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Motivation

Motivation

The Higgs boson

1

has been (one of) the only missing pie
e of the SM for long → A

parti
le dire
tly related to the EWSB.

The EWSB is one of the se
tors with less experimental information, but a lot of interesting

theoreti
al open questions arise from it → motivations for NP modifying the se
tor

Studying the 
ouplings of the Higgs 
ould be one of the fastest tra
ks to NP

1

or whatever...
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The (non)-o�
ial status

The experimental resear
h

After LEP and Tevatron, now it was the time for the LHC.

At the LHC the SM Higgs boson has to be sear
hed through the following produ
tion

me
hanisms and de
ay modes:
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The (non)-o�
ial status

The experimental resear
h

SM main dis
overy

modes for ≃125 GeV:

pp → γγ

pp → ZZ → ℓℓℓℓ

pp → WW → ℓνℓν

Also may be possible in:

pp → bb̄ (only VH)

pp → τ τ̄
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The (non)-o�
ial status

½Eureka!
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The (non)-o�
ial status

CMS Status

(Last update mid-November 2012)*

2

6.9σ for 125.8 GeV (Nov 12)

γγ: �Driving� the ex
ess, but

not updated sin
e July...

(still 5.3 fb

−1
for 8 TeV).

Total 8 TeV run 
olle
ted:

L =21.79 fb

−1

 (GeV)Hm
110 115 120 125 130 135 140 145

Lo
ca

l p
-v

al
ue

-1710

-1310

-910

-510

-110
1 σ1

σ2
σ3

σ4

σ5

σ6

σ7

σ8

Combined  obs.
Exp. for SM H

 bb→H 
ττ →H 
γγ →H 

 WW→H 
 ZZ→H 

Combined  obs.
Exp. for SM H

 bb→H 
ττ →H 
γγ →H 

 WW→H 
 ZZ→H 

CMS Preliminary -1 12.2 fb≤ = 8 TeV, L s  -1 5.1 fb≤ = 7 TeV, L s

2

In De
ember �rst Zγ results presented: with 5.0 fb

−1
for 7 TeV and 5.2

fb

−1
for 8 TeV sensitivity is about O(10) x SM
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The (non)-o�
ial status

ATLAS Status

(Last update mid-De
ember 2012)

3

∼7σ for 125 GeV (De
 12)

3

All analyses with

∼5 fb

−1
for 7 TeV and

∼13 fb

−1
for 8 TeV

Total 8 TeV run 
olle
ted

L =21.7 fb−1
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The (non)-o�
ial status

Signal strenghts

Are the starting points of many analysis: µ = σobs
σSM
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The (non)-o�
ial status

2012 summary / 2013 perspe
tives

Finally, 2012 has been the year of the well stablished dis
overy of the Higgs(-like) parti
le

We will have a more 
lear pi
ture of the properties during 2013:

∼ 10 fb

−1
8 TeV data to analyze in almost all of the 
hannels, in some of them even

more...

Will CMS γγ new analysis dilute the ex
ess?

ATLAS ZZ and γγ mass dis
repan
e still needs explanation.

New parity, spin, Zγ et
 analyses expe
ted.

But now let's look in detail to the 
urrent status of the study of the Higgs


ouplings
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E�e
tive Lagrangian for Higgs Intera
tions

Overview

Dis
overy of a ≃125 GeV �Higgs-like� parti
le →EWSB dire
t exploration:

Spin

Parity

EWSB 
onne
ted new states

Couplings

Bottom-up model-independent e�e
tive Lagrangian approa
h:

Leff =
∑

n

fn

Λ2
On

Assume observed state is light ele
troweak doublet s
alar and that

SU(3)c ⊗ SU(2)L ⊗ U(1)Y is linearly realized in the e�e
tive theory.

Leff : des
ribe the low energy e�e
ts of new physi
s in the 
ouplings of this observed

new state in the 
oe�
ients of dimension-6 operators.

Choi
e of operators and basis → Driven by the data

Determine 
oe�
ients of operators using all available data: Tevatron, LHC, TGV, EWPD.
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E�e
tive Lagrangian for Higgs Intera
tions

E�e
tive Lagrangian

Leff =
∑

n

fn

Λ2
On

Our assumptions are:

The observed state belongs to a SU(2) doublet.

The state is CP-even as in SM.

Narrow resonan
e and no overlapping resonan
es.

SU(3)c ⊗ SU(2)L ⊗ U(1)Y SM lo
al symmetry, C and P even, lepton and baryon

number 
onservation

59 dimension-6 operators are enough...

4

But we 
an use EOM to eliminate 3 of them:

2OΦ,2 − 2OΦ,4 =
∑

ij

(

y
e
ijOeΦ,ij + y

u
ijOuΦ,ij + y

d
ij(OdΦ,ij)

†
+ h.c.

)

,

2OB + OWB + OBB + g
′2
(

OΦ,1 −
1

2
OΦ,2

)

= −
g′2

2

∑

i

(−
1

2
O(1)

ΦL,ii
+

1

6
O(1)

ΦQ,ii
− O(1)

Φe,ii
+

2

3
O(1)

Φu,ii

−
1

3
O(1)

Φd,ii
)

2OW + OWB + OWW + g
2
(

OΦ,4 −
1

2
OΦ,2

)

= −
g2

4

∑

i

(

O(3)
ΦL,ii

+ O(3)
ΦQ,ii

)

.

4

Bu
hmuller & Wyler; Grzadkowski et al. arXiv: 1008.4884
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E�e
tive Lagrangian for Higgs Intera
tions

The right of 
hoi
e

Higgs intera
tions with gauge bosons

5

:

OGG = Φ†Φ Ga
µνGaµν , OWW = Φ†ŴµνŴµνΦ , OBB = Φ†B̂µν B̂µνΦ ,

OBW = Φ†B̂µνŴµνΦ , OW = (DµΦ)†Ŵµν (DνΦ) , OB = (DµΦ)†B̂µν (DνΦ) ,

OΦ,1 =
(

DµΦ
)† Φ Φ† (DµΦ) , OΦ,2 = 1

2
∂µ
(

Φ†Φ
)

∂µ

(

Φ†Φ
)

, OΦ,4 =
(

DµΦ
)† (DµΦ)

(

Φ†Φ
)

,

Higgs intera
tions with fermions:

OeΦ,ij = (Φ†Φ)(L̄iΦeRj
) O(1)

ΦL,ij
= Φ†(i

↔

DµΦ)(L̄iγ
µLj) O(3)

ΦL,ij
= Φ†(i

↔

Da
µΦ)(L̄iγ

µσaLj)

OuΦ,ij = (Φ†Φ)(Q̄iΦ̃uRj
) O(1)

ΦQ,ij
= Φ†(i

↔

DµΦ)(Q̄iγ
µQj) O(3)

ΦQ,ij
= Φ†(i

↔

Da
µΦ)(Q̄iγ

µσaQj )

OdΦ,ij = (Φ†Φ)(Q̄iΦdRj) O(1)
Φe,ij

= Φ†(i

↔

DµΦ)(ēRi
γµeRj

)

O(1)
Φu,ij

= Φ†(i

↔

DµΦ)(ūRi
γµuRj

)

O(1)
Φd,ij

= Φ†(i

↔

DµΦ)(d̄Ri
γµdRj

)

O(1)
Φud,ij

= Φ̃†(i

↔

DµΦ)(ūRi
γµdRj

)

In the absen
e of theoreti
al prejudi
e 
hose a basis where the operators are more dire
tly related to the

existing data

Z properties, W de
ays, low energy ν s
attering, atomi
 P , FCNC, Moller s
attering P and e+e− → ff̄
at LEP2.

EWPD at tree level, TGV

5

DµΦ =
(

∂µ + i 1
2
g′Bµ + ig

σa
2

Wa
µ

)

Φ, B̂µν = i g
′

2
Bµν , Ŵµν = i g

2
σaWa

µν
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al prejudi
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existing data
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EWPD at tree level, TGV
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DµΦ =
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Wa
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′

2
Bµν , Ŵµν = i g

2
σaWa

µν

Juan González Fraile (UB) Universitat de Bar
elona January 2013 13 / 26



E�e
tive Lagrangian for Higgs Intera
tions

The right of 
hoi
e

Higgs intera
tions with gauge bosons

5

:

OGG = Φ†Φ Ga
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E�e
tive Lagrangian for Higgs Intera
tions

E�e
tive Lagrangian for Higgs Intera
tions

Leff = −
αsv

8π

fg

Λ2
OGG +

fWW

Λ2
OWW +

fW

Λ2
OW +

fB

Λ2
OB +

fbot

Λ2
OdΦ,33 +

fτ

Λ2
OeΦ,33

Unitary gauge:

LHVV
eff = gHgg HG

a
µνG

aµν
+ gHγγ HAµνA

µν
+ g

(1)
HZγ

AµνZ
µ
∂
ν
H + g

(2)
HZγ

HAµνZ
µν

+ g
(1)
HZZ

ZµνZ
µ
∂
ν
H + g

(2)
HZZ

HZµνZ
µν

+ g
(1)
HWW

(

W
+
µνW

−µ
∂
ν
H + h.c.

)

+ g
(2)
HWW

HW
+
µνW

−µν

LHff
eff

= g
f
Hij

f̄
′
Lf

′
RH + h.c.

gHgg = −
αs

8π

fgv

Λ2
, gHγγ = −

(

g2vs2

2Λ2

)

fWW

2
,

g
(1)
HZγ

=

(

g2v

2Λ2

)

s(fW − fB)

2c
, g

(2)
HZγ

= −
(

g2v

2Λ2

)

scfWW ,

g
(1)
HZZ

=

(

g2v

2Λ2

)

c2fW + s2fB

2c2
, g

(2)
HZZ

= −
(

g2v

2Λ2

)

c2fWW

2
,

g
(1)
HWW

=

(

g2v

2Λ2

)

fW

2
, g

(2)
HWW

= −
(

g2v

2Λ2

)

fWW

g
f
Hij

= −
m

f
i

v
δij +

v2

√
2Λ2

f
′
fΦ,ij

Juan González Fraile (UB) Universitat de Bar
elona January 2013 14 / 26



E�e
tive Lagrangian for Higgs Intera
tions

E�e
tive Lagrangian for Higgs Intera
tions

Leff = −
αsv

8π

fg

Λ2
OGG +

fWW

Λ2
OWW +

fW

Λ2
OW +

fB

Λ2
OB +

fbot

Λ2
OdΦ,33 +

fτ

Λ2
OeΦ,33

Unitary gauge:

LHVV
eff = gHgg HG

a
µνG

aµν
+ gHγγ HAµνA

µν
+ g

(1)
HZγ

AµνZ
µ
∂
ν
H + g

(2)
HZγ

HAµνZ
µν

+ g
(1)
HZZ

ZµνZ
µ
∂
ν
H + g

(2)
HZZ

HZµνZ
µν

+ g
(1)
HWW

(

W
+
µνW

−µ
∂
ν
H + h.c.

)

+ g
(2)
HWW

HW
+
µνW

−µν

LHff
eff

= g
f
Hij

f̄
′
Lf

′
RH + h.c.

gHgg = −
αs

8π

fgv

Λ2
, gHγγ = −

(

g2vs2

2Λ2

)

fWW

2
,

g
(1)
HZγ

=

(

g2v

2Λ2

)

s(fW − fB)

2c
, g

(2)
HZγ

= −
(

g2v

2Λ2

)

scfWW ,

g
(1)
HZZ

=

(

g2v

2Λ2

)

c2fW + s2fB

2c2
, g

(2)
HZZ

= −
(

g2v

2Λ2

)

c2fWW

2
,

g
(1)
HWW

=

(

g2v

2Λ2

)

fW

2
, g

(2)
HWW

= −
(

g2v

2Λ2

)

fWW

g
f
Hij

= −
m

f
i

v
δij +

v2

√
2Λ2

f
′
fΦ,ij

Juan González Fraile (UB) Universitat de Bar
elona January 2013 14 / 26



Analysis Framework

Collider data: building the χ2

χ2 = min
ξpull

∑

j

(µj − µ
exp
j )2

σ2
j

+
∑

pull

(

ξpull

σpull

)2

Where

µF =
ǫFggσ

ano
gg (1 + ξg) + ǫFVBF σano

V BF + ǫFWHσano
WH + ǫFZHσano

ZH + ǫF
tt̄H

σano
tt̄H

ǫFggσ
SM
gg + ǫFV BF σSM

V BF + ǫFWHσSM
WH + ǫFZHσSM

ZH + ǫF
tt̄H

σSM
tt̄H

⊗
Br

ano[h → F ]

Br

SM [h → F ]
.

For the anomalous 
al
ulations:

σano
Y =

σano
Y

σSM
Y

∣

∣

∣

∣

∣

tree

σSM
Y

∣

∣

∣

soa

and

Γano(h → X) =
Γano(h → X)

ΓSM(h → X)

∣

∣

∣

∣

tree

ΓSM (h → X)
∣

∣

∣

soa

Juan González Fraile (UB) Universitat de Bar
elona January 2013 15 / 26



Analysis Framework

Collider data: the data points
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Analysis Framework

TGV and EWPD

Data on triple ele
troweak gauge boson verti
es:

LWWV = −igWWV

{

g
V
1

(

W
+
µνW

− µ
V

ν − W
+
µ VνW

−µν
)

+ κV W
+
µ W

−
ν V

µν
+

λV

m2
W

W
+
µνW

− νρ
V

µ
ρ

}

with

∆g
Z
1 = gZ1 − 1 =

g2v2

8c2Λ2
fW ,

∆κγ = κγ − 1 =
g2v2

8Λ2

(

fW + fB

)

,

∆κZ = κZ − 1 =
g2v2

8c2Λ2

(

c
2
fW − s

2
fB

)

.

LEP data:

g
Z
1 = 0.984

+0.049
−0.049

κγ = 1.004
+0.024
−0.025

with a 
orrelation fa
tor ρ = 0.11.

Data on EWPD in terms of the S,T,U parameters:

∆S = 0.00 ± 0.10 ∆T = 0.02 ± 0.11 ∆U = 0.03 ± 0.09

ρ =





1 0.89 −0.55
0.89 1 −0.8
−0.55 −0.8 1




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Analysis Framework

S,T,U Parameters

α∆S =
1

6

e2

16π2

{

3(fW + fB)
m2

H

Λ2
log

(

Λ2

m2
H

)

+

+ 2
[

(5c
2 − 2)fW − (5c

2 − 3)fB

]m2
Z

Λ2
log

(

Λ2

m2
H

)

−
[

(22c
2 − 1)fW − (30c

2
+ 1)fB

]m2
Z

Λ2
log

(

Λ2

m2
Z

)

− 24c
2
fWW

m2
Z

Λ2
log

(

Λ2

m2
H

)

}

,

α∆T =
3

4c2

e2

16π2

{

fB
m2

H

Λ2
log

(

Λ2

m2
H

)

+ (c
2
fW + fB)

m2
Z

Λ2
log

(

Λ2

m2
H

)

+
[

2c
2
fW + (3c

2 − 1)fB

]m2
Z

Λ2
log

(

Λ2

m2
Z

)

}

,

α∆U = −
1

3

e2s2

16π2

{

(−4fW + 5fB)
m2

Z

Λ2
log

(

Λ2

m2
H

)

+ (2fW − 5fB)
m2

Z

Λ2
log

(

Λ2

m2
Z

)

}
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Present Status

∆χ2
vrs fX

Columns (analysis):

1st: fg , fWW , fW , fB
2nd: fg , fWW , fW , fB , fbot
3rd: fg, fWW , fW , fB , fbot, fτ

Rows (parameters):

1st: fg
2nd: fWW
3rd: fW
4th: fB
5th: fbot

Colours/lines (data):

Solid red: Collider

Dash pink: Collider + TGV

Dot blue: Collider + TGV + EWPD
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Present Status

BRs and produ
tion CS
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Present Status

CMS vrs ATLAS
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Present Status

2d 
orrelations
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Present Status

2d 
orrelations

Juan González Fraile (UB) Universitat de Bar
elona January 2013 23 / 26



Present Status

Best �t and ranges

Fit with fbot = fτ = 0 Fit with fbot and fτ
Best �t 90% CL allowed range Best �t 90% CL allowed range

fg/Λ
2
(TeV

−2
) 1.3, 21.4 [−1.2, 3.5] ∪ [19, 24] 1.3, 21.4 [−21, 4.8] ∪ [18, 44]

fWW /Λ2
(TeV

−2
) -0.43 [−0.8,−0.1] ∪ [2.85, 3.55] -0.39 [−0.8, 0] ∪ [2.85, 3.65]

fW /Λ2
(TeV

−2
) 1.43 [−7.0, 10] 0.42 [−7.4, 7.6]

fB/Λ2
(TeV

−2
) -8.4 [−30, 13] 0.42 [−7.4, 7.6]

fbot/Λ
2
(TeV

−2
) �� �� 0.00, 0.90 [−1.2, 0.20] ∪ [0.70, 2.1]

fτ/Λ2
(TeV

−2
) �� �� 0.02, 0.32 [−0.07, 0.13] ∪ [0.2, 0.40]

BRano
γγ /BRSM

γγ 1.75 [1.15, 2.62] 1.70 [0.20, 3.00]

BRano
WW /BRSM

WW 0.97 [0.75, 1.14] 1.02 [0.11, 1.94]

BRano
ZZ /BRSM

ZZ 1.13 [0.78, 1.45] 1.03 [0.11, 1.96]

BRano
bb /BRSM

bb 1.01 [0.84, 1.06] 1.04 [0.53, 1.53]

BRano
ττ /BRSM

ττ 1.01 [0.84, 1.06] 0.85 [0.05, 2.25]

σano
gg /σSM

gg 0.79 [0.47, 1.23] 0.79 [0.35, 8]

σano
V BF /σSM

V BF 1.02 [0.92, 1.21] 1.00 [0.91, 1.13]

σano
V H /σSM

V H 0.98 [0.58, 1.40] 1.02 [0.57, 1.49]

Best �t values and 90% CL allowed ranges for the 
ombination of all available Tevatron and LHC Higgs

data as well as TGV.
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Model independent analysis where the e�e
ts of new physi
s in the Higgs 
ouplings

are parametrized in Leff .

SU(2)L doublet → SU(2)L × U(1)Y gauge symmetry linearly realized:

Leff =
∑

n

fn

Λ2
On ,

Choi
e of basis:

Power to the data → operators whose 
oe�
ients are more easily related to

existing data

Leff = −
αsv

8π

fg

Λ2
OGG +

fWW

Λ2
OWW +

fW

Λ2
OW +

fB

Λ2
OB +

fbot

Λ2
OdΦ,33 +

fτ

Λ2
OeΦ,33 .
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THANK YOU!

Present status of the analysis using Tevatron, LHC, TGV and EWPD data:

SM 
ompatible with data (60%-90% CL).

Preferen
e for larger�than�SM BR to photons and a smaller�than�SM

gluon fusion produ
tion CS and de
ay BR into τ ′s
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