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Intro

General EFT has many parameters (e.g. 2499 
non-redundant parameters at dimension-6 
level) 

In practice, we need a simplified procedure 
to reduce the number of parameters  

Typically, flavor symmetries reduces the 
number of relevant parameters for a given 
process to a few/dozen  

That may still be too many parameters to 
simultaneously constrain by experiment  
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Simplified EFT

In some cases, constraints on certain EFT 
parameters from other precision experiments 
are strong enough that this parameter 
cannot be really probed at the LHC 

In that case, one can resort to simplified EFT 
where that parameter is suppressed



Example of VV production 
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Figure 1.4: Feynman diagrams (CC03) for the process e+e! ! W+W! at the Born level.
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Figure 1.5: Feynman diagrams (NC02) for the process e+e! ! ZZ at the Born level.
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Figure 1.6: Feynman diagrams for the process e+e! ! WW! and WWZ at the Born level
involving quartic electroweak-gauge-boson vertices.
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Figure 1.7: Vector-boson fusion diagrams for the single W/Z/! process at the Born level.

24

Depends on triple gauge couplings

Also depends on electron/quark couplings to W and 
Z bosons and on operators modifying EW gauge 
boson propagators 

Indirectly, depends on operators shifting the SM 
reference parameters (GF, α, mZ)

WW production at LEP and LHC



WW production in effective theory

2 (in this basis) operators 
affecting TGCs

7 (in this basis) operators 
affecting electron/quark 
couplings to W and Z

2 operators entering 
indirectly by affecting 
SM parameters 

In total, 11 dimension-six 
operators affecting WW 
production 

Using Warsaw basis. Showing only operators 
affecting WW cross section at linear level. For 

simplicity, assuming flavor blind couplings. 



But, most of these 11 parameters are 
constrained by LEP and Tevatron precision 
measurements

Precision of WW measurements is only O(1)%  
in LEP and O(10%) in LHC, compared with 
O(0.1%) precision of LEP measurement 

Thus, many BSM directions within EFT are 
irrelevant for WW measurements, given 
existing constraints 

LEP constraints



One can show that LEP constrains 
the following 8  combinations of 
EFT parameters

Limits on these combinations are 
O(0.001), much better than 
precision of WW cross section 
measurements 

This leaves only 3 EFT directions 
that can visibly affect VV 
production  at the linear level

These 3 directions can be 
parameterized by cT, cWB, c3W

Simplified EFT for WW production
on the following 7 combination of vertex and oblique operators:

ĉ0HL = c0HL + g2LcWB � g2L
g2Y

cT ,

ĉHL = cHL � cT ,

ĉHE = cHE � 2cT ,

ĉ0HQ = c0HQ + g2LcWB � g2L
g2Y

cT ,

ĉHQ = cHQ +
1

3
cT ,

ĉHU = cHU +
4

3
cT ,

ĉHD = cHD � 2

3
cT , (4.4)

and on our nuisance parameter cll. One can confirm this is the case by studying the
explicit analytic expressions for the shifts of the WZ pole observables in the presence of
dimension 6 operators. See Section 3.2 and Section 3.3 for the analytic expressions.

We now derive constraints on c-hats using the WZ-pole observables. To this end, we
construct the �2 function out of the On listed in Section 3.2 and Section 3.3:

�2
WZ =

X

n,m

Oexp
n �Osm

n � �Oexp
n (ci)

�Oexp
n

⇢expnm

Oexp
m �Osm

m � �Oexp
m (ci)

�Oexp
m

(4.5)

The experimental observables Oexp
n , their 1� uncertainties �Oexp

m and the corresponding
SM prediction Osm

m are listed in Table 2 and Table 3. We include the correlations
⇢expnm whenever available, otherwise we assume no correlations. The new physics shifts
�Oexp

n (ci) are linear in ci (quadratic and higher terms are neglected). The analytic
expressions can be reproduced from the results in Section 3.2 and Section 3.3. To
evaluate the analytic expression we take the following SM couplings

gL = 0.657, gY = 0.341, v = 246.2 GeV. (4.6)

These are derived from the input observables �(µ ! e⌫⌫), ↵EM(0) and mZ defined in
Section 3.1. With this input, we find the vectors of central values ~c0 and errors �~c0, as
well as the correlation matrix ⇢, such that the �2 function of the WZ-pole observables
can be written as

�2
WZ =

X

ij

ĉi � c0i
�ci

⇢ij
ĉj � c0j
�cj

, (4.7)

We find

~c =

0

BBBBBBBB@

ĉ0HL

ĉHL

ĉHE

ĉ0HQ

ĉHQ

ĉHU

ĉHD

1

CCCCCCCCA

, ~c0 =

0

BBBBBBBB@

�1.9
1.1
0.1
�4.7
0.2
7.0

�31.3

1

CCCCCCCCA

· 10�3, �~c =

0

BBBBBBBB@

1.1
0.7
0.6
1.9
2.0
6.9
10.3

1

CCCCCCCCA

· 10�3. (4.8)
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One can prove that these 3 EFT directions are 
EQUIVALENT to the usual 3 dimensional  TGC 
parameterization

cT, cWB, c3W can be mapped to g1Z, κγ and λγ

Constraining these 3 TGCs gives a decent 
approximation of the constraints on EFT 
parameters cT, cWB, c3W

Constraint on vertex corrections can be obtained, 
again to a decent accuracy, assuming c-hats are 
zero

Simplified EFT for WW production

The correlation matrix is

⇢ =

0

BBBBBBBBBBBBBB@

1. 0.35 0.14 �0.04 0.35 0.35 �0.04 �0.35 �0.35 0.34
· 1 �0.88 0.92 1 1 0.92 �1 �1 0.98
· · 1 �0.99 �0.88 �0.88 �0.99 0.87 0.88 �0.87
· · · 1 0.92 0.92 1 �0.92 �0.92 0.91
· · · · 1 1 0.92 �1 �1 0.98
· · · · · 1 0.89 �0.99 �1 0.98
· · · · · · 1 �0.92 �0.92 0.91
· · · · · · · 1 1 �0.98
· · · · · · · · 1 �0.98
· · · · · · · · · 1

1

CCCCCCCCCCCCCCA

.

(4.11)
This time parameters are constrained only at the level O(10�1). Moreover, there are
very strong correlations, as can be seen from several O(1) entries in the correlation
matrix. This is due to the fact that the parameters settle along the flat direction of the
WZ pole fit, which forces much stronger constraints on the c-hats combinations defined
in Eq. (4.4). For example, it one can check that c0HL ⇡ cWBg2L � cT g2L/g

2
Y , so that

ĉ0HL ⇡ 0. The story is analogous for other vertex operators, with the exception of cHD

which deviates away from the flat direction. The reason is that ĉHD has a larger error
in the WZ pole fit, O(10�2) rather than O(10�3), and it also has a 2.5 � deviation from
the SM due to the famous bb̄ forward-backward asymmetry anomaly.

The fact that the parameters settle along the flat direction suggest one can obtain
the above constraints in a simpler way. Namely, since LEP constrains c-hats to be
small, we can fix the vertex corrections cHF such that ĉHF = 0, and also cll = 0. This
makes the WZ pole �2 moot and leaves 3 free parameter parameters: cWB, cT , c3W .
One can show that the e↵ect of these parameters on the VV production cross section is
perfectly equivalent to that of C- and P-conserving anomalous TGCs �g1,Z , �V and �V

at the linear level, subject to the constraint as �Z = ��, �Z = �g1,Z � ��g2Y /g
2
L. The

dictionary is

�g1,Z = (g2L + g2Y )cWB � g2L + g2Y
g2Y

cT ,

�� = g2LcWB,

�� = �3

2
g4Lc3W . (4.12)

Thus we can get approximate constraints on the parameters of the e↵ective Lagrangian
by the following procedure:

1. Fit the anomalous TGCs �g1,Z , ��, �� to the LEP-2 WW data neglecting the
quadratic TGC contributions to the observables.

2. Translate into constraints on cWB, cT , c3W using Eq. (4.12).

3. Derive constraints on cHF by solving ĉHF = 0.
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Simplified EFT for Higgs searches

Similar story for H → 4l (in principle, dependence on many 
parameters, but given existing constraints one can reduce it to a 
few)

Presumably, similar story for other Higgs processes as well (H → 
2l2ν, H+V, etc)

Custodial breaking: can we use simplified EFT where Higgs couplings 
to W and Z are related? Is this purely data driven or it relies on 
model dependent assumptions   

Other topics where simplified EFT is applicable? 

Gino’s talk today; Isidori,Trott 1307.4051; Pomarol,Riva,  1308.803


