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Addressing these fundamental problems requires physics beyond the Standard Model.
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ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: Spring 2026

ATLAS Preliminary
Vs =13,13.6 TeV

Direct searches

[£dt=(3.6-195) b

miss - - -
Model £,y Jetst EI™ [rdt[fb™] Limit Reference
1 1 LI I 1 1 1 1 1 1 1 1 1 LI I 1 1 1 1
. ADD Gkk +g/q Oepum,y 1-4j]  Yes 139 Mp 11.2TeV n=2 2102.10874
Gc) ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147
S ADD QBH - 2] - 139 Min 94TeV n=6 1910.08447
5 ADDQBH Tepu 1) - 165 Men 94TeV n=6 2604.19495
. ADD BH multijet - >3 - 3.6 M:n 9.6 TeV n=6,Mp=3TeV,rotBH 1512.02586
£ RS1 Gkk — vy 2y - —~ 139 Gkk mass 4.5 TeV k/Mp; = 0.1 2102.13405
m Bulk RS Gy —» WW/ZZ multi-channel 36.1 Gkk mass 2.3 TeV k/Mp = 1.0 1808.02380
Bulk RS gkk — tt 1-2e,u >1Db,>1J/4] Yes 140 gkk Mass 4.1 TeV /m=30% 2512.17856
2UED / RPP leu  22b,23] Yes  36.1 KK mass 1.8 TeV Tier (1,1), B(AGY - tt) =1 1803.09678
SSM Z' — ¢t 2e,pu - - 139 Z’ mass 5.1 TeV 1903.06248
%) SSM Z" - 1t 271 - - 36.1 Z’ mass 2.4 TeV 1709.07242
. . S  Leptophobic Z/ — bb - 2b — 36.1 Z’ mass 2.1 TeV 1805.09299
N O d | I’ECt eVi d ence Of N ew @ | Leptophobic Z* — tt Oeu >1b,>2J Yes 139 |z mass 4.1 TeV r/m=12% 2005.05138
S SSM W’ — ¢tv 1epu - Yes 139 W’ mass 6.0 TeV 1906.05609
) SSM W’ - v 17 - Yes 139 W’ mass 5.0 TeV 2402.16576
D  SSM W’ — tb 0-1e,u 0-1b,>1JYes(1¢) 139 | W, mass 4.6 TeV 2308.08521
- © HVT W’ — WZ model B 0-2e,u 2j/1J  Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
yS ICS ) G HVTW —» WZ {0 modelC 3epu  2j(VBF) Yes 139 | W' mass 340 GeV gven =1, =0 2207.03925
HVT 22/ - WW model B 1eu 2j/1J Yes 139 Z’ mass 3.9 TeV gv =3 2004.14636
LRSM Wgr — ulNgr 2 1J - 139 WR mass 6.4 TeV m(Ngr) <1TeV, g = gr 2304.09553
Cl gqqq - 2j — 370 |A 21.8TeV 7, 1703.09127
— Cl ttqq 2e,u - - 139 A 35.8 TeV um 2006.12946
O  Cleebs 2e 1b - 139 | A 1.8 TeV g =1 2105.13847
Cl uubs 2 u 1Db - 139 A 2.0 TeV g =1 2105.13847
Presence of a mass gap between Ol Sieu =it ves oot |n S ey e
Axial-vector med. (Dirac DM) - 2j - 139 Mpned 3.8 TeV 84=0.25, g, =1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
% Pseudo-scalar med. (Dirac DM) O e,u, 7,y 1-4j Yes 139 Mmed 376 GeV gq=1, g,=1, m(x)=1 GeV 2102.10874
Vector med. Z’-2HDM (Dirac DM) O e, u 2b Yes 139 mz/ 3.0 TeV tanB=1, gz=0.8, m(y)=100 GeV 2108.13391
t h e e | eCt rOWea k SCa | e a n d t h e Pseudo-scalar med. 2HDM+a  multi-channel 139 m, tanpB=1, g,=1, m(y)=10 GeV 2306.00641
Scalar LQ 1%t gen 1e >1j Yes 140,55 LQ; mass 3.4 TeV BS1—-je) =1 =1 2507.03650
Scalar LQ 2™ gen 1u >1] Yes 140,55 LQ, mass 3.4 TeV B(S1 - ju)=1,2,=25 2507.03650
Scalar LQ 3" gen Oepu  22j,22b Yes 139 | LQ3 mass B(LQY - tv) =1 2004.14060
Sca |e Of N P Scalar LQ 3™ gen >2e,u, 211 21, ;1 b - 139 LQ3 mass BLQY > tr) =1 5101.11582
. Scalar LQ 3" gen Oe,u, 217 0-2j,2b Yes 139 LQ3 mass B(LQY — bv) =1 2101.12527
G Scalar LQ 3" gen >2 e,u,t - - 140 LQ3 mass 2.1 TeV B(S; = br) =1, =25 2503.19836
=l Scalar LQ mix gen 1e >1j,>1j,>1b - 140,55 LQuix Mass 2.6 TeV B(S; - be) =1, Ape = 2.5 2507.03650
Vector LQ mix gen multi-channel >1j,>1b  Yes 139 LQ3; mass 2.0 Tev B(0; — tu) =1, Y-M coupl. 2306.17642
Vector LQ mix gen 1eu >4j,>21b Yes 139 LQ3 mass 2.0 TeV B(U; — bu) = 0.5, Y-M coupl. 2210.04517
Vector LQ 3" gen multi-channel - Yes 139 LQ3; mass 2.5 TeV B(Uy — br) = 0.5, 4y = 2.5 2503.19836
Vector LQ mix gen 1t 1b Yes 140 LQmix mass 3.0 Tev B(Us — br) =0.25, 1., =2.5 CERN-EP-2026-136
Vector LQ 3" gen multi-channel 21j,>1b - 139 LQ3 mass 1.8 TeV B(U; - tr) =1, Y-M coupl. 2401.11928
VLQTT - Ht/Zt + X le,u >5j,>2b Yes 139 T mass 1.6 TeV SU(2) doublet CERN-EP-2026-131
L »w VLQXX - Wt/Zb+ X multi-channel 139 X mass .5 TeV SU(2) doublet (X T) 2212.05263
= 5 VLQT - Ht/Zt multi-channel Yes 139 T mass 2.0 Tev SU(2) singlet, I'r/m7=20% 2408.08789
S g VLQY — Wb 1eu >1j,>21b - 139 Y mass 2.3 TeV B(Y - Wb)=1,Ty/my=20% 2506.15515
© = VLQB - Hb Oeu >2b,>1j,>1J — 139 B mass 1.8 TeV SU(2) doublet, I'g/mg= 20% 2308.02595
§ O VLL7T — Z1/Ht multi-channel >1] Yes 139 7/ mass SU(2) doublet 2303.05441
VLL o’ — Zu/Hy multi-channel - - 140 | 4’ mass SU(2) doublet 2411.07143
VLL ¢’ — Ze/He multi-channel - - 140 e’ mass SU(2) doublet 2411.07143
O o~ Excitedquark g* — qg - 2] — 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
§<) § Excited quark ¢g* — gy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
Iy @ Excited quark b* — bg - 1b,1] ~ 139 b* mass 3.2 TeV A = m(b*) 1910.08447
Excited lepton 7* 27 >2 | — 139 T mass 4.6 TeV AN=4.6TeV 2303.09444
Type Il Seesaw 234 e,u 22j Yes 139 NO mass 2202.02039
LRSM Majorana v 2u 2i1J — 139 Nr mass 3.6 TeV m(Wg) =4.8TeV, gL = gr 2304.09553
3 Higgs triplet H** — W*W=* 23,4 e,u (SS) various Yes 139 ** mass 350 GeV DY production 2101.11961
< Higgs triplet H** — ¢¢ 2,3,4 e, u (SS) - - 139 ** mass DY production 2211.07505
@) Multi-charged particles - - - 139 multi-charged particle mass 1.6 TeV DY + yy fusion, |q| = 6e 2303.13613
Magnetic monopoles — — - 138 monopole mass 3.6 TeV vy fusion, |g| = 1gp, spin 1/2 2308.04835
Vs=13TeV s=13TeV 5=13.6TeV +s=13,13.6 TeVv l—— 11l - L L R S S S L R -
partial data  full data partial data  combined data 10 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
TSmall-radius (large-radius) jets are denoted by the letter j (J).
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The EFT approach

All possible interactions made of SM fields and respecting the SM gauge symmetries.

Standard Model EFT (SMEFT)

1 1

OO !

LsMEFT = LM + n v 3 £ 1 £® 4

£ =3 e

1

A g mmmmmmm-- pE R LR LRl mmmmmmmmm-s
Fjé : +» New Physics scale A controls the expansion,
~ SM : , A
S ! ' » Lepton and baryon number conservation implies that
i, ' .
' New Physics ' leading BSM effects start at dimension six.
EFT: N\
I
I
I
i >
E < EFrgc ' E > Eruc E
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The EFT approach

All possible interactions made of SM fields and respecting the SM gauge symmetries.

Standard Model EFT (SMEFT)

1 1
LoverT = Lom + —L£5) - 25(6) |

L n 1

IE A4£<8>+...

A
L@ = Z & di)

1

A

Eé 4 E :" » New Physics scale A controls the expansion;, ~‘:
~— SM ! : S :
_8 ! E » Lepton and baryon number conservation implies that E
' New Physics ' leading BSM effects start at dimension six. ;
EFT | e
I Same class of EFT operators can affect processes at different scales.
; . eg high-energy LHC and low-energy flavor processes.
E < EpLgc " E> FEiuc  E
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Synergy between low- and high-energy observables

Drell-Yan

TeV




Synergy between low- and high-energy observables

Drell-Yan
TeV
1,
mC
q, 9
M M’ D. Becirevic et al. [2012.09872], O. Sumensari et al. [2312.14070]A. Greljo et al. [2306.09401, 2212.10497] ...
>
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High-p, Drell-Yan tails

Drell-Yan
P d 4
b
- )
= _
§ 1076 P u, y
2
o 3109 — >M
SARS
S
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et al. [2503.19962], G. Hiller et al. [2502.12250], S. Descostes-Genon et al. [2303.07521], A. Angelescu et al. [2002.05684], and many more....
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High-p, Drell-Yan tails

Drell-Yan
P d 4
v
vt A ~ E?/A? ‘
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§ 1076 P u, y
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o < 1079 __ NP
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High-p, Drell-Yan tails

Drell-Yan
P d 4

) v

vt A ~ E2Z /A2 ‘
>
§ 1079 P’ u y
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= — SM
o | S10° — NP
8| g
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High-p, Drell-Yan tails

Drell-Yan
l
P d
v
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% 109 Py v
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= — SM
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Largest signal /background ratio <——— Energy-enhanced effects in the high-p; tails.
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High-p, Drell-Yan tails

O S s Drell-Yan
. Example: constraints on transitions mediated by the charged current. . y
e e ' P d
v
wll A(6) EQ/AQ
- t
2 106
10 Py, v
ey
= — SM
5 @10—9 *
S | B — AP
=
Largest signal /background ratio 4——— Energy-enhanced effects in the high-p; tails.
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Low-energy EFT for charged current processes

L1

prT = —2V 2GRV,

+98, (aridey) (Crve) + g4,

) (@rivude;) (€uy"ve)

(aridr;) (Crve)

» Responsible for leptonic and semileptonic meson decays.
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Low-energy EFT for charged current processes

L1

prT = —2V 2GRV,

+94, (wride) (Crve) + 94,

) (@rivude;) (€uy"ve)

(aridr;) (Crve)

» Responsible for leptonic and semileptonic meson decays.

19 (£
+ o7y

17 (£
+ g2

(@rivudr;) (Lo vr)

(ﬂRiUWdLj) (ZRU'LWVL)_

------------------------------------------------------------------------------------

------------------------------------------------------------------------------------
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Low-energy EFT for charged current processes

L1

+94, (wride) (Crve) + 94,

ErT = —2V2GFV;; _(1 + 9%(@) (@rivudri) (Loy*vr)

(aridr;) (Crve)

» Responsible for leptonic and semileptonic meson decays.

19 (£
+ o7y

17 (£
+ g2

(@rivudr;) (Lo vr)

(ﬂRiUWdLj) (ZRU'LWVL)_

------------------------------------------------------------------------------------

------------------------------------------------------------------------------------

—» Evaluated using perturbative methods.
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Low-energy EFT for charged current processes

15 (£) 17 (£)

LIEFT = —2\/§GFV;']' (1 + 9%(6)) (ﬂLi%dLj) (ZLW“VL) + 9%6) (ﬂRz‘%de) (ZLW“VL)

+ 93, (ﬂRz‘dLj) (ZRVL) + 05, B " m2. — m2
(K(k)|37"c|D(p)) = |(p + k)" — —=——"¢"| f+(¢°)
" Responsibl fo eptonic and semileptonic mesc R )
//t i
g :
S k tA=1iCr (K(k)|sTc|[D(p))(vulvL T ul0)
D ¢ > K |
‘ 1
........................................................................ [QQ (p— k) = (pe +pu)2j

—» Evaluated using perturbative methods.
—» Non-perturbative methods are required, e.g. Lattice QCD.
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Low-energy EFT for charged current processes

+95, (aridr;) (Crvs) + 93,

» Respc L A R B

1.4 B fO(qz) >

19 b

P =R (g

L0 |

0.8 | _
HPQCD [2104.09883]-

().6_"""""""""
0.0 0.5 1.0 1.5

q° [GeV]
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LIEFT = —2\/§GFVL']' _(1 + 9%(6)) (ﬁLi%dLj) (ZLW“VL) + 9%@ (ﬂRz‘%de) (ZLW“VL)

i. Lattice QCD.

(K (k)|sy"c|D(p)) = |(p + k)" — "2—"E g | £, (¢?)
o _
p D 2 K g fo(q?),
K(k)|5T e[ D(p) (v l7L T o)
............................ [QQ (p— k)* = (pe +pu)2j




Low-energy EFT for charged current processes

LierT = —2V2G RV, -(1 + 9%(6)) (@rivudr;) (Coy*vr) + gw(é) (Wrivudrj) (Lo vr)

+ 94 (@nide) (Trve) + 945 (nidr) (Crv) + 97 (ariodiy) (Fro™vi) | +hic.

» Responsible for leptonic and semileptonic meson decays.

------------------------------------------------------------------------------------

H |

> k 1A =1Cr <K(k)| §FC‘D(p)><Vﬁ|7L Fu\()}

D ¢ > K i
_____________ P =0 = 0

—» Evaluated using perturbative methods.
—» Non-perturbative methods are required, e.g. Lattice QCD.

- Encodes information about the underlining microscopic theory.

M. Martines



Low-energy EFT for charged current processes

LierT = —2V2G RV, -(1 + 9%(6)) (@rivudr;) (Coy*vr) + gw(ﬁ) (Wrivudrj) (Lo vr)

+ 94 (@nide) (Trve) + 945 (nidr) (Crv) + 97 (ariodiy) (Fro™vi) | +hic.

» Responsible for leptonic and semileptonic meson decays.

gs = gsp t+ 9s;

-------------------------------------------------------------------------------

H " gv = gvy T gv,
U :
D S i Wi W
> > = a(qg”): q“)cos c ICOS :
dg?dcosf P |
D ¢ § | G A A e A SO L D pupp :
______________ N 2

-----------------------------------------------------

-----------------------------------------------------
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Low-energy EFT for charged current processes

LierT = —2V2G RV, -(1 + 9%(6)) (@rivudr;) (Coy*vr) + gw(ﬁ) (Wrivudrj) (Lo vr)

+ 94 (@nide) (Trve) + 945 (nidr) (Crv) + 97 (ariodiy) (Fro™vi) | +hic.

» Responsible for leptonic and semileptonic meson decays.

-------------------------------------------------------------------------------

" gv = gvg T gvy
U
f/ d2T ) )
; ; J2d cos 0 a(q”) + b(qg”) cos 8 + c(q*) cos“ 6
D kK - ====>" ===
< —
dl’

--------------------------------------------------------------------------------

Constrains vector and scalar couplings.

M. Martines



Low-energy EFT for charged current processes

LierT = —2V2G RV, -(1 + 9%(6)) (@rivudr;) (Coy*vr) + gw(ﬁ) (Wrivudrj) (Lo vr)

+ 94 (@nide) (Trve) + 945 (nidr) (Crv) + 97 (ariodiy) (Fro™vi) | +hic.

» Responsible for leptonic and semileptonic meson decays.

gs = gsp t+ 9s;

-------------------------------------------------------------------------------

p B gv = 9gvg T 9vy
y :
S f{ T a(q”) + b(q°) cos 6 + c(q”) cos™ 0
B s x dg®dcos® 7~ ...
<
d(A
<dql;b> x by (¢*) |1+ gv|® + bvs(g®) Re[(1 + gv)g§] +

--------------------------------------------------------------------

Constrains the real part of the scalar coupling. [D. Becirevi¢, F. Jaffredo, A. Pefiuelas, O. Sumensari, 2012.09872]

M. Martines



Low-energy EFT for charged current processes

—_
DO

‘-------

Theory /Exp.

-----

-----

Constrains real part of the scalar coupling.

M. Martines

—_
-

EP’

: h.c.

——— ——— ol
L 44 BESIII B < U
= SM HPQCD - DT = Koty + .
== e % 0.0 - e
Bl - , Mild tension in: ' WFPFPW
I_I_:-I-I ' the argeq2 2 —+
i . TR N
y et z
- Dt - K o -, —0.2 - -
I . . I I |_l.‘_||—-.-—| [
—— = _| | — T I
_ 1 - LT>J< 2.9 %
Hp b | & oo T FP}}{ 1
l ® 1 1
—ﬂ&@mmi'i'}'}+ 1 2 o5k +
o AR E R R ] — | ] R B T S
0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5
q° [GeV7] q° [GeV7]
" _— . I— ; [ /

--------------------------------------------------------------------

Recently measured by BESIII Collaboration



Testing solutions at the LHC

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

M. Martines

10



Testing solutions at the LHC ut

U
A mild tension with the SM prediction is present in the BESIII differential - -
decay width measurements of the D — Kuv channels. [2601.21196, 2601.21185] DT p K"
2771 C | | I oy " .
| [u —, Ge\/] AT omplex scalar coupling can alleviate the tension.
Q L R
| A Os = (¢s)(prVL)
L \/
= 4r S -
= |
= |
— O L ¢ —
>< L
CNO _ Q
— 4 - |
8 - _
| * su|
_19 T | | | |

10% x Re[gg]

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Testing solutions at the LHC ut

U
A mild tension with the SM prediction is present in the BESIII differential - -
decay width measurements of the D — Kuv channels. [2601.21196, 2601.21185] D p K"
Rr—— T "1 Compl | I leviate th i
| [u s Ge\/] AT omplex scalar coupling can alleviate the tension.
8 AFB
N LHC | =\ (1
| | __ 1
A Os = (¢s)(frVL)
L [ g )
L 22 _
g ° -
g : |  The proposed solution is not consistent with Drell-Yan limits.
et O . ‘B —
X | :
s | /& |
8 -
:[ - SM] '
o= .. ...

-12 -3 -4 0 al 3 12
10° x Re[gs]

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Testing solutions at the LHC ut

U
A mild tension with the SM prediction is present in the BESIII differential - -
decay width measurements of the D — Kuv channels. [2601.21196, 2601.21185] DT p K"
e ——— Complex scalar coupling can alleviate the tension.
- [ =2 GeV ] AT
8 AFB
R LHC } = —
i : — l/
A Os = (¢s)(frVL)
L [ g )
. 22 _
g Q -
= j |  The proposed solution is not consistent with Drell-Yan limits.
et O . ‘B —
X | :
= . L ’ - High-energy observables provide a consistency check on
| Z solutions to low-energy flavor tensions.
-8 I~ i
| * su| '
o= .. ...

-12 -3 -4 0 al 3 12
10° x Re[gs]

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Testing solutions at the LHC ut

U
A mild tension with the SM prediction is present in the BESIII differential - -
. + 0
decay width measurements of the D — Kuv channels. [2601.21196, 2601.21185] D p K
. g N B LM e C I | I lleviate the tensi
| AT : omplex scalar coupling can alleviate the tension.
AFB
LHC | Do = (¢ —
— \CS 1%

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

10° x Im|[gs]

High-energy observables provide a consistency check on

solutions to low-energy flavor tensions.

Not all couplings affecting low-energy semileptonic transitions mediated by

charged currents can be constrained by Drell-Yan data.

U~ X he|gg

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Low-energy EFT for charged current processes

LIEFT = —2\/5GFV@J' _(1 + g%@)) (ﬂLz‘%dLj) (ZLW”VL) + 9%6) (ﬂRz‘%de) (ZLW“VL)

+ g?f@ (’I_LRz’dLj) (ZRVL) -+ g?]:(f) (@Lide) (ZRVL) n g;‘g(é)

(aRz’U,uydLj) (ZRO"W/VL)_ + h.c.

Matching with SMEFT O d=6:

2 2
35 (£) U™ ,ij U™ Lijee
gVL X FC¢2H2D A2 C¢4 )

(0 V7 i
gVR X FC¢2H2D’

2
37 (£) U™ Lijee
9s, OCFC¢4 ;

2
37 (£) U™ Lijee
9s, OCEC¢4 ,

2
..E U . .
gé,aﬂ ) Ecgfﬁ.

M. Martines 11



Low-energy EFT for charged current processes

LierT = —2V2G RV, (1 + 9%(6)) (@rivudr;) (Coy*vr) + gw(é) (Trivudrs) (CLy"vL)

+ g”w) (uR@dLj) (ERVL) - gz /(4) (u/;zng) (KRVL) + QZ 1 (uRzqudLJ) (ZRUWVL): +h.c.

Matching with SMEFT O d=6:

5 Well constrained by pp — 71 data
zg(é) Cig (% Cz’j%
gv A2 ¢2 H2D A2 ¢4 )
02 A
ij(0) V" oig P4
vy Az W2 H2D .
4 (6) N E2 A2
zg(ﬁ) v Cij% w A / ?
gS A2 ¢4 y
N P Ui 1%
zg(ﬁ) ng%
gS A2 ¢4 y
J. Fuentes-Martin et al. [2003.12421], M. Farina et al. [1609.08157],
P9 (ﬁ) 2 ij 0l A. Greljo et al. [2212.10497], A. Angelescu et al. [2002.05684], ...
gr " X 93 3G -

M. Martines
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Low-energy EFT for charged current processes

L1

prT = —2V 2GRV,

+ g”w) (uR@dLj) (ERVL) - gz /(4) (u/;zng) (KRVL) + QZ 1 (uRzqudLJ) (ZRUWVL): +h.c.

(14 92 (arivudry) (Cor*vr) + g0 (wrivudrs) (v

Matching with SMEFT O d=6:

| 2 Poorly constrained by pp — v data.
zg(é) ng U ng%
v, X AZVP2H2D T A2yt
(0 Y g p #
vy Az W2H2D - v
VEH?D : MO (ud — 0Tv) ~ 02 /A° A
2
ij(€) Y it \
gSL A2 ¢4 7 D) p
Only generated by a w“H”D operator © d=6. %

2
ij(ﬁ) U Cz‘jw

gSR E .

2
37 (£) U Cz‘j%

gT X E ¢4 .

M. Martines
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Low-energy EFT for charged current processes

+ g”(@ (uR@dLj) (ERVL) - gz /(4) (u/:zng) (KRVL) + QZ 1 (uRzqudLJ) (ZRUWVL): +h.c.

LierT = —2V2G RV, (1 + gw(f)) (@rivudr;) (Coy*ve) + gw(e) (Trivudrs) (CLy"vL)

Matching with SMEFT O d=6:

17(¥4
g‘;()

17(¥¢
g‘ﬁ()

M. Martines

y v2 i Poorly constrained by pp — v data.
A2 C?va H2D A2 C¢4 Y,
02
v pis P ~
A2 U?H2D . .
VEH?D : MO (ud — 0Tv) ~ 02 /A° A
2
~ U_Cz’j% \
A2 TY* 2712 P
Only generated by a w“H”D operator © d=6. %
U_Qcijw
A2 w4 , - 2 2 .
The operators in w“H-D class can be energy-enhanced in
2
x %ngfz, Higgs production channels.

11



Example: Right-Handed Charged Currents at the LHC

U
Otuag = (H"WD,H)(ury"dr) + h.c. Hud|ij
X A2 PR
di | WH2D: MO (ud — ) ~ 02 /A2

Poorly constrained by DY.

M. Martines
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Example: Right-Handed Charged Currents at the LHC

U
Otrud = (H'iD, H)(Tpy"dg) + h.c. W Crrudlij
X A2 R
Energy-enhancement effects d. VPHZD : MO (ud — 1+1) ~ 02 /A
h
- i E?sinf l -
] — : Poorl t d by DY.
M(up dp — Wy h) 5 A2 C%}Ld oorly constrained by

12



Example: Right-Handed Charged Currents at the LHC

U
Otuag = (H"WD,H)(ury"dr) + h.c. o \CHudlij o
Az T
Energy-enhancement effects d; EH2D : MO (ud — 1+ 1) ~ 2 /A2
h
M( z Ej — Wo h) i B Sin@c* Poorly conirained by DY
U — . .
ROR 0 /2 A2 I{ijd
J 14
U; 1% U; /
> MV > Modifications to the SM
Y + couplings spoil the
d, < 7 d < AANANAN W cancellations.
. . . . E~
iMsm >~ iV2 Vi;sin6 [C%V — (T(“) — S%VQ(“)) + (T(d) — S%Q(d))} Pl 0

M. Martines 12



Example: Right-Handed Charged Currents at the LHC

U;
~ 5. _ W .
Orug = (HTzDuH)(uRW"dR) + h.c. « CHudlij =
A2 T F
Energy-enhancement effects d; EH2D : MO (ud — 1+ 1) ~ 2 /A2
h
- i FE?sinf l .
M(u® 4 s Wa b)) — Cir., Poorly constrained by DY.
( RYR 0 ) \/i A2 I—I/L]d
J W
ul ui /
%% L
> Modifications to the SM
+ couplings spoil the
d, < ANANANAN Z d, < W cancellations.

i FE?siné

M dr — Wo Zo) = .
R™YR \/i A2 Hz'jd

M. Martines 12



Example: Right-Handed Charged Currents at the LHC

U;
=0 _ W .
Orug = (HTzDuH)(uRW"dR) + h.c. « CHudlij =
A2 TR
Energy-enhancement effects d; EH2D : MO (ud — 1+ 1) ~ 2 /A2
) h
- i E?siné l .
M(u® 4 s Wa b)) — Cir., Poorly constrained by DY.
( RYR 0 ) \/i A2 I—I/L]d
J %%
ul ui /
%% L
> Modifications to the SM
+ couplings spoil the
d, < ANANANAN Z d, < W cancellations.
i E?siné

M (u's E‘é — Wy Zp) = These amplitudes are related by the

V2 A2 Chya .
| / Goldstone Boson Equivalence Theorem.
M. Martines 12



Goldstone Boson Equivalence Theorem

In the limit £ > my,, m,
V,—» longitudinal polarization

¢ —» Goldstone boson

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]

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

In the limit E > my,, m,,
V,—» longitudinal polarization

¢ —» Goldstone boson

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]

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

In the limit E > my,, m,,
V,—» longitudinal polarization

M(q:q; = Vo V) o< M(qiq; — ¢ ¢')

¢ —» Goldstone boson

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]

ODgud = \/5 (h —+ ZZ) (('?Mer) (ﬂfﬂ/’uPRdj) + ...

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

In the limit E > my,, m,,
V,—» longitudinal polarization

M(q:q; = Vo V) o< M(qiq; — ¢ ¢')

¢ —» Goldstone boson

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]

ODgud = \/5 (h —+ ZZ) (('?Mer) (ﬂfﬂ/’uPRdj) + ...

—» At energies EZ > m%, these amplitudes are related by SU(2); gauge invariance.

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

In the limit E > my,, m,,
V,—» longitudinal polarization

M(q:q; = Vo V) o< M(qiq; — ¢ ¢')

¢ —» Goldstone boson

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]

ODgud = \/5 (h —+ ZZ) (('?Mer) (ﬂfﬂ/’uPRdj) + ...

—» At energies EZ > m%, these amplitudes are related by SU(2); gauge invariance.

—» Characteristic of all dim-6 operators modifying neutral & charged currents.

See also R. Franceschini et al. [1712.01310]

M. Martines 13



Dimension-six Higgs current operators

Only Zh& WW Only Whi& WZ Vh and WV

Operator

(ITITiD“H) (ﬂw“dj) + h.c.

Channel | Distribution | Collaboration | N, L

ATLAS 14 | 36.1 fb~! [42]

pp — WW
CMS 11 | 35.9 fb~! [43]
ATLAS 12 | 140 fb~! [44]

pp > W2
CMS 5 137 b~ [45]
ATLAS 5 140 fb~1 [30]
pp — Zh CMS 3 | 138 b [31]
ATLAS 5 140 fb~* [30
pp = Wh CMS 3| 138 b1 [31

Kinematic variables related to the center-of-mass energy.

14



Dimension-six Higgs current operators

100 - ppl %IWhI
Channel - S
Only Zh & WW Only Wh& WZ  Vh and WV S ) L
T SM + (d=6) + (d=6)"
Operator pp > WW : ’ E
= ] "““““““‘; :
21072 | Cirua/N* = 0.05 TeV ™2 —
S : I S | E
pp - WZ ]
1073 E
B ‘/ T
Largest signal /background ratio
104 | | |
pp—2Zh | =99
S
<7y 3 \El D e -
(H'iD,H)(uiv"d;) + h.c. I e
. 200 400 600 300
pr [GeV]

Higgs differential distributions in the format of Simplified

M. Marti Template Cross-Sections (STXS) are available. D. De Florian et al. [1610.07822] 44
: artines



Single parameter limits

11
12
13
22
23
33

- ,L]

I C(U/AIQ I

.

Wh
Zh
Wz
WWw

Combined 95% CL
| :—0.04, 0.06:

—15

0.0
TeV 2

1

1.5

1

O = O-SM | A2 UInt I A4 O-NP2

*Considering a single Wilson coefficient at the time.

£0.06, 0.06

0.14, 0.15
£0.20, 0.23

-0.37, 0.37

0.91, 0.81

Combined 95% CL

11_ C(3>/A2 EI —_—0.07, 001
12F i) = 11-0.06, 0.03
13} = 1:0.10, 0.10
221 — 11-0.22, 0.12
23 R [0.28, 0.27
33 ’ £0.90, 0.82
~150 —0.75 000 075 1.50
TeV~*
Combined 95% CL

1F S = 10010, 0.10

Crrua/ N # | |
120 Y —— -[-0.14, 0.15
13} e [0.21, 0.21
21f e 110.25, 0.25
22r = 1[-0.58, 0.58
23t 1[:0.92, 0.92]
2 -1 0 1 2

—
TeV 2
[O. J. P. Eboli, L. P. S. Leal, MM, O. Sumensari, 2509.08437]
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Single parameter limits

Initial state - |
11F |
masses (1) /A2
CHq /A
12 4y
13r
221
231
33 . . | .
—3.0 —1.5

Heavier initial states lead to weaker constraints

m— VI
— /h

WZzZ
m— W

Combined 95% CL
| :-0.04, 0.06:

0.0
TeV 2

due to PDF suppression.

1.5

Limits from Vh are a factor of 2 stronger than

WYV when considering Run 2 data.

*Considering a single Wilson coefficient at the time.

£0.06, 0.06

0.14, 0.15
£0.20, 0.23

-0.37, 0.37

0.91, 0.81

Combined 95% CL

11F C(3>/A2 =| —_—0.07, 001
12F i) - 11-0.06, 0.03
*
13} = 1-0.10, 0.10
| |
22+ — 1[:0.22, 0.12
23+ — 11:0.28, 0.27
33 ' 0.90, 0.82
~150 —0.75  0.00 0.5 1.50
TeV 2
Combined 95% CL
mF 5 = ~1[-0.10, 0.10
Crrua/ N | |
oL ] . 1[-0.14, 0.15
13t — 1[-0.21, 0.21
o1} — 11:0.25, 0.25
29! — 110,58, 0.58
23 —_— 11:0.92, 0.92]
-2 -1 0 2
TeV 2

[O. J. P. Eboli, L. P. S. Leal, MM, O. Sumensari, 2509.08437]
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Differential distributions

0t = Wh o W2
SM - Vh/WV § i
| SM - Vo h/ WV 1071 .
0 s E W
k= — SM - VT h/WTVT I =
Z ‘ e — SM + (d =6) + (d = 6)* | Z E (3)
<) —3 I B O 2 _ —2
5 10 . 3 10-2k L_(,Z_If_f_/A 0.2 TeV .
=2 | el CYUA2 =002 Tev 2 ] =
=104 L . =
s : L : s
oF . LTI : Q'lo—ll_ —
107k e
=
10~° — 107°
= WA = 0.02 Tev—2] = | CY /N = 0.2 Tev—2 77
o | r=! 11 - o | 11 e _
ot - -_
[ 1= S ==
él _‘_—_I__ éﬂ __.._r-‘_:_
1'-‘.“."'.“.1....1. A N R 1'—.—-.".“."1".".“..|....|....|....'
0.5 1.0 1.5 2.0 2.9 3.0 0.5 1.0 1.5 2.0 2.5 3.0
myp |[TeV] myz | TeV]

In diboson production channels, transverse polarizations dominate compared to longitudinal modes.
R. Franceschini et al. [1712.01310]

M. Martines



Differential distributions

In diboson production channels, transverse polarizations dominate compared to longitudinal modes.

M. Martines

pb/100 GeV

ORFT/ O\
(N

107°¢

il | - SM - VT h/WTVT

pp — Wh

L
SM - Vh/WV
SM - Vo h/ Wy

i mmm SM A (d=6) + (d=6)

I—q

e, A% = 0.02 Tev?

_____
=1

- CY /A2 = 0.02 TeV 2]
r=1 11

1.0 1.9 2.0 2.9 3.0

1070
3 _ T T [ ';_; T
= | CY N2 =02 TeV—2 0™
Ji\ ! 11 _f_
=2 f -
o - - r=1
1 p=r === 1 A I R R
0.5 1.0 1.5 2.0 2.5 3.0

myz | TeV]

R. Franceschini et al. [1712.01310]
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1

— D — Kuv HPQCD
LHC

—— LHC & Flavor

---- HL-LHC

2

"";@"""-

LHC & Flavor I: ¢ — suv

Assuming all coefficients to be real.

DY & VH data allows to constrain all parameter

space.

All scenarios are consistent with the SM within 2c.

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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2

— D — Kuv HPQCD
LHC

—— LHC & Flavor

---- HL-LHC

LHC & Flavor I: ¢ — suv

Assuming all coefficients to be real.

DY & VH data allows to constrain all parameter

space.

All scenarios are consistent with the SM within 2c.

HL-LHC will further improve the limits on charged-

current interactions.

Sw . 1pp—ou & pp— Wh
I
: A
............... A
E P’ c y

[D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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LHC & Flavor Il: First-row CKM unitarity

NS = Vial2iobal + [Vis|Zobal + [Vis|> — 1 = —0.00151(53)  ~ 36 tension with CKM unitarity.

A. Crivellin et al. [2212.06862], [2008.01113], B. Belfatto et al. [1906.02714], Y. Grossman et al. [1911.07821], M. Kirk [2008.0113], A.
K. Alok et al. [2108.05614], and many more...

0.226+
| B decay Semileptonic Kaon decay Leptonic decays
| V..V
0.225¢ - \,\,\/ us° ' ud
s s P é
= 0,224 =
C—*—
&
= Neutron decay
0.223¢ i
| | Vud
K — wly
0.222

0968 0970 0972 0974 0976
|Vud|
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LHC & Flavor Il: First-row CKM unitarity

NS = Vial2iobal + [Vis|Zobal + [Vis|> — 1 = —0.00151(53)  ~ 36 tension with CKM unitarity.

A. Crivellin et al. [2212.06862], [2008.01113], B. Belfatto et al. [1906.02714], Y. Grossman et al. [1911.07821], M. Kirk [2008.0113], A.
K. Alok et al. [2108.05614], and many more...

Assuming the discrepancy arises from NP, RH CC could ofter

0.2267 1 : :
| [ decay - a viable explanation. V. Cirigliano et al. [2208.11707]
B—decay
| - 20 — .
0.225_* . \,\V I KILLQ/T‘-/LQ
<[ \x B .
s 2 = E& Combined
E 0.224-' % L
=
A % 0.0
| > o C _
0.223f 2 ] ]
LR iy
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LHC & Flavor Il: First-row CKM unitarity
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[O. J. P. Eboli, L. P. S. Leal, MM, O. Sumensari, 2509.08437]

M. Martines

LHC and HL-LHC limits are dominated by Wh

production.

HL-LHC has the potential to provide
constraints that are competitive with those

from flavor observables.

i E?siné

M (u dr — Woh) = Ciry,
R™YR \/5 A2 I_{ijd

W
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Summary

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

effects in the high-p; tails.

Diboson (VV) and Higgs-associated (VH) production processes can probe Wilson coefticients 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.

g H H =N = = =N mw

-------------------------------------------------------------------------------------------------

M. Martines
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Summary

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

effects in the high-p; tails.

Diboson (VV) and Higgs-associated (VH) production processes can probe Wilson coefticients 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.

g H H =N = = =N mw
.----'

-------------------------------------------------------------------------------------------------

Thank you!

M. Martines
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Backup



Interpreting the results on exclusive ¢ — sur modes



lllustration 1l: BESIIl measurements on ¢ — sur modes

BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with
the SM prediction. [2601.21196, 2601.21185]

Mild tension present in the g* distribution.
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lllustration 1l: BESIIl measurements on ¢ — sur modes

BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with

the SM prediction. [2601.21196, 2601.21185]

Mild tension present in the g* distribution.
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lllustration 1l: BESIIl measurements on ¢ — sur modes

BESIII measurements on total branching ratio and forward-backward asymmetry are consistent with

the SM prediction. [2601.21196, 2601.21185] | | | |
Which EFT operators could alleviate this tension?

Mild tension present in the g* distribution.
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Complex scalar coupling

Solution proposed by BESIII [2601.21185] Complex scalar coupling can alleviate the tension.
12 I L ] ]
=2 GeV B HPQCD : The tension is present regardless of the form-
' FNAL/MILC - factor parametrization.
S ETMC
: Tension is coming from large ¢* bins.
= 4T - i
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E ' 20 ——— — .
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Al - 7| /-
i 72 /‘/
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_8 B - 10- _ o 10 _ ’,//
| 7 | | e
-k SM ~F | T
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[D. Becirevic,, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837] 0.9 1.0 1.5



Complex scalar coupling
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: Solution proposed by BESIII Collaboration [2601.21185]
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Complex scalar coupling

12_---|---------|---|---
L u=2GeV B HPQCD |
j FNAL/MILC
S B ETMC B
: Solution proposed by BESIII Collaboration [2601.21185]
g ‘
E | Complex scalar coupling can alleviate the tension.
' } 1 | The tension is present regardless of the form-
X p g
Cé | factor parametrization.
4 b _
] B 1o B
! 20
% SM _
_12 T Y T o [D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
_12 _8 B O X 8 12

10% x Re[gg]

Is the proposed solution consistent with high-p, bounds?



Complex scalar coupling

AgpR is linearly sensitive to the real part of the scalar coupling.
27— 71— / T D. Becirevic et al. [2012.09872], S. Fajfer et al. [1502.07488]
- [ =2 GeV ] Al
I AFB
8 _ T —. AF-FAFB |
| . - Apg and Al are complementary to each other.
= 47 S -
= _
= |
— O i ) ¢ —
>< |
o [ &
O _
— _4 | B
-8 7 HPQCD FFs
[ * SM]
119 ' —— | | | | o | [D. Becirevic, MM, S. Rosauro-Alcaraz, O. Sumensari, 2603.25837]
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Complex scalar coupling

AFB is linearly sensitive to the real part of the scalar coupling.

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

- Apg and Al are complementary to each other.

-» High-p, bounds provides stringent constraints,

excluding the 1o preferred region.

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



Complex scalar coupling

AFB is linearly sensitive to the real part of the scalar coupling.
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D. Becirevic et al. [2012.09872], S. Fajfer et al. [1502.07488]

- Apg and Al are complementary to each other.

-» High-p, bounds provides stringent constraints,

excluding the 1o preferred region.

Which other scenarios are possible?

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

All scenarios are consistent with the SM within 2c.

HL-LHC will further improve the limits on CC interactions.

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

3 0 D — Kuv HPQCD
B(Ds — uv)
LHC
— LHC + Flavor
=== HL-LHC

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



Low-energy EFT for charged current processes

L1

EFT = —2\/§GFVL'J'

» Responsible for leptonic and semileptonic meson decays.

decay constant 9s = 9sr — 9s.

Constraints on axial and pseudoscalar couplings.

M. Martines

Helicity suppressed



Probing Flavorful EFTs at the LHC



Confronting LHC with EWPO
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Confronting LHC
with EWPO

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

quarks.

Forward-backward asymmetry limits taken
from V. Breso-Pla et al.[2103.12074].
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Diboson production

k
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T. Corbett, O. J. P. Eboli, M. C. Gonzalez-Garcia [1705.09294]



Diboson production
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Center of mass energy

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

C. Grojean, M. Montull, M. Riembau [1810.05149]
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R. Franceschini, G. Panico, A. Pomarol, F. Riva, A. Wulzer [1712.01310]
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Diboson production

1k
t Wt e W
Y, 4
Y
—&\/\/ v
U W U; W
Vik —
CKM is unitary
SM prediction for Wy,W,, production /
62 sin O T 1 73 - -channel
M(uit; — WoWo) = iS o5 |Qa0ij + 5 (T] = swQq) bij — (VI - V)ij| + O(37), schannel Z
/ w1 W W - s-channel y

Center of mass energy

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

At high-energies, M(qq" — WoVy) ~ M(qq¢" — hVy) —> 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]



High-energy amplitudes

At dimension d = 6, for neutral processes

MET, — Wi W) = —cWJ\/l(diLEi — Zoh) = —i

./\/l(ur}%ﬂj — WO_W(;I_) — —Cw./\/l( %EE —> Z()h) = —1 A2 Crd,

M(diLEi — Wy W) = —ew M@, — Zoh) = —i

M(didy — Wy W) = —ew M (U, — Zoh) = —i Az CHu

WW and Zh probe the same combination of couplings.

Weak basis

C(1i3) _ C(l)

Hq ~ T Hg

Operator

(ﬁTiD“H) (ﬂi’y“dj) + h.c.



High-energy amplitudes

At dimension d = 6, for charged processes

~ 0
S sin C(g)

—cw Mt dy, — WoZo) = M(ubd; — Woh) = —iv/?2 v

S sinf
[/ S111 C(g)

V2 A2

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



EFT validity of Drell-Yan tails  wcermwe e e

Truncation, validity, uncertainties T. Corbett [2405.04570]

l. Brivio et al. [2201.04974]

S. Dawson et al. [2205.01561]
T. Kim, A. Martin [2203.11976]

Main questions

1. How accurate is the EFT description of DY? R. Contino et al. [1604.06444]
T. Cohen et al. [2111.09895]
2. Whenever the EFT expansion is valid, which terms of the EFT series should be T. Corbett et al. [2503.19962]

considered? and more.

Our work Factors that can play an important role

A direct comparison between the EFT and concrete UV models, The initial quark flavors (i. e., PDFs)

considering different truncations of the EFT series. .
light vs. heavy quarks.

S Level of agreement between UV model and EFT in different

. . The topology of the NP contribution
kinematic ranges.

s- or t—channel mediator.

S Comparison of limits from the UV model and EFT.

s Benefit: not relying on general methods. The experimental sensitivity

Depends on the available kinematic

[L. Allwicher, D. A. Faroughy, MM, O. Sumensari, F. Wilsh, 2024] information and signal region.
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Drell-Yan cross-section — PDF importance s . wish presentation fink

Amplitudes for q49; — L”O[Zﬂ consistent with SU(3). x U(1),,,
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Includes contact-interactions and/or pole contributions.
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EFT convergence — resonant mediator

Integrating out the heavy Z’ at tree-level
Example 1:

L, = —lZ’ Z'HY my AALIE N LA L% > Jus” ! (D, J,)(D*JY)
/'~ (1, 1, O) (Z% ald 0 ) H H —> eft QmQZ/ Zm%, Qv
— D~ g DT
(s-channel) Ju = 97 4i%nd; + Gaj bl +...
g and [ — quark and lepton doublets.
Example:
di fa di KO‘
Z/




EFT convergence — resonant mediator

EFT parton-level cross-section computed in different orders in A~! and normalized to the full model.
Initial Quark Flavor
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Initial Quark Flavor

1st gen. quarks 2nd gen. quarks 3rd gen. quarks
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EFT convergence — non-resonant mediator

Integrating out the heavy U, at tree-level.

1 £U1 JZLJM 1
Example 2: Lo D — §U1TWU{W +m2 U{”LUM off = w3
U, ~ (3,1, 2/3) + (JIU! +h.c.) —> -
. my

(t-channel) J,]; =1 §iVpla

g and [ — quark and lepton doublets.




EFT convergence — non-resonant mediator

EFT parton-level cross-section computed in different orders in A~ and normalized to the full model.
Initial Quark Flavor
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Initial Quark Flavor
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Initial Quark Flavor
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Example: low vs. high-p, constraints

Motivation:

REP = 0.342 4 0.026 ,

R

exp
D*

0.287 == 0.012

In combination, 30 above the average SM predictions.
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Measured at LHCb and B-factories

Sw. Banerjee et al. [2411.18639]
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Vector leptoquarks can provide a good solution for

the discrepancies.
D. Buttazzo et al. [1706.07808], A. Angelescu et al. [1808.08179], C.
Cornella et al. [1903.11517], and more.
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High-p, DY tails are complementary to low-energy observables, and allows the study of the EFT validity.
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Experimental search for the analysis

Recast of pp — 7t ATLAS search [G. Aad et al. [2002.12223]].
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Example: low vs. high-p,. constraints

mUl — 1.5 TeV

Flavor observables
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Example: low vs. high-p,. constraints

mUl — 1.5 TeV
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RGEs- E. E. Jenkins et al [1308.2627], [1310.4838], [1312.2014].
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Example: low vs. high-p,. constraints
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