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Run 3

Run 3 End: probably
Run 3 Start extended up to 2025
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LSt

13 - 14 Tev 123K

13 TeV
Diodes Consolidation
splice consolidation cryolimit LIU Installation .
7 TeV 8 Tev button collimators interaction inner triplet HL-LHC
— R2E project reglons Civil Eng. P1-P5 radlatlon limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 Illlllw
5 to 7.5 x nominal Lumi
ATLAS - CMS //4
ATLAS - CMS
2

upgrade phase 1
HL upgrade
luminosity U
We are here ©

~40 fot ~85fb'  ~85fb

experiment

beam pipes 2 x nominal Lumi x nominal Liimi

nominal Lumi

75% nominal Lumi | /‘

O. lorio & E. Rossi

2

/s =13.6 TeV e/lo 14 TeV



» Quality AND Quantity: Run-2 allowed to really push

the envelope of the analysis techniques.

* Lesson 1: Often allow opening up of new
channels, higher regimes

* Lesson 2: Validation in data is crucial --> more
statistics is always needed also to improve
beyond vn!

» New analysis preparation: more data means one can
get creative with analysis strategies and triggers.

* Lesson 3: we need to try new things early in the
run to profit of full statistics and HL-LHC!
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Long shutdown 2 activities/upgrades

Keep strip tracker cold to I I
avoid reverse annealing

HCAL barrel (last phase 1):
install SiPM+QIE11-based
5Gbps readout

- >

I I Pixel detector:
* replace barrel layer 1 (guideline

250 fb-1 max lumi)
* replace all DCDC converters

Install new beam pipe for
phase Il

l Civil engineering on P5 surface to prepare
for Phase Il assembly and logistics
* SXAS building
* temporary buildings for storage/utility
V[ /4
Near beam & Forward Systems I I
* BCM/PLT refit
. * New T2 track det
*  PPS:RP det & moving sys upgrade

MAGNET (stays cold!) & Yoke Opening

* Cooled freewheel thyristor+power/cooling

* New opening system (telescopic jacks) ,

* New YE1 cable gantry (Phase2 services) / 4 e
TN\ X ) Coarse schedule:

I Muon system (already phase Il): ’ &

I * install GEM GE1/1 chambers

* Upgrade CSC FEE for HL-LHC trigger rates

 Shielding against neutron background
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* 2020: Muons and HCAL interleaved
* 2021: beam pipe installation, then
pixel installation

Phase 1 Upgrade

* New Small Wheel: Micromegas e sTGC
Coincidence Logic

* BIS78 RPC: Detectors & Trigger

* LUCID (LUminosity Cherenkov
Integrating Detector): Detector

* LAr: trigger electronic

* TDAQ: New boards, Readout & DAQ
Software

O. lorio & E. Rossi

2020-2021 Maintainance 4
e Muon System
e LAr

e Tile

New Muon RPC detector (BIS78): Detectors & Trigger e Pixels



https://agenda.infn.it/event/29181/timetable/
https://agenda.infn.it/event/29181/timetable/

Run 3: Luminosity & Triggers

Run 3 brings 160fb-! ~ Doubles our integrated luminosity

- Only stats improved sensitivity over Run 2 searches.
- But also...Opportunity to explore new trigger strategies and collect different data!

® Peak luminosity =—Integrated luminosity
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Ru"\ 3 6.0E+34 . - 3500
The Challenge =» We see more than we can record! e s / Ry
T B } | | | L 2500 E
"E 4.0E434 |- ol S -‘g’
v' To control trigger rates, we mainly raise thresholds =» = 00 £
leaving softer signals behind. 3 U e T
v/ And we can’t record all, because of limitations in RICVEE LSl AREA %
. . : 1000 £
bandwidth, processing and storage. We are aboy ’ =

1.0E+34 bt 2 | ‘ » 1 o

0.0E+00 2 //_ : 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year

How to record more data = Circumvent some limitations:
(1) Trigger Machine performance & storage -> Upgraded/more

‘»
[%2]
e)

2

o

(%
o

‘=

o

o

If want more  we decrea<
(5.
(2) Bandwidth limitation to TIERO -> Bandwidth = Event Rate x Event Size
(3) High Level Trigger CPU processing limitations -> Make algorithms faster,
or don’t use CPU at all




Special, Anomalous (Long

Several recording strategies to circumvent : : Lived Particles), specific
limitati High profile, orthogonal, topological cuts, low-mass
. 2 t ) » ; i
Imita IO!’IS . . o 3‘;‘;(‘:3‘;:/“)’ New triggers with diphoton trigger
» New Trigger: Develop new trigger logic to enhance R VT e low bg rate

Physics Main

Delayed (1.7 kHz) PEB: CPU limited
stream (Dark sector
signature in jets,
s PEB searches with AFP
high-u data)

selection of your signatures, sufficiently selective for
minimal background (J,/Bandwidth = { Rate x Size).
Advantage: Full detector information, unique data.
Examples: Special, Anomalous (Long Lived Particles), specific
topological cuts, low-mass diphoton trigger. doktd (TLA _
> Delayed Stream Strategy: Store full event data on e U
Vi gy limited (Low-mass
Storage at the detector to reduce TIERO bottleneck. resonances in (b-
Advantage: Full detector information. Examples: ’ bl
VBF(+MET/bb), HH>4b, Bphysics,...). Rate [kHz]

Event size [kB]

» Trigger(-object) Level Analysis (TLA) - Data scouting: Reduce event size 100x by recording only HLT reconstructed objects - take
advantage of offline-like reco algorithms at HLT (J{ Bandwidth = P"Rate x { { Size). Advantage: Trigger thresholds no longer
limited by HLT thresholds. Examples: Di-muon Searches (Dark matter searches); Dijet bump-hunt in Run 2 = Great Proof-of-Concept for TLA;
Multi-jet searches (R-Parity Violating SUSY offers signatures with many jets...); Multi-jet searches with b-jets (opens up low-mass searches with
heavy flavour coupling preference or increase S/B with QCD light jet rejection)

» Partial Event Building (PEB): Reduce event size by recording only raw detector data in Regions Of Interest (J{,Bandwidth = M Rate x
J VU Size, I IV CPU). Advantage: CPU limitations lifted. Examples: invisible particle searches.

21/12/2021 - Riunione Gruppo 1 - Napoli
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Run 3: Luminosity & Triggers

CMS Pfe/lmlnafy EPS 201 9 95% CL exclusions
. O R ' L ' L ! L .
v’ Several trigger strategies h ~—— Observed
targeting low-mass signals: | |- 7m0 L e Expected
Delayed Stream Ty / My < ~5%

tt resonance, [arXiv:1810.05905]
35.9fb", 13 TeV

T/ My <~10%

Boosted Dijet+y [arXiv:1905.1033
35.9 b, 13 TeV

Boosted Dijet [EXO-18-012]
77.0fb", 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.7fb", 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7fb", 8 TeV

Dijet scouting [arXiv:1806.00843]

More selective triggering
Trigger(-object) Level Analysis
Partial Event Building

To search for axion-like particles, low
mass RPV SUSY, dark photons, Z’,
new scalar particles in Run 3.

v New trigger strategies come with

21/12/2021 - Riunione Gruppo 1 - Napoli

many benefits for trigger: — . Dlietscouting fa @
Analysers become trigger Diet [EXO-19-012] =
developers: Enhances expertise in - /Mz’<~3:% L
trigger technical development, and _ e o3
interest in better or faster online e oy 00000545 S
algorithms and lean data. B N I,/ My < ~100% =
Developing Proof-Of-Concepts for %I‘IIIO 2'0 E— 160 2(') — '1' 60020'00' — Dijet  [arXiv:1803.08030] o
Run 4: Many challenges for Run 3, 35.9fb", 13 TeV
enhanced in Run 4 (higher pile-up, I\/Iz’ [GeV]

early selections, limitations of

online tracking)-laying groundwork , .
for high threshold  mitigation We Look forward to making the most out of

options. ATLAS/CMS Run 3 daka!



@ The LHC three-way paradigm
@ \ A ~ O(TeV)

el
1 - Standard Model:

Improving the known to
constrain the unknown

- Riunione Gruppo 1 - Napoli

BSM
(EFT)

BSM
(resonant)

—
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= E > Einc =
2 - Non-resonant BSM (EFT): 3 - Resonant BSM: s
Smooth deviations can give Multiple challenges: -
indications beyond the LHC High energy, low energy, challenging 8

energy regime signatures...unexpected signatures!




Run 3

= Global EW fit
B Indirect determination
-® Measurement
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Eur. Phys. J. C78, 675 (2018)

4 A~ O(TeV)

BSM
(resonant)

E E> Euc

» In the recent past, the global electroweak fit was able

to predict the masses of new particles before their
discovery

Nowadays, all the free parameters of the Standard
Model are known, and relations between electroweak
observables can be predicted at 2-loop level

Precise measurements of the electroweak

parameters allow:
v’ Stringent test of the self consistency of the SM
v’ Looking for hints of physics beyond the SM
v" Exclusion of a large range of BSM models

With the large statistics available in Run 2, significant
improvements in precision are achieved through efforts
and new methodologies in performance and physics
modelling = Ruwn 3 stakistic allows even
more stringent precision Limits

Precision measurements of EW parameters

NNLO

NNLO

NNLO

—
|—r 1 T | L ]—I
H1 multijets at low Q?: EPJC 67:1 (2010)
ZEUS incl. jets in y'p : NPB 864:1 (2012)

H1 multijets at high @ : 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)

alaescu & 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 tt cross section 13TeV : EPJC 79:368 (2019)
CMS multi-diff t 13TeV : EPJC 80:658 (2020)

CMS Incl. Jets 13TeV : arXiv 2111.10431 (2021)
World Average : Prog. Theor. Exp. Phys. 083C01(2020)

II|III|III|IIIII

|
0.12

014 016 018 02
og(M

)
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6131-3

Precision measurements of EW parameters

May 2020 CMS Preliminary

@ 7 TeV CMS measurement (L < 5.0 fo™)

B 8 TeV CMS measurement (L < 19.6 fb') Activities in S
i 13 TeV CMS measurement (L < 137 fb™)

— Theory prediction ?kaLCSI
Z 4 Z CMS 95%CL limits at 7, 8 and 13 TeV - v TOp Physics

ATLAS/CMS Nag‘tes

T

v’ Higgs Physics:
v’ Discovery
v Properties
measurements (mass,
spin/CP,...)
v Production Mechanisms
v W/Z:
v’ cross section
measurement
v" Vector Boson Scattering
(VBS):

v’ cross section
measurement
(anomalous coupling
constant)
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All results at: http://cern.ch/go/pNj7

oo T 1 T 1 EENTLYYTL =L
QW qaZ WW qqWssWWaqZ1qqWiqZZ on WY 120 HZty HWttit ggH"/ H VH WH ZH ttH tH HH
EW,Zyy,Wyy: fiducial with W—lv, Z-ll, I=eu Th. Ao, in exp. Ac




Why EFT?

In the absence of a direct evidence for BSM physics
so far, the SM could be viewed as a low-energy
approximation to a more fundamental theory.

Effective Field Theory (EFT) Lagrangian:

(d)
_ l d
3_°CZSM+ZAd—4 f)

Deviations from SM described by higher-dim. operators
O(d) suppressed by powers of A. C(d) Wilson coefficients
can be constrained from data.

Interpreting the measured (differential)
cross sections ( x BR x efficiency) in

terms of EFT:

A~ O(TeV)

BSM
(resonant)

1+ ZA(6)’_+ Z B®©

linear dim-6 terms  quadratic dim-6 terms higher-dimension terms

E > Einc

C,<6>C](6>

Most commonly used: SMEFT framework with \Warsaw basis operators.
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https://arxiv.org/abs/1008.4884

EFT Challenge: LHC vs LEP

Leptonic pp-~>WW/WZ (7,8,13TeV) vs LEP-I

Schematically diboson production (WWW2Z): -

q 0% q 1% |
Z[vy
+ Current CMS and ATLAS
LEP-1 (MFV) .
_0.05 LEP-1(FU) data for the leptonic
q W q 1%%4 pp—WW,WZ channels

pp->WW/WZ, (5 param. fit, 6k,=A,=0)
pp->WW/WZ, (4 param. fit, 69, ,=6k,=A,=0)

(69711
o
(o]
o
ﬁ |

95% CL

-0.10

Equivalent to study modifications to Zqq and aTG( 004 -003 -002 -001 000 001 002
L | | | (697111
q b | / ¥ w Leptonic pp~>WW, WZ at 13TeV with 3ab™" vs LEP-|
>vv gsu {1+ 09) /\A/\i one I - ewo
: dashed : 8¢,:=30%
q | W 0.01 o 1
. Elm e \/ ’. 7 \\ ,/‘
Z couplings to anomalous TGC g *% 4 oy -
quarks (LEP-2) R
(LEP-1 @ Z-pole) Bt reist il HL-LHC
P ] LEP-I (FU)
‘ \ tations
< 197 _ -0.02} pp~>WW, WZ(5 param. fit, 6k,=A,=0) EXpec
59 5 01% - 1% ‘ 69 ~ 1% ]‘O% zﬁaww, WZ(4pparat:1. fit, 691 ,=6k,=A,=0) | .
-0.02 -0.01 0.00 0.01 0.02

[1810.05149] Diboson at the LHC vs LEP - arXiv 69,4



https://arxiv.org/abs/1810.05149

Dark sector searches in ATLAS/CMS

Indirect detection

DM ~ SM 109
High energy photon, neutrino, e = ATLAS P\ i i \'
anti-matter S . s - g Tnay
=10 ® s eV, March 2021
‘ Direct - \

detection

Nuclear recoil
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10740

N
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ET4+X tf résonance

1074

¢| |

Collider detection
DM —~— SM
Missing transverse energy

1074

o =
N 3
%8
+
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Z
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-
=

O. lorio & E. Rossi

10_44 / 3
B&r“f MO&EQY. &E LH(": 1 0_45 —EAxiaI—vector mediator, Dirac DM ;
Potential to search in regions unexplored by DS! F 9,=0259,=0,9, =1 E
- ATLAS limits at 95% CL, direct detection limits at 90% CL .
Vast possible phenomnenology 10740 13
1 10 102 10°

m, [GeV]




B-onus round: B-Anomalies

o
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Physics workshop 2021 - “ATLAS Physics from Run 2 to Run 3 and beyond Workshop internazionale CMS B-Physics 2021 =
I8 14 Dec 2021,09:00 — 17 Dec 2021, 17:00 Europe/zurich g—
9 Zoom and Webcast =
S o . Evento G]
Arantxa Ruiz Martinez (Univ. of Valencia and ), Christian Grefe (University of Bonn (DE)), Guillaume Unal (CERN), o
& Marumi Kado (Sapienza Universita e INFN, Roma | (IT)), Pamela Ferrari (Nikhef National institute for subatomic physics (NL)) , c
Savanna Shaw (University of Manchester), Simone Pagan Griso (Lawrence Berkeley National Lab. (US)) , Titolo: Workshop internazionale CMS B-Physics 2021 (@)
Stephane Willocq (University of Massachusetts (US)) , Yasuyuki Okumura (University of Tokyo (JP)) G Mer, 13. Ottobre 2021, 13:00 - Ven, 15. Ottobre 2021 g
Description The 2021 ATLAS physics workshop "ATLAS Physics from Run 2 to Run 3 and beyond" will take place December 14-17th in online mode Dove: sala Aula Alessandro Leogrande - Centro Polifunzio - BARI, o
Sessions: = 1
Categoria: Eventi
» Status of Run 2 analysis (organizers:Frederic Deliot, Bill Murray, Stephane Willocq)
» Release 22 CP status (organizers: Yanping Huang, Steven Schramm, Christian Grefe)
 Analysis tools and methods (organizers: Jana Schaarschmidt, Will Buttinger, Simone Pagan Griso) e
» Run 3 preparations (organizers: Antonia Strubig, Bertrand Martin Dit Latour, Savanna Shaw) Descr]z]one
 Early Run 3 physics plans (organizers: Liron Barak, Andrew Pilkington, Yasu Okumura)

+ Combined Run2+Run3 longer term views, including outlook to run4 (organizers: Narei Lorenzo Martinez, Matthias Schott, Arantxa Ruiz

Martinez) Nei giorni 13-15 ottobre, I'Universita’ degli Studi di Bari ospitera’ i lavori del workshop internazionale CMS B-Physics 2021, presso la sala Leogrande del

Centro Polifunzionale Studenti (ex Palazzo delle Poste), in collab con llstituto i di Fisica Nucleare ed il supporto del Ministero degli Affari
Esteri e Cooperazione Internazionale.

@ A abstracts.pdf

Videoconference - TiAS T i m Trattasi di uno dei primissimi eventi internazionali svolti in presenza della Collaborazione Internazionale CMS dall'inizio della pandemia, che vedra’ a Bari una
trentina colleghi fisici rimentali provenienti dagli Usa, Messico, Brasile, Russia ed altri paesi europei.
=] ysics workshop v . lleghi fisici speri i pi jenti dagli Usa, Messi Brasile, Russia ed altri paesi pei
Registration & registration to attend the workshop in the main auditorium 2 2007200 Il workshop e' interno a CMS e riguarda la pianificazione dellLHC Run-3 in relazione al programma di fisica di CMS nel settore di Heavy Flavour e Quarkonia.
Webcast Tl oatiorh T m La prima sessione dei lavori, subito dopo i saluti istituzionali alle 14.30 di mercoledi’ 13, sara’ una OPEN session e prevede le comunicazioni di tre colleghi
s ey teorici (Bordone, Polosa e Silvestrini) su argomenti “caldi” quali le “B-anomalies” e la Spettroscopia Adronica Esotica.

A causa delle restrizioni sanitarie sull'uso delle sale Leogrande e Trizio si prega di contattare 'organi i per pi la propria partecij

TUESDAY, 14 DECEMBER

Alexis Pompili (per conto degli organizzatori).

LRE I — 11:05 Welcome

Timetable

o—
%]
[%2]
Speakers: Guillaume Unal (CErN), Pamela Ferrari (Nikhe stitute for subatomic physics (NL) m
(A workshop-intro.pdf -
i Wed 13/10 | Thu14/10  Fri 15/10 | All days Ll
m —13:05 Status of run 2 analyses Print ‘ PDF Full screen ‘ led ‘ w
organizers: Frederic Deliot, Bill Murray, Stephane Willocq Session legend O
B Review of status of nt ‘o
eview of status of legacy measurement papers
i e ©20m OPEN Session with theorists  Session B X =
Speaker: Nedaa Alexandra Asbah (Harvard Unive o
SummaryMeasure. [=) video1888026761. .
14:00 O
m Review of status of legacy search papers ®20m
Speaker: Federico Meloni (Deutsches Elektronen-Synchrotron (D
Institutional greetings
L [ v 61.
Aula-| Palazzo delle Poste, Bari 14:30 - 14:45
—
m B physics anomalies at ATLAS ®15m Exotic hadron spectroscopy (selected topics and recent results) Prof. Antonello Polosa 1 4
Speaker: Ann-Kathrin Perrevoort (Nikhef h tute for subatomic les (NL), 15:00 4:45 - 15:1:
ATL [= 61.. Introduction to B-anomalies and angular analyses for the b to sl transitions Dr Luca Silvestrini
m High energy implications of b anomalies ®15m Aula-| Palazzo delle Poste, Bari 15:15 - 15:45
Speaker: Chris Pollard (Univ rd (GB) Lepton Flavour Univel
B = 761... 16:00 | Aula-l Palazzo defle Poste, Bari 15:45 - 16:15




v' Long-standing tension wrt SM in rare b-hadron decays
esp. in FCNC b—sff transitions

v" Observables: branching ratios, angular decay distributions,
lifetimes, lepton flavour universality tests,... - P ,

v Commonly interpreted in Effective Field Theories > Largest * g “\ ATLAS
deviations for coefficients Cq and Cy, of the semileptonic operators -
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More news in next &R1 mee&EM.S!


https://indico.cern.ch/event/1055780/contributions/4454282/attachments/2331140/3972619/b2sll_EFT.pdf

B-Anomalies @LHC: direct searches

Many composite models can explain b-anomalies and
Benchmark spectrum
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SR = Di Luzio, Fuentes-Martin, AG, Nardecchia, Renner; 1808.00942

Dominant decays of new

[ '
v’ Leptoquarks 3.0r N o
sl N 7/B
v" Multiple possible signals including new bosons or fermions T mmmU,
_ _ . e VA
v" New resonances coupling to third generation quarks ] C/s
1)) DF :
59.7 fb' (13 TeV) (4] : 5- -N3/E3 ]
> T T T T T T T T ': E :
™ A |
2 ultije i L -
2 i =) —F -
c Single t ] i N,/E; ] N
o — W', 2TeV (1 pb) E . Z
L 10-ppe, 'L ~--W' 2 TeV (1 pb): 0.5} g4=35, 13= 12 TeV, vy= 0.66 TeV, Ag3=13= 25, . o
W3 TeV (1 pb) ] [ Mg=1.6 TeV, M =0.85 TeV, sq2=0.30, sq3=0.79, s;3=0.81 o
1 : o3
ke,
S
o

107 E vector-like fermions
q;
10_2 1 1 1 I 1 1 1
Depending on the model! o 15 gTodbig e, T T 16
X L i
g i
(m)] L ]
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Early run 3 physics and longer term views

E:m"bj run 3 Fhvsics Ptansz
New triggers
Improved analysis technique

* Offline reconstruction improvement
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* Improved background estimation
> Improvement with Machine Learning extension

New measurements with new sqrt(s) of 13.6 TeV
* W/Z, top, Higg

Sharing common ideas and Learmvxg

new system from experience of em"g

Run3 o\vxaivse_s for Fu.&ume full Run

?o jects is important outcome of the
arly Run3 physics pro\)ea‘:&s

O. lorio & E. Rossi
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Early run 3 physics and longer term views

3
G | LI PR (ZU
: Internal . —=— LEP (Phys.Rept. 427 257) -
LOP\S}QT’ EQT‘M LO\V\S' —e— ATLAS (EPJC 77 6, 367) §
Significant umpr%ve.me.h!: expected for man — N . 2
measurements controlling  systemati BZ>ce) o 8 o QIS et 2
u“cerka““& Le.s B(Z—11) é; 70: al(] 163;(:3/()Brie)sweighted sum _5 g
* Jet / Lepton / Photon Calibration BZow) R ] =
* Backgrounds / Control Regions —osE T e s e 1 1 .
* MonteCarlo Generators R(/IT)=B(Z— I)/B(Z—IT) 501 7 §
[ —e— Data
* Examples: VBS/VBF and Polarization; W/Z Couplings 407 — SevsiaF S
The additional statistics of Runca helps for o gy S
some prcce.sse.s, e.q. first observation ot H — - JTNE o) TR
24 T T +T*‘ T+ '+'+¥
l‘l“ or H oy 137 o' (13 TeV) s o e =
* H->uu is, to date, the most sensitive channel to study Higgs boson > [ RARRD RaORS ARSS R e AR Anans 115120 125 130 1% 130[%3,3‘5
coupllngs to the 2nd generation fermions O 5[ CMS $ Data ] !
* Studying Higgs boson to muon coupling has important implication for % i :’n\i‘H;?ZLZ.SSGeV j:::f:omponem ]
muon collider o 2°F Bl:o ] >
* Challenge: small branching ratio BR(H=>pp): 0.02%, large background sk 20 !
S/B- 1~2% oc
ﬂ"oacke.s for the Top-quark mass o -
Me.&su 5 (@]
* Direct measurements of Miop have reached an uncertainty of 0.5 ; o\ . : 5
GeV = theoretical issues in the interpretation of the measured e - \ = : =
Myop Call for alternative precise measurements 5 bl LLllleln b il ©
i i i g MG AR SRS St I V<.
* Measurements of m,,, from cross sections with uncertainty close D*5..‘.|....|....|..‘.|....|....|...".... 4 e
to or below 0.5-1 GeV are possible R A\ ——
m,, (Ge N
* Alternative measurements exploiting leptons originating from b ,i,/,,/ N N 18
or J/psi decays are likely to become competitive with large Run 277)  \

2+3 statistics, and with an improved understanding of the b-
fragmentation function




Run 2: Papers submilted as of 10/12/2021
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ATLAS/CMS Open Data and Machine Learning papers

ABOUT IML FORUM (MAILING LIST) MEETINGS PEOPLE

i
. arXiv:2104.14659 [pdf, other] .V cslG  hep-ex
End-to-End Jet Classification of Boosted Top Quarks with the CMS Open Data

Authors: Michael Andrews, Bjorn Burkle, Yi-fan Chen, Davide DiCroce, Sergei Gleyzer, Ulrich Heintz, Meenakshi Narain, Manfred Paulini, Nikolas Pervan,
Yusef Shafi, Wei Sun, Emanuele Usai, Kun Yang

Public datasets

This page collects public datsets that are used for machine learning studies at the LHC. The resources come from
voluntary contributions of authors from papers as well as challenges. The text on the linked description pages is not in

Abstract: We describe a novel application of the end-to-end deep learning technique to the task of discriminating top quark-initiated jets from those
originating from the hadronization of a light quark or a gluon. The end-to-end deep... ¥ More

Submitted 26 July, 2021; v1 submitted 19 April, 2021; originally announced April 2021

Comments: 14 pages, 5 figures, 7 tables; v1: unpublished

the responsibility of the IML. We want to emphasis that public datasets are typically done with simplified simulation of
the real detectors and with much smaller samples than available to the collaborations. Best results in simplified
simulation with limited number of samples do not automatically suggest an optimal strategy for application in real
experiments, however currently there is no other option for comparisons as most of the collaborations' data is not 3.arXiv:2007.14781 [pdf, other] physics.comp-ph

MLaaS4HEP: Machine Learning as a Service for HEP

Authors: Valentin Kuznetsov, Luca Giommi, Daniele Bonacorsi

Abstract: Machine... V More

Submitted 10 December, 2020; v1 submitted 28 July, 2020; originally announced July 2020.

public.
Simplified datasets for benchmarking:

Comments: 16 pages, 10 figures, 2 tables, submitted to Computing and Software for Big Science. arXiv admin note: text overlap with arXiv:1811.04492

* Top tagging without heavy flavour & pileup: Data and details of arXiv:1707.08966
o Jet substructure: Data from arXiv:16107.08633 at UC Irvines page MLPhysics 4. arXiv:2005.01598 [pdf, other] LG hep-ph
Adversarially Learned Anomaly Detection on CMS Open Data: re-discovering the top quark
Authors: Oliver Knapp, Guenther Dissertori, Olmo Cerri, Thong Q. Nguyen, Jean-Roch Vlimant, Maurizio Pierini

o Flavour tagging without pileup: Data from arXiv:1603.09349 at UC Irvines page MLPhysics

Abstract: We apply an Adversarially Learned Anomaly Detection (ALAD) algorithm to the problem of detecting new physics processes in proton-proton
collisions at the Large Hadron Collider. Anomaly detection based on ALAD matches performances reached by Variational Autoencoders, with a substantial
improvement in some cases. Training the ALAD algorithm on 4.4 fb-1 of 8 Te... ¥/ More

Submitted 3 October, 2020; v1 submitted 4 May, 2020; originally announced May 2020.

Comments: 16 pages, 9 figures

Datasets for developing simulation:

o Data for jetimages from LAGAN
o Data for 3D jet images from CaloGan

* Electromagrentic jetimages 5.arXiv:1902.08276 [pdf, ps, other] [[ITES® cs.CV  cslG  physics.data-an 10.1016/j.nima.2020.164304

End-to-End Jet Classification of Quarks and Gluons with the CMS Open Data
Authors: Michael Andrews, John Alison, Sitong An, Patrick Bryant, Bjorn Burkle, Sergei Gleyzer, Meenakshi Narain, Manfred Paulini, Barnabas Poczos,
Emanuele Usai

Realistic datasets from the CMS experiment:

e CMS open data (non trivial data format (CMS software knowledge of advantage), limited in size and older samples

) Abstract: We describe the construction of end-to-end jet image classifiers based on simulated low-level detector data to discriminate quark- vs. gluon-
2011,

initiated jets with high-fidelity simulated CMS Open Data. We highlight the importance of precise s... V More
Submitted 23 October, 2020; v1 submitted 21 February, 2019; originally announced February 2019,

Comments: 10 pages, 5 figures, 7 tables; v2: published version

Journal ref: Nucl. Instrum. Methods Phys. Res. A 977, 164304 (2020)

o

. arXiv:1807.11916 [pdf, other] s.CV  cslG  hep-ex (Nl 10.1007/541781-020-00038-8

End-to-End Physics Event Classification with CMS Open Data: Applying Image-Based Deep Learning to Detector Data for
the Direct Classification of Collision Events at the LHC

Authors: Michael Andrews, Manfred Paulini, Sergei Gleyzer, Barnabas Poczos
Abstract: This paper describes the construction of novel end-to-end image-based classifiers that directly leverage low-level simulated detector data to
discriminate signal and background processes in pp collision events at the Large Hadron Collider at CERN. To better understand what end-to-end classifiers
are capable of... 77 More
Submitted 23 October, 2020; v1 submitted 31 July, 2018; originally announced July 2018.

WEE F:s:// imt@eb.t‘:arv\.th/ Pubtic-—d&&&se&s



Events@Naples

COMPOSE IT-II

Aimed at discussing EFT and
direct searches in Run Il

11-13 Oct 2021
Napoli

Europe/Rome timezone

21/12/2021 - Riunione Gruppo 1 - Napoli

Dcies CMS Italia
Timetable Napoli, 11-13 Ottobre 2021
Contribution List Il workshop italiano dell'esperimento CMS si svolgera a Napoli dall'11 al 13 Ottobre 2021

Registration 11 ottobre - Aula Rossa del Complesso Universitario di Monte Sant/Angelo

Participant List o _
12 ottobre - Citta della Scienza

13 ottobre - Aula Rossa del Complesso Universitario di Monte Sant/Angelo

Participant List
107 participants

wAd most importantly
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Selected Run 2 “spicy” analyses to be further investigated

0.35 L L L L L L BB LA BN NN R NL LI B ELEL A BLEL R

— Observed ATLAS

---- Expected Vs=13TeV, 139 fb’
[ Expected + 10

[JExpected + 2 &

) [fb]
o
w
T

27,4

d
°
[S)
3

I

Selected Excesses observed in Run-2 and should be followed up:

Vector Like Quarks:
© T/Y > Wb =» 3.70 (local) at my,q of 1.8 TeV,
* T —>tH =>3.00 (local) at mVLQ of 0.68 TeV,

Heavy WR, Leptons and Vector Like Leptons
*  CMS Excess in dielectron 2.95/2.78c local/global
* ATLAS boosted analysis 2.4c in dielectrons
DiPhoton resonances

02F
0.15 F
0.1

0.05 F

5 % CL upper limiton 6(gg - H —

21/12/2021 - Riunione Gruppo 1 - Napoli

+  CMS sees small excess near 95 GeV = ol éﬁi$i:i§2‘.+ Cimem ]
* Followed up by ATLAS HIGG-2020-09 x B Gomb. Exp 22— 5. Ot
Dilepton searches: up/ee mass ratio, discrepancy from 1, p-value 0.012 (2.30) é L
Further Excesses in Higgs Processes e |
* H->aa - bbuu(ma=>52GeV 3.3/1.70 local/global) E oL B i
 Search for S > XX > 4¢: Excess at mS =~ 110 GeV, mX = 30 GeV under investigation, 3.80 local, 2.80 S e rigrd ] ‘=
2 400 600 800 1000 1200 1400 160 v
global 2
* Resonant HH: .
* bbrtt: 3/20 local/global at mX ~ 1 TeV 3 020"5 e 197 (8 Tov ;
* bbbb: 2.3/0.40 local/global at mX = 1.1 TeV A o o
A§2016:_ Expected + 20 §
Hinks for Lepton Flavour Uni,versal.i,&% Violation in the b-Sector motivates Now xR =

additional efforts in Semi-leptonic B and Tau decay and Leptoguark

Searches & One specific idea: Use the LHC as proton=lepton collider
« Utilize lepton content of proton originating from quantum fluctuations
* - lepton + (small-R) jet final state not well covered until now

* Sensitive to both mass and coupling parameters
* Invariant mass m, as key observable

* Analysis effort just started

24



https://link.springer.com/article/10.1007/JHEP05(2019)164
http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-019/

A(LEP)
A (SLD)

2 lept
sin“© (ora)
sin?0/"(Tevt.)

mm Global EW fit
B Indirect determination
-® Measurement

TPV rrprrrvyprrrrpyrrvprrrrprrrryed

A ~ O(TeV)

BSM
(resonant)

SM

E E > ELHC

my = Higgs

my and m; = QCD

=

Aol (M2)

o)

IIIlIlllIIIl!IlII’IIII|1II1|1II1|II

-3 -2 -1 0 1 2 3
(o] -0)/ o

Indirect tot

Eur. Phys. J. C78, 675 (2018)

» * m,~> Electroweak
° as <

In the recent past, the global electroweak fit was able to
predict the masses of new particles before their discovery

Nowadays, all the free parameters of the Standard Model
are known, and relations between electroweak observables
can be predicted at 2-loop level
Precise measurements of
parameters allow:

v’ Stringent test of the self consistency of the SM

v’ Looking for hints of physics beyond the SM

v' Exclusion of a large range of BSM models

With the large statistics available in Run 2, significant
improvements in precision are achieved through efforts and
new methodologies in performance and physics modelling
=» Run 3 statistic allows even more stringent precision
limits

the electroweak

v

NNLO

NNLO

Precision measurements of EW parameters

|||||—r|||’—|¥|||]—||
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)

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 tt cross section 13TeV : EPJC 79:368 (2019)
CMS multi-diff tf 13TeV : EPJC 80:658 (2020)

CMS Incl. Jets 13TeV : arXiv 2111.10431 (2021)
World Average : Prog. Theor. Exp. Phys. 083C01(2020)

llIlllllIlIlllll

0.12

0.14 0.16 0.18 0.2

ag(M)
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6131-3

High profile, orthogonal,
non-urgent
e.g. VBF(+MET/bb),
HH—>4b, Bphysics,...)

Event size [kB]

—h
(=
Q
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—h
o

Special, Anomalous (Long
Lived Particles), specific
topological cuts, low-mass

New triggers with diphoton trigger

low bg rate _ :
Physics Main

Delayed (1.7 kHz) PEB: CPU limited
stream (Dark sector
signature in jets,
Ll kL PEB searches with AFP
high-u data)

s TLA TLA: bandwidth
limited (Low-mass
resonances in (b-
)jets & muons

1 10
Rate [kHZz]

21/12/2021 - Riunione Gruppo 1 - Napoli

O. lorio & E. Rossi




EFT Challange

Very large number of correlated Wilson coefficients to be fitted (dim-6: ~2500).
Ultimate goal: global fit of all Wilson coefficients (within a certain flavour symmetry scenario).
Strong interplay of constraints from the top quark, EW and Higgs measurements.
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top EW
ggH ff— Diboson ﬁ P \
HH H decays Cw )
. . /‘* L e |
Higgs H+ets (C - r \\ c.
C CHH’B CIID Cll C(l) C
’”’ Cue O C8 | _ll.” _
VV ttH CHH' C(3) 1) C C C,}Q CfB g
tt Cn(; k \}!q Hq 'Hu 'Hy J C(:D S
) ~———— EWPO o2
EW Vj - Cin o
C 8 13,8 8 8 =
Electroweak =~ FcNc ~ Top Quarks - Co Cq: Cas Cau Caa C—‘;
Cen Coc Cy Ci. C:
EWPO ttv G"” K tt
single-top Higgs

J. Ellis et al, JHEP 04 (2021) 279

Adapted from K. Mimasu



https://arxiv.org/abs/2012.02779

Measurements of fundamental SM parameters

In ATLAS/CMS we can measure various SM parameters, in many cases with
best precision or with a precision competitive with previous determinations

O PDG JATLAS
My 0.11% 0.19% Uniguely measured at the :
Higgs
'\

LHC

m; 0.17% 0.28% Among most precise
measurements
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> QCD

as(mz) 0.8%  7.5% Currently dominated by
large theory uncertainty

>
My 0.015% 0.023%  Competing with Tevatron )
Run 3 precision

sin6y  0.07% 0.15% Prospects to t_)ecome > Electroweak
competitive with LEP and
SLD

O. lorio & E. Rossi

Many ongoing efforts to reach the ultimate precision on fundamental SM parameters used in the
EW fit. With the large statistics available in Run 2, significant improvements in precision are
achieved through efforts and new methodologies in performance and physics modelling
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EFT Challenge : comparison with flavor

See also EPS book

Indirect flavor facilities searches
have higher reach, although do
rely on several assumptions:
Z ®
7 = .
Current bounds of MFV make 107 i \ § ) l
predictions comparable with the __ 106; - i X § ~
ones from collider physics! Z 105, S 8 < = 1105
S LEER | K 5§
< 10% - ! . s § {10¢
= : N e B o
. I R N - B0
10°; s = S N B R 310
: = g 1 T3 F .
101! 4 = = o R 110
. ] e e
SRIEELE SIS I H

Observable



https://indico.cern.ch/event/867138/attachments/1954116/3245302/European_Strategy_Briefing_Book.pdf

