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Jets in hadronic collisions
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Jets in heavy ion collisions

The partons interact
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jet loses energy
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Jets in heavy ion collisions *
- PLB 790 (2019) 108
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) % J/P in heavy ion collisions
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~ J/Y in heavy ion collisions
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~ J/ in heavy ion collisions
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L  Jppuzzle

charm formation
-> bound state

JIP not fully understood




J/YP puzzle
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charm formation
-> bound state

not fully understood

Models can’t reproduce both
cross section and polarization
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Recent measurement by
LHCb: J/U in jets

z=J/P pr/jet pr

prompt J/Y are produced
with far more jet activity
than predicted by models



B Prompt J/U in pp datg and MC

e

1/N dN/dz

Starting point for my thesis in CMS
Start with pp data and then move to PbPDb
Different kinematic ranges

pp 302 pb™ (5.02 TeV)

- CMS
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Similar results to LHCDb

Prompt data more similar to
nonprompt PYTHIAS8 than
prompt PYTHIAS



~ z distributions in pp and PbPb ~

Per-event yield of prompt J/p mesons in PoPb
collisions scaled by Taa and the cross section in pp
collisions, as a function of the fragmentation variable z
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‘Ranof Jipinjets ~

Rising trend as a function of z

Less suppression for isolated J/{p compared to J/P with larger jet activity

«1073 PbPb 1.6 nb™, pp 302 pb™ (5.02 TeV) PbPb 1.6 nb™, pp 302 pb™ (5.02 TeV)

oy < 16
c L L
.7 osf CMS = o CMS
&8 [ Prompt JA "I Prompt JAy
© - p.. >6.5GeV - p.. >6.5GeV
< 0.5 _TJw 1o T
= - 30<pTJet<4O GeV ' 30<pTJet<4O GeV
s F mi<2 [ <2
- Jet —— . Jet
_'Z 04 Cent. 0-90% PP 1= Cent. 0-90%
B F -»- PbPb i
© . = - 0.8
0.3_— B
- 0.6 ¢
0.2H e :
— 0.4 .
0_1:_ . ° ——— 02:_ ® ¢
- == —T——1 il Mt
O I’IIII|IIII|IIII|IIII|IIII|IIII|IIII 0_ | II|IIII|IIII|IIII|IIII|IIII|IIII
03 04 05 06 07 08 09 1 03 04 05 06 07 08 09 1
Z Z

11



L ~ NRQCDvsLHCb

Fixed order calculations are not enough to understand the J/{ puzzle

J/P could be produced in parton showers
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Better agreement with LHCDb results than LO NRQCD
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parton shower
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PbPb 1.6 nb™", pp 302 pb™* (5.02 TeV)

:_ Prompt J/w

L pTJ/lp > 6.5 GeV

: 30 < pT,Jet < 40 GeV
j— anetI <2
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< 1.6
<

| measured the jet fragmentation function of
the J/ meson in pp and PbPb collisions

Prompt J/P Raa showed a rising trend with z

These results support the interpretation
of jet quenching as a relevant
mechanism for J/{ suppression
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J/P-in-jet fractlon | *

Ratlo of J/Y produced In jets in our selectlon over the total number of J/L|)
Less than 7% are produced in jets in our selection
Under-predicted in PYTHIAS8
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J/P-in-jet fractlo
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Ratlo of J/YP produced IN jets in our selectlon over the total number of J/{

Less than 7% are produced in jets in our selection
Under-predicted in PYTHIAS8
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Elliptic flow in PbPb
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Moved from CMS to ALICE

J/w — uu in jets cannot be done in ALICE
But similar tools can be used in many analyses

(ACORDE)
CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m
Overall length ~ :28.7m
Magnetic field  :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

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

CHAMBERS
PRESHOWER

Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

ABSORBER

-> seperation of prompt and nonprompt J/yr
-> efficiency calculation studies
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« Tag-and-Probe (T&P) is a data-driven efficiency calculation technique
« Simulations are not ideal — need data calibration

» based on the decays of known resonances, e.g. J/y

- H Well identified, Tight selection
;e /
Q@ "

Unbiased, very loose selection

17
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TheTag-and-Probeﬂmethod | *

« Tag-and-Probe (T&P) is a data-driven efficiency calculation technique
« Simulations are not ideal — need data calibration

» based on the decays of known resonances, e.g. J/y

- H Well identified, Tight selection
) ‘//é) i /
? a U

Unbiased, very loose selection

all Tag-and-Probe pairs

R Condition?

Passing probes Failing probes

probes passing condition

2800 138 €
all probes
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Muon systems in CMS

Muons are measured in two subsystems in CMS
The silicon tracker: very precise momentum determination but busy environment

The muon chambers: very clean signal
Together they give very precise and clean muon detection

pr>3 GeVfor || <1.2,pr>1.5GeVfor2.1<|n| <2.4

Muon

Electron
Charged hadron
— — — — Neutral hadron

----- Photon
®

a7

Electromagnetic
calorimeter

Hadron
calorimeter Superconducting
solenoid Iron return yoke interspersed

with muon chambers

Om 1m 2m 3m 4m 5m 6m 7m
| | | | | | | |
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T@g-and-Probejn CI\hS *

Three types of muons are defined in CMS

Standalone muons: reconstructed in the muon chambers
Tracker muons: tracker + first layer in the muon chambers
Global Muons: tracker + muon chambers

Works in favor of efficiency measurements like Tag-and-Probe

Global muon

Muon
Electron
Charged hadron

""" Tracker muon

=
\
x\\;\‘x\\\\\\
) Ll |
Siliconytracker ///// L ° }l
lectromagnetic
calorimeter
Hadron
calorimeter Superconducting
solenoid Ironfreturn yoke interspersed
ith muon chambers

Om im 2m 3m 4m 5m 6m 7m
| | |




Tag-and-Probe tracking

g efficiency *

For the tracking efficiency we can look at standalone muons and

check if they are reconstructed in the tracker as well (Global muons)

For 2018 PbPDb run: very good efficiency that only depends on rapidity
Small differences between data and simulation

> 1.05
o =
Global muon g b e
o :
Igh :q d hadro E 0.95 :G::a::ﬁ::a:ﬁ*ﬂz »
Tracker muon = 09F
2o.85F
\\\\\\\3\ @ 0.8 CMS Preliminary
SN S PbPb \s . =5.02 TeV
Tf\{//'/bu) ) 0.75F VS
” — . . .
sicohracker 7] / 0.7 E_ ::r;r).t;)ackmg Efficiency
lectromagnetic 0.65 MC PYTHIA+HYDJET
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~ The ALICE detector

« AlLarge lon Collider Experiment optimized for collisions of heavy nuclei
at ultra-relativistic energies

» Goal: studying the physical properties of the Quark-Gluon Plasma

« Made of many detectors: ensemble of cylindrical detectors in the barrel +

a muon spectrometer in the forward region
| \
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:I'he ALICE dejecto}

« AlLarge lon Collider Experiment optimized for collisions of heavy nuclei
at ultra-relativistic energies

» Goal: studying the physical properties of the Quark-Gluon Plasma

« Made of many detectors: ensemble of cylindrical detectors in the barrel +
a muon spectrometer in the forward region




~ Muons in ALICE Run 2 |

MCH: Muon CHambers, tracking stations
MID: Muon ID, trigger stations
Front absorber: suppresses particles except for muons

Muon measurements in -4 <y <-2.5

Resonances can be detected down to zero transverse momentum

MID

MCH
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~ Muons in ALICE Run 2 |

* Muons can come from the interaction point or from decay in flight
 Limitations of the muon spectrometer:

* High background from /K decays
* No secondary vertex reconstruction
* Limited mass resolution

MID
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Muons in ALICE Run 3
 The Muon Forward Tracker is added for run 3

« Granular silicon detector placed in front of the absorber at 40 cm from the
Interaction point

e Improvements:
 The S/B ratio
* Precise determination of production vertex
» Better dimuon opening angle resolution

MID

MFT MCH

{11 A (Lo
a Sninamiiin

L ¥

U
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% | Taﬁg-and-Probe in ALICE

o

In Run 3 analyses will use global muons: reconstructed in the three
subsystems (MFT, MCH and MID)

An important part of the reconstruction: matching between MCH and MFT
The efficiency is going to be calculated in simulation
T&P studies are needed for calibration

Global
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* ” The starting point | *

* For now we only have MC simulation

« Using the nonprompt J/ys simulations in pp and PbPb
Tag

- U Global muon, opposite signs
) ‘//Cg) S / Probe
vd ’ U

MCH track in the kinematic range

Matched to to the MFT?

Passing probes Failing probes

* The efficiencies are still very preliminary and need some work
that affects muon measurements in general

« Main issue: fake matches between MFT and MCH detectors
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