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Motivation

LSM

Searches for New Physics

PrecisionDirect



1) No direct findings:

2) A Higgs has been found: it is the 
excitation around EWSB vacuum

3) Minimal Flavor Violation (       )

4) B,L conserved at this level of precision:
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Motivation

LSM⌘ L4 Many accidental Symmetries/Relations:
mW = mZ cos ✓W
ghf̄f = mf/v...

LUV
YU , YD, YE

1)

2)

3)

L6

L8

What accidental 
Symmetries/Relations?
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H/fEx
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Plan

1) Take the BSM Lagrangian      from Alex 

2) Compare with Experiments

3) Compare with BSM Theories

accidental relations

understand implications for h-physics

L6

(and rewrite it with gauge-invariant operators)



1) Expanding the Lagrangian

Le↵ =
⇤4

g2⇤
L
✓
Dµ

⇤
,
g⇤H

⇤
,
g⇤fL,R

⇤3/2
,
gFµ⌫

⇤2

◆
' L4 + L6 + · · · ,

Buchmuller,Wyler’86; 
Grzadkowski,Iskrzynski,Misiak,Rosiek’10

What are the relevant operators to include for 
studying Higgs physics?



SU(2)LSU(2)L

V V

V f̄f

f̄f

hn + 4 for quarks

Other (non-H)

Dimension-6 Operators



SU(2)LSU(2)L

+ 4 for quarks

Equivalent Bases

Only Fla
vor 

diagon
al part

Giudice,Grojean,Pomarol,Rattazzi’07
Low,Rattazzi,Vichi’09
Elias-Miro,Espinosa,Masso,Pomarol’13
Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

Grzadkowski,Iskrzynski,Misiak,Rosiek’10
Skiba,Han,’05

Jenkins,Manohar,Trott’13



2) Confronting with Experiments
EFT predictive when
#parameters < #observables



SU(2)LSU(2)L

V V

V f̄f

Which Experiments? Affect Higgs physics ONLY!
Can be m

easured 
ALSO 

in th VACUUM h=v!

(better...
)

Z ! eReR

h ! ZZ⇤

h ! ��

h ! WW ⇤

h ! Z�

WW ! hh
· · ·

· · ·
h ! ZeReR

Use strongest experiment to constrain direction
    Make predictions for other (Higgs) physics



SU(2)LSU(2)L

V V

V f̄f

f̄f

hn + 4 for quarks

Other (non-H)

LEP 1: ‰ constraints

(requires intelligent choice 
of input parameters)

How many parameters 
can LEP1 constrain? 7

�(Z ! lLlL, lRlR, ⌫⌫)
�(Z ! uL,RuL,R, dL,RdL,R)

In this case SILH basis 
more transparent

{OW +OB ,OT ,Oe
R,

Ou
R,Od

R,Oq
L,O(3)q

L }



SU(2)LSU(2)L

2+8 Directions after LEP1

�
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SU(2)LSU(2)L

2+8 Directions after LEP1

+

h3?
+



All operators already constrained*

Look at implications for other observables!

*= Although not measured, h3 doesn’t affect arguments 



Implications 1
 Custodial Symmetry in h decays

Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

�WZ

 Related to constrained dim-6 operators...
 which ones?

h ! ZZaffects only

through:

Pomarol,FR’13

Bounds from LEP2 (through relations in     ), stronger than direct boundsL6

LEP 1



Implications 2
Deviations in different. distr. of              or
              

h ! Wf̄fh ! Zf̄f

xO=

Related with Triple Gauge Coupling 

Pomarol,FR’13
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See e.g. Isidori,Manohar,Trott’13 Related to constrained dim-6 operators...
 which ones?

LEP 1

h ! Z�, ��Related with



Implications 2
Deviations in different. distr. of              or
              

h ! Wf̄fh ! Zf̄f

xO=

Related with Triple Gauge Coupling 

Pomarol,FR’13
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3) Comparison with Theory

- Composite Higgs
- (N)MSSM



Explicit Examples
MSSM

R-Parity: no tree-level contributions from sparticles (only H2)

b, t

hhihhi

h H

b̄, t̄

Z,W

Z,W

H

hhihhi
hhi

hhihhi
h

Gupta,Montull,FR’12
Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

Weakly coupled: loop effects small unless sparticles very light

cyd,e ⇠ m2
Z

m2
H

tan�

cyt ⇠
m2

Z

m2
H

cot�

cH ⇠ m4
Z

m4
H



NMSSM
R-Parity: no tree-level contributions from sparticles (only H2)

b, t

hhihhi

h H

b̄, t̄

Z,W

Z,W

H

hhihhi
hhi

hhihhi
h

Gupta,Montull,FR’12
Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

Weakly coupled: loop effects small unless sparticles very light

cyd,e ⇠ m2
Z

m2
H

tan�

cH ⇠ m2
Z

m2
S

Explicit Examples

cyt ⇠
m2

Z

m2
H

cot�



Composite Higgs

Shift Symmetry:      and       suppressed

Giudice,Grojean,Pomarol,Rattazzi’07
Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

Strongly coupled: powers of H enhanced by g*>1 w.r.t. derivatives

Explicit Examples

h��hgg

strong

g*

H

SM fields

gSM
1

⇤2

g2⇤
16⇡2⇤2

1

f2



Composite Higgs - with LR symmetry (             )

Shift Symmetry:      and       suppressed

Giudice,Grojean,Pomarol,Rattazzi’07
Contino,Ghezzi,Muhlleitner,Grojean,Spira’13

Strongly coupled: powers of H enhanced by g*>1 w.r.t. derivatives

Explicit Examples

h��hgg

strong

g*

H

SM fields

gSM
1

⇤2

g2⇤
16⇡2⇤2

gW $ g0B

OHW +OHB

No modifications in h ! Z�

1

f2



How many operators need to be included to 
study Higgs physics?

Conclusions

7
2
8 {g,� ,V ,t,b,⌧ ,Z� ,h3}

{gZ1 ,�}



BACKUP



CP-Odd Terms?

gg ! h
h ! ��

h ! Z�

2 deformations in TGCs

3 deformations in Higgs physics

Counting similar to CP-even:

No interference with SM, nor with dim-6 CP-even

�̃�̃�

Need other experiments



Giudice,Grojean,Pomarol,Rattazzi ’07;Barbieri,Bellazzini,Rychkov,Varagnolo’07; Pomarol,FR,’12; 
Falkowski,FR,Urbano,’13; many more...
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       (not this)

exclud
ed

m 6= 0

NGBHiggs couplings to SM fields

MCHM4

MC
HM

5
M
CH

M
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yb
ySM
b

= 1� 4� tan ˜�
v2

m2
H

yt
ySM
t

= 1 + 4� cot ˜�
v2

m2
H

Blum,D’Agnolo,Fan’12; Azatov,Chang,Craig,Galloway’12
Montull,Gupta, FR, ’12
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Two Higgs Doublets Models, SUSY
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Nevertheless, no deviations imply: 

Blum,D’Agnolo,Fan’12 ;D’agnolo,Kufflick,Zanetti’12;  
Peskin’12; Linssen et al.’12; Montull,Gupta, FR, ’12

H ! ⌧⌧


