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Outline

« Heavy flavor production and nuclear modification factors
» Open charm in pPb and PbPb collisions
» Open beauty in pPb and PbPb collisions
* Open charm in fixed target mode

 Hadronisation and particle ratios in pp, pPb and PbPb collisions
« Strangeness enhancement
» Heavy flavor baryon/meson ratio

 Heavy flavor azimuthal anisotropy v,, measurements
* v,: initial magnetic field
* V,: collective flow
* v, initial fluctuations
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« Suppression in forward rapidity H
* Close to 1 in mid and backward rapidity 0.8l [

« Constrain nPDFs down to x~10-5 a3
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* Re5: data > nPDF models at higher p+ 0oF
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Open charm production in
PbPb collisions

« D% Rppdown to p~0

« Strong constrain on theories
» Charm energy loss
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» Radial flow 2
* Recombination... 1'8;
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PbPb collisions from LHCb coming
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Open beauty productions in pPb collisions
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D¥/D° Ratio

D}/D° (PbPb)
DD’ (pp)

« Recombination and strangeness enhancement in QGP

Strangeness in PbPb collisions

* Possible strange heavy flavor hadron enhancement in heavy ion collisions
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Charmed baryon/meson ratio in pPb
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At /DY ratio in PbPb
e enhancement STAR > ALICE

* in pp:

« CMS ~ LHCb
- CMS ~ ALICE (p; > 5GeV/c)

* in PbPb:
« CMS ~ ALICE (p; > 10GeV/c)
 No coalescence seen by CMS at large p-
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At /DY ratio vs. multiplicity

« Multiplicity dependence of A} /D°
ratio observed in pp collisions

« Smooth increase from pp to PbPb
* Different slope btw STAR and ALICE
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=Y /D" ratio in pp collisions

« 20/DO ratio in pp also larger than MC generator
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A} /B ratio in pPb collisions
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Initial magnet field effects

 Charge asymmetry of directed flow v, probes the strong initial EM field
« Charm more sensitive than light quarks:
« slope(D®) >> slope(h*)
« STAR negative slope vs. ALICE positive slope
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Pb+Pb |5, = 5.02 TeV

o (GeV/c)

QM2019

. . 015 __PBPb17 nb’' (5.02 TeV) «0.25¢ — — .
Collective flow in PbPb . iz o 7 o
oip Me2d s 0.2F 30-40% =
' o - Charm muon
g *rs) ] -
0.05 4 ” : 0.1 5:— E ?:?]ttomdrr;]u? E
B oMo L E ML C arged hadron]
* Vy(h*) > vy(D) > v,(J /1Y) #1a]  of :
-0.05 : . 1
" C :
* V,(charm) > v,(open bottom) > 0 o Y(nS) | oos) o :
° V2 (Y) ~ O 015355 ‘ 10-30 ‘ 30-50 J 50-90  10-90 O:— ______________________ 1 T __:
Centrality (%) . , . o 1
. . 4 5 6 7 8910 20
Open charm v, compilation b [GeV]
' T TT | I T TT | ' T TT ‘ ' T TT | ' T TT | ' T TT | ' T TT | ' T TT
0.25 — -
— — o~ T T | 1T ‘ LI ‘ LI ‘ LI ‘ T T TT T T T
- = - > 04— ALICE Preliminary b
B ] .~ 30-50% Pb-Pb, |/s,, =5.02 TeV ]
0' 2 B H - e Prompt D@ D*" average, |y |<0.8 4
- /@] CMS PbPb 5 TeV m 03w A Zeym? ]
- 30-50% Prompt D° i Y {SEO'_‘;”"” JHEP 02 (2019) 012 ]
0.15 Do "% ALICE PbPb5TeV — N vz’{hélp, |An[>2} JHEP 1809 (2018) 006 _
_ 02 ¢ ‘ o charged particles, |7|<0.8
N \ 30-50% Jy - Ik Q* v, {SP, |An|>2} JHEP 07 (2018) 103 1
B [ ATLAS PbPb 5 TeV ::' ]
0.1 "-f J/¥ 30-40% b—p1 0.1 B
i + i L o ) ]
: 1 TR R
0.05 B ﬁ E E _] i [_] Syst. from data ]
~ - r I Syst. from B feed-down |
i * b%u : —01_ L1 \5| L1 |1 ‘Ol L1 1‘5| L1 2‘0| L1 ‘ L1 ‘ 1 I |3‘5|_
O s 0 .-E p_ (GeVic)
B L 111 | L1l | 111 ‘ L1 1 | L 111 | L1 1 | L 111 | L1 1
0 5 10 15 20 25 30 35 40
1/27/2020 Talk by Jing Wang 14



arXiv:1909.01650

CcMSs Preliminaty

pp 11.5 nb'1(13 TeV)

N rryrrrTyrTTrTTTTTT T T T T T T T T T T T T T T T T 015 !
> 0.15 ATLAS ~ Iy, <1 . Pgompt D
- - - i ] Ks
T pp Vs=13TeV ] 0.1 .
Collectivity iIn o 25°™ - g 4 51, o
- ..-l- L ] & é}; a ©h
small systems - I O i :
0.05- .* -1 2 I %%D(# |
- 1% ]
C *} [ ] 0 .*.-.‘-.i.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-._
° - Oj = Charged hadron ] -
pp " - . cou % % % - 0.05 [ N:-fkﬂme > 100
~ + - © — - e B ]
.VZ(C) <V2(h) _0057|bu||||||7 I \ \ \ . ! ]
° ~ 0 1 2 3 4 5 6 7 8 0 1 2 3 4 6 7 8
Vo(b) ~ 0 . [GeV] p_(GeV)
* pPh:
+ 0y
* Vo(h*) >v,(C)  Vo(D7) ~V,(J/¥)
« v,(b) ~ 0
CMS Preliminary pr 186 nb’’ (8 16 TeV)
AL B L L B B L L B B e | \ \ T
0.2 - ALICE ® (ch)—e |n<08, |an<1.2 | 0.3 |y|ab|<1 CGC (Zhang etal) —
- p-Pb,\{%:S.O2 Tev Charg. partﬁ Ir:l|<0.8,r£)AB<|Arr|<1.6 i | o Kg ® Prompt D’ - --Prompt D° _
|~ (0-20%) - (60-100%) o u,p-going-4<n<-2515<ag <5 ] - < A M D°frombhadrons  ---Prompt J/y 1
0.15 [~ & u, Pb-going-4<n<-2515<Ang <5 ] 0oL 1.2<ly_|<2.4 — D" from B mesons |
- —o— 1 & [ # PromptJny i i 1
~ - % ‘@’—@7 1 5~ i ~ o i
=~ 01 — @_ . a(\] i % & o &
i ] > 01— - O EeS  a - —
: ﬁﬁﬁ—%ﬁﬂf : BT e Ll P f
0.05 - L g S-S
o | 4 e 7 -
- o T - Ne=aes T -
0r | | | | | E I + 185 < NJI'"™ < 250 ]
L | L1 L1 L L 1 | | | \ | | | \ | | | | |
1 2 3 4 5 6 0 1 2 3 4 5 6 7 8
p, (GeV/c) p; (GeV)
112712020 PhysRevLett.122.072301 CMS PAS HIN-19-009 15



Initial fluctuation v, In PbPb

« D% v, no strong centrality dependence

* V5(h*) > v4(charm) > v,(bottom)
* V,(bottom) ~ 0
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Outlook

* LHCb upcoming results:

» Double charm correlations in pPb collisions

» Open charm production in mid-peripheral to
peripheral PbPb collisions

A wishlist...
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D meson tagged jets
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Dead cone effect observed in pp

@ (rad)
0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.06 0.05
1.8_Ill|III|IIIII!I}I]I|III|III|3II|III|III
ALICE Preliminary Enagiae, (GEV)
1.6 =13 TeV
Pp 15 © o 5.00 - 15.00

charged jets, anti-k;, A=0.4

o 0 - 3o,
|?f|ab| <05 15.00 - 35.00

—
:p. .
I|I'II|II'I|II

—
"]

|
i

D- tagged jets / Inclusive jets

0.8 1 !
0.6F =
0.4[ =
N o 3
0.2F 5« pn_et <50 GeV/e E
O_IIilllJlJIlIlllilllJlJlJllll;lllJlJIlll_
1 12 14 16 18 2 22 24 26 28 3

In(1/6)

1/27/2020

22



DO v2

* CMS

CMS Preliminary
LELELL B BLELELELE B

PbPb szN=5'D2TEV
L B o e e L e

-~ Prompt D° + D', |y| < 1

|:| Syst.

~-Prompt D° + D7, 1 < |y| <2

g |:| Syst.

0.25

0.2

0.15

4

-0.05
0.15

1 M EFETE AT S A
60 10 20 30 40 50 60 10 20 30 40 50 60
P, (GeVi/c) P, (GeV/c) P, (GeVic)

1/27/2020



/D°

+
C

A

PbPb 44 ub™, pp 38 nb™ (5.02 TeV)

0.7
: i PP
:CMS Preliminary %1 Data
] 0.6[ Iyl <1.0 ~4= PYTHIAS
1E ] - - ~s% PYTHIA8 + CR
: ALICE Preliminary ] F - PbPb —— EPJC78 (2018) 348
N ® pp,Vs=5.02TeV,|y| <05 _ D 05__ m Data: Cent. 0-100% — arXiv:1902.08889
0.8~ ® pp,Vs=7TeV,|y| <05 (JHEP 04 (2018) 108) o+ B
= p-Pb, s, =502TeV,-0.96 <y <0.04 7 (@ o
0.6 LHCb - =0.4
’ - ~
&ﬁ: 5 pp,Vs=7TeV,2<y <45 - ,—(..:)
Nucl.Phys. B871 (2013) 1-2 .
04 ‘H (Nucl.Phys. B871 (2013) 1-20) . |< 03
L H i + N
0_...|....|....|....1.. 1] =
5 10 15 20 25 -
p_(GeV/c) 01" oo s
07III|III|Illlllllltl{lll|lll|ll—l—
4 6 8 10 12 14 16 18 20
o (GeV/c)

1/28/2020 24



Charm production in fixed-target pA collision
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» Reasonable agreement with Helac-Onia predictions in rapidity shape

o -2.53<y*<-1.73 2 0.17<x<0.37

* No evidence of strong intrinsic charm contribution observed
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