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Introduction

* Leptoquarks (LQs) are hypothetical particles that could explain :a: E EEree e Tl AP =L0com
the deviations in R(D*)/R(D) ratio reported by the B-factories ME os E
experiments and indicating a potential deviation in Lepton 03sE- - S E
Flavour Universality (LFU). [more information ] LHCb18 /\Q g

03 = —

K Search for scalar LQ pair production with down-type LQ3d - \ l!’\_)a ois .

(charge 1/3) using the full Run-2 dataset. e — E
C Bellel7 n
_— + Average of SM predictions HFLAV &

X Their quantum numbers suggest that down-type LQ ¢ should F Rph oz somms
couple simultaneously to a top quark and a t-lepton or a 02 03 04 05 D)
bottom quark and a neutrino with decay modes: bt
- tttt (B=1) and ttbv (B<1) p :
giving final states with multiple light leptons and hadronically LQ% _ v, T
decaying ts: -

-t—bW* — b (qq/v t?) ity v, T
-t—v_(qq/v ) (if qq thent=1_ ) P LQs3 :
bt

% First dedicated ATLAS analysis in LQLQ—tttt channel.

- previous re-interpretations in HH—btbrt & stop-pair—btt+E ™ searches Public result:
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Analysis strategy

* Channel categorisation is based on number of light Typical LQ diagram
leptons (e/p) and number of hadronic ts. (e.g. 3¢+1t, . channel)
‘o° had

SR+CR+VR (2[SS or 3[)+21T

1e+170  200S+1t

SR+CR+VR SR+CR*+VR SR+VR L

200S+0t  2ESS+0t  3¢+07 Q p
®

Number of e/u .

Number of Thag

X Search range is from 0.8 to 1.5 TeV for the current result
(to be extended from 0.5 to 1.6 TeV in the publication).

K There are 6 validation (VR), 17 control (CR) and 7 signal
(SR) regions are defined that are orthogonal to each other.

— Fitting H or number of events in CRs, m . in SRs.
T,lep eff
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Analysis strategy

: > Froo T :
* Channel categorisation is based on m.1mber of light I 0.9- ATLAS Simulation Preliminary E
leptons (e/p) and number of hadronic ts. S E (s=13TeV .
® 0.8F1z4>2r E
- @ 0.76 EI [gt%%a_lqg%r)ound =
s | =22t R LQ (1.1 TeV) :
u [ (2SS or 304211 5 0F Sk
5| 14108 2008+ S 05§ E
e SR+CR+VR SR+CR*+VR SR+VR o C i
2 g o04f :
= 200S+0T 2(SS+0t  3e+07 £ose LI ™ E
Z CR* CR CR = i 7
0.2:— _____________ , =
Number of e/u o1 T
_ boeed” T L
Eojw, | | = 1

* Search range is from 0.8 to 1.5 TeV for the current result 0500 5000 3000 2000

(to be extended from 0.5 to 1.6 TeV in the publication). m,, [GeV]
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Main discriminating variable

K There are 6 validation (VR), 17 control (CR) and 7 signal
(SR) regions are defined that are orthogonal to each other.

— Fitting HT,lep or number of events in CRs, m_ in SRs. * Mg = Z(jet, e 1) pr* ETmiSS
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Major backgrounds & BG composition (CRs)

b2 ! T T T I ! T T T T ! T _ T T E . .
5 | ATLAS Prelminay o Data EFake T, mi - Major backgrounds (channel dependent):
L 10°F ys=13TeV, 139 b Etsﬁ'(rlg('lg\f\f;p =E|Y|V t[t)%gsgrfh'gh) 1 9kt (w/ fake non-prompt light leptons or
Control regions ‘ ; ] — =
) B Non-prompt e [ Non-prompt u [ QMisID fake T ttV ttH VV
10°F Post-Fit [JMat Conv [JOther ~,Uncertainty 3 nae 0, L, NN, -
---Pre-Fit ] . . .
10° ] - Reducible background is split based on
1 truth information: faket, .,
10° non-prompt leptons, conversions
107 F - Employ data-driven approaches (similar
i to 4-tops and ttH-ML analyses) for tt (w/
10¢ fake lepton or T, _,) and ttW estimation.
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Background estimation: Kinematic RW

> T T T T T > L L L L L L ) L

Toiata: : : 8 ATLAS Prelimi ata i 5 F imi ata ake
% tE+jets: Dominant background in 16 § o A4S ey = B0 3 o aasroimnay o Braec ]
w/ true light leptons and true t,_s. T o CRenoswy Wiy G [ LAtet0s W W ten ]
. . a 2 re-Fit [Jwiz+ets [ Diboson £ 10*E Pre-Fit M@t [ Diboson E
Substantial background in rest of the 2 Wover % Uncenaimy N I Non-prompt o [l Non-promp . 7

10°e [ awmisiD [Jother =
= 7/ Uncertainty E
----Pre-Kinem. Rew.

=== LQJ (1.1 TeV) == LQJ (1.3 TeV)

channels when there is presence of
non-prompt light leptons or fake
T, 45 from jets.

- Corrected by njet-dependent m_ 10°
RW function derived in ep
(opposite-sign)+0t, , channel (and
referred to as “kinematic
reweighting”).
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- The difference between the Mo RW * In m_, distribution the ratio of background - subtracted data

functions derived in epQS+OThad over tt+tW MC is fitted with a first order polynomial
and 1€+1t OS channels is taken as , . VR
(y=a,*a,'x) in various njet bins.

systematic to account for potential

diffe.rences b.etvzee.n dilePtonic and - This fit of the ratio is demonstrated in the case of =4j (left fig.)
semi-leptonic tt kinematics. where the green lines show the fit’s statistical uncertainty.
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Background estimation: Fake t

K After the kinematic RW is applied fake
T,.4 SFs are derived in 260S+17 (ep)

region and are applied to fake t___sin
MC in all channels.

had

- Systematics are evaluated by
comparing fake tau SFs in tt and
Z+jets CRs.

K The good modelling after the fake t,__,
correction is demonstrated in 1¢+1tSS
CR and 2£0S+1t VR which are
dominated by fake 1, _,s (leading tau
p,and njets are shown respectively).
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Background estimation: Template fit

* ftw, non-prompt e/y, Int.(tty*)/Mat. Conv. :
The associated normalisation factors (NFs) are

derived by 2£5S/3¢+0t channels after a template
fit (TF).

Events / 50 GeV

X The TF method is used as in ttH-ML analysis:

- Five NFs are left free-floated.

Data/ Bkg

Fit H;, and event yields:

- The background NFs and the LQ signal
strength are fitted simultaneously.

N,-N./ 50 GeV

- Number of event yields is used in conversion

CRs and HT lep in the other CRs.

Check the result post-fit in
other regions/variables:

Data/ Bkg
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Background estimation: VV, ttZ

. > 3 > o I R RN RS RN R
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estimation of the corresponding background g e Dhiace Do | 2 L Postrt Do Dove
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the Z mass window (on-shell Z). -_ ] E
* Background expectation is similar to the SM 0g 4 E
expectation. L : L .
— Cross-section and modelling uncertainties are i g :
. . e b b ey b b Py gy | I Al e by b e by b e e Py ey
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m_.. distribution in signal regions
eff

ATLAS Preliminary @ Data

102...‘|.y.‘|.y..|....‘....“.‘.|..4.|‘..

> > > >
] ATLAS Preliminary = ® Data Im[Tex (' 1Ty & ATLAS Preliminary @ Data [ILQ{ (11 TeV) | & 8 ATLAS Preliminary ¢ Data [Jueg (11 TeV) .
=4 Vs =13TeV, 139 fo'' Wt Wisingetop § 8 Vs =13TeV, 139 fo'' Wt W Single top S Vs =13 TeV, 139 fb" EFake 7, S Vs=13TeV, 139 b” [Faker,,, MW The ﬁtted
z 1441708 Wrakes,, EW z 1£4115S Wrakes,, ETW z z 2008411 Wei@y) tigh) Wi ]
2 Post-Fit Wt/ (igh) HtH 2 Post-Fit Wty (igh) HtH 1 2 2 Post-Fit [oiboson [l Non-prompt e
S [ Diboson [l Non-prompt e 5 S [ Diboson [l Non-prompt e _| S [ Non-prompt 1 [l QMisID S ‘p pte_J 3 bl
& I Non-prompt [l QMisID ER I Non-prompt y [l QMisID E R b [ Non-prompt [l QMisID variaple
[JOther 7/ Uncertainty | [CJOther 7/ Uncertainty [[IMatConv  [[]Other .
----Pre-Fit E| ---Pre-Fit 1 7/ Uncertainty -+~ Pre-Fit (m ) IS
eff

o post-fit

102 g for all the
g g g g, K SRs of the
5 - . PR 72" 002 2
§ emes g g /7%»/»‘/// ///// // g 1?%//4 R analvsis

"""""""""" . 0.5 ; y .
771000 1500 2000 2500 3000 3500 4000 771000 1500 2000 2500 3000 3500 4000 1000 1500 2000 2500 3000 3500 4000 "0 500 1000 1500 2000 2500 3000 3500 4000
My [GeV] My [GeV] mey [GeV] My [GeV]

> [T : T x> T : LA RS AR Annac TS R e e
SR ATLAs Prehmmary Qoana [ ai (1 Te) _| S g2 ATLAs Prehmmary Qoana e (1. 1Tev)J [0} [ ATLAS Preliminary & Data [ai (11 Tev) ]
§ Vs=13TeV, 139 fb" [MFakex,,, M@y) (high) El § Vs =13TeV, 139 fo"' [ltiw Wiz )(hlgh) § F Vs=13TeV, 139 b’ [ltiw Wiy (high) . ° -
° 2(05+>2r W Oower ] © 2ssacexieL  Diron  Hin S oL ssareteH M Eraes. The result is compatlble with
z Post-Fit 7/ Uncertainty --- Pre-Fit z Post-Fit [ piboson [ Fake 7, € F Post-Fit [@piboson  []Other 3
:>J’ :>J’ 10 WNonpomptu[amiso | :>: r 7/ Uncertainty -+ Pre-Fit ]

the “no signal” hypothesis as
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p-value as a function of m

LQ
* Q_o 1 0 EI T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T I%
The observed and expected p-values (p,) = = ATLAS Preliminary 5
are plotted as a function of Mo for B=1 8 ] :E (s=13 TeV, 139 fb™ E:
(red) and B=0.5 (blue). - = 3
o' e
X This illustrates the significant expected LF : 3
sensitivity of the search, which exceeds 5 10 E =
s.d. for m, ,<1.21 TeV and 3 s.d. for m, < 10° -
1.36 TeV for B=1. = 3
10 E
* Improvement of a factor of ~x10 in 10° - —Obs (B-1.0) :
E ---Exp(B=10) E
sens1t1v1ty (~500 GeV in m, ) w.r.t. the E Ok (B0 3
previous ATLAS and CMS results (36 fb). 10°° E - Exp (B=05) . ' a
arxivCMS 0 |: RN .l: P I T ST N N AR '|l’ PR R TR T N ST N SN N N S RN
800 900 1000 1100 1200 1300 1400 1500
mLQd [GeV]
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Expected and observed upper limits

—_ 1_ LI L — LI I By T T

* Since no significant excess was found over the SM ? . 95_ ATL AS Prehmmary ! 7K E

background prediction, 95% CL upper limits were set on the e PE f5=13Tev, 139 fbd1 :

LQ pair production cross section as a function of m,, (8=1). 2 08¢ B(LQG-bv)=1-B(LQG>t) E

R ), 9%CL. F 3

o) [T 1 T T [ T T T ] T ] - Obs. limit y ]
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Q C 3 . — == =
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- i} ATLAS-CONF-2020-029 m, s [GeV]

""" * Sensitivity is mostly driven by 1€ channels with a

significant contribution from >2¢ channels.
104 S S RIS TR SR S SRS N * The combined observed lower limit for Mo in all
800 1000 1200 1400 . _
channels is 1.43 TeV for B=1 and 1.22 TeV for
ATLAS-CONF-2020-029 m, s [GeV] B=0.5.
3
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Summary

* First result of a dedicated full Run-2 ATLAS analysis in LQLQ—tttt channel is presented.
K Various modelling corrections and challenging background categorisation methods were used.

% No significant excess was found over SM prediction and upper limits were set on the LQ production
cross-section.

* Upper limits were improved by ~500 GeV (factor of ~x10 in sensitivity) w.r.t. to previous ATLAS and
CMS results (36 fbl).

Stergios Kazakos 4th RED LHC workshop | 05-11-20
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Object and event selection

: Event (pre-)selection: :: Jets: . : Qverlap removal:

! -2 2jets, > 1 bjets (@ 77% DL1 WP) I i - AntiKt4EMPFlow]ets D : : —

- - Single-lepton Trigger (1¢ channel) L 1-p225GeV D Reject  Against  Criteria

- - Single- or Di-lepton Triggers - 1-Inl<25 . ©  Electron Muon AR < 0.1

. (22¢ channels) . - -JVT20.5 (p<60 GeV, Inl<2.4) - Jet Electron AR < 0.2

....................................... N [ Muon AR < 0.2

R R R PP PR PP PR : © Tau Electron AR <02

: Light leptons: N Tau Muon AR < 0.2

: Do Jet Tau AR < 0.2

. e i) o .
L T T* L P T* R R -

Identification loose tight tight | loose = medium medium DT

: orhigh-pr  or high-py : : 1aus:

- Isolation Yes Yes - - Originating from PV

- Non-prompt-lepton veto No No Yes No No Yes © :-1-or 3-prong

- Electron chargc?—misassign‘ment veto | No No Yes — Py 25 GeV

B merd oo | Yo N o - <2 otin < ni <1

\dol/a, <5 <3 - ¢ - JetIDWP: ]etRNNSi.gLoos.e (L) / :

- |zosin 6| [mm] <05 <05 - JetRNNSigMedium (M) -

: . - EleBDTWP: ELEIDBDTLOOSE
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Data/MC agreement & BG composition (SRs/VRs)
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SR variables before cutting on them
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&8 Vs=13TeV, 139 fo" [l Msingetop - S Vs =13 TeV, 139 fb" [ W single top Q s =13 TeV, 139 fb" [ Msingetop 3 & Vs=13TeV, 139 fo"' Il W single top & 10°: \s=13TeV, 139 fo” Wiw i(z/y) (high)
3 144708 Wiw Wiz (high g 164108 Wiw Wiz (high) 3 141108 Wiw Wiz mign | 5 w [‘)fo"’s;rf“'““) > E 2¢8S/3t+21T iy tow) [t
2 o . . 3 . " y 2 o . ) 2 2 E . ; )
g Post-Fit WtH [ Diboson € Post-Fit (G [EDiboson ] Post-Fit WtH [E piboson = I Nor-prompt o [ Nor-prompt 1 g o Post-Fit [ Diboson .Nor\. prompt e
i} [l Non-prompt e [l Non-prompt 2 | [l Non-prompt e [l Non-prompt o | [ Non-prompt e [l Non-prompt 3 (LI mEaMisiD [CIMat Conv i1} E [ Non-prompt u [l QMisID
WoMisid  [JOther E> WaMisio  [[Jother E> WaMisid  [[Jother 1 [JOther *// Uncertainty [IMatConv  [[]Other
7/ Uncertainty ~ ---Pre-Fit 77 Uncertainty ~ ---- Pre-Fit 7/ Uncertainty ~ ----Pre-Fit 3 ---- Pre-Fit 7 Uncertainty ~ --- Pre-Fit
E D 1
g r I
] 1=
L 10" /
10 1 107 £ ==
° gm,z»u..‘...|‘...|...'|....|....|.... ° o 10° o 10° |
a 15t 1 1 a S osE g | 3 15 %
E Py d te /
g R R + F g WW/,*W/%/// A g w550
o o O  o0sF L 4 e O 05F . O 05 /'
0 100 200 300 400 500 600 700 K 100 200 300 400 500 600 700 800 900 1000 500 600 0 50 100 150 200 250 300 350 400 Y50 100 150 200 250 300 350 400
p; [GeV] my [GeV] ET* [GeV] P [GeV] p;, [GeV]
VR SR-L SR-H
> A A S LA M MMM M A R Ty A A LA M MM M At ke A R e e
(0] I ATLAS Preliminary # Data [ Fake 1,,, (6] ATLAS Preliminary @ Data MFaker,, § O E ATLAS Preliminary ¢ Data W Fake 1,,, O 10* ATLAS Preliminary  Data Wfaket,,
3 Vs =13 TeV, 139 fb" Wit Wsingle top 3 Vs =13 TeV, 139 o' @i Wsingetop | B I Vs=13TeV, 139 fb" Wit 38 Is =13 TeV, 139 o' i Msingietop 3
P F 1741188 Wiwv Wiz pighy 3 = 1£417SS Wi Wi@y) g § @ 1025 14221 Wiwv Wiz pighy 5 = . 2/0SHT ‘m’ -:ffy’(h'gh) R
§ [ Postrit Wi [ Diboson 2 Post-Fit = @oboson 1§ F PostFit Wi [ Diboson £ 10°: PostFit =Non_pmp|e =N'O:Z‘::m o
frr Il Non-prompt e [l Non-prompt e 3 [ Non-prompt e [llNon-prompt | 13 E Il Non-prompt e [l Non-prompt 5 | mWovso  @Macov
E | aMisi [ Other | |:> [aMisid  [[Jother 3 1oL | [WaMisp  [Jother [IOther % Uncertainty _|
E> 7/ Uncertainty -~ Pre-Fit 7/ Uncertainty -+~ Pre-Fit ] E 1 7/ Uncertainty -~ Pre-Fit ] I:> -~ Pre-Fit 3
1075 5
g 107E
2 2 g 10° 2
o ) ) o q5F I o )
g //%ﬁﬂ‘/’*“ﬂf%” I g /”*”%‘%f// //// g ey 7 Y g WM%// ////// ATLAS CONF 2020 029
8 44 O o5 q Q - - -
0 100 200 300 400 500 600 700 800 800”100« 100 200 300 400 500 600 700 050 700 150 200 250 300 350 400 480 500 % 50 100 150 200 250 300 350 400 450 500
me: [GeV] mAtET™) [GeV] m.. [GeV] mz" [GeV]

Stergios Kazakos 4th RED LHC workshop | 05-11-20


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-029/

