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Introduction

~ BSM?
* Despite all its phenomenological successes, the SM has some unsolved 1 J
problems (hierarchy problem, flavor problem...) o) Q/t
> |Is SM only an EFT? Is there a UV theory whose low energy limit is SM? . b ¢ -L-, -
% 5" 4 »
B b
* Searching for violation of accidental symmetries is a very powerful way to arXiv:1909.12524
understand the New Physics properties
L BB — D*rv,)
» Lepton Flavor Universality - anomalies on charged and neutral current processes RID™) = %B — D1,
in B-physics '-/ £=e p

> Anomalous magnetic dipole moment of muon possibly connected to LFU
violation (chirality-changing observable)

5—*/&3& 2

4 2 +
& ,"“
| | | ¢ ? % “ g K’
* |eptoquarks are a good candidate as a BSM mediator to explain such
anomalies arXiv:2104.05631
> Predicted by many grand unified theories (GUT SU(5), Pati-Salam SU(4), RPV
SUSY) RK®) — BB — K*utyu)
> Connection between the quark and lepton sectors (coupling via a Yukawa BB — KFeter)
interaction), carrying both lepton and baryon number Phys. Rev. Lett, 126, 141801 (2021)
> Can mediate flavour-changing-neutral-currents and enable violation of LFU Rt
” L \
- Two scalar or a single vector LQ -> the most optimal explanation for the B-anomalies i M
£ €
Y
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https://arxiv.org/abs/2104.03281
https://arxiv.org/abs/2104.05631

Leptoquarks

* Many degrees of freedom

> Mass, electrical charge, scalar/vector type, Yukawa couplings (1)

> Can be produced in pairs, singly, off-shell, s/t-channel ...

> parameter: Determines the branching fraction of LQ into charge
lepton (f=1) or neutrino ($=0)

* |In ATLAS, broad program ot searches for pair-production and growing

program of single LQ searches and interpretations in the context of
vector LQ

> Assume only one specific leptoquark

> Qrid: LQ mass vs ff or 4
> Scalar LQ: up-type (2/3e) and down-type (-1/3e) charge

- Decays into flavour-diagonal or cross-generational (a.k.a “mix")
»  Vector LQ

- Stronger model dependence - needs UV completion

- Nominal coupling to color (k = 0) Yang Mills (YM)

Minimal coupling (k = 1): coupling to gluon only via covariant derivative
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Pair production

QCD driven process
cross section depends on the mass

q 4
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Single production

cross section « A2

sensitive to higher m_q for
sufficiently high A

Off-shell production

cross section « A4
non-resonant

N sensitive to very high masses
9 ¢ possible interference with SM

Today'’s presentation

1 ’TLQS —> bThadThad/leepThad = NEW

2,00 L
3.Lo¢. LO“

X

QZE;‘) — bl /t¢br - Mar 22

— t£1¢ - multilepton NEW



tLO; — btyuqThaa! bT1epThags Analysis strategy ATLAS-CORE-2022-03r

* Singly-produced scalar LQ decays into a 7 lepton and a b-hadron in 7,,,7,,,, and 7,47, final Top control region after
states with non-resonant LQ production the correction scale factor
~ E 6 | | I | [ | | [ | | | | I | I | I _]
» A =05-2.5, ,B = 1, Sl scalar LQ M 10" =" ATLAS Preliminary ® Daa S
8 e f=1|3 TeV, 139 fb” -KN B
. re-Fit Jotr fake
b |nte rpretatIOﬂ fOF LQ + LQLQ L% 10° Top-CR corrected, 7,q, 7, —Others. B
* Event selection 10 E
. . . 10° e -
> Single lepton (tau) trigger in 7,744 (ThuaThad) B
> ite si R
OppOSIte Slgn |eptons -S); 11_[ | I I I I I I I | I I I I I I ]
; S 12— —
B 2 2 jetsl 2 1 b_jets, A¢(f’ EJ’Z’ZZSS) < 1.51 m"fz; > 100 GeV j.\é O81f@.‘...H."‘.‘“Q‘\\9\\\‘\\\¢\\\$\\\\\\*\\\\\\\\\\\\\\\\\\\\#\\\\\\\\\\\§
S o
0 06— |, | | T R R R R R R
> High prieaq vier > 200 GeV to avoid SM interferences from non-resonance 200 A o0 8003 [G;V‘;OO
:
* Main backgrounds
-E | | | [ | | | | [ | | | | -
- . R R . af)] B . 7
b — {0% = ATLAS Preliminary ® Data (Others |
11, single top (reweighting as a function of S;) 5 10° - ATLAS Preimin SN
. —  Post-Fit ot_s7 fake s a0
» Fake 7 (scale factors as a function oprTh ) and # of charged tracks) S Pl s ne B Jote ek _
. . . = -
* e N w.w\ N\ |
Fit to signal regions Signal 0 - .

i
'

> 85> 300 GeV populates the o
> S, as discriminating variable high S tails 1 )
=R I B R B B
Sp=2, Pr e
bjet,t t T e R

’ ‘ S; [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/

TLQS — ThadThad/TlepThad: RGSUltS

The first ATLAS result for LQ in the btT final state!

Dominating systematic uncertainties: top related
background modelling but highly statistically dominated
in high masses

95% C.L. upper limits set on both scalar LQ and
LQ+LQLQ production scenarios

> No significant deviations between the data and the
expected SM background are observed

Observed exclusions for single LQ production:
>y, < 0.89 TeV, A= 1.0
> my, < 1.28 TeV, 2 =2.5

The most stringent limits are obtained with LQ+LQLQ
combination

* mpy < 1.25 TeV, 1 = 0.5
* mpy < 1.41 TeV, 1 = 2.5
Updated limits wrt 36 fb~! LQ LQ — btbt analysis

10

o(pp—>TLQ,) [PD]
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ATLAS-CONF-2022-037
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-037/

ATLAS-CONF-2022-009

t,b
Search for pair-produced scalar and vector LQs decaying into third- D LQix p
generation quarks and first- or second-generation leptons in single VL Qmix ", LQY. 0 v
lepton final states ,a" ’ _--"
> optimised for § = 0.5 vl Pt
p 'B Llex ’ LQ?niX é’ Y
Pair produced scalar LO“. — tv, b or LO%. — t£, bu P vLQmix b
e mix mix ? h
, t. b
Pair produced vector LQ — tv, b with minimal or Yang-Mills e ’
. > 19 R AN L RS AR LA EARR RARAN RARRN RN
cOou ||ﬂ & 10*=ATLAS Preliminary -¢-data --pretoprew. 5 g . reliminar ata . ]
p 9 § = Vs =13 TeV, 139 fb”' [t .s_vﬂ'etz . P ‘}TLﬁfTZV,'wg be1 =3V4trjets =tstingle top:
. ~ - Wijets CR Msingle top [+ . § LQ?nlx B(LQ - te)=0.5 pgii+V [diboson -
Event SeleCt|On c | PreFit [diboson [tt+H | SR 7/ Uncertainty
2 10 [1Z+jets 77 Uncertainty = 10°E post-Fit L 13 Tev E
- \ ’ - mix, B=0.5 -
> MET trigger, =4jets,>1b-jet : -, :
e - E -
Main backgrounds I
10
> W+jets, single top (dedicated CRs), 17 (rewighting as a function of M) :
* Free-floated 17, single top and the Wjets normalisations O P R
: : : : : 3 125 %125—+—
Neural network (NN) is trained for different signal hypothesis E O7QWM////W/% R /////?///%%
QO Q 075
. NNout<O 5 CR (single bin), NNout >0.5 SR (multibin) 1000 | 1500 2(.)00 25ooeﬁ[Gesvc;00 0.5 0.55 0.6 0.65 0.7 0.75 0'8 0.85 0.9 ozsN
W+jets CR in M NN output in SR

Simultaneous fit to all signal and control regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/

%_- ﬂ ATLAS-CONF-2022-009

In steps of 0.05 p 1
(s =13 TeV, 139 fo ATLAS Prellmmary (s = 13 TeV, 139 fb

o) B = ~oF 510"
Q 1 = B(LaniX — tu) = 0.5 = {F 0'95_ . "é
- - - - - Expected Limit . <0.8F 1 =g
IS A [ Expected limit 1~ | HF F |l %
Tg 10~ Expected limit +26 4 2 0.7 102
. . o o o - _— = AR E B
* Dominating systematic uncertainties: top x  F — Observed Limit 1 7 osE
: o & B —— Theory (NNLO+NNLL) 7 =
related background modelling and Jet S g2 I o 5F
. . . ~J == = -~ T C
Energy Scale (JES) uncertainties but highly 7 - 12 E
statistically dominated in high masses 8 I 1 T 10°
o © 10°F o 03
* 95% C.L. upper limits set on eight LQ : = 02k
mOdel 10—4 I (Lulex _u) tu) Ou-5 1 1 1 1 | 1 L O -lE
. _ 500 1000 1500 2000 = " L 1074
> No significant deviations between the data Gov 400 600 800 1000 1200 1400 1600 1800 2000
and the expected SM background are M;q [GeV] Mg [GeV]
observed
. :5\ :_I I I | | | I | 1 I | I_
* Observed exclusions: o 09 ATLAS Preliminary -
T o.gF Vs=13TeV, 139 fb" =
> mLQ;’,m_)e(ﬂ) < 144 TeV (147 TBV) for 9 g —vLQ™ - tv/bu é
— 0.5 g O7E —vQ™ - tvbe =
TE —vLQQ:Q — tvibe =
YL ey < 1.39 TeV (1.37 TeV) for =, 05 —LQy, - tvibu E
04F — LQm|x — tv/be =
p =035 To - —LQ°, — twbyv =
9 0.3F —LQ:“X — te/bv —
o) - =
0-2:_ — Observed Limit =
0_1:_ --- Expected Limit =
OE' | | | 1 | 1 | 1 1 | | | 1 | :
500 1000 2000 2500
m o [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-009/

LO? LQY. — t/1/: Analysis strategy BLLAS-CON 2020050

mix mix
. . o Summary of CRs
* Search for pair production of LQs decaying into a top quark o 107 . . . . — b g
. . . . . o F ATLAS Prelimina ® Data Ot [l Diboson f
pair and a pair of electrons or muons, in multi-lepton final 8 | B-1aTev, 13010 oo B0 B | q

4| Control regions MisID ther 7/, Uncertainty B t
states (2£SS, 3¢ and 4¢) "L PostFi Sremsg LQd Wt

e (= (e,
: d d _ _ - |
* Pair produced scalar LQ:. LQ:. — ttf, C(=e, u), p=1.0 o ~a—— (")
* Pair produced vector LO Ul P o (= (e, pu™)

b 1%

* Event selection

> Single and dilepton triggers, = 2 jets, = 1 b-jets ) 1 ! , - !
* Main backgrounds (dedicated CRs + free-floated) §0:8751§j//w//74WW///§///-/'//// //j///ﬁ///f;;;;;&;:;;;é

0.75

> 112, VV (V. =Z,W), non-prompt ¢ S T T R

> Additional VRs to validate the modelling Signal populates the high tails of M.
eff

* Signal regions

> E I ! ! | | ! ! ! | I I I ! | ! ! | E E o | N I — I — | — | R | R
min g - ATLAS Simulation Preliminary ] ?, 102 "[{”‘AS Preliminary Elt[f)\?\;a EIISQSMX (1.6 TeV)
] i = E {s=13TeV, 139 fo" 1 boson =
g Meff > 500 Ge VI mfbﬂ > 200 (100) GeV fOr 3f (4f) 8 10 Is=13TeV [ Total Background — |.?>j [ Signal regions Egﬁg) ;Bsgg{;ﬂsﬂ
2 - (Z?;fSR_e 0 —— LQ® (1.6Tev) 7 - 3¢SR -e --- Pre-Fit Bkg. ’
. . . . . L (W/Or Mggs CU ~min N — Post-Fit =
> M, as discriminating variable L 0t etey 10g PostF ;
€ o) 1= —eme= U (1.6 TeV) | N A
. . D g e 0" @oTevy 3 e ‘ |
* Simultaneous fit to all SRs and CRs e I _r_ : 1 e .
_5 107 N E
§ - _I— ----------- - 107 =
—_— LI_ - : - - A T A A T T A AR T A AT A AT
Meff — 2 , pT+MET 102 f E
. - : o £ . ) 2l by b b b e gy
jet.e.u | - i 2 1?_5:_ | ; E
10_3 = T T e c?g 1%f/+xx«mxf+m%//%/ 75%‘}//-////74////74////74////74///79_‘2
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/

* Main systematic uncertainty from lepton
identification, but analysis is statistically limited
* 95% C.L. upper limits set on both scalar and
vector LQ model
> No significant deviations between the data and the
expected SM background are observed
* QObserved exclusions (LO — te (tn)):
> Scalar Mpga < 1.64 TeV, (1.61 TeV)
> Yang-Mills vector Myg, < 1.71 TeV, (1.73 TeV)
> Minimal coupling vector My, < 2.0 TeV, (2.0 TeV)
*x

The most stringent limits up-to-date!

107
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0.1
:IIIIIIIIIlIIlIlIlIlIIIIIIIIIIIIIIl|IIIl|lIIl|llII
1%00 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

mLQd. [GeV]

2D exclusion limits in my, — f plane

ICHEP2022 - Searches for leptoquarks with the ATLAS detector| 9 July 2022 | M.Nazlim Agaras

% .m ATLAS-CONF-2022-052
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-052/

Towa I"dS com bl hation ATL-PHYS-PUB-2022-012

* Overlays of exclusion contours of pair produced scalar leptoquark models

> Third-Generation (LQ; — tvbt , LQ; — fvtv and LQ§Z — ITIT, LQg" — bubv analyses)

> Mixed-Generation (LQ;ZH.X — bvltt, LQ} . — tv/bY)
> More summary plots are available onlinel!
1= LQ;,,LQS ., all contours at 95% confidence level March 2022 . 1"’.’TEQ.3L.Q%’?" Icolntc|>urslat|95|°/<|> clor}fi???c? I(Iavlell —— ,M?rclh e
fg : | I | | | | | | | | | | | | | | | | | ! :.fl‘; | | | | I | | | I I I | | | | | : > : N .: . . E
? 0.9 | : ATLAS Preliminary = ? 0.9 ATLAS Preliminary =
i [ . i _ L . -1 -
Eoek # Vs-13Tev,1sem’ 3 T 08f- Vs=13TeV,1391b E
G . = - C -
—l = = B2 observed _
ég/ 0 7:_ Sl = QF 0'7:_ ------- expected -
11 0.63— """ expected —f 1; 065— _f
I — = - — trtt -
< 055 ol — = 0.5F [JHEP 06 (2021) 179] -
- = = 1 = ttbv |
04 — tutu = = 0.4 [PRD 104 (2021) 112005]
.= 0 3:_ [EPJC 81 (2021) 313] = 0 3:_ sbottom-0¢ =
s tebv = 8 E WHEP 05 (2021) 093] .
5 0-2F - = 0.2F =
- = - - = : ' ATLAS, 36.1 fo'' (obs.) -
0.1 [ATLAS-CONF-2022-009]— 0.1 : ]
= = : : [JHEP 06 (2019) 144] =
O:' i e B e e D ] e i DR B e S ': . WIEEEET N YT ST T NI T T ST N N N S A A 1:
600 800 1000 1200 1400 1600 1800 20?8@52)0[% 2\/‘;00 0~600 800 1000 1200 1400 1600 1800 2000 2200 2400
ML ix) 19€ m(LQ3) [GeV]
Exclusion contours LQSM — bul/tt Exclusion contours LQ3d — bu/tt as
(boosted) as a function of a function of

* Combination is ongoing!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-012/

Summary

ATLAS has a broad program of searches for pair-production
and growing program of single LQ searches and
interpretations in the context of vector LQ

Presented the latest findings from searches for LQ with the
ATLAS experiment

Stringent limits set on scalar LQs with flavour-diagonal and
cross-generational couplings

* More scenarios to cover

Vector LQ, single LQ, s-channel and off-shell production

4V o\ L A S Run: 338834 LY A
* | HC expected to further improve sensitivity with increasing Event: 309940730 7 &
luminosity!

E\)\(PERIMENT 2017-10-21 05:04#17 CEST

Data event candidate for LOLQ>tete, eeu channel, Mff= 2.1 TeV

e
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Preselection

EM™S triggers
= | signal lepton
veto on additional baseline leptons
EMS > 250 GeV
> 4 small-R jets
AD(EN™S, j12) > 0.4

top reweighting region W+jets CR single top CR training region
np > 1 np = 1 np =2 np > 1
mr (<, Efr“iss) > 120GeV  50GeV < mr(¢, Efr“iss) < 120GeV  mr(¢, E{‘}iss) < 120GeV  mr({, Efr“iss) > 120 GeV
amp, < 200 GeV amr, > 200 GeV amr, > 200 GeV amp, > 200 GeV
: had candidate veto large-R jet veto :

- lepton charge = +1e -
- - AR(by, by) > 1.2 -
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Events / 200 GeV

Data / Bkg.

10

ATLAS Preliminary -¢-data ----pre top rew.
s =13 TeV, 139 fo' [t M W-+jets
_top reweighting [ single top ltt+V
[]diboson [tt+H

[ ]Z+jets 72 Uncertainty
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—
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Events / 0.05

102

10

1.25
1
0.75

Data / Bkg.

1073

- ATLAS Preliminary ¢-data [t
- ‘Ej 13 TeV, 139 fb" [ W-+jets [l single top
- LQ ., B(LQ > bu)=0  Ett+V  []diboson
SR [Jother 77 Uncertainty
- Post-Fit u, 1.3 TeV =
E D I‘Qmix, B=0

——

TTT

t

54555 W/WW//

...............................................

)

)
IIIIIIIII||III ITTTTTTTTTITTTT I TTTT]TTTI IIIIII

t' /:
1500

| I 1 1
500 1000

Variable Description

mr (¢, E%ﬁss) transverse mass of lepton and E%ﬁss

Meff scalar sum of the transverse momenta of leptons, jets, and E%“SS
lepton flavour flavour of the signal lepton

pr(0) transverse momentum of the lepton

Miny (b1, €) invariant mass of leading-pt b-jet and lepton

n; reclustered large- R jet multiplicity

amry asymmetric transverse mass

ET" significance

mr (b1, EX™)
pT(thad).
AD(EMS, by)
minv(bZ, 5)
AD(EF'™, by)
AD (thad, €)
pr(b1)

measure for the compatibility of the observed Efrniss with zero, taking resolutions

of reconstructed objects into account

: : miss
transverse mass of leading-pr b-jet and E
transverse momentum of fpaq

azimuthal angle separation between E%niss and subleading-pt b-jet

invariant mass of subleading-pt b-jet and lepton

azimuthal angle separation between E;niss and leading-pt b-jet

azimuthal angle separation between 1,9 and lepton

transverse momentum of leading-pt b-jet

El Exp. limit [GeV] ~Obs. limit [GeV]
| B LQY, —rv/bu 1440+ 1460
102 LQY. — tv/be 1440+ 1440
LQY.  — tu/by 1380+ 1370
LQY. —te/bv 1410*% 1390
10° vLQY M — tv/bu 1930+ 1980
vLQ™ — tv/be 193017 1900
vLQMM — tv/bpu 1660*2) 1710
2000 2500 10" vLQi — 1v/be 16501%8 1620
m, q [GeV]
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3¢

CR VR SR
3(VV 37 3¢IntC 3{MatC 3¢VR 3¢SR-e  3{SR-u

e/ u selection M (SS pair), L other
¢/ combination 3¢/ 2elp/ 12/ 34 3¢/ 2elp/1e2u/ 3 | 3¢/ eep | 3ul ppe
Total charge +1 . +1
e internal conversion veto Yes Yes Inverted Yes Yes

(troréy) (£ and )
e material conversion veto | Yes Yes Yes Inverted Yes

(fyand £3) (€1 or £p)
Number of jets >2 >0 =2
Number of b-jets > 1 > 2 >0 > 1
p% [GeV] > 20 (SS pair), > 10 other > 20
mQ5-5F [GeV] > 12
Im05=5F — mz| [GeV] <10 > 10 <10
|meee — mz| [GeV] — <10 -
m;‘;“ [GeV] - < 200 > 200
meg [GeV] - - > 500
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4¢
VR SR
4¢VR 4{SR-e 4¢SR-u
e/ u selection L
e/ u combination de/3elu/2e2ul/du | 4e/3elu/2e2u (leade) | 4u/3ule/2u2e (lead u)
Total charge 0
Number of jets > 2
Number of b-jets >
pt [GeV] > 10
m&5=5F [GeV] > 12
Im&5=5F —mz| [GeV] <10
m}rg“ [GeV] < 100 > 100
meg [GeV] — > 500
2¢SS CRs
2¢tt(e) 26tt(w) 26ttW
e/ u selection TMgy || MoxT || Moy M, TT
e/ u combination eelue uuleu eeluplepl pe
¢{ charge ++ or ——
e internal conversion veto Yes
e material conversion veto Yes
Number of jets > 2
Number of b-jets = | =2
p [GeV] > 20
mr(€o, ET"™) [GeV] < 250 -
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