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Outline

» Heavy flavors in heavy ion collisions
> J/y production in jets in p+p collisions at /s = 500 GeV

» Summary
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Heavy flavors in heavy ion collisions

Qipeng Hu' talk
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Introduction

e Open heavy flavors (HF) quarks — ¢, b
— are produced early in the collision;
masses above QGP temperature

e HF in heavy ion collisions are sensitive
probe to energy loss mechanisms
and QGP transport property

e HF pair angular correlation have
additional sensitivity to QGP-induced
angular deflection

what is the different of open and solid circles?
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What is the temperature at LHC ?

!

Open heavy flavors?

!

Why are sensitive probe?

pair angular correlation?

!
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QGP-induced angular deflection
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ATLAS HF muon programs: Detectors

ATLAS HF program focuses on
semi-leptonic decay to muons

inner Detéstor Muon Spectrometer

~ (ms)
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ATLAS HF muon programs: Methods
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why the pT in ID
and MS are different?

How to get the pT
by MS detector ?

How to separate the
Charm/bottom to
muon by d0?



HF production in pp collisions
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* Charm muon: data lay at the upper boundary of uncertainty

* Bottom muon: data agree with
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HF azimuthal anisotropy in pp collisions
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e Significant azimuthal anisotropy for charm muon in high multiplicity pp events

e vo(b) ~0. Charm and bottom difference is significant
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Charm and bottom muon R, vs v,
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p, [GeV]

‘) 40-60%

30

[ ] RAA(C) < RAA(b) at low T,

insignificant difference above
10 GeV

o V,(c) > vy(b)

e Strong centrality dependence
for Ry 5 and v,
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Charm and bottom muon R, vs v,
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Q 40-60%

A small workshop for QM22 - 04/23 2021 10



Charm to bottom double ratio
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® [ arge uncertainties due to strong anti-correlation between charm and bottom

e Charm is more suppressed than bottom at low pr; comparable at high pr

® |n radiation picture: mass hierarchy inline with “dead-cone” effect
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Comparison (bottom Ry,)
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e B-decay (muon, DO, J/y) in 0-10% in comparison to DREENA-B

® B-decay and (muon-tagged) b-jet show smooth trend in wide pr range
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HF muon pair selection

09 + Pair production
08 Flavor excitation
07
é‘ 0.6 - Gluon splitting  e——
=
3 Rapidity
= api .
= | pICIt using |An| and A¢ to
Correlation . . - — =
] select Pair production K >ﬂ_<
g Q q Q
e —
12 | Pair production = ] Ideal probe for QGP induced angular
. | Flavor excitation me— | broadening: back-to-back muon pairs from
] 0g | | Gluonsplitting = | Rapidity gap between two muons: | A | > 0.8 LO pair production processes
= . "
= | A2|mutl?al e Suppress HF-bkg contribution from jets
= Correlation ® Suppress gluon splitting contribution
Azimuthal correlation at A¢gh ~

® Back-to-back pair production

e Contribution of flavor excitation

e Small non-HF bkg contamination

b — b correlation at 2 TeV from pQCD
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Back-to-back
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yield extraction
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Yields with no

azimuthal correlation

Collective flow
modulation

Back-to-back

Lorentzian

e Correlated yields and its width (std deviation) are extracted

e Separately for same-sign (bb) and opposite-sign (c¢ + bb) HF pairs
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correlation yields
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ke
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HF pair azimuthal correlation -- yields

Same-sign (b)) Opposite-sign (cC + bb)
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e Stronger suppression on back-to-back HF pair production in central wrt.
peripheral

e Same-sign and Opposite-sign pairs have similar trend
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HF pair azimuthal correlation -- width

Same-sign (b)) Opposite-sign (cc + bb)
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e Comparable width between different centralities and between Pb+Pb and pp

e Centrality-independent width indicates small angular deflection. In weakly
interaction picture: important role of radiative energy loss
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Bottomonium in heavy ion collisions

Soohwan and Alexandre’ talk
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Introduction

* Bottomonia are good probes to study the QGP QGP-like signatures have been observed in small

systems, even in pp

M Produced mostly from initial hard scattering  Event multiplicity dependencies

M In medium effects

(color screening, gluo-dissociation, recombination)

In nucleus-nucleus collisions:
M e The three Y states have similar kinematics,

Uncorrelated Correlated but different binding energies.
' 6 -> QGP “thermometer” (sequential melting).
- i = Very different non-prompt fraction and
..‘ regeneration compared to charmonia.
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The CMS (Compact Muon Solenoid) detector

e Signal enhancement with MVA selection(BDT) for PbPb data

The CMS detector » Signal(MC) and background (side band data) classification

- Pointing angle a,
CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Pixel {100x150 ym) ~16m* ~66M channels

Microstrips (80x180 um) ~200m* ~9.6M channels
4

Overall diameter :15.0m
Overall length  :28.7m
Magnetic field  :3.8T

- Distance to closest approach (DCA),

SUPERCONDUCTING SOLENOID

iobium titanium coil carrying ~18,000A

Y v

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambees
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

- Vertex related information

PRESHOWER
Silicon strips ~16m* ~137,000 channels

¢

The CMS is the perfect detector for
bottomonium measurement in HI collisions.

Wide range of muon, (> 0(100) GeV)

Good momentum resolution e L iy

~76,000 scintillating PbWO, crystals

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Large cover of muon reconstruction
(O < ¢ < 271' I)]I < 2 4) HADRON CALORIMETER (HCAL)
2 * Brass + Plastic s

Plastic scintillator ~7,000 channels

Full width:

* J/P:92.9 keV DA/,
* Y: 54keV(1s)/32.0keV(2s)/20.3(3s) : BV
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The ATLAS detector

Upsilons measured in‘'di-muon channel at midrapidity

Y kinematics:

pr <30 GeV
ly|<1.5
Centrality: 0-80%

Signal:
Crystal Ball + Gauss

Background:
2" order polynomial
or Erf*Exp
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Weighted events / 100 MeV
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Y(nS) signal extraction: CMS
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\‘FFirst Observation of Y(3S) in AA collision( > 5 ﬁ)!!
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Y(nS) signal extraction: CMS

No MVA selection
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Y(nS) signal extraction: CMS

PbPb 1.6 nb™" (5.02 TeV
LI L | LI | UL I LI

CMS

Preliminary

e
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" l1<24
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Py + Data
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Centrality 0-90%

Signal
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| ¥ Y(3S) clearly identified!] M, (GeV/c?)
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Y(nS) signal extraction: ATLAS
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Y(3S) not shown since peaks are not statistically significant.
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Y(nS) Nuclear modification factor: CMS

PbPb 1.6 nb™, pp 300 pb™ (5.02 TeV)

2 p <30 GeVic CMS T
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Y(nS) Nuclear modification factor: CMS

PbPb 1.6 nb™", pp 300 pb™ (5.02 TeV)
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Y (35) measured in all pp intervals

Sequential suppression in measured py range
Slight increase of 2, , (35) vs. pt

R4 18 lower for Y(35) than Y(2S) in all intervals
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Y(nS) Nuclear modification factor: CMS

. 1
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Y(nS) Nuclear modification factor: ATLAS

e Ordering in R,,: Y(1S) > Y(2S) > Y(25+3S)
* More suppression in more central collisions

Nuclear modification factor
Naa

R —
AA T} X o77 * No strong p; dependence.
e Y(2S+3S) is shown instead of Y(3S)
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Y(nS) Nuclear modification factor: CMS

Double ratio of Y(3S) / Y(2S)  cwspasmm2i007
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Y(nS) Nuclear modification factor: CMS

L ] . - - .
Double ratios Luminosity and <T,,> corrections cancel
e Acceptance and efficiency corrections
%)/7(15) T (nS) / _T(18) Raa(T(nS)) partially cancel
(n AA - Al . . . . .
Pan - GT(LLSJ/U]A”?H) T Raa(7(19))  Consistent with sequential melting
o o * Y(25+3S) systematically lower than Y(2S)
@ ARERARARAR RERRN RRRRERARE RARRN RARRRRARE ] @ [ S LR R ELARLEE BRI RN RN
= - ATLAS ! = - ATLAS
§{1'2_ pp, (s =5.02TeV, L =0.26 fb’ 1 cent @ 125 ) (s=5.02TeV,L=0261b ~
"X | PbiPb, (5, =502TeV, L= 18210 1 o805 =% [ PbePy, o, S = 5.02TeV, L= 1.821 1
- T s 1= ceemeanneanas
[ ! <30 GeV, [y"|<1.5  aT(25) ] L 1y™|<1.5, Cent. 0-80 % *?ﬁgg) s
0.8— -4~ 1(25+39) a 0.8 - (25+35) s

] T(2S) 95% CL

o N |
0.45— [ﬂ — % 0-4;- l —
0.25— §H— 0.2 1 . -
0:||||||||||||||||||||||||||||||||||\|||: O:IIIIIIIIIIIIIL|I|||||||||||||||:

0 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30
<N _ > pﬁ“ [GeV] 6

part

Kaifeng Shen@USTC A small workshop for QM22 - 04/23 2021 30



Y(nS) Nuclear modification factor: Comparison with model

[1] N.Brambilla et al.,
Phys. Rev. D 104 (2021) 094049
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[3] X.

JHEP 2021 (2021) 46

Yao et al,,
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Summary

Heavy flavors in heavy ion collisions

e Decay muons serve as powerful HF probes in HIC, especially for probing
bottom quarks

® Detailed yield and azimuthal anisotropy measurements of HF muon in pp and
Pb+Pb collisions are available in recent ATLAS publications

® HF pair azimuthal correlation measured with muon pairs. No significant
azimuthal correlation broadening observed

Bottomonium in heavy ion collisions

¢ First observation of Y(3S) in PbPb collisions!
¢ Sequential suppression of Y(nS)

¢ Strong constraints on theoretical models
¢ Need to carefully treat the theoretical ingredients
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HF azimuthal anisotropy in pp collisions
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e Significant azimuthal anisotropy for charm muon in high multiplicity pp events

e vo(b) ~0. Charm and bottom difference is significant
Kaifeng Shen@USTC A small workshop for QM22 - 04/23 2021 35



