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Outline | UL

Introduction

Golden channels and coupling to bosons
H—oZZ, H—oyy, HWW

Yukawa couplings
bottom, taus, muons

The big picture
*Overview of couplings and signal strengths for production

and decay mode

Summary and conclusions
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Where are we? | UL

ATLAS and CMS -o- Observed 1o
LHC Run 1 Th. uncert.
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The existence of (at least one) Higgs boson well established
No deviations from SM so far

A few exceptions aside, we are not yet at the level of precision
we need to probe small deviations from the SM and narrow
down NP. For precision Higgs coupling we need HL/HE-LHC

Giacomo Ortona 3 /20 HL/HE-LHC Workshop - CERN - 01/11/2017

ZH
=
=

° _3 ‘."
TT N 10 P

ttH
=
=




Strategy D&

CMS extrapolation scenarios:

«S1: Systematic uncertainties
constant, unchanged detector
performances

«S2: Theoretical uncertainties
scaled by 0.5, experimental
uncertainties scaled by
luminosity (until a floor)

*S51/52+: Includes higher PU
and detector upgrades effects

ATLAS extrapolation scenarios:

*Includes programmed
detector upgrades, with
extended n coverage of the
tracker up to Inl<4.0
(“reference” scenario)

*PU and upgrades taken into
account for projections

* Theoretical uncertainties
scaled by 1,0.50r0
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aemi  Golden channels: ZZ | UL

CMS Phase-2 Simulation Preliminary 3000 fb™', 14 TeV, 200 PU 14 TeV, 200 PU

%1800:— i B z-x %\ 35 CMS Phase-2 = H-—>ZZ" - 4u-Phase 2
> 1600?— 2y 22 g 2_5:_ Simulation Preliminary — ,  y _, 77+ _, 4y - Run 2 2017
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Main contributor to the H mass B4 e H—2Z T2t
measurement at LHC-Run2 g 22 ATLASSImUlon e esing g
_Upgraded detectors bring significant 2 ppem e fLassoa’ Pl e scenario
Improvements: 165 E
- Increased CMS/ATLAS tracker “E BDTbin3 2 1°
acceptances up to Inl<4, new EM trigger, [
improved [ triggers, higher reco efficiency = -
and momentum resolution in Phase?2 04 - N
Strong sensitivity to ggH, and good (but ~ °2 sl

limited) sensitivity to VBF and VH "Z5 06 04 02 0 02 04 06 od

BDTG response
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CMS-FTR-16-002

ATL-PHYS-PUB-2014-016 ZZ: S i g nal St rengths

CMS Projection 300 b (13 TeV)
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Expected uncertainty

ATLAS Simulation Preliminary

s =14 TeV: [Ldi=300 fb1 ﬂ_dt 3000fb1

H—// (comb.) s | |
(VH-like)
(ttH-like)
(VBF-like)
(ggF-like)
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CMS Projection 3000 fo' (13 TeV)
I I I | I I I | I I I | I I I | I I I | I

H—ZZ" - 4] —— ECFA16 S1+ —— ECFA16 S2+

MZZ + 0.02 (stat.) = 0.04 (exp.) = 0.07 (theo.)
—H
+ 0.02 (stat.) = 0.03 (exp.) = 0.03 (theo.)

Y44
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Expected uncertainty

* Expected uncertainties below

15% (5% for gluon fusion) with
3 ab-1 for the signal strengths
measurement
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wms: 221 Differential distributions | /L
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CMS Projection 300 b (13 TeV) CMS Projection 3000 fb' (13 TeV) 3 o1 ATLAS Simulation Preliminary
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Measured in a fiducial phase space close to experimento P, [Gev]
acceptance

Statistical uncertainties are still dominating at high pt even at 3 ab-1 (4-9%)
Improved signal modelling needed before 300 fb-

Some sensitivity to the shape at low (high) pr:
gives sensitivity to ko, ke (ki)

Important to extend coverage (bins, range, variables) in the future
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CMS-FTR-16-002
ATL-PHYS-PUB-2013-013
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O(1%) precision on anomalous HVV couplings at HL-LHC
Different notations in CMS and ATLAS. Both probe tensor-structure and the CP

violation in the H—=VV coupling:

fas = fraction of CP violation; fgs (fg4) = fraction of CP-even(odd) contributions

Significant improvement when including production-

CMS Projection (13 TeV)
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CMS-TDR-17-002
ATL-PHYS-PUB-2016-026

CMS Projection

Golden channels: vy

3000fb™" (13 TeV)

H—yy

fiducial volume :

gen 1,1
pT (Y1 (2)) >§(1) mw
" (v, )J1<25

gen

s (v, ) <10 GeV

Iso

S2 (80% Vertex Efficiency)
S2+ Optimistic (75% Vertex Efficiency)
S2+ Intermediate (55% Vertex Efficiency)

S2+ Pessimistic (40% Vertex Efficiency)

- S/(S+B)-weighted
signal models

arbitrary units
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o

L L 1 1 I 1 1 1
115 120

P IR
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130

P B
135 1 11 12 13 14
m,, (GeV) o__ relative to S2 (GeV)

Resolution mostly driven by
photon energy and vertexing

resolutions

For the projections assumed
reduced photon ID, vertex

efficiency
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14 TeV, 200 PU
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CMS-FTR-16-002

YY: Cross section

} P EE————————————————— CMS Projection (13 TeV)
E EE E I|III|III|III|IIIIIIIIIIII|III|III|I
E - e Stat. ATLAS Simulation Preliminary = -+ stat. ATLAS Simulation Preliminary 3 H—
2 10 = Syst. Projected HL-LHC sensitivity —== Syst. Projected HL-LHC sensitivity — _ _YY . B
Ei = Stat. + syst.  H—yy,ls=14TeV,L=3ab", u=200 =F Stat. + syst.  H-syy,Vs=14TeV,L=3ab",u =200 3 fISeL:‘CIaI volurqe "
Tgig-'_ 1;.:, Pessimistic pileup scenario _:;z. Optimistic pileup scenario _;I pT (Y1(2))>§(Z)mw —— ECRAIGS1G) ]
= +-o- Pessimistic resolution scenario E% ..-o- Optimistic resolution scenario 3 mg (Y1,2)|<2'5
C - C e . gen — ECFA16 52(+)
10_1 L —— — —— - | ISOR:O.S (YL 2) <10 GeV |
‘2_— —_— ____ —_—— _: — —
= —.— == —.— = 5(3001™) | |
- c - fid
N T . ! + 0.05 (stat.) = 0.09 (exp.) —
10°F . = = + 0.05 (stat.) = 0.03 (exp.)
o L | | | | | :: | | | | | | B i ]
= 115 =3 = 0§i3dOOO b™) { |
T 1();5— | - E - + 0.02 (stat.) = 0.09 (exp.) —
oser]| | Ll =S | + 0.02 (stat) = 0.03 (exp.
o.95§—||||| B | | §§'|||| rr | | = I T T IR AT W N e N
0.9E- —;E— = -4 -2 0 2 4 6 8 10 12 14
o8 | ; . . = i Relative expected uncertainty (%)
Sl 25F = 3
< 20f “H 3 1
15F E: 3 CMS Projection 3000fb™ (13TeV)
10F ZH E
- =E = —_>
{1 O | b [
O: ! ! - L -E ! L | i = . . .
100 200 300 400 500 60 100 200 300 400 500 600 fiducial volume :_ stat. ® exp.
p" | GeV P! / GeV Pr Up)>3lg)m,
T e ¢y, <25 stat. only
gen
Fiducial cross-section et TR
L oo .

— + 0.014 (stat.) £ 0.029 (exp.) |-

measurement to be dominated by - sev (Ont ) |

= 0.015 (stat) = 0.031 (exp.) |-

systematic uncertainties already at 2] SN S
SOOfb-1 | S2+ (Pes) = 0.017 (stat.) = 0.030 (exp.) =

-1 0 1 2 3 1 105 1.1 115 1.2
Relative expected uncertainty on o, (%) Uncertainty relative to S2

Giacomo Ortona 10 /20 HL/HE-LHC Workshop - CERN - 01/11/2017



ATL-PHYS-PUB-2014-016 Y’Y - co U pl i n g S l'/l/(L
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ATL-PHYS-PUB-2016-0168

(VBF)H->WW

ATL PHYS PUB 2016 018

200 vs=14 Tev, 3.0 ab™

Events / 40 GeV

0 100

Even In worst case

scenario we should +=
be able to observe —

H—->WW production
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—ATLAS Slmulatlon Dtt Wwz/zz

- VBF H—> WW — evuv MggFH | ,VBFH

WW  [Single Top _
Bl Z+jets [ |W+jets

LU

N acceptance important
for signal efficiency (VBF
topology)

*82% efficiency in Inl<4.0
*26% in Inl<2.7

200
m. [GeV]
Scoping scenario Ay Significance (o)
Signal unc. | Full 1/2
Reference 0.20 0.16
Middle 0.25  0.2T
Low 0.39 0.32
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ATL-PHYS-PUB-2014-011 Yu kawa co u pl i n g s : bOttO m l_/l/(L

arXiv: 1709.07497 35.9 b (13 TeV)

> 2200_—| | | | | | | | | | | | | | | | | | | | | I—_ IC‘I\A‘SI l I I I I l I I I I l I I I I l I I
Q - ATLAS Simulation LIZHx10 - pp —> VH; H — bb
(CD) 2000:_ Prellmlnary ngboson _: CombinedM:1.210.4
N 1800 (s=14TeV, 3000 fb', <u> = 140 .tzt+bb —
P 1600E- 2lep, 2 jets, 2 tags, 160 < pZ < 200 GeV @ Z+bl = Zﬁ(ob;)zos ol B
g = profBn SR i 82+cc - w= e
> 1400 Z+cl T
L — DZ+| ] WH(bb) .
12001 TiUne. w= 17207 -
1000 — e e
800:_ ///////////// —: u=0.0=+05
e E ! opt .
400 = [ — u= 19206
200 U7 E 2 lept ——
O- L R =182 06 |
50 100 150 200 250 AT 0 N
m,, [GeV] —1 0 1 2 3

Best fit u

Projections from Run1 legacy from ATLAS: from 3.90 (300fb-1) to
8.80 (3000fb-1). 15% uncertainty on the signal strength

With current statistics, first evidence for (V)H—bb from
CMS (3.30, arXiv: 1709.07497) and ATLAS (3.50, arXiv:1708.03299)

5-10% uncertainty from CMS projections from Run1
ggH—bb could probe high pr region, can be within reach
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CMS-FTR-16-002
CMS-TDR-17-002

ATL-PHYS-PUB-2013-007

CMS Projection
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Yukawa couplings: taus
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Expected uncertainties on
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ATLAS Simulation
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140
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Ho1t=x

Hoztxt

| | |
0.05

010
expected uncertaint

000 05

Reasonable separation of the H and Z peaks "'"

Mass resolution at HL-LHC almost the same

as in Run2, even when factoring in ageing of 0o

the detectors (1ab-1)
Precision at the 5-8% level (3 ab-1)
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/s = 14 TeV: |Ldt=300 fb"; [Ldt=3000 fb
[Ldt=300 fb™! extrapolated from 7+8 TeV

r./T,

/T,
02 04 06 0.8
A FX/FY) N (KX/KY)
/Ty, Ky /Ky
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CMS-TDR-15-002

V- TOR-17-002 Yukawa couplings: muons | UL

14 TeV PU 200
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- . 3 0.06—
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0.020 3 0.04- 3
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C . . ; jroansg . . . . . . Vi o P
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2 OS sign isolated muons, résonant peak at the Higgs s (G
mass, very clear signature | s prgecton, Gy
T T T ‘1] T |
. C —— L=300fb ", Scenario 1
BR(H—uu)=0.022. Only visible at HL-LHC = 6
1

CMS and ATLAS projections from Run1: e
40% (16%) signal strength precision at 300 (3000) fb-1 ,[\

ATLAS Simulation Preliminary

| 1 1 I | | 1 I | 1 1 I |

With Phase? detector: (s =14 TeV: [Ldt=300 b det 3000 fo! |

mass resolution <1%, H—>up <cc(>|r:3; ' _ ”
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H— up coupling <5% 0 02 04 > 1 "k
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CMS-FTR-16-002 Higgs to inViSibIe L/‘/(L

CMS Projection VBF H — inv. (13 TeV)

O.55“""| I T T T TIT] T T T , _E
3 0.45; — ECFA16 S1 -
1 04 — ECFA16S2 -
T 0.35) E
S 0.3f ——1/\L scaling -

O
E 0.25; T
S 0.2F — :
o '
1 0.151 H
O H
o\o 01_ \\ H
L0 \:
® 0.05F [
III| | | | IIIII| | ' | IIIII| | ~!_
10 10° 10°

Luminosity [fb ]

* Tight constraints could be set on NP and Higgs properties
from H—invisible branching fraction (constrained to the
~10% level)
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CMS-FTR-16-002
ATL-PHYS-PUB-2014-016

CMS Projection

The big picture: (

| I I | | | I I I |
Expected uncertainties on
Higgs boson signal strength
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CMS-FTR-16-002

ATL-PHYS-PUB-2014-016 The b

CMS Projection

| ! I ! ! ! !

Expected uncertainties on
Higgs boson couplings

I

I I | |
F— 300fb"'at fs =14 TeV Scenario 1
F— 300fb'at fs =14 TeV Scenario 2

| | |

CMS Projection
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0.10 0.15
expected uncertainty

K, %

Expected uncertainties on
Higgs boson couplings
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— 3000fb"at fs=14 TeV Scenario 1
— 3000fb"at fs=14 TeV Scenario 2
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Summary & Conclusions | 1L

CMS Projection

3000 b

H—yy, H—= 22" — 4i

ECFA16 (13TeV)
Snowmassi3 (14 TeV)

zz

MYY .

—_— G2+
—_—S2

S1+
S1

| |
-0.02 0

|
0.02 0.04 0.06 0.08 0.1 0.12

Expected uncertainty

Covering most of the Higgs production and decay channels

Projections and studies were
performed by the ATLAS and CMS
collaborations from Run1/2
extrapolations or parametrised
simulation

Potential to reach the percentage
level in precision on the Higgs
coupling modifiers and signal
strengths

Latest projections confirm previous assumptions (Snowmass)

Recent improvement in Run2 analyses not yet propagated to
HL-LHC projections
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arXiv:1707.00541 Anomalous ZZ COUplingS l_/l/(L

VVZ VV2

<D<

K q q * %k *(1) =«
AHVV) ~ |af" + ——2 2 0 3y, €316y, + @y fyv )@ 4 g meg ) fr@mw

(AYY)’

Recent CMS results (HIG-17-011)
show that exploiting the production-
evel information can significantly
improve the sensitivity to anomalous
couplings towards 3000fb-1
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Yukawa couplings:top | /L

CMS Projection 30001137
I ur;ﬁ
* Top Yukawa coupling can be
i BT measured from:
 Expected uncertainty ttH-like categories in H->gg, H-

ATLAS Simulation Preliminary

\'s =14 TeV: [Ldt=300 b : det 3000 fo?
H—yy (ttH-like) _ ]

H—ZZ (itH-like)

>//7, H->mm
* And searches for ttH

Hep10t (tth-fko) m production, with different H
0 02 04 decays
Au/u
E 0. 12'—' 'A'T'L,'q"s' é'i}ﬁaié{ié'ﬁ - _'CNC'H """ -
-tHg production can probe FCNC =t

down to BR(t->Hg~10-4)
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ZZ: Higgs off-shell | UL
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* (Explain assumptions, RB*, mu->width etc.)

- |[f off-shell and on-shell couplings are the same, it is
possible to translate the off-shell production in a
measurement on the width

-With 3 ab-1: 30-50% uncertainty: I ” =4.2}-7 MeV (stat+sys).
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