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2) Higgs is excitation 
around EWSB vacuum

Expansion in H/f

(f ⌘ ⇤/g⇤)

v + h

Some BSM coupling (necessary, since fields have different 
weight in     than derivatives)
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e.g. Cohen,Kaplan,Nelson’97~
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3) Flavor Violation tightly constrained

D’ambrogio,Giudice,
Isidori,Strumia’02

YU , YD, YE

Minimal Flavor Violation expansion in 

K0 � K̄0 ) ⇤ > 106GeV(                         )
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mW = mZ cos ✓W
ghf̄f = mf/v

L6LSM⌘ L4

- Parameters: 19
- Accidental relations 
  (due to d=4 Lagrangian)

LBSM '

e.g.

- Parameters: 76 
- Accidental relations ? 
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e.g. �Zff = �Wff 0
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gZSM
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2gZZ
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 These relations are all is needed to disentangle           
linear vs. non-linear
 They represent the leading BSM effects: crucial to design 

future experiments 
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PART 1
17 BSM Parameters

(related to LEP and LHC Run1)

Notice: all Wilson coefficients evaluated at !～mW
For running to UV see e.g. 
Elias-Miro,Espinosa,Masso,Pomarol’13; (Alonso,Grojean),Jenkins,Manohar,Trott’13,Elias-Miro,Grojean,Gupta,Marzocca’13
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In the vacuum <h>=v, operators              only redefine 
SM parameters! Observable only in Higgs physics!

Elias-Miro,Espinosa,Masso,Pomarol’13; Gupta,Pomarol,FR’14

Higgs Physics Only

Parameters for BSM: Higgs-only 

|H|2 ⇥ LSM

1

g2s
Gµ⌫G

µ⌫ +
|H|2

⇤2
Gµ⌫G

µ⌫ =

✓
1

g2s
+

v2

⇤2

◆
Gµ⌫G

µ⌫ + h
2v

⇤2
Gµ⌫G

µ⌫ + ...



Higgs Physics Only
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Parameters for BSM: Higgs-only 
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Higgs Physics Only
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Is the EFT expansion justified by these constraints?
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Higgs Physics Only EW and Higgs physics

Parameters for BSM: Higgs+EW 



EW and Higgs physicsIn the vacuum <h>=v, these 
operators can be measured!

Z⌫̄⌫ ZēLeL ZēReR

ZūRuR Zd̄RdRZd̄LdLZūLuL

7 of these operators modify:

Parameters for BSM: Higgs+EW 
(see Adam’s talk)

*= if               are used as input parameters, no other dim-6 operators affect LEP1 measurements!
(Gupta),Pomarol,FR’13-14; Falkowski,FR,Sanz’to appear

↵,mZ ,mW

Constrained by LEP1* ～1/1000!



EW and Higgs physicsIn the vacuum <h>=v, these 
operators can be measured!

Z⌫̄⌫ ZēLeL ZēReR

ZūRuR Zd̄RdRZd̄LdLZūLuL

7 of these operators modify:

Impact of these operators in H-physics is irrelevant

Parameters for BSM: Higgs+EW 
(see Adam’s talk)

*= if               are used as input parameters, no other dim-6 operators affect LEP1 measurements!
(Gupta),Pomarol,FR’13-14; Falkowski,FR,Sanz’to appear
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EW and Higgs physicsIn the vacuum <h>=v, these 
operators can be measured!

2 of these modify TGCs: g1Z �
Hagiwara,Hikasa,
Peccei,Zeppenfled’87

Parameters for BSM: Higgs+EW 
(see Adam’s talk)
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EW and Higgs physicsIn the vacuum <h>=v, these 
operators can be measured!

2 of these modify TGCs: g1Z �

LEP2(ee->WW) 
constrained* ～5/100

Hagiwara,Hikasa,
Peccei,Zeppenfled’87

We can include these 2 combinations in H-physics studies
(but recall connection with TGC!)

Parameters for BSM: Higgs+EW 
(see Adam’s talk)

*= Non-Higgs operator                        can interfere with extraction of bounds 
    (see backup slides)

g✏abcW
a ⌫
µ W b

⌫⇢W
c ⇢µ

Falkowski,(Fichet,Mohan),FR,Sanz’14

W+

W�

G0 h
W+

W�



Might as well use these as parameters, to keep 
relations between observables manifest!

Small Summary: Parameters

�gZeL, �gZeR, �gZ⌫ , �gZuL, �gZdL, �gZuR, �gZdR

V ,b,⌧ ,t,G,�� ,Z� ,h3 g1Z ,�

Gupta,Pomarol,FR’14



PART 2
Relations for Higgs physics

at LHC Run2
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Higgs-physics for Run2
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Parametrization for off-shell Higgs physics as expansion in E, 
valid for linear/non-linear... 

See Chen,Harnik,Vega-Morales’14 for contribution from hgammagamma



Grows fast with E 
(No V propagator)

Valid at E>M if large couplings
Can have flavour structure 

Grows with E
Generally not valid at E>M 

SM rescaling
(like Run1)VH -associated
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Parametrization for off-shell Higgs physics as expansion in E, 
valid for linear/non-linear... 

See Chen,Harnik,Vega-Morales’14 for contribution from hgammagamma



Higgs-physics for Run2

�gZeL, �gZeR, �gZ⌫ , �gZuL, �gZdL, �gZuR, �gZdR

V ,b,⌧ ,t,G,�� ,Z� ,h3 g1Z ,�

Pomarol,FR’13; Gupta et al. ’to Appear

LEP1 TGC

Other Higgs Processes
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Parametrization for off-shell Higgs physics:



BSM Relations for Run 2
Deviations in different. distr. of              or
              

h ! Wf̄fh ! Zf̄f

Related with Triple Gauge Coupling 

Pomarol,FR’13; Gupta et al’ to Appear

+

See e.g. Isidori,(Manohar),Trott’13
Falkowski,Vega-Morales’14
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BSM Relations at Run 1
 Custodial Symmetry in h decays h->VV* �WZ

Pomarol,FR’13

Pomarol,FR’13

 Off-Shell V
 mZ 6= mW

Integrated Decay Width already sensitive 
to p-dependence of hVV coupling!
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Higgs physics at High Momentum?

Isidori,Trott’13
Corbett,Eboli,
Gonzalez-Garcia,Fraile’12-13
Ellis,Sanz,You’14
Biekötter,Knochel,Krämer,Liu,FR ’14
Beneke,Boito,Wang’14

Higgs physics at LHC can compete with TGC at LEP

V*->VH associated

grow with Energy!

LHC

LEP2

Lh = �gh
V V v hVµV

µ+V V
h

v
Vµ⌫V

µ⌫ +�gh
V f

h

v
Vµf̄�

µf

⇤exp ' 250GeV
E � ⇤exp



Higgs physics at High Momentum?

Isidori,Trott’13
Corbett,Eboli,
Gonzalez-Garcia,Fraile’12-13
Ellis,Sanz,You’14
Biekötter,Knochel,Krämer,Liu,FR ’14
Beneke,Boito,Wang’14

Higgs physics at LHC can compete with TGC at LEP

Gupta,Pomarol,FR’14;
Biekötter,Knochel,Krämer,Liu,FR ’14

V*->VH associated

grow with Energy!

LHC

LEP2
However:

SM Only operators that allow a (strong) 
coupling can be studied in regime

Lh = �gh
V V v hVµV

µ+V V
h

v
Vµ⌫V

µ⌫ +�gh
V f

h

v
Vµf̄�

µf

EFT

E & ⇤

⇤exp ' 250GeV
E � ⇤exp



Parametrization of BSM for Higgs physics:

Conclusions

7
2
8 {g,� ,V ,t,b,⌧ ,Z� ,h3}

{gZ1 ,�}

EFT: consistent framework to search for leading BSM effects

Results must satisfy E ⌧ ⇤

(not always true, at present)

{�gZeL, �gZeR, �gZ⌫ , �gZuL, �gZdL, �gZuR, �gZdR}

v ⌧ f



Parametrization of BSM for Higgs physics:

Conclusions

7
2
8 {g,� ,V ,t,b,⌧ ,Z� ,h3}

{gZ1 ,�}

Basis independent relations between EW and Higgs observables

EFT: consistent framework to search for leading BSM effects

Results must satisfy E ⌧ ⇤

(not always true, at present)

{�gZeL, �gZeR, �gZ⌫ , �gZuL, �gZdL, �gZuR, �gZdR}

v ⌧ f

These relation are the key to disentangle linear/non-linear Higgs
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LEP2 - Combined
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Gupta,Pomarol,FR’14

Parameters -> Relations
Usual Operator 
Parametrization

“BSM Primaries” 
Parametrization

- Gauge invariance manifest 
- Physics unclear
- Large theo. correlations

- Mass eigenstate basis
- 1 to 1 with best experiments
- No theoretical correlation
(orthogonal to other experiments)

�(Z ! ee)

�(ee ! W�W+)

BR(h ! Z�)



Gupta,Pomarol,FR’14

Usual Operator 
Parametrization

“BSM Primaries” 
Parametrization

- Gauge invariance manifest 
- Physics unclear
- Large theo. correlations

Parameters -> Relations

Z and W couplings 
related also at dim-6
(and related to hVff from h=h+v)^

TGC related to h->WW,ZZ

h->Z   related to h->WW,ZZ�

- Mass eigenstate basis
- 1 to 1 with best experiments
- No theoretical correlation
(orthogonal to other experiments)


