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At  the  Faculty  of  Mathematics  and  Natural  Sciences,  Department  of  Physics,  is  a  joint

appointment  with  the  German  Electron  Synchrotron  (DESY)  a

W3-­S-­Chair  of  "Theoretical  Particle  ─  development  of  theories  beyond  the

Standard  Model"

to  be  filled  as  soon  as  possible.

DESY  is  one  of  the  leading  centers  for  Astroparticle  and  Particle  Physics.  The  research

program  of  particle  physics  includes  a  strong  involvement  in  the  LHC  experiments  and

basic  research  in  the  field  of  theoretical  particle  in  the  Standard  Model  and  possible

extensions.  The  Institute  of  Physics,  Humboldt  University  is  also  involved  with  two

professorships  at  the  LHC  experiment  ATLAS.  The  research  interests  of  the  working  groups

in  the  field  of  theoretical  particle  physics  ranging  from  mathematical  physics  on  the

phenomenology  of  particle  physics  to  lattice  gauge  theory.

Candidates  /  students  should  be  expelled  through  excellence  with  international  recognition

in  the  field  of  theoretical  particle  physics  with  a  focus  on  the  development  of  models

beyond  the  Standard  Model.  Is  expected  to  close  cooperation  with  the  resident  at  the

Humboldt  University  workgroups.  In  addition  to  the  development  of  possible  standard

model  extensions  and  phenomenological  studies  of  experimental  verification  to  be  carried

out.  Place  special  emphasis  send  the  Higgs  physics.  It  is  expected  that  he  /  she  maintains

the  scientific  contacts  between  DESY  and  the  HU  and  active  in  the  DFG  Research  Training

Group  GK1504  "Mass,  Spectrum,  Symmetry:  Particle  Physics  in  the  Era  of  the  Large

Hadron  Collider"  cooperates.  He  /  she  should  be  at  all  levels  of  teaching  in  physics  at  the

HU  participate  (2  LVS)  and  will  have  the  opportunity  to  acquire  outside  of  a  creative

research  program.

Applicants  /  inside  must  meet  the  requirements  for  appointment  as  a  professor  /  to

professor  in  accordance  with  §  100  of  the  Berlin  Higher  Education  Act.

DESY  and  HU  aim  to  increase  the  proportion  of  women  in  research  and  teaching  and  calling

for  qualified  scientists  urgently  to  apply.  Severely  disabled  applicants  /  will  be  given
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Can validity of (truncated) EFT be 
established model-independently?

Problem: Expansion Validity: E/Λ<<1 
Experimentally: better access to leading ciE2/Λ2 
Truncation depends on c(8)iE4/Λ4

No. EFT validity depends on (broad) BSM hypotheses on Λ or ci

No, only to
Example: Fermi theory                                   is it valid up to v=246 GeV?                         

Weak couplings reduce the validity range of the EFT (as naively expected)

Strong couplings extend it (for g=4∏ Fermi theory ok up to E≈3 TeV!)
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The full knowledge of the Fermi LEFT could then tell us about the cutoff (                   )  
but this is model-depend: one needs to put in some UV assumptions to extract information  

on the cutoff from the EFT Lagrangian

c6/c8 = m2
W

https://indico.cern.ch/event/407347/contributions/975948/attachments/1211910/1767855/EFTvalidity_v2.pdf
https://arxiv.org/abs/1604.06444
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The full knowledge of the Fermi LEFT could then tell us about the cutoff (                   )  
but this is model-depend: one needs to put in some UV assumptions to extract information  

on the cutoff from the EFT Lagrangian

c6/c8 = m2
W

Message #1: 
even if we have enough accuracy to reconstruct exactly LEFT, 

we *cannot* estimate in a model-independent way the EFT truncation errors 

https://indico.cern.ch/event/407347/contributions/975948/attachments/1211910/1767855/EFTvalidity_v2.pdf
https://arxiv.org/abs/1604.06444
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The question of EFT validity is even more complicated because we 
don’t have directly access to LEFT but only to                       . |M|2 , d� . . .

observables                           LEFT

can be done only from truncated LEFT, 
and this truncation induces an error. 

We need to make sure that the terms omitted in the truncation 
don’t affect/spoil too much the determination of the terms kept in LEFT. 

To answer this question, one obviously needs to make assumption 
on the scaling of the neglected terms as function of the terms that can be measured.

Message #2: 
the estimation of the truncation errors also needs UV assumptions 

and can be done only a posteriori  
once the bounds on the terms kept have been obtained 

(not an excuse for not getting the most precise EFT prediction, NLO etc…) 

From Observables to LEFT
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Let’s take the simple example of a single BSM particle of mass M* 
exchanged in s-channel and with a coupling g* to the SM.           
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ASM

A(SM+SM ! SM+SM) = g2SM +
g2⇤E

2

E2 �M2
⇤
⇡ g2SM � g2⇤E

2

M2
⇤

� g2⇤E
4

M4
+ . . .

A6 A8

EFT benchmark for which the EFT validity/error can be estimated from the knowledge of 
measurements and UV imprints (g* or M*)

“error” (A8 relative to A6) is clearly controlled by the energy of the process 
EXP should report c6 as a function of characteristic energy of the measurements

c6 = g2⇤/M
2
⇤ , c8 = g2⇤/M

4
⇤ as in the Fermi theory)(

*LEP/flavour/early LHC*: E is implicitly known 
*HL-LHC/Future Colliders*: E should be reported explicitly 

important consequence on the design of the analyses (not always that best sensitivity comes from 
highest bins → control of the systematics over all energy range…)

From Amplitudes to LEFT

https://indico.cern.ch/event/407347/contributions/975948/attachments/1211910/1767855/EFTvalidity_v2.pdf
https://arxiv.org/abs/1604.06444
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EFT Validity
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FIG. 3. Projected bounds as a function of a cuto↵ on the mass variable. The gray region corresponds to ⇤cut > ⇤max from

Eq. 2. Left: Bounds on W(with Y = 0) or Y(with W = 0) from neutral DY including only events with the dilepton invariant

mass smaller than ⇤cut. Right: Bounds on W from charged DY including only events with the lepton transverse mass smaller

than ⇤cut.

bins, Fig. 3 illustrates the ranges of invariant/transverse
mass where percent-level experimental systematics will
be important. The e↵ect of varying the systematic un-
certainties down (2%) or up (10%) with respect to our
estimate (i.e., 5% for charged DY) is shown on the right
panel of Fig. 3. Similar bounds but for a 100TeV cen-
ter of mass pp collider are shown in Fig 4. In this case
the plots show that the bounds mainly rely on invari-
ant mass measurements (transverse mass measurements
in the case of charged DY) below 10TeV.

The shape of the limit/reach contours in the W-Y
plane can be understood as follows. The interference
term in the partonic neutral DY cross section depends on
a q2-independent linear combination of W and Y, when
integrated over angles. The orthogonal combination is
only constrained when W and Y are large enough for
quadratic terms to be relevant. In view of the strong con-
straint expected on W from charged DY, this flat direc-
tion is irrelevant in practice. However, we note that the
flat direction can in principle be constrained with neutral
DY only, using angular information such as the energy
dependence of forward-backward asymmetries [41]. In
practice, this does not improve the 8TeV limits (due to
the dominance of the qLqR ! l�L l

+
R amplitude), but may

be significant at higher energies/luminosities. We leave a
full study of the power of angular distributions to future
work.

Beyond EFT’s.— When using EFTs to describe high
energy processes, one has to keep in mind that an EFT
provides an accurate description of the underlying new
physics only at energies below the new physics scale. The
latter scale is the EFT cuto↵ and it should be regarded
as a free parameter of the EFT [66]. A related concept
is that of “maximal cuto↵”, which is the maximal new
physics scale that can produce an EFT operator of a

given magnitude (e.g., a given value of W or Y). The
EFT limits become inconsistent if they come from ener-
gies above the cuto↵. This concept has been addressed
in DM EFT searches [66, 67] and electroweak EFT stud-
ies [68]. Depending on whether we consider new physics
that directly generates contact interactions (L0), or mod-
ifies the vacuum polarizations (L), the maximal cuto↵
estimate is,

⇤0 ⌘ 4⇡mW /g2

max(
p
W, t

p
Y)

, ⇤ ⌘ mW

max(
p
W,

p
Y)

< ⇤0 . (2)

The first estimate comes from demanding 2 ! 2 ampli-
tudes induced by L0 not to exceed the 16⇡2 perturbativity
bound, the second one from the validity of the deriva-
tive expansion, taking into account that L is a higher-
derivative correction to the (canonically normalized) vec-
tor boson kinetic terms. There is no contradiction in the
fact that the two pictures have di↵erent cuto↵s since L
and L0 are equivalent only if the d > 6 operators induced
by the field redefinition are negligible (as is the case when
q < ⇤).
In order to quantify the impact of the limited EFT

validity, Figs. 3 and 4 shows how the reach deteriorates
when only data below the cuto↵ are employed.[69] If the
resulting curve stays below the maximal cuto↵ lines cor-
responding to Eq. (2), as in our case, the EFT limit is
self-consistent. The right panels of Figs. 3 and 4 also
show how lowering the systematic uncertainties moves
the limit curve far from the maximal cuto↵ line. This
allows to test EFTs with below maximal cuto↵s.
Our results can be applied to various new physics sce-

narios. Higher derivative corrections to the SM gauge bo-
son kinetic terms directly test their compositeness above
a scale ⇤2 ⇡ mW /

p
W for the SU(2) gauge fields and

⇤1 ⇡ mW /
p
Y for the hypercharge. Our results imply

Practical simple recipe #1 in simple EFTs
report the EFT bounds as a function of sliding cut on √š (or equivalent kinematic variable)

The larger the cut, the stronger the constraints. But if it is taken too large, no consistent EFT interpretation.
One cannot exclude that, for some measurements, there is simply no possible consistent EFT interpretation. 

regions where  
the coupling of NP 

would be larger than 4π 
→ expansion not reliable 

i.e. large uncertainty 
from neglecting 

higher dimensional operators 

example: Constraints on oblique corrections from Drell-Yan Farina+ ‘16 Ricci+ ‘20

the estimate. Several compelling broad classes new physics models, such as composite Higgs and

some SUSY scenarios, as the simple example above, can be broadly described at energies accessible

at LHC and future colliders, by a single mass scale and a single coupling, gBSM, with appropriate

selection rules characteristic of the UV dynamics. They o↵er interesting EFT benchmarks where

the validity of the experimental EFT analyses can be studied.

Since it requires UV theory input, the validity of the EFT in each experimental analysis can

only be assessed a posteriori, when the analysis is interpreted in a concrete BSM scenario and a

(model-dependent) estimate of G(8) becomes available. However the estimate of G(8) can be turned

into an estimate of A(8) (governing the truncation error) only provided we know the energy “E” of

the measurement. The experimental analyses should thus report information on the energy scale

of the measurements that drive the sensitivity. In Flavor Physics, for LEP data, or even at the

LHC for measurements that are performed in a very narrow range of energy like Higgs branching

ratios, this information is implicitly available. For processes measured over a wide energy range,

like the high-pT measurements at the LHC, it should be reported explicitly. In particular, since

the importance of A(8) relative to the truncated EFT prediction (A(6)) grows with the energy, one

should report the maximal energy scale of the data that are relevant in the analysis.

Suggestions for how to report bounds

Bounds as function of maximal scale Mcut. In high-pT EFT analyses, the sensitivity to the EFT

emerges from the combination of measurements performed at di↵erent energies, possibly including

the extreme tail of the kinematical distributions. However, it is easy to remove from the likelihood

fit the measurements at E larger than a sliding scale Mcut, and report the experimental result as a

function of Mcut. For instance, if no deviations from the SM are observed, the experimental results

can be expressed as limits of the form

G(6) < �exp(Mcut) . (2)

The monotonically decreasing function �exp depends on the upper value, collectively denoted by

Mcut, of suitably designed kinematic variables, e.g., transverse momenta or invariant masses, that

set the typical energy scale characterising the process. In general, the bound �exp is obtained by

imposing cuts on these variables and making use of the di↵erential kinematic distributions.

The limit �exp(Mcut) is obtained by only employing EFT predictions for observables at an energy

E < Mcut. Therefore they can be consistently applied to UV models where the EFT predictions are

su�ciently accurate at E = Mcut or larger. Inspecting �exp as a function of Mcut greatly facilitates

the interpretation of the limit in specific UV models or scenarios. For instance in the UV model of

Eq. (1) for a given value of M , the experimental constraint G(6) = g2BSM/M2 < �exp(Mcut) can be

consistently applied only for Mcut smaller (or much smaller) than M . E↵ectively, this is equivalent

to remove from the analyses the data at E � M , where the EFT description does not apply.

Having to report bounds as a function of Mcut, targeting the best possible sensitivity in the entire

Mcut range, encourages accurate experimental measurements at low energy, even in cases where the

growing-with-energy behavior of the EFT contribution would allow to probe G(6) e↵ectively (for

Mcut = 1) by simple event-counting in the extreme high-energy tail. This is important because

accurate experimental measurements at low energy are more valuable theoretically since they can

be interpreted, as we have seen, in a larger set of UV models (i.e., at smaller M).

2

https://arxiv.org/abs/1609.08157
https://arxiv.org/abs/1609.08157
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|dim-6|2 ?
Formally |dim-6|2 ~ (dim4)*(dim-8) ~ 1/Λ4

so |dim-6|2  is often, erroneously, taken as a proxy for the truncation error.

A = g2SM + c̄6 g
2
⇤

✓
E

⇤

◆2

+ c̄8 g
2
⇤

✓
E

⇤

◆4

+ . . .

|A|2 = |A|2
 
1 +

g2⇤
g2SM

c̄6

✓
E

⇤

◆2

+

✓
g4⇤
g4SM

c̄26 +
g2⇤
g2SM

c̄8

◆✓
E

⇤

◆4

+ . . .

!

c̄6 ⇠ c̄8 ⇠ O(1)

Contino+ ‘16

gSM < g⇤ |A6|2 > ASM · A8

g⇤ < gSM |A6|2 < ASM · A8

•  

•  should we drop |A6|2 then?

ASM · A6 ⇠ g2SMg2⇤
M2

⇤
E2 > ASM · A8Notice that: so interference dim-8 is not dominating

so keeping |A6|2 or not has no influence on the final bound

Conclusion: either |A6|2 is important and it should be kept, or it is subdominant and it doesn’t hurt to keep it. 

https://arxiv.org/abs/1604.06444
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Recipe #2: 
**Perform a linear and quadratic fits** 

If the two fits differ: either the reach is dominated by high-energy measurements 
or the results are valid only in special UV scenarios (e.g.                 );  

more difficult to make sense of the linear fit. 
— Goal of good EFT analysis —  

ensure that quadratic and linear fits agree since larger interpretability 

g⇤ > gSM
M

E

https://arxiv.org/abs/1604.06444
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|dim-6|2 ?Important Remarks 
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https://indico.cern.ch/event/407347/contributions/975948/attachments/1211910/1767855/EFTvalidity_v2.pdf
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|dim-6|2 ?

A
za

to
v+
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There can be (many) exception(s) to the simple general scaling rule
• Mixing with operators with weaker bounds
• SM had accidental/structural cancellation: |dim-6|2 can dominate over SM*dim-8 even for weakly coupled UV 

model, e.g. flavour physics 

• There is no interference between SM and dim-6 operators, e.g. non-interference theorem, or observable too 
inclusive (e.g. CP even observable dependence on CP-odd operators): -> need to think of particular 
observables to “resurrect” the interference! 9
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FIG. 2: A schematic representation of the relative size of di↵erent contributions to the V V V V scattering cross sections,
with polarization LLLL (left panel), LLTT (central panel) and TTTT (right panel). LO/NLO denote the leading/next-
to-leading contributions to the cross section. In the white region the SM dominates and the leading BSM correction
comes from the BSM6-SM interference (denoted as BSM6). BSM non-interference is responsible for the light-shaded
blue and orange regions, where the BSM, although it is only a small perturbation around the SM, is dominated by terms
of order E4/⇤4, either from (BSM6)

2 or from the BSM8-SM interference (denoted as BSM8).

The importance of the various terms is illustrated in
the central panel of Fig. 2. For small enough en-
ergy, where the BSM gives a small perturbation to
the SM prediction, the BSM6-SM interference dom-
inates. The suppression of the latter has however
an important impact on the behavior at higher ener-
gies. If g⇤ > gSM , it implies a precocious onset of the
regime where the (BSM6)2 term must be included:
for (mW⇤ g/g⇤)1/2 < E < ⇤ g/g⇤, corresponding to
the light blue region of the Figure, the SM still domi-
nates but the (BSM6)2 term gives the largest correc-
tion; for higher energies (BSM6)2 eventually domi-
nates the cross section. For weak or super-weak UV
completions, g⇤ < gSM , the largest correction to the
SM prediction comes from D=8 operators, in par-
ticular from the interference BSM8-SM, as soon as
the energy is larger than ⇠

p
mW⇤ (light orange re-

gion in the Figure). In this case, an EFT analysis in
terms of D=6 operators alone is insu�cient.

Yet a di↵erent energy behavior is found for the
scattering VTVT ! VTVT , where F 3 gives the leading
correction, while the operators F 2�2, �4D2 and �6

contribute at sub-leading order in "V . (Similar con-
clusions are in fact obtained also for VTVT ! VLVL

in the case in which only F 3 contributes.) Because
the coe�cient of F 3 scales with only one power
of g⇤ according to Eq. (14), the size of the D=6
terms (both (BSM6)2 and the BSM6-SM interfer-
ence) is suppressed compared to Eq. (16). The cor-

rection from D=8 operators might not carry a sim-
ilar suppression, as it happens for example for the
F 2F̄ 2 operator, whose coe�cient has a naive esti-
mate c(8) ⇡ g2

⇤
/⇤4. The di↵erent contributions to

the cross section can thus be schematically summa-
rized as follows:

�T ⇠
g4SM
E2


1 +

BSM6⇥ SMz }| {
g⇤
gSM

m2
W

⇤2
+

BSM6
2

z }| {
g2
⇤

g2SM

E4

⇤4

+
g2
⇤

g2SM

E4

⇤4

| {z }
BSM8⇥ SM

+
g4
⇤

g4SM

E8

⇤8

| {z }
BSM8

2

+ . . .

�
.

(17)

Independently of the size of the interference term,
this expression shows that as soon as theD=6 e↵ects
become bigger than the SM (for E > ⇤(g/g⇤)1/2),
the D=8 contribution takes over and dominates the
cross section [1]. Non-interference implies a pre-
cocious onset of the regime where D=8 operators
must be included: for energies E >

p
mW⇤ (g/g⇤)1/4

the dominant correction to the SM comes both from
(BSM6)2 and from the BSM8-SM interference. The
situation is illustrated in the right panel of Fig. 2.
We conclude that, for the scattering VTVT ! VTVT ,
inclusion ofD=8 operators is crucial in a vast energy
region above threshold.

So far we have considered processes where the
transverse polarizations of the vector bosons are

https://arxiv.org/abs/1607.05236
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Double Insertion of BSM vertices in A6ASM?

g2⇤E
2

M2

1

16⇡2

g4⇤E
4

M4

in general subdominant
except maybe in some particular regions of webspace

or for some analyses with suppression of leading terms 

At NLO, double insertions will require dim-8 counter-terms
Change of bases could also require dim-8 operators for consistency

Might become relevant once EFT analyses will enter precision era
Not a priority for now, more urgent actions to be taken now to fully exploit data in an EFT framework



Christophe Grojean EFT validity and interpretation EFT WG, Jan. 19, 202110

Operator Naive (maximal) Symmetry/Selection Rule

scaling with g⇤ and corresponding suppression

Oy = |H|
2 ̄LH R g3⇤ Chiral: yf/g⇤

OT = (1/2)

✓
H†

$
DµH

◆2

g2⇤ Custodial: (g0/g⇤)2, y2t /16⇡
2

OGG = |H|
2Ga

µ⌫G
aµ⌫

OBB = |H|
2Bµ⌫Bµ⌫

g2⇤

Shift symmetry: (yt/g⇤)2

Elementary Vectors: (gs/g⇤)2 (for OGG)

(g0/g⇤)2 (for OBB)

Minimal Coupling: g2⇤/16⇡
2

O6 = |H|
6 g4⇤ Shift symmetry: �/g2⇤

OH = (1/2)(@µ|H|
2
)
2 g2⇤ Coset Curvature: ✏c

OB = (i/2)

✓
H†

$
DµH

◆
@⌫Bµ⌫

g⇤
Elementary Vectors: g0/g⇤ (for OB)

g/g⇤ (for OW )

OW = (i/2)

✓
H†�a

$
DµH

◆
@⌫W a

µ⌫

OHB = (i/2)
�
DµH†D⌫H

�
Bµ⌫

OHW = (i/2)
�
DµH†�aD⌫H

�
W a

µ⌫

g⇤

Elementary Vectors: g0/g⇤ (for OHB)

g/g⇤ (for OHW )

Minimal Coupling: g2⇤/16⇡
2

Table 1: Some operators relevant for Higgs physics and the impact of approximate symmetries

on the estimated size of their coe�cient [6]. The coe�cient ✏c parametrizes the possibility that

the Higgs doublet originates as a PNGB from the flat coset ISO(4)/SO(4) [36] (see also [37]).

A suppression gV /g⇤ for every field strength (referred to as Elementary Vectors in the table),

applies to all models where the transverse components of gauge bosons are elementary. See

Ref. [36] for a construction where transverse gauge bosons are composite and have strong

dipole interactions.

These inequalities determine the region of the plane (⇤, g⇤) which is excluded consistently with

the EFT expansion for a given . This is a conservative bound, since it is obtained by using

only a subset of the events (e↵ectively only those with relevant energy up to Mcut = ⇤). It

is thus less stringent than the bound one would obtain in the full theory with the full dataset,

but it is by construction consistent with the EFT expansion. Compared to the constraint

implied by the full theory with the same reduced dataset, that of Eq. (2.2) has an error of

order 2. For constraints obtained in this way, and for a valid EFT description in general, no

question of unitarity violation arises (see for example Ref. [38] for a discussion of this issue

in the context of anomalous triple gauge couplings).

An analysis of the experimental results based on the multiple cut technique proposed here

6

EFT benchmarks: Structural Hypotheses

c(D)
i ⇠ (coupling)ni�2

Dimensional arguments impose

Effective Field Theory

(can be easily seen by counting powers of             )

= field operators of dimension-D

Expansion in physical scale of new physics      :

Wilson coefficients: number of fields in 
independently of D 

Cohen,Kaplan,Nelson’97; Luty’97 
Giudice,Grojean,Pomarol,Rattazzi,’07

Motivation for precision tests:
Organisation

Why EFT?

Self-Consistency Check

SM test ➙ New Physics Search
e.g. E/Λ  expansion = hierarchy between departures from SM

Perturbativity (E/⇤, coupling ⇥ v/⇤) ⌧ 1

relevant experiment energy

Under what conditions does it faithfully describe some BSM at low-energy?
When is it justified to truncate the EFT expansion at dimension-6? Exceptions?

ni=number of fields in operator 
   (independant of D)

O
(D)
i

generically, (coupling ~ g*) coupling of New Physics to SM
but there might exist “selection rules” that lead to other scaling

These selection rules follow from dynamical principles 
that define broad classes of UV models

In all these classes of models, the interpretation of the exp. data
will be different and the validity of the EFT bounds change

The theoretical uncertainty/error induced by dropping dim.8, 10…
scales differently in the different classes of models.

There is no meaning to a model-independent “EFT uncertainty”
(if by EFT uncertainty, you mean the effect of the truncation to dim. 6) 

Examples of symmetries leading to different selection rules

Beware that the scaling might be basis-dependent (e.g. SILH vs Warsaw), 
but the suppression applies to physical quantity, e.g. h→γγ , and is robust.

In some bases, the selection rules therefore translate into correlations
among operators rather than in direct scaling of the operatorsContino+ ‘16 See also, recent HXSWG note 2019-006

https://arxiv.org/abs/1604.06444
https://arxiv.org/abs/2009.01249
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Conclusions

EFT analyses are *not* as model-independent as they looked like or more precisely the 
interpretation of the bounds & the question of the validity are model-dependent, 

which is good because they can be used to probe different hypotheses 
so we can learn about the structure of BSM rather than measuring parameters.

* organising our knowledge
* parametrising our ignoranceEFTs are good for {

But we have to be careful and be aware of our hypotheses.
It can well be that the real potential of the future colliders projects is mis/under-estimated 

(LLP, exotics, other interesting UV dynamics…).
So we should stay open-minded and keep thinking different.


