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Hunting for new physics
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We are 
here

[cern.ch]

E

Large Hadron Collider (LHC)

quantamagazine.org

What about 
dark matter?

Why are some particles 
heavier than others?

Why was more matter 
than anti-matter produced 
in the early universe?

https://home.web.cern.ch/science/accelerators/large-hadron-collider
https://www.quantamagazine.org/a-new-map-of-the-standard-model-of-particle-physics-20201022/
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Effective field theory - EFT
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Hierarchy of scales 

EFTELHC
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Describe NP by higher-order 
interactions of fields living at 
low energy

Heavy particles that we 
cannot resolve live here 



Anke Biekötter - KIT

Standard Model Effective Field Theory
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SM 
symmetries

SM 
fields

Higgs 
doublet

[review: Brivio, Trott (1706.08945)] 

SMEFT

• Proper, renormalisable 
quantum field theory 

• Minimal assumptions 
on UV completion

• Universal language for 
data interpretation 

At low energies, the SM does 
a very good job.

https://arxiv.org/abs/1706.08945
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What do EFTs tell us about new physics?
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UV model

SMEFT

New scalar New vector-like lepton

Subset of operators 
induced
Correlations
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C(3)
Hl

, C(1)
Hl

, CeH

MatchmakerEFT [Carmona et al. (2112.10787)]

CoDEx [Bakshi, Chakrabortty, Patra (1808.04403)]

Matchete [Fuentes-Martín et al. (2212.04510)]

https://arxiv.org/abs/2112.10787
https://arxiv.org/abs/1808.04403
https://arxiv.org/abs/2212.04510
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Why global fits?

6

One observable can be influenced by 
many operators

One operator can contribute to many 
different observables

<latexit sha1_base64="Hjo+y7deTPeJtvBpArV8Zjqr7hg="></latexit> <latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="vgyF6u4WB9iT7zaGmPKhoGyTfr0="></latexit>

Zh production<latexit sha1_base64="TiqFTlWlYmQN3KgVzYNWtdSoVUs=">AAACFnicbZDLSgMxFIYz9VbrrSqu3ASLIEjLjBR1WRDEZQV7gU5bMumZNjSTGZKMMAwFH8OtW30Hd+LWra/gU5heFrb1QODn/08453xexJnStv1tZVZW19Y3spu5re2d3b38/kFdhbGkUKMhD2XTIwo4E1DTTHNoRhJI4HFoeMObcd54BKlYKB50EkE7IH3BfEaJNlY3fwSdcwydInZ1iH3sekSm/qibL9gle1J4WTgzUUCzqnbzP24vpHEAQlNOlGo5dqTbKZGaUQ6jnBsriAgdkj60jBQkANVOJ+uP8KlxetgPpXlC44n790dKAqWSwDOdAdEDtZiNzf+yVqz963bKRBRrEHQ6yI85NqeOWeAek0A1T4wgVDKzK6YDIgnVhtjcFB8SEURFEutwDMdZRLEs6hcl57JUvi8XKrdPU0xZdIxO0Bly0BWqoDtURTVEUYpe0Ct6s56td+vD+py2ZqwZ2kM0V9bXL0Z9n24=</latexit>

e+e� ! ff̄ Weak boson fusion 
Higgs production

<latexit sha1_base64="ZoF67CE8DS5NH33Vbeqan9i8PVE="></latexit><latexit sha1_base64="uFvHOrb1OXM0rGjejaFKZ3BMxO4="></latexit>

<latexit sha1_base64="efQ1PBvqaduO9if8W7LxqO0hoOY="></latexit>

Higgs decay

Need a global analysis of all EFT 
coefficients to map all direction of new 
fundamental physics

Global in …

… the operator set

… the data
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Goals of SMEFT fits and SMEFT perspectives
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• What has been achieved in the field after the Higgs discovery?
• What are the perspectives of the field?
• What needs to be developed to create further advance

• … regarding HL-LHC?
• … regarding future collider projects?

The following discussion is obviously heavily biased by my interests!
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SMEFT fits after the Higgs discovery
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[Corbett et al. (1207.1344)]

• 2-3 independent directions (7 operators, Higgs-gauge interactions)
• 17 (LHC 7 TeV, Tevatron) + 12 (LHC 8 TeV) observables (Higgs, diboson)
• Signal strength only

Scenario I: 
( )

<latexit sha1_base64="sHyzmdNOGw0o7fcn+Nhbva0RwSQ="></latexit>

fg, fW = fB , fWW = fBB

8

degenerate minima. Unlike for fg, the two minima in fWW = fBB are not fully degenerated because these operators
modify not only the Higgs coupling to photons but also to WW and ZZ and the contributions to these last two
vertices are slightly different at the two minima. Moreover, we also see that Tevatron data has a limited impact on
this parameter while the inclusion of the LHC 8 TeV results tighten the bounds on fWW which at 95% CL is bounded
to lie in one of the two intervals [→0.8 , →0.1] or [1.5 , 2.2].

Figure 1: The left (central, right) panel exhibits ∆χ2 as a function of fg (fW , fWW ) in the framework of scenario I. Each panel

contains three lines: the dotted (dashed) line was obtained using only the LHC 7 TeV (LHC 7 TeV and Tevatron) data while

the solid line stands for the result using all the available data. In each panel ∆χ2 is marginalized over the two undisplayed

parameters.

The dependence on the scenario considered is illustrated in Figure 2 where we plot the ∆χ2 dependence on fg and
fWW of the global analysis in scenarios I and II. As we can see the results for both scenarios are almost coincident in
both panels. This is due to the fact that in scenario I the full available data set is well described by fW = fB " 0 for
all allowed values of fWW and fg, consequently the two scenarios give very similar results.

Let us turn our attention towards the correlations between the three free parameters of scenario I. Figure 3 depicts
68%, 90%, 95%, and 99% CL (2dof) allowed regions of the fWW ⊗ fg (upper right panel), fW ⊗ fg (upper left panel)
and fW ⊗ fWW (lower panel) planes using all attainable data. We obtained these plots marginalizing over the free
parameter not appearing in each of the panels.
We can see from the upper right panel of Fig. 3 that there are four well isolated allowed “islands” in the fWW ⊗ fg

plane. Moreover, within each of these islands fWW and fg are strongly correlated or anti–correlated. As mentioned
before, the existence of degenerate islands is due to the interference between the SM and anomalous contributions
which allow two different values of the anomalous couplings to lead to the same cross section or branching ratio. In
the case at hand, the gluon fusion cross section preferred by the fit is around 43% of its SM value. It is interesting to
notice that if the results from the bb̄ channel are removed from the fit the vertical gap between the two islands on the
left (or on the right) disappears – that is, intermediate values of fg (which correspond to further suppressed gluon
fusion production) become allowed. This happens because the bb̄ data, which is dominated by associated production,
constrains the coupling of the Higgs to W and Z pairs. In our framework, this leads to (a) an associated upper bound
on the Hγγ branching ratio, and (b) an upper bound on VBF and associated production. γγ data mainly restricts
the product of the gluon fusion cross section and the Higgs branching ratio into photons, thus weakening the upper
bound on the latter allows the former to have smaller values. Furthermore even smaller gluon fusion cross sections
are permited because of the possible increase in the VBF and associated production processes.
The upper left panel of Figure 3 shows the presence of two isolated regions in the fW ⊗ fG plane and that there

is a very weak correlation between the parameters within each region. Here again, the removal of the bb̄ data leads
to the disappearance of the gap between the allowed regions. The lower panel displays a behavior similar to the one
observed in the upper left, but in the fW ⊗ fWW plane.
For the sake of completeness we also show the results of the global analysis in scenario I in terms of the allowed

ranges of Higgs production cross sections and decay branching ratios in Fig. 4 and Fig. 5. The results shown in these

https://arxiv.org/abs/1207.1344
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SMEFT fits today
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• 40+ operators/directions (motivated by data/symmetries)
• > 500 observables
• Signal strength + kinematic distributions
• Beyond Higgs + gauge, beyond LHC only

Anke Biekötter - JGU Mainz

Confronting the SMEFT with data

26

 [Almeida et al. 
(2108.04828)]
[Dawson et al. 
(2007.01296)]
[Brivio et al. 

(2208.08454)]

 [Ethier et al. 
(2105.00006)]

 [Ellis et al. 
(2012.02779)]

 [Anisha et al. 
(2111.05876)]

Higgs

EW
Top

di-Higgs

BR(H)ggF

VH WBF

VBS

EWPO

diboson

4-top

tt(+jets)

FCNC

ttH t+H/V

single top

tt + V

Adapted from Ken Mimasu

 [Ethier et al. 
(2101.03180)]
 [Bellan et al. 
(2108.03199)]

[de Blas et al. 
(2204.04204)]Drell-Yan

[Celada et al. 
(2404.12809)]

[de Blas et al. 
(2507.06191)]

• SMEFT + PDF fits
• SMEFT + EW fits
• Fits by experimentalists
• Reinterpretation in terms 

of UV models
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Figure 7: The 1ω and 2ω contours of a global SMEFT fit, overlaid with direc-
tions generated by single-mediator tree-level models in the scenarios ([C̃(1)

lq ]ωω13, [C̃
(3)
lq ]ωω13),

([C̃(1)
εq ]13, [C̃

(3)
εq ]13), and ([C̃(1)

lequ]ωω31, [C̃
(3)
lequ]ωω31). See text for detailed discussion.

and the corresponding tree-level matching onto the SMEFT WCs of mass dimension 6. We
point out that each mediator requires two couplings to generate the operators interesting
for b → uεϑ transitions. This, in turn, means that many of them generate further operators
beyond those of initial interest, such as four-quark and four-lepton operators. In Subsec-
tion 4.2, we will explore the implications of this proliferation of operators in a concrete
model example with two mediators, ϖ1 and Q1.

For the remainder of this subsection, we delve deeper into the correlations imposed by
the UV mediators on the operators relevant to b → uεϑ processes. By studying the match-
ing conditions in Appendix B, we find that interesting directions are generated by the UV

– 20 –

[Greljo et al. (2306.09401)]

https://arxiv.org/abs/2404.12809
https://arxiv.org/abs/2507.06191
https://arxiv.org/abs/2306.09401
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Current and future directions in SMEFT (fits)

10
Precision

Generality Relax (flavor) 
assumptions

Combine more 
datasets

<latexit sha1_base64="32BDnY0MF/m6OPo5lgFzAD5p6Z4="></latexit>
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LHC EFT Working Group

[Greljo et al. (2203.09561)] Dim6^2 effects
Dim8 effects

[Dawson et al. (2205.01561)]
[Boughezal et al. (2207.01703)]
[Heinrich, Lang (2212.00711)]
[Degrande, Li (2303.10493)]
[Ellis et al. (2304.06663)]
[Corbett et al. (2304.03305)]

SMEFT@NLO
RGE effects

[Degrande et al. (2008.11743)]

SMEFiT [Celada et al. (2404.12809)]

https://indico.cern.ch/category/12671/
https://arxiv.org/abs/2203.09561
https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/2207.01703
https://arxiv.org/abs/2212.00711
https://arxiv.org/abs/2304.06663
https://arxiv.org/abs/2008.11743
https://arxiv.org/abs/2404.12809


Renormalization group evolution



Anke Biekötter - KIT 12

Observables and scales

~ 700 observables

Broad range of scales

Only 118 (45) observables at 
scales > 500 GeV (> 1 TeV)

All observables at scales < 2.5 TeV

[Bartocci, AB, Hurth (2412.09674)]
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C(µproc)

https://arxiv.org/abs/2412.09674
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[Alasfar, de Blas, Gröber (2202.02333)] 
[Aoude, Maltoni, Mattelaer, Severi, Vryonidou (2212.05067)] 
[Di Noi, Gröber (2312.11327)] 

[Di Noi, Gröber, Mandal (2408.03252)] 
[Heinrich, Lang (2409.19578)] 

Renormalisation group evolution

13
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Renormalisation group evolution
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Shaded region: scale 
variation by factor 2

See also: [SMEFit: ter Hoeve et al. (2502.20453)],

[HEPfit (preliminary): Miralles (@SMEFTtools2025)]

[Bartocci, AB, Hurth (2412.09674)]
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4 quarksSemileptonic

Bounds on some four-quark operators drastically improved
[Bartocci, AB, Hurth (2412.09674)]

https://arxiv.org/abs/2412.09674
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NLO vs RG evolution

17

[Dawson, Giardino (1909.02000)], [AB, Pecjak, (Scott), (Smith) (2305.03763), (2503.07724)] 

EWPO: 10 ops @LO, 32 ops @NLO 
(suppressing flavour indices)

Appendix A: Observables to LO and NLO in the SMEFT

In this appendix, we report the contributions to the observables of Table II using the

definitions of Eq. 17. The contributions to the Z width are,

��(Z ! ⌫⌫)LO =
v2

⇤2

⇢
�0.3318C(1)

�l + 0.1659Cll � 0.0829C�D

�
GeV

��(Z ! ⌫⌫)NLO =
v2

⇤2

⇢
�0.3446C(1)

�l + 0.1640Cll � 0.0853C�D � 0.0003C�d � 0.0003C�e

�0.0018C(3)
�l � 0.0073C(1)

�q + 0.0054C(3)
�q + 0.0083C�u � 0.0004Cld

�0.0004Cle � 0.0061C(1)
lq � 0.0061C(3)

lq + 0.008Clu � 0.0002C�⇤ � 0.0001C�W

+0.0063C�WB + 0.0001CuW � 0.0001CW

�
GeV

��(Z ! l+l�)LO =
v2

⇤2

⇢
�0.1408C�e + 0.191C(1)

�l � 0.037C(3)
�l + 0.114Cll � 0.057C�D

�0.0713C�WB

�
GeV

��(Z ! l+l�)NLO =
v2

⇤2

⇢
�0.1596C�e + 0.1834C(1)

�l � 0.0221C(3)
�l + 0.0985Cll � 0.0508C�D

�0.0349C�WB � 0.0001C�W � 0.0002Ced � 0.0005Cee + 0.0035Ceu

�0.0002C�d � 0.0042C(1)
�q + 0.0032C(3)

�q + 0.0049C�u + 0.0002Cld

+0.0001Cle + 0.0034C(1)
lq � 0.0031C(3)

lq � 0.0045Clu � 0.0001C�⇤

�0.0027Cqe � 0.0007CuB � 0.0007CuW � 0.0001CW

�
GeV

17

SMEFT@NLO: blessing & curse precision & degeneracies

Same diagrams relevant for RG and at  next-to-leading-order (NLO)

Alternative constraints: 
Consider D6 squared effects

https://arxiv.org/abs/1909.02000
https://arxiv.org/abs/2305.03763
https://arxiv.org/abs/2503.07724
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x 2.5
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hZ production 
at LO

Not all datasets are known to NLO precision!

[Bartocci, AB, Hurth (2311.04963) (2412.09674)] 
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FCC-ee

20

• Very precise EWPO measurements
• RG effects will also lead to stronger bounds 

on operators not contributing to EWPO at 
LO

• Given the interplay of operators contributing 
to EWPO and four-quark operators, how 
much of the improvement will survive?
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Figure 4.2: Half of the width of the projected 95% C.I. at HL-LHC (orange) and HL-

LHC + FCC-ee (blue) with and without RGE e!ects (solid colour and lighter dashed bars

respectively). In both cases, the input dataset also includes LEP and LHC Run 2 data as

baseline. In the left panel, we show the result of a linear fit and in the right panel, the

corresponding results from a quadratic fit. In all cases, we show the bounds for the Wilson

coe”cients at µ0 = 5 TeV.

displayed in Fig. 4.2. First, Fig. 4.3 presents the diagonal entries of the Fisher information

matrix, in the same format as in Fig. 3.4, now including also the contribution of the FCC-

ee observables. Comparing the two sets of plots, it is clear that FCC-ee cross-sections, in

particular for the Tera-Z run (
→

s = 91 GeV) and the ZH run (
→

s = 240 GeV) dominate

the overall sensitivity for the majority of the operators included in the fit, especially once

RGE e!ects are accounted for.
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Figure 4.2: Half of the width of the projected 95% C.I. at HL-LHC (orange) and HL-

LHC + FCC-ee (blue) with and without RGE e!ects (solid colour and lighter dashed bars

respectively). In both cases, the input dataset also includes LEP and LHC Run 2 data as

baseline. In the left panel, we show the result of a linear fit and in the right panel, the

corresponding results from a quadratic fit. In all cases, we show the bounds for the Wilson

coe”cients at µ0 = 5 TeV.

displayed in Fig. 4.2. First, Fig. 4.3 presents the diagonal entries of the Fisher information

matrix, in the same format as in Fig. 3.4, now including also the contribution of the FCC-

ee observables. Comparing the two sets of plots, it is clear that FCC-ee cross-sections, in

particular for the Tera-Z run (
→

s = 91 GeV) and the ZH run (
→

s = 240 GeV) dominate

the overall sensitivity for the majority of the operators included in the fit, especially once

RGE e!ects are accounted for.

– 23 –

SMEFiT [ter Hoeve et al. (2502.20453)] 



Anke Biekötter - KIT

FCC-ee

20

• Very precise EWPO measurements
• RG effects will also lead to stronger bounds 

on operators not contributing to EWPO at 
LO

• Given the interplay of operators contributing 
to EWPO and four-quark operators, how 
much of the improvement will survive?
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Figure 4.2: Half of the width of the projected 95% C.I. at HL-LHC (orange) and HL-

LHC + FCC-ee (blue) with and without RGE e!ects (solid colour and lighter dashed bars

respectively). In both cases, the input dataset also includes LEP and LHC Run 2 data as

baseline. In the left panel, we show the result of a linear fit and in the right panel, the

corresponding results from a quadratic fit. In all cases, we show the bounds for the Wilson

coe”cients at µ0 = 5 TeV.

displayed in Fig. 4.2. First, Fig. 4.3 presents the diagonal entries of the Fisher information

matrix, in the same format as in Fig. 3.4, now including also the contribution of the FCC-

ee observables. Comparing the two sets of plots, it is clear that FCC-ee cross-sections, in

particular for the Tera-Z run (
→

s = 91 GeV) and the ZH run (
→

s = 240 GeV) dominate

the overall sensitivity for the majority of the operators included in the fit, especially once

RGE e!ects are accounted for.
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Figure 4.2: Half of the width of the projected 95% C.I. at HL-LHC (orange) and HL-

LHC + FCC-ee (blue) with and without RGE e!ects (solid colour and lighter dashed bars

respectively). In both cases, the input dataset also includes LEP and LHC Run 2 data as

baseline. In the left panel, we show the result of a linear fit and in the right panel, the

corresponding results from a quadratic fit. In all cases, we show the bounds for the Wilson

coe”cients at µ0 = 5 TeV.

displayed in Fig. 4.2. First, Fig. 4.3 presents the diagonal entries of the Fisher information

matrix, in the same format as in Fig. 3.4, now including also the contribution of the FCC-

ee observables. Comparing the two sets of plots, it is clear that FCC-ee cross-sections, in

particular for the Tera-Z run (
→

s = 91 GeV) and the ZH run (
→

s = 240 GeV) dominate

the overall sensitivity for the majority of the operators included in the fit, especially once

RGE e!ects are accounted for.
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Figure 4.2: Half of the width of the projected 95% C.I. at HL-LHC (orange) and HL-

LHC + FCC-ee (blue) with and without RGE e!ects (solid colour and lighter dashed bars

respectively). In both cases, the input dataset also includes LEP and LHC Run 2 data as

baseline. In the left panel, we show the result of a linear fit and in the right panel, the

corresponding results from a quadratic fit. In all cases, we show the bounds for the Wilson

coe”cients at µ0 = 5 TeV.

displayed in Fig. 4.2. First, Fig. 4.3 presents the diagonal entries of the Fisher information

matrix, in the same format as in Fig. 3.4, now including also the contribution of the FCC-

ee observables. Comparing the two sets of plots, it is clear that FCC-ee cross-sections, in

particular for the Tera-Z run (
→

s = 91 GeV) and the ZH run (
→

s = 240 GeV) dominate

the overall sensitivity for the majority of the operators included in the fit, especially once

RGE e!ects are accounted for.
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RGE: Order of magnitude 
difference for some Wilson coefs!
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Figure 4.7: The marginalized 95% C.I. bounds obtained from the fit to the global dataset,

including HL-LHC and FCC-ee projections, of the heavy scalar doublet ω model. The

heavy scalar mass is set to Mω = 8 TeV, which also coincides with the matching scale. We

compare results based on tree-level and one-loop matching, in each case with and without

accounting for RGE e!ects. For the tree-level matched model, we also show the e!ect of

removing the SM top Yukawa, yt, from the RGE evolution.

only partially, the sensitivity lost due to theory errors in the EWPOs. Hence, the reduction

of theory uncertainties on EWPO predictions by the time of FCC-ee is one of the most

pressing issues of theoretical particle physics.

To finalize this section, we want to highlight the subtle interplay between RGE running

and one-loop matching e!ects by considering the heavy scalar doublet (ω) one-particle

extension of the SM [36]. In this model the only relevant UV couplings are εω (self-coupling

interaction) and (yu
ω)33 (Yukawa-type interaction). The heavy scalar mass is assumed to

be Mω = 8 TeV, which also coincides with the matching scale. We can then derive bounds

on the two UV couplings of this model using either tree-level or one-loop matching, in each

case with and without accounting for RGE e!ects, and study in this manner the interplay

between matching and RGEs.

We display in Fig. 4.7 the 95% C.I. bounds on the two UV couplings of this heavy

scalar doublet model from a fit which includes both HL-LHC and FCC-ee projections. In

our previous studies [6, 36], this model had a flat direction along εω when considering tree-

level matching. In the present analysis, this flat direction is closed since we consider the

constraints on Higgs pair production at the (HL-)LHC as well as the information contained

in the NLO EW corrections to ZH production at the FCC-ee, both of which constrain εω

– 30 –

Heavy scalar doublet model:
Stronger constraints after RGE 
improvement
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Relevant for semileptonic operators
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4 quarksSemileptonic

[Bartocci, AB, Hurth (2311.04963)]

1D vs global limits

https://arxiv.org/abs/2311.04963
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Energy growth is similar for all Wilson 
coefficients in Drell-Yan
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[Boughezal, Huang, Petriello (2303.08257)]

Single parameter vs. marginalized fits

38

There is a significant difference 
between the single-parameter and 

marginalized fits, indicating the 
need to turn all Wilson coefficients 

on simultaneously

• We begin with a fit to the linear dimension-6 SMEFT basis. There are seven relevant 
semi-leptonic four-fermion Wilson coefficients with this assumption. We first consider 
single-parameter versus marginalized fits

Boughezal, Huang, FP (2023)

There are degeneracies that 
cannot be removed by LHC 

Drell-Yan data

Drell-Yan is the strongest probe of 
semileptonic operators at the LHC  

• 7 operators contribute

Distinguished by PDFs

https://arxiv.org/abs/2303.08257
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LHC - D6 vs D6^2 vs D8
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[Allwicher et al. (2207.10756)]

Also: Measurement at high energies increases 
the relevance of D6^2 and D8 effects

https://arxiv.org/abs/2207.10756
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[Boughezal, Petriello, Wiegand (2004.00748)]

We give below the expressions for the SMEFT corrections in the up-quark initial state:
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u

dxdQ2
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⇤
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guRg

e
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e
L(C
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+guRg
e
L(1� y)2Clu(1 + �u)(1� �e) + guLg

e
R(1� y)2Cqe(1� �u)(1 + �e)

⇤
.(7)

To obtain results for the down-quark initial state, we simply make the following replacements
in the formulae above:

Qu ! Qd, guL,R ! gdL,R, Clu ! Cld, Ceu ! Ced, C(3)
lq ! �C(3)

lq . (8)

From these formulae we can obtain the results for the polarized and unpolarized cross
sections. The unpolarized cross section is obtained by averaging over the two quark helicity
possibilities �q = ±1 and setting the PDF in Eq. (3) to the usual unpolarized one, while the
polarized result is obtained by taking the di↵erence �q = �1 minus �q = +1 and interpreting
the PDF in Eq. (3) as the usual polarized PDF. Upon forming these two combinations
we obtain four physically observable di↵erential cross sections in neutral-current DIS: the
polarized and unpolarized cross sections with positive or negative �e.

We briefly present here the formulae for the charged-current process ⌫µ(k) + u(p) !

µ(k0) + d(pf ). We directly show the results for the unpolarized and polarized partonic cross
sections. The SM di↵erential cross sections are

d�WW
unpol

dxdQ2
=

g4(1� �e)

64⇡(Q2 +M2
W )2

,

d��WW

dxdQ2
=

g4(1� �e)

32⇡(Q2 +M2
W )2

. (9)

The corrections coming from SMEFT four-fermion operators are

d�WSMEFT
unpol

dxdQ2
= �

g2(1� �e)C
(3)
lq

8⇡(Q2 +M2
W )

,

d��WSMEFT

dxdQ2
= �

g2(1� �e)C
(3)
lq

4⇡(Q2 +M2
W )

. (10)

We note that only the left-handed polarization state contributes.

4 Phenomenology of DIS at the EIC

In this section we briefly review the expected parameters of an EIC, and study the
deviations induced by the four-fermion SMEFT operators considered above on both neutral
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Polarization of the beams allows to 
disentangle different Wilson coefficients

Measurement at lower energies decreases 
relevance of D6^2 and D8 effects

ω/Z

q

e

q

e

q

e

q

e

 polarization
<latexit sha1_base64="we3TCt3eStury0YIniT0bdkbJB0=">AAACB3icbVDLSgMxFM3UV62vqks3wSK4scyIVJdFNy4r2Ae0Q7mTZtrQTDIkGWEY+gEu3epHuBO3fobf4E+YtrOwrQcCh3PO5d6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBKApZ4I2DTOcdmJFIQo4bQfju6nffqJKMykeTRpTP4KhYCEjYKzU7nEbHUC/XHGr7gx4lXg5qaAcjX75pzeQJImoMISD1l3PjY2fgTKMcDop9RJNYyBjGNKupQIiqv1sdu4En1llgEOp7BMGz9S/ExlEWqdRYJMRmJFe9qbif143MeGNnzERJ4YKMl8UJhwbiad/xwOmKDE8tQSIYvZWTEaggBjb0MKWkKYiii8gMXJSsu14y12sktZl1atVaw9Xlfpt3lMRnaBTdI48dI3q6B41UBMRNEYv6BW9Oc/Ou/PhfM6jBSefOUYLcL5+ATANmgo=</latexit>

ω

https://arxiv.org/abs/2004.00748


Anke Biekötter - KIT

LHC vs EIC

26

[Boughezal et al. (2204.07557)] 29

-2 -1 0 1 2
-2

-1

0

1

2

Ceu

C ℓ
q(1
)

P4 (NL)
P4 (HL)
LHC
(NC DY)

95% CL, Λ = 1 TeV

FIG. 16. 95% CL ellipses for the Wilson coe�cients Ceu and C
(1)
`q using the nominal- and high-luminosity data set P4 in the

(2 + 1)-parameter fit that includes the beam polarization as an additional fitting parameter, compared with the corresponding
two-parameter fit from the LHC data [6].

the projected EIC and the LHC data to be uncorrelated, we also plot the combined fit of the two, which turns out to
even more strongly constrain the chosen pair of Wilson coe�cients. We remark that the e↵ective UV scales probed
with the combined data set exceed 2 TeV.

FIG. 17. 95% CL ellipses for the Wilson coe�cients C
(1)
`q and C

(3)
`q using the nominal-luminosity data set P4 in the (2 + 1)-

parameter fit that includes the beam polarization as an additional fitting parameter, compared with the corresponding fit from
the LHC data [6] and the combined fit of the two.

It should be noted that there appear flat directions in the fits of certain pairs of Wilson coe�cients with the
projected EIC data that utilize the deuteron beam. Examples include (Ceu, Ced) and (C`u, C`d). We can explain
these observations analytically. We find that these pairs always appear in a specific way in asymmetry expressions,
for example 2Ceu � Ced for electron PV asymmetries with unpolarized deuteron. In all such cases, only one of the
data families exhibits this behavior, with the degeneracy broken by another data family.

Our results on the bounds from Wilson coe�cients in simultaneous (2+1)-parameter fits with the beam polarization

EICLHC
Combining LHC and EIC data 

(plus PVES experiments) 
we can obtain the strongest bounds on semileptonic 

operators
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