
Know its limits
Constraining Higgs couplings at the LHC and beyond

[1812.07587, 1811.08401]

Anke Biekötter

with Tyler Corbett, Dorival Gonçalves, Tilman Plehn

Michihisa Takeuchi and Dirk Zerwas

Student Lecture, May 10, 2019



Outline

Ĺ status of LHC Higgs physics

upper limit - evidence - observed

Ĺ dimension-6 Lagrangian

Ĺ LHC Run-II fit

fermionic operators + EWPD

Ĺ HE-LHC fit

Higgs self-coupling

Ĺ Conclusion
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Status of Higgs physics

— = ffˆBR
(ffˆBR)SM

branching ratios

b—b 58:2 %

WW ˜ 21:4 %

gg 8:2 %

fifi 6:2 %

c—c 2:9 %

ZZ˜ 2:6 %

Z‚, ‰ 0:2 %

‚‚ ‰ 0:2 %
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Dimension-6 Lagrangian

HISZ basis [Hagiwara, Ishihara, Szalapski, Zeppenfeld]

L = LSM +
X
x

fx

˜2
Ox

OGG = ffiyffi Ga
—�
Ga—� OWW = ffiyŴ—� Ŵ—�ffi OBB = ffiyB̂—� B̂—�ffi

OW = (D—ffi)yŴ—� (D�ffi) OB = (D—ffi)yB̂—� (D�ffi) Offi;2 =
1

2
@—
`
ffiyffi
´
@—

`
ffiyffi
´

Oeffi;33 = (ffiyffi)(—L3ffieR;3) Ouffi;33 = (ffiyffi)( —Q3 ~ffiuR;3) Odffi;33 = (ffiyffi)( —Q3ffidR;3)

OWWW = Tr
`
Ŵ—� Ŵ

�Ŵ
—


´

OBW = ffiyB̂—� Ŵ—�ffi Offi;1 = (D—ffi)y ffiffiy (D—ffi)

O(1)

ffiQ
= ffiy(i

$
D —ffi)( —Q‚—Q) O(3)

ffiQ
= ffiy(i

$
Da—ffi)( —Q‚—ffaQ) O(1)

ffiu
= ffiy(i

$
D —ffi)(—uR‚

—uR)

O(1)

ffid
= ffiy(i

$
D —ffi)( —dR‚

—dR) O(1)

ffie
= ffiy(i

$
D —ffi)(—eR‚

—eR) OLLLL = ffiy(—L‚—)(—L‚—L)

B̂—� = ig0B—�=2, Ŵ—� = igffaWa
—�
=2

di-higgs not included for LHC Run II (Offi3 not included)

3



Dimension-6 Lagrangian

HISZ basis [Hagiwara, Ishihara, Szalapski, Zeppenfeld]

L = LSM +
X
x

fx

˜2
Ox

OGG = ffiyffi Ga
—�
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Processes

Higgs + di-boson production (WW, WZ) + EWPD
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SFitter

Ĺ fits via toy Monte Carlo method

shift the data according to uncertainties -

fit Gaussian to best fit points

[Monte Carlo replica method]

Ĺ uncertainties:

Ĺ flat (theory)
Ĺ Poisson (statistical)
Ĺ Gaussian (systematics)

Ĺ full correlation of systematic

uncertainties

luminosity, JES, JER, lepton efficiency,

b-tagging, ...
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LHC Run II fit - What’s new?

Ĺ fermionic operators

Ĺ data

Ĺ Run II rate measurements (tth!)
Ĺ ATLAS WZ distribution

[ATLAS-CONF-2018-034]

Ĺ ATLAS Vh distribution

[CERN-EP-2017-250,1712.06518v2]

Ĺ EWPD

`Z; ff
0
h;Al(fi

pol); R0
l ; Al(SLD); A

0;l
FB; R

0
c ; R

0
b ;Ac; Ab; A

0;c
FB; A

0;b

FB;SLD=LEP

MW ; `W ; BR(W ! l�)

[LEP/SLD 0509008, PDG]
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LHC Run II fit - Rate measurements

production/decay mode ATLAS CMS

H ! WW Ref. [11] Ref. [12]

H ! ZZ Ref. [15] Ref. [16, 17]

H ! ‚‚ Ref. [1] Ref. [2]

H ! fi —fi Ref. [9, 10]

H ! ——— Ref. [7] Ref. [8]

H ! b—b Ref. [3] Ref. [4]

H ! Z‚ Ref. [13] Ref. [14]

H ! invisible Ref. [5, 6]

t—tH production

H ! ‚‚ Ref. [18] Ref. [2]

H ! leptons Ref. [19] Ref. [20, 21]

H ! b—b Ref. [18] Ref. [22]

kinematic distributions Vh EXO Ref. [25]

WZ Ref. [23]
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LHC Run II fit - without fermionic operators

[SFitter Run I: Butter, Éboli, Gonzalez-Fraile, Gonzalez-Garcia, Plehn, Rauch (1604.03105)]

[Ellis, Murphy, Sanz, You (1803.03252)],
[da Silva Almeida, Alves, Rosa Agostinho, Éboli, Gonzalez-Garcia (1812.01009)]
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LHC Run II fit - influence of fermionic operators
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LHC Run II fit - correlations
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LHC Run II fit - correlations

0

50

100

150

200

250

]-2 [TeV2Λ/Wf
2− 1− 0 1 2 3 4 5

]
-2

 [T
eV

2
Λ/

(3
) Qφf

0.5−

0.4−

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

0.4

0.5

0

100

200

300

400

500

]-2 [TeV2Λ/Bf
15− 10− 5− 0 5 10 15

]
-2

 [T
eV

2
Λ/

(1
) uφf

0.5−

0.4−

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

0.4

0.5

without fermionic operators with fermionic operators

0

50

100

150

200

250

300

]-2 [TeV2Λ/Wf
2− 1− 0 1 2 3 4 5

]
-2

 [T
eV

2
Λ/

Bf

15−

10−

5−

0

5

10

15

0

20

40

60

80

100

120

140

160

]-2 [TeV2Λ/Wf
2− 1− 0 1 2 3 4 5

]
-2

 [T
eV

2
Λ/

Bf

15−

10−

5−

0

5

10

15

correlation between fB and fW reintroduced 10



LHC Run II fit - influence of fermionic operators

Zqq Wqq0 HZqq HWqq0 Zl—l W l�
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LHC Run II fit - influence of fermionic operators
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LHC Run II fit - influence of fermionic operators
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LHC Run II fit - including fermionic operators

[SFitter Run I: Butter, Éboli, Gonzalez-Fraile, Gonzalez-Garcia, Plehn, Rauch (1604.03105)]

[Ellis, Murphy, Sanz, You (1803.03252)],
[da Silva Almeida, Alves, Rosa Agostinho, Éboli, Gonzalez-Garcia (1812.01009)]
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LHC Run II fit - tighter constraints on fermionic operators

[LEP/SLD 0509008, PDG]
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Higgs limits at a 27 TeV collider



HH	production	via	gluon	 fusion	
known	as	the	best	channel

2. Negatively Interfere

∼ ()
*

ô

q ∼ 40	fb	

3. Threshold region = Big backgrounds

Very small 
signal rate

@14	TeV

×	BR

e.g.	yyQzz	(0.264%)

Everything goes against us!

1. No PDF for Higgs boson 	→ small cross section
: producing extra H costs ∼ 10n2

Measuring self-coupling is truly pain in the neck

[slide stolen from Minho Son]
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Higgs limits at a 27 TeV collider

Higgs self-coupling included

Offi;2 =
1

2
@—
`
ffiyffi
´
@—
`
ffiyffi
´

Offi3 = `(ffiyffi)3=3

˛̨̨̨
˛ ˜p

fffi3

˛̨̨̨
˛ &
8<:1 TeV 68% C.L.

700 GeV 95% C.L.

[Gonçalves, Han, Kling, Plehn, Takeuchi]

after wave function renormalization H =

r
1 +

fffi;2v
2

˜2
~H

Lself = `
m2
H

2v

" 
1`

fffi;2 v2

2˜2m2
H

`
2fffi;3 v4

3˜2m2
H

!
H3 +

2fffi;2 v2

˜2m2
H

H@—H@
—H

#

15



Higgs limits at a 27 TeV collider

interpolated from 8 TeV results

Higgs self-coupling included [Gonçalves, Han, Kling, Plehn, Takeuchi, (1802.04319)]

10 operators +Offi3 (no fermionic operators)

OGG = ffiyffi Ga
—�
Ga—� OWW = ffiyŴ—� Ŵ—�ffi OBB = ffiyB̂—� B̂—�ffi

OW = (D—ffi)yŴ—� (D�ffi) OB = (D—ffi)yB̂—� (D�ffi) Offi;2 =
1

2
@—
`
ffiyffi
´
@—

`
ffiyffi
´

Oeffi;33 = (ffiyffi)(—L3ffieR;3) Ouffi;33 = (ffiyffi)( —Q3 ~ffiuR;3) Odffi;33 = (ffiyffi)( —Q3ffidR;3)

OWWW = Tr
`
Ŵ—� Ŵ

�Ŵ
—


´
Offi3 = `(ffiyffi)3=3

channel observable # bins range [GeV]

WW ! (‘�)(‘�) m‘‘0 10 0` 4500

WW ! (‘�)(‘�) p
‘1
T

8 0` 1750

WZ ! (‘�)(‘‘) mWZ
T

11 0` 5000

WZ ! (‘�)(‘‘) p‘‘
T

(pZ
T
) 9 0` 2400

WBF, H ! ‚‚ p
‘1
T

9 0` 2400

V H ! (0‘)(b—b) pV
T

7 150` 750

V H ! (1‘)(b—b) pV
T

7 150` 750

V H ! (2‘)(b—b) pV
T

7 150` 750

HH ! (b—b)(‚‚), 2j mHH 9 200` 1000

HH ! (b—b)(‚‚), 3j mHH 9 200` 1000
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Higgs limits at a 27 TeV collider
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Higgs limits at a 27 TeV collider
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Higgs limits at a 27 TeV collider - ´ framework
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Conclusions

LHC Run II

Ĺ tth measurements disentangle top and gluon couplings

Ĺ fermionic operators and EWPD included

Ĺ inclusion of fermionic operators weakens limits on (some)

operators

HE-LHC

Ĺ Higgs self coupling

Ĺ TeV-scale reach for O(1) couplings
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Real conclusions

Ĺ EFTs are a flexible framework to describe deviations from the

SM

Ĺ global fits allow to combine data from different sectors and

to account for correlations

Ĺ LHC is testing local properties of the Higgs potential

Ĺ future (colliders): global Higgs potential
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