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Outline

1 Heavy-flavour spectroscopy and weak decays

All-charm structures - B* mass splittings - R(J/y)

2 Parton dynamics and hadron formation

Heavy-quark radiation - gluon spin - quarkonium in jets - tt threshold

3 QCD matter in light-ion collisions

Collective flow - bottomonium suppression

Recent CMS experimental highlights, primarily from 2025-2026.
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CMS: strengths and experimental constraints

CMS DETECTOR

] ]
STEEL RETURN YOKE P . d t t t
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS ros = e n e rgy a n s a Is I cs =
Overall diameter :15.0m Pixel (100x150 pm) ~1m?* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels \/
Oreaniogt 267 ‘ pp data 2 Recorded
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

Run 2 - 2015-18 13 TeV 150.8 fb”

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers Ru n 3 ] 2 022_2 6 1 3 . 6 TeV 326 . O fb_1

PRESHOWER

Silicon strips ~16m? ~137,000 channels Run 2 + 3: 476.8 fb-1 recorded.
Each analysis uses its own selected subset.

’ FORWARD CALORIMETER
4 4 Steel + Quartz fibres ~2,000 Channels

Pros: versatile reconstruction.

3.8 T tracking, calorimeters and muons
cover leptons, photons, jets and missing
momentum.

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

Cons: rate, pileup and bandwidth.
QCD backgrounds and overlapping

vertices complicate reconstruction;
Silicon tracker - ECAL / HCAL - 3.8 T solenoid - muon system triggers limit low-pt acceptance.

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

CMS detector: official cutaway illustration - CMS recorded luminosity, Run 2 + Run 3 3/30



https://cms.cern/detector
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

CMS: from the energy frontier to QCD

CMS Preliminary August 2026
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Measurements broadly follow the SM over many orders of magnitude in cross section.
CMS Standard Model summary plots (August 2026) 4 /30



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

Recent CMS heavy-flavour measurements

What is measured? Paper Paper release

All-charm spin and parity: JPC 2] Nature 648 (2025) 58 June 2025

All-charm masses, widths and interference
Jiw Iy Pl and Jiy w(2S) (€

AM = M(B*) - M(B)
Hyperfine mass splittings for u, d, s

arXiv:2602.02252 February 2026

PRL 136 (2026).031902  August 2025

R(J/p): T/ u decay-rate ratio

Lepton universality in B, — J/y PRD 113 (2026) L111101  October 2025

[a] Spin/parity (2025): Nanjing Normal - Tsinghua - Henan Normal
[b] J/@ J/p PAS (2025): Nanjing Normal - Fudan - Tsinghua - Sun Yat-sen - U. Shanghai for Sci. & Tech. - Henan Normal
[c] J/w w(2S) PAS (2025): Nanjing Normal - Tsinghua - IHEP - Zhejiang - Henan Normal

Heavy flavour & weak decays | Parton dynamics | QCD matter

Institution notes: analysis / presentation roles listed in the CLHCP2025 report, p. 59.
Paper dates need not be the first public result. Unmarked results are not assigned here. 5/ 30



https://arxiv.org/abs/2506.07944
https://arxiv.org/abs/2602.02252
https://arxiv.org/abs/2508.05820
https://arxiv.org/abs/2510.21559
https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59
https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59
https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59
https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59

Muon precision at the charmonium scale

—~. 0.045— 1T
Q) N _ —_
i’EE 0.04F & pp data 5.02 Tev CMS - JIy and (2S): cc mesons
\% 0.035§— Q PPMC 5.02 TeV _ Thelr. M decays provide a clean tag.;
° - - tracking determines the mass resolution.
- 0.03:_+201O pp data 7 TeV E
% - 4~ 2010 pp MC 7 TeV - J/p mass resolution in data
7 0.025¢ E o(my,)/m = 0.7-2%, depending on n.
@ 0.02- ‘ e About 20 MeV in the central region.
& 0.015- e T
= 7 F ¢ s+ ¢ - The four-muon analyses reach
0.015—QF ¢ + Jhy peak - pr > 2 GeV, |n¥| < 2.4;
0.0051- E trigger acceptance is more restrictive.
- A RN RN BTN BT R
Y o5 1 15 2 25 J/y mass constraints sharpen my,,.

ue
Detector-resolution reference: pp at 5.02 /7 TeV
The following analyses use 13/ 13.6 TeV data.

CMS, JINST 19 (2024) P09012, Fig. 17a - Four-muon selection: arXiv:2602.02252 6/30



https://arxiv.org/abs/2404.17377
https://arxiv.org/abs/2602.02252

From muons to a double-charmonium sample

135 o' (13 TeV) + 180 fb™' (13.6 TeV)
CMS

=TI Muon triggers retain the events

A ff}:iffffjfiii;;;f Run 2: dedicated p paths
Fiew t [ NI Run 3: add dimuon parking

Candidates / (400 MeV?)
>

29> A IR Kinematic + muon-ID cuts

JIg Jly (left) - J/p w(2S) (right, tighter selection) 24 soft-1ID y: pr>2GeV, |n| <2.4
Real pairs form peaks in both dimuon masses. Opposite-charge pairs: pTJ/LP > 3.5 GeV

e 13?_?";‘61;0“” 2020 - LHCb: X(6900). e :

ok izud. IIIIIIII Xiagooz 2022 - CMS: three Suppress random dimuon pairs
E esof— ~Backgound -+ X(7100 structures; J/p mass windows + vertex-fit quality;
Saof " backgaund signl the third was then mass constraints sharpen my,.
gy evidence. L
5 0 T Mass and angular fits

Vo A Now: spin, interference my,,: X(6600), X(6900), X(7100)
N e and a second decay Decay angles: spin / parity

Run 2 -135fb™ - 13 TeV

channel.

History: LHCDb (2020) - CMS PAS (2022) - Run 2 fit: Nature 648 (2025) 58, Fig. 1

Pair reconstruction and selection: CMS, arXiv:2602.02252, Methods and Fig. 2
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https://arxiv.org/abs/2006.16957
https://cms-results.web.cern.ch/cms-results/public-results/superseded/BPH-21-003/index.html
https://arxiv.org/abs/2506.07944
https://arxiv.org/abs/2602.02252

2025: spin from the two J/p decay planes

Challenge: acceptance and continuum
production distort the measured angles.

0,0, ® — probabilities P;
0,,,: U helicity angles
®: angle between the decay planes
!
Dij =P;/(Pi+Pj)
Matrix-element probabilities

|

Fit mass and the angular discriminant

Simulation accounts for detector acceptance
High-mass data test the continuum model
Compare the spin—parity hypotheses

X—=JpJy — (PP)(uu) - 135 b7, Run 2

CMS, Nature 648 (2025) 58 - arXiv:2506.07944, Fig. 5 8 /30



https://arxiv.org/abs/2506.07944

2025: the first all-charm quantum-number measurement

CMS X=JlyJly 135fb-1(13TeV)
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Black: observed test statistic
Blue: 2* model - orange: alternative hypotheses

Common JP¢ = 2+ favoured
J = 0 excluded at 95% CL
J =1 excluded at 99% CL

CMS, Nature 648 (2025) 58 - arXiv:2506.07944, Figs. 4 and 6a
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Decay-plane angle ® - background subtracted
Systematic uncertainties not shown

Likelihood-ratio tests calibrated with pseudoexperiments.
Common quantum numbers and decay structure assumed,;
no separate assignment to each peak.
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https://arxiv.org/abs/2506.07944

CMS physics briefing: all-charm spin and parity

Signin Directory

COLLABORATION DETECTOR PHYSICS INTERACT WITH CMS NEWS BLOG O\ SEARCH

CMS G6ETS, ACQUAINTED WITHR A
FAMILY O ALL-CHARM
TETRAQUARKS

CMS official news - 3 December 2025

Result published in Nature 648 (2025) 58

CMS Physics Briefing - BPH-24-002 - spin and parity


https://cms.cern/news/cms-gets-acquainted-family-all-charm-tetraquarks
https://arxiv.org/abs/2506.07944

Run 2 + Run 3: peaks and interference

135 + 180 fb™? - 3.6% Run 2 yield - all three structures >50 - X(7100): 7.70
Signal « |a BW__ +a BW__ +a BW

CMS 135 b~ (13 TeV) + 180 fb ' (13.6 TeV) CMS 135 b (13 TeV) + 180 fo~' (13.6 TeV)
{ Data == X(6600) C { Data -= X(6600)

- complex ai; continuum added separately

2
6600 6900 7100 |

600 —Ft 600
> C Fit X(6900) > C —Full model X(6900)
g 500: Feed-down  ===:X(7100) g 500k Back g X( \
C o - - - Background ----X(7100
10 '} | ‘ NRSPS DPS 10 - |
& 400r i\, o Combinatorial —BW, ~ 400H" —- Interfering Xs
9 : ‘ o N
S 300t S 3004
© - © I
= | P13 S | Y
S 2004 7. LT (2 as Q 200f
., L T LT il
,":—“‘ ,,,,,,,,, EE—:E ..... “i/
100 A3 1004
. S .
=l o =l o
g 2f H iL|e 2
R =) / | |>
S|~ ok Sl o
SEomrte D] | Alg -
@ s l{' i ; | @
6.5 7 7.5 8 8.5 9
Mg [GeV]
Noninterfering model Coherent model

Interference >50: peaks and dips constrain amplitudes and phases.

First public: CMS PAS (April 2025) - Updated paper: arXiv:2602.02252 (2026), Figs. 10 and 3 11/ 30



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-24-003/
https://arxiv.org/abs/2602.02252

Another channel: J/p @(2S)

_CMS 135 fb™' (13 TeV) + 180 fb~' (13.6 TeV) Smaller y(2S) — pu rate, more
r { Data o X(6900) background.

g ol i — Fullmodel -+ X(7100) Use harder charmonium-p+ cuts,
o | - --Background -~ Interfering Xs Optimized on Run 2 data.
% 155 \‘\\. i A Veto alternative double-J/yp pairings;
%’ ol it ! fit the J/w W(2S) invariant mass.
© AN Y
° o L AR ) } M X(6900): >80 - X(7100): >4c

:’,"M,.\';\} I/\\\ jj £ f Interference: 2.50.
s 0°= '( — ' "T“"—"'*m"““” s Consistent with a diquark picture;
Tl [=J) A S S N S O S E . . .
- %*#*i*%*“ﬂ%***Hﬂf*ﬁ‘ﬂ“ﬁ*ﬁ*mﬂW***E 108 prigre smetie mepreEton

L A S S -855*- — ATLAS (2025): X(6900) at 8.90

Myuzs) [GEV] In 4u and 4p + 211; no significant
JIp W(2S) — 4u - Run 2 + Run 3 structure near 7.2 GeV.

CMS, arXiv:2602.02252 (2026), Fig. 4 - ATLAS, PRD 113 (2026) 112015 12/ 30



https://arxiv.org/abs/2602.02252
https://arxiv.org/abs/2509.13101

Soft photons: conversion tracks and 1’ calibration

60 fb~' (13 TeV)

% 400
E B CMS
350" + Data
LO - 08<p (1)<09GeV o
2300} 0.8<h(y)l<09 t— sy y
g 550 f_ m = 1::;34i 0(39 MeV — Background
S B after correction | | M:ODG _ 134.98 MeV
S - |
o5 200 %
% 150 =
) 150 |
100 -
50 -
0 i

150 200
m(yy) [MeV]

m° — vy, both y — e*e - after momentum calibration
Shown: p7Y =0.8-0.9 GeV, |nY| = 0.8-0.9

L
50 100

CMS, PRL 136 (2026) 031902 - converted-photon calibration, Fig. A1b

B*(1) — B(0) +vy
Same qB content,q=u, d, s
E,* =40-50 MeV in the B* rest frame

Boost + photon conversion

Yy — e*e’ in detector material
Tracking reaches ptY > 0.3 GeV

Calibrate the photon momentum

Independent 1° — yy sample;
both photons reconstructed as conversions
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https://arxiv.org/abs/2508.05820

B* — B: a probe of spin-dependent QCD

> 140 fb' (13 TeV) B — charmonium + hadrons
%’ 100 CMS Displaced vertex and tight pointing
< i Reject random combinations
S ¢ Data, In(y)| < 0.6 I
~ 80 —Fit
g - B* B'y, B' K’ Converted y + corrected By mass
g 60 - — - Background Reduce the effect of B mass resolution
T [ BS BBy M(BY) = m(BY) - m(B) + Mg
S 40f |
: B*+ B*O B*SO
o0 Charged Neutral Strange
f |
0 5 a1 E 30 Joint fit in photon-n categories
' ' ; Separate regions of mass resolution
M(B") [GeV] Random By: smooth background
B* — B*y - 140 fb" - best-resolution category Misidentified B: peaking templates

CMS, PRL 136 (2026) 031902 - arXiv:2508.05820, Fig. 1a 14 / 30



https://arxiv.org/abs/2508.05820

B* — B splittings at sub-MeV precision

Same quarks in each pair: JF = 1- versus O

Quarks Spin-partner mass difference AM [MeV]

ub AM,, = M(B**) = M(B*) 45.277 + 0.039 + 0.027
db AMy = M(B*) - M(B°) 45.471 + 0.056 + 0.028
sb AM, = M(B*®) — M(By) 49.407 + 0.132 + 0.041

Statistical and systematic uncertainties - CMS Table 2 values
Use the published correlations for flavour differences and ratios.

First exclusive reconstruction of all three flavours.
=10x better AM precision than previous world averages.

Individual AM agree with lattice QCD (larger theory errors);
CMS reports AM /AM,, 4 =2.50 above the prediction of Dowdall et al. (2012).

CMS, PRL 136 (2026) 031902 - Table 2 - Lattice: Dowdall et al., PRD 86 (2012) 094510
ATLAS: arXiv:2605.16228 15730



https://arxiv.org/abs/2508.05820
https://arxiv.org/abs/1207.5149
https://arxiv.org/abs/2605.16228

CMS physics briefing: fully reconstructed B* mesons

Signin Directory

COLLABORATION DETECTOR PHYSICS INTERACT WITH CMS NEWS BLOG O\ SEARCH

B - MESONSH AIRE BGCH JgE B8 T O
(FINALLY) SHOW ~UP

CMS official news - 5 June 2025 - reporting the PAS

Result later published in PRL 136 (2026) 031902



https://cms.cern/news/b-mesons-are-excited-finally-show
https://arxiv.org/abs/2508.05820

R(J/w): comparing decays with T and p

B."(bc) — J/y(cc) v,
BB, — JIy 1'V,)

R(J/p) =
S B~ vy

Same weak coupling, different lepton masses: the SM does not predict R = 1.

Measure the T mode Measure the y mode Compare decay rates
CMS reconstructs 1 — 31v - B. — J/y pv — | Correct for detection efficiency
with J/@ — p'u Reference decay with a muon Test lepton flavour universality

SM expectation: R(J/y) = 0.2597 * 0.0027 - =1% precision

Lattice form factors provide the B, — J/y strong-interaction input.
Their shapes also enter efficiencies and fit templates.

SM input: HPQCD, PRL 125 (2020) 222003 — PRD 112 (2025) 034503 17 /30



https://arxiv.org/abs/2007.06956
https://arxiv.org/abs/2503.15090

Events / bin
-) —l
© o N

O
»

R(J/w): background rejection and signal extraction

A%
o
w
10
1=
()]

59.8 fb' (13TeV)

.

Data

Data-driven J/y X bkg

B, — J/y 1, v,

B. - Jy Dg*) *

B. — others

3::i|lll|IIIIIII|III|III|

5 10 5
Unrolled m(p1) VS. m(pz) bin

2018 signal region - combined fit
4 x 4 mass bins — 16 plotted bins

CMS, PRD 113 (2026) L111101 - Fig. 2c - 1: 138 fb”

u_normalization: CMS, PRD 111 (2025) L051102 - 59.7 fb™

T mode: J/y + displaced 31r

XGBoost suppresses inclusive-b background
p(770) candidates: (11,*11’) and (11,"1T)
Pair pr ordering - fit m(p.) vs m(p,)
Background: sideband data + MC transfer

+

M normalization: J/p + p (three muons)
m(3d) < Mg, estimated g* < 4.5 GeV?
Fit L,,/0L4y: vertex-displacement significance
Misidentified y: constrained by control data

!

Simultaneous fit — R(J/p)
T — 31v and T — pvv share B, normalization

Hadronic-T result: 1.04 *3-29 (total)

18 /30


https://arxiv.org/abs/2510.21559
https://arxiv.org/abs/2408.00678

CMS R(J/y): complementary T channels

CMS L
LHCb. Run {1 o L ' CMS combination:
Phys. Rev. Lett. —_—l R(J/yp) =0.49 £ 0.26
120 (2018) 121801| _ Total uncertainty - =53% relative
CMS, 2018, T,
5’?1”(25‘%5 ([))51102_ B CMS: first hadronic-T
CMS. Run 2. 1T measurement.

| - - 31 vertices and backgrounds

— — complement the p channel.
CMS . —
Combination | S LHCb 2026: higher precision

— 0 sv 05 1 1.5 0.51 +0.12 + 0.08
Ry Stat., syst. - 1 — pvv - =28% total

Both compatible with the SM.
Original CMS plot - earlier SM value: 0.258 £ 0.004

CMS, arXiv:2510.21559, Fig. 3 - LHCb, PRL 137 (2026) 141801 19/ 30



https://arxiv.org/abs/2510.21559
https://arxiv.org/abs/2606.10018

CMS QCD overview: from coupling to hadron formation

How quarks radiate — how hadrons form — how heavy quarks interact

Measurement / physics question Paper / PAS

CMS analysis - release

o and its running

. PLB 868 (2025) 139651
Coupling versus energy scale

Bottom-quark dead cone

Where does a heavy quark radiate? arXiv:2608.29412

Gluon polarization (zZhejiang)
Does gluon spin leave a pattern?

Y(nS) in jets
How is a bound state formed inside a jet?

arXiv:2603.03689

arXiv:2607.25653

Four-point energy correlations
Parton evolution — hadronization

tt threshold enhancement ROPP 88 (2025) 087801

CMS-PAS-SMP-25-009

Slow heavy quarks and the QCD potential arXiv:2608.19546

Institution notes: analysis / presentation roles listed in CLHCP2025.
as / four-point: overview only. Dates: paper / PAS release, not necessarily first result.

SMP-24-007 - Dec 2024

SMP-25-008 - Aug 2026

SMP-25-006 - Mar 2026

SMP-25-005 - Jul 2026

Preliminary - Aug 2026

TOP-24-007 - Mar 2025
TOP-25-002 - Aug 2026

20/ 30


https://arxiv.org/abs/2412.16665
https://arxiv.org/abs/2608.29412
https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59
https://arxiv.org/abs/2603.03689
https://arxiv.org/abs/2607.25653
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-009/
https://arxiv.org/abs/2503.22382
https://arxiv.org/abs/2608.19546

The bottom-quark dead cone: mass changes QCD radiation

_1 " "
- s CMS__  598fb (13TeV) b — b + g: less small-angle radiation
C ] Data e uds, POWHEG+HERWIG 7
3 ty 1 o POnHEa e Dead-cone angle 64, ~ my/Ej,
i %‘ Few 777 POWHEGHPYTHIA = (romina) .
1 o b, POWHEG+HERWIG _ _ ]
- e (massless kernel) ] tt — ey + jets; tag the other b jet
- 3“—| ] Displaced vertex selects the probe jet
R e == E Transformer: B-decay tracks — B candidate
E p (AR) = (1/Njet)dNem/dIn(R/AR) """"""""""""""""""""""""""""""""""""""""" E : y
- R=0.4, In(k /GeV) > -1 3
oL | | | - A | - | »L
> b == Undo Cambridge—Aachen clustering
§ : 1§:.Data une, e E Jet Higher-p.. subjet
£ 025 Total - Stat. Model | | ' ] AR ST [P
I= [ —Tota at. --Mode ) .
-402_), g - Track - Theo. - Other -—- """"""""""""""""""""""""""""""""""""""""""""""""""""" E R=04 Lower pT S.upjet
IS8Tk : ] emitted-radiation proxy
A g RS zrennanay rizrenananzneny
1.5 2 2.|5 R/ R?
. n(R/A _ ..
e oo = 207 202 Result..less radiation at small angles.
AR 4.30 against the massless HERWIG kernel
Unfolded b-jet radiation - 40 < p{®t < 80 GeV 40-80 GeV; In(R/AR) > 0.4

Larger In(R/AR) means a smaller emission angle

CMS, SMP-25-008 - arXiv:2608.29412 - submitted to PRL - Fig. 3a 21 /30



https://arxiv.org/abs/2608.29412

Gluon polarization leaves an angular pattern inside jets

cmMs Run 3,34.7 o' (13.6 TeV)

*g 6000 — _ -+- Data qg o

% - qicatedory  __ pyTHIA8 mgg ]

LLJ | score. _>0.6 —HERWIG 7 mqg |
g—q0

4000 | — Corr. on .UnmatChed_

I Corr. off rest i

2000 Ezzzzzz3222z2zs femmeeeiazaaio]

o 120 o o

oZLx I.1E —— L R

E |:I_: O 1 W SO WM

T> 5 0.9+ == -

0 /5 21/5 3n/5 41t/5 T

AQ

Reconstructed Ao - g — qQ enriched category
Solid: spin correlations on; dashed: off

CMS, SMP-25-006 - arXiv:2603.03689 - submitted to PRL - Fig. 2b

Gluon polarization favours
certain relative plane angles.

Example: two successive splittings

q—q+g . g—q+q
Plane I1, Plane 1,
A@: angle between 1 and I,
!

DNN enriches g — qq splittings
Avoid cancellation with the g — gg pattern

Data favour spin correlations.
6.80 against PYTHIA correlation-off
Correlation-on: 1.90 deviation
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https://arxiv.org/abs/2603.03689

(1/c)do /d z

CMS,

Y (Upsilon) in jets: measuring its share of the momentum

CMS 138 fb' (13 TeV)
:I | | LI | | I | LI | | I | LI | LI | LI | LI | | I:
9 - =
E 60 GeV <p’ <75GeV Y(1S) - pp -
85_ —e— Data (stat @ sys.) E
7E —— Pythia 8.240 CP1 _—
6 —— Pythia 8.240 CP5 1
sF. — Pythia 8.310 CP1 L =
£ — Pythia8.310 CP5 =
- = T = -
SE —o— =
2:_ @ —— _:
- e
1E =
*_ . - T I L1 1 1 I L1 1 1 | L1 1 1 | L1 1 1 | 1 1 I:
05 055 0.6 065 0.7 075 0.8 085 0.9 095 1

N

Black points: measured distribution; lines: PYTHIA
Unit-area normalization - grey band: total uncertainty

SMP-25-005 - arXiv:2607.25653 - submitted to JHEP - Fig. 6a

Y: a bb bound state.
lts momentum share tests how it forms.

Select Y — p*y inside a jet

Fit the dimuon peak in each z bin
Correct for detector effects

|

z=(py- pjet) / ijetl2
z = 0.8 means 80% of the jet momentum
along its direction is carried by the Y

Large z: data below all PYTHIA curves.
Y carries less jet momentum than predicted.
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https://arxiv.org/abs/2607.25653

An excess at the tt production threshold

CMS 138 b (13 TeV)
n T T
2 10° - § Data B i Post-fit
2 Singlet I MultjeyEW :
w 10’ F cu 3

: Uncertainty Background + n, :

E

21.02
_'_‘_'_‘-b_

0 02 04 06 08 |
B,

B*: top speed in the other top’s rest frame
Near zero: slow pair, close to threshold

CMS, TOP-24-007 - ROPP 88 (2025) 087801 - TOP-25-002 - arXiv:2608.19546,

Top decays before hadronization.
QCD attraction can enhance production.

One e/p + 24 jets; b tags

NN assigns jets to the two top decays
Fit relative speed *; + two spin angles

!

Compare two hypotheses

H_: NNLO QCD + EW tt + backgrounds
H.: H + simplified pseudoscalar n; (0’)

Threshold excess over the continuum:
o(ny) =5.1%20.9 pb
6.10 observed vs H (no added ny)

Consistent with quasi-bound toponium;
threshold modelling remains approximate.

Fig. 12a 24 | 30



https://arxiv.org/abs/2503.22382
https://arxiv.org/abs/2608.19546

CMS Physics Briefings: QCD dynamics

HE CUREOUS CASE OF

OQUARKONIA BNSIDE JEITS

Y in jets - 10 April 2026 - SMP-25-005

CMS OBSERVES ANOTHER
INDILCAT IWON OF A MOMENTARY

UNION OF THE HEAVIEST
OUARKS, NOW FN THE_ LEPTON: +
JETSTFINALASEATE

Top-pair threshold - 25 March 2026 - TOP-25-002

Original CMS webpage headings: Y in jets - Single-lepton top threshold 25/ 30



https://cms.cern/news/curious-case-quarkonia-inside-jets
https://cms.cern/node/2358

Nuclear collisions: from individual probes to QCD matter

Quark—gluon
plasma (QGP)

Many nucleons interact Flow + modified probes

Hot matter expands and cools

VsyN: energy per nucleon pair Lattice equation of state — hydrodynamics
NN
Lead-lead (PbPb) VSNN Recorded Initial geometry and transport also enter;
CMS measures final particles.
Run 2 - 2015-18 5.02 TeV 2.35 nb”
Two recent CMS results Paper
Run 3 - 2023-26 5.36 TeV 8.16 nb™ .
OO / NeNe collective flow PRL 137 (2026)
2025: oxygen (O0O) and neon (NeNe) (:Ihsnggngdg‘fdg”)t 2025 082302
5.36 TeV - Y samples: 8.4 /0.81 nb" d c
oo : : : Y suppression in light ions arXiv:2607.13758
Centrality: percentile of inelastic events.
1ty: PETEEITTS DT ITTaste v HIN-25-015 - Jul 2026 Submitted to PRL

0% = largest overlap; forward energy is the proxy.

Institution notes: analysis / presentation roles listed in CLHCP2025.
CMS recorded luminosity - CMS heavy-ion review, Phys. Rept. 1115 (2025) 219 - EoS: HotQCD, PRD 90 (2014) 094503
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https://indico.ihep.ac.cn/event/26351/contributions/203560/attachments/96331/129302/CLHCP_CMS%E4%B8%AD%E5%9B%BD%E7%BB%84%E8%BF%9B%E5%B1%95_2025_10_30.pdf#page=59
https://arxiv.org/abs/2510.02580
https://arxiv.org/abs/2510.02580
https://arxiv.org/abs/2607.13758
https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults
https://arxiv.org/abs/2405.10785
https://arxiv.org/abs/1407.6387

Oxygen and neon: collective motion after a collision

140 CMS Vn{2,|AN|>2} R v, measures an elliptic emission pattern.
| 0.3< p.<3.0 GeV Trajectum (NLEFT)
~. . [ Mm<24 Trajectum (PGCM) 1 Initial geometry — collective expansion
8 191 IP-Glasma (PGCM) 1 O / Ne: similar sizes; modelled shapes differ.
Zz ) |
2 1.2 - Read the plot: v (NeNe) / v (OO)
E i i 1 =equal v; above 1 = stronger in NeNe
© L iﬁ_— Rightward — more head-on collisions
> T - :
- - =y I e i - Most central bin: about 10% larger v,
AL E : v.{2}(NeNe) / v.{2}(00) = 1.0999
e T + 0.0007 (stat) + 0.0099 (syst)
50 40 30 20 10 0 Centrality-bin centre: 0.5% - |An| > 2
Centrality (%) Green «— orange: nuclear-structure input
OO0: 7 nb™ - NeNe: 0.8 nb™ - 5.36 TeV Orange « purple: collision modelling
Blue: 2-particle v,; black: 4-particle v, NLEFT: nuclear lattice EFT # lattice QCD

Bands: nuclear-structure + hydrodynamic models

CMS, HIN-25-009 - PRL 137 (2026) 082302 - Fig. 2, left panel - HEPData Table 3 - Dot-dashed: dijet-subtracted 27 /30



https://arxiv.org/abs/2510.02580
https://doi.org/10.17182/hepdata.165513.v1/t3

Bottomonium suppression across collision systems

CMS (5.02 TeV, 5.36 TeV) Y =bb: a heavy-quark bound state.
1.2¢ O Da - 2S and 38 are less tightly bound than 1S.
Y <30 GeV O Ds
1_0_fT _______________________________________________________________ _ New OO / NeNe; earlier pPb / PbPb
o | ¢ | Y — u*u yields, corrected for detector effects
g o8 ! a " |
% 06k + + | Compare excited / ground: nuclei vs pp
é D1 = (Nns/N1s)nuctei / (Nns/N1s)pp
0.4F + - D = 1: unchanged; D < 1: relative suppression
Q
O
0.2F ¢ - 0O0: 2S and 3S each suppressed >50 vs 1S
; o . i 3S more than 2S: 3.20 evidence
I e s ' : -
oPb o0B NeNe PbPb NeNe: 2S/1S double ratio = 0.27
[yem| < 1.93 yeml < 2.4 Vel < 2.4 + 0.12 (stat) + 0.01 (syst)
OO0: 8.4 nb" - NeNe: 0.81 nb™ NeNe: 25/1S only - energies / acceptances differ.
pp reference: 456 pb™ - all at 5.36 TeV Compare environments, not a uniform size scan.

Earlier pPb / PbPb points: 5.02 TeV

CMS, HIN-25-015 - arXiv:2607.13758 (July 2026), Fig. 2a - submitted to PRL 28 / 30



https://arxiv.org/abs/2607.13758

CMS Physics Briefings: light-ion collisions

COLLECTIV.E MOTION | N-TINY
SYSTEMS: OXYGENCAND NEON

COLLISIONS -AS AWINDOWAFINTO
NUCLEAR SJIRUCTURE

OO / NeNe flow - 18 September 2025 - HIN-25-009

MESONS SN LIGHT=10N

COLLISIFONS

Y suppression - 29 June 2026 - HIN-25-015

Original CMS webpage headings: Collective flow - Y suppression 29/ 30



https://cms.cern/news/collective-motion-tiny-systems-oxygen-and-neon-collisions-window-nuclear-structure
https://cms.cern/news/y-mesons-light-ion-collisions

Recent CMS highlights in QCD (2025-2026)

Heavy-flavour spectroscopy and weak decays

All-charm: common 2** favoured; J/y J/y interference and a second charmonium-pair channel.
B*: first exclusive reconstruction of three flavours; hyperfine splittings at sub-MeV precision.
R(J/g): a new hadronic-t channel; the CMS combination is compatible with the SM.

Parton dynamics and hadron formation

Jets reveal mass-dependent radiation and test gluon-spin correlations.
Y-in-jet spectra challenge shower models; tt production shows a threshold enhancement.

QCD matter in light-ion collisions

OO / NeNe flow: sensitivity to nuclear geometry and collective response.
Excited Y states: suppressed relative to Y(1S) in light-ion collisions.

CMS combines precision reconstruction and large data sets to probe QCD
from heavy hadrons to jets and hot matter.

CMS public results, 2025-2026 - References and interpretation limits on the corresponding result slides. 30/ 30



