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Questions to carry through the talk

What is the shape of the Higgs

How well car! we weight the top? potential? Did the proton survive?

Reconstruct its decay and control

the jet energy scale. Probe self-interactions with HH, and Tag the outgoing proton and
electroweak symmetry breaking with ~ connect it to the hard collision.
VBS.
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CMS Detector

CMS (Compact Muon Solenoid) Detector(s)

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym) ~1m?* ~66M channels
Overall length ~ :28.7m
Magnetic field  :3.8T

T

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: 540 Cathode Strip, 576 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

\1\ ¢
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Tracks
Trajectories and displaced vertices.

Calorimeter deposits
Energy from photons and hadrons.

Muons
A clean outer-detector signature.

Particle flow combines the clues into
particles, jets and missing transverse
momentum.



Run3 delivered lots of data

200 ; ‘ ‘ ‘ ‘ ‘ ‘ ‘ ' 3 5 5fb_1
cMs —zmuc

— 2024, 122.2 fo™

2025, 125.7 fo™ H H
w50l — 2026331 0" | delivered in Run3

More than 320fb"recorded by CMS
thanks to certification at small time intervals
(lumisections) assisted by machine learning
certification.
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Analyses results shown today use a fraction
. . ) ) g
Public Luminosity plots 62-172fb
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

One collision of interest, dozens of neighbors
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PUPPI uses tracking and local event structure to

suppress pileup. Public Luminosity plots
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

Trigger: Every analysis cut before we save the event

_—

mHz

ATTTA
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100

Parking Stream:

o ~3 KHz

e ~1.5 MB/evt

¢ Stored on tape and
reconstructed
when resources are
available

Standard Stream:
o ~1 KH=z
e ~1.5 MB/evt

real-time @TO

KHZ =P ;-
e Processed in
e‘ %
'(.(\gg ~(®
T l’@/
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Scouting Stream:

¢ event size reduced by about
x100 wrt Standard Stream

e Rate increased by about x30
wrt Standard Stream

¢ Based on reconstruction @HLT
(i.e., Nno offline reconstruction)



Scouting allows us to search late decays

® CMS 62.4 fb~! (13.6 TeV)
> —_——— - _— : —
8 [ Dimuon: I,y €[11,16] cm, isolated, pf* > 25 GeV ]
—3
@ — 10%F H - ZpZp: mz, = 5 GeV, ct3°= 1cm E
g b Scenario A: mz, =2 GeV, ma =0.67 GeV, c1f = 1 cm

B I Scenario B1: mj, =5 GeV, mpy =1.67 GeV, crg3 =1cm
b2 2| il
3 GC) 19 E ho - ®X: My = 2 GeV, ctd = 1 cm E

long-lived state ., b

[ + Data 1
L d
L d - s
- LES 4
4 - -
> 107k g
4 F

-

- i 1
collision wt r ” 1
10% E
10-1‘ | A1 N | I||| | | [
0.4 1 3 5 7 10 20 30 50
my, [GeV]
Low-threshold scouting retains sofft, _ ¢ _ ¢
displaced dimuons. DImUOIjl masses for decay vertices 11-16 cm from the
beam line
No excess. Limits constrain several LLP Search for long-lived particles decaying into muons using data
scenarios. scouting, 24 June 2026.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-016/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-24-016/index.html

Searching for anomalous events

CMS preliminary 2024 (13.6 TeV)
2 F B L EEALL R A EEISLEEEE
S . of JIp: Z: [ Zero bias 1
& 10°F i AXOL1TL §
- S Pr>3GeV, Inj<2.4 3 AXOL1TL: Level-1 objects.
<102 . : 3
CICADA: calorimeter information.
104k 2
Learn common patterns. Select
10f 3 high anomaly scores.
108 & N S - 1 > 4 billion events selected for
10 10 10 10 .
Reconstructed muon my,, [GeV] Storage in 2024,
Known resonances appear without training the trigger on them. FPGA inference below 100 ns.

Real-time unsupervised anomaly detection in CMS
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/MLG-25-001/index.html

Fixing the jet energy scale

L\

111 fb™ (2025) + 25 fb™' (2026) (13.6 TeV)

o I 1 T | DN SN O B | I T I | S P | I Resoluﬁon (PT’ T,)
= 1145 eMms ZJy + jet and multijet channels
— 1.12| Preliminary mjeJ <1.3 4 dijets
(¢)) 2
= £22025D ]
% 1.08 2025E - balance the momenta
D 1.06 2025F & Z — pp
| S -1 & =
= o 59 2025G : y > =
2 i 20268 _: recoil jet

R 2026D B £ fd i . in 2025/202

: 2026 increased ] ras of data-taking comparison in 2025/2026
Ll i YESPONSE [~y ) . .
s During 2025 scale was falling probably due to tracking
025 efficiency degradation
0.96
0.94 o o - 2026 increased scale from fixing HCAL response.
30 100 300 1000 3000
p [GeV]

CERN-CMS-DP-2026-109 T, ref
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https://cds.cern.ch/record/2967020

Fixing the jet energy scale.. constantly

-—— -

A step for further |mp.rovement Is to automate Re | Calibrations and time
the measurement of time dependent JECs o e -
(JEC4Prompt project). I —
I ‘V MC
First results from the automation system I
running in real-time data show the detector | A eplicd to simulation
changes are captured. Plan for HL-LHC. : /
N CMS Preliminary 2024 Data - 110.9 flb (136TeV) I - -
§1o4j11pob£aeV<p <230 GeV I {JZ+jet f; Fixed in
5102;111 |<13 oy + jet i | every
' CMS DP -2026/034 3 ! [ yearsmc || &0 ‘t:hatrl‘ge
3 o production J{ €OMstNtY
0.96— iResp  iResp %RBSD = I
0-94; ‘Corrs Corrs §Corrs i I
0.92% -ﬁ!“-gﬁi 3.; ﬁ.ﬂ f; |
09f si “ﬁ- iﬁ‘““"“,&%% \
0'88;'\;”@,:”\‘..l.“\...\i‘é \
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Integrated Luminosity [ fo ']
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https://cds.cern.ch/record/2961690/files/DP2026_034.pdf?version=1

The jet spectrum becomes a QCD measurement

(2.76 + 7+ 8 + 13 TeV)
—ledp b L

CMS
— I
g |
% 0.115[
] i
0.110F
0.105F
0.100}
0.095[-
0.090}-
 5-loop, 5-flavour RGE
. 085: — PDG 2024, ag(mz)=0.118
==k PDG 2024 Unc: +0.0009
[ ¢ CMSincl jets 2.76 + 7 + 8 + 13 TeV
0.0801 : T

I
102

—
Q (GeV)

Fit jet cross sections and HERA data
jointly for as and proton PDFs.

_ +0.0014
ag(my) = 0.11767 5o16
Running tested up to 1.6 TeV.

Experimental handle: the steeply falling spectrum
makes the jet energy scale crucial.

Run 3: more reach with controlled
response/resolution corrections

Determination of the strong coupling and its running from inclusive jet production, PLB 868 (2025) 139651
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-24-007/index.html

Use the jets to build the top

'l‘
180

g The Higgs quartic evolves with .
’S . 10
‘ a s energy. Its evolution depends - =4l
t ~ Je =1
W % strongly on the top Yukawa ; 101
_ interaction. > [ T
4 ]et &) 176 F ",' —‘-’ ‘_,' 11%112:
# k= [ 7 \ g S
o) o B
“v\v @ mt , mH and as set key inputs to § - AN 1045
—— [ s | ’\-‘"“‘7,"_, :
, é < the Standgrd Model % [ Meta-siability - 12310—
: ©,  extrapolation. £ 17y N8 <\ B
4! “\ F o [_O L ! :: .
Metastability can mean a ol ]
. . <L -
lifetime far longer than the age e —
of the Universe. g ]

168 i L A A R [ R AT R B R i
120 122 124 126 128 130 132
Higgs pole mass M, in GeV
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The top quark mass

m = 17177 £ 0.37 GeV

The scale has systematics Jet energy scale and
resolution, b-jet response and pileup.

reference
a0/ g ht
— The decay is modelled Radiation, b fragmentation and
| My | colour reconnection alter the reconstructed mass.

What does the reference label mean? Which mass are we measuring? The direct fit determines
thC. Relating it to a pole or short-distance mass requires
theory.

CMS top-mass benchmark, EPJC 83 (2023) 963;

CMS mass review, Physics Reports 1115 (2025) Interpretation is a separate issue

116-218.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-008/index.html

Single top: Find the forward jet

forward spectator ><103CMSPreI/m/nary . 625M'(136TeV

> £, 2jtb, prn'S=‘->35 Gev, + Data
u

%% Uncertainty
b - & ¢

mi>50 GeV t channel
Postfit I tt

Selection: one isolated lepton, two jets, one b

tag.

II|lI|

250

B tW + s channel -

B W + heavy jets ]
W + light jets

B QCD

Others

200

150

Events / 0.07 units

IIIIIIIIIIIIII

Fit a DNN discriminant. o(zqg + 1q) = 223.17+9.3

-9.1+1.2pb . e
. . . N O 1.01F 3
First uncertainty systematic, second statistical. e ppapel
= 0.99F 4
% 0.985 -
. . © Y% 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Top/antitop ratio: 1.67 + 0.04 £ 0.02. a

DNN discriminant

Measurement of single-top t-channel Postfit DNN distribution. The fit extracts the
production at 13.6 TeV. production rate.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-018/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-018/index.html

What if the W makes a “b” and a “c”?

6CMS Preliminary 110 fb' (13.6 TeV)
- b [T O3 T GO RSN TLINE  [ CO O L G R I 0 O O T S IS
. _ = [ — Total [Veo| = (3.76 *938 (stat) *0:46 (syst)) x 102
Look for W — ¢b in one top decay, with a lepton from S [ statonl - (376:058) x 102 ]
5 22 .
the other W. : 1
_ +0.36 +0.46 -2
. 3 _ B Vel = (3.7620 739 Lo.61) X 10 ]
UParT identifies both b and c jets. An event i
transformer separates heavy-flavour backgrounds. 31_ ]
L blocks Class token (O) L
r 25 2r -
f-:o Particle Particle Particle Clas.s Clas$ % :
ST 3 B 2 e Attention Attention b -
{—’[H} araniy il £ A4
Interactions —>§ | I, S 0— PR SR VAR VI TNPLS) IS T TR TR v || ATV ol TR "I T oA KT
& (a) Particle Transformer 2.0 2.5 3.0 3.5 4.0 4.5 5.0
|Veol (1072)
Measurement of the CKM matrix element Total and statistical-only likelihood scans.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-26-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-26-002/index.html

Near threshold slow top and anti-top

QCD interaction
138 fb' (13 TeV)

PN

Near threshold, attractive QCD effects

3 : : : . : .
. . £ 70F CMS — Observed 3 OO
modify the rate and spin structure. =< S - N S Expected 4 A
" 60 P g
A lepton+tjets analysis finds an excess S0F: i L
consistent with a simplified pseudoscalar (s=13TeV
. 3 002f e ' ‘ ‘ il
: CMS Parton level
tOponlum model. <0.018} Simulation " ]
0.016} —n, ttsrry — Continuum tt
6.0 significance 0.014}
i 0.012}
; : 6 8 10 12 0.01F
Fitted excess cross section: 54+ 0.9 pb o(pp — n) [pb] 0.008}
0.006F
0.004 | =
CMS-TOP-25-002, Fig. 1(a) and Sec. 4; Fuks Interpretation depends on the 033340 350 360 370 380
etal.. EPJC 85 (2025) 157. continuum and threshold m(t) [GeV]
modelling.
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https://arxiv.org/abs/2411.18962
https://arxiv.org/abs/2411.18962

What about Higgs?

T { T T T ‘ T T T T ‘ T T T T T T T T T
i CMS Preliminary i Total Stat. only
photon energy scale Different decay Run 1: (s = 7-8 TeV, 5.1 f6"+ 19.7 f5", Run 2: Vs = 13 TeV, 138 o'
s channels provide Total (Stat. only)
S complementary Run 1H- 7y = 124.70 £0.34 (+0.31) GeV
e Z7 s Af precision Run 1H— 4/ ————— 125,60 £0.46 (+0.43)GeV
measurements. Run 2 H- yy = 125.13 +0.15 (+0.10) GeV
lepton momentum scale Run 2 H— 4/ — 125.04 £0.12 (£0.11)GeV
|
Run1+Run2H-vyy -—-—-I 125.06 +0.14 (+0.09) GeV
Run1+Run2H- 4/ s 125.08 +0.12 (+0.10) GeV
I
12 5'065 i O°088 Gev Run 1 combination '—~I—-' 125.02 £0.31 (£0.27) GeV
Run 2 combination '—I—' 125.074 +0.092 (+0.072) GeV
0.07% relative precision Run 1 + Run 2 combination — 125.065 +0.088 (+ 0.069) GeV
= ;L 1 2 = 1 ‘gl | - | lJ7 L 1 1 l;l ) — | SR | [ 1 N I E—
. . 123 124 125 126 127
Most precise Higgs mass measurement m,, (GeV)

by a single experiment at the time of

release. CMS-PAS-HIG-26-010; CMS physics briefing, 2 November 2026.
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https://cms.cern/news/how-much-does-higgs-boson-weigh-cms-gives-its-most-precise-answer-yet/

One Higgs tells us its mass. Two probe its self-interaction.

0.30
— Ky =0.5
0.25{ === K)=1(SM)

symmetric point

V(v + h) = V(V)]/(m{v?)

-V 0 +v -0.4 -0.2 0.0 0.2 0.4
Neutral Higgs-field direction Higgs fluctuation h/v
The field has a nonzero vacuum value v. Changing the cubic term changes the local shape.

2 2 2
m 5 m & m
V(i+h) = —Zh2 + 53—+ —Zh?
9 A 2 8”1»‘2

K, = AyunlAsy FTHH changes the cubic interaction.
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Two Higgs. Two experimental jobs.

Two Higgs can decay to different mode.

Highest cross section HH=bbbb.
bjet High cross section with cleaner topology HH = bbtt

Experimental challenges in triggering, tagging and reconstruction.

Find the b jets Two b jets reconstruct one Higgs
candidate. A

Account for the neutrinos Visible hadrons or leptons,
plus neutrinos. Missing energy complicates the second
Higgs candidate
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Four b jets: the trigger gets a starring role

(19 Tow: 136 Tel Acceptance matters at low m

S [T T T i S HH'
&' cms HH—-4bd,, © .
£ [ Simulation 1" ParticleNet at HLT and dedicated HH triggers improve
; N P acceptance where much of the SM signal lies.
§ 0.8 e = _ _
= [ e e —— . 08 Resolved and merged topologies contribute.
L Run2:2018 |06
i —— ' § 95% CL rate limit: 4.4 (4.4)xSM
. Run 3: 2022 ]
04 ™= —o.4 Observed (expected), Run 3 only.
B e —— Run 3: 2023 .
o2k 1 Signal distribution
e before trigger 02 At equal luminosity: > 2x better expected sensitivity
R~ TSR Y 5 (resolved).

300 400 500 600 700 800 900 1ooo11oo1zoo
Generator-level m_, (GeV) ) ) )
Gain also includes offline tools.

Improved results on Higgs boson pair
production in the 4b final state,
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-010/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-24-010/index.html

13 TeV

Expected (u=0): 5.3
Expected (u=1): 6.2
Observed: 3.5

13.6 TeV
Expected (u=0): 3.9
Expected (u=1): 4.6
Observed: 6.6

Combined
Expected (u=0): 3.0
Expected (u=1): 3.9
Observed: 4.0

CMS Preliminary
e

K, = k=1 —— Observed
Ky = Ky =1

bb 17, 310 fb! (13, 13.6 TeV)
LU L LA

T T

Median expected (u=0)
----- Median expected (u=1)
B 68% expected
----- 95% expected

138 b

172"

310"

P, | o o 1oy oo b4 ]
6 8 10 12 14
95% CL limiton o(pp —» HH) / &

Theory

Search for nonresonant HH production in the bbzz final state, Fig. 7.

310fb—1 combined across two energies.

Theo Chatzistavrou
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172 fb~'in 2022—-2024. Dedicated
triggers and ML-based tools.

95% CL /SM Obs. Exp.
Run 3 66 3.9
Run2 +3 4.0 3.0

Combined coupling interval:
—2.5 < Ky < 9.4
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-008/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-25-008/index.html

The Higgs also keeps high-energy scattering in check

s \\ithout Higgs === SM total

3 . 2 Vi s Z, W 4 +Z; W z,
1 LL‘“ fﬂ”}JJJ %\?M WA \ f}_ L L

. Moo , ‘ ?‘x i H

= 102 | /__Aqu W § " g . -—--

™y o . N

3 Wy~ "\ Z, Wr e MMMl 2, W e Nz, W z

=

g contact -channel W -channel W s-channel Higgs

on 10"

©

g A = Acontact + At + Ay +Ap

% non-Higgs gauge sum

> 2 2 2 9T *

£ 100 | A= IS s |Ag|* +2Re(AgpugeAl)

Q. interfi

g interference

0.5 1.0 15 2.0 25 3.0

Boson scattering energy v's [TeV]

Longitudinal W; W, — Z, Z, at high energy.

H. E. Logan : Peturbative unitarity lectures.
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https://arxiv.org/abs/2207.01064

q —T,,///-—f:mard jet

Weak-boson emission
from incoming quarks

q Electroweak interaction

Two forward jets tag the topology.

Leptons identify the boson decays.

Same-sign WW and WZ electroweak production: each

above 50.

W

W

<

forward jet

These measurements contain mixed polarizations.

Theo Chatzistavrou

same-sign WW and

WZ at 13.6 TeV
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CMS 171 fo" (13.6 TeV)
L} I | I | I I I I I I I | | I I | | I |
:g ——— Data |
B B MG5_aMC@NLO+Py8 without NLO corr. |
= 2 sssssasnans MG5_aMC@NLO+Py8 with NLO corr. —
s L . SHERPA 2 2
= £ |
© ! i
= i i
B .! | r-——+—-—1
OCELERE e
L | L | | 1 1 1 1 | 1 | I | L | 1 |
RS T A R
&la1.5 L E
3|8 1 t A
£la = L L SR R i
_ os5s¢g
First VBS 500 1000 1500 2000 2500
measurements in m; [GeV]

Same-sign WW cross section versus
dijet mass.
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-25-013/index.html

Proton loses momentum
but remains intact.

P

P

gcentral jet

central jet

PPS tags the outgoing proton;
CMS reconstruct-
s the hard process.
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Built by combined TOTEM+CMS expertise
Operated in standard LHC runs since 2016

Located ¥ 200m from CMS IP in both arms, equipped with
tracking/timing detectors

A set of near-beam detectors that approach outgoing beam
to a few mm

CMS central detector TOTEM + (CT-)PPS Roman Pots
, — LHC sector 56 > & P
H q;@(\ (i@\ %@1@&@“\ beam 1
jsll —1] L”_“_' LLLLLLT [Py ! ——— M
il 203.827
™ 212.55m T A | beam 2
ATIm o e m

(not to scale...)
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Study of diffractive events in low pileup data with CMS & PPS \

> Uses 2fb-12026 low pileup run (W approx. 5) | E‘iﬂ: | 7 %

7/
7/

Correlate longitudinal boost of central system ( jets, W, Z)
with the tagged proton

CMS Preliminary 2.04 fb~' (13.6 TeV)
T T T T ——

Events

Multijet selection

Extract fraction of diffractive jets, W & Z:
~0.44% ,~1.0%, "~ 11%
= Differentially up to TeV scale

Data

3 " .
10°F inclusive

0.9 J

intact protons ol . . . .
30 T T T T T
P @ = @ i — .
NET=%E; ';xx'z*x':':" I2eee "'3':':':".".'-.- =157
P P : 1.0 }4 = f2reeeetdd
&
g q

+z/-z

| 1| Freeenn. il |
CMS-PAS-SMP-26-015 \j) jets, W, Z @ b ¢ L T TPr v

q 0.9F ++

Multijet rapidity yjets
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https://cds.cern.ch/record/2967691

The physics starts long before the final fit

Higgs and VBS

HH acceptance and
reconstruction. Forward
jet control for VBS.

Top and QCD
Calibrated jets and flavour tags turn
events into precision.

Forward physics PPS links protons
to hard collisions.

Helsinki’s trigger, jet and analysis work connects with the whole chain.
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