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Recent hints of multiple flavour anomalies 
LHCb LFV in  meson decays 

3.2σ deviation in RD/RD* [1]
B RD =

Br(B → Dτν̄τ)
Br(B → Dℓν̄ℓ)

Size of anomalies suggestive of a tree-level coupling 
Anomalies indicate preferential coupling to third generation

Motivation - Lepton Flavour Universality Violation (LFV)
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Recent hints of multiple flavour anomalies 
LHCb LFV in  meson decays 

3.2σ deviation in RD/RD* [1]
B RD =

Br(B → Dτν̄τ)
Br(B → Dℓν̄ℓ)

Size of anomalies suggestive of a tree-level coupling → Leptoquarks 
Anomalies indicate preferential coupling to third generation → 𝜏 
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Figure 8.5: Example diagrams for pair, single,
and non-resonant pro

duction of U1
leptoquarks

preferentially coupling to third-generation
fermions.

lower resonant th
reshold of mLQ

. Non-resonant c
ontributions such

as that in Figure 8.5c

can be probed off-shell at energi
es substantially lower than mLQ

, and at these energies
they

will dominantly contribute to interference with
SM Drell-Yan production of di-lepton final

states. The cross-section can be separated into SM, interference, an
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‡ Ã |M|2 =

-----MSM
+

3
gLQ

mLQ

42

MLQ

-----

2
(8.23)

= |MSM
|2

¸ ˚˙ ˝
‡SM

+ 2
3

gLQ

mLQ

42

Re
!
Mú

SM
MLQ

"

¸ ˚˙ ˝
‡Int

+
3

gLQ

mLQ

44--MLQ

--2

¸ ˚˙ ˝
‡BSM

, (8.24)

where gLQ
is the leptoquark coupling for the given diagram with matrix element M, and

mLQ
the leptoquark mass. The matrix element has been separated into SM components

MSM
and leptoquark interaction terms MLQ

. For the S1
and U1

leptoquark models

and a ·
+

·
≠ final state, the interference term ‡Int

is negative and dominant for low

di-lepton invariant mass m¸¸. At m¸¸ closer to the on-shell mass mLQ
, the necessarily

positive definite ‡BSM
will become dominant. The level of cancella

tion between the

interference and pure-BSM terms is dependent on the mass of the leptoquark and

transferred energy Q
2 in the interaction.

Previous searches
at ATLAS and CMS have studied leptoquark models across all th

ree

production modes [277–283]. P
air-production limits from b·b· final states have

generally

set lower limits on leptoquark masses of 1.2 TeV to 2 TeV for S1
and U1

leptoquark

models with various coupling
parameters. In general, analyse

s targeting non-resonant

production in the ·· channel have neglected the impact of the interference term ‡Int
.

Final states including tt plus light leptons or t· are also common targets for pair-

production searches [284–286]. In some cases, searches for specific leptoquark species
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Table 9.6: Dimension-6 four-fermion and Higgs-lepton current SMEFT operators Q(6)

n studied in
this analysis. The operator and coefficient notation follows the conventions of the SMEFTSim 3.0
top model [376], with e replaced by · to explicitly denote the lepton flavour. Only the first two
quark generations are considered, with uR representing a right-handed up or charm quark, and
dR representing a right-handed down or strange quark. Left-handed lepton doublets are labelled
qL, representing (uL dL) or (cL sL). Only operators coupling to · leptons were considered, with
·R representing a right-handed · lepton, and ¸L representing the · doublet state (·L ‹· ).

Coefficient Operator Relevant vertex

c
(3)

¸q
(¯̧L‡

i
“µ¸L)(q̄L‡

i
“

µ
qL)

·
L

·L

qL

qL

c
(1)

¸q
(¯̧L“µ¸L)(q̄L“

µ
qL)

·L

·L

qL

qL

c·u (·̄R“µ·R)(ūR“
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µ
uR)

·L

·L

uR

uR

c¸d (¯̧L“µ¸L)(d̄R“
µ
dR)

·L

·L

dR

dR

cq· (·̄R“µ·R)(q̄L“
µ
qL)

·R

·R

qL

qL

c¸¸ (¯̧L“µ¸L)(¯̧L“
µ
¸L)

µL

µL

eL

eL

c
(3)

H ¸ (H †iΩæD i
µH )(¯̧L‡

i
“

µ
¸L)

W

h

·L

·L

c
(1)

H ¸ (H †iΩæD µH )(¯̧L“
µ
¸L)

Z

h

·L

·L

cH· (H †iΩæD µH )(·̄R“
µ
·R)

Z

h

·R

·R

Â
Â

Â
Â

(L̄
L

)(
L̄

L
)

(R̄
R

)(
R̄

R
)

(L̄
L

)(
R̄

R
)

(L̄
L

)(
L̄

L
)

Â
2
H

2
D

9. Measurement of the pp æ ·· cross-section at high m·· and leptoquark search 206

Table 9.6: Dimension-6 four-fermion and Higgs-lepton current SMEFT operators Q(6)

n studied in
this analysis. The operator and coefficient notation follows the conventions of the SMEFTSim 3.0
top model [376], with e replaced by · to explicitly denote the lepton flavour. Only the first two
quark generations are considered, with uR representing a right-handed up or charm quark, and
dR representing a right-handed down or strange quark. Left-handed lepton doublets are labelled
qL, representing (uL dL) or (cL sL). Only operators coupling to · leptons were considered, with
·R representing a right-handed · lepton, and ¸L representing the · doublet state (·L ‹· ).

Coefficient Operator Relevant vertex

c
(3)

¸q
(¯̧L‡

i
“µ¸L)(q̄L‡

i
“

µ
qL)

·
L

·L

qL

qL

c
(1)

¸q
(¯̧L“µ¸L)(q̄L“

µ
qL)

·L

·L

qL

qL

c·u (·̄R“µ·R)(ūR“
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Table 9.7: Leptonic dipole operators in the dimension-6 SMEFT affecting the · anomalous
electric and magnetic moments at the probed energy scales. The same nomenclature is used as in
Table 9.6, and a discussion of c·Z and c·“ is given in Section 8.2.4. The cosine and sine of the
weak mixing angle are denoted cW and sW , respectively, and only the real parts of the coupling
coefficients are considered.
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XH ) produce modifications to the SM three-point couplings of vector bosons to

fermion currents after symmetry breaking. Table 9.7 gives these couplings in both pre-

and post-symmetry-breaking forms. As described in Section 8.2.4, these operators can

be related to the · anomalous magnetic and electric moments.

9.10.1 Parametrisation of the cross-section in terms of couplings

Just as the leptoquark and Z
Õ operators generate both interference and pure-BSM terms

when calculating cross-sections, so do EFT operators. The lowest order of additional

contributions to the cross-section is associated with a suppression scale �≠2 in ‡ Ã |M|2,

corresponding to interference terms between dimension-6 operators and the SM. Pure-EFT

terms appear only at �≠4, and at this order there are also pairs of dimension-6 operators,

and the interference between dimension-8 operators and the SM. These effects can be

studied more rigorously by augmenting the SM matrix element MSM with all allowable

EFT couplings up to O(⁄≠4), yielding
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Main analysis results from  (2 hadronic 𝜏-decays) channel 
Leptonic channels used as validation regions for MC modelling 
Same-charge validation regions dominated by mismodelled jets 

For the BSM interpretations, also split by b-jet multiplicity 
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Dataset, background and signal modelling
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Figure 4.1: Schematic representation of the FF as transfer factor from the SR anti-ID to the SR ID.

Figure 4.2: Representation of the tau jet with respect to the quark and gluon hadronic jets.
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Templates give distributions of quark/gluon/pileup  
jets as function of  width, : 
Extract proportion of each type in our anti-ID regions: 
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Fake factor extraction - template fit
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Application in  channel requires removal  
of 2-fakes double-counting with 1-fake regions: 
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Fake factor application -  channelτhadτhad

10

Fakes estimate Region D - (two fakes)Region B (one fake) Region C (one fake) Double-counting removal

Nbkg = [N′￼(τantiIDτID)] ⋅ FF(τ1) + [N′￼(τIDτantiID)] ⋅ FF(τ2) − [N′￼(τantiIDτantiID)] ⋅ FF(τ1) ⋅ FF(τ2)

N′￼(τAτB) := N(τAτB) − N(τMC
A τMC

B )

Region 
C

Region 
D

Region 
B

τID
1τID

1

τID
2

τID
2

Region 
A

Both include  N(τfake
1 τfake

2 )

Only  N(τfake
1 τfake

2 )

Remove true taus  
failing tau ID



Simon Koch, o.b.o. ATLAS 25th Aug. 2025Lepton Photon 2025, Madison WI

100 200 300 400 500 600 700 800 900 1000

2−10

1−10

1

10

210

Ev
en

ts
 / 

G
eV

hadτMisreconstructed  
ττ →Drell-Yan 

Others
tt
Single top
Uncertainty
Data

ATLAS
-1 = 13 TeV, 140 fbs

same-charge

100 200 300 400 500 600 700 800 900 1000

 [GeV]
hadτhadτm

0.5
1

1.5

D
at

a 
/ S

M

Application in  channel requires removal  
of 2-fakes double-counting with 1-fake regions: 
 

 
 
 
 
 
 
 

Closure checked in same-charge region:

τhadτhad

Fake factor application -  channelτhadτhad

11

Fakes estimate Region D - (two fakes)Region B (one fake) Region C (one fake) Double-counting removal

Nbkg = [N′￼(τantiIDτID)] ⋅ FF(τ1) + [N′￼(τIDτantiID)] ⋅ FF(τ2) − [N′￼(τantiIDτantiID)] ⋅ FF(τ1) ⋅ FF(τ2)

N′￼(τAτB) := N(τAτB) − N(τMC
A τMC

B )

100 200 300 400 500 600 700 800 900 1000

2−10

1−10

1

10

210

Ev
en

ts
 / 

G
eV

hadτMisreconstructed  
ττ →Drell-Yan 

Others
tt
Single top
Uncertainty
Data

ATLAS
-1 = 13 TeV, 140 fbs

same-charge

100 200 300 400 500 600 700 800 900 1000

 [GeV]
hadτhadτm

0.5
1

1.5
D

at
a 

/ S
M

Region 
C

Region 
D

Region 
B

τID
1τID

1

τID
2

τID
2

Region 
A

Both include  N(τfake
1 τfake

2 )

Only  N(τfake
1 τfake

2 )

Remove true taus  
failing tau ID



Simon Koch, o.b.o. ATLAS 25th Aug. 2025Lepton Photon 2025, Madison WI

Unfolding using standard iterative bayesian method (with 2 iterations) 
Fiducial, differential cross sections in , inclusive in b-jets 

Unfolding is inclusive of all SM processes in this final state
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Unfolded cross-section compared to two SM models with good agreement 
SHERPA 2.2.11 MEPS@NLO, POWHEG BOX + Pythia 8 NLOPS
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Profile likelihood fit to signal samples 
Simultaneous fit over high-mass OS regions 
Interference term distributions scale as g2 in fit,  
BSM term distribution as g4

Search for LQs
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Figure 8.5: Example diagrams for pair, single, and non-resonant production of U1 leptoquarks
preferentially coupling to third-generation fermions.

lower resonant threshold of mLQ. Non-resonant contributions such as that in Figure 8.5c

can be probed off-shell at energies substantially lower than mLQ, and at these energies they

will dominantly contribute to interference with SM Drell-Yan production of di-lepton final

states. The cross-section can be separated into SM, interference, and BSM contributions:
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where gLQ is the leptoquark coupling for the given diagram with matrix element M, and

mLQ the leptoquark mass. The matrix element has been separated into SM components

MSM and leptoquark interaction terms MLQ. For the S1 and U1 leptoquark models

and a ·
+

·
≠ final state, the interference term ‡Int is negative and dominant for low

di-lepton invariant mass m¸¸. At m¸¸ closer to the on-shell mass mLQ, the necessarily

positive definite ‡BSM will become dominant. The level of cancellation between the

interference and pure-BSM terms is dependent on the mass of the leptoquark and

transferred energy Q
2 in the interaction.

Previous searches at ATLAS and CMS have studied leptoquark models across all three

production modes [277–283]. Pair-production limits from b·b· final states have generally

set lower limits on leptoquark masses of 1.2 TeV to 2 TeV for S1 and U1 leptoquark

models with various coupling parameters. In general, analyses targeting non-resonant

production in the ·· channel have neglected the impact of the interference term ‡Int.

Final states including tt plus light leptons or t· are also common targets for pair-

production searches [284–286]. In some cases, searches for specific leptoquark species

interference
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Figure 4.3: Examples of template Þts in the! had! had channel. The" ! bin 50! 70 GeV is displayed for the NOTRIG
(a) and TRIG (b) case.
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Figure 4.4: Examples of template Þts in the#+ ! had channel. The" ! bin 20 ! 30 GeV is displayed for the$!had
channel (a) and%!had (b) channel.
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Figure 4.3: Examples of template Þts in the! had! had channel. The" ! bin 50! 70 GeV is displayed for the NOTRIG
(a) and TRIG (b) case.
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Figure 4.4: Examples of template Þts in the#+ ! had channel. The" ! bin 20 ! 30 GeV is displayed for the$!had
channel (a) and%!had (b) channel.
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7.3 Detector-level search for leptoquarks coupling to! -quarks and1031

" -leptons1032

NB: as this search is still blinded, all ÒdataÓ in the 1! region are Asimov.1033

The proÞle-likelihood Þt introduced in Section6.1is performed to search for data-simulation discrepancies1034

that are consistent with the leptoquark hypothesis. As a reminder, only the high-mass, opposite-sign,1035

"had"had region is used in the Þnal search phase. The distribution of the# vis
!! observable is used for the1036

search.1037

Figure7.15shows the pre-Þt predictions of# vis
!! distribution, including the main SM background modeling,1038

cross-section, and experimental CP uncertainties described in Section5. Here the scenario corresponds1039

to a vector leptoquark with# LQ = 1.5 TeV, $"#
$ = 1, $% &

$ = 0, where%, &involve at least one Þrst- or1040

second-generation index, and$% &
' = 0 for all %, &. The signal scenario depicted in the Þgures is for' 2 = 5,1041

the approximate expected 95% upper limit on' 2 for this search. Similarly, Figure7.16shows the expected1042

discrepancy between the leptoquark scenario and the SM prediction.1043

(a) (b) (c)

Figure 7.15: Pre-Þt distributions of the di-lepton# vis
!! in high-mass, opposite-sign"had"had region with the$"#

$ = 1,
# LQ = 1.5 TeV BSM+INT signal events. Distributions are shown (a) in the 0, (b) 1, and (c) 2! -jet multiplicity
regions before the Þt is performed. Uncertainties include the process modeling and cross-section uncertainties
described in Section5. (inputs from 15_11_2024, FitInput: 2024-11-14, DTA-2024-09-18)

Figure7.17shows the pull distribution including all the systematic uncertainties. The pulls are overall1044

stable.1045

Figure7.18shows the correlation among systematic sources and normalization factors. Only sources which1046

have at least one of the absolute value of the correlation greater than 0.20 are shown. Correlations between1047

systematic sources are not many and they are not large. Correlations between systematic sources and the1048

normalization can be seen which tend to come from same processes.1049

Figure7.19shows the ranking with' 2 is Þxed to 0. Basically(ø( normalization and modeling systematic1050

uncertainties,) ! "" systematics, and statistical errors for the most sensitive 1! -jet region are highly1051

ranked. It is under investigation that the reason ttbar-PhH is the highest ranked and has asymmetric shape1052

from the Þt on this sample.1053
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L / 2 = 2.5

1 b-jet ≥2 b-jets
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Left-handed U1 Vector LQ limits
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No evidence found for Vector LQ models preferred by B-anomalies
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No significant excesses or deviations
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Limits on Wilson coefficients

18

14 dim-6 SMEFT operators from the topU3L 
symmetry prescription studied 
Cross-section parametrised as: 

interference-only (linear), and  
interference + partial BSM (linear + quadratic)
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Table 9.6: Dimension-6 four-fermion and Higgs-lepton current SMEFT operators Q(6)

n studied in
this analysis. The operator and coefficient notation follows the conventions of the SMEFTSim 3.0
top model [376], with e replaced by · to explicitly denote the lepton flavour. Only the first two
quark generations are considered, with uR representing a right-handed up or charm quark, and
dR representing a right-handed down or strange quark. Left-handed lepton doublets are labelled
qL, representing (uL dL) or (cL sL). Only operators coupling to · leptons were considered, with
·R representing a right-handed · lepton, and ¸L representing the · doublet state (·L ‹· ).
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dim-8 operators can’t 
be simulated (yet)
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𝜏 anomalous magnetic moment

20

 is affected by modifications to the 
tau anomalous magnetic moment  

Operator  defined in terms of pre-
symmetry-breaking operators  

 measurements can be re- 
interpreted as  constraints 

Important to note  defined 
at Q2 = 0, this analysis uses 
a region at Q2 !  0

cτγ
aτ

Qτγ
QτW, QτB

aτ
cτγ

aτ
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Table 9.7: Leptonic dipole operators in the dimension-6 SMEFT affecting the · anomalous
electric and magnetic moments at the probed energy scales. The same nomenclature is used as in
Table 9.6, and a discussion of c·Z and c·“ is given in Section 8.2.4. The cosine and sine of the
weak mixing angle are denoted cW and sW , respectively, and only the real parts of the coupling
coefficients are considered.

Coefficient Operator Relevant vertex

c·W (¯̧L‡
µ‹

·R) ‡
I
HW

I
µ‹ + h.c. W

·L

·R

c·B (¯̧L‡
µ‹

·R)HBµ‹ + h.c. Z/“

·L

·R

c·Z (¯̧L‡
µ‹

·R) ‡
i
H (cW ‡

i
W

i
µ‹ + sW Bµ‹) + h.c. Z

·L

·R

c·“ (¯̧L‡
µ‹

·R) ‡
i
H (≠sW ‡

i
W

i
µ‹ + cW Bµ‹) + h.c. “

·L

·R

Â
2
X

H

(Â2
XH ) produce modifications to the SM three-point couplings of vector bosons to

fermion currents after symmetry breaking. Table 9.7 gives these couplings in both pre-

and post-symmetry-breaking forms. As described in Section 8.2.4, these operators can

be related to the · anomalous magnetic and electric moments.

9.10.1 Parametrisation of the cross-section in terms of couplings

Just as the leptoquark and Z
Õ operators generate both interference and pure-BSM terms

when calculating cross-sections, so do EFT operators. The lowest order of additional

contributions to the cross-section is associated with a suppression scale �≠2 in ‡ Ã |M|2,

corresponding to interference terms between dimension-6 operators and the SM. Pure-EFT

terms appear only at �≠4, and at this order there are also pairs of dimension-6 operators,

and the interference between dimension-8 operators and the SM. These effects can be

studied more rigorously by augmenting the SM matrix element MSM with all allowable

EFT couplings up to O(⁄≠4), yielding

M = MSM +
ÿ

i

c
(6)

i

�2
· M(6)

i +
ÿ

i,j

c
(6)

i c
(6)

j

�4
· M(6)

ij +
ÿ

i

c
(8)

i

�4
· M(8)

i + . . . , (9.22)
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First unfolded measurement of   
at high  
First non-resonant LQ/Z’ search in this  
final state to fully treat interference with SM 
No substantial deviations from SM observed,  
and no evidence for studied LQ and Z’ models 
Run 3 is well underway with greater reach: 

Statistical and tau reconstruction uncertainties dominate for the results 
shown here - improvements from larger luminosity datasets and tau ID 
improvements look promising

τhadτhad
mττ

Summary and Outlook

[ATLAS Luminosity Public Results]
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3
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Thanks!
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Analysis background - past results
ATLAS Run-II dataset (2015-2018) 

High-mass region above Z-peak -  > 100 GeV 

High-mass  previously measured in Run-1 ATLAS data [3, 4], but 
  still outstanding 

Search for non-resonant leptoquarks,  via interference with SM 
ATLAS has previous searches for pair and single resonant LQ production

mvis
ℓℓ

pp → ee/μμ
pp → ττ

Z′￼

24

Pair-production Single-LQ production Non-res. t-channel exchange

gU

MLQ
β33

L

SM Drell-Yan production

8. Lepton flavour universality violation in BSM models and EFT 163

g

g

LQ

LQ

(a) Pair production
b

g

·
≠

LQ

(b) Single-LQ production

LQ

b

b̄

·
≠

·
+

(c) Non-resonant production

Figure 8.5: Example diagrams for pair, single, and non-resonant production of U1 leptoquarks
preferentially coupling to third-generation fermions.

lower resonant threshold of mLQ. Non-resonant contributions such as that in Figure 8.5c

can be probed off-shell at energies substantially lower than mLQ, and at these energies they

will dominantly contribute to interference with SM Drell-Yan production of di-lepton final

states. The cross-section can be separated into SM, interference, and BSM contributions:

‡ Ã |M|2 =

-----MSM +
3

gLQ

mLQ

4
2

MLQ

-----

2

(8.23)

= |MSM|2¸ ˚˙ ˝
‡SM

+ 2
3

gLQ

mLQ

4
2

Re
!
Mú

SMMLQ

"

¸ ˚˙ ˝
‡Int

+
3

gLQ

mLQ

4
4--MLQ

--2

¸ ˚˙ ˝
‡BSM

, (8.24)

where gLQ is the leptoquark coupling for the given diagram with matrix element M, and

mLQ the leptoquark mass. The matrix element has been separated into SM components

MSM and leptoquark interaction terms MLQ. For the S1 and U1 leptoquark models

and a ·
+

·
≠ final state, the interference term ‡Int is negative and dominant for low

di-lepton invariant mass m¸¸. At m¸¸ closer to the on-shell mass mLQ, the necessarily

positive definite ‡BSM will become dominant. The level of cancellation between the

interference and pure-BSM terms is dependent on the mass of the leptoquark and

transferred energy Q
2 in the interaction.

Previous searches at ATLAS and CMS have studied leptoquark models across all three

production modes [277–283]. Pair-production limits from b·b· final states have generally

set lower limits on leptoquark masses of 1.2 TeV to 2 TeV for S1 and U1 leptoquark

models with various coupling parameters. In general, analyses targeting non-resonant

production in the ·· channel have neglected the impact of the interference term ‡Int.

Final states including tt plus light leptons or t· are also common targets for pair-

production searches [284–286]. In some cases, searches for specific leptoquark species

interference
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MADGRAPH5_AMC@NLO 2.2.2 with LO-accurate ME for LQ/Z’ and up to 2 
other final state partons + PYTHIA 8.186 A14 + EVTGEN 1.2.0 
VECTOR_LQ_UFO model, SM generation is reweighed to BSM prediction 

→ pure-BSM and interference terms are separated

Fake-Factor method 
 
derived in data anti-ID, 
applied in ID region

Data & MC Samples Full Run 2 (139 fb-1 pp)

SHERPA 2.2.11 / Alt: ME POWHEGBOX v1 + PYTHIA 8.186 AZNLO + PHOTOS++ 3.52 
→ Dedicated samples generated for  > 120 GeV 
POWHEGBOX v2 hdamp=1.5mtop + PYTHIA 8.230 A14 + EVTGEN 1.6.0 
PS systematic: POWHEG BOX v2 + HERWIG 7.04 H7UE + EVTGEN 1.6.0 
ME/matching systematic: MADGRAPH5_AMC@NLO 2.6 + PYTHIA 8.230 A14 + EVTGEN 1.6.0 
POWHEGBOX v2 @ NLO in QCD (4/5-flav. Scheme) + PYTHIA 8.230 A14  (tW: DR and DS) 
PS systematic: POWHEG BOX v2 + HERWIG 7.04 H7UE 
ME/matching systematic: MADGRAPH5_AMC@NLO 2.6.2 5-flav. + PYTHIA 8.230 A14 
SHERPA 2.2.11

mττ

multijet 
(𝜏had fakes)
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U1 scalar LQ 
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 + jets 
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*Note: the unfolded measurement is being 
performed without defining fiducial 
processes - all MC-simulated samples 
are considered “signal” in this case, 
only data-driven backgrounds are  
treated as backgrounds here
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MADGRAPH5_AMC@NLO  
VECTOR_LQ_UFO model, SM generation is reweighed to BSM prediction 

→ pure-BSM and interference terms are separated

BSM Signal Samples
U1 vector LQ 
S1 scalar LQ 

Z’Si
gn

al

M
C 

si
m

ATLAS DRAFT

2.5 Multi-boson predictions268

Samples of diboson Þnal states (!! ) were simulated with theS!"#$%2.2.11 [16] generator. Fully leptonic269

Þnal states and semileptonic Þnal states, where one boson decays leptonically and the other hadronically,270

were generated using matrix elements at NLO accuracy in QCD for up to one additional parton and at LO271

accuracy for up to three additional parton emissions. Samples for the loop-induced processes"" ! !!272

were generated using LO-accurate matrix elements for up to one additional parton emission for both the273

cases of fully leptonic and semileptonic Þnal states. The matrix element calculations were matched and274

merged with theS!"#$% parton shower based on CataniÐSeymour dipole factorisation [17, 21] using275

the MEPS@NLO prescription [22Ð25]. The virtual QCD corrections were provided by theO$"&L''$(276

library [18Ð20]. TheNNPDF3.0&&)' set of PDFs was used [26], along with the dedicated set of tuned277

parton-shower parameters developed by theS!"#$% authors.278

2.6 Leptoquark predictions279

Potential o! -shell leptoquark and#" boson contributions to high-mass Drell-Yan production were simulated280

with M%*G#%$!5_%MC@NLO2.2.2 [46], using LO-accurate matrix elements (ME) with up to two281

Þnal-state partons in addition to the Leptoquark-#"-mediated interaction. The ME calculation employed282

theNNPDF3.0&)' set of PDFs [26] ($ T-sliced) /NNPDF2.3)' set of PDFs [42] (%parton-sliced). Events283

were interfaced toP+,!-% 8.186 [31] for the modelling of the parton shower, hadronisation, and underlying284

event. The overlap between matrix element and parton shower emissions was removed using the CKKW-L285

merging procedure [51, 52]. The A14 tune [41] of P+,!-% 8 was used with theNNPDF2.3)' PDF set [42].286

The decays of bottom and charm hadrons were performed byE., G"& 1.2.0 [37].287

For leptoquarks, this note mostly follows the nomenclature of Ref [10]. The simpliÞed&1 model for vector288

leptoquarks is used, although a scalar leptoquark interpretation is also planned.289

The vector leptoquark signal samples use thevector_LQ_UFOmodel and correspond separately to290

contributions from BSM interference with the SM amplitude and from pure BSM amplitudes. In the291

o! -shell regime the kinematics of' -jetsare similar between SM and BSM amplitudes, so the sample is292

initially generated with a pure SM amplitude at LO with up to two additional jets using CKKW-L merging.293

The generation includes a minimum( +( # mass of 120 GeV and is reweighted to the predictions for several294

leptoquark and#" boson parameters. For example,) !"
# (alternatively,) 33

# ) is the pure third generation295

parameter of the full leptoquark coupling matrix to left-handed fermion Þelds; similarly,) !"
$ and ) 23

#296

are the pure right-handed third-generation coupling and pure left-handed coupling across 2nd and 3rd297

generations, respectively. The interaction term of the Lagrangian including the vector leptoquark is:298

L int =
"%$

2

!
) & '

#
ø* &,(

# +) , '
# + ) & '

$
ø- &,(
$ +) . '

$

"
& ) ,(

1 + . . .299

=
"%$

2

!
) 33

# ø/# +* 0" + ) 33
#

ø' (
# +) ( # + ) 23

# ø1(
# +) 0"

"
& ) ,(

1 + . . . (2.1)300

Figure2.1 shows representative Feynman diagrams for leptoquark pair-production, single-leptoquark301

production, and Drell-Yan/-channel exchange available in the simpliÞed&1 leptoquark model. For very302

high-mass leptoquarks, where single and pair production are suppressed due to proton PDFs, the negative303
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S1, Z’ Lagrangians in backup →
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Pati-Salam-Like ( ) modelβL − βR

27
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�H�2�T�i�Q�M�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�e���- ���M�/ �`�2�+�2�M�i �b�m�K�K���`�v �H�B�K�B�i�b �7�`�Q�K �?�B�;�?�@�2�M�2�`�;�v �b�2���`�+�?�2�b �7�Q�`

�T���B�` �T�`�Q�/�m�+�i�B�Q�M ���M�/ �.�`�2�H�H�@�u���M �`�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �T�H�Q�i�X ���M ���H�i�2�`�M���i�B�p�2 �7�m�H�H �+�Q�m�T�H�B�M�;

�b�+�2�M���`�B�Q �B�M�+�H�m�/�B�M�; �#�Q�i�? �H�2�7�i�@ ���M�/ �`�B�;�?�i�@�?���M�/�2�/ �+�Q�m�T�H�B�M�;�b �U�b�B�K�B�H���` �i�Q �i�?�2 �S���i�B�@�a���H���K �+���b�2�V

�B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�e�#�- �r�B�i�? �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M ���i �+�Q�m�T�H�B�M�;�b ���T�T�`�Q�t�B�K���i�2�H�v �� �7���+�i�Q�` �Q�7

�k �H�Q�r�2�` �i�?���M �i�?�2 �H�2�7�i�@�?���M�/�2�/�@�Q�M�H�v �+���b�2�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �H�B�K�B�i�b �Q�M �i�?�2 �H���i�i�2�` �b�+�2�M���`�B�Q ���`�2

�b�B�;�M�B�}�+���M�i�H�v �b�i�`�Q�M�;�2�`�- �r�B�i�? �T���`�i �Q�7 �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M ���H�`�2���/�v �2�t�+�H�m�/�2�/�X

�3���b �Q�7 �L�Q�p�2�K�#�2�` �k�y�k�k�X

�3�X �G�2�T�i�Q�M �~���p�Q�m�` �m�M�B�p�2�`�b���H�B�i�v �p�B�Q�H���i�B�Q�M �B�M �"�a�J �K�Q�/�2�H�b ���M�/ �1�6�h �R�e�9

�U���V�G�2�7�i�@�?���M�/�2�/�@�Q�M�H�v �b�+�2�M���`�B�Q�,|! L | = 1 �-|! R | = 0 �X �U�#�V�S���i�B�@�a���H���K�@�H�B�F�2 �b�+�2�M���`�B�Q�,! L = ! ! R = 1 �X

�6�B�;�m�`�2 �3�X�e�,�S�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M �7�Q�` �i�?�2U1 �p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �?�v�T�Q�i�?�2�b�2�b �B�M �i�2�`�K�b �Q�7 �K���b�bM U
���M�/ �+�Q�m�T�H�B�M�; �b�i�`�2�M�;�i�?gU �- ���i90% �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �U�*�G�V �7�`�Q�K �H�Q�r�@�2�M�2�`�;�v �+�?���`�;�2�/�@�+�m�`�`�2�M�i �/���i���X
�h�?�2 �;�`�2�v �`�2�;�B�Q�M�b ���M�/ �b�Q�H�B�/ �H�B�M�2�b �;�B�p�2 �+�m�`�`�2�M�i �H�B�K�B�i�b �7�`�Q�K �?�B�;�?�@�2�M�2�`�;�v �b�2���`�+�?�2�b ���i95% �*�G�X �h�?�2
�/�Q�i�i�2�/ �H�B�M�2 �b�?�Q�r�b ���M �2�t�i�`���T�Q�H���i�B�Q�M �i�Q �i�?�2�>�G�@�G�>�*�- �r�B�i�? �� �i�Q�i���H �B�M�i�2�;�`���i�2�/ �H�m�K�B�M�Q�b�B�i�v �Q�73ab! 1�X
�h�?�2 �T���`���K�2�i�2�`gU �`�2�T�`�2�b�2�M�i�b �� �m�M�B�p�2�`�b���H �b�+���H�2 �7���+�i�Q�` �7�Q�` ���H�H ���+�i�B�p�2 �+�Q�m�T�H�B�M�;�b�X �_�2�T�`�Q�/�m�+�2�/ �7�`�Q�K
�_�2�7�X �(�k�N�R�)�X

�?���p�2 �#�2�2�M �T�2�`�7�Q�`�K�2�/ ���+�`�Q�b�b �K�m�H�i�B�T�H�2 �}�M���H �b�i���i�2�b�- �;�2�M�2�`���H�H�v �#�v �`�2�B�M�i�2�`�T�`�2�i�B�M�; �2�t�B�b�i�B�M�;

�`�2�b�m�H�i�b�X �1�t���K�T�H�2�b �B�M�+�H�m�/�2 �i�?�Q�b�2 �7�Q�` �i�?�2S1 ���M�/S3 �K�Q�/�2�H�b �(�k�3�d�- �k�3�3�)�- �Q�` �7�Q�` �b�+���H���` ���M�/

�p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F�b �T�`�Q�/�m�+�2�/ �#�v �T���B�` �T�`�Q�/�m�+�i�B�Q�M �(�k�3�N�- �k�N�y�)�X

�A�b�B�/�Q�`�B �2�i�X ���H�X �(�k�N�R�) �?���p�2 �+�Q�K�T�m�i�2�/ �T�`�2�7�2�`�`�2�/ �T���`���K�2�i�2�` �b�T���+�2 �`�2�;�B�Q�M�b�3 �7�Q�` �i�r�QU1

�p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �?�v�T�Q�i�?�2�b�2�b �;�B�p�2�M �+�m�`�`�2�M�i �/���i�� �7�`�Q�K �i�?�2b ���M�Q�K���H�B�2�b�X �� �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M

�+�Q�M�i�Q�m�` �7�Q�` ��U1 �p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �+�Q�m�T�H�B�M�; �Q�M�H�v �i�Q �H�2�7�i�@�?���M�/�2�/b ���M�/c �[�m���`�F�b ���M�/!

�H�2�T�i�Q�M�b �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�e���- ���M�/ �`�2�+�2�M�i �b�m�K�K���`�v �H�B�K�B�i�b �7�`�Q�K �?�B�;�?�@�2�M�2�`�;�v �b�2���`�+�?�2�b �7�Q�`

�T���B�` �T�`�Q�/�m�+�i�B�Q�M ���M�/ �.�`�2�H�H�@�u���M �`�2�b�m�H�i�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �T�H�Q�i�X ���M ���H�i�2�`�M���i�B�p�2 �7�m�H�H �+�Q�m�T�H�B�M�;

�b�+�2�M���`�B�Q �B�M�+�H�m�/�B�M�; �#�Q�i�? �H�2�7�i�@ ���M�/ �`�B�;�?�i�@�?���M�/�2�/ �+�Q�m�T�H�B�M�;�b �U�b�B�K�B�H���` �i�Q �i�?�2 �S���i�B�@�a���H���K �+���b�2�V

�B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �3�X�e�#�- �r�B�i�? �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M ���i �+�Q�m�T�H�B�M�;�b ���T�T�`�Q�t�B�K���i�2�H�v �� �7���+�i�Q�` �Q�7

�k �H�Q�r�2�` �i�?���M �i�?�2 �H�2�7�i�@�?���M�/�2�/�@�Q�M�H�v �+���b�2�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �H�B�K�B�i�b �Q�M �i�?�2 �H���i�i�2�` �b�+�2�M���`�B�Q ���`�2

�b�B�;�M�B�}�+���M�i�H�v �b�i�`�Q�M�;�2�`�- �r�B�i�? �T���`�i �Q�7 �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M ���H�`�2���/�v �2�t�+�H�m�/�2�/�X
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�3�X �G�2�T�i�Q�M �~���p�Q�m�` �m�M�B�p�2�`�b���H�B�i�v �p�B�Q�H���i�B�Q�M �B�M �"�a�J �K�Q�/�2�H�b ���M�/ �1�6�h �R�e�y

�i�?�2�a�J �;���m�;�2 �;�`�Q�m�T�b�- ���M�/ �i�?�2�b�2 ���`�2 �i���#�m�H���i�2�/ �B�M �h���#�H�2 �3�X�R�X �:�2�M�2�`���H�H�v�- �i�2�`�K�b �B�M�p�Q�H�p�B�M�;

�/�B�@�[�m���`�F �+�Q�m�T�H�B�M�;�b �i�Q �i�?�2 �H�2�T�i�Q�[�m���`�F �r�Q�m�H�/ �#�2 ���H�H�Q�r�2�/ �7�Q�` �H�2�T�i�Q�[�m���`�F�b �+���`�`�v�B�M�; �� �M�Q�M�@�x�2�`�Q

�7�2�`�K�B�Q�M �M�m�K�#�2�`�- �#�m�i �i�?�2�b�2 �K�m�b�i �#�2 �7�Q�`�#�B�/�/�2�M �#�v �� �b�v�K�K�2�i�`�v �i�Q �T�`�2�p�2�M�i �T�`�Q�i�Q�M �/�2�+���v

�2�t�T�2�+�i���i�B�Q�M�b �7���` �2�t�+�2�2�/�B�M�; �+�m�`�`�2�M�i �H�B�K�B�i�b �(�k�d�R�)�X

���b �i�?�2 �.�B�`���+ ���M�/�f�Q�` �J���D�Q�`���M�� �M���i�m�`�2 �Q�7 �M�2�m�i�`�B�M�Q�b �B�b �v�2�i �i�Q �#�2 �2�t�T�2�`�B�K�2�M�i���H�H�v �p�2�`�B�}�2�/�-

�i�?�2�a�J �+�Q�m�H�/ �#�2 �2�t�i�2�M�/�2�/ �r�B�i�? �Q�M�2 �Q�` �K�Q�`�2 �`�B�;�?�i�@�+�?�B�`���H �M�2�m�i�`�B�M�Q �}�2�H�/�b�X ���b �b�m�+�? �b�i���i�2�b

�+�Q�m�H�/ �+�Q�m�T�H�2 �/�B�`�2�+�i�H�v �i�Q �H�2�T�i�Q�[�m���`�F�b�- �i�?�2�v �2�t�i�2�M�/ �i�?�2 �b�2�i �Q�7 ���H�H�Q�r�2�/ �+�Q�m�T�H�B�M�;�b �Q�7 �i�?�2

S1 �b�+���H���` �b�B�M�;�H�2�i ���M�/U1 �p�2�+�i�Q�` �b�B�M�;�H�2�i�- ���M�/ ���/�/�B�i�B�Q�M���H�H�v �;�2�M�2�`���i�2 ���H�i�2�`�M���i�2�@�+�?���`�;�2øS1

���M�/ øU1 �H�2�T�i�Q�[�m���`�F�b �Q�M�H�v ���+�+�2�b�b�B�#�H�2 �i�?�`�Q�m�;�? �`�B�;�?�i�@�?���M�/�2�/ �M�2�m�i�`�B�M�Q �+�Q�m�T�H�B�M�;�b�X �h�?�2�b�2

���/�/�B�i�B�Q�M���H �+�Q�m�T�H�B�M�;�b ���M�/ �b�i���i�2�b ���`�2 �H�B�b�i�2�/ �B�M �h���#�H�2 �3�X�R �B�M �;�`�2�v �7�Q�` �+�Q�K�T�H�2�i�2�M�2�b�b�- �#�m�i �r�B�H�H

�#�2 �Q�K�B�i�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�?�2�M�Q�K�2�M�Q�H�Q�;�B�+���H �/�B�b�+�m�b�b�B�Q�M�b�X

�� �#�`�B�2�7 �b�m�K�K���`�v �Q�7 �i�?�2 �T�?�2�M�Q�K�2�M�Q�H�Q�;�v �Q�7 �i�?�2 �K�Q�b�i �B�M�i�2�`�2�b�i�B�M�; �+���M�/�B�/���i�2�b �B�b �T�`�Q�p�B�/�2�/

�B�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�- �7�Q�+�m�b�B�M�; �Q�M �+�Q�K�T���i�B�#�B�H�B�i�v �r�B�i�? �i�?�2B �K�2�b�Q�M ���M�Q�K���H�B�2�b�X

�3�X�j�X�R�a�+���H���` �H�2�T�i�Q�[�m���`�F�b

�h�?�2 �i�?�`�2�2 �b�+���H���` �+���M�/�B�/���i�2 �+�H���b�b�2�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���bS1�-R2�- ���M�/S3�- ���b �+���i�2�;�Q�`�B�b�2�/ �#�v �i�?�2�B�`

�b�B�M�;�H�2�i�- �/�Q�m�#�H�2�i�- �Q�` �i�`�B�T�H�2�i �M���i�m�`�2 �m�M�/�2�` �r�2���F �B�b�Q�b�T�B�M�- �`�2�b�T�2�+�i�B�p�2�H�v�X �_�2�T�H���+�2�K�2�M�i�b �Q�7uR !

dR �;�2�M�2�`���i�2 �/�B�b�i�B�M�+�i �b�T�2�+�B�2�b �i�?���i �/�B�z�2�` �B�M �r�2���F �?�v�T�2�`�+�?���`�;�2�- �r�?�B�+�? ���`�2 �H���#�2�H�H�2�/÷S1 ���M�/

÷R2 �i�Q �/�B�b���K�#�B�;�m���i�2�X �a�B�K�B�H���`�H�v�- �B�M �i�?�2 �+���b�2 �Q�7 �`�2�T�H���+�2�K�2�M�i �#�v �`�B�;�?�i�@�?���M�/�2�/ �M�2�m�i�`�B�M�Q �}�2�H�/�b�-

���M�Q�i�?�2�` ���H�i�2�`�M���i�B�p�2 �?�v�T�2�`�+�?���`�;�2 �B�b �;�2�M�2�`���i�2�/ �7�Q�` �i�?�2 �b�+���H���` �b�B�M�;�H�2�i�- ���M�/ �B�b �/�2�M�Q�i�2�/ �#�vøS1�X

�h�?�2S1 �r�2���F �b�+���H���` �b�B�M�;�H�2�i�r�B�i�? �?�v�T�2�`�+�?���`�;�2Y = 1 / 3 �?���b �#�2�2�M �7�Q�m�M�/ �i�Q �#�2 �� �p�B���#�H�2

�2�t�T�H���M���i�B�Q�M �7�Q�` �i�?�2 �2�t�+�2�b�b ���#�Q�p�2 �i�?�2�a�J �p���H�m�2 �B�MR(D (! ) ) �(�k�d�k�)�X ���H�i�?�Q�m�;�? �i�?�B�b

�~���p�Q�m�` �Q�7 �H�2�T�i�Q�[�m���`�F �+���M�M�Q�i �+�Q�M�i�`�B�#�m�i�2 ���i �i�`�2�2�@�H�2�p�2�H �i�QR(K (! ) ) ���b �B�M �6�B�;�m�`�2 �3�X�j�#�-

�i�?�2 �Q�M�2�@�H�Q�Q�T �/�B���;�`���K �;�B�p�2�M �B�M �6�B�;�m�`�2 �3�X�j�+ ���H�H�Q�r�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b �i�Q �i�?�B�b �Q�#�b�2�`�p���#�H�2

�r�?�B�+�? ���`�2 �/�2�b�+�`�B�#�2�/ �B�M �;�`�2���i�2�` �/�2�i���B�H �B�M �_�2�7�X �(�k�d�j�)�X �L�Q�M�@�m�M�B�p�2�`�b���H �+�Q�m�T�H�B�M�;�b �i�Q �i�?�2

�H�2�T�i�Q�M �;�2�M�2�`���i�B�Q�M�b �r�Q�m�H�/ ���H�H�Q�r ���M�a�J�@�H�B�F�2R(K (! ) )�- �r�?�B�H�b�i ���+�+�Q�m�M�i�B�M�; �7�Q�` �2�t�+�2�b�b�2�b

�B�M �#�Q�i�?R(D (! ) ) ���M�/ �i�?�2CNP
9 �q�B�H�b�Q�M �+�Q�2�{�+�B�2�M�i�X �h�?�2 �G���;�`���M�;�B���M �K���v �#�2 �;�B�p�2�M ���b

L S1
= yij

L qc
L i i ! 2"L j S1 + yij

R uc
R i eR j S1 + �?�X�+�X �U�3�X�R�8�V

= S1

!
(V ! yL )ij uc

L i "L j " yij
L d

c
L i #L j + yij

R uc
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MC-modelled backgrounds
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Fake-factors from FTTF are combined based on results of fit: 
 
 

Combined fake factor:  
𝜏had𝜏had, central η-region,  
1-prong

Fake factor evaluation and uncertainties

31

Final fake factor for application FTTF primitive fake factorsfit parameter: 
relative fraction of jet type

FFcomb = αq FFZmm + αg FFlJVT + (1 − αq − αg) FFhJVT
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Fake factor application -  channelℓτhad

32

Fakes estimate Combined fake-factorantiID data MC overlap

Nbkg = [N(τantiIDτℓ) − N(τMC
antiIDτMC

ℓ )] ⋅ FF(pT, η, Nprongs, trig)
Application in  channels is straightforward: 
 
 

Closure of fakes estimate checked in same-sign (SS) region:

ℓτhad
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Expected and observed 95% confidence intervals 
for Leptoquark/Z’ BSM models

33

�N�X �J�2���b�m� �̀2�K�2�M�i �Q�7 �i�?�2pp ! ! ! �+� �̀Q�b�b�@�b�2�+�i�B�Q�M ���i �?�B�;�?m!! ���M�/ �H�2�T�i�Q�[�m���`�F �b�2��� �̀+�? �k�y�j

�i�Q �#�2 �b�i�`�Q�M�;�2�` �i�?���M �i�?�Q�b�2 �7�`�Q�K �� �+�Q�`�`�2�+�i �i�`�2���i�K�2�M�i �Q�7 �i�?�2 �B�M�i�2�`�7�2�`�2�M�+�2�X

�1�t�+�H�m�b�B�Q�M �H�B�K�B�i�b �Q�M �+�Q�m�T�H�B�M�;�b �r�2�`�2 �b�2�i �7�Q�` ���H�H �H�2�T�i�Q�[�m���`�F ���M�/Z! �K�Q�/�2�H�b �7�Q�` �K���b�b�2�b

�#�2�i�r�2�2�M1.5TeV ���M�/3TeV�k�9�- ���M�/ ���`�2 �b�?�Q�r�M �B�M �h���#�H�2 �N�X�8 �7�Q�` ���H�H �b�i�m�/�B�2�/ �K�Q�/�2�H�b�X

�G�B�K�B�i�b �Q�M �i�?�2U1 �p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �K�Q�/�2�H�b �T�`�2�7�2�`�`�2�/ �#�v �i�?�2b�@���M�Q�K���H�B�2�b ���M�/ �/�B�b�+�m�b�b�2�/

�B�M �_�2�7�X �(�k�N�R�) �U�b�2�2 �a�2�+�i�B�Q�M �3�X�j�X�j ���M�/ �6�B�;�m�`�2 �3�X�e�V ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�X�R�8�X �A�M �i�?�2 �+���b�2 �Q�7

�i�?�2 �H�2�7�i�@�?���M�/�2�/�@�Q�M�H�v �+�Q�m�T�H�B�M�; �r�B�i�?" b!
R = 0 �- �i�?�2 �`�2�b�m�H�i�b �#�2�;�B�M �i�Q �2�t�+�H�m�/�2 �� �b�K���H�H �T���`�i

�Q�7 �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M �Q�m�i�H�B�M�2�/ �B�M �_�2�7�X �(�k�N�R�)�- �r�?�2�`�2���b �7�Q�` �i�?�2" b!
L = " " b!

R �b�+�?�2�K�2 �i�?�2

�2�t�T�2�+�i�2�/ ���M�/ �Q�#�b�2�`�p�2�/ �H�B�K�B�i�b ���`�2 �M�Q�i �v�2�i �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �T�`�2�7�2�`�`�2�/ �`�2�;�B�Q�M�X

�"�`�2���F�/�Q�r�M�b �Q�7 �i�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�`�B�#�m�i�B�Q�M�b �B�M �2���+�? �}�i �b�?�Q�r�2�/ �i�?�2 �b�i���i�B�b�i�B�+���H �m�M�+�2�`�@

�i���B�M�i�v �B�M �i�?�2 �/���i�� �i�Q �#�2 �/�Q�K�B�M���M�i�- �r�B�i�? �b�i���i�B�b�i�B�+���H �b�Q�m�`�+�2�b�k�8�+�Q�K�T�`�B�b�B�M�;80% �Q�7 �i�?�2 �i�Q�i���H

�m�M�+�2�`�i���B�M�i�v ���i �i�?�21.5TeV �K���b�b �T�Q�B�M�i �7�Q�` �i�?�2 �p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �K�Q�/�2�H �r�B�i�? �M�Q�M�x�2�`�Q" b!
L �-

���M�/ �B�M�+�`�2���b�B�M�; �7�Q�` �;�`�2���i�2�` �H�2�T�i�Q�[�m���`�F �K���b�b�2�b�X �.�Q�K�B�M���M�i �b�Q�m�`�+�2�b �Q�7 �b�v�b�i�2�K���i�B�+ �m�M�+�2�`�i���B�M�i�v

�T�Q�b�i�@�}�i �B�M�+�H�m�/�2 �i�?�2t t �K�Q�/�2�H�H�B�M�; �m�M�+�2�`�i���B�M�i�B�2�b �U36%�Q�7 �i�?�2 �i�Q�i���H �m�M�+�2�`�i���B�M�i�v �7�Q�` �i�?�21.5TeV

�p�2�+�i�Q�` �H�2�T�i�Q�[�m���`�F �K�Q�/�2�H �r�B�i�? �M�Q�M�x�2�`�Q" b!
L �V�- �i�?�2 �.�`�2�H�H�@�u���M �K�Q�/�2�H�H�B�M�; �m�M�+�2�`�i���B�M�i�B�2�b �U30%�V�-

�i�?�2 �b�B�;�M���H ���M�/ �#���+�F�;�`�Q�m�M�/�J�* �b�i���i�B�b�i�B�+���H �m�M�+�2�`�i���B�M�i�B�2�b �U20% ���M�/22%�- �`�2�b�T�2�+�i�B�p�2�H�v�V�- ���M�/

�i�?�2 �m�M�+�2�`�i���B�M�i�B�2�b �`�2�H���i�2�/ �i�Q �Q�#�D�2�+�i �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �U31%�V�k�e�X

�h���#�H�2 �N�X�8�,�1�t�T�2�+�i�2�/ ���M�/ �Q�#�b�2�`�p�2�/95%�+�Q�M�}�/�2�M�+�2 �2�t�+�H�m�b�B�Q�M �H�B�K�B�i�b �Q�7 �i�?�2�S�P�Ag �7�Q�` �i�?�2 �H�2�T�i�Q�[�m���`�F
���M�/Z! �b�B�;�M���H �K�Q�/�2�H�b�X �1�t�T�2�+�i�2�/ �H�B�K�B�i�b �r�2�`�2 �/�2�`�B�p�2�/ �7�`�Q�K ���M ���b�B�K�Q�p �/���i�� �b�2�i �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2
�M�Q�K�B�M���H �.�`�2�H�H�@�u���M �T�`�2�/�B�+�i�B�Q�M �T�H�m�b ���H�H �M�Q�K�B�M���H �#���+�F�;�`�Q�m�M�/ �T�`�2�/�B�+�i�B�Q�M�b�X

�J���b�b 1.5 TeV 2 TeV 2.5 TeV 3 TeV

�J�Q�/�2�H�f�T���`���K�2�i�2�`�b�2�t�T�X �Q�#�b�X�2�t�T�X �Q�#�b�X�2�t�T�X �Q�#�b�X�2�t�T�X �Q�#�b�X

U1

" b!
L �k�X�R�3�k�X�R�9�k�X�3�e�k�X�3�k�j�X�8�8 �j�X�8�y �9�X�k�9�9�X�R�3

" s!
L �k�X�8�e�k�X�8�8�j�X�9�R �j�X�9�y �9�X�k�e�9�X�k�9�8�X�R�R�8�X�y�N

" b!
R �R�X�N�3�k�X�y�y�k�X�e�9�k�X�e�d�j�X�j�y �j�X�j�9 �j�X�N�d �9�X�y�R

" b!
L = " " b!

R �R�X�d�9�R�X�d�j�k�X�j�k �k�X�j�R �k�X�N�y�k�X�3�3�j�X�9�3 �j�X�9�e

S1 yb! �R�X�e�8�R�X�d�k�k�X�j�e �k�X�9�8�k�X�N�8�j�X�y�e �j�X�8�8 �j�X�e�3

Z! #bb
q L = #! !

q L �j�X�y�9 �j�X�y�9 �9�X�y�8�9�X�y�8�8�X�y�d�8�X�y�e�e�X�y�3�e�X�y�d

#bb
d R = #! !

e R �j�X�9�9 �j�X�9�N�9�X�8�N�9�X�e�e�8�X�d�9�8�X�3�k�e�X�3�N�e�X�N�3

�k�9�h�?�2 �`�2�;�B�Q�M �#�2�H�Q�r1.5TeV �?���b �;�2�M�2�`���H�H�v �#�2�2�M �2�t�+�H�m�/�2�/ �7�Q�` �H�2�T�i�Q�[�m���`�F�b �B�M �T���B�`�@�T�`�Q�/�m�+�i�B�Q�M �b�2���`�+�?�2�b �(�j�d�8�)�X
�k�8�A�M�+�H�m�/�B�M�; �i�?�2t t ���M�/Z �Y�D�2�i�b �~�Q���i�B�M�; �M�Q�`�K���H�B�b���i�B�Q�M�X
�k�e�h�?�2 �m�M�+�2�`�i���B�M�i�v �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���`�2 �[�m�Q�i�2�/ �?�2�`�2 ���b �7�`���+�i�B�Q�M�b �Q�7 �i�?�2 �i�Q�i���H�- �#�m�i �i�?�2 �m�M�/�2�`�H�v�B�M�; �+�Q�M�i�`�B�#�m�i�B�Q�M�b

���`�2 ���/�/�2�/ �B�M �[�m���/�`���i�m�`�2 �U���b �B�M�/�2�T�2�M�/�2�M�i �m�M�+�2�`�i���B�M�i�B�2�b�V �i�Q �Q�#�i���B�M �i�?�2 �i�Q�i���H�X



Simon Koch, o.b.o. ATLAS 25th Aug. 2025Lepton Photon 2025, Madison WI

Importance of interference term - impact on limits
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Abstract
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The production of high-mass 𝜏-lepton pairs constitutes a very effective process to probe the Standard  
Model flavour sector and to search for new physics. The first measurement of the high-mass  
production cross section is presented, performed by the ATLAS Collaboration with the dataset of 140 
fb-1 of pp collisions at  TeV. New physics models are constrained through a fit to the di-tau 
invariant mass distribution as a function of b-jet multiplicity. Exclusion contours are presented, 
constraining the leptoquark models proposed to interpret the flavour anomalies in B hadron decays, 
as well as the production of  bosons that couple preferentially to third-generation fermions. 
Additionally, constraints on effective field theory operators describing new particles are presented, 
including those affecting g-2 of the 𝜏 lepton. 
Parallel session: Heavy BSM Searches at Colliders
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