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CMS Lumi Public Results

LHC Run3: records and challenges
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CMS 2010, 7 TeV, 45.(;bpk1)‘1 .
m— 2011,7 TeV, 6.1 fb~
:\120_ — 2012, 8 TeV, 23.3 fb™ ngher and Steeper
m— 2015,13 TeV, 4.3 fb™’
2016, 13 TeV, 41.6 fb™’
w2017, 13 TeV, 49.8 fb™
m—— 2018, 13 TeV, 67.9 fb™
m— 2022, 13.6 TeV, 41.5fb™
w2023, 13.6 TeV, 32.7 fb™
m— 2024, 13.6 TeV, 122.2 fb™ gt
2025, 13.6 TeV, 23 O figaipme® @

More collisions, for longer!
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How do CMS adapts
to face the challenge?
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults#Full_summary_proton_proton_colli

Objects recipes
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Electrons and photons

ECAL energy
deposits

ECAL energy /
deposits .
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Does the electron

Associated track? Brehm?
No associa te d " ) < \\\\ \\\\
traCk? ﬁack \ Tracker' layers

An electron!

ECAL energy
deposits

What if the photon converts?

A photon!
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Electrons and photons

ECAL energy
deposits

ECAL energy
deposits

Associated track?

No associated
track?

'

f?ack

An electron!

Tracker layers

ECAL energy
deposits

What if the photon converts?

A photon!
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ECAL eneNy
deposits

Does the electron
Brehm?

Track

Tracker layers

Dedicated tracking algorithm (GSF)
Recover from
Brehm kinks

Dedicated clustering algorithms
patch all the energy deposits
together

Energy deposit regression + E-p combination
pT and E best estimates


https://cds.cern.ch/record/815410/files/note05_001.pdf

DP-2024-052

Simulation corrections

Scale and smearing corrections Reconstruction efficiency Scale Factors (electrons)

How many times does a Z->e+ e- energy deposit in ECAL
has a corresponding associated track?

Residual energy corrections computed
Z -> e+ e- standard candle
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https://cds.cern.ch/record/2904365

New identification algorithms

\t
Run3 standard electron ID Highly boosted di-electron pairs identification §\6\N

CMS Simulation preliminary

| —@)— Run2 ID performance on Run2 dataset for WP 90 (90% target signal efficiency)

- —€)— Run2 ID performance on Run2 dataset for WP 80 (80% target signal efficiency) ﬂﬂﬂﬂﬂ 1 -2 tra CkS + S i n g I e m e rg ed E CAL CI u Ste r

-- Run3 ID performance with PF particle-based isolation (on test sample)
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Run3 ID performance with PF particle-based isolation (on training sample)

~= Run3 ID performance with PF cluster-based isolation (on test sample)

3 Run3 ID performance with PF cluster-based isolation (on training sample)

GO ;3 PO RS S MRS

>

o | CMS-PAS-EGM-24-002

s | Im<1s - 13 Tev

._fE’ 8 - CMS ~=- 2 Reco electron

i Better performance 214 ¢ - —— 2 Reco tracks

_i_cz t to Run2! ST Simulation 2 passing tracks

o WIt 10 Rune<: L 1 o0 Preliminary 4 pass e, ID wi 2 tracks

1% gl -»- Pass e, ID w/ 1 track

§ 10-1 1: —— Total dielectron efficiency
B _ —A-HA b A A A .
- AR T tegrereiE Di-track

0_8 B |=.=|—Q—1—.—.+'_+. -

i . o T g -

10~ 4

2 trk merged ID
1 trk merged ID

70 i 80 85 90 95 100

Signal efficiency (%)

DP-2024-052

Raffaella Tramontano


https://cds.cern.ch/record/2904365
https://cds.cern.ch/record/2937703?ln=it

arXiv:2403.16134

EGM novelties:

Novel phase spaces: Novel data rates:
Low Pt electron collection Scouting electrons
GSF track with looser track seed Limited event content information
Enhanced reconstruction efficiency in [1-10] GeV pT range Prompt HLT recostruction
Fight rising background via dedicated ID Smaller event size = lower HLT thresholds!
CMS simulation 2018 (13 TeV) 26.96 fo!, 2023 (13.6 TeV)
a 0.4 i | 1 > LI I L I UL I L I UL I UL I UL I UL I L I I
Q = — 8 B l\ CMS -
g i — 0.8 S 2900 t -
> 0.3 - o _ Jy _
= - : > 5000 H —$— Scouting e/y 2023
O i B' - K'e'e - c H ete’, n|<1.44
© 06 ) . .
.8 ol A L. Leading electron 7 \T ¥ . N
i 0.2 B Sub-leading electron _ 1500 . With add|t|0n?l —
- —e— Low-p_electron cand. —10.4 - energy regression 7
i . —o— Low-p_electron cand. +ID - 1000 ,** * “a la offline” Y (nS) —
0.1 : —— PF electron candidate | o m -
- == 0.2
0 ] . 1 _?_:_.‘—: —— - 0 i ' MM
L1 1 I L1 11 I L1 11 I L1 11 I L1 11 I | I .| I L1 11 I L1 11 | L1 11 | ||
o 1 2 3 4 5 6 7 8 9 10 T I T T T
N [GeV]
I:)T Mee [GeV]
Raffaella Tramontano From Run3 available o

centrally in all CMS datasets!


https://arxiv.org/abs/2403.16134

Muon reco

* Tracker Muon: Track + loose match to Muon system detectors

* Standalone Muon: Kalman Filter in the muon system only

* LLP proxy

 Global Muon: outside in standalone-to-tracker match

Raffaella Tramontano

nstruction

\ Il

Global muon reconstruction efficiency > 95%!
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https://cds.cern.ch/record/2904703/files/DP2024_067.pdf#page=6

DP-2024-065

Muon scale and smearing corrections

Medium pT: two steps procedure

1. 1/pT correction per muon

» Assumes same behavior for ™ u~ in

’ Klnematlcs d. <1/pT gen, neg =M <1/pT reco, neg -A
* Slm VS data b. <1/pT gen, pos -M <1/pT 1eCo, pos +A

2. / — uu peak position and resolution
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High pT: q/Pt method only
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https://cds.cern.ch/record/2904701

Same muons, different phase spaces:

W / arXiv:2412.17590 . ,CMS 59.7 fb” (13 TeV)

~ \_‘.. A >. . B T | 1 T 1 ] T 1 T | T 1 L] | 1 L | T T L |

CMS Simulation ____ (13.6 TeV) e [ Muon>0.9 :

j ?1.0— o 1 g . A B

o | - q 0 i *t ]

S odf - | °% & PromptMVA

= | softMVA i ]

c | “ 0.6 % __

D - -

W oo e MVA working points | 0.4 — —&- Data —

_ *  Cut-based working points - A MC -

0.4} - 0.2 B

| All muons | | T it

0ol / — Run 3 softmuon MVA-AUC: 0.82  _ ‘5 — : ' ' - :

- - Run 2 soft-muon MVA-AUC: 0.74 % 1'2:_ E

— Muon MVA-AUC: 0.77 Es' 1 0 : AT, .

o o L o o i - .

%80 0.2 0.4 0.6 0.8 1.0 0.8F -
Background efficiency 2'0 40 60 30 100120

Muon p_ (GeV)

Less strict on prompt requirements
Optimized for B-meson/low-energy physics
Retrained for Run3 with better performance!

Specific for prompt SM processes:
W,Z H, 7 decays,
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https://arxiv.org/abs/2412.17590
https://cms-results.web.cern.ch/cms-results/public-results/publications/MUO-22-001/index.html

Jets - Run3 standards

Jet substructure information

. Rt e

*Via declustering: exclusive-kT algorithm
* Build quark-subjet pairs in merged jets

Arbitrary units

103 E
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 Jet is decomposed in subjets
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* Corrected independently

AIQO.
PUPPI v17

v, reco. efficiency

baseline algorithm: PUPPI

from pT>4 GeV

(13.6 TeV)
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Hadronic taus often yield tracks not used in vtx fit
V17 not tuned to protect this tracks

New version v18 keeps non vertexed tracks

12


https://cds.cern.ch/record/2904356/files/DP2024_043.pdf
https://cds.cern.ch/record/2924412?ln=en

DP 2024-24

Hadronically decaying vector bosons ID

Jet charge taggers:

* Dynamic Graph Convolutional Neural Network (DGCNN) based on pNet
e On AKS jets
*Binary (W+ vs W-) or ternary (W+,W-,Z) classification

(13 TeV)
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https://cds.cern.ch/record/2904357/files/DP2024_044.pdf

Tau reconstruction

JINST 13 (2018) 10, P10005

» Tau seeding region defined by jets

* Charged hadrons (HCAL + tracks)

 HPS (Hadron + strips) reconstructs ) — Yy

As ECAL energy strips o by,

» Several combinations of charged and neutral piO
* To build tau candidate
» Selections in charge, mass compatibility per decay channel

| _eading pT canditate after selections:

Raffaella Tramontano
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https://inspirehep.net/literature/1693412
https://indico.in2p3.fr/event/33627/contributions/154816/

Deep Tau with domain adaptation

A

21 x 21 cells (n X ¢ = 0.05 x 0.05)
| L [ [ [ [ []
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0.3
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0.1

6 — o™ o

-01

-0.2

~03 N Signal cone

-0.4

>
-04 -03 -02 -01 O 01 02 03 04

n—nm

Domain adaptation: Run3 NEW!
* Target: cure unwanted sim to data discrimination

*Yielded by mismodelled variables
+ DNN train on SIM only

 Maximise classification performance
Minimize discrimination between data and SIM

Raffaella Tramontano

CMS-PAS-TAU-24-001

CNN with:

- Particle level input split in two 17 — ¢ separate grids
* High level tau candidate features

* Mixed SM processes for training

~JIsolation cone

Train 1 epoch on mix of SIM + Data in control regions

- CMS Simulation Preliminary (13 TeV) 100 CMS Simulation Preliminary (13 TeV)
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Tau ID efficiency Tau ID efficiency
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https://cds.cern.ch/record/2931189?ln=it
https://indico.in2p3.fr/event/33627/contributions/155087/

Deep Tau With domain adaptaticn CMS-PAS-TAU-24-001

A 21 X 21cells (n X ¢ =0.05 x 0.05)

“\\ CNN with:

11 X 11 cells
(m X ¢ = 0.02 x 0.02)

- Particle level input split in two 17 — ¢ separate grids
* High level tau candidate features

Nsimaleone o [Mlixed SM processes for training

~JIsolation cone

—— Train 1 epoch on mix of SIM + Data in control regions
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Domain adaptation: Run3 NEW! CMSPamey __ serecomy My e
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adapt. adapt.

*Yielded by mismodelled variables : ji
*+ DNN train on SIM only :
 Maximise classification performance e R g e et

o O | -

*Minimize discrimination between data and SIM | = = 7 e o B o
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https://cds.cern.ch/record/2931189?ln=it
https://indico.in2p3.fr/event/33627/contributions/155087/

Deeper and neater -

displaced

' ) tracks charged
Jet lepton
eavy-flavour
jet
jet
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DP2024 066

jet flavor tagging

Multiple ML tasks via loss customization

Classification Regression Quant/_/e regrgssrc?n
(resolution estimation)

L= Ca,tEntropy(x, xtruth) + '7regr : log(cosh(y _ ytruth)) -+ ’)/quantz'le ' [p0.16(z — Ztruth) + p0.84(z - Ztruth)]

UParT: the transformer paradigma
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https://cds.cern.ch/record/2904702/files/DP2024_066.pdf

DP2024 066

Jet energy regression

...and the other tasks
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Conclusions

*CMS objects treatment keeps evolving:
*Novel detector conditions
Unprecendented radiation levels
Unprecedented data taking conditions
*On-edge ML development to toggle general and topical tasks

 Presented a not at all exhaustive review of
main techniques and developments

*Run3 problem solving: bridge towards impressive run conditions for HL-LHC
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