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CMS DETECTOR STEEL RETURN YOKE

: 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T

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

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



i
i
{
|

iﬂ

Total integrated luminosity (ub™)

Current CI\/IS Stétus

Then the question is : within
this larger context of collider

Hypothesis : that this workshop is aimed to understand the synergies
between the UPCOMING EIC prospects and the ONGOING [LHC prospects

physics where CMS stands 17

2023 (PbPb 5.36 TeV/nucleon)
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B and Quarkon

Forward and Soft QCD

1224 collider data papers submitted as of 2023-10-21

Data up to 2023-07-16

2023 (pp 13.6 TeV)
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pp - stopped in the July
Due to LHC incident

Photostory
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1 CMS recorded: 28.89 fb™ |
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Data (2023):
pp :29.89fb~!
Pb-Pb : 1.6 nb~!

Publication (so far):
B-Physics: ~ 5.5 %
Heavy-lon: ~ 10.6 %

Physics (Flagships) :
CP asymmetries , SMEFT, UPC,
precision measurements

Preparation for Run-1V :
Upgrade of L1 ( moving toward
phase-Il), ML based firmware, now
/ZDC is in L1

Possibility :
Days are coming when ML can help
up putting many HLT in the firmware

(HLT—L1)

Please find details :
CMSTDR, CMSPerformance , CMSScientific
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https://cds.cern.ch/collection/CMS%20Detector%20Performance%20Summaries?ln=en
https://cms.cern/org/cms-scientific-results
https://home.cern/news/news/accelerators/lhc-leak-repair-short-photostory

Physics in the non-perturbative sector

-QCD : as a coherent theory, perturbative at short distances (weak coupling) and confining (strong coupling)
at large distances ( quark confinement — bound state —hadrons)

-Weak coupling : identification of processes where a perturbative prediction may be directly tested is far
from trivial : one can obtain observables such as multiplicity or spectra of secondaries from hard process with

large Q7 transfer

-Strong coupling : this large Q2 transfers defines the characteristics of the hard processes - down to scale
Q% ~ A pcp Where the hadronization takes over (we will be talking about b, ¢ hadrons)

-Important properties of b, ¢ quarks : due to the short time scale characterizing their production, heavy
quarks experience the whole evolution of the system

-In Pb-Pb (p-Pb) collisions : measurement of hadrons containing heavy quarks provides crucial information
on the in-medium parton energy l0ss

-In pp collision : measurements of open heavy-flavor hadron production are relevant tests of pQCD model
calculations

-Hadrons with b and ¢ quarks : In this talks some of the important properties, that CMS has investigated in

both heavy ion collisions and proton proton collision in the decays of the hadrons where b or ¢ is one of the
constituents, the studies of the following decay processes will be shown in this talk :

(pp) : BY = Jlyttu, BT — K*¢1¢~, (Po-Po/p-Po)AT — pK~nt,B* — J/wK™,BY — J/y¢
QCD-PDG-REVIEW, 2007.13419



https://arxiv.org/pdf/2007.13419.pdf

B-Physics Results



[ o a - - = g = e ———
| Lepton flavor universality violation {'

= — = — = S————

Origin of the deviation : indicates violation of the Lepton flavor universality, a symmetry in the gauge sector - and an
accidental near-symmetry of the Yukawa sector - of the standard model by which all leptons couple with the same strength
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https://www.annualreviews.org/doi/pdf/10.1146/annurev-nucl-110121-051223
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RUIy) : BY — Jlytty, CMS-PAS-BPH-22-012

BB - Jlytty)
R(Jly) = - : Tt +
(J/y) BBY = o) Jhy— u u, 77 - uv v

1. L1 trigger : events with 3 muons , leading p : py > 5 GeV, sub-leading u : pr > 3 GeV, no p; requirement for
sub-sub-leading muon

2. 2 muons from the common vertex of J/, and muon (™1 ™) not originating from J/y vertex referred as 3rd
muon

3. Offline selections : HLT : J/y + p, d,., < 0. 05 cm, dy < 0.2cm, B+(3”d,u)vextex > 0.01 %,
mg < 10GeV, p7 IS 6Gev, p”2/"3 > 4 GeV

4. Discriminator between p & 7 channel : g% = (Pp+ — pJ/l,,)z, Pp+ = mBj/m"’s pg’”, IP3D/6psp, ny/any

7, K : misidentified as u : fakes, Hp, = Jly(utu™) + u*
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
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This result will certainly help the theory to be more tuned



doi:10.1016/j.cpc.2015.07.015,%20arXiv:1507.05176
doi:10.1103/PhysRevLett.120.121801
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2. Offline selections : HLT : pr(K™) > 1GeV, pr(B™) > 3GeV, L,/ oL, > 1, Pgiyextex > 1072,
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-005/index.html

Heavy lon Results



QGP, Nuclear modification factor and all that ...

-Quark epoch :

10712 ~ 10 sec, 101° K — 1019 K, 150 GeV — 150 MeV,
possibility of the existence of the quark-gluon plasma

in this epoch

-QGP formed in the heavy ion collision could unfold some early
universe properties

-Indeed gravity was already decoupled during the quark
epoch, still we do not know what was the aftermath of the

decoupling of R, 5, , on the other hand the QFT in high

temperature could study the properties of the hot QGP soup,
thermal behaviors of the QGP soup can be linked to the
thermal properties of the massive gravitating bodies in terms
of entropies !

- interesting properties such as : nuclear modification factor

(R4 4) (the ratio of the yield in Pb-Pb to the corresponding yield
in pp collisions scaled by the number of binary nucleon-nucleon

collisions), mean nuclear overlap function (14 4) ( average

number nucleon-nucleon binary collisions normalized by pp
inelastic cross section) are the indicating factors of how hot
medium modifies the particle production compared to the
simple superposition nucleon-nucleon collisions

Temperature (MeV)

250+

®
Universe (<107°

- Hadrenic gas

CERN-THESIS-2011-263

dial Quark-Gluon Plasma
Primoradid .

Neutron Stars
"Solid" state

Temperature T

"Ordinary" state T
N 8"%88 ~ Net baryonic density
1 5 8  (normalised, d/do)
Early
lh“vel‘se Critical Point
_ Crossover / Quark- Gluon Plasma
transition
Deconfinement
First—order 7 &chiral  transition

phase transition

Colour
superconductor

Hadron gas

Nuclei

. Neutron stars

Baryon Chemical Potential WB

This talk : Pb-Pb/p-Pb : At — pK~nt, BT — JIwK*,BY — J/wep
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The Aj baryon yields for pp collisions are much higher than predicted by calculations with the general-mass variable-flavor-

number scheme that use fragmentation functions obtained by fit-ting results from the OPAL and Belle collaborations,
indicating a breakdown of the universality of charm quark fragmentation functions

13


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-21-004/index.html
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BT — JIyK* & BY — J/y¢

' CMS-PAS-HIN-21-014

© = —3— Data o - —+ Data
> 4505 gt i —— Fit > 40 BY —— Fit
S 400 Signal = l‘ .
e - -~ Comb bkg e 35- Signal
T 3501 . =z F
= - B BoJyrnt % 30F ---- Comb bkg
g o o B2 X S 250 | 7<p, <10 GeV/
3 250E- 5<pT<7GeV/C e - | <p;< evic
2005 x2/dof = 1.27 20 ’ ] ’ r x?/dof = 1.41
3 15<ly| <24 15 15<ly| <24
1508ty - B HpRLeth

CMS Preliminary pp 5.02 TeV (302.3 pb'™)

CMS Preliminary pp 5.02 TeV (302.3 pb')

—_
o
—s

=
100F 1 e
= - H iy ! I
50E S Inai i
0F i D | ST ot L I I
5 5.2 5.4 5.6 5.8 6 5 5.2 5.4 5.6 5.8 6
DY SRR MARLARAS [T IRARARNSG _ 2F U o o S
D=:- 0 . . : o . : : ..... N ...“ . o n—:: 0 : -.- i "-. -.--..... .. . -.o ....“ _ . .".,."..
20 L, L L . 2L e NI N TR T
5.2 5.4 5.6 5.8 6 5 5.2 5.4 5.6 , 5.8 6
My, (GeV/c?) My, (GeV/c?)

1. Common vertex requirement for the resonance vertex, with J/y (B, B?), qb(B?)
resonances

2. Fiducial region for the B meson candidate reconstruction :
1.5< |yl <24 :pr <10GeV
lv| <2.4:pr>10GeV

3. Ry,

B : all comparison with _diffusion coefficient either dependent or independent of the quark
momentum;

Bs0 : the theory line contains the total b quark coalescence probability

The nuclear modification factors, R, 4. of B are significantly lower than unity at
pr> 10 GeV, while at low py. the B hints at a larger R, , than that of B*. The

R, , data from B* and BY are also compared to theoretical calculations, providing

constraining power on the mechanism of beauty guark energy loss and
hadronization in the quark-gluon plasma.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-014/index.html

1. We have a smooth detector operation now and looking forward to more challenging aspect : both detector
development and physics

2. Results Presented :
B-Physics : R(J/w) : Bt - Jlyt v, R(K) : B*¢*¢~
Heavylon: Ry, : At — pK~n", BT — JIwK* & BY — J/y¢

3. There are more analysis (due to time constrain | would invite you look at the CMS public results)
B-Physics : Observation of A} — J/wE"K* (CMS-PAS-BPH-22-002)

Heavy ion : a. Multiplicity dependence of charm baryon and meson production in pPb collisions at 8.16 TeV
(A}, DY (CMS-PAS-HIN-21-016)

b. Measurement of the B differential cross section as a function of P (pPb) (CMS-PAS-HIN-22-001)

4. We are also looking forward to see the results of the Run-lll data.

Thank you!'
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-21-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-22-001/index.html
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