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Addressing these fundamental problems requires physics beyond the Standard Model.
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2

The quest for physics beyond the Standard Model
The Standard Model is an EFT at low-energies of a more fundamental theory that remains unknown.

M. Martines



Model !, γ Jets† Emiss
T

∫
L dt[fb−1] Limit Reference

E
xt

ra
d

im
e

n
.

G
a

u
g

e
b

o
so

n
s

C
I

D
M

L
Q

V
e

ct
o

r-
lik

e
fe

rm
io

n
s

E
xc

td
fe

rm
.

O
th

e
r

ADD GKK + g/q 0 e, µ, τ, γ 1 → 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ → → 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH → 2 j → 139 n = 6 1910.084479.4 TeVMth

ADD QBH 1 e, µ 1 j → 165 n = 6 2604.194959.4 TeVMth

ADD BH multijet → ≥3 j → 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.6 TeVMth

RS1 GKK → γγ 2 γ → → 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass
Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass
Bulk RS gKK → tt 1-2e, µ ≥1 b, ≥1 J/4 j Yes 140 Γ/m = 30% 2512.178564.1 TeVgKK mass

2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ## 2 e, µ → → 139 1903.062485.1 TeVZ′ mass
SSM Z ′ → ττ 2 τ → → 36.1 1709.072422.4 TeVZ′ mass
Leptophobic Z ′ → bb → 2 b → 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass
SSM W ′ → #ν 1 e, µ → Yes 139 1906.056096.0 TeVW′ mass
SSM W ′ → τν 1 τ → Yes 139 2402.165765.0 TeVW′ mass
SSM W ′ → tb 0-1 e, µ 0-1 b, ≥1 JYes(1#) 139 2308.085214.6 TeVW′

R
mass

HVT W ′ →WZ model B 0-2 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass
HVT W ′ →WZ → #ν #′#′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 2207.03925340 GeVW′ mass
HVT Z ′ →WW model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146363.9 TeVZ′ mass
LRSM WR → µNR 2 µ 1 J → 139 m(NR) < 1 TeV, gL = gR 2304.095536.4 TeVWR mass

CI qqqq → 2 j → 37.0 η→LL 1703.0912721.8 TeVΛ
CI ##qq 2 e, µ → → 139 η→LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b → 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b → 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.6 TeVΛ

Axial-vector med. (Dirac DM) → 2 j → 139 gq=0.25, gχ=1, m(χ)=10 TeV ATL-PHYS-PUB-2022-0363.8 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 → 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.0 TeVmZ′

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV 2306.00641800 GeVma

Scalar LQ 1st gen 1 e ≥1 j Yes 140,55 B(S̃1 → je) = 1, λje = 1 2507.036503.4 TeVLQ1 mass

Scalar LQ 2nd gen 1 µ ≥1 j Yes 140,55 B(S̃1 → jµ) = 1, λjµ = 2.5 2507.036503.4 TeVLQ2 mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.2 TeVLQ3 mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b → 139 B(LQd
3 → tτ) = 1 2101.115821.4 TeVLQ3 mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 → 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.3 TeVLQ3 mass

Scalar LQ 3rd gen ≥2 e,µ,τ → → 140 B(S̃1 → bτ) = 1, λbτ = 2.5 2503.198362.1 TeVLQ3 mass
Scalar LQ mix gen 1 e ≥1 j, ≥1 j, ≥1 b → 140,55 B(S̃1 → be) = 1, λbe = 2.5 2507.036502.6 TeVLQmix mass
Vector LQ mix gen multi-channel ≥1 j, ≥1 b Yes 139 B(Ũ1 → tµ) = 1, Y-M coupl. 2306.176422.0 TeVLQ3 mass
Vector LQ mix gen 1 e, µ ≥4 j, ≥1 b Yes 139 B(Ũ1 → bµ) = 0.5, Y-M coupl. 2210.045172.0 TeVLQ3 mass

Vector LQ 3rd gen multi-channel → Yes 139 B(Ũ1 → bτ) = 0.5, λbτ = 2.5 2503.198362.5 TeVLQ3 mass
Vector LQ mix gen 1τ 1 b Yes 140 B(U1 → bτ) = 0.25, λcν = 2.5 CERN-EP-2026-1363.0 TeVLQmix mass

Vector LQ 3rd gen multi-channel ≥1 j, ≥1 b → 139 B(Ũ1 → tτ) = 1, Y-M coupl. 2401.119281.8 TeVLQ3 mass

VLQ TT → Ht/Zt + X 1e,µ ≥5 j, ≥2 b Yes 139 SU(2) doublet CERN-EP-2026-1311.6 TeVT mass
VLQ XX →Wt/Zb + X multi-channel 139 SU(2) doublet (X T) 2212.052631.5 TeVX mass
VLQ T → Ht/Zt multi-channel Yes 139 SU(2) singlet, ΓT /mT= 20% 2408.087892.0 TeVT mass
VLQ Y →Wb 1 e,µ ≥1 j, ≥1 b → 139 B(Y →Wb)= 1, ΓY /mY = 20% 2506.155152.3 TeVY mass
VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J → 139 SU(2) doublet, ΓB/mB= 20% 2308.025951.8 TeVB mass
VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet 2303.05441898 GeVτ′ mass
VLL µ′ → Zµ/Hµ multi-channel → → 140 SU(2) doublet 2411.071431.3 TeVµ′ mass
VLL e′ → Ze/He multi-channel → → 140 SU(2) doublet 2411.071431.2 TeVe′ mass

Excited quark q∗ → qg → 2 j → 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass
Excited quark q∗ → qγ 1 γ 1 j → 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass
Excited quark b∗ → bg → 1 b, 1 j → 139 Λ = m(b∗) 1910.084473.2 TeVb∗ mass
Excited lepton τ∗ 2 τ ≥2 j → 139 Λ = 4.6 TeV 2303.094444.6 TeVτ∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j/1 J → 139 m(WR ) = 4.8 TeV, gL = gR 2304.095533.6 TeVNR mass
Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ## 2,3,4 e,µ (SS) → → 139 DY production 2211.075051.1 TeVH±± mass
Multi-charged particles → → → 139 DY + γγ fusion, |q| = 6e 2303.136131.6 TeVmulti-charged particle mass
Magnetic monopoles → → → 138 γγ fusion, |g | = 1gD , spin 1/2 2308.048353.6 TeVmonopole mass

Mass scale [TeV]10→1 1 10

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

√
s = 13.6 TeV

partial data

√
s = 13, 13.6 TeV

combined data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: Spring 2026

ATLAS Preliminary∫
L dt = (3.6 – 195) fb→1

√
s = 13, 13.6 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.

†Small-radius (large-radius) jets are denoted by the letter j (J).
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1 TeV

Direct searches

No direct evidence of New 
Physics (NP). 

Presence of a mass gap between 
the electroweak scale and the 
scale of NP.
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Indirect searches for New Physics.

Direct searches
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The EFT approach
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Standard Model EFT (SMEFT)

‣ New Physics scale  controls the expansion; 

‣ Lepton and baryon number conservation implies that 
leading BSM effects start at dimension six.

Λ

All possible interactions made of SM fields and respecting the SM gauge symmetries.
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Same class of EFT operators can affect processes at different scales.  
e.g.  high-energy LHC and low-energy flavor processes.
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D. Becirevic et al.  [2012.09872], O. Sumensari et al. [2312.14070]A. Greljo et al. [2306.09401, 2212.10497] …

Can the LHC provide competitive bounds to those from flavor? Yes!
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High-  Drell-Yan tailspT
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Energy-enhanced effects in the high-  tails. pT

Example: constraints on transitions mediated by the charged current. 
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‣ Responsible for leptonic and semileptonic meson decays. 
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ūRidLj

��
¯̀
R⌫L

�
+ gij(`)SR

�
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‣ Responsible for leptonic and semileptonic meson decays. 
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Evaluated using perturbative methods.
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iA = i C! →K(k)| s! c|D(p)↑→ω µ|ωL !µ|0↑

Evaluated using perturbative methods.
Non-perturbative methods are required, e.g. Lattice QCD. 
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iA = i C! →K(k)| s! c|D(p)↑→ω µ|ωL !µ|0↑

Evaluated using perturbative methods.
Non-perturbative methods are required, e.g. Lattice QCD. 
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ūRi�µ⌫dLj

��
¯̀
R�

µ⌫⌫L
�i

+ h.c.

9

‣ Responsible for leptonic and semileptonic meson decays. 

M. Martines

<latexit sha1_base64="ruaT0AK3d5OfTOjrOxuMnbAVLp4=">AAACHnicbZDLSsNAFIYn9VbrrerSzWBRBKEkotWNUOjGhYtqbVpoQphMp+nQyYWZiVBCnsSNr+LGhSKCK30bp2kQbT0w8PH/53Dm/G7EqJC6/qUVFhaXlleKq6W19Y3NrfL2jinCmGPSxiELeddFgjAakLakkpFuxAnyXUY67qgx8Tv3hAsaBndyHBHbR15ABxQjqSSnfOY5LXh4CT0naTm3KTye0nVqWSXPMXPL/LHMzHLKFb2qZwXnwcihAvJqOuUPqx/i2CeBxAwJ0TP0SNoJ4pJiRtKSFQsSITxCHukpDJBPhJ1k56XwQCl9OAi5eoGEmfp7IkG+EGPfVZ0+kkMx603E/7xeLAcXdkKDKJYkwNNFg5hBGcJJVrBPOcGSjRUgzKn6K8RDxBGWKtGSCsGYPXkezJOqUavWbk4r9UYeRxHsgX1wBAxwDurgCjRBG2DwAJ7AC3jVHrVn7U17n7YWtHxmF/wp7fMbWzSflg==</latexit>

gS = gSR + gSL

gV = gVR + gVL

<latexit sha1_base64="uxkiyYkNf4BNR7Wxow5w3zqeSDA="></latexit>

d2!

dq2d cos ω
= a(q2) + b(q2) cos ω + c(q2) cos2 ω

<latexit sha1_base64="QB7G2ocEWcajoq6jnT2BqYjvpgk="></latexit>

d!

dq2
→ aV (q

2) |1 + gV |2 + aS(q
2) |gS |2 + aV S(q

2)Re[(1 + gV )g
→
S ] + . . . ,

d↑Afb↓
dq2

→ bV (q
2) |1 + gV |2 + bV S(q

2)Re[(1 + gV )g
→
S ] + . . . ,

Constrains the real part of the scalar coupling. [D. Bečirević, F. Jaffredo, A. Peñuelas, O. Sumensari, 2012.09872]



D Kc s

ν
μ

Low-energy EFT for charged current processes
<latexit sha1_base64="tc/wFwRZvU2hxP8Iioqc8j3jJPw="></latexit>

LLEFT = �2
p
2GFVij

h�
1 + gij(`)VL

��
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D+ K0

ν
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A mild tension with the SM prediction is present in the BESIII differential 
decay width measurements of the  channels. [2601.21196, 2601.21185]D → Kμν

M. Martines



10

-12 -8 -4 0 4 8 12

102 £ Re[gS]

-12

-8

-4

0

4

8

12

10
2
£

Im
[g

S
]

1æ

1æ

2æ

¢°

AFB

¢° + AFB

SM

µ = 2 GeV

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]

D+ K0

ν
μ+

<latexit sha1_base64="IQ/sM2K/g8dAfip94bliZeRsYgQ=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARWpCSiFQ3QtGNC8F66QWaECbTaTt0MgkzE6GEvIQbX8WNC0XcCu58G6dtFtr6w8DHf87hzPn9iFGpLOvbyC0sLi2v5FcLa+sbm1vm9k5ThrHApIFDFoq2jyRhlJOGooqRdiQICnxGWv7wYlxvPRAhacjv1SgiboD6nPYoRkpbnnmYOBgxeJ16d/AMlhwfiQSnUJYzdoI49W6hw2PvquyZRatiTQTnwc6gCDLVPfPL6YY4DghXmCEpO7YVKTdBQlHMSFpwYkkihIeoTzoaOQqIdJPJVSk80E4X9kKhH1dw4v6eSFAg5SjwdWeA1EDO1sbmf7VOrHqnbkJ5FCvC8XRRL2ZQhXAcEexSQbBiIw0IC6r/CvEACYSVDrKgQ7BnT56H5lHFrlaqN8fF2nkWRx7sgX1QAjY4ATVwCeqgATB4BM/gFbwZT8aL8W58TFtzRjazC/7I+PwBuuidUw==</latexit>

OS = (c̄s)(µ̄RωL)

Testing solutions at the LHC
A mild tension with the SM prediction is present in the BESIII differential 
decay width measurements of the  channels. [2601.21196, 2601.21185]D → Kμν

Complex scalar coupling can alleviate the tension.

M. Martines
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Testing solutions at the LHC
A mild tension with the SM prediction is present in the BESIII differential 
decay width measurements of the  channels. [2601.21196, 2601.21185]D → Kμν

Complex scalar coupling can alleviate the tension.

The proposed solution is not consistent with Drell-Yan limits.
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High-energy observables provide a consistency check on 
solutions to low-energy flavor tensions.

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Not all couplings affecting low-energy semileptonic transitions mediated by 
charged currents can be constrained by Drell-Yan data.

High-energy observables provide a consistency check on 
solutions to low-energy flavor tensions.

Testing solutions at the LHC

Complex scalar coupling can alleviate the tension.

The proposed solution is not consistent with Drell-Yan limits.

M. Martines
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Matching with SMEFT @ d=6:

Low-energy EFT for charged current processes
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ūRi�µ⌫dLj

��
¯̀
R�

µ⌫⌫L
�i

+ h.c.

<latexit sha1_base64="PvSXkHMeaFqpJp4wuLoa9MwrUac="></latexit>

gij(`)
VL

/ v2

⇤2
Cij

 2H2D
� v2

⇤2
Cij``

 4 ,

gij(`)
VR

/ v2

⇤2
Cij

 2H2D
,

gij(`)
SL

/ v2

⇤2
Cij``

 4 ,

gij(`)
SR

/ v2

⇤2
Cij``

 4 ,

gij(`)
T

/ v2

⇤2
Cij``

 4 .

Matching with SMEFT @ d=6:

<latexit sha1_base64="uoeKUYEO3i3ohobxPDRPPS1f0nc="></latexit>

 
2
H

2
D : M(6)(ud ! `

+
⌫) ⇠ v

2
/⇤2

Low-energy EFT for charged current processes

μ

ν

The operators in  class can be energy-enhanced in 
Higgs production channels.

ψ2H2D

p

p

Poorly constrained by  data.pp → ℓν

Only generated by a  operator @ d=6.ψ2H2D

11M. Martines



Example: Right-Handed Charged Currents at the LHC
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These amplitudes are related by the 
Goldstone Boson Equivalence Theorem.
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Goldstone Boson Equivalence Theorem

B. W. Lee et al., Phys. Rev. D 16, 1519, G. J. Gounaris et al., Phys. Rev. D 34, 3257, 
M. Chanowit, et al., Phys. Rev. D 36, 1490, Nucl.Phys.B 261 (1985) 379-431, A. 
Wulzer [1309.6055]

In the limit  ,E ≫ mW, mZ

See also R. Franceschini et al. [1712.01310]
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Goldstone Boson Equivalence Theorem

At energies , these amplitudes are related by  gauge invariance.E2 ≫ m2
W SU(2)L

See also R. Franceschini et al. [1712.01310]
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Only Zh & WW  and Vh WV

Dimension-six Higgs current operators

Only Wh & WZ

Kinematic variables related to the center-of-mass energy.
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Single parameter limits

<latexit sha1_base64="EOsFUatw+rn6/PolC4wsrliGMCQ="></latexit>

� = �SM +
1

⇤2
�Int +

1

⇤4
�NP2

°3.0 °1.5 0.0 1.5 3.0
TeV°2

33

23

22

13

12

11

[-0.91, 0.81]

[-0.37, 0.37]

[-0.20, 0.23]

[-0.14, 0.15]

[-0.06, 0.06]

[-0.04, 0.06]
C(1)

Hq
ij

/§2

Combined 95% CL

Wh

Zh

WZ

WW

°1.50 °0.75 0.00 0.75 1.50
TeV°2

33

23

22

13

12

11

[-0.90, 0.82]

[-0.28, 0.27]

[-0.22, 0.12]

[-0.10, 0.10]

[-0.06, 0.03]

[-0.07, 0.01]
C(3)

Hq
ij

/§2

Combined 95% CL

°2 °1 0 1 2
TeV°2

23

22

21

13

12

11

[-0.92, 0.92]

[-0.58, 0.58]

[-0.25, 0.25]

[-0.21, 0.21]

[-0.14, 0.15]

[-0.10, 0.10]CHud
ij

/§2

Combined 95% CL

15[O. J. P. Éboli, L. P. S. Leal, MM, O. Sumensari, 2509.08437]*Considering a single Wilson coefficient at the time.



Single parameter limits

Heavier initial states lead to weaker constraints 
due to PDF suppression.

°3.0 °1.5 0.0 1.5 3.0
TeV°2

33

23

22

13

12

11

[-0.91, 0.81]

[-0.37, 0.37]

[-0.20, 0.23]

[-0.14, 0.15]

[-0.06, 0.06]

[-0.04, 0.06]
C(1)

Hq
ij

/§2

Combined 95% CL

Wh

Zh

WZ

WW

°1.50 °0.75 0.00 0.75 1.50
TeV°2

33

23

22

13

12

11

[-0.90, 0.82]

[-0.28, 0.27]

[-0.22, 0.12]

[-0.10, 0.10]

[-0.06, 0.03]

[-0.07, 0.01]
C(3)

Hq
ij

/§2

Combined 95% CL

°2 °1 0 1 2
TeV°2

23

22

21

13

12

11

[-0.92, 0.92]

[-0.58, 0.58]

[-0.25, 0.25]

[-0.21, 0.21]

[-0.14, 0.15]

[-0.10, 0.10]CHud
ij

/§2

Combined 95% CL

Initial state 
masses

Limits from  are a factor of 2 stronger than 
 when considering Run 2 data.

Vh
WV

15*Considering a single Wilson coefficient at the time. [O. J. P. Éboli, L. P. S. Leal, MM, O. Sumensari, 2509.08437]



Differential distributions

In diboson production channels, transverse polarizations dominate compared to longitudinal modes.
R. Franceschini et al. [1712.01310]
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Examples where Higgs and DY data are important.



16

LHC & Flavor I: c → sμν

All scenarios are consistent with the SM within 2 .σ

DY & VH data allows to constrain all parameter 
space.
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Assuming all coefficients to be real.
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current interactions.
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K. Alok et al. [2108.05614], and many more…

~ 3  tension with CKM unitarity.σ

Assuming the discrepancy arises from NP, RH CC could offer 
a viable explanation. V. Cirigliano et al. [2208.11707]
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 regions2σ

HL-LHC has the potential to provide 
constraints that are competitive with those 
from flavor observables.

LHC and HL-LHC limits are dominated by  

production.
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Summary
LHC data offer complementary constraints to low-energy processes, benefiting from energy-enhanced 

effects in the high-  tails. 

Diboson (VV) and Higgs-associated (VH) production processes can probe Wilson coefficients that are 
poorly constrained by Drell–Yan data. 

The combination of DY and VH production allows to constrain all couplings affecting charged-current 
interactions. 

Soon to be implemented in HighPT Mathematica package. [github.com/HighPT/HighPT] 

The HL-LHC could help clarify flavor anomalies, such as the Cabibbo angle anomaly, and provide 
meaningful constraints on several transitions.

pT

19M. Martines
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Thank you!
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Interpreting the results on exclusive  modesc → sμν



Illustration II: BESIII measurements on  modesc → sμν
BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with 
the SM prediction.
Mild tension present in the  distribution.q2
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Illustration II: BESIII measurements on  modesc → sμν
BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with 
the SM prediction.
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Tension is coming from large  bins in  distribution.q2 ΔΓ



Which EFT operators could alleviate this tension?

Illustration II: BESIII measurements on  modesc → sμν
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0
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BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with 
the SM prediction.
Mild tension present in the  distribution.q2

[2601.21196, 2601.21185]

Tension is coming from large  bins in  distribution.q2 ΔΓ



Complex scalar coupling
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Solution proposed by BESIII [2601.21185]



Complex scalar coupling

-12 -8 -4 0 4 8 12

102 £ Re[gS]

-12

-8

-4

0

4

8

12

10
2
£

Im
[g

S
]

HPQCD

FNAL/MILC

ETMC

µ = 2 GeV

1æ

2æ

SM

Complex scalar coupling can alleviate the tension.

The tension is present regardless of the form-
factor parametrization.

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]

Solution proposed by BESIII Collaboration [2601.21185]
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Solution proposed by BESIII Collaboration [2601.21185]

Is the proposed solution consistent with high-  bounds?pT



Complex scalar coupling

D. Becirevic et al. [2012.09872], S. Fajfer et al. [1502.07488]

 and  are complementary to each other.AFB ΔΓ
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All scenarios are consistent with the SM within 2 .σ
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HL-LHC will further improve the limits on CC interactions.

See also C. Bolognani, M. Reboud, D. Van Dyk, K. Keri Vos [2407.06145]



Low-energy EFT for charged current processes
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Probing Flavorful EFTs at the LHC



Confronting LHC with EWPO
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Forward-backward asymmetry limits taken 
from V. Bresó-Pla et al.[2103.12074].

Confronting LHC 
with EWPO

 production breaks the blind-
directions present in the EWPO 
involving the first generation of 
quarks.

Vh



Limits on VLQs
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Diboson production

Center of mass energy

CKM is unitary 

SM prediction for  productionW0W0
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Modifications to the  and  couplings can spoil the SM cancellation.Z W
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t
s Z
s γ

Center of mass energy

Diboson production

Modifications to the  and  couplings can spoil the SM cancellation.Z W

At high-energies, Goldstone Boson Equivalence Theorem

CKM is unitary 

SM prediction for  productionW0W0
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M(qq0 ! W0V0) ⇠ M(qq0 ! hV 0
0)

B. W. Lee et al., Phys. Rev. D 16, 1519, G. J. Gounaris et al., Phys. Rev. D 34, 3257, 
M. Chanowit, et al., Phys. Rev. D 36, 1490, Nucl.Phys.B 261 (1985) 379-431, A. 
Wulzer [1309.6055]



High-energy amplitudes 

At dimension , for neutral processesd = 6
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High-energy amplitudes 

At dimension , for charged processesd = 6

 and  probe the same combination of couplings.WZ Wh
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On the validity of Drell-Yan tails



EFT validity of Drell-Yan tails

Our work  

A direct comparison between the EFT and concrete UV models, 
considering different truncations of the EFT series.

Level of agreement between UV model and EFT in different 
kinematic ranges.

Comparison of limits from the UV model and EFT.

See also 
T. Corbett  [2405.04570] 
I. Brivio et al. [2201.04974] 
S. Dawson et al. [2205.01561] 
T. Kim, A. Martin [2203.11976] 
R. Contino et al. [1604.06444] 
T. Cohen et al. [2111.09895] 
T. Corbett et al. [2503.19962] 
and more. 

Main questions  

1. How accurate is the EFT description of DY? 

2. Whenever the EFT expansion is valid, which terms of the EFT series should be 
considered?

LHC EFT WG note:  
Truncation, validity, uncertainties

Factors that can play an important role 

The initial quark flavors (i. e., PDFs)  

light vs. heavy quarks. 

The topology of the NP contribution  

- or channel mediator. 

The experimental sensitivity  

Depends on the available kinematic 
information and signal region. 

s t−

Benefit: not relying on general methods.

[L. Allwicher, D. A. Faroughy, MM, O. Sumensari, F. Wilsh, 2024]

https://arxiv.org/abs/2405.04570
https://arxiv.org/abs/2205.01561
https://arxiv.org/abs/2203.11976


Drell-Yan cross-section — PDF importance
Amplitudes for  consistent with  qiqj → ℓαℓβ SU(3)c × U(1)em
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The flavor of the initial quarks can impact the convergence of the EFT.
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EFT convergence — resonant mediator

Integrating out the heavy  at tree-levelZ′￼

Z′￼ ∼ (1, 1, 0)
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*neglecting the width.
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EFT convergence — non-resonant mediator

U1 ∼ (3, 1, 2/3)

Integrating out the heavy  at tree-level.U1
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EFT convergence — non-resonant mediator
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In all cases, the EFT appears to converge better towards the model when truncating the series on amplitude level.
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In all cases, the EFT appears to converge better towards the model when truncating the series on amplitude level.

Will the same conclusion hold when we compare the predictions to data?



Example: low vs. high-  constraintspT
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the discrepancies. 
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Cornella et al. [1903.11517], and more.

High-  DY tails are complementary to low-energy observables, and allows the study of the EFT validity. pT
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Experimental search for the analysis

HighPT

            Allwicher, Faroughy, Wilsch, Jaffredo, Sumensari 
      [2207.10741], [2207.10756]

Recast of  ATLAS search [G. Aad et al. [2002.12223]].pp → ττ

Observables convoluted with 

‣ Parton Shower and Hadronization — Pythia8. 

‣ Detector simulation — Delphes.

Not possible to fully reconstruct the kinematics of 
the events.
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Flavor observables
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Example: low vs. high-  constraintspT
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Largest effect in EWPO comes from  vertex correctionsZνν̄

Inputs taken from V. Bresó-Pla, A. Falkowski and M. González-Alonso [2103.12074].

RGEs- E. E. Jenkins et al [1308.2627], [1310.4838], [1312.2014].
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: EFT series exhibits ~10% difference from the model for  TeV.mU1
= 1.5

: EFT is an excellent approximation for the model.

High-  DY tails - pT pp → ττ

mU1
= 1.5 TeV mU1

= 2 TeV mU1
= 3 TeV

Example: low vs. high-  constraintspT



Rare decays
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