information on QGP



Previous Open HF measurement in Au+Au 200GeV

Inclusive HF decays Rj:

 Strong suppression and similar w/ light quarks

* Ncollscaling @ low pT

e Significant flow (v2) and smaller than light quarks

e Surprising results

e HQ expected to be less energy loss and smaller
(zero) flow due to heavy mass

e Radiative and collisional process play important
roles for heavy flavor energy loss at high and

low p;

e Radiative and collisional process contribute
charm and bottom differently

Need to separate bottoms & charms
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e Central Arms
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PH ENIX Detector

| \ e Central Arms
e |y[<0.35, ¢~2-1/2

OF  Electrons, y, hadrons
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e Muon Arms
B - 1.27|y[<2.2, ¢~2-m)2

e Muons, Hadrons

R

* VTX
e |y|<1.1, ¢~2m

e Precise Tracking
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p+p Baseline measurement

e QCD test and baseline for A+A collisions

 Di-muon measurement at forward rapidity
e Single electrons at mid-rapidity



p+p Baseline measurements via uu pairs

e Semi-leptonic decays of charm and bottom produce lepton pairs

data/cocktail
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data/cocktail

p+p Baseline measurements via uu pairs

e Semi-leptonic decays of charm and bottom produce lepton pairs

Unlike sign pair Like sign pair Bottom : hi-mass Like sign
(3.5-10.0 GeV/c?)
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p+p Baseline measurements via pp pairs in p+p 200GeV

bottom production Rapidity dependence
= : 2r
bb cross-section measurements F PHENIX
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 New bb cross section is consistent w/ previous PHENIX measurements
e Bottom production is 2 times higher than FONLL
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Understanding the production mechanism
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e Angular correlations are different for the
production mechanism
e Pair creation :backto back
e Flavor excitation : intermediate
e Gluon splitting : round shape (narrower)
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Understanding the production mechanism
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e Angular correlations are different for the
production mechanism

e Pair creation
* Flavor excitation :
e Gluon splitting
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: back to back
intermediate
: round shape (narrower)

In p+p 200GeV
e Charm : Flavor excitation
e Bottom: LO pair creation

e Bottom is simple and sensitive to
initial gluon dynamics at RHIC

e Small gluon splitting contribution

e Gluon splitting is expected to be
dominant at LHC



Separation ofb >eandc — e

4 T T T T T
10" k (b) p+p
3 Vs =200 GeV
D\ o 3 F 1.8-2.1 GeV/c PHENIX
10° £ Inl<0.35

e+

unt
=
o
PJ
|

o
— -

Collision
vertex

DCA;

Data / Re-fold
O NN

~0.15-0.10-0.050.00 0.05 0.10 0.15

e Electrons from semi-leptonic decay of bottom and
DCA; [cm]

charm hadrons

e b—>e and c>e is separated using DCA and yield

e VTX enables distance of closest approach, DCA, oEaE ) . ,
distributions with Bayesian unfolding method

e DCA Resolution ~ 60um
* b—>eand c>e DCA shape reproduce data well
e Utilize decay length to separate b and c

e BO: 455 um, D% : 123 um
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p+p Baseline : B and D hadron from b = e and c2>e

PRD 99, 092003 (2019)
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e B & D hadron yield is extracted from the electron
measurement

e Cover broad p; range
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p+p Baseline : B and D hadron from b - e and c~>e

PRD 99, 092003 (2019)
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B & D hadron yield is extracted from the electron

measurement
e Cover broad p; range

e Good agreement with STAR D°in comparable p; range
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p+p Baseline measurements via single electrons

PRD 99, 092003 (2019)
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boe/(b—oe+c —e)

p+p Baseline : Bottom Electron Fraction, Fj,

PRD 99, 092003 (2019)
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p+p Baseline : Bottom Electron Fraction

1 ~N— PRD 99, 092003 (2019)

PH“ENIX $
p+p at Vs = 200 GeV
<o 0.8 M <035

T

* FONLL is consistent with F; data

DFEViOUS measurements

Wiﬂ [h mﬁ * New data is consistent with

= PHENIX Unfolding
FONLL

-+ STAR e-h Correlation

~ STAR e-D° Correlation
| - PHENIIX e-h CcI:rreIation
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Electron P, [GeV/c]

P+P Baseline of bottoms and charms available
D/B hadrons, electrons, p for mid- & forward rapidity
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Open heavy flavorind + A

PHENIX measured v, and v; in small system.
Data are well described by hydro models including the QGP formation
Nature Physics 15, 214 (2019)

| p+AU d+Au 3He+Au

0.18Fp+Au (s, = 200 GeV 0-5% (a) d+Au |s,, = 200 GeV 0-5% (b} - "He+Au |5, = 200 GeV 0-5%  (c)
0.16F * v:Dai PHENIX g

- —4= v, Data
0.14F == v. SONIC

= = v, I[EBE-VISHMU

Heavy flavor is also flows in small system?
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Heavy flavor muon v,™" in d+Au 200GeV

Au-going direction

d-going direction

vy rvor|ryrererrrrra T r T T T T T T rTT 1 L | LI I LI | LI | LI L
0.3 0-20% d+Au |s,=200 GeV T 0- 20% d+Au {s,.=200 GeV .
0 252_- w from open heavy flavor decays 1 « u from open heavy flavor decays ]
—~ - = Charged hadrons 1 = Charged hadrons
% 0.2F 20<n<-14 T 14<n<2.0 h
v [ Sys =1.9% Sys =1.9% ]
= N Global |+ + Global ]
Y 0.15F t I ]
0" - : “
Ll ﬂ.1|:— [} —_:_ ]
G - + - ]
I g _ .
0.05- pHENIX
- preliminary .
0
[ RTERN ARTURT T AU T T ST NS S S SN S TN S T T e U N U T N TN Y N ST U U AN T U N NN AN e AR B
0.5 1 1.5 2 2.5 0.5 1 1.5 2 2.5
P, [GeVic] P, [GeVic]

e Re-analyzed run8 dataset

e Significant non-zero v, in d+Au collisions !!
e both Au-going and d-going direction
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Drell-Yan in p+A 200GeV

e High di-muon mass region

 Sensitive to initial state nuclear effect

* First measurement at RHIC

* Roay is consistent with EPPS16 + PYTHIA

£ 107 {a) Unlike-sign pairs (Au-going) (b) Unlike-sign pairs (p-going) -
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* p+Au, -2.2 <y <-1.2 (Au-going) 7
e pHAu, 1.2 < 1-"'._: < 2.2 (p-going)
o pip, 1.2<ly 1<22
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Open heavy flavor in Au+Au

Suppressions & Flows



Bottom and Charm R,, in Au+Au 200

b—2>e & c2ein 0-10% Au+Au

23 0 10% Au+Au, [5.=200 GeV _Phys.Rev.C 90,034910 ] « 10% of 2014 Au+Au dataset analyzed
- Data 2004+2014, lyl<0.35 gjggggg; -

= Y Phys.Rev.C,78,014904
7€ PHIENIX YT

2 i D — e (SUBATECH) —
s [ saeiaconin] MosF’: central Au+Au (0-10%),
0 . - .B - e (T-Matrix) § * Raa(b>€) ~ Raa(c>e€) in high pr
a 150 7 e Raa(b>e) < Raa(c>e) in low pr
@ - i
T [ j
% - e The result will be updated using new
o= ) p+p baseline and full 2014 Au+Au

e dataset (x10)
S — « Extend to low pr.
T — ] « Preliminary was calculated using STAR e-h
%23 4 5 6 7 8 9 n p+p.

P, [GeV/c]
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Extract v, forb > eandc— e

0.25

L —
£ [ Au+Al, |5,,,=200 GeV N [ Min. bias Au+Au|s, ,=200GeV
3 | min. bias, |y|<0.35 — Data o [ ev,from open heavy flavor
— Re. 0.2
10’ 3 p.: 2.0-3.0 GeVi¢ ReTigle - —®— |DCA|<0.02 charm enriched
SR ' B e 0.03<|DCA|<0.1 bottom enriched
- PH ENIX - Bottom 0.15 L ?
| preliminary - Back q UL
= packKgroun -
10°E £ 2 ll i
E O (@) O E B ®
- 5 e~ JQ:) (@) 0.1_—
- o C (@) o i
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10°E o e I
- & B
~ | -
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= C PHENIX
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+II I|I |||I II|I I|IIII IIII| _005I|I||||||||||||||||||||||||||||||||||||||
015 -01 -005 O 005 01 0.5 “®71 145 2 25 3 35 4 45 5
DCA. [cm] P, [GeV/c]

Measure heavy flavor electron v, from 2 DCA ranges
Peak : c-enriched : |DCA|<200um
Tail : b-enriched : 300<|DCA|<1000um

« Solve the v, equations to extract
separated v,(b — e) and v,(c — e)
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Charm and Bottom Elliptic flow in Au+Au 200GeV

v,°(b—e) Voi(c2e)

aw~025 —— — 2o 025 : .
S ~  Min. bias Au+Au |s,,=200GeV PHCENIX ; = Min. bias Au+Au |s,,=200GeV
. ——e— e’ from bottom decay preliminary L. ——a— e’ from charm decay
027 e  h* PHENIX PRC92.034913 0.2 . h* PHENIX PRC92.034913
B s L ) I
0.15— 015} L
- e ' 8 [ -
B . f [
01— e 0.1} ™
- ) ® L]
B ° . *
0.05— ,° 005 ‘l $ +
. e L
C® C ®
Oj ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' |:|:
_I L1 | L1 | | I | ‘ I | | | ‘ | | I ‘ | | | | | L1 I
005% 05 1 15 2 25 3 35 4 45 5 L T

P, [GeV/c]

e Bottom and charm v2 successfully extracted at low pT

e Hint for possible bottom flow
* also consistent w/ zero

e Positive charm v2c(c->e) and smaller than v2h

Likely to be v2(b—>e) < v2(c—>e)
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Bottom v, : comparison to LHC ATLAS EPJ.C (2018)76:784

CMS EPJ.C (2017)77:252

v,P(b—>e) 0.25 e EaROa
L e 200Gav — [ Non prompt J/\p i
o [ Min.bias Au+Auys,,=200Ge PHENIX i Pb+Pb,\/Syy =2.76 TeV |
- —e— e*from bottom decay preliminary 02 or
027 e h*PHENIX PRC92.034913 N *1.6<|y| <24, 10-60%
- . § * |y| < 2.4, 10-60% i
- 3 ] = .
e : ', 0.15~ Pb+Pb,\/Syy = 5.02 TeV 7
- M o~ - e |y| <2.0, 0-60% ]
0.1— . = _ i
- ] ® 0.1 N V- -]
- o - :
0.05— °® {‘ ] [ i
L [ ] - .
e 0.05 - J —
L N » !T B
'0050_‘ = ID!5I — ,‘1 — I1 ‘5I = 2| = I2|5‘ — :|3 = I3‘5I = 4|. — .‘4|5‘ — 5 0 1 1 1 1 I 1 | 1 1 I 1 1 1 | I 1 1 1 1 | | 1 1 1 I | | 1 1
o [GeV/d] 0 5 10 15 20 25 30
T p, (GeV/c)

e ATLAS and CMS also measured positive bottom v2 for p; > 3GeV/c
* Low pyis sensitive to flow, and high p;is good for energy loss?

e consistent with these results
e b-quark suffer flow?

Bottom v2 became available. Need precise measurement
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Quarkonia in small system



Qu a rko n I a a S QG P p rO b e T. Matsui and H. Satz 7 1/(r)

PLB178(1986)416
( ) 450 MeV Y(1S)

iIIII)

e Quarkonia can be melted in QGP due to Debye color screening

e Sequential melting of bound states should be seen
e QGP thermometer!

Xb(lp)

240 MeV J/¢(1S)

200 MeV x(1P)

Not simple...
* Cold nuclear matter effects (CNM) .
e Initial state: shadowing(nPDF), k; broadening Recombine non-initial pair of HQ

Y

e Final state: cc breakup , co-movers

e Regeneration/Recombination (not negligible)
e Significant at LHC

(Re)generation

OGP melting

Quarkonium R,

e CNM effect is key to quantify quarkonia melting in A+A

e Systematic study of CNM effect by changing nuclear thickness Energy Ilensit;
with p+Al, and p/d/3He+Au '
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J/w : CNM effects in p+Al, p+Au, d+Au, 3He+Au 200GeV

Al/Au-going direction o p/d/3He-going direction
1.5 ——— )
Inclusive J/y (5,,=200 GeV pH._ENIX Inclusive J/y |S,=200 GeV pH-ENIX
EEE i -2.2<y<-1.2 (AVAu-going) preliminary 1.2<y<2.2 (p/d°He-going) Preliminary

0.5+ 0.5+

s s
I p+Au
@d+Au PRL 111 202301 (2013) i &d+Au PRL 111 202301 (2013)
. #°He+Au | | ¢°He+Au
J . 0 . | . |
0 10 20 0 10 20
Npart N

part

e Systematic study of CNM effects

* J/w Ry, vs Npart is on a common scaling curve in p/d/3He going and Au/Al going

e Consistent with unity at small Npart
* Rpg < 1 atlarger Npart
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CNM effects : R 5 Vs prin p/3He + Au

Au going

2 Inclusive Jiy |5, =200 GeV
~2.2<y<-1.2 (A-going)

ﬁm

(44

i1

-
PH  ENIDX
preliminary

i | N

g
p, (GeVic)

p/3He going

2
Inclusive Jfy s, =200 GeV

 J/\y is suppressed in both p-going and Au-going direction

ICNFP2019, 2019/8/27
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CNM effects : R 5 Vs prin p/3He + Au

: 3 :
Au going Open HF in d+Au p/*He going

2 Inclusive Jiy |5, =200 GeV
~2.2<y<-1.2 (A-going)

===== |, Witew (shadowing. P, broadening, CMM E-loss) —

< 2 Inclusive Jfy s, =200 GeV
% E" "1.2<y<2.2 (p/He-going) ﬁ [F [F
o 20<y<-14] 1.
B 14<y<20 I "lil d’]

PH " ENIX (c) 0-100% PHENIX
preliminary l]‘IIEI,'I}ai : EI. preliminary
4 6 p, (GeVi/c) 2 4 6
pT (GeVic) P, (GeVic)

 J/y is suppressed in both p-going and Au-going direction
* p/*He-going : Shadowing effect (ISE) - Similar w/ HFu
e Au-going : Break up effect (FSE) — different w/ HFu (enhancement)
e Large multiplicity for Au going
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Summary and Outlook
e PHENIX measures open and closed heavy flavor in p+p, Au+Au and small systems

e P+P baseline improved by di-muon and single electron from HF decays
e Bottom cross section is 2x higher than FONLL at mid- and forward rapidity

e Production mechanism of bottom and charm by azimuthal correlation of di-muons V,5(b—se)
e Bottom electron fraction is consistent with FONLL EZ -
° p/d+AU 001'; o ' PHENIX PRC92.034913
* HF muon show positive v,. hint for HF flow at small system v '
e First Drell-Yan measurement in p+A wf ot ] ‘ ]
* AutAu
e Bottom electron v, is likely smaller than charm electron v, e R e
* PHENIX data is consistent with LHC 25 s e oot e ] s, PRCS (2017), 064901 _
e Quarkonia in small system oo v IS I B Al oW
* J/y suppressed with FSE in Au going direction T o menmi] iéﬂﬁéﬁf&’fﬁf’}?iﬂ“"' e
a 1.5:— : I —'_,_"_ = ‘_“;;%—_ ‘: T E{
T ] £~ Au Cu ~/
e Outlook e 1 L <@ &>
* Analysis with Au+Au full statistics (20x) is going ~ “ s
* New bottom Rp, and v, will come soon. Stay tuned! | B B
Non-prompt J/y P

. . B_“""J“Illlljx
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J/y : Regeneration at low p+

(rrrrryrrrprrrrprTTT e T T T T T T T T T LOWpTJ/\I]

o T ]
I{14 — E [ L L L
m 2004 Au+Au, |y|<0.35, globalsys. =+12% ] o 14 Inclusive Jiy — iy
12 — ' E & ALICE, Pb-Pb ‘a= .02 Tel, 250 < y <=4, i B GeVic
® 2007 Au+Au, 1.2<|y|<2.2, globalsys. =+ 9.2% 7 12 i m ALICE, Pb-Phb Hﬁ: FTETeV, 265 .« y<d, . B GeVie
T ] THE o F'HENm,Au-Aum=u_2T-.-u,1.2{Lr|q22:pT}UG-:wG
08 3] 5.02TeV 15}
o6k @H H H 1 2.76 TeV 08 Hw_ - -
- N osl _-'-HWEM-'-IEEEEEFJE_-
yd Bgg 05 g o 2006ev °SLH[RR = . I
- . 0.4F .
02} E e ¥ : Hg p - -
:: BEEREEENI NSRS NN NN NN r: I:LE L E [ll:l E P
0 50 100 150 200 250 300 350 400 " | | | | | | | | ]
Noar %950 100 150 200 250 300 350 400

* Rya(Mid) < Ry, (FW) (N
* RAA(RHIC) < RAA(LHC) at low pT
e Regeneration (recombination)
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J/y : Dissociation in high p;vs Regeneration in low p+

High prJ/y Low p;J/y
i T—— STAR preliminary 3 rrrTrrrTTyrrrTrrrTTyrTrr T T T T T T T
1.8 & STAR: Aushu, {5 =200 GeV, iy <0ff 5 = E C 14 ] Inclusive Jiy — oy
m CMS: Pb+PD, IIIE= 2.76 TeV, Iyl < 2.8 p_ = 6.5 GeVic = & ALICE, Pb-Pb "E_w= 2,02 TeV, 20 <y {-1.,131_ < B Gevic
1.8 i 1ol % ALICE Pb-Pb 5, =276TeV,25 <y <4 b <BGeVic
14 THE o PHENIJ{,AU—Aum=ﬂ.2TI:‘J,1.E{|_|r|:22:pT}EIGI:".f.l'c'
(12 5.02Tev 1%
< F([H e
E -
s )UHHI 2.76 Tev os{flif. o i ]
= 0.8 &| E H 2006 v 06l T = ] m[ﬂmﬁfﬂl E-EEIEEFJE_'
B = -
g 8 ov o« Wit :
0.4 ~
0.4 - L 0 - K 8 B -
b a ;
02 sTAR N, uncertainty - 0.2 - B u @ ]
n----I----I----l----l----l----|----|- U_....I....I....I.....I....I....I.....I....I._
0 0 100 150 200 250 SHE“ 0 50 100 150 200 250 300 350 400
part N

part

 More suppression with centrality
* R\A(RHIC) > RyA(LHC) at high pT

e Dissociation

* Small regeneration and CNM.
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* RAA(RHIC) < RAA(LHC) at low pT
e Regeneration (recombination)



do/dp_dyl® (mb/(GeV/c))

+P Baseline measurements
) DY%/D* bottom production
10 —
D ® bb cross-section measurements
o ptpP—>D/D +X at p+p (s=200 GeV at RHIC
10° | R -ses FONLL MC@NLO — stat. error
. Q.o gfﬂf( — NLO(Vogt) --- POWHEG — stat. @ sys. error
£
) . PHENIX, dimuon
o e « s <Al i | T®T arxiv:1805.02448
1] = C ] o~
T |e% © 5 PHENIX, B — Jhy
) o ®  pp1.96 TeV [x107 1 ¢ PRC 96, 064901
=107 .O' Q. 2,
- 0. Sz, 4 o PHENIX, dielectron
%, e ¥ il PRC 96, 024907
10 “ 5. pp 500 GeV [x10]
., - . PHEMIX, e-h corralations
'Te,@ o ' "~ PRL 103, 082002
L]
106 pp 200 GeV STAR, e-h, e-D" correlations
=@~ oay 105, 202301
— FONLL ‘
i | | |IIIIIIIII|IIII|IIIIIIIII|IIII|IIIIIIIII|IIII
108
0 = 10 15 o 1 2 3 4 5 6 7 8 9 10

G5 [Mb]
Transverse Momentum P (GeV/c)

e Bottom production is higher than

e Charm production is well

reproduced by FONLL theories but consistent within error
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http://arxiv.org/abs/1805.02448

Heavy flavor as a useful probe

. . QGP’s properties
* Properties of QGP S

>~ Collisional q q q

= AE x (! @ qg@. &.
* Raa: Energy loss, g-hat & N q > T
L dependence of Eloss at high pT s e Radethe ® ¢ 9
ok AE aSC’R@)l@ o
COII|S|Ona| VS Rad|at|ve ? * Dominant energy loss is gluon radiation Gg=mhH/\=m3po

dE ~ I3 (Ads/CFT)

* Flow (v,) at low pT

 Heavy quark is sensitive to an
transport coefficient of QGP (~eta/s)

e Medium temperature
e Quarkonia melting in QGP

Color Screening
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Bottom R,, in Au+Au and Cu+Au

. ) o + .
. b2e &ce I:, OH 120ﬁ4ﬁ]“ Au . B2 J/yinCu+Au ppreog 064901
- 0-10% Au+Au, |s,, =200 GeV s.Rev. \ _ -
- Data 2un4+2u1i|_w<n.35 §33532t3§ ) E 4 Pmlx \'I?w=20 0 GeV
L —Cc>e pulE Phys.Rev.C,78,014904 - = L .
™ Phgs.Flev{._lr_ehtﬂ,1tI]-_D,}192301: 7L = CutAu— Prompt J/y pT>O
Tt -Boe(IMati) - EPS09 for B— J/y
o 1'5__ e N - s
< . P i e ana == .
A |
)
o i
4x107'F
3x107 - W
u1lIJI2|.IIJI:|3IIJ:_4II—I_I_I_I._5|'_I_I__I_IéIJII.?|IJ_ITéllIlg 2><10—1_3| L1 |_|2| L1 |_|1| L1 |6| L1 il L1 |2|| [ |%

P, [GeV/c]

e In 0-10% Au+Au,
¢ Raa(b>e) ~ Raa(c>e€) in high pT
 Raa(b=2e) < Raa(c>e) in low pT

ICNFP2019, 2019/8/27

rapidity
 In min. bias Cu+Au,
o Raa(B21/w) ~ 1, N scaling (& nPDF)

* Ran(J/vy) <1
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v, for c- and b- enriched DCA range

Tail region : Bottom enriched

*2  Au+Au,
3 .
3 - min. b
104__ |d
= Pri2 m
C
- PH ENIX m
| preliminary
ground
10°E S
10°
I
10
-0.15
DCA ranges:

Peak : c-enriched : |[DCA|<200um

Tail : b-enriched: 300<|DCA|<1000um

2018/8/3

Peak region : Charm enriched

n

e fractio

N
[N}

0.8

0.6

04

0.2

B |IDCA|<0.02(cm) : charm enriched
1i

- Min. bias Au+Au V‘sNN=200GeV

[ HFe

_ I charm ~—

| [ bottom PHﬁ-;{—-E_NIX
L photonic preliminary
~ [ hadron

£
P, [GeV/c]

1.5 2 25 3 35

1.2 —
S | Min. bias Au+Au s, =200GeV
8 | 0.03<|DCA|<0.1(cm) : bottom enriched
|- 1_
Y—
o
0.8
[ HFe
M charm
0.6~ M bottom
photonic
Il hadron
0.4
N
PH: -ENIX
preliminary
02
oL L L — e
1 1.5 2 25 3 3.5 4 45 5
P [GeV/c]

PHENIX School

A

HFe - vi*

« vi"(0) =b(0)-v2(b—>e)+c(0) vi(c—>e)+bg-v,

e vi(1) =b(1)-v2(b—e)+c(1) v(c—e)+bg, $

« Look at v, from these DCA range
« If v% is small, v,(b-enriched) < v,(c-enriched)

bg

bg



Charm Elliptic Flow in Au+Au

o
o o
o -

Anisotropy Parameter, v, /',
o

wed 00257
| - [
. oD’ oA STAR Au+Au \,‘ =200 GeV |
B A E Non-flow estimation 1 0'40:’/0 E'E:
: i’t“—i 0.15
- A ; 5+ i .
i - 0.05|
5 STAR Preliminary
i e T e emeaamseeemeeemsesseeessmesmsessemeseesmreennnnn—en . b) 0
[ | ] ] ] l
0 0.5 1 1.5 2 2.5 -0.05

(rnT -my) / n, (GeV/c?)

Vo (C2€e)
Min. bias Au+Au s, =200GeV PH. ENIX
~——a—— e from charm decay preliminary

h" PHENIX PRC92.034913

4.5 ]

P [GeVic]

e Significant positive v2 for charm in D and D->e in Au+Au

e v2 (D & c->e) < v2 (light hadrons) at low pT
e Similar at LHC

e Charm follows NCQ scaling. Su

ICNFP2019, 2019/8/27

PHENIX

ek

gests charm thermalization
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J/y : CNM effects in p+Al, p+Au, 3He+Au

Rag

—

0.5

Inclusive J/y |5, =200 GeV

Al UTE
L PH ENIX
, preliminary
o— —@
i i | |
2 0 2
rapidity

. f J3

0.5

Inclusive Jiy |5, =200 GeV

[1]

e Systematic study of CNM effects

e p/3He going: consistent with nuclear shadowing

[ﬁaJ i
i PHENIX
| & prAu O—”—‘ prel?minary
] ] ] ] | ] ] ] ] ]
-2 0 2
rapidity

1.5

0
,:E’ —
c

1

0.5

e Au going: suppression in p+Au. Final state effect?
e Higher multiplicity for Au going

ICNFP2019, 2019/8/27
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Inclusive Jiy |5, =200 GeV

PHENIX
$HorAu Gy ﬁ_. preliminary
] ] ] ] ] ] ] |
2 0 2
rapidity
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Strategy of bottom & charm separation

1.

count

10z LB ot £l T R | e 1
-0.15 -01 -0.05 0 005 01 015

DCA distributions 1.5<p;<5
e Utilize decay length (ct) of b & ¢
e B*: 491.1um, D*: 311.8 um,
* DCA shape ~ decay length
2.00 < p% <250

F Au+Au MB ys,,= e

J[ PHENIX 2011 e (b)
107
10°E
‘IO;

=~
£ Ge
21
A
i i
P
i e
H |
I
i
& .
£ i -
- i
1 W
1 :;"-:_51
e £ =
1 Ll

DCA, [cm]

ICNFP2019,

2019/8/27

2.

Previous HF electron yield
< 9(GeV/c)

Broad py range

1<py

Phys. Rev. C 84, 044905 (20

11)

Efficiency fully

corrected
Constrain b & cyield £
E2ps

\|||||||||||||\I||||||||||||||II|IIII|IIII|
@ 'w 2.5

voond ok vod v v

:_||||||'|’ L ||||i-"‘I||n||| ||mdll | “{""‘ HII{“ |||||‘I‘ 1l o

* Unfold method performs a simultaneous
fitting with electron DCA and invariant yield.
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Unfolding: Bayesian inference

e Purpose: extract parent B/C hadron yield

e Bayesian inference technique

e MCMC(Markov chain Monte Carlo) sampling

e Obtain probability of B/C yield for pT bins

Input
Hadronyield

ICNFP2019, 2019/8/27

B/C—e

Decay model
<PYTHIA6>

oca|ay < AR P®)

P(A)

Calc: HFe
[Yield, 5DCA]

€c €s

Data:HFe
[Yield, 5DCA]

€p

€c

Smoothness

|
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Unfolding: Bayesian inference

* Purpose: extract parent B/C hadron vyield P(B|A) = P(“”B() ‘)P(B)
P(A
e Bayesian inference technique
e MCMC(Markov chain Monte Carlo) sampling likelihood
e Obtain probability of B/C yield for pT bins
Input Calc:HFe Pata:HFe
ron yield [Yield, 5SDCA] [Yield, SDCA]
c—>e  Pr I}
Charm 7]
e+
b—e

SR
be%
0\Q
%
ol s
B B
R B
B
|
©
—]
t

P )
S Au+Au MB |5, =200 GeV (b)
§ R PHEMIX 2011

Botto

Primay’
vy,

. ce b 10 i 3
vertex \‘d\st:m - i . &
% 1 4" . ".: A
H ] ah {-_r'_?“ I__‘ ﬂ
NS . T
pT DCAT 3 1045 01 0,05 0 005 01 015
AT DCA; [em]
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Full probability distribution
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