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Production and Decay

Qs produced at the LHC via pair,
single, or non-resonant production
> Pair production production cross-

section independent of coupling 4
- Single and non-resonant production

dominant for large A at high masses

>Vector LQ pair-production cross-
sections larger than scalar

»Small differences in kinematics between
vector and scalar LQs

*Decays into quarks and charged or
uncharged leptons
*Assume AB(LQ — q¢) =1—-RBLQ — g)
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LQ Searches @ ATLAS

> Extensive search programme for pair-
produced LQs
* Wide range of final states

* Focus on couplings to 3rd gen. quarks
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* But also results with couplings to light
quarks available

> Growing programme of searches for
singly-produced LQs

B(LQ3 — br) =1 - B(LQZ — tv)
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Scalar leptoquark pair production, all contours at 95% CL March 2023
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i Target with B(LQ - /) = 1.0 |
|- Analysis strategy: |
_ 3 or 4 light leptons, >2 jets, >1 b-jet .‘"f
' Two separate signal regions (37, 4¢) each for tete/tutu |
i with min(m,,) > 100 GeV ;
i’f Control and validation regions for main backgrounds
| (1tW, 1tZly*, diboson) with min(m,,) < 100 GeV
| Discriminating variable: m ¢ = Zf,jets Py + pmiss .

Backgrounds estimated from (MQC),
except: electrons with misassigned charge (QMisID)

for:
Diboson as function of jet multiplicity
Normalisation of ¢t + HF
Non-prompt-lepton processes as a function of
b-jet multiplicity

Good post-fit agreement
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Low b-jet p; SR: 25GeV < p2! < 200GeV

Discriminating variable S; = p.' + p.
~Main backgrounds: top, 7,4 fakes, Jets

L L N L L L L L R I =
- ATLAS Preliminary e Data NN Uncertainty .
= Vs=13TeV, 139 fb i e 00Ty =
E . 1 =10 3
— Post- Fl't, rleprhgd”} - W w UM (1: ) x10
=1 Low brjet p, SR B ot fake = = UY™ (47 510 =
= Others -

—

AR
AN AT N FY Y VY Y Y Y Y
nnnnn

s

SESSCEEA N AN \\\

400 600 800 1000

S; [GeV]

T Pr

mlss

!

%)
12, _
QC) 10* = ATLAS Prellmlnary Data Others
LI>J = \{s=13TeV, 139 fb™ fi N Uncertainty
; | Post- Fllt ThadThad - W =5, ( ;g")
10° kow brjet p; SR Two Jet—1 fake = UM (7)1
- Zly*—treHF == U (0T
BB Jet—7 fake
10° =

AR
.\\}\\\\
ANNN
'aE

o ©
L1

TSRS H A IR AN
0.5—

Data/Pred.

300 400 500 600 700 800 900 1000
S;

[GeV]

9
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Neglecting interference w/ SM bkg
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Neglecting interference w/ SM bkg
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Events / 200 GeV

Data / SM

" Target excited 7-leptons and with ; g

i

%( Q — qT) 0 (6] u,d,c, S) é_‘ See Elise’s talk later in this ;

— +
Analysis strategy: - 1 PIRTTTTITTTITTITR S '
. session 118
20S 7, ., >2jets ORI I =
. . . -1 . O - ' ' ' ' I ' ' ' ' I
Collinear approximation to decompose p7** in transverse plane along 7, , % ATLAS
. . . . . . ’ ® |- ev, U i
Normalisation of main background processes constrained in dedicated CRs{ 5 . .| pp— LQ(xa) LQ(rq) _
Fake 7, background estimated using data-driven fake factor method = :
] / § - g
i i imi . — pl ) J1 J2 § O i
_ Finaldiscriminant: Sy =p' +p+pptpy o
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dedicated control and validation o 08F Signal region does not rely on charm-
regions for Z+jets, top, fake 7’s RO T 1000 tagging — results valid for all LQs
O — - - decaying into 7 leptons and light quarks
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Leptoquark models
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LQ LQ —> ty bf (f — e, //t) amty = min (max(my.,, myr))

ﬁT(Vb)+ﬁT(Wa)= E %iss

Preselection

Efrniss triggers
exactly one signal lepton

veto on addi.tional baseline leptons . branch a
EZ™ > 250 GeV
> 4 small-R jets
mt (€, E™s%) > 30 GeV
AG(EDSS, j12) > 0.4
Top reweighting region W+jets CR Single-top CR Training region
np > 1 np =1 ny =2 np > 1
mr(€, EM) > 120GeV  50GeV < mp(€, EM®) < 120GeV  mr (€, ER™) < 120GeV  mp(L, M) > 120 GeV | branch b
amrmy < 200 GeV amtoy > 200 GeV amtmy > 200 GeV amtoy > 200 GeV
- had candidate veto large-R jet veto -
- lepton charge = +1e -

i i AR(by,by) > 1.2 i

Variable Description
mr (¢, E‘Tniss) transverse mass of lepton and E%liss
Meff scalar sum of the transverse momenta of leptons, jets, and E3™"

Lepton flav flavour of the signal lepton
J7miss pr(f) transverse momentum of the lepton
Q= T Miny (D1 invariant mass of the leading-pr b-jet and the lepton

02(1 _ ,02 ) Nlarge reclustere(.i large-R jet multiplicity
/ L LT amrt? asymmetric transverse mass

Effniss significance measure for assessing the compatibility of the observed Efrniss with zero,
taking resolutions into account

—_— . miss . . miss
: : miss mr (b1, ET"™) transverse mass of leading-pr b-jet and E
Variance in parallel to measured E e () {ransverse momentum of 7r
: Agb(ErTniSS, b») azimuthal angle separation between EITIliSS and subleading-pt b-jet
Correlation factor be_tween momentum minv(bg, {) invariant mass of subleading-pr b-jet and lepton
measurements In paraIIeI aﬂgl AP(EL™, b1) azimuthal angle separation between E"" and leading-pt b-jet
perpen dicul arIy to measured E miss Ad(thad, €) azimuthal angle separation between .4 and lepton
T

pt(b1) transverse momentum of leading-pt b-jet
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