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sPHENIX commissioning run started in May 18
* First barrel HCal at RHIC for precise HF-jets

* Largest inclusive b-hadron sample at RHIC enabled by streaming readout

Candidates / (6.00 MeV/c?)
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Prediction that transient mag. field alters v,
This effect is odd under charge-conjugation, resulting in splitting
D° - K*n* is mixed, requires good production knowledge PRL 123 (2019) 162301

PRL 118 (2017) 212301
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Open Charm Constitution o
Hadron
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Huge benefit from streaming readout in pp
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Baryon/meson yields offer new insights in hadronization
= * Models currently favor coalescence hadronization
cd Low pt region (< 8 GeV) is key

sPH-HF-2019-001

PRL 124 (2020) 172301
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b-hadron simulation
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« Non-prompt D°reco. gives low pr b-hadron access

e sPHENIX aims to

« constrain heavy quark diffusion coefficients

« Parton energy loss mechanism

I X

PRL 118, 212301
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Heavy flavor jet observable simulation
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b- and c-jet subjet o3

splitting sensitivity

“We identify the region of jet transverse momenta where parton mass
effects are leading and predict a unique reversal of the mass hierarchy
of jet quenching effects in heavy ion relative to proton collisions.
Namely, the momentum sharing distribution of prompt b-tagged jets
is more strongly modified in comparison to the one for light jets.”

- PLB 793 (2019)




Quarkonia & Heavy Flavor Overview PHTENIX

Three recent PHENIX analyses focus on the following collision systems
and investigate the following:
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SMALL SYSTEM COLLISIONS p+p
« Multiplicity dependent .J/1) varies based on 7 of charged particle tracks
o 2013 p+p at /s = 510 GeV , _ » PHENIX data well described by PYTHIA Detroit tune with MPI _
e 2014 3He—|—Au, Au+Au at @ Do we see evidence for multi-parton — Evidence for MPI at RHIC energies Consistent with ALICE
5 — 200 GeV— interactions at RHIC energies? o ¥(2S) to J/1 ratio in p+p collisions shows weak dependence on multiplicity
VINN T @ . = No evidence for (2S) final state effects in p+p collisions at RHIC
Are there final state effects on charmonium
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Quarkonium States

2011

2014
€ Date of arXiv submission

https://www.nikhef.nl/~pkoppenb/particles.html
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If medium is formed and temperature is above its binding energy, the quarkonium state is inhibit
to be produce.
Lattice QCD A. Bazavov et al., PLB795 (2019) 15
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Alternative way to break
quarkonium states:

Large quarkonium states can
break in high-multiplicity
environment when interacting
with co-moving particles
[Ferrero, PLB749, 98 (2015)].
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New (2S) Result at \/syy=8.16 TeV

[a (28)
RO Rypo (pop) (¥(25)) _ L 70

LH C b New LHCD results on quarkonia production (and exotic
hadron) in pp and pPb collisions.
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Non-Relativistic Potential Theory:
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Satz, J.Phys.G32:R25 (2006)
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Additional 1/ (25) suppression only present in the prompt component, consistent with co-mover

particle interactions [PLB749, 98 (2015)]
CGC : Factorization violating soft gluon exchanges PRC97, 014909 (2018)
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“Now we know how to use the quarkonium thermometer”

JHEP 1710 (2017) 090
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Initial-state effects are cancelled out in the RpA(j/w}/RPA(DU) ratio.

]/ yield is not affected by final-state effects.

Constraints to maximum medium temperature in pPb collisions.
LHCbh-PAPER-2023-028 in preparation
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The medium temperature hypothetically formed in pPb collisions cannot inhibit the
formation of charmonium states with binding energy larger than 180 MeV, just 20 MeV
above the estimated freeze-out temperature.

18

Limiting the medium temperature in this small system close of a hadron environment

8.16 TeV result more precise and consistent with 5 TeV.

Agnes Mocsy’s thermometer

New 1(2S) Result at \/syx=8.16 TeV

LHCh-PAPER-2023-028 in preparation

LHCb-PAPER-2023-024 in preparation 2
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pPb collisions.

Confirming the existence of final-state effects on the y(25) yields.

LHCb-PAPER-2023-028 in preparation
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Despite the similar binding energy and size with y., Y(3S) is dissociated.
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Y(1S) 1100 MeV

/P 640 MeV
Y(25) 530 MeV

x»(2P) 300 MeV

X Y(35)180-220 MeV

ow(ZS) 50 MeV

X double ratio consistent with NO final-state dissociation of y, states in

€200 ‘nG JIoqueidsg

Y(35) is 2.9 x heavier and slower than ., more likely to interact with comoving particles. g

Theoretical input is welcome !!!
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CMS

Compact Muon Solenoid

O A? production significantly suppressed in PbPb —
charm quark E-loss

O A? production in pp collisions systematically higher
than GM-VFNS calculation (hadronization tuned with
e*e” data)

» Breakdown of the universality of charm quark

fragmentation functions?

Q For p; > 10 GeV/c, the A} /D ratios for pp and PbPb
collisions are consistent, suggesting no significant
contribution from coalescence to A} hadronization.

» A} /DO ratios for pp and PbPb converge with
ete” forpr > 10 GeV/c

QO No significant multiplicity dependence is observed for charm hadron production

in pPb collisions

» Different from strange quark, suggests coalescence processes of heavy

quarks saturate earlier
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CMS

Compact Muon Solenoid

Excellent performance for muon detection by the CMS experiment

CMS-PAS-MUO-21-001

Across pp, pPb and PbPb collisions, and wide range of detector occupancies

o Y states in pPb collisions

Sequential ordering of suppression

Rppb(1S) > Rypp (2S) > Rppp (3S)

= Follows their binding energies

= Challenging to describe with initial state effects alone

© First measurement of Y(3S) in PbPb collisions
Rpppp (3S)=0.080 £ 0.014 (stat) £ 0.012 (syst)
Same ordering as in pPb: Rpppp (1S) > Rpppp (2S) > Rpppp (3S)
Overall suppression much larger than in pPb

< 0.8}
2 D0

Rpr’

1.2

0.4}

0.2

PbPb, pPb, pp (5.02 TeV)

@ Rppps Vel <193 CMS -
R Yyl <24 Supplementary -

p. <30 GeV/ic |
T -

Y(1S) Y(2S) Y(3S)

PbPb (2S) and (3S) arXiv 2303.17026

pPb: PLB 835(2022), 137397
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CMS, !
}
CMS PbPb 5.02 TeV (0.58 nb™)
0.2 -+ Prompt D (PLB 816 (2021) 136253) | ]
-+D° from b hadron decays : ﬁ%ﬁ L §
> #@H :
| 3 : 30-50%
: - i :
» 005F i ?HHEHJH. l H%
¥ e Y S Ll
P e

P (GeV/c) P (GeV/c) P, (GeVl/c)

L Strong pr and centrality dependence VS L Streng Weak pr and centrality dependence
QO Significant nonzero v3 up to ~10 GeV /// Q) Signifieant Indication of nonzero v,
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U Mass ordering of flow maglﬁitudes



2IAOUR[01S UBJIN

@S !
5 0 :
; DY flow in small systems . .
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Q Open charm (prompt DY) v, ~ hidden charm (prompt / /1)) Q prompt D%v, compatible with light hadrons

Q Flavor hierarchy prompt D’ v, >b - D% v, = 0 0.15CMS_ __ pp11.5pb (13 TeV)
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PLB 813 (2021) 136036

. L o 0 .
o Significant prompt D" flow in small systems Mass ordering observed for pr < 10 GeV

o Both flow and Rpp o5 782 (2018) 474
o Both PbPb and pPb PRL 123 (2019) 022001




R, (AY), 0-10%
aa(A7D)s ® Phys. Lett.B 839 (2023) 137796

< 2p—rrrm ————rery —— JHED 12.2022) 126
< F - < [ R i
g :_ALICE 0-10% Pb-Pby o= [ ALICE, Pb-Pb, 5, = 5.02 TeV ]
H LIC = 1.6 —Prompt A{ Sy = 502 TeV_E [ 0-10%, ly| <05 i
- — Prompt D¢ ] 15k ° non-promopt D N
1.4 . Prompt average D°, D', D** E i * prompt D 1
1.2 - . Frst time down top, =1 |
1;— — "—; 1.0 I ™ T (iey /_c ________ - ol
e Mass-dependent energy loss 08E L [ i
. F l s : I
o Observed hierarchy of charm hadron R, : 4 <p.<10GeV/e 0.6 1 | 3 - i
+ ‘ ot : = 3 osf .
m R, (A)>R, (D )>R,, (D)— recombination and radial flow 0.4F . [ E—H !
0 0 =R = - i
© R, (non-prompt D”) > R, (prompt D”) — dead-cone effect 0.2E : [ i
L | L ol L |- open markers: [ extrapolated pp reference -
1 10 — S T
L : . p. (GeV/c) 1 10 p,(GeVic)
e (ollectivity in heavy-ion collisions T T
o Strong coupling of charm quark with QGP constituents at low p.,. — charm thermalization in the medium
o Small v, for beauty — weaker thermalization
o v, >0 for inclusive muon in high multiplicity p—Pb collisions — presence of collective-like effects in small
systems also in the HF sector
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ALICE

QCD shower flavour dependence

Casimir colour factors

Different emission properties due to the
different amounts of colour charge carried by
quarks and gluons

The dead-cone effect

A suppression of emissions in a cone of size
m/E around the direction of the emitter

=
Quark-initiated shower \ Light-quark-initiated shower
Narrower shower profile —’A"’<:<‘ Narrower shower profile —'4”44
Fewer emissions in the shower Fewer emissions in the shower
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Gluon-initiated shower Heavy-quark-initiated shower
="
Broader shower profile — ¢ Suppression of small angle ”/Ld_‘
Higher number of emissions emissions p
\e. L Harder fragmentation v,
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» Heavy-flavour jets
Casimir effects
Charm quark
A

Heavy-flavour jet production is
perturbatively calculable down to

Well controlled probe
low pr

Clean connection to the shower

The large mass of the heavy-quark
suppresses thermal production
and production during the process
of hadronisation

Heavy-flavour jets allow access to
a high purity quark sample for jets
and splittings

Mass effects

At low energies heavy-quarks
provide unique access to mass
effects in the shower
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Heavy-flavour jet substructure for probing the flavour

dependences of QCD parton showers with ALICE
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charm-tagged jets have significantly fewer symmetric
splittings (large zg values), compared to inclusive jets
~ Expected mass effects in the QCD splitting function

a reduction at large-angles compared to inclusive jets
~ differences between quark and gluon fragmentation
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~ the presence of a dead cone for charm quarks (satisfying the Soft Drop condition)



ﬁ | Nonperturbative (NP) |

Short time scale
High energy scale

First energy-energy correlators measurements for inclusive
and heavy-tlavour tagged jets with ALICE

A new jet substructure observable: 2 point energy correlators

from weak to Long time scale

Low energy scale

strong coupled
limit

Count number of
weighted pairs as
function of RL

Ry =‘/A¢,§+An§-

» 2 point energy correlator results in pp at 5 TeV

» Well-defined probe
IRC safe + pQCD calculation available: K. Lee, B. Mecaj, |. Moult (arXiv:2205.03414)
Soft contribution (MPI, UE) power suppressed by energy weight: no need for grooming when
» 2 and 3 point energy correlator results in pp at 13 TeV comparing to pQCD calculation
. . o virtuality ~ prRy.
» Probing fixed scale with fixed R. Ry
Large =» small angle: perturbative =» NP scales e~ 1/(PTRE)
When the virtuality approaches @ (Aqco), EEC
undergo transition into confinement region Transition Ry, ~ G(Agep)/Prje
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