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Introduction — Brout-Englert-Higgs mechanism in the SM

e [he Brout-Englert-Higgs mechanism plays a pivotal
role in the Standard Model

Leptons

uter Verkerke, NIKHEF




Run 1- Discovery of SM-like Higgs boson

e Discovery of Standard-Model like Higgs boson in 2012 offers
opportunity to investigate Higgs sector of nature in detall
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The observed Higgs boson is a spin-0 particle, compatible with CP-even

e Angular analysis of CMS and ATLAS run-1 data
rules out spin-2 at >99.9% C.L.
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Mass of Higgs boson measured with <0.2% precision
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Higgs boson mass is only parameter unconstrained by SM

But crucial in SM prediction of Higgs production and decay rates

Measurement based on H>Z/7" and H->vyy final states, for which
Invariant mass can be reconstructed with high precision
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Mass of Higgs boson measured with <0.2% precision

e Result from combination of ATLAS and CMS results
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Today’s focus - Higgs boson couplings

¢ Rich experimental area of Higgs properties:
the Higgs coupling strength to other SM particles, e.qg.

t/bh O —————- H

e All coupling strengths predicted by SM, given known Higgs boson mass

e Accessible in various combinations and admixtures.
Large variety of ATLAS & CMS observed Higgs boson decay rates

e Powerful test of nature of Higgs boson: SM, or subtly different”?

Wouter Verkerke, NIKHEF



Higgs bosons — Alternatives to the SM Higgs boson

What else could the 125 GeV state be?
Many alternative theories exist, for example

Light CP-even h(125) of a Two Higgs Doublet Model (h,H,H*,A)

Pseudo NG boson from higher energy theory (Composite Higgs)

In either case couplings of BSM h(125) candidate (slightly)
different from SM Higgs boson

Can either pick a specific BSM model to interpret data, or
develop a generic framework to quantify possible deviations
iIn Higgs couplings from SM. Today will focus on generic framework

Wouter Verkerke, NIKHEF



Outline of this presentation

@ Introduction
@ Higgs boson phenomenology & interpretation framework
@3 Combination procedure & experimental inputs
@ Signal strength measurements
® Constraints on Higgs boson couplings
® Improving on systematic uncertainties

@ Improving on Higgs signal models
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Standard Model Higgs boson decays

/ m,=125.09 GeV
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2-5% for most important decays

The natural width of the Higgs boson is expected to be very small (<< resolution)

See “Handbook of LHC Higgs Cross Sections: 3. Higgs Properties”
(arXiv:1307.1347) for further details on Higgs phenomenology

Wouter Verkerke, NIKHEF
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Higgs boson production in the SM e m;;=125.09 GeV

\s= 8 TeV

LHC HIGGS XS WG 2012
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Higgs boson production in the SM

Production Cross section [pb] Order of
process Vs =7TeV \s =8 TeV calculation
=) ooF 150+ 1.6 19.2 +£2.0 NNLO(QCD)+NLO(EW)
== VBF 1.22 +0.03 1.58 +0.04  NLO(QCD+EW)+~NNLO(QCD)
=P WH 0.577 +0.016  0.703 +0.018 NNLO(QCD)+NLO(EW)
=P 7H 0.334 +0.013 0.414 +0.016 NNLO(QCD)+NLO(EW)
[ggZH] 0.023 +0.007 0.032 +0.010 NLO(QCD)
bbH 0.156 £ 0.021 0.203 +0.028 5FS NNLO(QCD) + 4FS NLO(QCD)
= /1H 0.086 + 0.009 0.129 +0.014 NLO(QCD)
tH 0.012+0.001 0.018 +0.001 NLO(QCD)
174+ 1.6 22.3+2.0

Gluon-initiated ZH production represents ~8% of total
/H cross-section, has harder p; distribution

Modeled separately because Higgs coupling structure
of gg—=>ZH is different from qgq—>ZH

Wouter Verkerke, NIKHEF
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Higgs boson production in the SM

Production Cross section [pb] Order of
process Vs =7TeV \s =8 TeV calculation

ggF 150+ 1.6 19.2+2.0 NNLO(QCD)+NLO(EW)

VBF 1.22 +0.03 1.58 +0.04 NLO(QCD+EW)+~NNLO(QCD)

WH 0.577 £ 0.016 0.703 +£0.018 NNLO(QCD)+NLO(EW)

ZH 0.334 +0.013 0.414 +0.016 NNLO(QCD)+NLO(EW)

lggZH] 0.023 +0.007 0.032 +0.010 NLO(QCD)

bbH 0.156 £ 0.021 0.203 +£0.028 5FS NNLO(QCD) + 4FS NLO(QCD)
=P 1H 0.086 +0.009 0.129 +0.014 NLO(QCD)

tH 0.012 +£0.001 0.018 +£0.001 NLO(QCD)

Total 174+ 1.6 22.3+2.0

(a)

(b)

(d)

Very small SM cross-section due to almost completely destructive interference
For opposite sign W/t Higgs couplings, o(tHgb) increases by factor 13 and o(\WtH) by factor 164



Higgs boson production in the SM

Production Cross section [pb] Order of
process Vs =7TeV \s =8 TeV calculation
=) ooF 150+ 1.6 19.2 +£2.0 NNLO(QCD)+NLO(EW)
1.22 +0.03 1.58 £+ 0.04  NLO(QCD+EW)+~NNLO(QCD)
0.577+0.016 0.703 +£0.018 NNLO(QCD)+NLO(EW)
0.334 +0.013 0.414 +0.016 NNLO(QCD)+NLO(EW)
0.023 +£0.007 0.032 +0.010 NLO(QCD)
0.156 £ 0.021 0.203 £ 0.028 5FS NNLO(QCD) + 4FS NLO(QCD)
0.086 £ 0.009 0.129 +0.014 NLO(QCD)
0.012 +£0.001 0.018 +0.001 NLO(QCD)
174+ 1.6 223 +2.0

Diagrams similar to ttH,

but experimentally not really distinguishable from ggF and 100x smaller in SM

Wouter Verkerke, NIKHEF
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Higgs production and decay — Run 1 input measurements
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arXiv:1507.04548 [hep-ex]

By fitted production mode

Higgs production and decay — Run 1 measurements
Signal strength fits of individual experiments

ATLAS Input measurements
Individual analysis +1iconpu
m, (GeV)
Overall: pt = 1.17'2; 125.4 : : e | : :
H -y ggF:p=1.32" 7" (1254 : : i | : :
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Understanding signal strengths for processi > H > f

Signal strength p is observed rated normalized by SM prediction

o; - BR/
'uj;=(0'..BRf) :'uiXMf
I SM

ATLAS Input measurements
Individual analysis +1oconp

YY

> HvBF

Overall: p = 1.17‘22 125.4
H- vy a

ggF:pn=132""[1254

VBF:u=0.8 125.4

Disentangling production (u) & decay (u,) always
requires assumption of narrow Higgs width.

Additional assumptions required when combining measurements, e.g
o BR/
p; = —y and = —
- BRqy\-

0-1
Assumes SM value
of production o’s

Assumes SM value
of decay BRs

18



Interpretation beyond signal strengths — the kK framework

See “Handbook of LHC Higgs Cross Sections: 3. Higgs Properties” (arXiv:1307.1347) for further details k framework

e Alternative one can disentangle deviations in production and decay
with explicit modeling of Higgs width

ATLAS

Individual analysis
m,, (GeV)

Input measurements

+ 1o onp > Mvee"Y

Overall: p = 1.17'2'3? 125.4

N
H_){Y ggF:n=1.32"" [125

VBF: 1 =0.8%" |125.4

[ N

—_—

L 3.?f
0'(75—>H—>f):0-i(1?) [* ()

2 > SM
O, =K, (K) O,

I'y

Introduce functions k; > describe deviations from SM predictions.

I =k () T/

so that for k=1 = o, I';, ' give SM prediction

Wouter Verkerke, NIKHEF
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Interpretation beyond signal strengths — the K framework

e Parameters K correspond to LO degrees of freedom

e Example for ggF production of H>WV

t/bh = ------ g -—————————-

9
X
_______________ J f
Y L o (K) - TV (K)
" ot > H—> f)=
\\ 1—‘H
N
\\\
NB: 0,,-(SM) from NNLO(QCD) + NLO(EW) calculation! Wouter Verkerke, NIKHEF



The kK framework — the total width

e Note that total H width scales all observed cross-sections

o (%) - TV (%)

c(t—>H—-f)= @

e Since [ is not yet directly measured with a meaningful precision,
must make an assumption on /', to interpret cross-sections in terms
of Higgs couplings.

e E.g.in absence of BSM H decays (invisible, undetected etc...),
can assume SM width, adjusted by effect of k-rescaled couplings

Tu(R) = k() - Ty

]\ 0.57 - k5 +0.22 - k3, + 0.09 - k;+
K2~ 006 k2 +0.03- k% +0.03 - 2+

0.0023 - 5 +0.0016 - k5 + 0.00022 - ;.
Y H

21



The kappa framework — the dictionary

Factors depend on

* Assumed value m,
» Calculations of o,

* Kinematic selections

Production Loops Interference Multiplicative factor
o(ggF) v b—t kg ~ 1.06- ki +0.01 - k; — 0.07 - kK,
o (VBF) - - ~ 0.74- K5y +0.26- k5
oc(WH) — — ~ K%v
o(qq/98 — ZH) E - ~ K
o(gg = ZH) v Z—t ~ 227-k5+0.37 - k7 - 1.64 - kK,
o(titH) - - ~ Kt2
o(gh — WitH) - W—t ~ 1.84-k +1.57 Ky —2.41 - K Kkyy
o(gb — tHq) - W -1 ~ 34k +3.56- ks — 5.96 - K Ky
o (bbH) - - ~ Kt
Partial decay width
| - — ~ K%
rvw — — ~ K%v
" v W—t Ko~ 1.59- kg +0.07 - & = 0.66 - kyy K,
' - - ~ K
rbe - — ~ K%
HH - - ~ Ki
Total width for BRggyy = 0

0.57 - ki +0.22 - kyy +0.09 - K5+
Iy v - ki~ +0.06-k>+0.03- k5 +0.03 - K>+

+0.0023 - & + 0.0016 - 7, +
+0.0001 - & +0.00022 - &




Processes with interference allow

The kappa framework — the dicl"

Production Loops Interference (in principle) to measure the relative
o (ggk) v b—t k] sign of coupling strengths
o (VBF) - -
o(WH) - - Since all interferences considered
o(qq/98 — ZH) - - always involve the top quark,
”Egii ;’ ZH) v Z-t choose sign of top coupling positive
o (It - - . .
o (gb — WiH) j W by construction (no loss of generality)
o(gb—tHq) — W —t . |
o (bbH) B B —> can allow data to constrain sign of
Partial decay width b,W,Z coupling w.r.t top quark coupling
%7 _ _

K

1.59 - k3¢ + 0.07 - k7 — 0.66 - kyy K,

K

K

0.57 - Ky +0.22 - k5, +0.09 - &5+
+0.06 - k> +0.03 - k5 +0.03 - K2+
+0.0023 - k; + 0.0016 - k7, +

+0.0001 - k¢ +0.00022 - &




Outline of this presentation

@ Introduction
@ Higgs boson phenomenology & interpretation framework
3 Combination procedure & experimental inputs
@ Signal strength measurements
® Constraints on Higgs boson couplings

® Most generic parametrizations

Wouter Verkerke, NIKHER
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Signal strength measurements by ATLAS and CMS

Each experiment has O(15) signal strength measurements focusing on a
wide variety of production and decay models

Measurements
of uf entering Dominated Includes Includes
combined analysis by 99F 99=2>ZH  tH
Decay / Production | Untagged |  VBF VH ttH
Haw
H2 7124
H2WW=212y
Hot
H-bb
H «
H->inyisSible
Z
Difficult due to CMS measurement exists,
large backgrounds but not in time for combination

Extremely small cross-section. 6|

—




CMS and ATLAS also performed off-
shell measurements

in WW/ZZ that allow to constrain
Higgs width with assumptions

Not included in this combination
(was included in ATLAS combination)

nts by A

ngth measur
odels

inated
v 99F

CMS and ATLAS also performed
searches for H->invisible
in VH, VBF production modes

Not included in this combination
(included in CMS combination,
and separate combination by
ATLAS )

Decay / Productio
Haw

H 1124

H2WW-22y

o1

Hbb

H2 i

H->invisible

Untagged |  VBF

VH ttH

Wouter Verkerke, NIKHEF
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Anatomy of a single measurement

e Every measurement consists of one or more signal regions,
designed to selected target Higgs production/decay

e Distribution of a (multivariate) discriminant is interpreted in terms
of sum of signal and background contributions
“Low bkg / high mass resol.” (H>Z22%) “High bkg / worse resol.” (WH->Dbb)

CMS \s=7TeV,L=5.1fb";1s=8TeV,L=19.7fb"

. . . . : . . ; . , ; , . . ; . 1_. 105 T | LI I 1T LI 1T LI | T T T IDI T 2|0|12| T I T _§
% 35 | | | R Data | 72 ATLAS = v?lt(ib) (1=1.0) 3
O - 12 | ,[ 1s=8TeV[Ldt=2031" m Diboson s
o C - Z+X 7] 0>J 10 0 lep., 2 jets, 2 Medium+Tight tags ' Single top =
~ 30+ — w pY>120 GeV Multijet -
n - * . T B W+hf .
= r Zy,2Z ] 10° - Yol =
O o5 ] -\ Zrcl -
> C m, =126 GeV Z4l 7
L C ] 102 Uncertainty —
L 4 EEEEEEEEEee ML e Pre-fit background I
20 — —— VH(bb)x10 :
C ] 10 =
155 -
- ] 1
101 .
C 10
5 T o 2 E : T I T
] 2 2 T
% 1+L.4+—0—~o+-¢4 + + * /¢ I
780 100 120 140 160 180% 05E.

Phys. Rev. D 89 (2014) 092007 m, (GeV) 1 08 08 04702 002 04 08 OB%T1

JHEPO1(2015)069



Profile likelihood formalism for (systematic) uncertainties

e Build likelihood function for each signal, control region of the data
[H=>f  Background

L(N i ,0)= || Poisson| NIy w-u’ S/ (6)+) B,(6))

k=0,nbins i,f

Inclusive SM cross-section / \ ; '
MS \s=4\7TeV,L=5.1fb" ;\s=8TefAL=19.7 b

Acceptance (from MC) > AL | e Data i
Efficiency (from MC) (\5 - I z+x E
- Higgs BR £ [z z ]
Luminosity | ! 2 — [ Im, = 2% GeV —
L(k) x{o?™ x A (k) x &] (k) x BRL, | o E
_, / 5t E
10- l .

. l

|
80 100 120 140 160 180
m,, (GeV)
Wouter Verkerke, NIKHEF 28



Profile lik

e Build lik
LN

Inclus

Assume SM Higgs boson for acceptance & efficiency

Production Event generator
process ATLAS CMS

ggF * PowHEG [30-34] PowHEG
VBF POWHEG PoOwHEG
WH PyTHIA8 [35] PyTHI1A6.4 [36]
ZH (qq —» ZH orqg — ZH) PyTHIAS PyTHIAG.4
geZH (gg — ZH) POWHEG See text
ttH PowHEL [44] PyTH1A6.4
tHqg (gb — tHgq) MADGRAPH [46] AMC@NLO [29]
tHW (gb — tHW) AMC@NLO AMC@NLO
bbH PyTHIA8 PyTHIA6, AMC@NLO

(*) Higgs p+ distribution of ggF production reweighted to match
HiRes 2. 1calculation (includes NNLO and NNLL QCD corrections)

Luminosity

v

L (k)X {o'l.SM X

* | i, ; L% 252_ ‘ E lr_n: :-rz} GeV
oy % of (1) & BRY 20-
Al (k) x & (k) {< BRYy, | i

80 100 120 140 160
m,, (GeV)
Wouter Verkerke, NIKHEF
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Phys. Rev. D 92, 012006 (2015)

Events / bin

Decomposition of Higgs signal contributions in channels

)]
o

I
o

N
o

Channels selections hardly ever 100% pure in production process
(especially ‘untagged’) - separately model distributions from all

contributing Higgs production processes
“Untagged” H-2WW channel

i I I I I I I I I I 1 I | l I 1 | ;
- ATLAS |+ Obsfrstat G o5
: \s=8TeV, 20.3fp" | EXPESySt=
T EP 0.4
]-e s
O 0.3
1m DY -
1B ww o2
1@ v :
10 Misid 0.1f
T i — :
1 2 3 0.0

BDT bin number

Some channels also not 100% pure in decay mode (e.g. H>WW
selection has contributions of H> Tt decays). Interpret such
contributions as Higgs signal (of appropriate type) in coupling analysis

H 21T channel

CMS, 19.7 fb™ at 8 TeV

0

T I T T I T T
...... SM H(125 GeV)—1tt

B SM H(125 GeV)—>WW

Cu ¢ -
[ Electroweak .
[ ] Misidentified e/p
55 Bkg. uncertainty

eu
Tight VBF tag

100

200 300
m.. [Ge

Wouter Verkerke, NIKHEF

J. High Energy Phys. 05 (2014)

30



Entries/ 0.13

Entries/ 013

Measurements of backgrounds often data-driven using control regions
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Most expected distributions subject to systematic uncertainties

Simulation of “soft physics’
physics proggss:..

N -

B AL T

Sging € Cinode
wraeV o wer ™
Pa\’to AL s

Simulation of detector

Simulation of high-energy
physics process

Expected distributions mostly derived from simulation chain

Events/5 GeV

] o 'Daa I. - ATI'LAS |
250 [l Background 22"

r B Background Z+jets, i
r [:]Signal (mH=125 GeV)
U 7/ Syst.Unc.

15018 =7 TeV:[Ldt = 4.8 fo"

Lis=

H-zZ" a4l

8 TeV:[Ldt = 5.8 b

Analysis Event selection

Reconstruction
of the data

101
5}
;:
100 150 200 250
m,, [GeV]
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Events / 3 GeV

Profile likelihood formalism for (systematic) uncertainties

35

30

25

20

15

10

Extend description of each signal/background distribution so that
It can describe distribution under a wide range of parameters
for which the true values are unknown (energy scales, QCD scales...)

lllustration: modeling of energy scale uncertainty

I | LA 6
92 Lo

——> S(N|O)

Signal Probability model

L for any value of

energy scale param 6

: m:x | S(Ne=1)
Czv.zz 1
- [ Im,=126Gev | * l .
3 SIN) 1 = S(N|6=0)
- / E I
- E | :
- hyd o LA E
1 _____,__,J Lz__ S(/\/|9 +7)
80 100 120 140 160 180
m,, (GeV)
L(Nlﬁi,ﬁf H Poisson| N, IE u-u S
k=0,nbins

0*23 Q
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Profile likelihood formalism for (systematic) uncertainties

e (Correlated parameters as needed between channels, experiments

_ATLASZZ_ CMS yy untagged CMS bb

IS
=]
S

E ATLAS 4

(Jl

> >
5 g cus wotieg
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S a0l (DTN M > : ] =,
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[Only correlated between
ATLAS measurements
<666, )

LATLAS,ZZ(N Y, Bacpscale: Oatias

e
Fully correlated LATLAS,TTT(N | H, eQCDscaIe’ eATLASDet’ 0,6,6,...)

theory uncertainty

Lows ww(NIH.Bacpscate: 8omspet:0.0.9.. . Wouter Verkerke, NIKHEF
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Correlated uncertainties in ATLAS/CMS combination

e [Full combination describes ~580 signal regions & control regions from
both experiments. Grand total of ~4200 nuisance parameters,
related to (systematic) uncertainties

e (Correlation strategy of nuisance parameters a delicate and complicated
task

Detector systematic uncertainties - follow strategy of ATLAS and CMS internal
combinations (generally correlated within, not between experiments)

Signal theory uncertainties (QCD scales, PDF, UEPS) on inclusive cross-sections
generally correlated between experiments.

Signal theory uncertainties on acceptance and selection efficiency are
uncorrelated between experiments, as these are small and estimation procedures
are generally different.

PDF uncertainties on signal cross-sections uncorrelated between channels,
except WH/ZH = correlated (effect of ignoring other correlations is <1%)

No correlations assumed between Higgs BRs (except for WW/Z2).
Effect of ignoring correlations shown to be generally small, except for a few specific

measurements, in which case full correlation structure is retained

Wouter Verkerke, NIKHEF
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®: vector of ~4200

Statistical treatment — profile likelihood nuisance parameters

From LATLAS+CMS)

construct the profile likelihood
for a statement on

the parameter(s) of

INnterest a
5 f | ' ' i
7 6 &
¥ sF E
68% Confidence : -
interval defined by B S | E
a rise of 1 unit in A(Q) 3 -
(asymptotic limit) N E
0L o Y T
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Outline of this presentation

@ Introduction
@ Higgs boson phenomenology & interpretation framework
@3 Combination procedure & experimental inputs
@ Signal strength measurements
® Constraints on Higgs boson couplings

® Most generic parametrizations

Wouter Verkerke, NIKHER
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Reminder — the signal strengths in the individual channels

By fitted production mode

Signal strength fits of individual experiments/channels

ATLAS Input measurements
Individual analysis +1oonpu
m,, (GeV)
Overall:p = 11777 |125.4 : Kt : :
H- oy ggF:ip=1.32""" 1254 : ——i | . )
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The global signal strength

e Assuming SM ratios of production cross-sections and decay rates

er
+0.11 Most t assump
/_[ = 1.09_0_10 oxpense of thé larges

= 1.0970:07 (stat) T304 (expt) T0:03 (thbgd)*)0¢ (thsig)

Stat and Th.Sig of comparable size
(Th.Sig dominated by ggF cross-section uncertainty)

e NB: Theory uncertainties on the inclusive SM cross-section enter
through denominator in Higgs signal strength

o; - BRY
Il{E l f :/’lixl'[f
(O-i‘BR )SM

Wouter Verkerke, NIKHEF
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Higgs signal strength by production and decay mode

Production signal strengths Decay signal strengths
(SM values of BRs assumed) (SM value of production o’s assumeq)
ATLAS and CMS Preliminary = ATLAS ATLAS and CMS Preliminary - ATLAS
LHC Run 1 ~ OMS LHC Run 1
-»- ATLAS+CMS - CMS
B e B | - ATLAS+CMS
X s . —sto
u ; SM p-value u' e
g 259 I SM p-value
Vs e : 60%
_ g MZZ e
l”LWH ’ -
B uWw -
u : ——
Hl i 2.30 from SM | :
- ———
Mt < : —r—
u _gm— e __‘_._'_
— = e —
llIlllllIllIllIlIllIllII[llllIllIlIIlll lllllllllilllllllllllllllllllllllllllll
0O o5 1 16 2 25 3 35 4 0 05 1 1.5 2 25 3 3.5 4
Parameter value
SM SM Parameter value

Wouter Verkerke, NIKHEF
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Significance of combined observations

e (Comparing likelihood of the best-fit with
likelihood assuming py, =0 or pee®=0 we obtain:

Observed Expected
Production process Significance(o)  Significance (o)
VBF 5.4 4.7
WH 2.4 2.7
/H 2.3 2.9
VH 3.9 4.2
ttH 4.4 2.0
H>TT 5.5 5.0
H->bb 2.0 3.7

VVBF production and H-=21t now established at over 5 o.
ggF and H=2>2Z,yy, WW already established by each experiment

Wouter Verkerke, NIKHEF
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Signal strength in V,F-mediated production by decay

Measure ggF+ttH production
“fermion-mediated” and

VBF+VH production z
“boson-mediated” d
for each decay mode =

(No assumption on SM
production or decay rates
needed for individual channels)

Can also measure combined ratio

UVBF+VH/UggF+ttH — 1 .O6t8;3

over all decay modes
without assumptions on SM
decay rates (BRs cancel in ratio)

4_] L I L | L l L | LI I rrri L | L I L I I I_
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3k LHC Run 1 62% N
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2 .
8 :
O__ \ _
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Outline of this presentation

@ Introduction
@ Higgs boson phenomenology & interpretation framework
@3 Combination procedure & experimental inputs
@ Signal strength measurements
® Constraints on Higgs boson couplings

® Most generic parametrizations

Wouter Verkerke, NIKHER
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Constraints for Higgs couplings to fermions, bosons

e Assume universal scaling parameters for
Higgs couplings to fermions (kg), bosons (k)

o (§) - T (%)

I'y

* Assume only SM physics in loops, no invisible Higgs decays, Kg,=0
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0.8f .
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Constraints for Higgs couplings to fermions, bosons

¢ Expanding parameter ranges to include negative couplings

.._|_|_ ] ! | | | ! | | | | | | I | | I | | | ]
“ 20 ATLAS and CMS :
- LHC Run 1 .
1.5 Pre:mlnary E Positive WW contour reduced
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u i - an KKy =
of [(JH—- = 1 “F LHCRun 1 s p— 3
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- 1 350 3
—0.5__ ] 305_ E
- (\ . g E
1= ~ / 14 *F E
I ] 2t .
_150 o ERRE Neg?tlve ke E
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Constraints on tree-level Higgs couplings

* Assume Only SM phySICS n |OOpS’ ATLAS and CMS Preliminary - ATLAS
no invisible Higgs decays LHC Run 1 -~ CMS
| | _ . - ATLAS+CMS
e [it for scaling parameters . J———
for Higgs couplings to z ——
K :.""_._
W1 Z! b, t! Ts U W _._
y B K, dominated
e NB: low measured value of K, t —— f;yo g%iolz;?és
reduces total width I, B i
K e
- all K, measured low [w.r.t p=1.09] T ——
| (%) - TV (¥) K i
o(i > H—>f)= ——
I'y — s
2 2 2 Ku
0.57 -k, 1+ 0.22 - k3, + 0.09 - Ky+ _.| I I l I I I I |
G~ D06 0033 +003 062 04 06 08 1 1274 1616 2

0.0023 - k5 +0.0016 - k7, + 0.00022 - «; Parameter value
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Constraints on tree-level Higgs couplings

ATLAS and CMS Preliminary - ATLAS
LHC Run 1 -~ CMS
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Allowing for BSM contributions in Higgs coupling interpretations
e Results shown so far assumed no invisible (BSM) Higgs decays
nor BSM contributions to loops. Now drop these assumptions.

1. Represent loop processes (9gF, H=>2Z/yy) with effective params (k,K,),
rather than assuming SM content

1.06 - k7 + 0.01 - k5 — 0.07 - K1k

2. Allowing BSM Higgs decays (invisible, undetected etc...) to increase the

total width o) SM
_ Ky -lg
H =
1 — BRggm
- o(R) - TV (%)
If BRgs), >0 then all observed o(i > H-f)=
Cross-sections lowered by common factor @
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Limit on invisible Higgs decays from Higgs couplings

e (Concept: set limit on BR to (invisible, undetected) Higgs decays

2 SM
. — Kg-lphg
17 1 - BRpgy

* \When K, is modeled by 6+2 k;'s it has no strong upper bound
- BRgqy Not bounded (I, due to large k,, or to large BRgg),?)
- Must introduce some assumptions to bound k,

e Scenario 1 —Assume 6 tree-level couplings at SM (k=7),
but leaving 2 effective couplings for loops floating

e Scenario 2 — Keep all 6+2 coupling parameters floating,
but bound vector boson couplings Ky, K><1

(Bound k<1 occurs naturally in many BSM physics
models, e.q. Electroweak Singlet, 2HDM, MCHM...)

(alternatively, use off-shell coupling strength measurements to constrain I, albeit with additional assumptions)
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Focus on effective couplings for loop processes

J s

e Fix all tree-level Higgs couplings to SM (ky, Kz K, K; K, K;=1) and BR,,,=0
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