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Initial stage

Click 10 see animation w»



https://boundino.github.io/hinHFplot/animations/Intro_initial.mp4
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Heavy Flavor Flow in A-A Collisions
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Heavy Flavor Energy Loss
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* Only beauty decay lepton Raa measured at RHIC = (b—) D% Raa in sSPHENIX
» Kinematics of hadron daughters are closer to the parents than leptons
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» Less suppression for b-jet (D0 tagged jet) than inclusive jets
> Quark jet vs. gluon jet
» HF jet down to very low pr. Study energy loss not sensitive to hadronization
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Quick Discussion on Raa and vs
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- Data described by many models fairly well
 Data significantly constrained models
>~ Or actually “overtrained” the models...
= \ery different underlying mechanisms
and components in these models

» SPHENIX result will be a good test
> Different collision systems and energies
~ More divergent at low pr

» But only improving precision is probably
not enough...
> New observables than the traditional ones
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% New Observable: Multi-particle Correlation

Prompt DO vo{2} vs. vo{4}

PbPb 0 58 nb’ (5.02 TeV) * Probe event-by—e}@p‘t fluctuation
N R B B B - V2{2}2 ~ (V)2 +'C52“
Prompt D® + DO, lyl <1 — - V{42 m V)2 _202:

0= v,{2}

0.2

Syst.

Leed

fluctuation
* Indeed v2{4} < v2{2} for DO
> Provide additional constraints

0.15

0.1

» Fluctuations from both initial geometry
(soft) and energy loss (hard)
> can be distinguished by pr

2 4 6 8 10 12 14 dependence of v2{4}/v2{2}

0.05

PRL 129 (2022) 022001

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US)


https://doi.org/10.1103/PhysRevLett.129.022001

d(1]
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% New Observable: Correlation with Hard Probe

» New constraints of diffusion with a hard reference: jet-D, photon-D, h-D, ...
» Study effects that decouple charm and axis
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Quarkonium Production
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« Consistent Y(1S), Y(2S) results at LHC

* Y(3S) stronger suppressed
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Y Suppression: Model Comparison (1/2) I I I i I-
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— TAMU transport model — Coupled Boltzmann eq.
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Reasonable description of Y(1S) and Y(2S) data with very different ingredients
Different hydro simulation
- With and without thermalization

» SPHENIX measurements at RHIC can provide another different constraint
Colected by Florian's talk CMS-PAS-HIN-21-007

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US) 30


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-007/
https://indico.cern.ch/event/883427/contributions/4921661/attachments/2479734/4257096/quarkoniaCMS_HFworkshopTorino2022_FD_v3.pdf

Y Suppression: Model Comparison (2/2) I ! I i I-
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Exotic Hadrons

» X(3872)/P(2S) decreases wrt multiplicity in pp,

but has hint of enhancement in pPb and PbPb
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Hadronization

Click 10 see animation w»



https://boundino.github.io/hinHFplot/animations/Intro_hadronization.mp4

% Strangeness Charm Mesons in PbPb
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% Heavy Flavor Baryons in PbPb

Nc/DO in PbPb
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https://arxiv.org/abs/2112.08156
https://indico.cern.ch/event/895086/contributions/4729900/attachments/2423515/4148554/HF_audurier_qm2022_v6.pdf#page=32

Heavy Flavor Baryons in pp

Ne/DO in pp
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\c over Collision Systems

pr-integrated A/DO
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https://arxiv.org/abs/2207.07590

Small Systems
Medium or no medium??




% Suppression of Quarkonia in pPb
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Yem yY
« Sequential suppression pattern of quarkonia in pPb
» Excited state modification beyond nPDF

» Studied with comover and medium interaction = How do we distinguish them?

arXiv:2202. 11807
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Heavy Flavor Flow in Small Systems

High-multiplicity pPb High-multiplicity pp
8.16 TeV pPb 13 TeV pp
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» Open charm flow signal observed in both pp and pPb
* Non-zero J/P vz in pPb but not in pp

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US)



Heavy Flavor Flow in Small Systems

High-multiplicity pPb PbPb
8.16 TeV pPb 5.02 TeV PbPb
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- Different flavor dependence of vz in pPb and PbPb = hint of different source?
- How do we distinguish initial and final state effects?

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US)



% Impressions on Small Systems

- Many medium-like effects (charm flow, sequential quarkonia suppression and
modification of hadronization) are observed in small collision systems

» There should be some final state effects, but no sign of jet quenching signal
» We don’t know how to isolate initial and final state effects

- We don’t fully understand the role of high multiplicity, and need a more
coherent definition of event classes across systems and experiments

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US)



L ook forward to the answers from sPHEavyNIX!




Thanks for your attention!




Thanks for your attention!
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Probe Initial Fluctuations: DO v{4}

Prompt DO vo{2}/v2{4}
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PRL 129 (2022) 022001

source of fluctuations
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Open Beauty va: Full Flavor Picture

5.02 TeV PbPb (0.4/0.58/1.6 nb™)
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» Unique beauty flow info covering wide

Kinematic range

> consistent with (b—) J/U v2

» Low pT1: Similar peak structure as other flavors
» Open beauty v2 < Open charm vz <
=» Weaker collectivity of heavy than light quark

= Recombination

- High pr: All flavors tend to converge
» Mass effect disappears

Pl B 316 (2021) 136253

LB 776 (2017) 1956
CMS-PAS-HIN-21-003
CMS-PAS-HIN-21-003
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HF v2: Centrality Dependence
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» Centrality dependence is strong for vz
and weak for v
=» expected by hydrodynamics

Pl B 816 (2021) 136253

10 20 30 40 50 o0 /70 80 90
Centrality (%)

Jing Wang (MIT), Heavy Flavor in LHC, RBRC workshop (Upton, US)



https://doi.org/10.1016/j.physletb.2021.136253

H N
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» Abundant physics behind these high precision and unigue measurements from CMS!
» Challenging for models to reproduce data across all systems and flavors
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Model Comparison: Open Charm (Run 3) I I I i l-
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» Run 3 data has very strong discrimination power for models
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Model Comparison: Open Beauty I I I i |-
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» Look forward to more calculations of open beauty
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Beauty Energy Loss: Flavor Dependence Illll
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Charm v2 in PbPb: Open vs. Hidden Illil-

V2 VS. PT
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-008/index.html
https://www.sciencedirect.com/science/article/pii/S0370269321001933?via=ihub
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CMS PbPb 5.02 TeV (1.7 nb™)
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CMS Phase-2 upgrades for HL-LHC

Table 1: Main features of CMS detector at present and Phase 2 upgrades.

Subdetector CMS present CMS Phase-2
Inner Tracker In] < 2.4, In| < 4,
100x 150 m? pixel size 50x50 pm? pixel size
Calorimeter Low-granularity High-granularity end-
cap with silicon sensors
Muon detector n| < 24 In| < 2.8
L1 trigger bandwidth 30 kHz for PbPb, 750 kHz (pass through
100 kHz for pp and pPb all PbPb events)
DAQ throughput 6 GB/s 60 GB/s
Time-of-flight N/A MTD for charged hadron
for Particle ID PID over || < 3.0
» New MIP Timing Detector (MTD) for TOF-PID! Dracision determination of

» Unique

PDuptonj=3  eeeeees

the arrival time of the signal
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CMS MIP Timing Detector (MTD)

» Large acceptance

- Barrel Timing Layer (BTL): [n| < 1.5

- End-cap Timing Layer (ETL): 1.6 < |n| < 3

» Serve as TOF detector for hadron particle identification
» Time resolution 30-40 ps

Experiment | r or | r/op (x100)
(m) | (ps) | (m x ps™")
STAR-TOF | 2.2 | 80 2.75
ALICE-TOF | 3.7 | 56 6.6
CMS-MTD | 1.16 | 30 3.87

Z CERN-HOC-2019-003
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https://cds.cern.ch/record/2667167?ln=en
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CMS MIP Timing Detector (MTD) |||"

Separation Power vs. kinematic phase space
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» CMS MTD brings complementarity and unigueness in PID

ALICE: mid-rapidity (|n| < 0.9)
CMSMTD (Al <8 (V8] '\ i torwarc (2 <n < 5)
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Bt less suppressed than quarkonia despite a binding energy between J/P and Y(1S)

PRI 128 (2022) 252301
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.252301
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Freeze-out &
Rescatterings

Click 10 see animation w»



https://boundino.github.io/hinHFplot/animations/Intro_freezepout.mp4

Section V

Ultra-Peripheral
Collisions

Click 10 see animation w»
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