Measurement of the high-mass 7 production
cross-section and constraints on Leptoquarks,
7' bosons, and effective couplings

ANA-EXOT-2022-42 (arxiv:2503.19836, submitted to JHEP)
: “?
Simon Koch ‘%ﬁh

Lepton Photon 2025, Madison Hadronic decays
(1/3-prong)
25th - 29th Aygust



https://arxiv.org/abs/2503.19836

Motivation - Lepton Flavour Universality Violation (LFV)

» Recent hints of multiple flavour anomalies o

<~ LHCb LFV In B meson decays
o 3.20 deviation in Rp/Rp+ [1] =
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» Anomalies indicate preferential coupling to third generation
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https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html

Motivation - Leptoquarks?

Rp/RY b — cvr

» Size of anomalies suggestive of a tree-level coupling - LeptoguarRs
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» Anomalies indicate preferential coupling to third generation - T
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https://doi.org/10.1140/epjc/s10052-023-11304-5

Motivation - Unfolded measurement, other BSM

> What else could be hiding beyond the Z peak?
- /', EFT operators, motivation to unfold
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Outline - the many uses of the zz final state at high m__
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» High-mass region above Z-peak
m_°> > 100 GeV

hadronic fakes
validation
regions

validation
regions

» Main analysis results from 7, 47,4 (2 hadronic 7-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 0
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Dataset, background and signal modelling

- details on MC generators 1n_backRup
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Backgrounds

- see following slides

- signal sample points in backup
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Universal Fake Factor method

Fakes - “Jets that looR likRe taus PXivO500 04156

Fake factor method used for estimate of jets faking thad

>R ' NCR )
: . —ID had
SR SR Derivation: FF = — J 13 prong |
j N CR
N antilD t-ID Nf—an S0

SR anti-ID

tau: analysis dependent width

Application: NTS:RID = FF X NTS_RamiID

T quality score

Derive anti-ID-> 1D transfer factors for 3 jet types based on known jet-enriched
control regions:

o quark-enriched jets fromZ - ypy ~ —— ()

quark jet: thin

o gluon-enriched jets from multi-jet sample with high JVT score
o pileup-enriched jets from multi-jet sample with low JVT score @

gluon jet, large O
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https://arxiv.org/abs/2502.04156

Fake factor extraction - template fit (o ©
» Templates give distributions of quark/gluon/pileup . _ 2. AR'pr %\f}

J = ;
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Fake factor application - ,,4T.q Channel Remove true taus

| failing tau ID
7 Application In 5, 4Th.q CNaNnel requires removal 1

of 2-fakes double-counting with 1-fake regions:  N'(z,zp) := N(z,7p) — Nz YC)

kag = [N (tgiptip)] - FF(7) + IN(TpT,00)] - FF(7y) = IN(TninTanap)] - FF (7)) - FF(z,)

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

/ ~ Both include N(Tfakefzfake)
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Fake factor application - 7y, 4Th,q Channel

” Appll

of 2-fakes double-counting with 1-fake regions:

N bkg —

Fakes estimate

cation in ,,4Th.q Channel requires removal

= [N (TpirpTip)] - FF(zp) +
Region B (one fake)

/ A
= | Region  Region
"2 C D
T;D RG%IOYV
B

» Closure checked in same-charge region:
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Region C (one fake)

~ Both include N(Tfakefzfake)

Remove true taus

failing tau ID

l

N'(tytp) := N(t,15) — N(T%CTl]yC)
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Double-counting removal

Region D - (two fakes)
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Unfolded fiducial cross sections

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

» Unfolding is inclusive of all SM processes In this final state

Detector Response

Particle-level m" [GeV]

ATLAS Simulation

Vs=13TeV, 140 fb !
| | | | | | | | | | | | :I
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Detector-level m,

hhhhhhh
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Unfolded fiducial cross sections - Results

» Unfolded cross-section compared to two SM models with good agreement
o SHERPA 2.2.11 MEPS@NLO, PowHEG Box + Pythia 8 NLOPS

Unfolded cross-section Uncertainty breakdown
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Search for LQs

m
DV S 7 - S S 7.5 S

Int - BSM
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Pair-production Single-LQ production Non-res. t-channel exchange SM Drell-Yan production
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» No evidence found for Vector LQ models preferred by B-anomalies

Left-handed U; Vector LQ |
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Other LQ model and Z' limits

Coupling value

No significant excesses or deviations

- - - Expected limit
— Observed limit
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L imits on Wilson coefficients

14 dim-6 SMEFT operators from the topU3L

symmetry prescription studied
Cross-section parametrised as:

o interference-only (linear), and

o interference + partial BSM (linear + )
2 % & dim-8 t 't
Ml = IM 2,1 & R _(6)|vI ! M _(6) M .opera Ors can
IM] I_%!V'_l ¥ | 2 . © c SME be simulated (yet)
SM | ”"# $ l
% : % % & |
+ |14§ Ci(6)M i(6) + !34 Re Ci(6) Cj(G)M !SMM i(j6) + !34 Re Ci(8)M !SMM i(8)
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Limits on Wilson coefficients - Results
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T anomalous magnetic moment

¢, IS affected by modifications to the
tau anomalous magnetic moment a,

Operator Q,, defined In terms of pre-
symmetry-breaking operators Q_y, O.p

a. measurements can be re-
Interpreted as c,, constraints

CMS PbPb yy—-tT
PRL 131 (2023), 151803

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

PRL 131 (2023), 151802

7- CMS pp yy—-T1T

RPPhys 87 (2024), 107801

,y ATLAS pp->TT
(this result)
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ATLAS PbPb yy—-TT
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Summary and Outlook

v 80_ I I I I I I I I I _

O - ATLAS Online Luminosity n

= 70p 2 =il 3

. G | e fs-istey E

First unfolded measurement of 7, 47},.4 £ 08 e ERny z

. 3 50F ;202383 é:lgﬁgg ,

at hlgh mTT 8 - 2024 pp Vs=13.6 TeV -

= 40:— -

First non-resonant LQ/Z’ search in this S a0 E
final state to fully treat interference with SM 20F- EN
No substantial deviations from SM observed, 10F 1

and no evidence for studied LQ and Z’ models % s oo

[ATLAS Luminosity Public Results] Month in Year

Run 3 1s well underway with greater reach:

o Statistical and tau reconstruction uncertainties dominate for the results
shown here - improvements from larger luminosity datasets and tau ID
Improvements look promising
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

Thanks!
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PRELL-YAN'S SOLUTION

S0 YOU'RE WONPERNG
WHAT'S
GOING ON WTH ALL THeSE
B QUARKS ANP TAU
LEPTONS AND
LEPTOQUARKS?Z

THINK OF IT THIS WAY ...
YOU HAVE A GLASS OF
BEER AND A GLASS OF
LEMONAPE ANDP WANT

TWO GLASSES OF
RAPLER/SHANPY/,

\\ PANACHE [

IF IT POES THIS, THAT {p

THE LEPTOQUARK METHOD <

WOULP BE UNEXPELTEPD <
2
>
' 52
&S
02
e\
\8)
W >
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u N
ww
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Sz
> 9
=X

I/ AH GEEZ, NOT AGAIN ...
Q i WHAT A MESS ...
“ <= ] 3 R ws-»
\C;a_)f (ﬂ \.J:/i‘
W J =

AND THERE YOU HAVE IT
... TWO BEAUTIFUL
GLASSES OF PANACHE.
BUT IF I PIPN'T TELL
YOU WHICH METHOD I
USEDP, HOW WOULP You
EVER KNOW?Z
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THAT WAS EPGAR
FREDERICK THEODORE -
E.FT. NO-ONE REALLY
UNPERSTANDS WHY HE
POES THE THINGS HE
PoES (YET), BUT »
SOMETIMES YOU MIGHT
JUST GET PANACHE 7.

MELANIE SCHMID (QRAKRARTS)
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Analysis background - past results
> ATLAS Run-Il dataset (2015-2018)
- High-mass region above Z-peak - m}? > 100 GeV

~ High-mass pp — ee/uu previously measured in Run-1 ATLAS data [3, 4], but
pp — 7t still outstanding

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

Pair-production Single-LQ production Non-res. t-channel exchange bS/\/l Drell-Yan production
L L 7 to T
7 R00QOYY ===~~~ - : A ’ b s = T .......... 9 Z [
: : Sy 23 : LQ ’:I:’interference
: : MLQ \ : el .......... oo
BOO0000L - — — — — S -l . +
9 LQ b 7-_ b 7-_ b T
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Data & MC Samples

X
-
2
)
L
A -
1= =
— Vp
° €
k-4
g *Note: the unfolded measurement is being
m performed without defining fiducial
processes - all MC-simulated samples
are considered “signal” in this case,
only data-driven backgrounds are
treated as backgrounds here
- MADGRAPH5_AMC@NLO 2.2.2 with LO-accurate ME for LQ/Z" and up to 2
q°] other final state partons + PYTHIA 8186 A14 + EVTGEN 1.2.0
b:ﬂ VECTOR_LQ_UFO model, SM generation Is reweighed to BSM prediction
V) -~ pure-BSM and interference terms are separated
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BSM Signal Samples

S = MADGRAPH5_AMC@NLO
b=D 8 VECTOR_LQ_UFO model, SM generation I1s reweighed to BSM prediction
[ — -~ pure-BSM and interference terms are separated
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Pati-Salam-Like (; — f,) model
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Production In assoclation with b-jets
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MC-modelled backgrounds
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Fake factor evaluation and uncertainties

Fake-factors from FTTF are combined based on results of fit:
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Fake factor application - 7,4 channel

Application in £1,,4 channels is straightforward:

kag — [N( antlIDTz/”) N( %SIDT%C)] ' FF(pT’ naNprongS’ tl’ig)

Fakes estimate antilD data MC overlap Combined fake-factor
Closure of fakes estimate checked in same-sign (SS) region:
> L R Misreconstructed "
Q 6 L had
o 10E ATLAS B Others
~ 10°Ek Vs=13TeV, 140 5" -
g = same-charge it
¢ 10'g B Drell-Yan# ""
W 03 B, B Single top
102 *e Uncertainty
e Data
10
1
10"
10" R
% 15 ;_ ..................................................................................................................................... _;
c\*g 1;_00000000.0 """" e N ¢ _;
(5 o E
100 200 300 400 500 600 700 800 900 1000
my. [GeV]

Simon Koch, 0.b.o. ATLAS Lepton Photon 2025, Madison WI 25th Aug. 2025



Expected and observed 95% confidence intervals
for Leptoquark/Z BSM models
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Importance of interference term - impact on limits
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Abstract

The production of high-mass 7-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 77
production cross section I1s presented, performed by the ATLAS Collaboration with the dataset of 140
fb' of pp collisions at \/E = 13 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 Z' 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 7 lepton.
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