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Why EFT



SM has been excessively successful in describing all collider 
and low-energy experiments. Discovery of the 125 GeV Higgs 
boson is the last piece of puzzle that falls into place. There 
are no more free parameters in the SM. !

We know physics beyond SM exists (neutrino masses, dark 
matter, inßation, baryon asymmetry).  There are also some 
theoretical hints for new physics (strong CP problem, ßavor 
hierarchies, gauge coupling uniÞcations, naturalness problem)

Status report

?



No evidence for new particles beyond the SM up to ~1 TeV

Theoretical motivations that have been driving most new 
particle searches now appear highly doubtful. We donÕt 
have a good idea about the scale !  of new physics

At this point, further progress most likely will come 
from precision measurements

Post LHC era

?



The hope is these measurements will allow us to estimate the scale ! of new 
physics, as a target for the next high-energy machines (LHC-HE, FCC, RTEC)

Furthermore, comprehensive precision program may give us partial information about 
BSM structure (much like observables in the Fermi Theory had taught us about W and Z 
well before they could be produced in colliders, or as LEP precision measurements had 
given us a possible window or top/Higgs masses before their respective discoveries )

Fantastic Beasts and Where To Find Them

CMS!
Imaginary  

Kx



SMEFT

Much as in the SM, relativistic QFT with linearly 
realized SU(3)xSU(2)xU(1) local symmetry 
spontaneously broken by VEV of Higgs doublet Þeld!

SMEFT Lagrangian  expanded in inverse powers of 
Kx, equivalently in operator dimension D 

Basic assumptions

Generated by integrating out !
lepton number or B-L violating !

heavy particles with mass scale KxL, !
responsible for neutrino masses

Subleading!
wrt D=5/6 !

if KxL/ Kx !
high enough

Generated by integrating out !
heavy particles with mass scale Kx!

In large class of BSM models that conserve B-L, !
D=6 operators capture leading effects of new physics!

on collider observables at E << Kx

Buchmuller,Wyler !
 (1986)

Grz! dkowski et al.!
 1008.4884

Alonso et al !
 1312.2014

KxL!  10^15 GeV

TeV !  Kx !  ?

http://arxiv.org/abs/1303.3876


This leads to non-trivial and often counter-intuitive relations between operators. For

example, by using equations of motion one can establish equivalence between purely

bosonic operators, and a linear combination of 2- and 4-fermionic operators! Thus,

starting from the set of all distinct D=6 operators that can be constructed from the

SM Þelds, a number of these operators will be redundant as they are equivalent to

linear combinations of other operators. The redundant operators can be removed to

simplify the EFT description, and to establish an unambiguous map from observables

to the EFT Wilson coe! cients. A minimal, non-redundant set of operators is called

a basis.

Yukawa

[O 
eH ]IJ H   Hec

I H   ! J

[O 
uH ]IJ H   Hu c

I
!H   qJ

[O 
dH ]IJ H   Hdc

I H   qJ

Vertex

[O(1)
H ! ]IJ i ø! I ø" µ ! J H   !"DµH

[O(3)
H ! ]IJ i ø! I " i ø" µ ! J H   " i !"DµH

[OHe]IJ iec
I " µ øec

J H   !"DµH

[O(1)
Hq ]IJ i øqI ø" µqJ H   !"DµH

[O(3)
Hq ]IJ i øqI " i ø" µqJ H   " i !"DµH

[OHu ]IJ iu c
I " µ øuc

J H   !"DµH

[OHd ]IJ idc
I " µ ødc

J H   !"DµH

[OHud ]IJ iu c
I " µ ødc

J
÷H   DµH

Dipole

[O 
eW ]IJ ec

I " µ" H   " i ! J W i
µ"

[O 
eB ]IJ ec

I " µ" H   ! J Bµ"

[O 
uG ]IJ uc

I " µ" Ta !H   qJ Ga
µ"

[O 
uW ]IJ uc

I " µ" !H   " i qJ W i
µ"

[O 
uB ]IJ uc

I " µ" !H   qJ Bµ"

[O 
dG]IJ dc

I " µ" TaH   qJ Ga
µ"

[O 
dW ]IJ dc

I " µ" øH   " i qJ W i
µ"

[O 
dB ]IJ dc

I " µ" H   qJ Bµ"

Table 2.3: Two-fermionD=6 operators in the Warsaw basis. The ßavor indices are
denoted byI, J . For complex operators (OHud and all Yukawa and dipole operators)
the corresponding complex conjugate operator is implicitly included.

Because of a humungous number ofD=6 operators, and because establishing

equivalence between operators may be time consuming, identifying a basis is not a
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The ÞeldsGz and G± do not correspond to new physical degrees of freedom (they

kinetically mix with the massive gauge bosons and can be gauged away). From now

on until Chapter 5 I will work in the unitary gauge and set G± = 0 = Gz. The

scalar Þeldh corresponds to a scalar particle calledthe Higgs boson. Its mass can be

expressed by the parameters of the Higgs potential as

m2
h = 2µ2

H = 2! v2. (2.19)

2.2 Dimension-6 operators

Bosonic CP-even

OH (H   H )3

OH ! (H   H )! (H   H )

OHD
!
!H   DµH

!
!2

OHG H   H Ga
µ! Ga

µ!

OHW H   H W i
µ! W i

µ!

OHB H   H B µ! Bµ!

OHW B H   ! i H W i
µ! Bµ!

OW "ijk W i
µ! W j

!" W k
" µ

OG f abcGa
µ! Gb

!" Gc
" µ

Bosonic CP-odd

OH !G H   H "Ga
µ! Ga

µ!

OH "W H   H #W i
µ! W i

µ!

OH !B H   H "Bµ! Bµ!

OH "W B H   ! i H #W i
µ! Bµ!

O"W "ijk #W i
µ! W j

!" W k
" µ

O !G f abc "Ga
µ! Gb

!" Gc
" µ

Table 2.2: BosonicD=6 operators in the Warsaw basis.

We turn to discussing operators with canonical dimensionsD=6 in Eq. ( 2.1).

Their importance for characterizing low-energy e! ects of heavy particles has been

recognized long ago, see e.g. [21,35]. More recently, advantages of using a complete

and non-redundant set of operators have been emphasized. The point is that seem-

ingly di! erent higher-dimensional operators can have the same e! ect on on-shell am-

plitudes of the SM particles. This is the case if the operators can be related by using

equations of motion, integration by parts, Þeld redeÞnitions, or Fierz transformations.
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Dimension-6 operators

( øRR)( øRR)

Oee ! (ec" µ øec)(ec" µ øec)

Ouu ! (uc" µ øuc)(uc" µ øuc)

Odd ! (dc" µ
ødc)(dc" µ

ødc)

Oeu (ec" µ øec)(uc" µ øuc)

Oed (ec" µ øec)(dc" µ
ødc)

Oud (uc" µ øuc)(dc" µ
ødc)

O!
ud (uc" µTaøuc)(dc" µTa ødc)

( øLL )( øRR)

O! e (ø#ø" µ#)(ec" µ øec)

O! u (ø#ø" µ#)(uc" µ øuc)

O! d (ø#ø" µ#)(dc" µ
ødc)

Oeq (ec" µ øec)(øqø" µq)

Oqu (øqø" µq)(uc" µ øuc)

O!
qu (øqø" µTaq)(uc" µTaøuc)

Oqd (øqø" µq)(dc" µ
ødc)

O!
qd (øqø" µTaq)(dc" µTa ødc)

( øLL )( øLL )

O!! ! (ø#ø" µ#)( ø#ø" µ#)

Oqq ! (øqø" µq)(øqø" µq)

O!
qq ! (øqø" µ" i q)(øqø" µ" i q)

O! q (ø#ø" µ#)(øqø" µq)

O!
! q (ø#ø" µ" i #)(øqø" µ" i q)

( øLR )( øLR )

Oquqd (ucqj )$jk (dcqk)

O!
quqd (ucTaqj )$jk (dcTaqk)

O! equ (ec#j )$jk (ucqk)

O!
! equ (ecø" µ" #j )$jk (ucø" µ" qk)

O! edq (ø#øec)(dcq)

Table 2.4: Four-fermionD=6 operators in the Warsaw basis. Flavor indices are
suppressed here to reduce the clutter. The factor! is equal to 1/ 2 when all ßavor
indices are equal (e.g. in [Oee]1111), and ! = 1 otherwise. For each complex operator
the complex conjugate should be included.

be more easily linked to collider observables such as (di! erential) cross sections and

decay widths.

Deriving collider predictions in an EFT with higher-dimensional operators involves

several subtleties that need to be taken into account.

¥ In the SM, the electroweak parametersgL , gY , v are customarily determined

from input observables: the electromagnetic coupling constant%, the Z boson

massmZ , and the muon lifetime &µ. In the presence ofD=6 operators the

SM relations between the input observables and the Lagrangian parameters

can be distorted. For example, the bosonic operatorOHD contributes to the
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Full set has 2499 distinct operators, !
including ßavor structure and CP conjugates !

Enough for everyone :)

Alonso et al 1312.2014, Henning et al 1512.03433

Grz! dkowski et al.!
 1008.4884

Warsaw basis

http://arxiv.org/abs/1303.3876


Possible "
Indo-French

EFT projects



Project #1:
Higgs EFT Fit



Flurry of Þtting activity peaking in 2012, later exponentially 
decaying!

Most recent comprehensive Higgs EFT Þt from SÞtter survivors 
in arXiv:1604.03105!

Since then, new 13 TeV data, and more to come any time now!

More and more differential distributions become available!

Also, quite a lot of theoretical improvements (NLO corrections, 
new clever observables, automatized EFT tools, É)

Project #1: Higgs EFT Fit

Why now



SMEFT framework with dimension-6 operators.!

Should use experimental input not only from rates but also 
from differential distributions!

Combine Higgs and diboson  data (WW, WZ, W ! )!

Produce public likelihood function for a large set dimension-6 
Wilson coefÞcients including all correlations!

Offer regular updates, web page, and interface to other HEP 
tools 

Project #1: Higgs EFT Fit

SpeciÞcations



Project #1: Higgs Fit

Sample output

Butter et al 
1604.03105!
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observables and the TGV observables. This can be easily achieved in theSFitter framework described in Sec. III
and Ref. [3]. The systematic experimental uncertainties are assumed to be correlated for observables in ATLAS and
in CMS, but uncorrelated between the two experiments.

For all three panels the e! ect of the TGV measurements is remarkable. The combination of Higgs and TGV results
clearly deliver stronger limits than either of the two analyses independently. The secondary solution inf B has vanished
altogether, the precision onf W has improved, negative values off BB are excluded through correlations with f B , and
in the correlation of f BB and f W W we can clearly see two di! erent regions corresponding to sign changes in theH !!
coupling.

In Table II and Fig. 4 we show the limits on individual Wilson coe" cients for each of the dimensionÐsix operators
included in the analysis, Eq. (2.3). In the upper panels of Fig. 4 and in the table we clearly see secondary solutions due
to sign ßips in the individual Yukawa and Hgg couplings. In the lower panels of Fig. 4 we show only the solutions for
parameter space with SM signs of the Yukawa couplings, and focusing on thef GG containing the SM point, extending
our set of simpliÞcations discussed in Sec. II. In both cases we see that the limits including di-boson channels are
signiÞcantly improved. This improvement is driven by the highest sensitivity we have derived onf B and f W , which
feeds through to the remaining operators because of the existing correlations. Including the di-boson data removes
all secondary solutions from non-trivial parameter correlations or strong non-Gaussian e! ects. The additional Wilson
coe" cient f W W W is among the best-measured dimensionÐsix modiÞcation in the gaugeÐHiggs sector studied here.

One caveat applies to these results the same way it applies to the Higgs analysis alone [3, 37]. If we consider the
Lagrangian of Eq. (2.3) to be the leading term in a systematic e! ective Þeld theory, we have to ensure that only data
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Figure 3: Correlated proÞle likelihood for sets of two Wilson coe�cients. In the Þrst row we include only LHC Run I Higgs
data, including kinematic distributions, as shown in Fig. 11 of Ref. [3]. In the second row we add the Run I di-boson results
probing anomalous TGV interactions (as well as the corresponding LEP results). The black points indicate ! 2 logL = 5 .99.
The corresponding one-dimensional proÞle likelihoods can be found in Fig. 4.
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Figure 4: Allowed 95% CL ranges for individual Wilson coe ! cients f x / " 2 from a one-dimensional proÞle likelihood. We show
results from Run I Higgs observables only (red bars) and for a combined Higgs plus TGV analysis (blue). For the upper panels
we allow for sign changes in the individual Yukawa couplings, while in the lower panel we Þx their signs to the Standard Model
one.
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Figure 2: Results of the TGV analysis in terms of two-dimensional proÞle likelihoods from LHC Run I and from LEP [35]. We
also show the statistical combination of both.

semileptonic measurements are still based on the 7 TeV smaller data sets. An update of the semileptonic channels
should signiÞcantly contribute to a global TGV analysis.

The one-dimensional 95% CL constraints on the combination of Wilson coe! cients are

f
W

" 2 ! [" 1.5, 6.3 ] TeV! 2 f
B

" 2 ! [" 14.3, 15.9 ] TeV! 2 f
WWW

" 2 ! [" 2.4, 3.2 ] TeV! 2 . (3.1)

The same results can also be expressed as

"
!

|f
W

|
> 0.82 (0.40) TeV

"
!

|f
B

|
> 0.26 (0.25) TeV

"
!

|f
WWW

|
> 0.65 (0.56) TeV , (3.2)

where the bounds stand for the limits obtained assuming a negative (positive) Wilson coe! cient. Moreover, we can
present our results in terms of three independent TGV couplings [18], as described in Sec. II, the 95% CL constraints
then read

# gZ

1 ! [" 0.006, 0.026 ] # ! ! ! [" 0.041, 0.072 ] " ! ,Z ! [" 0.0098, 0.013 ] . (3.3)

One aspect that we have tested is how robust our results are when we change our approximate treatment of fully
correlated theoretical uncertainties. It turns out that removing these correlations slightly shifts the f

W

range towards
negative values and weaken the bound onf

B

; both e$ects are at the level of less than 0.5 standard deviations.

To allow for an easy presentation of the approximate Þt results we perform a Gaussian Þt to the multi-dimensional
probability distribution function of the three Wilson coe ! cients relevant for TGVs. For the mean, one standard
deviation and the error correlation matrix we Þnd

f
W

" 2 = (2 .2 ± 1.9) TeV! 2 f
B

" 2 = (3 .0 ± 8.4) TeV! 2 f
WWW

" 2 = (0 .55± 1.4) TeV! 2

# =

"

#
1.00 " 0.012 " 0.062

" 0.012 1.00 " 0.0012
" 0.062 " 0.0012 1.00

$

% . (3.4)

The corresponding Gaussian Þt results to the multi-dimensional probability distribution function for the TGV cou-
plings in Eq. 2.5 are shown in Table I.

3. Comparison and combination with LEP

When we express our results in terms of the TGVs deÞned in Eq. (2.5) we can easily compare them and eventually
combine them with the global LEP analysis results [35]. We show the separated LHC Run I and LEP limits in



Project #2:
Comprehensive EFT 

description of "
Drell-Yan lepton 

production at LHC



Project #3: Drell-Yan EFT

M. Gonz‡lez-Alonso

What about the LHC?
W

R.C.

SM background NP (EFT)

W

x 10-3

[Falkowski, MGA & 

Mimouni, 2017]

[Wood et al., ScienceÕ97]
[Hardy & Towner'14, !
FlavianetÕ16,!
MGA & Martin Camalich'16]

Borrowed from Martin Gonzalez-Alonso

Two-fermion production (via charged or neutral currents) !
can be affected by 4-fermion SMEFT operators 

M. Gonz‡lez-Alonso

What about the LHC?

Not really a precision machine, but the energy might help:!
!
!
!
!
!
!
!
!

W
R.C.

SM background NP (EFT)

W

x = (v, E) << !2

2



Precision vs Energy in EFT
Two distinct interesting situations

Observables at Þxed mass scale m!
(e.g. Z or Higgs decays)

High-energy tails of distributions!
(e.g. Drell-Yan  production )

Increasing UV scales probed in EFT!
achieved solely by increasing!

measurements precision

For Higgs decays, !
and tree EFT operator c6 I¢ g*^2  !

given experimental precision �² = 10%

Increasing UV scales probed in EFT!
may be achieved by increasing !
energy scale of measurement

For observable at E I¢ 2 TeV, !
and tree EFT operator c6 I¢ g*^2  !

given experimental precision �² = 10%

!
! SM

! |1 +
c6m2

! 2 |2
!

! SM
! |1 +

c6E 2

! 2 |2

! !
!

110 TeV g! ! 4!
9 TeV g! ! 1! !

!
7 TeV g! ! 4!

0.6 TeV g! ! 1



(ee)(qq)
[c(3)

! q ]1111 [c! q]1111 [c! u ]1111 [c! d]1111 [ceq]1111 [ceu ]1111 [ced]1111

Low-energy 0.45± 0.28 1.6 ± 1.0 2.8 ± 2.1 3.6 ± 2.0 ! 1.8 ± 1.1 ! 4.0 ± 2.0 ! 2.7 ± 2.0
LHC1.5 ! 0.70+0 .66

! 0.74 2.5+1 .9
! 2.5 2.9+2 .4

! 2.9 ! 1.6+3 .4
! 3.0 1.6+1 .8

! 2.2 1.6+2 .5
! 1.5 ! 3.1+3 .6

! 3.0

LHC1.0 ! 0.84+0 .85
! 0.92 3.6+3 .6

! 3.7 4.4+4 .4
! 4.7 ! 2.4+4 .8

! 4.7 2.4+3 .0
! 3.2 1.9+2 .5

! 1.9 ! 4.6+5 .4
! 4.1

LHC0.7 ! 1.0+1 .4
! 1.5 5.9 ± 7.2 7.4 ± 9.0 ! 3.6 ± 8.7 3.8 ± 5.9 2.1+3 .8

! 2.9 ! 8 ± 10

(µµ)(qq)
[c(3)

! q ]2211 [c! q]2211 [c! u ]2211 [c! d]2211 [ceq]2211 [ceu ]2211 [ced]2211

Low-energy ! 0.2 ± 1.2 4 ± 21 18± 19 ! 20± 37 40± 390 ! 20± 190 40± 390
LHC1.5 ! 1.22+0 .62

! 0.70 1.8 ± 1.3 2.0 ± 1.6 ! 1.1 ± 2.0 1.1 ± 1.2 2.5+1 .8
! 1.4 ! 2.2 ± 2.0

LHC1.0 ! 0.72+0 .81
! 0.87 3.2+4 .0

! 3.5 3.9+4 .8
! 4.4 ! 2.3+4 .9

! 4.7 2.3+3 .1
! 3.2 1.6+2 .3

! 1.8 ! 4.4 ± 5.3
LHC0.7 ! 0.7+1 .3

! 1.4 3.2+10 .3
! 4.8 4.3+12 .5

! 6.4 ! 3.6 ± 9.0 3.8 ± 6.2 1.6+3 .4
! 2.7 ! 8 ± 11

Chirality-violating operators (µ = 1 TeV)
[c! equ ]1111 [c! edq]1111 [c(3)

! equ ]1111 [c! equ ]2211 [c! edq]2211 [c(3)
! equ ]2211

Low-energy (! 0.6 ± 2.4)10! 4 (0.6 ± 2.4)10! 4 (0.4 ± 1.4)10! 3 0.014(49) ! 0.014(49) ! 0.09(29)
LHC1.5 0 ± 2.0 0 ± 2.6 0 ± 0.91 0 ± 1.2 0 ± 1.6 0 ± 0.56
LHC1.0 0 ± 2.9 0 ± 3.7 0 ± 1.4 0 ± 2.9 0 ± 3.7 0 ± 1.4
LHC0.7 0 ± 5.3 0 ± 6.6 0 ± 2.6 0 ± 5.5 0 ± 6.9 0 ± 2.6

Table 6: Comparison of low-energy and LHC constraints (in units of 10! 3) on the Wilson coef-
Þcients of the chirality-conserving (ee)(qq) and (µµ)(qq) and chirality-violating operators deÞned
at the scaleµ = 1 TeV. The 68% CL bounds are derived assuming only one 4-fermion operator
is present at a time, and that the vertex corrections and [c!! ]1221 are absent. The low-energy
constraints combine all experimental input summarized in Table 4. The LHC1.5 constraints use
the m!! " [0.5-1.5] TeV bins of the measured di! erential e+ e! and µ+ µ! cross sections at the 8
TeV LHC [106]. We also separately show the constraints obtained when the m!! " [0.5-1.0] TeV
(LHC1.0) and m!! " [0.5-0.7] TeV (LHC0.7) data range is used.
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Drell-Yan production

AA, Gonzalez-Alonso, Mimouni
1706.03783

Complementarity of LHC and low-energy measurements

CERN-TH-2017-230

Catching a New Force by the Tail

Simone Alioli!
CERN Theory Division, CH-1211, Geneva 23, Switzerland & UniversitaÕ
degli Studi di Milano Bicocca, Piazza della Scienza 3, 20126 Milan, Italy

Marco Farina 

New High Energy Theory Center, Department of Physics,
Rutgers University, 136 Frelinghuisen Road, Piscataway, NJ 08854, USA

Duccio Pappadopuloà and Joshua T. Ruderman¤
Center for Cosmology and Particle Physics, Department of Physics,

New York University, New York, NY 10003, USA.

The Large Hadron Collider (LHC) is sensitive to new heavy gauge bosons that produce narrow
peaks in the dilepton invariant mass spectrum up to about mZ ! ! 5 TeV. Z !s that are too heavy to
produce directly can reveal their presence through interference with Standard Model dilepton pro-
duction. We show that the LHC can signiÞcantly extend the mass reach for such Z !s by performing
precision measurements of the shape of the dilepton invariant mass spectrum. The high luminosity
LHC can exclude, with 95% conÞdence, new gauge bosons as heavy asmZ ! ! 10 " 20 TeV that
couple with gauge coupling strength of gZ ! ! 1 " 2.

Introduction.Ñ Apart from gravity and the Higgs
force, all known forces are mediated by spin-1 particles:
the photon for electromagnetism, theW/Z bosons for the
weak force, and gluons for the strong force.

The search for new forces and their massive media-
tors is a well-motivated arena for both experiment and
theory. New short range abelian gauge forces appear in
many extensions of the Standard Model (SM) [1Ð22] (see
also [23, 24] for reviews), are an active area of investiga-
tion at the LHC [ 25Ð31], and serve as standard bench-
marks to test the performances of future colliders [32Ð
39]. Additional non-anomalous U(1) gauge groups [40Ð
49] are a relatively innocuous extension of the SM as the
masses of the associated vector bosons do not require
the existence of additional scalar degrees of freedom and
consequently, a worsening of the hierarchy problem.

The traditional strategy to search for Z "s at colliders
has been to perform Òbump hunts.Ó ForZ "s decaying to
leptons, the dilepton invariant mass distribution is scru-
tinized for narrow peaks rising above the monotonically
falling background. Searches at the LHC are sensitive to
Z "s with masses up to about 5 TeV [25Ð29].

For masses above 5 TeV, bump hunts lose sensitivity
as the cross section for direct production vanishes. When
the massM of the new vector boson is too large for direct
production, the main contribution of the Z " at energies
E ! M are interference e! ects [50Ð53], which modify the
shapes of kinematical distributions. If the Z " couples to
both quarks and leptons, it modiÞes the invariant mass
distribution of Drell-Yan processespp " ! + ! # , ! = e, µ.
The interference e! ects can be captured by a small num-
ber of higher dimension operators, obtained by integrat-
ing out the Z " (see Fig. 1), and are therefore relatively
insensitive to the speciÞc details of theZ " model.

In this letter, we assess the reach of the LHC to probe

FIG. 1. At energies E much smaller than the massM of the
heavy gauge bosonZ ! , the e! ect of the new physics on the
Drell-Yan process, pp # ! + ! " , is encoded by a Þnite set of
four-fermion contact operators.

heavy Z "s through precision Þts to the shape of the in-
variant mass spectrum of dileptons. Previous studies of
the interference of heavy ZÕs at the LHC found that a 5
sigma discovery will be di" cult [12], and estimated the
reach of early 13 TeV measurements [22]. We go beyond
these preliminary studies by performing the Þrst com-
prehensive study of theoretical uncertainties and their
correlations, and by mapping the future reach of the full
LHC dataset. We Þnd that a vast parameter space of
ZÕs will be probed at the LHC. Deviations in the shape
of the Drell-Yan distribution have also been used to con-
strain e! ective operators [54], the running of electroweak
gauge couplings [55, 56], and other radiative e! ects of
new electroweak states [57].

The rest of this letter is organized as follows. We be-
gin by reviewing the class ofZ " models that we study.
Then we present the reach we Þnd of the LHC to the
interference e! ects of heavyZ "s. We Þnish with our con-
clusions. We include appendices that contain a technical
description of our SM prediction, projections with future
higher energy colliders, and a comparison of our bounds
with experimental contact operator bounds.

The Minimal Model.Ñ A class of Z " models moti-
vated by their simplicity and minimality has been stud-
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Currently only theorist level recasts available, assuming one 4-
fermion operator present at a time - not sufÞcient for many 
applications!

Sensitivity often better than for low-energy precision 
measurements!

Unique access to heavy quark (b and c) 4-fermion operators 
(possible consequences for models addressing B-meson 
anomalies) 

Motivations

Project #3: Drell-Yan EFT



SMEFT framework with dimension-6 operators!

Experimental input from differential cross-sections (triple mll, 
yZ, pTZ, differential distributions available in ee and ""  
channels)!

In #  and e $/ "$  Þnal states no differential cross section 
measurements  currently available so recast is necessary!

Combine charged- and neutral current information to better 
break degeneracy between operators !

Produce public likelihood function for a large set dimension-6 
Wilson coefÞcients including all correlations!

Marginalized over experimental and theoretical systematics

SpeciÞcations
Project #3: Drell-Yan EFT



Project #3:
Automated "

EFT - UV matching
with functional 

formalism
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Project #3: Automated EFT-UV matching



To translate EFT bounds as constraints on BSM, one needs to 
know matching between the two!

Ideally, one writes BSM model in some public format, and from 
that input EFT Wilson coefÞcients are automatically calculated!

 Ongoing efforts in MatchMaker project using standard 
Feynman diagrams approach (Anastasiou et al)!

Recently powerful EFT-UV matching techniques have been 
developed: Gaillard-Cheyette, Henning et al. 1604.01019, É , 
Zhang 1610.00710, É ,  Ellis et al 1706.07765"

Project #3: Automated EFT-UV matching

Motivations



!"#$%&'()#*+,-.,*/%,0"%12--3,4..%5*#$%,65*#-"

�‡!"#$%&%'($"%()%$"*+(,-%+($*(*.$#/0(/$1($"%('%-,2$/03(45678(9#0(.%(
:'/$$%0(#-

;%&*03(<*,(=40/&%'-/$>(*?(@#).'/+3%A BC

!"#$%&'()'*++,-&'./01,++#2&'34&'5657)89889

Project #3: Automated EFT-UV matching
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General expressions for one-loop effective Lagrangian !
in terms of UV Lagrangian and master integrals!

already exist in literature

Borrowed from T, You slides



Public code taking any UV Lagrangian as input (e.g. in 
Feynrules format) and returning dimension-6 Wilson 
coefÞcients in analytic and numerical form in one or several 
popular bases 

SpeciÞcations
Project #3: Drell-Yan EFT



Project #4:
CP-violating

TGV



Some experimental studies in LEP-2. For LHC, pre-2010 analysis 
by Kumar et al 0801.2891. Recent ILC study by Rahaman and 
Singh 1711.04551. Certainly, topic not exhausted yet  !

In SMEFT framework, interesting to study LHC sensitivity to 
CP-violating dimension-6 operators affecting WWZ and WW !  
couplings as they also relate to some CP-violating Higgs 
couplings!

Recent progress on CP-conserving ones (circumventing non-
interference theorems) may give useful lessons for this project 
as well

Project #4: CPV TGV

Motivations


