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HL-LHC Timeline, Energy & Integrated Luminosity
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# The LHC accelerator will undergo a major upgrade in 2026 - 2028
& >5 times the initial nominal instantaneous luminosity (i.e. up to 5-7.5 x 103 cm=2s™)
# [ncrease of the average pile up from current u~50 to =200

# Centre-of-mass energy vs = 13.6 - 14 TeV
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# Integrated luminosity expectation for ATLAS/CMS: 2.9 - 3.2 ab™!
@ Run 1 — 3 correspond to ~10% of total LHC + HL-LHC dataset

# This will be major boost in statistics

# Data will be essential to improve the knowledge of the Higgs couplings; measure the Higgs self
coupling, rare decays etc
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http://lhc-commissioning.web.cern.ch/

HL-LHC challenges for the detectors

Pile-up = 2 Pile-up = 50 Pile-up = 140

# Detectors need to deal with more “messy” events, and more radiation damage
¥ Major upgrades needed to

& Improve radiation hardness and replace detectors at end-of-life

¢ Provide handles for mitigating pileup (high granularity, fast timing)

& Allow higher event rates to maintain/improve trigger acceptance

# To fulfill physics goals it is essential to maintain or improve over current performance
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HL-LHC challenges for the detectors

# Ambitious upgrade programme both for CMS and ATLAS:

— upgrade Trigger and DAQ: hardware trigger 100 kHz — 750 kHz including tracks / 1 MHz,
software trigger 1 kHz — 7.5 kHz / 10 kHz

— new all-silicon inner trackers with extended coverage up to |n|<4
— new timing detectors with central + forward / forward coverage

— improved muon coverage and trigger in forward region

— new endcap high-granularity calorimeter

— upgraded electronics for existing calorimeters + muon detectors

Calorimeter Electronics
On-detector electronics upgrades of LAr and Tile Calorimeters

i : New Inner Tracker (ITk)
CMS Detector Upgrade SIARUCRCEREEN Al sicon win o ayers up o s Provie 40 s readout o igger

barrel calorimeters Less material finer segmentation
and muon system Improve vertexing, tracking, b-tagging

CMS

Upgraded Trigger and

Data Acquisition system:

e Add tracks at L1 y I <
(1 MHz) 1y <. 4 — | I i Trigger and DAQ Upgrade

e High Level Trigger N ¢ [ /& Single level Trigger with 1 MHz

output 7.5 kHz ' output (x 10 current)
! NEW MIP timing Improved DAQ system with faster

A detector with 30 - 50 ps [
. time resolution

Extended muon
coverage to |n| ~ 2.8

Muon Detector
Upgrade of the detector
electronics for new
T/DAQ system
Upgrade of inner barrel

chambers WithiiewRPC|

Improve trigger efficiency
and momentum
resolution, and reduced

Precision track timing (30 ps) with fakes

LGAD in the forward region.
y improve pile-up rejection in the forward
i R region
NEW Inner Tracker, coverage up P ATLAS Few detectors devoted to luminosity to get
to |n| = 4, reduced material ' NN wopagss | LEAEEREMENT < 1% resolution as ATLAS has in Run2:

B 3 LUCID-3, ITk-BCM’, HGTD 6
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Analysis technigues

# Three main approaches for HL-LHC studies Tracking efficiency for pr=10 GeV { (no pu)

é‘lholu :.Anl.ﬂlsls:-m;l Itl I|:>I|Im|ln Iry IIIIIIII e RUZ >
- . . . . 2 1.01—r 14TVHLLHC —o— Tk -
@ Full simulation (i.e. for assessing detector 51,0055 5 1 oo o
performance) B E
& Analysis with parameterised detector o E =
performance = %
& ATLAS: smearing of generated particle S
energy and p,, identification eff., mis-tag rates = f s
etC T ” B B ’ " ? ’ Truth;li
X : Light jet rejection in ttbar events
# CMS: DELPHES with up-to-date detector Cg J J - >
performance S 10°F ATLAS Simulation Preliminary — gwd({f ooogg) -
% 104 [ ?{[_k L;y‘:f);?;&(g(i-mzoo ----- DIPS (f; =0.17) h %
& Analysis guided by present analysis. Limited = e Mveeto %
optimisation for HL-LHC environment & %‘:;
()]
. . . . . — '
# Projections using Run-2 signal/bkd samples S
N
scaled to 3000 fb* of data and Vs =14 TeV &
\]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/

Systematics

# General “rule of thump”
@ Detector and trigger performance comparable to Run 2
& Experimental uncertainties scaled down by VL until they reach a defined lower limit.
# Most theoretical uncertainties scaled down by a factor 2

@ Modelling uncertainties to be halved

PDFs at the HL-LHC { Q@ =10 GeV ) PDFs at the HL-LHC (Q =10 GeV)

L. PDF4LHC15 " T: PDF4LHC15

& Uncertainties due to the finite number of simulated = |\ |2 :ticeno . i
events are neglected e %
@ Luminosity uncertainty: 1% 5
. .Quon Lu-quark

PDFs at the HL-LHC (Q =10 GeV )

@ Example: PDF uncertainties
& Significant reduction in PDF uncertainties W\ |5+ ML oen )

S + HLLHC (scen A)

PDFs at the HL-LHC (Q =10 GeV )

== PDF4LHC15
E + HL-LHC (scen C)
#E + HL-LHC (scen A)

(%, )/ uf x, Q3 [ref]

5 & . & =
s*(x, Q%) /8" (x CF)[ref]

107
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HL-LHC overview of Higgs physics programme

# HL-LHC is Higgs factory
# Expect 170x10° Higgs bosons

# Typically > 1x10° for each of the main production
modes

@ ~100 k HH events

/H -‘--H
4
ﬁ-’i.:x}lﬂ}l m
i \\
~H -——H

¢ Broad Higgs physics programme E < H<

@ Exploration of Higgs potential (HH production)
# Precision measurements (O(few %))
@ Sensitivity to rare decays involving new physics

# Extend BSM Higgs searches (extra scalars, BSM Higgs resonances, exotics decays...)
21/11/2023 Monika Wielers (RAL)
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Higgs Boson Properties: Mass

# LHC run-2 measurement:
& CMS H—40: my=125.04 £0.12 [+0.11(stat.) = 0.05(sys.)] GeV CMS-PAS-HIG-21-019
@ ATLAS H—4{+H—yy: my = 125.11 £ 0.11 [£0.09 (stat.) £ 0.06 (sys.)] GeV arxiv:2308.04775
# CMS HL-LHC projections
& H—40: my =125.38 + 0.03 GeV [0.022 (stat.) £ 0.020 (sys.)] GeV  CMS-PAS-FTR-21-007
A’Significant reduction in Higgs mass uncertainty in 4¢ final state

@ H—yy: my=125.38 £ 0.07 GeV [0.02 (stat.) £ 0.07 (sys.) GeV] CMS-PAS-FTR-21-008
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https://cds.cern.ch/record/2804004?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-20/
https://cds.cern.ch/record/2871702/files/HIG-21-019-pas.pdf
https://cds.cern.ch/record/2804042
https://cds.cern.ch/record/2804042
https://cds.cern.ch/record/2804004?ln=en

Higgs Boson Properties: Width

3000 b (13 TeV)

# Very challenging as detector resolution >> natural Higgs width | CMS Projection ]

|
Projection

# Access to natural width: look at off-shell prod. in H—4l final state T —w YR18 yst uncar. (-0

S w/ Run 2 syst. uncert. (f_=0)

—4
]

L --- w/ Stat. uncert. only {fai=0)

# Assumptions:
¢ Higgs couplings to gluons and ZZ evolve off-shell as in the SM

@ Couplings to vector bosons are not larger than SM ones (kv< 1)

# CMS Run-2 measurement:
@& H—40 or 202v: [ = 2.9?_'3 MeV at 68% CL CcMS-PAS-HIG-21-019

CMS Phase-2 Projection Preliminary 3000 b (14 TeV)

# HL-LHC extrapolation CERN-2019-007 it
& H—40: [y = 4.15% MeV CMS, I < 4.10% MeV CMS+ATLAS at 68% CL
A& Approaching the natural width expected by SM I
CMS-PAS-FTR-21-007 o
# To be complemented with direct width measurement, CMS resullt: 13 \\ //
# [ <177 MeV (stat.+sys.) and 4 < 94 MeV (stat.) at 95% CL l e

I BT B |
?25.1 125.2 125.3 125.4 1255 125.6
[GeV]
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https://cds.cern.ch/record/2804004?ln=en
https://cds.cern.ch/record/2703572?ln=en
https://cds.cern.ch/record/2871702/files/HIG-21-019-pas.pdf

Higgs Boson Properties: Branching ratios

# Branching ratios can be measured with a very good CERN-2019-007
recision Branching ratios
p 32 IIIIII |{§ =14TeV, 3|0C|)0|fb4 per experiment
# Most measurements limited by theory uncertainties | Total ATLAS and CMS
— Statistical i S
# Precision 2-5% —— Experimental AL-LHC Projection
- Theory

Uncertainty [%]
Tot Stat Exp Th

# Branching ratio of H—pp and H—2Zy still limited by stat.

uncertainty B =, | 26 10 15 1.9
g 1 = = : |
= e 3 —
2107 - ?
£ = —= 1 BWEL 2.8 11 12 23
Q !
% C — ] |
< O102E = B"E 2.9 14 13 22
S - ]
N o0 "¢ Data (Total uncertainty) —==— E% = Bbb = 4.4 15 13 40
(L?I) 107 = DSyst, uncertainty = D
~ - [ SM prediction % = BPL‘Ll —2 82 74 15 30
3 = ——t | |
o »12- -3 BZY 19.114.3 3.2 12.2
-] o - % @ % e O
§ o 1— % 2 0 0.05 0.1 0.15 0.2 0.25
o 0.8 4%1 ! .
c b | . | . | Expected relative uncertainty
bb Www T zz vy Zy pp
Decay mode
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cds.cern.ch/record/2703572?ln=en

Higgs Boson Properties: Couplings

# “k framework™: Consider coupling modifiers k? = 6/, or k2 = [ /T

CERN-2019-007

¢ Parametrises potential deviations from the SM predictions s2 /S = 14 TeV, 3000 fb" per experiment
PET - - L : [ | Total ATLAS and CMS
L o
Higgs couplings move into precision regime — Statstical HLLHO Projection
o —— Experimental _
¢ Most measurements limited Nature 607, 52 (2022) — Theory e
by theory uncertainties ST g T T, B e T G
Wlth HL'LHC datasets K'W_ | ATLAS Run 2 _KW — é é 1768 67 18
# Precision 2-4% e, | — Leptons s | ¥, ] 125 07 0
- Z = : | 5 07 06 1.2
& 1(u) and k(Zy) still Kp| rw ] - =] 25 09 08 21
limited by stat. uncertainty «.| ==  FIEEE - | <= 34 09 11 31
Ky [ — e ' K, | 37 13 13 32
Ky_ "T."_| _::::e(:::i\(jglue not allowed K” _—" | 43 38 1.0 17
Kz, | S _.=_| _________ = Kz, 9.8 72 1.7 64
. . i . N . NP B PR e Y S H U |
0.8 1 1.2 1.4 1.6 0 002 004 006 0.08 01 012 0.14

68% CL interval
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-23/
https://cds.cern.ch/record/2703572?ln=en

Higgs couplings to 2" generation fermions: H—cc

# Most sensitive production mode is VH
& ATLAS: |k <8.5at95% CL ATLAS-CONF-2021-021
# CMS: 1.1 <|K¢|] <5.5at95% CL Phys. Rev. Lett. 131, 061801

CMS Phase-2 Projection Preliminary 3000 fo' (14 TeV)
I I

g L B I e B B T ]

@ Compared to ATLAS, also boosted c-jets considered 3 L?ZZ E

& LHCb Run 1: |K¢] < 80 LHCb-CONF-2016-006 of E

@ Extrapolation to HL-LHC N " ]
# CMS: Precision of |[Kc/Kp| cMs-HIG-21-008 > O :

& ATLAS: [K¢| <3 ATL-PHYS-PUB-2021-039 “ ]

@ LHCb with 300 fb’: |K¢| < 2-3 LHCB-PUB-2018-009

-3

A&’ Direct measurement within reach at HL-LHC! s T el

# New analysis techniques, such as the use of multivariate techniques and jet substructure
variables, are improving results significantly already now, combination could reach |k¢| ~1

# Additional information from rare decays or studying pr spectrum

21/11/2023 Monika Wielers (RAL) 13
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://cds.cern.ch/record/2771724
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-039/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html
https://cds.cern.ch/record/2209531/files/LHCb-CONF-2016-006.pdf
https://cds.cern.ch/record/2636441?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-008/index.html

Higgs couplings to 2" generation fermions: H—>up

. ) . JHEPO01(2021)148
# 5o far: Evidence at 30 using Run 1 and 2 data in CMS, 2 for ATLAS run-2 data Phys. Lett. B 812 (2021)

# Extrapolation from Run 2, with improved expected reco. Higgs mass width

# S1: Run-2 uncertainties, S2: HL-LHC uncertainties

@ Uncertaint Of o(H— /GSM H— CMS H Statistical Experimental Theoretical | Total
y ( 111-1) ( 1111) Snowmass 2013 - - - 20.0%
& CMS: 7% CMS-PAS-FTR-21-006 S1 YR 2018 9.1% 7.6% 4.8% 12.8%
) Snowmass 2021 6.4% 3.7% 4.2% 8.5%
. Snowmass 2013 - - - 14.0%
o~ . 0 - - - -
e ATLAS 13 /0 ATL-PHYS-PUB-2018-006 S2 YR 2018 9.1% 1.7% 2.7% 9.6%
Snowmass 2021 6.4% 2.0% 2.0% 7.0%

# Precision of k,: 3.5% for CMS
3000 fb~'(14 TeV)

0.30

e . . . 2 0301
# K, uncertainty shown few slides ago, is £ tems 1 2
. . < 0.251 Phase-2 Projection Preliminary ]
already now slightly improved A | | ¢
- with Run 2 syst. uncert. (S1):  with HL-LHG syst. uncert. (52): | U
CMS H Statistical Experimental Theoretical ‘ Total 0'205 2 sgr:;"x‘;::s;; . igﬁ;"&";::?;m E (?
SI’IOWIT[&SS 2013 _ _ _ 8_00}0 0.1 5:_ -6~ Snowmass 2021 Snowmass 2021 3
S1 YR 2018 4.7% 2.7% 3.9% 6.7% i Py
Snowmass 2021 3.2% 1.9% 2.2% 4.3% 0.10F - IB
Snowmass 2013 - - - 7.5% S
S2 YR 2018 4.7% 1.5% 1.1% | 5.0% 0.05p 13
Snowmass 2021 3.2% 1.1% 0.8% 3.5% 000:‘...|....\H..|....|..H\....|..-
-0 500 1000 1500 2000 2500 3000

L [fb~?
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-21-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-006/

Even rarer: H—>Zy

& Extrapolation from 36 fb* of ATLAS Run-2 data: ATL-PHYS-PUB-2018-054
@ Expected significance: 4.90
@ \We will be able to observe this decay either per experiment or by combining results!

# Expected precision on 0 XBR

Scenario Atot/0sM | Astat/Tsm Asyst/0sm

HL-LHC S1 0.23 0.20 0.11

@ Systematic uncertainty dominated by missing higher order corrections

21/11/2023 Monika Wielers (RAL)


https://cds.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf

Di-Higgs production

@ Rare process of the SM

# o(9gg—HH) = 0.1%x0(gg—H)
# Gateway to improve our understanding of Higgs potential and EWSB
# BSM contributions can modify the Higgs boson coupling parameters and -

--=H
modify the HH cross section:
— — SM — 2 —
1 =Crnn =Mt Ay =M1 (2 V) " H
# Either extrapolations from Run-2 analyses, or CERN_ZOlngOL?AS -
dedicated studies with smeared/parametric _ _ [argestBR ©
detector response bbbb - \extrapolation| parametric | | oo multiet and tt bkg @
Expected SM HH events for 3000 fb™ : : Sizeable BR ©
SRR bbtt |extrapolation|parametric

Relatively small bkg ©
Small BR ®

bbyy smearing |parametric |Good diphoton resolution ©

Relatively small bkg ©

un

v
YY 1

ligq

1 10
B bbVvVv : Large BR ©
- LN arametric
vag | 187 66 22 21 1 (= Ivlv) P Large bkg ®
T B 433 569 101 34 31 145 2 b beZ parametrlc Very Sma” BR ®
102 (- 4l) Very small bkg ©

bb 939 314 | 291 1354| 16
|

WE T Ivgg VV44 ligg  YY  lwv Ul
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https://cds.cern.ch/record/2703572?ln=en

Di-Higgs production

# EXxpected significance (SM) with (without)

Statistical-only

Statistical + Systematic

] ATLAS CMS ATLAS CMS
systematics at HL-LHC cErN-2019-007 ggﬁngb ;-451 }-2 (;611 01-945
— TT B R . E
& 40 (4.50) expected with ATLAS+CMS! P ’;’g}yﬂv(uw) Hoos o
s, HH — bbZ Z(4l) 0.37 - 0.37
# Measurement of Ky combined 35 28 30 2.6
. o Combined Combined
& Precision: 50% at 68% CL 4.5 4.0
& 27 minimum excluded at 99.4% CL e e CES e SRR
. o _ _ _ % [ . | SM HH significance: 40 | o
# 2" minimum from increase in cross section vs 10 0.1 <1z < 2.3 [95% CL] m
. . YT 0.5 < k1< 1.5 [68% CL] 2y
coupling strength, signal acceptance (m,,, I z
. . . 4% CL °L
window used in ATLAS in bbyy channel) B -
6;‘ 8
= ~
95% CL 4_
of
68°% CL [
0
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https://cds.cern.ch/record/2703572?ln=en
https://cds.cern.ch/record/2703572?ln=en

Since then...

# Reanalysis of ATLAS bbyy+bbtt analyses

ATL-PHYS-PUB-
2022-005

# Full ATLAS Run-2 yielded a factor of ~1.7
Improvement in results due to improved reconstruction
and analysis techniques w.r.t. previous results
(compared to simple projection based on V%)

¢ Expected significance: 3.20

# Reanalysis of CMS bbyy analysis

@ Expected significance: 2.160

# New analysis HH—WWyy or HH—Ttyy cwms-PAS-FTR-21-003

¢ Expected significance: 0.20

# Expected (back of the envelop) combined

significance ATLAS+CMS: 4.60

& Excellent progress towards 50

21/11/2023

_________ Q
G N =
Projected Full Run 2
__________ ) g
Preliminary Full Run 2 combination - m
eyl @
Projected Run 3 i 8
~+

e ——

o 2 4 6 8 10
95% CL uppper limit on SM HH signal strength

ATLAS Significance
CMS-PAS-FTR-21-004 Channel Yellow Report Snowmass

bbyy 2.00 2.20

bbtt 2.10 2.80

CMS Significance

Channel Yellow Report Snowmass

bbyy 1.80 2.160

WWyy + 0.20

Yy
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https://indico.cern.ch/event/1135177/contributions/4878400/attachments/2474236/4245433/Brost%20-%20Higgs%4010%20-%20Prospects.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-005/
https://cds.cern.ch/record/2803918
https://cds.cern.ch/record/2804003
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Searches for additional Higgs bosons

# Example: search for A/H —1t within
MSSM model

# MSSM predicts 5 Higgs bosons:

ho, H, A, H", H

Excluded region from
Higgs precision
coupling
measurements

21/11/2023

50

CERN-2019-007

H/A — 777~ expected exclusion (95% C.L.)
= 1 ATLAS3ab~' ¢ CMS3ab™' = -

ATLAS 36.1 fb~' [JHEP 01(2018)055]

*lo = = CMS 35.9 fb ! [JHEP 09(2018)007]
+20
; 9E 1 2 Y 1 1 1 I I 1 I I I 1 |If I I I I
h(125) rates ‘uhaéuzg £3) GeV |/ ¢ 14 TeV ]
----- ATLAS 36.1 fb~' & CMS 35.9 fb™* .
V.5 ATLAS3ab'o CMS 3ab~! " ]

with YR18 syst.

mmcert. |

|

" ) 1 Toonarin
/422%; 5

)cena;rio

500 1000 1500

M4 [GoV]

2000 250

) 3000

Probe up to 2.5 TeV for tan3>50

Monika Wielers (RAL)
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https://cds.cern.ch/record/2703572?ln=en

Searches for H—Invisible

) _ _ _ o CMS-FTR-18-016
# SM B(H—inv.) is below current experimental limits

N II""I""""""I""I"':
# Bsu(H—>ZZ—4v) ~ 0.1%

w
o

~ CMS Phase-2

~  Simulation Prefiminary

* L, =300fb"
- = L, =1000 fb? -
T 4 Ly = 3000 fb ]

SM (%)

[y}
9]
|

data

# Higgs could decay into BSM particles:

M
]
|

@ Light pseudoscalars, LLP, Dark photons, Dark matter, etc

=
o
I | [ |

# Current Run-2 limits:

# Atlas: B(H—inv.) < 10.7% using VBF, ttbar, Z(—#¥¥) or jet +
ET™sssignature  phys. Lett. B 842 (2023) 137963

# CMS: B(H—inv.) < 18% using VBF + E;™ss FZ%E'Z)RSX'Z D 105

o
II|IIIIIII

FEEE T B AT AT AT AN AT
0""150 200 250 300 350 400
Minimum threshold on E7"*° (GeV)

95% CL upper limit on ¢ x B(H— inv)/c
=
T

# HL-LHC extrapolation
@ CMS in VBF channel: BR(H—inv.) < 3.8% with E™s>190 GeV CMS-FTR-18-016
& ATLAS in Z(—#)H: BR(H—inv.) < 8% with E:™>190 GeV ATL-PHYS-PUB-2013-014

CERN-2019-007
# (Back of envelope) combination ATLAS/CMS in VBF, Z(—#) channel: BR(H—Inv.) < 2.5%
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-016/index.html
https://cds.cern.ch/record/1611186/files/ATL-PHYS-PUB-2013-014.pdf
https://arxiv.org/abs/2301.10731
https://arxiv.org/abs/2201.11585
https://arxiv.org/abs/2201.11585
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-016/index.html
https://cds.cern.ch/record/2703572?ln=en

Doubly charged Higgs

# Predicted by

@ Left-right symmetric (LRS) models, Higgs triplet models, little Higgs

model, type-ll see-saw models, etc

& Example: Search for H.** with BR(H.**— 2u (2e)) = 100% in LRSM

& 4 or 4e final state is nearly background-free, especially at large H** mass

@ Expected exclusion: M < 1400 GeV (compared to 870 GeV in Run 2

CMS Phase-2 Simulation Preliminary 3000 fb™ (14 TeV, ee)
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https://cds.cern.ch/record/2808604?ln=en
https://arxiv.org/pdf/1710.09748.pdf
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Conclusions

# Main goal: determination of Higgs boson properties, and their connection to
electroweak symmetry breaking

# Higgs properties can be measured with high precision in all channels besides rare
ones

# First direct constraints on the Higgs trilinear self-coupling and the natural width
expected

# Direct and indirect searches for BSM physics will extend the current search reach into
new territory, only showed few examples here for direct searches

# Many more results available in
& CERN Yellow Report for European Strategy Update (2018-2020)
@ Snowmass White Paper (2020 — 2022)
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https://cds.cern.ch/record/2703572?ln=en
https://cds.cern.ch/record/2805993

We have come a long way...

# Performance we expected in ATLAS TDR (1999)
& With 30 fb* of 14 TeV low lumi data: ~60 significance for Higgs with my=125 GeV

@ In 2012 using 4.8 fb* of Vs=7 TeV data and 5.8 fb* of Vs=8 TeV data
¢ Higgs discovered by ATLAS with 5.90 Phys.Lett. B716 (2012) 1-29

@ ~3times less statistics and cross sections ~3 times lower

& |mprovement of O(10) to what we
expected in TDR

# Continuously improving our analyses
methods and object performances

21/11/2023
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http://cds.cern.ch/record/391177
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Outlook

# Example: neural networks are now becoming very powerful

& Will improved the reconstruction/identification of physics objects and yield better

background rejections for given efficiency

(13 TeV)
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A& Higgs results expected to be better at the time of HL-LHC than the projections shown

In this talk
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Backup
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Documentation

# CERN Yellow Report for European Strategy Update (2018-2020)
# Snowmass White Paper (2020 — 2022)

@ ATLAS public results

¢ CMS public results

21/11/2023 Monika Wielers (RAL)
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