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Introduction

ACMS is providing significant contributions to hadron
spectroscopy, especially to the beauty and quarkonium sector:
often utilizing final states containinguon pairs This Is possible
due to:

A Excellent tracking and muon identification performances
A A flexible trigger system that is essential for increasing luminosities
A Large production cross sections for heavy flavored patrticles
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Longer term LHC schedule
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Last updated: lanuary 2022

HL-LHC era
Shutdowny Technical stop
Protons physics
lons
Commissioning with beam
Hardware commissioning/magnet training

A The CMS PhaskDetector Upgrade will be operational during Rustarting this summer
A TheCMS Phas® Detector Upgrade will be operational during tHeLHC era
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Trigger/HLT/DAQ Barrel EM Calorimeter

+ Track information in hardware event selection * New electronics

* 750 kHz hardware event selection + Low operating temperature = 10°
* 7.5 kHz events registered

Muon systems
+ New DT & CSC electronics

* New chambersin16 <n<24
* Muontagging24<n<3

+ latency increased from 3.2 to 12.5 ps

New endcap calorimeters
+ Sampling calorimeter

+ Radiation tolerant

+ High granularity

+ 3D shower reconstruction

New tracker
* Radiation tolerant and light
* Higher granularity
* Increased forward acceptance upto |n| = 4
+ Tracking information to L1 trigger

5/17/22
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-S PhasB Upgrade (overview)

A new tracker with improvedp
resolution and radiation hardness
lower material budget, extended
coverage

Increased muon coverage

a new forward calorimeter with
high granularity and resolution

addition of the MIP timing detecto
(MTD)

increased trigger bandwidth &
latencies

inclusion of tracking information a
L1 trigger

replacement of electronics

RPF @ Cincinnati 5



AConventional Hadron Spectroscopy Results
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.ervatiomf radially excited mesons

ACMS observed for therst time the two radially excited
states|4 4 anfi. |  decayifgtoz Z
A Undetected very soft photoré® ¢ "y 6 * “ 8 ©§ ¢
A Mass resolution agrees with MC expectations (~6MeV)

A Local significance exceeding $fr observing two peaks rather
than one. For both single peaks, significance > 5
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Differential production cross section ratio

PRD, 102 (2020) 092007
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A No significant dependence of the three cross section ratios=or % sdnd

A In the normalized dpion invariant mass observed different shapes from phase
space but not fully significant with the available statistics.
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Acbj(SP)is particularly interesting since its properties could
have been affected by the nearl®B" thresholds.
A Radiative decays t0(3SY

A Low energy photons detected after conversiorete pairs

Cy(3P) mass resolution ofs 8 4 @1 | PRL121 (2018) 09200
ATotaI (2peak) yleld:_372__ wf o l
A 2-peak local stat. significance $9 - fs=19Tey
80 L=80.0f"
> L
M{yp1 (3P)]=(10513.42+0.41+0.18) MeV, g o s b
My, (3P)] =(10524.02+0.57-0.18) MeV, I | ‘
S ok ackgroun 249
Amoyy=m(ypm)—m(xp)=(10.6+0.64+0.17) MeV. YT "+ +
20/ e
The measurement supports the standard | | +)
hierarchy (J=2 heavier than J=1) o e e e

Y(3S) ¥ invariant mass (GeV)

5/17/22 Vaia PapadimitriogFermilab) RPF @ Cincinnati 9

< First observatioof resolveac,(3P) states

2



FIrst observatiot resolvedc,,(3P) states

AThis measurement fills the gap in the
spindependent bottomonium spectrun|
below the open beauty threshold. ) e aen e
Alt also contributes to the understanding

of non-perturbative spirorbit
interaction affecting quarkonium
spectroscopy.

ANo CMS observation so far of thg,(3P)|,. "™
radiative decay.

TABLE II. Mass splitting (in MeV) of 3P-wave bottomonia in our UQM [12], Godfrey-Isgur (GI) model [16],
modified GI model [17], and constituent quark model (CQM) [18]. The later three models are regarded as quenched
quark models.

CNis |

Mass splitting Our UQM [12] Gl [16] Modified GI [17] CQM [18] Experiment [1]
X1 (3P) — xipo(3P) 23 16 14 13
Y2 (3P) — xin (3P) 12 12 12 0 (10.6 £ 0.64 + 0.17)

From: M. Anwar et al., PRD99 (2019) 094005
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Q excited states in lownass region

ACorfirmation of I and first confirmation of
1

A Use O b+ @& @0 r( Jeofwithr (¢ * fijr “ “]by triggering on dimuons
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Q excited states in highnass region

AFirst corirmation of and 4
A Onepeak hypothesis vs BKably has significance > 54%.5s
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< || Observation of new beautgtrange baryons

PRL 108 (2012) 252002

AUsing the 2011 data, CMS observed a £ e =" . ...
new baryon Ivia Its strong decay z,, t=s* Sarlbeckaroun
to ¢ %Z . The Jwas reconstructed via: go- ©
£
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