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Space anisotropy momentum space anisotropy

System symmetry — elliptic flow, v, Fluctuations — triangular flow, v,
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Anisotropy in heavy ion collisions

CCZZ_N x 1+ 2v,cos[n(¢p —U,)]

Flow mechanism (light hadrons):

d low pt = hydrodynamics

d medium py 2 coalescence

O high py = path-dependent parton
energy loss
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Traveling light

A

Heavy quark anisotropy

carrying a heavy luggage

-
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dN

dgb x 1+ Z 2vy, cos[n(¢ — Uy,)]

Flow mechanism (heavy quarks):

d low pr =2 hydrodynamics
+ collisional energy loss

d medium all pt 2 coalescence

O high py = path-dependent parton
energy loss
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D9 signal extraction

Reconstruction

(] Data from 2018 Run:
«* PbPb @ 5 TeV ~ 4B Minimum Bias events

A Inclusive D reconstruction
o DY 5 K nt

O No particle identification = All possible combinations of

pairs with opposite charge track in an event are taken into
account

d Additional selection performed with Boosted Decision Tree

[ ] K~
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= . CMS
PURDUE DO signal extraction
NIVER I T Y. F*\.i\
Reconstruction Inclusive D? Yield
@ Data from 2018 Run: [ Signal mass spectrum — double gaussian

** PbPb @ 5 TeV ~ 4B Minimum Bias events
1 Swap component — gaussian

Q Inclusive D reconstruction

% D% > K nt O K*K~ & mtn - Crystal ball functions
U No particle identification = All possible combinations of O Combinatorial — polynomial 37 order
pairs with opposite charge track in an event are taken into CMS PbPD 5,02 ToV (0.56 nb)
account 1800 Centrality 30-50% e Data
_ . . . . 1600 6<p.<8GeV/ic  — Fit __
 Additional selection performed with Boosted Decision Tree  04<Vi<05 D%+D° Signal
1400~ Iyl < 1 2 [ K- swap
§ C KK,
® K- o 12000 - Combinatorial

arXiv:2212.01636
+ submitted to PLB

Milan Stojanovic, HP 2023



PURDUE

UNIVERSIT Y.

D% meson anisotropy
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Charm anisotropy via D°

Scalar Product method +- Prompt D° + DO, lyl < 1

0.25F
. 4 Charged particle, Inl <1
02 .. LBT
-5 -3 -1 0 1 3 5 E . PHSD
ST015E e TAMU
HF - TRK - TRK + HF + 01E .

. <t
Q, Q. Q, Qe 0.05 ;E;‘ B
O 3

resolution Q,.Q,,°

Q,, — D? candidate flow vector

O Small p — mass ordering
Q..4, Qnp, Qnc — event plane vectors from subevents % DY v, < ht v,

O Higher pt — v,, converges
X DO U, = hi %)

(QnQ;a)
\/ (0, 0% (0.40%) PLB 816 (2021) 136253
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PURDUE Search for EM field in PbPb y

=

0.02 CMS PbPb 0.58 nb™" (5.02 TeV)

. . . . o L L B

EM field from participant can affect v2 signal . - :

0.0151- rompt DY — D =
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sz _3'0;—‘@ prelLYGCV )} (¢) prelLAGV 2, 00 s T T
40%50™1070.0 10" 20 20 1.0 0.0 10 20 lyl

Predictions for pions Y Average value extracted with a fit to data:
=gt — - —
A=rm™ -7 Av, = v,(D%) — v,(D%) = 0.001 + 0.001 (stat) + 0.003 (syst)
Phys. Rev. C 98, 055201 (2018) PLB 816 (2021) 136253
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Event by event fluctuations:

O Initial geometry fluctuations — event property
O Final state effects — can show difference between D° and charged particles

» Two-particle correlations:

» Four-particle correlations:

2

N 1 oy,
v{2}=(v,) + §<v2>

2

1 o,
v {4}=(v,) — 5(1721;
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Event-by-event fluctuations

CMS PbPb 0.58 nb” (5.02 TeV) §

02_"'""""""""""""'_'"'""""""""'O"_(')""_ CMS PbPb 0.58 nb" (5.02 TeV)
2 ; 0 - P t DO +DO, lyl <1 — L e e L
C Calf ljla‘:lztzg}j‘%glr.o ??c:sl?s (Langevin) 1 __-—E7 |:| Syst. _:r:p{z} s : 0'2__ Calculation for prompt D° ]
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_~ ' —e— Prompt D° +D° I Calculation for prompt D°. ] B Prompt D° +50 __$__ ]
% 1'2:_ —é— Charged particles _Z-_ — ggﬂiz EE-_II%SSSS(Langevm) _: - R V2{2} lyl<1 -
= A-——-%é.k,_ .............................................................................. . 0.05— v.{d) 2<p <8GeV -
N —&=— J — e
N - _$_ —l— ] L Calculation for prompt D° i
) ) . ) ',__' E .~ - — Coll. E-loss (Langevin) —— Rad. E-loss ]|
4 6 8 10 12 14 o T —$— ]
p_ (GeV) < 7%- .
> 08 -
% — y
= - —e— Prompt D° +D° s
0.6~ —o— Charged particles ]
° _I PRI S T (T T TR T S S T S T (N S T TR TR N T T SR S N S SR SR S R ._

Vo {4}/172 {2} 0 10 20 30 40 50 60

Centrality (%)
1 D° compatible with charged hadrons in 10-40% centrality

o Suggesting that initial fluctuations are dominant PRL 129 (2022) 022001
[ Indication of discrepancies in more peripheral collisions
o potential final state effects Milan Stojanovic, HP 2023 10
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Bottom anisotropy via D°
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] ATLAS  ALICE d cMmsS
b - b-e b— o IS LA R A B S A B L B S B R
PLB 807 (2020)u135595 PRL 126 (2021) 162001 CMS—PAS—HIL(Z'.I;—OOS 0.2[~ Pb*Pb Vs =5.02TeV 40-60% ATLAS -
‘ I - 0.3-19nb", |p*|<2 ¢ charm muon ]
Y - ¢ bottom muon -
“* Non-zero v,! 0.15 DREENA-B  DAB-MOD |
B [ o>y =D - pu ]
i C] B-opu =B - u B
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+ c quark v,

V' Larger branching ratio wrtb — ]/
v Higher D? mass than leptons: 0.05
higher correlation between D? and b momentum

-

 ATLAS O ALICE O CMS
b N u b - e b - ]/w >N i T T T [ T T T T [ T T T T [ T T T T [ T T T T ]
PLB 807 (2020) 135595 PRL 126 (2021) 162001 CMS-PAS-HIN-21-008 0.2~ Pb*Pb |5y, =5.02 TeV 40-60% ATLAS —
L | - 0.3-19nb", |p*|<2 ¢ charm muon i
| - ¢ bottom muon §
“* Non-zero v,! 0.15 DREENA-B  DAB-MOD |
- [ Jospy =D-u i
- [ IB>uy —B-ou -
O Advantages of b — D? channel 0.1t -

N bquarkv, I
| ] ol 1 ]

0 5 10 15 20 25
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Potential for precise measurement in wide
kinematic range!
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Two component template fit to extract b — DO fraction

-
n+
Prompt D°
Ii Do
!
/|
: |
L* PV

DCA

DCA (distance of closest approach)
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Two component template fit to extract b — DO fraction

-
-
n+
nt b- DO
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Prompt D /,, D
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D° /
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o ¥ o

DCA (distance of closest approach)
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Two component template fit to extract b — DO fraction

K- CMS PbPb 5.02 TeV (0.58 nb™)
_ 10° Centrality 30-50%
K ot 6<p <8GeVic
nt b — DO 107 yh<1 o Data
5 = D° from b hadron decays
0 < = Prompt D°
Prompt D° /’, D S ot P
, /1 [}
/ 9
. / / % 10°
I\ DO /s
! / @B
/ . ,
/' I : 10
Co | 0 002 004 006 008 01 012
L ll Py DCA ! D° DCA (cm)
DCA I PV

arXiv:2212.01636
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CMS PbPb 5.02 TeV (0.58 nb™) -

0.2 [« Prompt D° (PLB 816 (2021) 136253) |

E+D° from b hadron decays E%ﬂ
N 0.1 - lyl <1 - !
. K _ 0 o g :

Elliptic flow ———

I - -
Centrality 0-10% | HHH 10-30% | H 30-50%

(ep]

05| 1
A e e N #%@m

Triangular flow ——— = m
0 5 10 15 20 25 510 15 20 25 5 10 15 20 25
P, (GeV/c) P, (GeV/e) P, (GeV/ce)
First measurement of b — D? anisotropy in PbPb collisions arXiv:2212.01636
submitted to PLB
 Mass ordering of flow magnitudes L Weak pt and centrality dependence

O Nonzero vy
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CMS
0.1F -
D" from b hadron decays
[ lyl <1 [
0.05 # -
o 0 | 1" -
~ i i w\ T T i
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First measurement of b — D? anisotropy in PbPb collisions submitted to PLB
. . low-p;
O Qualitatively good agreement between high-p; PHSD: PRC 92 (2015) 014910
theory and data CUJET3 CPC43 4 (2019) 044101 1apuU PLB 735 (2014) 445
O No model can describe whole p; range LBT PRC 94 (2016) 014309 LGR EPJ C 80 7 (2020) 671
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U Simultaneous measurement of R4 and v,, essential

D production

for understanding heavy flavor in QGP

O 2015 results:
o Hint of mass ordering at low pr
o Unexpected suppression at low pr

- CMS (=] R,
: n Cao et al. 0-80%
L 0 0
- D + D - Djordjevic et al.
YA CUJET 3.0

T T. and lumi AdS/CFT HH D = const
g uienany 2= AISICFTHHD®) |
i L

2 l o

‘ Iyl < 1
: Cent. 0-100%
11 l 1 1 1 111 11 l
1 10
p. (GeV/c)

More precise measurement needed

27.4 pb™ (5.02 TeV pp) + 530 ub™* (5.02 TeV PbPb)

Prompt D°

" PLB 782 (2018) 474
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D° from b hadrons lyl<1

-~ CMS .

- ¢ B'lyl<2.4

— = Prompt D° lyl<1 J/y from b hadrons:

— « Charged hadrons <1 & 1.8<lyl<2.4

- Global uncertainty * 24

- »
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- _'__-_ -.-—fF 4
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=+

— 3 4567870 20 3040 100
P, (GeV/c)

PRL 123, 022001 (2019)
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Q Prompt DO azimuthal anisotropy
o E-by-E fluctuations indicate different final state effects in
peripheral collisions
o No sign of strong Coulomb field in PbPb

O First measurement of b —» D? azimuthal anisotropy in PbPb
collisions
o Covered both high pt and low pt range
o Mass ordering of flow observed

Milan Stojanovic, HP 2023
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Entries / (2.5 MeV/c?)

Av, extraction: simultaneous fit

Simultaneous fit on invariant mass distribution and vn (delta vn) versus mas

x10° CMS
35[ Cent. 20-70% $ Data
06 <y <00 — Fit
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PbPb 0.58 nb' (5.02 TeV

PLB 816 (2021) 136253
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b — D? v, extraction

HF - TRK - TRK + HE + v, {SP} = =nA
<QnA Q:B> <QnA Qt*tC>
QA Q. Q, Q5 <Q;zBQ:C>
resolution 00" b - DOVZ 1 I I . DO
p° did fl mean of the nonprompt distribution 1 | nclusive ' "Va
Q. — candidate rlow vector | | mean of the distribution
[ |
Qna, Qunp, Qnc — event plane vectors from subevent L Inclusive D? yield
CMS Preliminary PbPb 5.02 TeV (0.58 nb") : : from mass fit in each bin
10% - Centrality 30-50% 0 —
6.0<pT<8.0 GeV/c | |
— 7 * . I 1
z b — D yield
S == D" from b quark hadrons | |
2 == Prompt D° From mass + DCA fit in each bin : :
o
: =
)
= —-- ..
Q2034
arXiv:2212.01636 jszQ;Bxguozc)
0 002 004 Dé)ggA (%2:3) 01 0.12 submitted to PLB Milan Stojanovic, HP 2023 (Q250Q05¢) )3
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Heavy flavor v, from CMS

CMS preliminary PbPb 1.6 nb™ (5.02 TeV)
Cha rgEd had rons 0.25 - Charged hadrons Prompt J/y, Cent. 10-60%  _|
Phys. Lett. B 776 (2017) 195 . B [l <1, Cent. 10-30% O 16<lyl<24 i
- Y(1S) ¢ lyl<24 _
- + lyl <2.4, Cent. 10-30% Nonprompt J/y, Cent. 10-60%_|
Prompt DO 0'2: O 16<lyl<2.4 .
L ¢ lyl<24 _
Phys. Lett. B 816 (2021) 136253 015 - Prompt D° E
-IYL m lyl <1, Cent. 10-30% -
0 B Nonprompt D°, PAS-HIN-21-003 _]
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CMS—PAS—-HIN-21-003 > 0.1 — L ]
L + kl _
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Prompt J /Y 0.05F = -
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O e e
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~0.05F | -

1 10
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