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Context

We are building on an evidence . ..

David Lépez-Val - CP3 Uni ité catholique de Louvain Higgs couplings beyond the Standard Model



Qutline

Context

’We are building on an evidence ... ‘
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Whys and wherefores

CLg of SM Higgs hypothesis
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Whys and wherefores

CLg of SM Higgs hypothesis
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Seeking for BSM imprints

Lsm — L[gsm, gBsm, G5, pBsMm] ‘
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Qutline

Seeking for BSM imprints

‘ Lsm — L[gsm, gBsm, ¢sar, pasm] ‘
iy op X BR; _ (o T M =1+46u°
* oSM x BRM oSM | \ M Iy ¢
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Qutline

Seeking for BSM imprints

‘ Lsm — L[gsm, gBsM, Psar, PBsm)
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Qutline

Seeking for BSM imprints

‘['SM — L[gsm, gBsMm, dsr, psm] ‘
iy op X BR; _ (o T M =1+46u°
* oSM x BRM oSM | \ M H ¢
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BSM patterns signal strength devia
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Qutline

Seeking for BSM imprints

‘['SM — L[gsm, gBsMm, dsr, psm] ‘
iy op X BR; _ (o T M =1+46u°
* oSM x BRM oSM | \ M H ¢
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BSM patterns signal strength devia
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MODEL
Englert et al. 1403.7191
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Coupling patterns

Coupling shifts

® ’ Multiscalar sectors | induce characteristic | shifted coupling patterns
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Coupling patterns

Coupling shifts

® | Multiscalar sectors ‘ induce characteristic I shifted coupling patterns I

extension model
singlet inert (vsg = 0)
EWSB (vs # 0)
inert (vg = 0)
type-| O(yg, An)
doublet type-ll a— B, O(ys, A\u)
aligned/MFV vf, yr, Oy, Arr)
singlet+doublet vy, 0 yr, Oy, Amr)
triplet Brp O(ys, \mr)
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Fits to data

Dark singlet

& The simplest extension ...

DARK SINGLET
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Fits to data

Dark singlet

& The simplest extension ...

DARK SINGLET

V(®,8) = p? (®F @) + A\ |[8T®|% + A3 |0 |52 |- e.g. McDonald ['94]
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Fits to data

Dark singlet

Dinv =

& The simplest extension ...

DARK SINGLET

’ V(®,8) = p? (®F @) + A\ |[8T®|% + A3 |0 |52 |- e.g. McDonald ['94]
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Fits to data

Dark singlet

& The simplest extension ...

DARK SINGLET

V(®,8) = p? (®F @) + A\ |[8T®|% + A3 |0 |52 |- e.g. McDonald ['94]
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Fits to data

Dark singlet

Correlated relative log-likelihood —2A log £
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Fits to data

2HDM at decoupling

& Increasing complexity ... T1ypes | and || 2HDM at decoupling
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Fits to data

2HDM at decoupling

& Increasing complexity ... T1ypes | and || 2HDM at decoupling

v2 ’€<<1=> - ﬁ‘ ¢ 2tan 8
—_— sin ~ COS >y —
Mo ma 1+ tan2 g8

E=cos(f—a) ~

David Lépez-Val - CP3 Université catholique de Louvain Higgs couplings beyond the Standard Model



Fits to data

2HDM at decoupling

& Increasing complexity ... T1ypes | and || 2HDM at decoupling
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Fits to data

2HDM at decoupling

& Increasing complexity ... T1ypes | and || 2HDM at decoupling
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Fits to data
Hierarchical 2HDM

‘ Correlated relative log-likelihood —2A log £ ‘
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DLV, Plehn, Rauch 1308.1979

David Lépez-Val - CP3 Université catholique de Louvain Higgs couplings beyond the Standard Model



Fits to data

Aligned 2HDM

& Aligned 2HDM Pich, Tuzén ['09]
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Aligned 2HDM

Fits to data

& Aligned 2HDM

Pich, Tuzén ['09]

Analytical dependence

hO HO AO

1+ Aw sin(8 — a) cos(B8 — a) 0
1+ Az sin(8 — «) cos(B — a) 0
144 snp = o
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e | = s M Rkt
1+A4A, Aw(a,tanﬁ,m%mmai) A, (o, tan B, m%z,mai) A, (o, tan B)
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Type I: vy, - = 7/2
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Fits to data

Aligned 2HDM

’ Correlated relative log-likelihood —2A log £ ‘
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Fits to data

Aligned 2HDM

unconstrained

DLV, Plehn, Rauch 1308.1979
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© Free coupling setup
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Free coupling setup

2HDM — LO patterns

® a parameter space portray
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Free coupling setup

Higgs Coupling in the 2HDM: quantum effects

adding quantum effects

& fermionic loops essential for Ay > 0 and Az # Aw ‘

Type II 2HDM
1 T

Type Il 2HDM Type I 2HDM T T
T T T T T T T T T T T .
0.02 tan B =1. sin(B-o) = 0.85 | sin(B-a) =0.85
o[sin(B-c) = 085 0.02 tanp= m;,=0
W 0.01
> 0021
mo= < < }’
0041 m N 0 z
m,0 =250 GeV ~
0061, =280 Gev | -0.01 : ]
. ! ! | | ~ . .
= ! T T T T T ja = !
< 4 4
* oosk A * 05 X oos
3 =
SF 51; b
= O 1 < 0 =200 GeV = 9
= = _ 1 = | mp=126Gev 1
2 sk ]l & e ZZ%:’;\; = 5L mio=200Gev ]
i 5 o5 o 1T O mp=250Gev
3 A [ j
2 . g TR R SB B My 2 780 GeV
25 05 0 05 01 02 03 04 05 T 1 10
m2 N (my - m)/(my .+ myg) tanp

ersité catholique de Louvai Higgs couplings beyond the Standard Model



Free coupling setup

LHC data: free couplings VS 2HDM

-9”"’[ L=4.6-5.1(7 TeV)+12-21(8 TeV) fb!. 68% CL: ATLAS + CMS
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= Yukawa alignment — Pich, Tuzén ['09]
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Free coupling setup

LHC data: free couplings VS 2HDM

Qmw[ L=4.6-5.1(7 TeV)+12-21(8 TeV) fb™'. 68% CL: ATLAS + CMS
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= Yukawa alignment — Pich, Tuzén ['09]

® | Renormalizable |, | perturbative |, _ embedding

for fully independent Higgs couplings
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Free coupling setup

A word on theory uncertainties

o B & T i) - (GGG - (SRS A

pez-Val - CP3 Université catholique de Louvain Higgs couplings beyond the Standard Model



Free coupling setup

A word on theory uncertainties

o B & T i) - (GGG - (SRS A
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Free coupling setup

A word on theory uncertainties
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Free coupling setup

A word on theory uncertainties

o B & T i) - (GGG - (SRS A
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Free coupling setup

A word on theory uncertainties

o B & T i) - (GGG - (SRS A
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Take—home ideas

Take—home ideas

& Extended Higgs sectors give rise to characteristic coupling shifts ’ Jzah = gzzh(l+ Ag)

& with distinctive sizes ! and correlations !

& different from theory uncertainties

& Generic multiscalar sectors compatible with data — if decoupling limit can be realized

& The
SM-like Higgs sector with free couplings

minimal ultraviolet completion of a

@ Best—fit points: tan 8 ~ 1, interpolates between types I-Il

@ « — [ correlation, sign degeneracies, excluded fermiophobia
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Take—home ideas

Joyeux Noél, Frohe Weinachten !!
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