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® LHC and CMS performance in Run 3

> integrated luminosity, detector challenges
> Helsinki focus: PCL, PUPPI, JEC

® First Run 3 results
> tt, Z, long-lived particles

® Standard Model physics

> strong coupling constant s, top quark
mass m¢, Higgs boson mass mnH

® New physics searches

> rare Higgs, multijets, leptoquarks
° Heavy ion physics Caveat: very Finnish perspective
For broader overview: EPSHEP2023

> f0(980) composition, jet narrowing, flow

in high-multiplicity pp B,
® TOTEM"‘PPS Ph)’SiCS European Physical Society _ ; EE&T§
Conference on High Energy Physics -
> TOTEM central exclusive TITT e ‘__!_E
i -
> PPS searches: Z/y+X,YY,tt, WW & ZZ
° Summary and outlook Some slides from F. Canelli’s CMS overview
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https://www.eps-hep2023.eu
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Integrated luminosity e« o

® This year was cut short, so bit behind of target

» Good data 60 fb-! in Run3 vs 138 fb-! in Run 2 (43%)
» LHC running beyond design luminosity of 25 PU

® Run2 sensitivity potentially reached at M;=8 TeV

> Interesting for checking tentative hints from Run2!

® Heavy ion run as planned in 2023, though

> Still on-going, first heavy ion run since 2018!

CMS — 201513TeV, 431"
2016, 13 TeV, 41.6 fo~
I e 2017, 13 TeV, 49.8 b ]
= 2018, 13 TeV, 67.9 fb"
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2023 (13.6 TeV): <p> =52
2022 (13.6 TeV): <> =46 {7
2018 (13 TeV): <u> = 37
2017 (13 TeV): <u>=38 6
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2016 (13 TeV): <p> =27
2015 (13 TeV): <p>=14 1°
2012 (8 TeV): <u> =21
2011 (7 TeV): <p>=10 14
o (13.6 TeV) =80.0mb |4
olY(13 TeV) = 80.0 mb

o (8TeV)=73.0mb |2
o (7 TeV) =71.5mb
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Recorded luminosity (fo™'/1.0)
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Mean number of interactions per crossing

LHC Pagel Fill: 9245 E: 6799 Z GeV 11-10-23 15:04:28

ION PHYSICS: FLAT TOP

6799 GeV 1.62e+13 1.55e+13
Beta* IP1: [VR-1oR N Beta™ [P2: 0.50 m LS ClldeH (OR-10N 0l Beta™ [P8: 1.50m

FBCT Intensity and Beam Energy Updated: 15:04:28

BIS status and SMP flags
Comments (11-Oct-2023 12:25:52) Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In

physics fill with 1240b

Stable Beams

AFS: 50ns_1240b_1088_1088_398_56bpi_PbPb PM Status B1 [ANNIESINPM Status B2 [ENA:IR=5)
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® Detector keeping experimentalists busy: CMS DP-2023/045

» HCAL barrel noise in 2022 . p
» ECAL endcap water leak in 2022 - 9"."? IIDr?lu?vlrliar. e 2025 5|'7.fb. (1.3'|6 Tev)
. . . 3 " 1]
> Barrel pixel failures in 2023 o [lHottowers ' . ]
> HCAL trigger prefire in barrel 2022—23 - EDoad channels . l . :
® Monte Carlo production and data re- 21~ [Water leak regidn | _, . - B
reconstruction big challenge now i |_ i
» Cannot afford many re-reco cycles, and need 1:— 0 ' —:
dedicated MC for each era with bigger failures - i oo .
> Automatising workflows as much as possible o b - .
3 CMS Prelinary 20225.fb'1 (13.6 TeV) 100 = E ] | .l . E
2 60 B ’ i
1 40 B 1 " ]
20 -2 . = ]
0 0 - H . " " ] ]
1 —20 _3_| oy oy |l e oy e by oy T
40 -4 -2 0) 2 4
) -60 M.

~100  Fig. Sum of pulls of multiple observables in jet data
sets (left) used to generate jet veto maps (up)

njet
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsDP23045
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsDP23045

Automatic calibration improves
quality and saves time for analysis

> tracker high-granularity calibration
» ECAL calibration

Next steps:
» HCAL calibration

Our future plans:
> JEC4Prompt

Already in Prompt Calibration Loop:

CMS Preliminary
e e

2022 (13.6 TeV)
(190 €

o
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L e e
= run 360950
=== run 359763

— run 359751 (GOOD) 3

1 ® Another advance:
| data certification
per luminosity section

(24 seconds) with
Machine Learning:

> can easily recover
hours of data

’ CMS Preliminary

pp collisions (13.6 TeV)
I Ll Ll Ll ]

L | I I Ll |l I ] ] |l T I T L T T I ] I ] I I I I I I I I I 1 |l I i
E [ 2022 i FPIX (X') : ' _ ]
* of with Tracker . e |
[ w-aran il with Tracker a Alignment during data taking | ]
ow-granuia ty
- . : : o Mid-year re-reconstruction .
oL PCL allgnment hlgh 'Qfanu,aflty o End-of-year re-reconstruction | 1
i PCL alignment ]
s \ -
AT A‘*A.ﬁf‘:‘\“ﬂ"*“"’?‘ ] i
0 o _RP.; '.&""ﬁ"‘"/oﬁ'l* e '*"‘::-':.--.-.-—.z."" 5 -.-°. = Nk e~ Al s g g~
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i colrrection | . . . | | |
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Delivered integrated luminosity [fb™]
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CMS

° Particle Flow reconstruction complemented with PileUp Per Particle Id (PUPPI)

® Handles pileup subtraction per event, keeps jet substructure observables intact

» Good performance so far, has streamlined calibration procedure considerably

® Future step: combined jet flavour + energy regression with ParticleNet or ParT
> State-of-the-art Graph Neutral Network and Transformer architectures

o o
w AN

Jet energy resolution
o
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https://arxiv.org/abs/1902.08570
https://proceedings.mlr.press/v162/qu22b/qu22b.pdf
https://arxiv.org/abs/1902.08570
https://proceedings.mlr.press/v162/qu22b/qu22b.pdf
https://arxiv.org/abs/2003.00503
https://arxiv.org/abs/2003.00503

® Jet energy corrections core expertise and key contribution of Helsinki

® Maintained steady flow of calibrations in Run 3 despite generational transition
» HCAL scale and noise in barrel primary causes for large residual corrections => re-reco on-going

® Resuming Run 2 ultimate calibration + paper once Run 3 in steady state

2022, 20.6 o' (13.6 TeV)

O i T T T T T TT T T T T TTT | T I_
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https://cds.cern.ch/record/2871592?ln=en
https://cds.cern.ch/record/2871592?ln=en
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsDP2021
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsDP2021

First Run 3 result
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FIRST RUN 3 RESULTS

57,20 =N s
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first measurement of the top quark pair production cross section in proton-proton collisions at 13.6 TeV
Using 1.21 fb! of data from 2022 in dilepton and lepton + jets channels: oy)= 882 ** 23 (stat+syst) #% 20 (lLumi) pb
Good agreement with SM prediction \

up/eel/eu/I+jets 13.6 TeV (L =1.21b™
l+jets 13 TeV (L = 137 fb™)
eu13TeV (L=359fb™

t+e/u 13 TeV (L=359b™)
eu8TeV(L=19.7fb™

l+jets 8 TeV (L =19.6 fb™)

all-jets 8 TeV (L = 18.4fb™)
en7TeV(L=5fb"

l+jets 7 TeV (L=2.3 b7

all-jets 7 TeV (L =3.54 fb™)

ew/l+jets 5.02 TeV (L = 27.4-302 pb ™)

RN
o
w

O « W > » O @ XX X 0 —

1

900F

—_—

o

N

T TTT]
I
|

800

Inclusive tt cross section (pb)

S/ 700F .
PRL 110 (2013) 252004
NNPDF3.0, m, = 172.5 GeV, ocs(mz) =0.118
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CMS-PAS-TOP-22-012
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W/Z bosons
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first measurement of the Z boson production cross section in proton-proton collisions at 13.6 TeV
Using 5.04 fb-1 data from 2022 with 2 identified muons

Measure fiducial and total cross sections ozz5,,)= 2.010 £ 0.001(stat) * 0.018(syst) = 0.046(Lumi) = 0.007(theo) nb
for the invariant dimuon mass in the range 60 to 120 GeV

Events / GeV

Data/Pred

— —
o (]
4 »

—
o
~

5.04 o' (13.6 TeV)
T T 1 L L AL BN
s CMS ¢ Data .
- Preliminary Bzoww
[ [Jewk
(G

CMS-PAS-SMP-22-017

Total syst. unc
R i
IR AV ALAL f1'
60 70 80 90 100 110 120
m,, (GeV)

Inclusive production cross section [pb]

1.4

0.67

0.4r

0.27

le4

' CMS Preliminary

—— Theory (N3LO QCD, MSHT20an3lo PDF set)
QCD scale uncertainty

2.76TeV, 5.4 pb~1, JHEP 03 (2015) 022 (for Z)
5.02TeV, 298 pb~1, CMS-PAS-SMP-20-004 (for Z and W)
7TeV, 4.5fb~ (ee), 4.8 b1 (uy), JHEP 12 (2013) 030 (for 2)
8TeV, 19.7 b1, EPJC 75 (2015) 147 (for Z)

2.76TeV, 231 nb~1 (uv), PLB 715 (2012) 66-87 (for W)
7TeV, 36 pb=1, JHEP 10 (2011) 132 (for W)

 8TeV, 18.2pb~1, PRL 112 (2014) 191802 (for W)
13TeV, 201 pb~1, CMS-PAS-SMP-20-004 (for Z and W)
13.6TeV, 5.04 fb~!, CMS-PAS-SMP-22-017 (for Z)

Updated 17/08/2023 |
B pp-Zly + X4, 60 <my <120 GeV

L pp-oWt+X-2%y, I
Y ppoW™ +X-L7Y,

/. . .
/ 5.02 7 8

2.76

] 13 136

Including new W & Z cross sections at 5 and 13 TeV (from page 4) - CMS-PAS-SMP-20-004 Vs [TeVlgg
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first search for new physics: inclusive search for long-lived exotic particles decaying to a pair of muons
Using 36.7 fb'1 data taken in 2022, selecting muons originating from a common secondary vertex spatially separated
from the primary interaction point by distances ranging from several hundred ym to several meters

Pp(y), Py [GeV] .
Trigger coverage

A
367107 (136 TeV)  —~ :
Run 2 (2016) 10° e/ m—m—pr——r—r— E a i o e
SET 5 CMS profim, toemes T ;D 10° - CMS Preliminary ¢ omisitope. -
Run 2 (2018 — §(125 GeV)—q (50 GeV, ct=2.2 mm) x 4 ] m(H) =125 GeV - - Combined . (median)
93,23 Gole) % 105 TMS-TMS — (350 GeV)—0 (150 GeV, ct = 0.4 mm) x 3 3 % 10 m(Z,) =40 GeV -ngb::Zd Ziﬁ. (?;"/«alzr:lantile)
. 7 rell-Yan (predicte: ] Combined exp. (95% tile)
Using tracker detector G B B e e N B BRI =013 e ety
23 stat. uncertainty E ; — 13 TeV obs. (97.6 fb™)
Run 3 (2022-2023, L3) TMS . 107
16,10 - 10? =
: , ] 0F
Using muon detectors e et ] .
10°
Run 3 (2022-2023, L.2) b
].0, ].O ——— 1 5 10_4
Axis not to scale 10_1 """""" ] 10_5 :
{ I I > 0 5 10 15 20 30 . 35 40 . 5 " ” > 3 " . .
0.01 1 Tracker end d, [em] min(d/o,) 10° 102 10" 1 10 10° 10° 10 ég[c n1]?
Substantial improvements in efficiency as compared to the Run 2 analysis, Limits set for two benchmark models:
particularly at low masses and long lifetimes, mainly because of improved triggers the hidden Abelian Higgs model
for displaced muons and analysis refinements (HAHM), in which displaced dimuons
that could rise from dark photons, and
RPV SUSY model
Run 3 is opening opportunities for exploring physics beyond statistical improvements over Run 2
CMS-PAS-EXO-23-014 31
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® Strong coupling constant running now
measured up to Q=2 TeV with Rae

® CMS inclusive jets at |3 TeV was most precise
determination of s at hadron colliders

> theory at NNLO, minimum required by PDG

® Full Run2 measurement without final JEC by
Laura Martikainen: defense Oct 23

©

HELSINKI
INSTITUTE OF
PHYSICS

CMS

Preliminary

O‘s(Q)

0.25

0.2

Theory at NLO

T
—~

# Py

CMS-PAS-SMP-22-005

CMS R,, 7 TeV : EPJC 73:2604 (2013)

CMS 3-Jet mass 7TeV : EPJC 15:186 (2015)
CMS incl. jets 7 TeV : EPJC 15:288 (2015)
CMS incl. jets 8 TeV : JHEP 03:156 (2017)
ATLAS TEEC 8 TeV : EPJC 77:872(2017)
ATLAS R,,, 8 TeV : PRD 98:092004 (2018)
CMS R,, 13 TeV

PDG 2022: aS(MZ) =0.1179+0.0009

0.15 i
B é 4\&‘#& ‘% #
N ki k4

01— i TR

- ﬁ'{ﬂi‘*hﬂiu*
N DO : Ph : P
B A : Phys. ReV. D 80:111107 (2009) {
- o DO : PLB 718:56 (2012) l

0.05 — o H1 : EPJC 75:65 (2015)
L ¢ ZEUS : Nucl. Phys. B 864:1 (2012)
_I | I I | | 1 1 1 1 | I I | | 1 1 1 1 | I I | | 1

10 10 10°
Q (GeV)

NNLO

N3LO

NNLO

NNLO

NNLO

T | L | L | L LI
H1 multijets at low Q” : EPJC 67:1 (2010)

ZEUS incl. jets in y*p : NPB 864:1 (2012)

H1 multijets at high Q? : arXiv 1406.4709 (2014)
H1+ZEUS (NC, CC, jets) : EPJC 75:580 (2015)

H1 incl. & dijet : EPJC 77:791 (2017)

CDF Incl. Jets : PRL 88:042001 (2002)

DO incl. jets : PRD 80:111107 (2009)

DO ang. correl. : PLB 718:56 (2012)

CDF z p,: arXiv:2203.05394 (2022)

Malaescu & Starovoitov (ATLAS Incl. Jets 7TeV)
EPJC 72:2041 (2012)

ATLAS N,, 7TeV : ATLAS-CONF-2013-041 (2013)
ATLAS TEEC 7TeV : PLB 750:427 (2015)

ATLAS TEEC 8TeV : EPJC 77:872 (2017)

ATLAS azimuth. decor. 8TeV : PRD 98:092004 (2018)
CMS R,, 7TeV : EPJC 73:2604 (2013)

CMS tt cross section 7TeV : PLB 728:496 (2014)
CMS 3-Jet mass 7TeV : EPJC 75:186 (2015)

CMS Incl. Jets 7TeV : EPJC 75:288 (2015)

CMS Incl. Jets 8TeV : JHEP 03:156 (2017)

CMS R,, 8TeV : CMS-PAS-SMP-16-008 (2017)
CMS ti cross section 13TeV : EPJC 79:368 (2019)
CMS multi-diff tf 13TeV : EPJC 80:658 (2020)
CMS Incl. Jets 13TeV : JHEP 22:142 (2022)

World Average : Prog. Theor. Exp. Phys. 083C01(2020)
oo b b

0.14 0.16 0.18 0.2
agM)
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® New measurement of & from Z pt @ N3LO by ATLAS on par with lattice QCD?!

® Expect/hope inclusive jets Run 2 with ultimate |JEC to also reach similar ball-park

80

a e, u 0]
3
s
-
[oN
K
o)
©
o)
+ 4 :
a e, u

EN 0.122F ATLAS Preliminary op—=Z = , , ,
& - 8 TeV, 202 fb™ . ATLAS @ NNLO PDF profiling
0.120F - “e NNLO PDF fit
- . -@ aN’LO PDF profilin
0.118F — ¢ — ¥ 9
0.116E —— E NNLO MSHT20 —e—
U i NNLO NNPDF4.0 —o—
0.114F B NNLO CT18A P —
0-112E MSHT20 PDF E NNLO HERAPDF20 | |0 SR uu
0110~ R . HERA+Zp, PDFfit | .
- cale vanations . aN°LO MSHT20 e
0.108 o
NLL NNLL N°LL N*LLa
| | |
0117 0118 0119 0120 _ 0121
. . m
arXiv:2309.12986, submitted to Nature Phys. (22 Sep 2023) o(m,)
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[Energy correlators in jets e (o’

Confinement and asymptotic freedom

Measurement of energy correlators inside jets
N-point energy energy correlator (EnC): a variable with information of energy flows inside a jet
Measure 2-point and 3-point correlations (E2C, E3C,and E3C/E2C) in multiple jet prregions .

' ' E
. [ u [ Wi withi - : %
Using neutral and charged particles with pr > 1 GeV within the jets AR, , A
* Observes transition from parton to hadron ' . .
3 1@ AR
. CMS Proliminary 3631 (13 TeV) NG
dol?) N E.E. ij8|5 12; Free hadron Confinement Perturbativ;j ' 1 = AR3’1‘\‘ :
i il 5(x, — AR 1B 1of 1 x \ i
E2C= = %:/da L33, - BRy), K 1o . . , d
doBBl E.E:E g *Data - 3 ' E
E3C = ;TL - % / do =" 5(x, — max(Ryj, ARz, ARx)) —— 6; N * % .' : B3
X. = largest AR between the 2 or 3 particles £ N f‘ % Perturbative . Confinement Hadron
. 2 ., I I
Compare the particle level E3C/E2C Fo
distribution to NNLL-approx predictioM 10 0l CMS-PAS-SMP-22-015
« Extract ag using the perturbative :
region of E3C/E2C . o o
s (Mz) =0.1229+0:0040 _ 1o/ (4%, most precise determination using jet substructure)
A new means of studying QCD in collider experiments, can help validate future higher-order implementations in parton-showers 17

Force is strong inside jets!
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® Run | CMS+ATLAS combination just out, precision now 0.33 GeV
® On par with profile likelihood, but full Run 2 expected is 0.19 GeV (H. Siikonen, thesis)

® More precision, new questions: b vs light quark final state radiation? Semileptonic b decays?

Run | combination, CMS+ATLAS Run2 (2016) profile likelihood
172.52 + 0.14 (stat.) £ 0.30 (syst.) GeV m, = 171.77+0.37 GeV

CMS PAS TOP-22-001 CMS arxiv:2302.01967 36.3 1o (13 TeV)

- U T I//?Z??'??;?? ;;I LA L L L L B B — = =
% 1 75 T s m, = 171.77 £ 0.37 GeV Pre-fitimpacts [ 8+A6 [J 8-A0
0 ~ ATLAS+CMS Preliminary /s=7, 8 TeV i —=— Pul Postfit impacts [J 8+40 [l 8% [J MC stat.
WP _ H : H H H :
—_— sl JEC flavor bottom : — : i 0.89 : -
Y o : : : : : :
0 | LHCiOpWG 70077 - ] FSR PS scale g — T om
707 - I R
= - Simultaneous 700000000 R - FSR PS scale X—Xg : ] : : i 076
/ * 11 . . . .
O 1 7 4 - combination 2%%%%%22 - ] BG QCD multjet E —— : 050
£ - 70 - T o gluon move S B S S
o, / ¢ : inspi : : : : :
Mes%c.L. T, . GR: QCD inspired L e o
- o b _ Early resonance decays : : —~—a— i 0.33
T AL . : : : : : :
| 95% c L L ! o a BG W+jets ——— 0.78
- - * . . . . . .

1 73 | ] Ot ] JEC abs. MPF bias ] —_— i 094 ;
2 h hélé OO e e é
I IS ME/PS matching : P : i 052 :
IIIIIIIIIIIIIIII A : : : : : :
Pociisiinssiiyyss---- - AR - - - - - - o F o F S I I JEC rel. sample : [N S i 0.92 H
I I : : : ; : ;
[0 Iy : : : : : :
000000000 VS bJES Bowler-Lund central i —— o 0.81 - :
IS I U ) : 5 5 3 : 3
W, (s Statistical uncertainty : : : : : - :

1 72 I ‘0" 1 JEC abs. scale '—.—' 0.98
B ; 7 JER I |<1.93 : —.— : © 033 :

* N N N N N o
B L | . 7] bJES Peterson : : —— i 045 [ ] :
- . ; - : : : : : :
T &W ATLAS combination JEC rel. FSR : ! Po097 [ ] :
R T ) : : : ; : :
i - T w4 ination | JECTavorlohauans | 097 ] :
Z . . . . . .
1 71 — R VA, ///// CMS combination __| b tagging mis-tag scale : —_—- i 0.88 - :
R L0 bJES semilep. B decays : 7 7 : ! 096 [ ] :
— ‘ . - . H — . H B .
R 7777 == LHC combination cay H 2 : ; H H
- . 7 - Pileup —_—— : 0.86 - :
- 70 o s oms A M e S :
LSS e LH ATLA ms | g —_—— g :
- g /77 i FSRPS scale g-ag T m ;
l | W42 | | A JEC pileup data/MC : — ! o096 :
. 1| | 1| | 1| | 1| | i i H : : : 5

FSR PS scale g—qq g — ;094 : 8 .

171 1 72 1 73 1 74 1 75 bJES Bowler-Lund ; ——— ;085 i B i 5003
-2 -1 0 1 2 -0.3 —0 2 —0 1 0 O 1 0 2 03

MATLAS [GeV] (8-6,)/A6 ©Am[GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-066/ATLAS-CONF-2023-066.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-066/ATLAS-CONF-2023-066.pdf
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Bottom line

® Bottom quark uncertainty correlations now dominate top quark mass (t>Wb 100%):

> correlation between b-FSR and udsc-FSR (here marked pesR)
> b recoil in top center-of-mass frame

® More in Mikael’s talk, summarising m. plenary from TOP2023 conference

36.3 b (13 TeV)

172.6-CMS

Run | result
Run | assumptions

m, [GeV]

172.4

172.2

172

Run 2 result

Run 2 assumptions [171.8
m=171.77%£0.37 GeV

171.6

171.4

171.2

02 04 06 0.8 1 arxiv:2302.01967

o
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Higgs boson mass

® Higgs boson mass measured very precisely from leptons and photons

> CMS 4l:mp = 125.08 £ 0.12 GeV (HIG-21-019, 20 Sep 2023)

> ATLAS yy+4l:my = 125.11 £ 0.11 GeV [arxiv:2308.04775] (8 August 2023)

> V(mZ(mw+mz)) = 125.078 + 0.007 GeV, mw+mz = 171.58 + 0.01 GeV (*mc = 171.77 + 0.37 GeV)
® Higgs width from on-shell vs off-shell: 2.9+23_, 7 MeV vs 4.1 MeV in SM

CMS-PAS-HIG-21-019

CMS Ppreliminary 138 b (13 TeV) CMS Preliminary
250~ Run 2: 138 fb™' (13 TeV) — Total Stat. Only
B ¢ Data Run 1: 5.1 fo' (7 TeV) + 19.7 fb™" (8 TeV)
" H(125) Total (Stat. Only)
L _)22*’ Zy* +0.15 (+0.14
000 } Iggezz,& Zz* au o 124.90775 (') GeV
L Z+X +0. +0.
% _ - 4e —— 124.70777 (1) GeV
(D -
o 200 + 2e2u == 125.50/02 (°%) GeV
~ -
}é’ i ¥ T. 2u2e —— 125.2002° (°27) GeV
LIJ L + Run 2 o . 0.2 Ug 11
sol ; ) " Run 1 ——  125.607;; () GeV
- P b b ii: . ++++ LTSRN, Run 1 + Run 2 T 125.087,; (1)) GeV
M ! ! | 1 1 ! | ! ! L | L ! ! | ! 1 1 |
90 80 90 100 110 120 130 140 150 160 170 122 124 126 128 130
m,, (GeV) m,, (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-019/index.html
https://arxiv.org/abs/2308.04775
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https://arxiv.org/abs/2308.04775
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Rare decays - Higgs boson

Evidence of H— Zy decays CMS-PAS-HIG-23-002
CMS + ATLAS combined evidence: observed 3.40 (expected 1.60)

Search for lepton flavor violating H— ep decays

In 110 - 160 GeV mass region of a ey pair
Observed (expected) upper limit on BR is 4.4 (4.7) x 10 at 95% CL
Most stringent limit from direct searches CMS-PAS-HIG-22-002

138 fb' (13 TeV)

T
() Observed
%444544% gg—H (POWHEG) + XH
SN gg—H (NNLOPS) + XH
XH = VBF + VH + ttH (POWHEG)

Measure highly Lorentz-
boosted H-> 1t events
Using dedicated
algorithms to resolve
overlapping t, the signal
with ptH> 250 GeV is
observed (expected) 3.5
(22) o

doy/dp_(H) (fb/GeV)

-
S
o

-
S
o

N A

CMS-PAS-HIG-21-017

|
N

500 1000 1500 2000

pH (GeV)

Ratio to NNLOPS

H>Zy, H>TT, VBF vs ggF -«
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. INSTITUTE OF
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C

&/

Measure VBF and ggF production simultaneously with H>bb
Using boosted Higgs decays since the relative contribution to Higgs
cross-section from ggF decreases with p+'

CMS Preliminary 138 fb" (13 TeV)
= [ ; Best fit :C]
q A - T ok SMexpected 16
68% CL
 95%CL
e B "
q q 6

Myge=5.0"%1 _; ¢

3.0 6 (0.90) 3
5 0

I|I|I||||l||_

The observed signal =2 o 2 4 6 5,
strengths apd Hgr= 2049 ; o
corresponding @& T 9s .
observed (expected) © 1.20(0.9 0)

significances
CMS-PAS-HIG-21-020

Higgs decays and high py are particularly sensitive to BSM = these results provide an
important step forward in the exploration of the Higgs boson and its interactions

13
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High mass resonant and non
resonant pair of dijet resonances
- . 1o (13T Uses scouting dataset: saves only event data reconstructed by the high-level trigger

Extending bump hunt to lower resonance masses and more signatures

S =
Q) 10°5 . . g
= 2 Low mass resonance are produced with significant Lorentz boosts
g 2 10* 2
£ [ I .. /
5 ] resolved trijets boosted/merged truets boosted/merged dijets
5 4 1
© r 0
(0] .
g 102
g P = = Diquark
< 8- (ug) (uo) Il 10
0.5 68% and 95%
contours
57 8 e 0 !
Four-jet mass [TeV]
JHEP07(2023)161
e - . )
Resolved trijet resonance _ CMSPiminay 12817 (13 Te) >4000CM3f”9/'mmafly 128 1 (13 TeV) %SOOSMSHVe/Imlnﬁw — 128 5 (13 TeV)
- 3 E l Data 8 Data
‘ 138 " (13 Tev) 8 gool- i [B’a‘i lom 4 © Background Fit = — Background Fit
—% Data Zr—999 7 2 :chgr'o_ 90’9”'01 T 3500¢ ¥eindof = 105,289 | % 500 X?indof = 589583 ]
— Datafitfuxd ——20TeV § 2 = e 2 — SignalMy=500Gev | B Signal Mg =900 GeV
= Fitunc 68% CL — 40TeV 3 s 7 Sign::M»=2oo sl 299 — sgnalg=cs0cev | £ F —— Signal Mg = 1200 GeV
meer Signal M;=300GeV | ' asool- , Signal M =800 GeV ] 00 — Signal Mg = 1600 GeV ]
{ — Signal Mj =400 GeV f t
) 2000 1 sooF 1
4001 1
f 1500 E 200 B
0 U ] sl ““, “‘.‘ ] 1000} B ook ]
: R Joliy s00f / E N
E ol Mo,
I of e . , , i B e e e e 4
6 7 8910 0.0F E of E of
mj”[TeV] E L | | L L 1 |
250 i 2 ! ! L L = 500 750 1000 1250 1500 1750 2000

CMS-PAS-EXO-22-008 700 200 300 00 500 600 400 600 800 1000 1200 mj; [GeV]

m;; [GeV] mj; [GeV]

(can clearly see SM resonances in boosted and resolved channels)
CMS-PAS-EXO-21-004  Us€ RPV SUSY as benchmark models: stringent limits on RPV gluinos, top quarks, and first limits on RPV Higgsin%sé

CMS+TOTEM/PPS overview, PPDay 12 Oct 2023 Mikko Voutilainen, Helsinki



HELSINKI
INSTITUTE OF
PHYSICS

Lepton-induced production  Leptoquarks in 2" generation |, “H Leptoquarks in 3 generation
of LOs coupling to tau Search for pair produced LQ L?/’ b Search with tau and bottom quarks,
LQ produced from the collision decaying to muons and bottom m ‘u‘ Updates in recent submitted paper:
of a quark and a lepton inside quarks, force =1 (no decaysto 4 » fake tau model
the proton neutrinos) B © « minor backgrounds added

P* \ Excess is most prominent :

10--~)  non-resonant LQ production
> e probes high mass
g « at high St MET with 1 jet but O b-

Using final states: (z. , 7, ,Th) + Signature of two high-pt muons tags = 3.4 - 370
(jet, b-jet) and two high-pt b-jets Not compatible with signal model of

7, + jet, no-btag, high BDT 138 fo (13 TeV) 138 fo™' (13 TeV) 100% LQ_—’b'E

£ C I Serve l — S‘ 1 1
S - cMS El;)vb 'ed %i ||‘ ] a 0 - T HIT, |Ob ‘ | 138 \‘bI (13 TeV_)
PR — W WV S ool 3 CEcms + Oosenved 10,2000 GeV, 125, g, n=1
§ w0k — LG (m=21 TeV, 4,,=1.5) ] Bkg. unc. | % 1 refiminary — Scalar LQ [Q — ubyb > 10* & supplementary Ejg; ;?p%let TVecoron=48%0 4
E i §2] 3 Y +jets 5
w F 95% CL upper limits QCJ 10 i Eg
30 107! —=— Observed o 107 E
F - - - Median expected 10 -
20F , I 68% expected b T 1H 3
. o [0 95% expected nonresonant 10t
10
E 108 102 &
. 10—3 :
o 3 4 [
@ > 10 - 10 S S S S| S S S S B R
] 5 £
7] 1 ~ 15F
Q m £ ) ¢
O o E N PR e et 7 E
500 1000 1500 2000 2500 3000 8 05F 3
m , [GeV] TTUBO0T 000 7500 2000 2500
- SYET GeV]
CMS-PAS-EXO-22-018 CMS-PAS-EXO-21-019 arXiv.2308.07826 24
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Determination of the quark content of f,(980) JEEAK

PH
YSICAL REVIEW D

Discovered half century ago, the quark content of the f,(980) hadron

has not been settled

CMS Preliminary PPb, {Syy = 8.16 TeV, 185 < N#'™ < 250
F 1 T —

K
e 08~ l<2.4,4<p <6 GeV/c — Data = Recetrr S;yvca% 5. Raby, 1 ai,di: . Fla
. . - A, - e Fit (x2/clof = 417/353)] Sep ,,;’;’2' erbeley, g,,;,v,; " Solm;
Using pPb data, the fp(980) is %“ SNA 0<o- w2 — Pt s L S
reconstructed via the invariant % °'6§M; , [ R ot o 1 LG e
. - S g . ] 70 e i an 5 5 regio 5, 1
mass of its main decay z 0al M\ = I o e . et
channel f,(980) — m+m- Z o2 E 1.5 g
N S SP— T o @eé‘” &
o o e . 7
Measure the elliptic flow T 11 ‘ 1% . 8o
anisotropy v2 of £,(980) as Y EE—————— i B— & -Go”a ‘e
i 05 i 15 ’ % 3
function of pr m_(GeV/c) :
£ @ gt L AC
0.15 ___ ePh, %f8.1§Tevl(185strL"Ii”e<2ISO) 015 PPb, (S = 8.1 TeVI(1855N;’,:("?"e<2'50) K9 (o ) 0 g
"OF cNis Prefiminary " 1,(080) ] " F cNis preliminary " 1,(980) ] g @ 4K
L oKg aA it —* N2 hypothesis 1 [ oKs aA it —* Ng=2 hypothesis ] /e (g ) { . A\ Ve
0.1- 27 0Q° : ng=4 hypothesis ] 0.1 $E 0Q° : ng=4 hypothesis ] . Lo I %
& T 1 & at 1 Quark/Gluon EConfinementZ aad@n o
.D\ B 1] : o - ) .Q\ : a - ) : E
34 0.05) J;@% 1 w008 Qé@Q )
> UYL {1 > L 0 N J
Lot ‘ T 1 vl ‘ . ] . .
o= ﬂ\t oF j\\_ The number of constituent quarks of fo(980) is
—— 4 consistent with 2
p,/n (GeVic) E;/n, (GeV) 7.7 o away from being a tetraquark state or KK
molecule,or 6.3 o (3.1 o) if considering only
CMS-PAS-HIN-20-002 restricted pr range up to 8 GeV (6 GeV) 16
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New insights on strong interactions

Girth of jets in quark-gluon plasma
Interactions with medium are expected to
degrade the jet energy and modify the jet
radiation pattern in QGP relative to pp

CMS Preliminary ~ PbPb 1.7 nb”, pp 301 pb” (5.02 TeV)
35
E T T T T ]

E PbPb E
%l‘g’ 301 Centrality: 0-30% n =
kot E pp E
'_lz'" 25 plead jet E
E p;>100 GeV, T—>04 ]
20 —— p. =
ml<144 In I<2
v lead jet
15 ——
E—d——Ag >2 3
vleadjet ~ 3 -

—_——

Yield

FIE Hybrid no elastic, no wake
FOB] Hybrid no elastic, wake

* | Hybrid elastic, no wake
[TAT] Hybrid elastic, wake

A ’ ; 3
ﬁ g S——
E L L L L .

% 04 002 004 006 008 0.1 ii

gzé);p"rAR,;,-e‘ Jet girth g

Use y+jets events in pp and PbPb

pr jet/pr’ >0.4 (strongly quenched jets)
=» no narrowing is observed

pr jet/p1¥>0.8 (less quenched jets)

=>» narrowing is observed
CMS-PAS-HIN-23-001

PbPb
PP

Akr 4

Quenched
narrow jet

narrow broad

&, Unquenched spectra

Quenched
broad jet ~ .

Measured jet p,

o
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Flow in high-multiplicity pp e (o

New insights on strong interactions ) Nevw ¢

Particle correlations inside a jet
Search for collective effects inside jets: can a very high multiplicity jet lead to the flow-like
behavior seen in QGP?

Using jets with anti-k;=0.8, pt>550 GeV, [n|<1.6 in high-pileup pp collisions

CMS Preliminary 138 fb™ (pp 13 TeV)

]
ot 0.0<j <3.0GeV :
< 02F B .
o | Antik, R=0.8 ., ‘
=01 et 850 Gev S, [ @ ® : B
™| <1.6 o bcti
: @ collective P '
03 e, 0.3<j <3.0GeV expansion in ‘
& . i Jet axis_the direction
A ., y
;3__ 0.2l ., ::‘a nksvters'e to
i e jet axis
~ o, ) ! a/g— P
= —e— DATA "¢ ® ‘ '
0.1 s PYTHIA8 CP5 K A '
...... SHERPA w""t J :
Perturbative :Co ent Hadron

0 20 40 60 80 100
Njch

Measure 2-particle correlations function of charged constituents of a jet as a
function of the charged-particle multiplicity inside a jet

Discrepancy in long-range many be an indication of the onset of new QCD effects, e.g.,
collectivity, in the parton fragmentation processes

More information at LHC seminar CMS-PAS-HIN-21-013 18
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Non-resonant central exclusive production + ECTEEK "
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> 'l
QD B o A 2
@ 0 e "‘gmm\ e %"20«\\
- PN P T o\ ol x\ r ‘
T T T L0 il A= ST, e
Tt | ——— ! 1 6 Il T{JT_
------ |
) » i 2 o]

p(py) p(p2)

Studies in resonance-
free region: m<0.7GeV
or m>1.8GeV

CMS-PAS-SMP-21-004

CMS+TOTEM: examined about 80 M events with data taken
with a special B* run of LHC in July 2018

Angle between protons

Select 2 scattered protons detected in 14 CGMS-TOTEM Profipinary__ o

TOTEM roman pots and exactly 2 oppositely 4.7pb™ (13 TeV) o | empirical exp

charged identified pions with the CMS silicon mm= two—channel ¢
10 | ™= Dime 1

tracker from decays double pomeron
exchange

Differential cross sections measured as
functions of the azimuthal angle between
the surviving protons in a wide region of

A

0.40 < p, 7 < 0.45 GeV

[\

d®s/dp; 1dp, 10 [Lb/GeV?

scattered proton transverse momenta and 0 " - 0 0 T
hadron rapidities 0.40 < p; 7 < 0.45 GeV 0.55 < p, T¢< 0.60 GeV
Observe a rich structure of nonperturbative interactions related to double pomeron
exchange, measured with good precision 15
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CMS PAS SMP-21-004, TOTEM NOTE 2023-001, httbs://cds éem ch/record/286 7988

Detailed study of
“Pomeron” interactions
using a very large
sample (~ 80 M)
non-resonant central

p(Pa)

p(p1)

p(p2)

p(p1)

h* (p3)

N h(pa)

p(p2) )

exclusive 7T+ zT— with  elastic 1 4706 (13TeV)
protons measured in events — B
TOTEM RPs & charged - Top RP left —
pions in CMS tracker 3 . Bottqm RP
L1 trigger: double arm ;z: right

TOTEM RP, HLT: activity
in CMS pixel detector
Require diproton and
dipion p, & py to match

exclusive _

iy ~ 0) plx,y sum 0

Largest background: ~ Protons &=
elastic + inelastic pileup pions %
Q2T#plxr =~ 0 & J 278 93_’05
ply = 0) |
plx,y sum -
protons

CMS+TOTEM/PPS overview, PPDay 12 Oct 2023
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Variables: m_,., proton p;'s and @
(2-proton azimuthal angle difference)
Focusing on non-resonant region:
0.35 <m,,;<0.65 GeV

First observation of parabolic minimum in ¢
(due to interference of tree diagram with
diagrams with additional pomerons exchanged
btwn protons)

Study nucleon-Pomeron and meson-Pomeron
couplings in different models: good agreement
with DIME (“soft model 1”) from Durham

Central exclusive 11T

CMS PAS SMP-21-004, TOTEM NOTE 2023-001, https://cds.cern.ch/record/2867988

dppdpypd¢

055 < py < 0.60 GeV

(o]

vow Ao
T T

050 <y 1 < 0.55 GeV

_. d%o/dp; 7dp, 10 [ub/GeV?]

oo =
T T

0.45 <y < 0.50 GeV

10 o =N minary

47pb" (13 Tev)]

¢,
m

0.40 < pp.1 < 0.45 GeV

d®c/dp; 1dp, 700 [ub/GeV?]
O—=NWHAHOOITO N OO

a

0.55 < p1gT¢< 0.60 GeV

0.50 < p1!-r¢< 0.55 GeV

0.40 < p1’-r¢< 0.45 GeV 0.45 < p1,T¢< 0.50 GeV
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EPJC 83 (2023) 827; arXiv:2303.04596

37.2 b (13 TeV)
L L B

Y — )
g T CMs-TOTEM " usered | Search for
ST e pe2X e [ A X
§°'150.— 2y sswcL | with PPS
E o.125) : //
3 o100k * 1
2 ” | Search for
o | exclusive
o | production
v 1 with PPS
0.000 80— "800 1000 1200 1400 1600
CMS-PAS-TOP-21-007 ™Mx[GeVl
CMS-TOTEM prle/iminary‘ .‘2?“." sz‘ |(291 7, |1§ 'II'eIV) Se a rCh fO r

dilepton

combined

CMS-PAS-EXO-21-017

102.7 fo~1 (13 TeV)

f1(Tev?)

10°

107"

I|III|TII|III|III|III|III|Il|

| C€MS - TOTEM Preliminary

—— Observed

-- Expected Limit
[ Expected + 10
[ Expected = 20 1

JHEP 07 (2023) 229; arXiv:2211.16320

600 800 1000 1200 1400 1600 1800 2000
macp (GeV)

e
P exclusive 1400 | 100 fb (13 TeV)
T r & E \ n| —— Observed 95% CL limit
. S 1200 - CMS-TOTEM Expected 95% CL limit
produc“on © 1000 B! Exgzt:d 95% CLlimiti 1
- th PPS 800 E Expected 95% CL limit + 26
Wi O 600 3
™ 400 E
A e
Search for —= _o¢
&IMedian Expected eXC|USive (Uo -400 f .
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—— Observed . _100051,,,1,,.,1,..............-
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Summary and outlook e«

® Run 3 well underway, reaching parity with Run 2 integrated luminosity next year
® Run |+2 precision results are challenging &s from lattice QCD and improving m¢ and mn

® Many on-going searches and interesting results also from heavy ions, TOTEM and PPS

CMS 138 b (13 TeV)
> ol A B T ]
= |;> E m,=125.38 GeV Wzt
178 \g pg,, = 37.5% o
s 107"k E
176 .
£ |= i
i < el e
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N 10} 4 A A -
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