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DecorrelaJons
Correspondence between first orders

Linear

d “ 6

Non-linear

4B

10 linear operators of d “ 6

correspond to

17 chiral operators with 4B

Ilaria Brivio (UAM/IFT Madrid) Unravelling the Higgs nature with EFTs 10/23
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Inves@gate	on	the	signals	of	decorrela@ons:	due	to	the	nature	of	 the	

chiral	expansion	vs.	the	linear	one,	and	due	to
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New	Signals
Study	 the	 anomalous	 signal	 present	 in	 the	 chiral	 descrip@on,	 but	

absent	in	the	linear	one	

Linear - chiral correspondence

Two towers of operators:

d “ 6
d “ 8
d “ 10
d “ 12

. . .

4B

6B

. . .
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Content

Why	and	how	EFTs	

The	master	formulas	for	operator	coun@ng	and	cross	sec@ons	

SMEFT	

χPT	

HEFT
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Only	on	relevant	contribu@ons	at	that	energy	
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Benefits	in	the	renormalisa@on	procedure	
Accidental	(approximate)	symmetries

Top-down	approach	from	the	full	theory	to	the	EFT:	i.e.		

-		EFT	applied	to	B	physics;		
- QCD	chiral	perturba@on	theory	for	pions;		
- etc…
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Why	to	use	an	EFT?
It	is	necessary

The	full	theory	is	NOT	known

Use	 of	 the	 known	par@cles	 and	 known	 interac@ons	 to	 infer	
the	symmetries	and	the	nature	of	the	full	theory.

BoUom-up	approach	from	the	EFT	to	the	full	theory	
(with	some	luck):	i.e.		

- Fermi	theory;		
- Higgs	effec@ve	theories;		
- etc…
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How	to	construct	an	EFT?

Construct	 ALL	 possible	 operators	 with	 the	
fields	 of	 the	 given	 spectrum	 and	 invariant	
under	the	chosen	symmetries.	

Spectrum Symmetries

Power	counJng

Reduces	 the	 number	 of	 operators	 at	 each	 order	 of	 the	
expansion(s),	organises	the	hierarchy	among	the	operators,	
sets	the	validity	of	the	EFT.
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How	to	construct	an	EFT?

Easy:	all	the	par@cles	lighter	
than	 a	 reference	 energy	
scale	Λ

Μedium:	convenience	vs.	necessity	

Hard:	based	on	some	rigorous	
method	 but	 with	 some	
freedom.

EFT	for	B	physics:	the	residual	
symmetry	 ajer	 integra@ng	
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An	arbitrary	connected	diagram	with	inser@ons	of	the	generic	vertex	will	have	an	
amplitude	of	the	same	form	of	the	vertex	but	the								undergo	some	condi@onsNa
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Τhe	hierarchy	between	the	size	of	cross	sec@ons	only	depends	
on	Λ,	and	not	on	the	number	of	derivates!!
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Processes	 with	 same	 number	 of	 par@cles	 can	 have	 different	
cross	sec@ons:	the	difference	is	ruled	by	Λ
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

Operator d N� NDA Form

H2 2 0 ⇤2H2

 2 3 1 ⇤ 2

H4 4 0 (4⇡)2 H4

 2H 4 1 (4⇡) 2H

 2D 4 2  2D

H2D2 4 2 H2D2

X2 4 2 X2

H6 6 0 (4⇡)4

⇤2 H6

 2H3 6 1 (4⇡)3

⇤2  2H32

H4D2 6 2 (4⇡)2

⇤2 H4D2

X2H2 6 2 (4⇡)2

⇤2 X2H2

 2XH 6 2 (4⇡)2

⇤2  2XH

 2H2D 6 2 (4⇡)2

⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

[Buchmuller&Wyler	1984]	
[Gradkoski,Iskrzynski,Misiak&Rosiek	2010]
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⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

i ̄D/ 
DµH

†DµH

Tr (Wµ⌫W
µ⌫)

[Buchmuller&Wyler	1984]	
[Gradkoski,Iskrzynski,Misiak&Rosiek	2010]
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	
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�
H†H

�
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 ̄�µ (H
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[Buchmuller&Wyler	1984]	
[Gradkoski,Iskrzynski,Misiak&Rosiek	2010]
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form

H2 2 0 ⇤2H2

 2 3 1 ⇤ 2

H4 4 0 (4⇡)2 H4

 2H 4 1 (4⇡) 2H

 2D 4 2  2D

H2D2 4 2 H2D2

X2 4 2 X2

H6 6 0 (4⇡)4

⇤2 H6

 2H3 6 1 (4⇡)3

⇤2  2H32
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⇤2 H4D2
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 2H2D 6 2 (4⇡)2

⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form

H2 2 0 ⇤2H2

 2 3 1 ⇤ 2

H4 4 0 (4⇡)2 H4

 2H 4 1 (4⇡) 2H

 2D 4 2  2D

H2D2 4 2 H2D2

X2 4 2 X2

H6 6 0 (4⇡)4

⇤2 H6

 2H3 6 1 (4⇡)3

⇤2  2H32

H4D2 6 2 (4⇡)2

⇤2 H4D2

X2H2 6 2 (4⇡)2

⇤2 X2H2

 2XH 6 2 (4⇡)2

⇤2  2XH

 2H2D 6 2 (4⇡)2

⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

The	 Λ	 expansion	 determines	 the	
physical	impact	of	the	operators	and	
it	coincides	with	the	ordering	of	the	
operators	due	to	renormalisa@on:
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The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form
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 2 3 1 ⇤ 2
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 2H2D 6 2 (4⇡)2

⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

The	 Λ	 expansion	 determines	 the	
physical	impact	of	the	operators	and	
it	coincides	with	the	ordering	of	the	
operators	due	to	renormalisa@on:

n-loop	with											ver@ces
LO }Ld4

Ld4
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form

H2 2 0 ⇤2H2

 2 3 1 ⇤ 2

H4 4 0 (4⇡)2 H4
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 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

The	 Λ	 expansion	 determines	 the	
physical	impact	of	the	operators	and	
it	coincides	with	the	ordering	of	the	
operators	due	to	renormalisa@on:

n-loop	with											ver@ces
LO }Ld4

Ld4

NLO }Ld=6

n-loop	with	1										vertexLd=6
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form

H2 2 0 ⇤2H2
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X3 6 3 (4⇡)
⇤2 X3

The	 Λ	 expansion	 determines	 the	
physical	impact	of	the	operators	and	
it	coincides	with	the	ordering	of	the	
operators	due	to	renormalisa@on:

n-loop	with											ver@ces
LO }Ld4

Ld4

NLO }Ld=6

n-loop	with	1										vertexLd=6

NNLO }n-loop	with	1										vertexLd=8

Ld=8

n-loop	with	2										ver@cesLd=6
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SMEFT
The	Standard	Model	Effec@ve	Field	Theory	(SMEFT):	assuming	B	and	L	conserva@on	

L = Ld4 + Ld=6 + Ld=8 + . . . Operator d N� NDA Form

H2 2 0 ⇤2H2

 2 3 1 ⇤ 2

H4 4 0 (4⇡)2 H4

 2H 4 1 (4⇡) 2H

 2D 4 2  2D

H2D2 4 2 H2D2

X2 4 2 X2

H6 6 0 (4⇡)4

⇤2 H6

 2H3 6 1 (4⇡)3

⇤2  2H32

H4D2 6 2 (4⇡)2

⇤2 H4D2

X2H2 6 2 (4⇡)2

⇤2 X2H2

 2XH 6 2 (4⇡)2

⇤2  2XH

 2H2D 6 2 (4⇡)2

⇤2  2H2D

 4 6 2 (4⇡)2

⇤2  4

X3 6 3 (4⇡)
⇤2 X3

The	 Λ	 expansion	 determines	 the	
physical	impact	of	the	operators	and	
it	coincides	with	the	ordering	of	the	
operators	due	to	renormalisa@on:

n-loop	with											ver@ces
LO }Ld4

Ld4

NLO }Ld=6

n-loop	with	1										vertexLd=6

NNLO }n-loop	with	1										vertexLd=8

Ld=8

n-loop	with	2										ver@cesLd=6

independently	of	number	of	loops!!
23



Chiral	Symmetry																																	:

χPT

✓
uL

dL

◆
! ⌦L

✓
uL

dL

◆ ✓
uR

dR

◆
! ⌦R

✓
uR

dR

◆
⌦L,R 2 SU(2)L,R

SU(2)L ⇥ SU(2)R

Chiral	 Perturba@on	 Theory	 (χPT)	 has	 been	 used	 for	 low-energy	 QCD:		
considering	only	u	and	d	quarks	and	neglec@ng	their	mass
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Chiral	Symmetry																																	:

χPT

✓
uL

dL

◆
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✓
uL

dL

◆ ✓
uR

dR

◆
! ⌦R

✓
uR

dR

◆
⌦L,R 2 SU(2)L,R

SU(2)L ⇥ SU(2)R

Chiral	 Perturba@on	 Theory	 (χPT)	 has	 been	 used	 for	 low-energy	 QCD:		
considering	only	u	and	d	quarks	and	neglec@ng	their	mass

q � q̄As											pairs	are	energe@cally	cheap,	the	QCD	vacuum	will	contain	condensates:
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Chiral	Symmetry																																	:

χPT

✓
uL

dL

◆
! ⌦L

✓
uL

dL

◆ ✓
uR

dR

◆
! ⌦R

✓
uR

dR

◆
⌦L,R 2 SU(2)L,R

SU(2)L ⇥ SU(2)R

Chiral	Symmetry	spontaneous	breaking															:hq̄qi 6= 0

Chiral	 Perturba@on	 Theory	 (χPT)	 has	 been	 used	 for	 low-energy	 QCD:		
considering	only	u	and	d	quarks	and	neglec@ng	their	mass

q � q̄As											pairs	are	energe@cally	cheap,	the	QCD	vacuum	will	contain	condensates:

SU(2)L ⇥ SU(2)R ! SU(2)diag 3	Goldstone	bosons	 ~⇡

U ! ⌦†
LU⌦RU ⌘ e2i~⇡·~�/f
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The	pion	Lagrangian	is	wriUen	as

(+	soj	breaking	part)

25

L = L2 + L4 + . . .

f	scale	of	the	pions
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The	pion	Lagrangian	is	wriUen	as

(+	soj	breaking	part)

The	ordering	of	the	operators	due	to	renormalisa@on,				,				,	etc…	
coincides	with	the	ordering	in									

L2 L4
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The	pion	Lagrangian	is	wriUen	as

(+	soj	breaking	part)

The	ordering	of	the	operators	due	to	renormalisa@on,				,				,	etc…	
coincides	with	the	ordering	in									

L2 L4

N� = 4

LO }N� = 2

NLO }1-loop	with	an	arbitrary	number	of															ver@cesN� = 2 ⌘ N� = 4}
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The	pion	Lagrangian	is	wriUen	as

(+	soj	breaking	part)

The	ordering	of	the	operators	due	to	renormalisa@on,				,				,	etc…	
coincides	with	the	ordering	in									

L2 L4

N� = 4

LO }N� = 2

NNLO }2-loop	with	an	arbitrary	number	of															ver@cesN� = 2

1-loop	with	an	arbitrary	number	of	NLO	ver@ces } ⌘ N� = 6

NLO }1-loop	with	an	arbitrary	number	of															ver@cesN� = 2 ⌘ N� = 4}
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L4 =
c4

16⇡2

⇥
Tr

�
@µU@µU†�⇤2 N� = 4
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L4 =
c4

16⇡2

⇥
Tr

�
@µU@µU†�⇤2

d = 2

d = 4

APPARENTLY:

Coun@ng	dimensions	is	equivalent	of	coun@ng	deriva@ves

XN� ⌘ Np +
1

2
N = d

N� = 4
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L4 =
c4

16⇡2

⇥
Tr

�
@µU@µU†�⇤2

d = 2

d = 4

APPARENTLY:

Coun@ng	dimensions	is	equivalent	of	coun@ng	deriva@ves

XN� ⌘ Np +
1

2
N = d

N� = 4
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Primary	Dimension

	 	 	 counts	 the	 dimensions	 of	
the	leading	interac@ng	term
dp
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Primary	Dimension

	 	 	 counts	 the	 dimensions	 of	
the	leading	interac@ng	term
dp

dp				counts	the	number	of	scales,	
explicit	and	implicit
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Primary	Dimension

	 	 	 counts	 the	 dimensions	 of	
the	leading	interac@ng	term
dp

dp				counts	the	number	of	scales,	
explicit	and	implicit

The	 physical	 impact	 on	 cross	
sec@ons	is	ordered	by	dp
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							is	orthogonal	to	the	ordering	for	renormalisa@on:dp
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							is	orthogonal	to	the	ordering	for	renormalisa@on:dp

LO

NLO

Operators	 necessary	 to	
a b s o r b e d	 d i v e r g e n t	
contribu@ons	 arising	 from	
the	1-loop	renorm.	of	LO	Lag	

Operators	 encoding	 NP	
contribu@ons	with	the	same	
physical	impact

34

Operator dp N� NDA form
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U(x) ! LU(x)R†
U(x) = e

i�a⇡
a(x)/vGBs:h

Singlet

Higgs:

�(x) =
v + hp

2
e

i�a⇡
a(x)/v

✓
0
1

◆

		Being																								independent,	many	more	operators	can	be	constructedU(x) hvs.

Independent!!

h		Being							a	singlet:	generic	func@ons	of	h Fi(h) = 1 + 2↵i
h

v
+ �i

h2

v2
+ . . .
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Operator dp N� NDA form SMEFT
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Signals	expected	in	the	chiral	basis,	but	not	in	the	linear	one	(d=8)

"µ⌫⇢�@µW
+
⌫ W�

⇢ Z�F14(h)

Expected LHC sensitivity
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in

WZ SM

background

Signal for gZ
5 “ 0.1

dataset: 7+8+14 TeV
(4.7+19.6+300 fb´1)

Current best bound at 95% CL
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Dawson,Valencia (1994)

Simulation analysis

§ WZ pair production

W˘

q
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ν
ℓ1˘

ℓ˘
ℓ¯

W˘

Z

§ binned analysis of pZT distribution

§ Result (95% CL)

gZ
5 P r´0.033, 0.028s

Ilaria Brivio (UAM/IFT Madrid) Unravelling the Higgs nature with EFTs 19/23

Figure 3: The left (right) panel displays the number of expected events as a function of the Z
transverse momentum for a center–of–mass energy of 7 (14) TeV, assuming an integrated
luminosity of 4.64 (300) fb�1. The black histogram corresponds to the sum of all back-
ground sources except for the SM electroweak pp ! W±Z process, while the red histogram
corresponds to the sum of all SM backgrounds, and the dashed distribution corresponds to
the addition of the anomalous signal for gZ5 = 0.2 (gZ5 = 0.1). The last bin contains all the
events with pZT > 180 GeV.

Two procedures have been used to estimate the LHC potential to probe anomalous gZ5
couplings. In the first approach, we performed a simple event counting analysis assuming
that the number of observed events correspond to the SM prediction (gZ5 = 0) and we look
for the values of gZ5 which are inside the 68% and 95% CL allowed regions. As suggested
by Ref. [131], the following additional cut was applied in this analysis to enhance the
sensitivity to gZ5 :

pZT > 90 GeV. (4.41)

On a second analysis, a simple �2 was built based on the contents of the di↵erent bins of
the pZT distribution, in order to obtain more stringent bounds. The binning used is shown
in Fig. 3. Once again, it was assumed that the observed pZT spectrum corresponds to the
SM expectations and we sought for the values of gZ5 that are inside the 68% and 95%
allowed regions. The results of both analyses are presented in Table 7.

We present in the first row of Table 7 the expected LHC limits for the combination of
the 7 TeV and 8 TeV existing data sets, where we considered an integrated luminosity of
4.64 fb�1 for the 7 TeV run and 19.6 fb�1 for the 8 TeV one. Therefore, the attainable
precision on gZ5 at the LHC 7 and 8 TeV runs is already higher than the present direct
bounds stemming from LEP and it is also approaching the present indirect limits. Finally,
the last row of Table 7 displays the expected precision on gZ5 when the 14 TeV run with
an integrated luminosity of 300 fb�1 is included in the combination. Here, once more,
it was assumed that the observed number of events is the SM expected one. The LHC
precision on gZ5 will approach the per cent level, clearly improving the present both direct
and indirect bounds.
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number	of	expected	events	(WZ	
produc@on)	with	respect	to	the	Z	pT

gZ5 2 [�0.08, 0.04]

@95%	CL:	

present																																										

LHC(7+8+14)	gZ5 2 [�0.033, 0.028]

✏µ⌫⇢�Tr(TVµ)Tr(V⌫W⇢�)F14(h)

Brivio,CorbeU,Eboli,Gavela,Gonzalez-Fraile,	Gonzalez-Garcia,LM&Rigolin,	JHEP	1403	(2014)
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Comparison	with	Buchalla	et	al.

LO

NLO

NLO

NNLO

Coun@ng	based	on	deriva@ves

Naively	expected	at	LO,	
as	they	are	N� = 2

eN� ⌘ Np +
N 

2
+Ng +Ny + 2N�

N�

AD	HOC	ASSUMPTIONS
 ̄ ⇥ {g, y}
Xµ⌫ ⇥ g

Buchalla,	Catà	&	Krause,	NPB	894	(2015)	
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Operator dp N� NDA form

 2U 3 1 ⇤ 2UF 2U(h)

X2 4 2 X2 FX2(h)
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 2XU 5 2 4⇡
⇤  2XUF 2XU(h)
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X3 6 3 (4⇡)
⇤2 X3 FX3(h)
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V2@2 8 4 1
(4⇡)2 V

2 @2FV2@2(h)

V4 8 4 1
(4⇡)2 V

4 FV4(h)otherwise	4	fermions	at	LO

Use	one	single	parameter	when	
naturally	there	are	many!	



AlternaJve	Fμν	NormalisaJon
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Lf
�=4 =� gp

2

⇥
W+

µ
¯UL�

µ
[aW (1 + �W h/v) + iaCP (1 + �CP h/v)]⇥

⇥
�
y2
UV + V y2

D

�
DL + h.c.

⇤
+

� g

2 cos ✓W
Zµ

⇥
auZ ¯UL�

µ
�
y2
U + V y2

DV †�UL (1 + �u
Z h/v)

+adZ ¯DL�
µ
�
y2
D + V †y2

UV
�
DL (1 + �u

Z h/v)
⇤

It	is	easier	to	read	the	interac@on	ver@ces	in	the	unitary	gauge:

aW,CP

8
>>><

>>>:

meson	oscilla@ons
B+ ! ⌧+⌫

Ab
sl

B̄ ! Xs�

W  

 

												&																				in	MFV ̄L�
µ [T,Vµ] L ̄L�

µVµ L

 ̄L�
µVµ L

 ̄L�
µ [T,Vµ] L

Alonso,	Gavela,	LM,	Rigolin	&	Yepes,	JHEP	1206	(2012)	
Alonso,	Gavela,	LM,	Rigolin	&	Yepes,	PRD	87	(2013)
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SM	values:
✏K ' (1.88± 0.3)⇥ 10�3

RBR/�M ' (1.62± 0.13)⇥ 10�4

aW , aCP 2 [� 1, 1]

adZ 2 [� 0.1, 0.1]

R
B
R
/
�
M

⌘
B
R
(B

+
!

⌧
+
⌫
)/
�
M

B
d
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�B = 4(2c2 � a4) ! 0

�W = 2(2c3 + a5) ! 0

⌃B = 4(2c2 + a4) ! fB⇠

⌃W = 2(2c3 � a5) ! fW ⇠

DecorrelaJons

Data:	 Tevatron	 D0	 and	 CDF	 Collabora@ons	 and	 LHC,	 CMS,	 and	 ATLAS	
Collabora@ons	at	7	TeV	and	8	TeV	for	final	states	γγ,	W+W−,	ZZ,	Zγ,	b	b̄,	and	ττ	 ̄
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Figure 2: Left:A BSM sensor irrespective of the type of expansion: constraints from TGV
and Higgs data on the combinations ⌃B = 4(2c2+a4) and ⌃W = 2(2c3�a5), which converge
to cB and cW in the linear d = 6 limit. The dot at (0, 0) signals the SM expectation.
Right:A non-linear versus linear discriminator: constraints on the combinations �B =
4(2c2�a4) and �W = 2(2c3+a5), which would take zero values in the linear (order d = 6)
limit (as well as in the SM), indicated by the dot at (0, 0). For both figures the lower
left panels shows the 2-dimensional allowed regions at 68%, 90%, 95%, and 99% CL after
marginalization with respect to the other six parameters (aG, aW , aB, cH , �B, and �W )
and (aG, aW , aB, cH , ⌃B, and ⌃W ) respectively. The star corresponds to the best fit point
of the analysis. The upper left and lower right panels give the corresponding 1-dimensional
projections over each of the two combinations.

see Eq. (4.7). Presently, the best direct limits on this anomalous coupling come from the
study ofW+W� pairs and singleW production at LEP II energies [120–122]. Moreover, the
strongest bounds on gZ5 originate from its impact on radiative corrections to Z physics [123–
125]; see Table 5 for the available direct and indirect limits on gZ5 .

We can use the relation in Table 1 to translate the existing bounds on gZ5 into limits
on P14(h). The corresponding limits can be seen in the last column of Table 5. We note
here that these limits were obtained assuming only a non-vanishing gZ5 while the rest of
anomalous TGV were set to their corresponding SM value.

At present, the LHC collaborations have presented some data analyses of anomalous
TGV [126–130] but in none of them have they included the e↵ects of gZ5 . A preliminary
study on the potential of LHC 7 to constrain this coupling was presented in Ref. [131]
where it was shown that the LHC 7 with a very modest luminosity had the potential of
probing gZ5 at the level of the present indirect bounds. In Ref. [131] it was also discussed
the use of some kinematic distributions to characterize the presence of a non-vanishing
gZ5 . So far the LHC has already collected almost 25 times more data than the luminosity
considered in this preliminary study which we update here. Furthermore, in this update
we take advantage of a more realistic background evaluation, by using the results of the

29

SM

Linear	doblet



Example	of	DecorrelaJon
CorrelaJons	present	in	the	linear	basis	are	absent	in	the	chiral	basis

OB = (Dµ�)
†B̂µ⌫(D⌫�)
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Example	of	DecorrelaJon
CorrelaJons	present	in	the	linear	basis	are	absent	in	the	chiral	basis
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due	to	the	nature	of	the	chiral	operators	(different	ci	coefficients):	i.e.
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