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Physics landscape at the end of Run 2

LHC experiments confirm that the SM is robust but it should not be the
ultimate theory of particle physics, because of many questions:

* why is the Higgs boson so light (“naturalness’/fine-tuning/hierarchy

problem) ?

» what is the the nature of the dark part (96% !) of the universe ?

» what is the origin of the matter-antimatter asymmetry ?

* why is gravity so weak ?

» [s supersymmetry realized in Nature?

* Inflation

No excess in data for direct signs of new physics:
*  Supersymmetry
* Long-lived particles
 New heavy resonances
« Dark Matter and its nature

Doing Precision measurements (Couplings, Cross Sections, Width,
Differential Distributions,...) which might be an indirect sign of BSM
physics
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LHC and HL-LHC schedule

LHC
Aun 1 I | RAun 2 | Aun 3
' LS ' EYETS [ Ls2 | 14Tev 14 TeV
1214 1oy BER . o
splice consolidation injector -

2018

2017

Luminosity

Nominal scenario: £ =5x103* cm1s!
for 3000/fb; Pile-up = 140

Ultimate Scenario: £ =7.5x103*cm1s?!
for 4000/fb; Pile-up = 200
=25% increase in integrated lum.
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CMS Phase 2 upgrade

New Tracker

« Radiation tolerant - high granularity - less
material

» Tracks in hardware trigger (L1)

« Coverageupton~ 4 L

Muons

* Replace DT FE electronics

» Complete RPC coverage in forward
region (new GEM/RPC technology)

 Investigate Muon-taggingupton ~ 3

» CSC replace FE-Elec. for inner rings
(ME 2/1, 3/1, 4/1)

Barrel ECAL
* Replace FE electronics

=

+ Cool detector/APD
ool detector. S New Endcap

Calorimeters
« Radiation tolerant
* High granularity

Barrel HCAL
* Replace HPD by SiPM
* Replace inner layers scint. tiles?

Trigger/DAQ
« L1 (hardware) with tracks
and rate up ~ 750 kHz

L1 Latency 12.5 us
 HLT output rate 7.5 kHz
 New DAQ hardware

New all Al beam pipe with small
cone angle and cyl. central pipe

r

Timing layer
* Timing resolution ~ 10 ps
» Space resolution ~ 10’s of um
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Strategy for Higgs physics @ HL-LHC

Phase Il Detector Upgrades:

« Radiation hardness

« Mitigate physics impact of high pileup

« > Object reconstruction efficiencies, resolutions and fake rates are
assumed to be similar in the Run-2 and HL-LHC environments

Higgs@HL-LHC:
« Precision Measurements (Couplings, Cross Sections, Width,
differential Distributions,...) = looking for deviations from the SM

« BSM Higgs direct searches: extra scalars, BSM Higgs resonances,
exotic decays, anomalous couplings

« VBS scattering
« Rare decays and couplings: H>uu, H>ee, H>cc, H>Zy

« Di-Higgs production =» Higgs self coupling
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Analysis approaches for HL-LHC

Method 1: Full simulation (CMS): use of the most advanced geometry, algorithms
and tuning, PU simulation

Method 2: Full analysis with parameterized detector performance (CMS): use
DELPHES with up-to-date phase-2 detector performance (tracking, vertexing,
timing, dedicated PUPPI jet algorithms, increased acceptance, performance of new
detectors)

Method 3: truth + smearing (ATLAS): truth-level events overlaid with jets (full
sim) from pileup library, reconstruct particles (electrons, muons, jets, MET) from
MC truth+overlay and smear their energy and ptusing appropriate smearing
functions - cross checked with some of the ‘real’ data analyses

Method 4: projections (mostly CMS and LHCb)
+ Existing signal and background samples (simulated at 13 TeV) scaled to higher
lumi and Vs =14 TeV. Analysis steps (cuts) from present analyses.
« 2 scenarios for uncertainties:
« Scenario 1: all systematic uncertainties are kept unchanged with respect to those in
current data analyses

Scenario 2: the theoretical uncertainties are scaled by a factor of 1/2, while other
systematical uncertainties are scaled by 1/7/L
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Modeling the projections for HL-LHC

Experimental uncertainties:
 Estimates of ultimately achievable accuracy based on the upgraded Phase-2

detectors studies (TDRs).
« Assumption that sufficiently large simulation samples will be available

Table 1: The sources of systematic uncertainty for which minimum values are applied in S2.

ID and isolation efficiencies for Source Component Run 2 uncertainty Projection minimum uncertainty
Muon ID 1-2% 0.5%
electrons and muons reducedto . . p 1-2% 0.5%
approximately 0.5%. Photon ID 0.5-2% 0.25-1%
Hadronic tau ID 6% 2.5%

. . . 00 B S .200
hadronic t lepton ID uncertainty Jet energy scale ﬁ:]jﬁ:;e 00153// 81_8;
reduced to approximately 2.5%. Pileup 0-2% Same as Run 2

Method and sample 0.5-5% No limit
. . . Jet flavour 1.5% 0.75%
uncertainty in the overall jet Time stability 0.2% No limit
energy scale (J ES) reduced to Jet energy res. Varies with pt and 5 Half of Run 2
1% preci sion for J ets with pr > 30 MET scale Varies with analysis selection Half of Run 2
. . . b-Tagging b-/cjets (syst.) Varies with pr and Same as Run 2
Gev’ driven prlmarlly by light mis-tag (syst.) Varies with pr and 7 Same as Run 2
improvements in the absolute b-/c-jets (stat.) Varies with pt and 5 No limit
scale and Jet flavour calibrations light mis-tag (stat.) Varies with pr and 7 No limit
Integrated lumi. 2.5% 1%

Theoretical uncertainties:
* Build upon existing/recent TH progress/studies

« Assume a scaling down by a constant factor
* QCD calculations (1/2), understanding of PDFs (1/3), top pt (1/2), etc.
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H éw PAS FTR-18-011

. . d ¥
Projections for: (@) W,
H
- H>yy (ggH, VBF, VH, ttH) ~ *- w
¥
two isolated photon candidates passing good quality requirements in the precision
reglons Of the detectors CMS Preliminary 77.4 0" (13 TeV)
%SSOOOFH;'IY"Y"'I""I""I""I""I""I""_:
0] c All categorigs ]
expected 16 uncertainties 3000 b (13 TeV) %0 pAS HIG-18-009 ;S+g) peoned 3
. ———— —— — c » ata ]
CMS w/ Run 2 syst. uncert. (S1) :>j 25000 o — S+Bfit = _'\@
. . ——— W/ YR18 syst. uncert. (S2) o 200003_ ------ B component ER
Projection w/ Stat. uncert. only g c (SN 14
Yy 15000 []+20c E
OggH 2 E
0.02 (Stat); 0.03 (S2); 0.04 (S1) — 10000 :_ _:
a1)] o J
Y %) 5000/~ E
Over 0.05 (Stat); 0.13 (S2); 0.2 (S1) 7 RN S ]
- 1000 " B component subtracted- g
OwH 0.14 (Stat); 0.14 (S2); 0.14 (S1) 500 é E‘,:,
Y ° ' 3
Oz ) 0.23 (Stat); 0.23 (S2); 0.24 (S1) _500 :_} {. ! ‘ ‘ . ‘ ‘ = £
100 110 120 130 140 150 160 170 180 O
oV , _ o myy (GeV)
ttH 0.08 (Stat); 0.08 (S2); 0.09 (S1) The main systematic uncertainties are the background
o 01 02 03 04 05 06 modeling uncertainty, missing higher order
Expected uncertainty uncertainties causing event migrations between the

bins, photon isolation efficiencies and jet uncertainties

Achievable precision @3000 fb-': less than 10 % (VH dominated by stat uncert.)



H->ZZ->4l

Projections for:
« H>ZZ->4l (ggH, VBF, VH, ttH)

3000 fb' (13 TeV)

CMS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
Pri ojection w/ Stat. uncert. only
77
0 H
ggH 0.02 (Stat): 0.03 (S2): 0.04 (S1)
77
o —H
VBF 0.12 (Stat); 0.13 (S2); 0.15 (S1)
O'ZZ 4!
WH 0.47 (Stat): 0.48 (S2): 0.48 (S1)
o04Z ——
ZH 0.76 (Stat); 0.78 (S2); 0.82 (S1)
GZZ .
ttH 0.24 (Stat): 0.24 (S2): 0.25 (S1)

0 02 04 _ 06 08 1
Expected uncertainty
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at least two same-flavor opposite-sign di-lepton
pairs, chosen from isolated e and p candidates
passing good quality requirements in acceptance
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Dominant systematic uncertainties:
 for ggH: on the lepton reconstruction and identification efficiencies, and

pile-up modeling uncertainties.

CMS Preiiminary 2016 + 2017 + 2018 137.1 16" (13 TeV)

:"I TT TTTTTTTT T T TTTTTTTT T TTITTTITT TT I TTTTTTTTT | TT I—':
FPAS HIG-19-001  so0m -
- [JH(125) ]
— [Ja9—-ZZ,Zy*
- + Wog—2Z, Zy*
— B zZ+X ]
. $

80 100 120 140 160
m,, (GeV)

« for VBF and VH: on the jet energy scale and resolution, and by the
missing higher order uncertainties + the parton shower modelling for ttH.



H—=>bb and H->tt PAS FTR-18-011

Projections for: Projections for:
- VH, H->bb and boosted H->bb * H—>7t(ggH, VBF)
- Leptonic decays of the vector boson for triggering ~ Three subs-channels (tiepTiep, TiepThag @aN
and to reduce the multi-jet background ThadThag) @re defined by requirements on
- Final states: two b-jets and either zero, one or the number of hadronically decaying -
two electrons or muons. leptons candidates and leptons (electrons
3000 fb™' (13 TeV) or muons) 3000 fo'! (13 TeV)
I —_— w/I R;m|2 Isy;t. Iun'celrt. I(S‘1) w/ Run 2 syst. uncert. (S1)
CMS —— w/ YR18 syst. uncert. (S2) CMS —— w/ YR18 syst. uncert. (S2)
Projection —— W/ Stat. uncert. only Projection w/ Stat. uncert. only
Olept.  f——+H 0.05 (Stat): 0.06 (S2); 0.07 (S1)
1 lept. _t 0.05 (Stat); 0.09 (S2); 0.16 (S1) O-ggH —t
0.03 (Stat); 0.05 (S2): 0.06 (S1)
2 lept. —tH 0.08 (Stat); 0.09 (S2); 0.10 (S1)
---------------------------------------------------------------------- Oygr —
Combined—++ 0.03 (Stat); 0.05 (S2); 0.07 (S1) 0.04 (Stat); 0.04 (S2); 0.05 (S1)
0 01 02 03 04 05 0 005 01 015 02 025 03
Expected uncertainty Expected uncertainty
The largest component of the systematic The dominant contributions to the systematic uncertainty come from:

. , : . . + the experimental and background modeling errors
uncertainty is theoretical. This arises from the + the uncertainties on jet calibration and resolution, on the

uncertainty in the gluon-induced ZH (gg->ZH) reconstruction of the E,mss

production cross section due to QCD scale « the determination of the background normalization from signal
variations and control region



Rare decays: H>puu TDR-17-001

« Signature: 2 OS isolated muons, resonant peak at the Higgs mass over a falling
background

« BR(H—pu)=0.022. Only visible at HL-LHC

« di-muon invariant mass width is reduced in order to match the expected increase
in performances due to the upgrade in the tracking system

14 TeV, 200 PU A simultaneous fit in all

j 0.050 - 1 T T T | 1 1 1 T | 1 1 -
< 0_0452_ CMS Phase-2 Simulation _z production modes
0.040 E_ barrel-barral F:ategory l:l Hou'y-, Phase-2 _E o
0035 TS e 08 — Gauss Fit Phase:2 E E_xpected precision on the
0.030 E- . Gauss Fit, Runt 3 signal strength measurement
0.025 E‘ : ‘5 Experiment CMS
0.020 - . = .
- 3 Process Combination
0.015F n =
0.010 E : \ 3 Scenario S1 S2
0.005 |- h —; Total uncertainty 13% 10%
0.009 &= e L . .
10 120 130 G \1&10 Statistical uncert. 9% 9%
My, (&€
. . Experimental uncert. | 8% 2%
CMS detector will be able to reach in the best
. : o Theory uncer. 5% 3%
category a di-muon mass resolution down to 0.65%
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Higgs boson cross section

Projections for:

- H->ZZ-4l (ggH, VBF, VH, ttH)
- H>WW-2I2v (ggH, VBF, VH)
- H->vyy (ggH, VBF, VH, ttH)

* H->71t (ggH, VBF)

 VH, H>bb and boosted H>bb
* H->puu (ggH and VBF)
« ttH, H->leptons, H>bb

+ studies about tH

Systematic uncertainties will
dominate, in particular theoretical
uncertainties on signal and
background are the main
component for S2 scenario

CMS: S2 uncertainties range from
3—4%, with the exception of that

on ut+ at 10%.

N. De Filippis

MYY

wWw

=

be

“v‘”

Hu

ttH

3000 b (13 TeV)

C M s w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
Pij ection w/ Stat. uncert. only
-
0.01 (Stat); 0.03 (S2); 0.05 (S1)
|
0.01 (Stat); 0.03 (S2); 0.04 (S1)
———
0.02 (Stat); 0.03 (S2); 0.05 (S1)
—
0.02 (Stat); 0.05 (S2); 0.07 (S1)
—=
0.02 (Stat); 0.03 (S2); 0.04 (S1)
—_—
0.09 (Stat); 0.10 (S2); 0.13 (S1)
0 0.1 0.2 0.3 04

Expected uncertainty

C MS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
PrO_[ ection w/ Stat. uncert. only
o e e |
0.01 (Stat); 0.03 (S2); 0.06 (S1)
—_—
0.03 (Stat); 0.04 (S2); 0.05 (S1)
—
0.05 (Stat); 0.06 (S2); 0.08 (S1)
—_—
0.04 (Stat); 0.06 (S2); 0.07 (S1)
—_—
0.02 (Stat); 0.06 (S2); 0.10 (S1)
0 0.1

3000 fb (13 TeV)

0.2 0.3
Expected uncertainty
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[ ] Total

—— Statistical
—— Experimental
—— Theory

ATLAS and CMS
HL-LHC Projection

Uncartainty [%]
Tot Stat Exp Th
25 13 1.7 11

25 16 16 12
253 11 11 18

45 23 26 28

I

| 191145 1.8 123

II

| 11110716 23

I
I

| 24422035 101

OI.1 sz 013
Expected relative uncertainty

—

|

[ ] Total

—— Statistical
—— Experimental
—— Theory

SRR

1= = 14 TeV, 3000 fb' per experiment

ATLAS and CMS

HL-LHC Projection
Uncertainty %]

Tot Stat Exp Th
7.0 35 50 50
05 74 20 52

3.5 33 18 40

39 32 14 18

DT727A A2 102

12440 ‘*.? 20

0

01

DTZ 0j3 0:4 0.I 5 0.6
Expected relative uncertainty
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Higgs couplings formalism
LHC Higgs Xsection WG

>

>

Single resonance with mass of 125 GeV. SN

Zero-width approximation

o-B@i—H— f)

the tensor structure of the lagr. is the SM one

- observed 0*

coupling scale factors K; are defined in such a way that:
» the cross sections s; and the partial decay widths G;

scale with K2 compared

arXiv:1307.1347v2

Production modes

OggH

OgeH

OVBF
SM
OVBF
OWH

oi- I SM_

OwWH
PH O7H

SM
O7H1
OttH

SM
atEH

to the SM prediction

deviations of K; from unity - new physics BSM

{ Kg(KbaKtamH)
2

Kg

K%’BF (kw, Kz, M)

WW ()

I*%M

Ww )

lWSM

Z7*)
Fbl—)

SM
bb

.
| 1t

FSM

Tttt

Results from fits to the data using the profile likelihood ratio with k; couplings
» as parameters of interest or as nuisance parameters

N. De Filippis
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Higgs boson couplings

» Results for couplings in k-framework

« Six coupling modifiers corresponding to the tree-level Higgs boson couplings are

defined: K¢, Kp, Ky, Ky, Kw, Kz (+ Kg, Ky, Kzy) and BRgsy = 0

3000 fb' (13 TeV)

Projection
Bgsm =0
Ky ——

CMS

w/ Run 2 syst. uncert. (S1)

W/ YR18 syst. uncert. (S2)

w/ Stat. uncert. only

0.01 (Stat); 0.02 (S2); 0.03 (S1)
0.01 (Stat); 0.02 (S2); 0.03 (S1)
0.01 (Stat); 0.02 (S2); 0.02 (S1)
0.01 (Stat); 0.02 (S2); 0.04 (S1)
0.01 (Stat); 0.03 (S2); 0.06 (S1)
0.02 (Stat); 0.04 (S2); 0.06 (S1)
0.01 (Stat); 0.02 (S2); 0.03 (S1)

0.05 (Stat); 0.05 (S2); 0.07 (S1)
L L L 1 " " " L 1 L L

0 005

01

Expected uncertainty

0.15 0.2

arXiv:1902.00134v1

fs = 14 TeV, 3000 fb™ per experiment

[ | Total
—— Statistical
—— Experimental
—— Theory

ATLAS and CMS
HL-LHC Projection

Uncertainty [%a]
Tot Stat Exp Th

1.8

1.7

1.5

2.5

3.4

3.7

1.9

4.3

M 1“|”W Lkl |

0.8

0.8

07

09

09

1.3

09

3.8

10 13

07 13

06 12

08 21

11 341

13 32

08 15

10 17

9.8 72 17 64
1 n " 1

o

Uncertainties on the K’s 2-5%, apart from k;, and kz,
mostly limited by statistical theoretical uncertainties

002 004 006 008 041 0412 014

Expected uncertainty




Differential Higgs cross sections

Looking at distortions of p; differential
distributions as potential new physics
may reside in the tails

of the distribution, which cannot be
measured in inclusive measurements

Combined differential cross sections
using:

« H-oyy, H-ZZ-4l

« + boosted H—bb in the high p;™ tail

The uncertainties at 3000 fb*

* in the higher pH region are about a
factor of ten smaller (statistically
dominated) w.r.t. S1

* in the lower p;™ region the reduced
systematic uncertainties in S2 yield
a reduction in the total uncertainty of
up to 25% w.r.t S1 (and are no
longer statistically dominated)

N. De Filippis

Ratio to prediction

PAS FTR-18-011

o CMS Projection 3000 fb™! (13 TeV)
Ew/ YR18 syst. uncert. (S2)
- Ac(p. > 600) / 250
TEnev nevsy Acs(p_':>200) /120
- ha Ao(p! > 600) / 250
10 e A
- + Combination e
10§ Hobb T PTARtL SRR
10 toHom
-t HoZZ A
10 aMC@NLO, NNLOPS
~ o, from CYRM-2017-002 i
10_5—o—||||||||||||||||||| |||||||||||||||| v
1.5
L T e e e o0 20 SRPLRE SUPLR {%% 4
0'5__| |||||||||||||||||||||||||||||||||||
0 15 30 45 80 120 200 350 600
pt (GeV)
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The Higgs potential

Higgs potential:

Standard Model:
V(g) = —pt¢? + Ao Ahhh = %
Expanding about minimum: V(¢) — V(v + h) _t
\/
V = Vo + A?h? + Avh3 + 24
2
= Vo-+ gmih + Zon® + 2 ns
e Minh M o’
Higgs mass term pandt . "'.::"
hh-productioﬁ hhh-pfoduction
 the strength of the triple and quartic couplings is
. fully fixed by the potential shape.
Why is it yIEE Y eR P
relevant? '

It has implications on the stability of the Vacuum

it could make the Higgs boson a good inflation field

N. De Filippis Sept 30 - Oct 4, Higgs couplings 2019 16



Double Higgs production

Main probe for frilinear Higgs coupling Axux. Diagrams interfere destructively in SM

g e SEEED ho g h

ggF-hh: ;)

g b hoog o
sensitive to possible BSM contribution:

A large maitrix of final states

-

Production mode

Cross section

(14 TeV)

ggF-hh ~40 fb

VBF-hh ~2 b
V-hh ~11b
tt-hh ~11b

arXiv:1212.5581

BR HH—xxyy
{mn = 125 GeV)

-
Q
LA

bbbb largest statistics

=
8

_l IIIIIIII I IIIIIIIl I IIIIIIII I Illl_

o
S .;1_’ " bb(yy.rr) good compromise
o between statistics and S/B
107
" . " Not enough data in Run 2 to
» approach the SM sensitivity
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Prospects for HH measurements

Events/(1 GeV)

PAS FTR-18-019

Search of Higgs boson pair (HH) production and the measurement of the Higgs
boson self-coupling (AyxH)

Decay channels: HH—> bbbb, bbzz, bbWW(-21lvv), bbyy (most sensitive), bbZZ(—>4l)

CMS Projection

3000 fb' (14 TeV

~—

B T | L | T
- pp—HH-yybb

50 :— High-mass region
- High-purity category
40
30
20f }
10f- {

T | T T I T | T T T T | T T T I | T
+ Pseudo-data

....... Nonresonant background

m—— FUll background

= Signal + Full background

|

II|IIIlIIIII|IIII|IIII

—
[l

B

| | | | | |
905 110 115

120 125

130 135 140 145
m,, [GeV]

Significance 95% CL limit on o/ 0Py

Channel Stat. + syst. Stat. only Stat. + syst.  Stat. only
bbbb 0.95 1.2 2.1 1.6
bbtt 1.4 1.6 1.4 1.3
bbWW(fvév) 056 0.59 3.5 33
bbyy 1.8 18 1.1 11
bbZZ (£62¢) 0.37 0.37 6.6 6.5
Combination (26 ) 28 (077 ) 0.71

0 CMS Phase-2 3000 fb' (14 TeV)
- Simulation Preliminary Assumes SM HH signal
9 || = — | |
| s
8F | ||} = bbrtt [l
E L ||t —-pBvvivy) |
[ 1 | | +
/! l* . | + —— bE}Y'Y |' !
SR TR bbzz*(4l) || 1
°F # l L =e= Combination [ /.,’
B ] .I
5 - . II' "-‘ |'|| ;‘ ‘ .
4—*&*‘ _________ e S [ ] 95%
- b * | J [
3 v\t ’
- b | o ' ?
oF . * \ ,’.0""“ ¢
- LR | sS
1E_______}l;_ . ’P_'i.g!'_‘:'_.‘;___ » :-?,__ 68°%;
0 | | oo ) M

Measurement of the ky=Ayuy /ASMypy
in the range [0.4, 1.9] at the 68% CL
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Differential XS and constraint on self coupling

Alternative approach: exploiting radiative corrections

PAS FTR-18-020

to inclusive and differential Higgs boson production rates - at
NLO single Higgs boson production modes include

contributions involving the A; = sizeable contribution from ttH,

tH, VH

Focus in ttH (+tH), H=>yy using Delphes simulation and a

strategy similar to the Run2

At 68% C.L.: -1.9<k,<5.3 - complementary to the stronger

constraints from direct Higgs production

CMS Phase-2 Simulation Preliminary 3ab" (14 TeV)
S
8 —4§—— Stat + exp. syst. + ggH+VH theo. uncert.
é 102 — | Hadronic categories only
~ r | Leptonic categories only
T~ B . Expectation «, = 10
3 T e Expectation k, = -5
= - ttH+tH theo. uncert.
=
T L
S L ;
&5 bl :
< 20% enh ST
3 - o €nhancemen (oM > 350 GeV)/H150 GeV
T r _ H P
iz L at k;=10 at low pt ;
© - :
- IYHM<2s ASREEEEEEE | |
L Hoyy:pl>20 GeV, In'l <25 :
>=2 jets: piT > 25 GeV, Iyl <4, at least one b jet i
10 | 1 | ] 1
0 45 80 120 200 350

prt allows to disentangle the effects of modified Higgs

2AInL

boson self-coupling values from other effects such as the

presence of anomalous top—Higgs couplings.

—_

The dependence of the single-Higgs boson
differential xs is parameterised as a function of k,

CMS Phase-2 Simulation Preliminary 3ab' (14 TeV

~

T T T I| T T T T | T T T T I T T T T l T T T T | T l' T T T

C : —— w/ YR18 syst. uncert. ]
I LT Stat. uncert. only ]
C Hadronic categories only _
| 95% CL Leptonic categories only /
- K =1

[ 68% CL ]
L 1 1 1 1 I 1 1 1 1 | | I 1 1 1 1 [ 1 1 1 1 I 1 1 ] 1 ]

-10 -5 0 5 10 15 20

A
>



Limits on the Higgs width PAS FTR-18-011

100

Comparison of on-shell and off-shell rate in H>ZZ->4l constrain the e %.g

Higgs boson width T L Fh s 0oV, i > 2o :

- current constraint: ' < 9.16 MeV @ 95% CL N e e

off —shell g 0.001 IL’L’:L?ZOT;S e
Off-peak to on-peak ratio |7 ~ Ty 50.0001 are on-shell
gon— shell 1e-05 | gftgc;irgup“ng

Systematic uncertainty: 1e-06 to gluons increases

« theoretical uncertainties dominant over 19T 100 200 300 400 500 600 700 800 900
experimental ones €< dominant effect comes Mzz [GeV]
from the uncertainty in the NLO EW I L MU
correction on the qq—>4l simulation above - CMS Projection 1
the 2mz threshold 15__ — w/ YR18 syst. uncert. {fai=0) _:

o w/ Run 2 syst. uncert. (f_=0) ;’"

« approximate S2 in which the experimental | --- w/ Stat. uncert. only (f =0) 1
uncertainties not reduced, while the 10k . -
theoretical uncertainties halved w.r.t S1 o ]\

* 10% additional uncertainty applied on the sl
QCD NNLO K factor on the gg L

Precision reachable combining CMS and R -

ATLAS predictions with 3000 fb! N

I'y, (MeV)
41707 MeV  @68% C.L.
0.8 'ty (MeV) S1 @95% C.L. 2.0,6.1]

T (MeV) S2 2.0,6.0]
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Sensitivity to BSM effects in Higgs physics

Several studies on probing the BSM effects in the Higgs phvsics :
* Probe for anomalous interactions & rare/exotic decays:
« H- invisible
By < 3,8% (compare to 22% @Run2) [FTR-18-016]

3000 fb™! (14 TeV)
T

LI B

== N
® O
T

LI B e e
[ CMS Phase-2
[~ Simulation Preliminary
[ =  Median exp. vs Eriss
- [ 68% exp.

E [ 95% exp.

4+ Median exp. smeared E?iss

- A -
o N MO
T

» Exotic/rare/forbidden decays and signatures
- Bgsm < 6% from couplings combination
(compare to 34% @Run2) [FTR-18-011]

Ee v b b b by
150 200 250 300 350 400
Minimum threshold on ET"** (GeV)

o N M O
T =7

95% CL upper limit on o x B(H— inv)/oSNI (%)

« LAT TrackJet for BSM Higgs signatures
- signatures with displaced jets [FTR-18-018]

CMS Projection

« Anomalous couplings and width: e Goemro0ny st e
- significant improvement in limits on anom. coupl. @eok';jj",‘b, 3000 5000
. c f h
Width: My c [2,6] MeV @ 95%CL [FTR-18-011] S

[ myssv . 125 + 3 Gev

- Search for additional Higgs bosons and/or scalars : “
* MSSM H->1t search [FTR-18-017] 30}
20

* High mass search X->ZZ->212q
[FTR-18-040) N e
0 1000 1500 2000

m, (GeV)
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Summary/Conclusions

HL-LHC: potential for new physics discoveries and precision
measurements in the Higgs sector:

= Few per-cent level precision on most Higgs cross sections and
couplings

= significance of about 2.66 for HH production - triple self
coupling

= Higgs width measurable to within 1 MeV
= sensitivity to BSM effects in Higgs physics derived

Many inclusive measurements limited by systematic uncertainties =
work needed from theoretical and experimental side

An exciting journey ahead!
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SM Higgs production at the LHC

I|III||I|II|\\II I||I|I||I|I||I|I|II|I||I|IIII|I

Hlll

T 11

T T 11

I T TTTTIT

M(H)=

125 GeV =

l

+NLO EW)

op = LIS Qch

I

I HC HIGGS XS WG 2016

HIII

11 11

[

ggF: dominant, larger initial
state radiation from gluons

VBF: two forward jets with high
mass and large rapidity gap

VH: vector boson (lv, II', qq’)

1 | ) ]
10 ttH: many b-jets, leptons, Emiss
10'25 o2 Total cross-section =56 pb at 13 TeV

6 7 8 9 10 11 12 13_14 15
/s [TeV]
g 7 W)z g ‘
-- H -- H -- H
g q H 9 r
(a) gg— H (b) VBF 7 (c) VH (d) tH
87% 7% 5% <1%
N. De Filippis Sept 30 - Oct 4, Higgs couplings 2019 24



Higgs decay channels

o S R L LI et T
c E E«E
s f 18
5 18
éw'I 2z —g
g :
S i
10%E : 3
= I .
. o | Zy :
103 L ol Ny
100 120: 140 160 18(R/|H [Geg?o
At my =125 GeV:
« H(bb) =57.8% « H(cc) =2.89%
« HWW) =21.4% * H(yy) =0.23%
o H(gg) = 8.19% o H(Zy) =0.15 %

. H(ZZ) =2.62%

N. De Filippis

o x BR [pb]

10§ ] T T T T [ T T T T l T T T T E g
E T \jg = 8TeV E %
I 3
1E—VBF HA T WW — Fvaq E %
L WH A Fvbb WW — vy 3
10/ PN ’ ZZ->1Tq@
’ ZZ w3
I 2z - 11T
102
al ZH - ITbb\ & i
10 E l=e,pn \ YY E
. V =VeVyuVe N
g = udscb ; Tt
10_4 | I | ! I | ! ! | 4 | 1 TRRRETYS I
100 150 200 250
M, [GeV] .
Channel My
resolution
1 — 7y 1-2
H— 1t —Sem/rm/en 20%
Hoatt»upu+ X 20%
WH — eut,/puputy + v's 20%
(W/Z)H — (ev/uv/ee/puu/n 10%
H - WW* & 282v 20%
WH — ~ L

H — Z2Z!*) — 2¢ S
B == 282q 39
H — ZZ - 2£27 10-15%

7%
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Detector performance for Phase 2 upgrade

Detector performance
after Phase-2 upgrades:

Effective pileup mitigation

Overall performance similar
or better than during Run 2

Extended capabilities with
new algorithms

| Pile=-up suppression
CMS simulation preliminary 13 TeV
= 40_ $
o F tt event tracks E
= 350 w
c ¥ p,>0.9 GeV B
2 30} 8
o F #HL-LHC BS, 30 vtx, PU=140 =
@ g5l wHLLHC BS, 3D vix, PU=200 g
S i #HL-LHC BS, 4D vix, PU=140 5
& i »HL-LHC BS, 4D vtx, PU=200 Z
i 20 g
o .
o 15 p ant
e -
= 1of “®
(=] F .
3% 50 P ——
n:ii .. " .‘ m W =RV "
0.20, 06031121416182

Density (events/mm)
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| Jets ‘ MET resolution
o g S T S S aanannaasssss T
=]
o 15=14 TeV, < p = =200 ATLAS Simulation @ 120LATLAS Simulation 1s=14 TaV, <u==200"
et 1Tk Inclined o — r ITk Inclined .
= " a, = 50mm ‘;”/ 1 & 100 ob,, t<40, , l<d.0 PowhegPythiatT
51077 Pythias diels ~ 4 EF L Rpr=0.1 ]
< ; 20-:[:”:40 Gev e E L 8ol _.h|.m““:.l<2,?, |I|H“|d.7 T
g r T .____r> .,.-'»J_; - E - N — :
.g P - i 60 ————
S |— — — — = 4 T — -
E o ‘__'___.,——“'f. N ,::;;,,.--F I g - i
10 3 - -*"'--:"__T I I —m<1.5 E T 40__ -
—— —15<}<29 . " ]
F 28<n|<2.8 ] C ]
L A T T S :....|... N T ..|..,:
0. E: 0. 55 D 7 0.75 0. 3 0. 85 09 0. 95 U5 50 55 60 65 70 75 80
2017-10-30 Efficiency for hard-scatter jets [

‘ Mass resolution

L o A S I AR IS AR IR A =
| ATLAS Simulaion = B" mass 1 B
[ fe=14my — RnziBL =22 | B
o.08 Bpp DMK Rcks —=— ITkinclined, ) =200 | O
+ Y 550 pm? g, { =
- HEE chgital clustening for ITey - ‘910‘
0.06 P, - E
[ : . ]
L iom J
0.04 -t ]
[ T 1
L » - J
0.02\ e " -
- oy ", E
= u: L
N i Laosalaoyal, . .
49 5 51 52 53 54 55 56 57 5& 0

m(B) [GeV]

el
04 05 08

| B-tagging

] LHCDb Vertex Locatorl

SR s e SR B
F CMS Phase-2 Simulation
Coth PU =200, mtp > 30 GEV 7

=15
= » mPU noMTD

& FLU=200 with KT

- W PU=200 ne MTOH

b-jet efficiency
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H->WW-2I2v

Projections for: events that contain two opposite-charged isolated
« H>WW=>212v (ggH, VBF, VH) leptons passing good quality requirements in the
~~2cision region of the detectors and missing

3000 b (13 TeV
e PRRUETEN insverse momentum
CMS w/ Run 2 syst. uncert. (S1)
. . w/ YR18 syst. uncert. (S2)
Pr OjeCtIOI'I w/ Stat. uncert. only
WW
OggH =+

0.01 (Stat); 0.03 (S2); 0.04 (S1)

GWW ——
VBF 0.06 (Stat); 0.07 (S2); 0.08 (S1)

oWww

WH " 013 (Stat); 0.14 (S2): 0.16 (S1)

WW
OzH

0.17 (Stat); 0.18 (S2); 0.19 (S1)

0 005 01 015 02 025 03
Expected uncertainty

The measurement of the ggH cross section by branching fraction is dominated

by theoretical PDF uncertainty, followed by experimental uncertainties affecting the
signal acceptance, including uncertainties on the jet energy scale and flavour
composition, and lepton mis-identification.



Higgs boson cross section

—— 3000 fb’ Vs = 14 TeV, 3000 fb™" per experiment
ATLAS andCMs [l it + o [ Total ATLAS and CMS
—— Statistical N
- fecti HL-LHC Project
HL-LHC Projection + Theory Experimentsl rofection
. ATLAS .CMS —— Theory Uncertainty [%:]

Tot Stat Exp Th

O

ggH 1.6 07 08 12

1L

GVBF GVBF e 3118 13 21

g
-

OwH - Owh : 57 33 24 40
-

GZH Oy — 42 26 13 31
oy Ouy —— 43 13 18 37
PRI BT RS S S TR RS R |
0. 0 2 0. 3 0 4 05 0 002 004 006 008 01 012 014
Expected relative uncertainty Expected relative uncertainty
ATLAS CMS
3000 fb~ ! uncertainty [%] 3000 fb~! uncertainty [%]
Total Stat Exp SigTh BkgTh Total Stat Exp SigTh BkgTh
N ST 35 08 21 21 1.6 U ST 24 08 12 16 0.9
ssH 9 24 08 17 12 1.0 ssH g2 17 08 09 09 0.6
St 55 20 27 37 2.1 ST 41 26 21 20 1.3
OVBF o) 42 20 23 22 17 OVBF s 35 26 16 18 03
SI 93 40 40 51 5.4 St 81 46 52 26 33
OWH & 77 40 34 33 45 TWH s 64 46 32 15 27
. SI 62 34 24 34 3.0 . St 67 39 21 43 25
ZH g2 48 34 18 20 2.1 ZH g 54 39 17 24 2.3
St 67 19 31 37 43 St 58 18 31 19 4.1
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Higgs boson branching ratios

3000 o {s = 14 TeV, 3000 fo' per experiment
ATLAS and CMS Il stat + Exp. ] gt:ta_l _ ATLAS and CMS
— otatistic .
] HL-LHC P,
HL-LHC Projection + Theory — Exporimental rojection
—Th
oy Patas  Poms eory Uncentainty [%]
B = P Tot Stat Exp Th
7 BV B | 26 10 15 19
B~ |
BZZ — | 29 12 15 22
WW |
B o
- gWwW =0 28 11 12 23
1T P
B - B™ :__ 29 1413 22
B°P o
_— B 44 15 13 40
B" —— B ECT 82 74 15 30
BZ'V . 19,1143 32 122
0 005 01 015 02 025 0 005 01 015 02 025
Expected relative uncertainty Expected relative uncertainty

For the combined ATLAS-CMS extrapolation
« uncertainty range from 2 to 4%, with the exception of that on B(up) at 8%
and on B(Zy) at 19%.
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Higgs couplings formalism

arXiv:1307.1347v2
Production modes Detectable decay modes Currently undetectable decay modes
OgeH _ { Kg(Kb,Kt,m}[) F\,\r“!(') KQ E _ KQ
SM S™M w M - %
Uggl] Kg I‘\SI{\,{W(-) I\ft\{
o ?
Uzﬁf = ogpr(ew,xz,mu)  Lggo Doy
oy, o3y
OWH K%v YVASS .-
UWSAMH FLF - 2 ITSC_% = K.l).
ozH 2 sy b «
et 2 ITST{ = Kp
OiiH . K2 M = K s
a.fthrlll - t L ru wt _ °
Fw - K2(KD,KL1KI’K\V1m]I) [SM | “
TN " K} .
ﬁ K(zz-{} (Kh’KL)KuKW7mH) Total width 2
Production Decay e — -
N H K br w2z Ty=Zgy Ty (+ Tgsm)
. Kwz b, Kw.z N
------- -H > wz < H— <,
q / ’ (j.,w'.z b,‘[ “ I W.Z
! qg e t ) w71, Z Contributions from new
W SK : Wbt~ .
gt t.»'i' .......... H H-—a Wbt physics through Iggy
q - q g ~2000000/ t  Naaww and loop processes



Differential Higgs cross sections

S1

S2

N. De Filippis

Relative uncertainties on the projected pt H spectrum measurements

3000 fb~ " ATLAS

pr [GeV] | 0-10 | 10-15 | 1520 | 20-30 | 30-45 | 45-60 | 60-80 | 80-120 | 120-200 | 200-350 350-1000
H— vy 6.5% 5.9% 62% | 6.0% | 65% | 6.1% | 60% | 54% | 63% 9.5%
H—ZZ 9.0% | 8.1% | 89% | 6.9% | 63% | 6.8% | 6.8% | 62% | 61% | 132% 243
Combination | 5.5% 4.8% 50% | 47% | 5.0% | 51% | 4.6% | 44% | 5.4% 8.7%
3000 fb~' CMS
pr [GeV ] 0-15 15-30 30-45 45-80 80-120 | 120-200 | 200-350 | 350-600 | 600-00
H— vy 5.1% 6.8% 7.1% 6.9% 71% | 61% | 71% | 99% | 32.5%
H—7Z 5.4% 5.7% 5.0% 5.5% 9.6%

H — bb none 382% | 37.1%
Combination 47% | 4.4% | 5.0% |  47% | 48% | 47% | 52% 8.5% | 25.4%
6000 fb~
Combination |  40% | 37% | 40% | 39% | 40% | 40% | 43% | 63% | 183%
3000 fb" ATLAS
pr [GeV] | 0-10 | 10-15 | 15-20 | 20-30 | 30-45 | 45-60 | 60-80 | 80-120 | 120-200 | 200-350 350-1000

H— vy 5.3% 4.6% 4.9% | 47% | 54% | 51% | 49% | 42% | 5.1% 8.7%

H— 77 83% | 1.6% | 83% | 63% | 51% | 62% | 63% | 51% | 64% | 13.1% 23.2%

Combination | 4.5% 3.8% 39% | 3.6% | 41% | 42% | 37% | 35% | 45% 8.2%
3000 fb~' CMS

pr [GeV ] 0-15 15-30 30-45 45-80 80-120 | 120-200 | 200-350 | 350-600 | 600-00

H— vy 5.1% 4.6% 5.1% 4.8% 49% | 45% | 51% | 8.6% | 322%

H—Z7Z 5.4% 4.8% 4.1% 4.7% 9.1%

H — bb none 31.4% | 36.8%
Combination 3% | 33% | 42% |  37% | 40% | 38% | 44% | 8.0% | 24.5%
6000 fb "

Combination | 29% |  26% [32% | 29% | 3.0% | 29% | 32% | 58% | 17.9%
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Higgs boson properties

Projections based on Run-2 combined differential XS (HIG-17-028):

Channels: H—yy, H—-ZZ—4l, boosted H—bb (in the high p;H tail)
Constraints on effective kb, kc, kt, cg couplings (competitive with direct probes).

Expected 2D limits in (cg, kt)

[ ]
[ ]
o CMS Projection 3000 fb' (13 TeV)
/>-\ Ew/ YR18 syst. uncert. (S2)
D N Ac(p: > 600) / 250
(2 Tuenoewy As(p">200) / 120
S S g ¥
¥ - Ac(p! > 600) / 250
— 10'= el S
IQ_|_ = + Combination g
% 102 4 Hobb T S
< 1073 ; %; H— vy
- 1 Ho2zz A
104 = aMC@NLO, NNLOPS
" ogy from CYRM-2017-002 144
10754 co b b b b b b b b
s 1.5F
3]
S r
= 1 8% se --@i---é-a---—-@i---%-a---—-ﬁ------ﬁ%---H 7
° -
% 05 v e
(o 0 15 30 45 80 120 200 350 600 <

Reduction of uncertainties @3ab-":

pt (GeV)

« High-ptH region: x10
« Low-ptH region: x4
N. De Filippis

(10 daldpr (10 daldpy, s

r ]
10
— Kke=-5
Ke=0
— k=5
o 20 40 60 80 100
pr. [GeV]

-

-
i

=)

=]
®

0,4 (PbIGEV)

CMS Projection

3000 fb™" (13 TeV)

al5b -7 o
¥4 [ — Combinaton W/ YR18 syst. uncert. (S2)
1E_—H—-ZZ —6
F—H—=yw
[ —15
0.5
F —4
Un
r Bis
-0.5F
[ —i2
-1 ;
[ *sMm 20 —1 B(Kes Kp)
PR PPN RPN RSN BRPEE BT B
- 0
W56 T2 0 2 4

Expected 2D limits in (kb, kc)
CMS Projection 3000 b (13 TeV) _7
00)0.05;_—Combination w/ YR18 syst. uncert. (S2) 7
0.04F —H-m -6
F—H->2Z
0.03 A
0.025
£ . —4
0.01:
oF o
0ot N 4,
-0.02" e, 1) 1
-0.03 xsm 20 —10
Covw ol by a buw s by bow s Lo Ny
07 08 09 1 14 12 13 1.4 °
Ky
D L
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Anomalous HVV interactions

Performance to be estimated using the H— 4 analysis @13 TeV.
SM

leading momentum expansiin higher order cp-even  cp-odd

VV .2 VvV .2 Vv 2
K1y +R3as Ky (0 ga) 2 (1) pe(2), i I po(1) Fo(2),u
Y T Gy | Ch Rl ) ol

A vy 1
(e

= Parameterisation of
decay amplitude: A=

1

Powerful constraints on anomalous couplings:
- Exploiting information from:

3000 b (13 TeV)
T TT | TTTT

S
3

7||||||\\|‘\\\\‘\\\\
_ CMS Projection

L — On-shell + off-shell (I, =T"0")

* H decay (on-shell)

r — Only on-shell

* H on-shell production

w/ Run 2 syst. uncert.
95% CL

* H off-shell production:

- Sensitivity driven by o N

on-shell production-level info. E
@ Standard Model |
Some model dependance from St
assumption on HWW/HZZ ~Sgu senswe
re Iation - To— 7355: gt-superimposedE

Sy T — °7'2"'!1'_15"L‘{"4‘)‘_5”‘o“'b_‘s'"j"'%_'é'”z'

lg,l/g, fa3 cOS(9,,) X 10
Parameter Information from 95% CL interval i
fa3 £120- 104 ' | Constraints on fractional
fa3 decay & production +1.8 . 104 LCP-odd presence <1.6-10-4

fa3 decay & production & off-shell *1.6- 104
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HH: CMS and ATLAS combined

Statistical-only Statistical + Systematic

ATLAS CMS ATLAS CMS
HH — bbbb 1.4 1.2 0.61 0.95
HH — bbrT 2.5 1.6 2.1 1.4
HH — bbyy 2.1 1.8 2.0 1.8
HH — bbVV (llvv) - 0.59 - 0.56
HH — bbZZ(4l) - 0.37 - 0.37
combined 3.5 2.8 3.0 2.6
Combined Combined
4.5 4.0
— SM
KA = A_—HHH //\-1_[_]_11_]-
ATLAS and CMS HL-LHC prospects 3ab (14 TeV) ATLAS and CMS __ 3000 fio” (14Tev)
~1er - = p— HL-LHC t
% I SM HH significance: 4o — Combination bbyy Lo HL-L AT&OSSPecs
o[- 0.1 < K2 < 2.3 [95% CL] i . M on
D 0.5 < 12 < 1.5 [68% CL] “~ bbyy bbrtt HER— — Stat. uncertainty
I b |
994%cL 8 v\ /N bbre e B — *
62 ---- bbbb = | E——
bbZZ*(4)  bBVV(wlv)| —
99%CL ap o\ et ] -~ bBVV(lvh) a , | .
[ bbzz(4))| 2 -
2__ H | -
68%CL [ n_SN_S\__ S ] combined T
|||||||||T1-u | IJd4TIIIIIIIIIIIIIIIIIIJJJJJJJJ!I I lllllfl l IIJI I L
%93 0 1 2 3 4 5 6 7 8 -2 0 2 8 10 12 14
KA K)\
N. De Filippis Sept 30 - Oct 4, Higgs couplings 2019 34



Constraints on the trilinear coupling

N. De Filippis

Ka

Sept 30 - Oct 4, Higgs couplings 2019
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=332 [ | vy .
01,291 o {ocan 3
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5
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Constraint on the I'; from H*(126)>ZZ

'ﬁ@) CMS

gluon-gluon fusion production Off-shell H*(126)>VV  (V=W,Z)
(I WW { = InN. Kauer and G. Passarino, JHEP 08
] T peak zz (2012) 11 it has been shown that the off-
I | 8 TeV ' shell production cross section is sizeable at
. high ZZ invariant mass
: e = that comes from a peculiar cancellation
w0 [} 4 | between BW trend and I'(H>VV)

[ pb]

Recover CPS ]
(~BW) trend = Enhancement of 7.6% of total cross section

v in the ZZ final state

d
T
AME

1074

A72 (o)
M2,

N

10-° |,

Thréshold effects -
: Tut- |I) \, > 2 ‘/ l]b I A
i at 2m, and 2m, [pb]  Myz zlob] B
U i s g — H = all | 19.146 0.1525 0.8
g9 —+ H —+Z7 | 0.5462 0.0416 7.6
100 2 My 2 M, 1000 S~

*“[l'!' [ C;(‘\“v:
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Constraint on the I'; from H(126)>ZZ

F. Caola, K. Melnikov (Phys. Rev. D88 (2013) 054024) and

J. Campbell et al. (arXiv:1311.3589)
showed how this feature can be turned into a constraint on the total Higgs width

Aoy, F(mzz) | SeenSi
gg_.H_;Z_Z yv4 on_PeakI ggH HZ7Z off—peak 2
iy, — 1. ¢ YggsHs7z & g-ggl'lg%lzz

X QooHSHZZ g Yz &
8ggH8 (m2,, — m2,)2 + m3 12, gg—+H—77 To

2
d’”zz

- so measuring the ratio of o°ff-Peak gnd gon-reak > measurement of I
H

2,2
K
on—peak _ "g"'Z _ _ SM
gg—+H—-ZZ — — (0-BR)sm = p(0 - BR)sy Kg = ngH/ngH
_ SM
A Kz = §Hzz/ &i77.
ot —peak 15 °fF—peak SM ot —peak SM > SHZZ
oo sH—ZZ — 1212 ¢ (ng—,»H—.»ZZ . ”‘( gg—+H—-ZZ r = FH/ I“;S_IM
dmzz 82 dmzz o dmzz

Once u is fixed a determination of r is obtained and so for I'y :

u from CMS 4l paper arXiv:1312.5333 “u expected”: use expected signal strength

and provide result in two ways: “n observed”: use observed signal strength

The interference with continuum gg — ZZ is taken into account at high mass -> gg2VV/MCFM
VBF production is 10% at high mass > PHANTOM
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Limits on the Higgs width

=

Y
L]

Coniparisnn of on- and off-shell rates in H=>Z/7->4l can constrain the Higgs boson width.
Current constraint: <14 4 MeV (ATLAS), ' <9.2 MeV (CMS)

CMS projection: 4.1 ", MeV, ATLAS projection: 4.1 "% MeV

« ATLAS projection based on Run | analysis, used large theoretical uncertainties that have
been reduced in the meantime
Assuming ATLAS analysis would have same sensitivity as CMS analysis at HL-LHC, combined

constraint on the width 4.1 tg'; MeV

3000 fb" (13 TeV)

3.5_171 ] TT11 7 1 I LI I LINLILI I LI I 1 LI I"' LI l LI J— rT i [ RN | LR | I I I I LR l—
- Ldt = 3000 15" {5=14 TeV | . . CMS Projection |
o — Mo eystamatics i — 7l
3r — Mo syetemtios 3 S W/ YR18 syst. uncert. (f =0) ]
_ Normsshape sysismalics a .
o5 | o w/ Run 2 syst. uncert. (fai=0) ]
o : .~ w/ Stat. uncert. only (f =0) 4
of - 10% -
i i O
1.5 ’
- . _ o %weL S
0.5 arLas . I ]
" Simulation 1 LN 68%CL ..~ ]
' | I A | Ll | I Y P
| 11 1 I 111 1 | [ T | | | I 111 1 |
cb 02040608 1 12141618 2 03 > 3 4 5 6 7

u I, (MeV)



Sensitivity to BSM effects in Higgs physics

Several studies on probing the BSM effects in the Higgs phvsics :
* Probe for anomalous interactions & rare/exotic decays:
« H- invisible
By < 3,8% (compare to 22% @Run2) [FTR-18-016]

3000 fb™! (14 TeV)
T

LI B

== N
® O
T

LI B e e
[ CMS Phase-2
[~ Simulation Preliminary
[ =  Median exp. vs Eriss
- [ 68% exp.

E [ 95% exp.

4+ Median exp. smeared E?iss

- A -
o N MO
T

» Exotic/rare/forbidden decays and signatures
- Bgsm < 6% from couplings combination
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Sensitivity to BSM effects in Higgs physics

Several studies on probing the BSM effects in the Higgs phvsics :
* Probe for anomalous interactions & rare/exotic decays:
« H- invisible
By < 3,8% (compare to 22% @Run2) [FTR-18-016]
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Higgs to Invisible decays

Current observed (expected) limits on
Binv at 995% CL:

. ATLAS: < 26% (17%)
«  CMS: < 22% (17%)

VBF production mode dominates
sensitivity 2 HL-LHC sensifivity studied
using Delphes simulation

With optimised selection: Binv<3.8% at
95% CL with 3000 fb-1 at HL-LHC

Degradation of Ermiss resolution does not
iImpact the sensitivity significantly

Combining with previous ATLAS
projection of VH channel, and assuming
both experiments would perform equally
well in both channels: Binv<2.5% at 95%
CL

N. De Filippis
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