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(B) SM flavour structure ?

An extensive flavour puzzle...

Fermions: spin 1/2
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® Why similar structure of
quarks and leptons?

Underlying symmetry
connecting both sectors?

Many grand unified theories
(GUT SU(5), Pati-Salam SU(4),
RPV SUSY) predict
leptoquarks (LQ), carrying
both lepton and baryon
number

LQ are colour triplet bosons
with a fractional electric charge

LQ can mediate flavour-
changing-neutral-currents and
enable violation of lepton
flavour universality

Q



Anomalies in B-meson sector

® Hints for lepton flavour universality violation observed in charged and neutral

current processes in B-physics

B(BY — DM+t ry) (%) B(B — K(*)N po)
(*)) = R(K =
R(DY) = B(B® — D)+(y) ( ) B(B — K (*)e+e_)

3.10 excess in R« [LHCb: 2103.11769]

3.10 excess in Rp and Rpx combination + tensions in angular observables and BRs

[1909.12524] - _
3.90 global significance of NP in b—=sup [2104.05631]

® The size of the anomalies suggest a tree- SM . possible BSM?

level mediator, such as leptoquarks (LQ) | 3
N T T
b c b 8¢

® Two scalar or a single vector LQ(s) could explain

the LFU anomalies ) y
- LQ decays into flavour-diagonal and cross- W T Foop
generational final states b &S b __.‘:‘&4?
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Leptoquark production and decay
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large QCD production cross section « A2 Cross section « A
cross section only depends on miq sensitive to higher mq non-resonant

resonant LQs for sufficiently high A sensitive to very high miq
for sufficiently high A

® Couplings determined by the parameter . O via Yukawa interaction

® Also single LQ resonant production: although PDF for leptons inside the proton minuscule,
compensated by resonant enhancement

® Simplified search strategy targeting certain final LQ decay B=1
states from LQ decays at ATLAS

- up-(Q=2/3e) or down- (Q=-1/3e) type LQs o
® Thorough search for pair production of scalar LQs

® Re-interpretations based on vector LQs ongoing LQdown

ex.: 3rd generation flavour-diagonal scalar LQ ;
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Scalar LQ state of the art

® Searches for leptoquarks cover a large variety of scenarios

® Here focusing on scalar leptoquark pair production

1st generation

2nd generation

3rd gen. (LQ=»b1)

3rd gen. (LQ=>tv)

3rd gen. (LQ=>t1)

3rd gen. (LQ=>tt/bv B=0.5)
3rd gen. (LQ=>bv)

2-3rd cross-gen. (LOQ=>te)
2-3rd cross-gen. (LQ=dty)
1-3rd cross-gen. (LQ=>qe)

1-3rd cross-gen. (LQ=>qu)

B ATLAS CMS
== e
=gy

= = i

S e RS S e e S
e s e e e e e S

0 0.45 0.9 1.35 1.8

Observed lower limits on scalar LO mass [TeV]

Searches for LQ at ATLAS | LP 12-01-22 | Tamara Vazquez Schroder

1902.00377 36 fb-
1811.01197 36 fb-

1902.00377 36 fb-
1808.05082 36 fb-

1902.08103 36 fb-1
1811.00806 36 fb-1

2004.14060 139 b
1909.03460 137 fb-1

2101.11582 139 fb-!
FXO-21-002 138 b

2108.07665 139 fb-
2012.04178 137 fb-1

2101.12527 139 fb-
1909.03460 137 fb-!

2010.02098 139 b
FXO-21-002 138 fb-!

2010.02098 139 b
FXO-21-002 138 b

139 fb-1

139 fb-1

2



Latest ATLAS LQ pair production results

® Dedicated and complementary searches targeting B=0, 0.5 or 1
® LQ simulation at NLO QCD with MadGraph5 aMC@NLO + Pythia8
® | Q cross-section calculations equivalent to pair-produced top squarks

- Approximate NNLO QCD + NNLL accuracy
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Latest ATLAS LQ pair production results

ATL-PHYS-PUB-2021-017
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LQLQ - tttr: analysis strategy HEP 06,0021 179
b @ )

. . 174
® First dedicated ATLAS search D g
t W q p i q
LQ __ <q LQ __ <q
o 1E+21’Chad or >21¢ _--" T v _--" T %
\\\\ T v \\\\ T 14
. . LQ -~ q LQ -~ @
® >2jets; =1 bjet <
: : : q q
® Single and dilepton triggers ! q b q
10+27%Thad 20SS+17Thad
ATLAS =:¥W =tSf:-rlnge top =1Cf)('\2/|/ixs(;|)3(high) Etgt(he(zlro K
® Tighter light lepton isolation and identification in Sl rogons o NoryDromPt @ M Non-prompt EXJMat Conv R Fake v,
multilepton (2£SS/3%) regions to reduce contribution  1#10s 1£41758 eezer 270517

from non-prompt £ background

® |arge variety of background contributions in each SR

2¢£0S+> 21 2¢58S/3¢+>11-L 2¢8S/3¢+>11-H

® Mg (=2(jet,e,p,) pr + MET) as discriminating
variable in SRs

CR 12+211 *ep0OS+07 **220S+=11 2£SS+071 32+01

SR 12+217

200S+=>11 20SS/38+=>17

Number of e/[ * used for tt correction

** ysed for fake thad correction _
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LQLQ - tttt: reSUItS IHEP 06 (2021) 179
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st = pr(7T) + pT(Jetl) + pT(Jetz) st

Entries / 20 GeV

Data / SM

LQLQ - ttbv / tvbt: analysis strategy

® MET trigger and offline MET > 280 GeV

® 171,49, no lightleptons, =2 bjets

® Dedicated CRs and VRs for main
backgrounds: tt (1 real ) and single top

- Large impact of single top vs tt
interference modelling in measured
single top normalisation correction
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LQLQ - ttbv/ tvb1t: results

® Strongest limits
on pair-
produced 3rd-
generation
scalar LQs for
B=0.5 (tz/bv)

® First 5
Interpretation -

for vector LQs in
ATLAS!

LQ, LQ; production, LQ] — bt /tv.
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B(LQ? — tr)

B(LQY — b1)

2108.07665 [accepted by PRD]
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LQLQ -> b\/b\/ IHEP 05 (2021) 093

Events
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Reinterpretation from search for pair-produced bb
decaying into a b-quark and a stable neutralino (0¢)

b b,
SRA: optimised for large Am(lsl,)?? p p :
b B ¥ LQ%} U, T
SRB: optimised for 50 < Am(El,)??)< 200 GeV . T
. b % LQg\i "7
SRC: optimised for Am(b1,X71) < 50 GeV p P
b b,t

Take best limits from SRA+SRB or SRC for
leptoquark interpretation

|
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Towards combination

® Overlaying the LQ3d limits from tttt, tthv and bvbv results and LQ3u limits from
bttv and tvtv results

- LQ3d: covering the full phase space with 3 complementary analyses

- Next step: COMBINATION!

1 op — LQgLQg, all contours at 95 % confidence level June 2021 1 pp — LQ;LQ;, all contours at 95 % confidence level June 2021
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Single LQ production

® First ATLAS single LQ production limits last Summer!

Assume LQ couplesto eu and pc

arXiv:2112.08090

expect more singly-produced
LQ in et than et
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Conclusions

® |atestfindings from searches for leptoquarks with the ATLAS experiment

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

® Just the start!

- Many more scenarios to be covered (vector LQ, single LQ, s- channel 0 }
and off-shell production)

- Object improvements to be further exploited

- All these searches are statistically limited » LHC expected to further
improve sensitivity with increasing luminosity!

PRI
ol X (L {‘,‘;,‘/5\/;2; \
Final goal: explore the full phase-space ;;g{\f’/’ ¥
. and discover new physics! N + ATLAS data
Pmg
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ATLAS

EXPERIMENT

Run: 280231
Event: 912117525
2015-09-24 09:18:55 CEST

LQLQ-ujyj data event candidate

Thanks for your attention



If BSM... how to explain it?

® EFT analysis

- Interpret data based on effective Lagrangian

e Fermitheory[E « mw] N " E « mw " .
——

d, W 0 du Uy

e SMEFT [E « mpp] F 3‘ E <« mnp 3 \

o NP 0 2 0

® Simplified model
- Which mediator could explain these tensions?

- UV completion models including new mediator =¥ extra new particles
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EFT analysis (1)

4Gp 4G a 04 = (57, bp)(ar" u)
ge - -V, Ci@i ge =__V::Vt_ CiOi _ B
! V2 ’ Z oz Z Ory = Gy, b))y ys w)
1
(3 TeV)? >> (40 TeV)? ,
Cy QL 3q — 2q3f35 36] —> 2612Lp2f SL /uL

® Taken together, they point out to a well-defined structure of NP coupled mainly to
3rd generation, with a flavour structure connected to that appearing in the SM
Yukawa couplings

1 7/ / /

~ |V, 9=/ = ~ ANk
20 4 24
(1 TeV) Y, (I TeV)
[1909.02517] e Y & Food-for-thought: connection to
4 T the hierarchy problem?
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EFT analysis (I1)

® EFT analysis

Oy = GSLr, by

4G 2 e, =
; Ofo = (5§ Vu b)) (i r*ys u)

P =L C.0. Lop = ——= V¥V, —
eff \/5 cb; 1 fr \/5 b 4rx

bL TL 1 : bL /"L

T3 Tev)y > " (40 TeVy2

Cy QL 3q — 2q3f35 36] —> 2612Lp2f SL /uL

® Taken together, they point out to a well-defined structure of NP coupled mainly to
3rd generation, with a flavour structure connected to that appearing in the SM

Yukawa couplings 1.0] Globl it 10— 0
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Additionally... muon g-2

SM prediction dominated by QED,
® Recent confirmation by Fermilab of the but SM error dominated by QCD

Brookhaven experimental result Hadrons

v it

- Strong evidence of new physics: 4.20
(Fermilab + Brookhaven combo) if using
as benchmark the data-driven (R-ratio)

SM calculation lattice —&—
R-ratio —&—
BMWc'20 | | .
Mainz'19 | =
BNLg2 — PS :
FHM'19 8 «
FNAL g2 +— @ ETM19 | =
RBC’18 | 8
{ 420 > BMWc'17 | =
‘ DHMZ'19 | NoR
— +—— KNT'19 } oY :
i ol CHHKS'19 | =+ nonew:physics
175 180 185 190 195 200 205 210 215 660 680 700 720 740
a, x 10° - 1165900 10'0 x 2,0 VP
[Muon g-2 collaboration, 2104.03281] [Borsanyi et al., 2002.12347]

® |fthe Sq coupling to RH fermions is < 4
allowed, also a solution to (g-2), is o A \{\"‘\r

possible S >
, Ap
/u" 'tL ’ﬁg /’u
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ATLAS LQ search strategy

ex.: 3rd generation flavour-diagonal scalar LQ
® Simplified search strategy targeting certain final states from LQ

decays

- Extended Buchmiiller, Rickl, Wyler (BRW) model [Phys. Lett. B
191 (1987) 442]

- up-(Q=2/3e) or down- (Q=-1/3e) type LQs

® Searches for pair production of scalar LQs (LQup/down)

- More model independent than vector LQ

- Can be a pseudo-Nambu Goldstone boson (where the
Higgs boson would also be included as a pNGB)

® Re-interpretations based on vector LQs (LQy) ongoing 106% — Scalar LQ -
e} 4 E

- Same charge and decay mode as LQ s 107 — Vector LQ (mg = 0) E

g 107 -~ Vector LQ (mglmy = V7)) -

- Minimal-coupling (MC): LQ couples to SM gauge bosons ?‘ of ector LQ (mg/my = V2) 1
through covariant derivative 3 10 : JHEP 10 (2017) 097 :

= 1072;

- Yang-Mills (YM): LQ is massive gauge boson with o 2 :
additional couplings to SM gauge bosons 10_4%‘ e 3

® Comparison of cross-sections (3rd generation):
mg [GeV]

- Cym(LQv) ~ 5omc(|.Qv) ~ ZOO(LQup/down) for m(LQ)=1 S5 TeV
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https://link.springer.com/article/10.1007/JHEP10(2017)097

Other b=»s p*u- probes

> Branching fractions of b —» su™ u~ decays

» Angular analyses: BT —» K**utu~

15

| !

LHCb

— Data 9fh™*

[ | SM from DHMV
SM from ASZB

10 15
¢ [GeV?/c']

L5

LHCh :
—+ Data 9fb! —_
" | SM from DHMV ]
777 SM from ASZB ]

-

I

o Combined tension with SM at 3.1 sigma when floating Re(Co)

Rev. Lett. 126 (2021) 161802

WELCSR  Lattice --Data 0152107 : .
& LA B BN LI B Qo
L B Bty > LHCb
[5) :u Au ] Q BO N K*Oy*'u‘
9 LHCb 4 T
< ] = 0.1 - 1
Q ] & -
X — =] r
PR : I . ]
= + E 0.05F | [ e i
Sy 3 ! | )
S~ - N o o - - N
% L TR B RS R 0 1 P B B
10 15 20 0 10 15

JHEP 1406 (2014) 133 qz [GCVZ/C4] JHEP 04 (2017) 142 qz [GCVZ/C4] -1

x 107
o~ T T T =
£ ub i T &
E 12 *‘ B — gutu” SM (LCSR+Latrice) o Multiple measurements are below SM
o 10f s predictions at low dilepton mass squared
_g ol = == — N (Lattice) 2
< 8 1 =]
< Ly wes) (@)
+ 1 . . .
: L F E]:'j. = SR o SM predictions suffer from large hadronic

= Sy IS ' ST inti
?1” iy E uncertainties Phys.
= S I A .
% 0O 5 10 15

Phys. Rev. Lett. 127 (2021) 15

¢ [GeV¥cH

> Angular analyses: B - K*Ou*u~

FB

T T
< OSF LHCb Run 1 +2016 O
1 I SM from ASZB L 4 .Y,
1 - -
0 ‘f—@ | +
—osl
L E 2 @)
ol Belle g <
B =3 SM from DHMV -
[ NP Example -0.5- n
-15 | | 1 1 1
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q? [GcVZ /02] Phys. Rev. Lett. 125 (2020) 1 Ve [GeVz/c“] e}
Phys. Rev. Lett. 118 (2017) 11
_Q_ v 1E L L N T T ]
U ' ' ] - C LHCb Run 1 +2016 ]
o LHCbdata o ATLAS data ] [ SM from DHMV
= Belledata © CMS data ] 05 -
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r JHER O 0016) 098 Eur P 3 Cr5 20151352 O _—
o I — i : . ]
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JHEP 02 (2016) 104, JHEP 10 (2018) 047,

Phys. Lett. B 781 (2018) 517, Phys. Rev. Lett. 118 (2017) 11

Harry Cliff, LHC seminar

Large number of
observables offering
complementary
information on NP

SM uncertainties smaller
than for BFs

Combined tension
between latest LHCb
analysis and SM at 3.3
sigma when floating
Re(Co)

Extent of hadronic
contributions still matter
of debate
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> Branching fraction of By — u*pu~ decays

06 ATLAS, CMS, LHCb - Summer 2020
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https://indico.cern.ch/event/1065152/attachments/2330398/3971113/CERN_LHC_Seminar_RKS_RKstplus_19-10-21.pdf

Cross-sections LQ pair vs s-channel

resonant s-channel production

LQ pair production

LQ mass 070

ONNLO+NNLL Uncertainties K-factor

GeV [pb] [pb] %o

500 4.19E-01 6.09E-01 7.53 1.24
600 1.66E-01 2.05E-01 8.12 1.23
700 6.33E-01 7.83E-02 8.80 1.24
800 2.63E-02 3.26E-02 9.53 1.24
850 1.74E-02 2.16E-02 9.93 1.24
900 1.16E-02 1.45E-02 10.33 1.25
950 7.96E-03 9.91E-03 10.76 1.24
1000 5.46E-03 6.83E-03 11.20 1.25
1050 3.79E-03 4.76E-03 11.65 1.26
1100 2.66E-03 3.35E-03 12.12 1.26
1150 1.88E-03 2.38E-03 12.62 1.27
1200 1.35E-03 1.70E-03 13.13 1.26
1250 9.67E-04 1.22E-03 13.66 1.26
1300 6.99E-04 8.87E-04 14.21 1.27
1350 5.06E-04 6.46E-04 14.78 1.28
1400 3.69E-04 4.73E-04 15.37 1.28
1450 2.70E-04 3.48E-04 15.99 1.29
1500 2.01E-04 2.57E-04 16.63 1.28
1550 1.47E-04 1.91E-04 17.28 1.30
1600 1.10E-04 1.42E-04 17.96 1.29

[1607.07741]

l mpq [TeV] | Partons I og1/3 [pb] | ogs/3 [pb] |
u+e | (145x10 D3I £1.8% [ (1.58 x 1071)F29% +1.8%
u+ p| (139x 107310 +1.9% | (1.52x 1071)T20% +1.8%

0.9 uw+ 7| (L11x10-H)T0% +2.0% | (1.23 x 1071)73-0% +2.0%
c+e | (1.32x1072)T12% +12.1% | (1.44 x 1072) 7370 +12.2%
¢+ p | (1.20 x 1072)T55% + 12.0% | (1.40 x 10-2) 7537 +12.0%
c+ 7 | (1.01 x 1072 6% £ 12.2% | (1.12 x 1072) F1-17% + 12.2%
w+ e | (L40x 10-2)725% £2.0% | (1.49 x 10—2)1’3,11%‘1 +2.0%
w+ p | (1.36x10°2)752 +£2.0% | (1.46 x 1072 tgfjg‘; +2.0%

L6 uw+ 7| (L11x 10727385 +2.2% | (1.20 x 10-2)*20% + 2.2%
¢+ e | (7.31 x 10-4)F35% + 24.2% | (7.80 x 10-4) 355 £ 24.3%
¢+ p | (716 x 1071 T35% + 24.0% | (7.65 x 10~1) T30 +24.1%
c+ 7 | (5.718x 10" 2 +£24.2% | (6.28 x 10°1) T 00 +24.3%
u+ e | (1L53x103)*20% £2.4% [ (1.61 x 1073)F25% + 2.4%
w + p | (L50 x 1073) 200 +2.4% | (1.59 x 10—3)3;3%‘; +2.4%

25 uw+ 7| (125 x10°%)"20% £25% | (1.33 x 1073) 7205 + 2.5%
c+ e | (552x107°)F33% + 41.9% [ (5.83 x 10-%) "3 1% £ 42.1%
c+ p | (543 x107°)F35% + 41.8% | (5.74 x 107°) T3-2% + 41.9%
¢+ 7 | (448 x107°) 0% £ 42.0% | (4.79 x 107°) 1500 +42.1%
u+ e | (7.20x107°)*23% £31% | (7.49 x 107°)F22% + 3.0%
w+ p| (714 x107°) 7000 £3.1% | (7.42 x 107°) 7020 +3.1%

40 u+ 7| (6.02x10°°)"27% +3.2% | (6.30 x 107°) 723 + 3.2%
¢+ e | (235x106)"25% + 63.0% | (2.45 x 1076)*257% + 63.1%
c+ p | (2.33x1076) T2 0% +62.9% | (2.42 x 1076)T25% +63.1%
c+ 7 | (196 x 1076) 210 £ 63.1% | (2.05 x 1076) "2 7% +63.2%

Table 1.

Inclusive cross sections in pb for the resonant leptoquark production from up-type quarks,

pp — LQ + charge-conjugated process, as a function of the leptoquark mass myq at /s = 13 TeV. The
cross section oqi1/s (0gs/3) corresponds to the resonant production of scalar LQ with absolute electric charge
1/3 (5/3) when the associated Yukawa coupling strength is set to one, y,¢ = 1. The second column denotes
which quark-lepton pair couples to the corresponding leptoquark. First (second) uncertainty is due to the
renormalisation and factorisation scale variations (PDF replicas), and is given in per cent units. See Section 3

for details.
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https://arxiv.org/pdf/1607.07741.pdf

Leptoquarks and quantum numbers

Table 116.1: Possible leptoquarks and their quantum numbers. (PDG 2019)

Spin 3B+ L SU(3). SUR2)w U(l)y  Allowed coupling

0 —2 3 1 1/3 g3 Ly, or uGep ‘fl

0 —2 3 1 4/3 d%er S,

0 —2 3 3 1/3 @l s, Types of LQs according

1 —2 3 2 5/6  Giyter or dgyey v, to Buchmdller, Ruckl, Wyler
1 —2 3 2 ~1/6 UGyl 7, (BRW) model

0 0 3 2 7/6 Greg or uply R

0 0 3 2 1/6 dplr, R

1 0 3 1 2/3  qryHlp or dryteg U,

1 0 3 1 5/3 upyter 01

1 0 3 3 2/3 LYl .

w
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LQ simulation & uncertainties

® Simulation at NLO QCD with MadGraph5 aMC@NLO + Pythia8
- ME-PS matching done with CKKW-L prescription with matching scale = 1/4 * m|q
- Narrow-decay-width approximation: 0.2% of m q (on-shell production dominates)
® Samples with LQ mass between [400-2000] GeV
- 50 GeV mass intervals within [800-1600] GeV, 100 GeV otherwise

additional dedicated B=1 samples

® Signal cross-section calculations equivalent to pair-produced top squarks (both massive,
coloured, scalar particles with the same production modes)

- Approximate NNLO QCD + NNLL accuracy

- For LQ masses [400-2000] GeV, the cross-sections are [2.1 pb - 0.02 fb]

- Renormalisation and factorisation scale uncertainties: 7-22% for LQO masses [400-2000] GeV
® Acceptance and efficiency uncertainties

- Modelling of initial- and final-state radiation

- Renormalisation and factorisation scale variations

- PDF uncertainties
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Vector LQs
David Marzocca

Direct Searches - Vector LQ U

Buttazzo, Greljo, Isidori, D.M. 1706.07808 Limits and prospects from
1T final state (t-channel exchange)
Ui = (3,1, 2/3)
30 b 4
’ G|
Limits and prospects E
from pair production of 258 | U
3rd gen. LQ. of A
— S - .
S 75*5 2 b *
v v s g
S| o 1 Region fitting
1op -2l = ] B-anomalies
J F B =l 20, 12 2
v ! SY 1 C = 2M
N ] ~
The coupling to gluons  y o e Sl e .V.ecjtor. L.Q n ’
is model-dependent: 05 1.0 15 20
) MU (TeV)
Ll(ji;etic = _§U;]:VU/W — igsk ULLTaUlvGZU + m2U1 ULAULU
i F. Romeo - CERN LHC Seminar
With Yang-Mills structure the 08 e M 1.73
limits are now ~1.8 TeV - % 1awh)x2 ] 1.81
‘8% LQ(vt)x2 ] 1.79
L 0 05 1 15 2 25 g
L — U
[1512.01560]
1
Ly = —§U;,,UW + MGUIU, + Lan (4.1)
where
— A o .12
UNV = D,,UM — D,/Uu D# = 8# — ZQSEG# — 19 gBN, (42)
and \a 5
Lon = —igsks(U‘i?Uy)G“”a — z‘g’gkyU;U,,BW (4.3)
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LQ bounds and B-anomalies

JHEP 08 (2021) 050
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CMS summary LQ

Overview of CMS leptoquark searches

EPS 2021

CMS Preliminary 19 - 137Tb'1 (8,13 TeV)
: . 02 - 1. 0 s s s o

S LQ(ej)LQ(e]), BRLQ-e))=1 B 1811.01107 | 35.91"
@ LQ(ej)LQ(e))+LQ(ej)LQ(v)), | 02-1.27 )
a’ BR(LQ—>j,vj)=0.5,0.5 | 1811.01197 | 35.9tb
— eLQ(ej), BR(LQ—ej)=1, A= 03-178 1509.03750 | 19.6fb
LQ(u)LQ(W)), BrReQowp=t | 2T 1808.05082 | 35.9tb"

—~ . . . . — _
o LQUj)LQ(u)) + LQ(U)LQ(V)), | 02-120 s s .
=, BR(LQ—>11},v})<0.5,0.5 - 1808.05082 | 35.9b
<] HLQ(), BR(LO-w)=1 ne-0o8 1509.03750 | 19.6fb"

H —U))= . .

- . 0.3-1.42 ]

LOGLOY, s | O 150005550 on
3 - 102 ———

LQ(th)LQ(7b), BRLQ—>b)=1 0.3-1.02 1811.00806 | 35.9fb™
? TtLQ(1b), BR(LQ-tb)=1, A=1 0.2-074 1806.03472 | 35.9fb"

l—) — I
6 LQ(tt)LQ(1t), BR(LQ-1t)=1 03-0 1803.02864 | 35.9b
=l LQ(tt)LQ(Vb) + vLQ(zt), B 0.5 - 1.02 I ] B

Equal LQ coupling to tt, vb, A=2.5 | 2012.041 7i 1371
LQ(tb)LQ(vt) + tLQ(Vt), 05 2012.04178 | 137fb"
Equal LQ coupling to tb, t, 4=2.5 A e .
’a- LQ(VLQ(v]), BRLO-vi)=1 §:§E : ‘ 1909.03460 | 137fb"
& LQUDLAWD), entaswis aREE 1909.03460 | 157"
- LQ(vt)LQ(vt), BRLQ-VH)=1 %ﬁgsi : m 1909.03460 | 137ib"
5-1. I I
0 0.5 1.5 2 2.5

0 Scalar [ Vector (k=0) [ Vector (k=1)
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LQLQ - bvbv

IHEP 05 (2021) 093

Variable | SRA | CRzA | VRYCT | VR}P* | VRIST | VR)%Z? Variable ‘ ‘ SRB ‘ CRzB ’ VRzB
Number of baseline leptons 0 2 0 .
Number of high-purity leptons - 2 SFOS - Number of béselme .leptons 0 2
pr(l) (GeV] B S 27 B Number of high-purity leptons - 2 SFOS
pr() [GeV] | - > 20 - pr(t1) [GeV] - > 27
mr(f, pris) [GeV] -~ > 20 — pr(€2) [GeV] - > 20
Mg [GeV] - [81,101] - Meg [GeV] - [76, 106]
Number of jets €[2,4] mr (¢, p%ﬁss) [GeV] - > 20
Number of b-tagged jets 2 .
iy and j b-tageed % Number of jets € [2,4]
pr(i1) [GeV] > 150 Number of b-tagged jets 2
pr(j2) [GeV] > 50 pr(j1) [GeV] > 100
pr(ja) . [GeV] <50 pr(jn) [GeV] > 50
min[AgGet; s Py™)] [rad] > 04 min[Ag(jet;_, piss)] [rad] > 0.4
Exmiss [GeV] | >250 | <100 > 250 j1 not b-tagged - | v E
Emiss [GeV] | - > 250 - ;
EITmSS/meff > 0.25 _ _ E,.}mss [GCV] > 250 < 100
EMSS [ meg - >0.25 - Emiss [GeV] - > 250
Mpp [GeV] > 200 <200 > 200 < 200 > 200 mer ‘ [GeV] ‘ < 250
mcr [GeV] > 250 > 250 | [150,250] | > 250 | [150,250]
M [GeV] > 500 [500, 1500] > 1500 WXGB | | >0.85 | [0.3,0.63] | > 0.63

Variable | | SRC-2b | SRC-1blv | SRC-0blv | VRC-2b | VRC-1blv | VRC-Oblv

Number of jets € [2,5]

J1 not b-tagged v

Number of baseline leptons 0

Number of b-tagged jets >2 1 0 | >2 1 0

Nyx >0 > 1 > 1 >0 > 1 > 1

Myix [GeV] - > 0.6 > 1.5 - > 0.6 > 1.5

ok [GeV] - >3 > 5 - >3 >5

rr(j1) [GeV] | > 500 > 400 > 400 < 500 > 400 > 400

EmS [GeV] | >500 | > 400 > 400 <500 > 400 > 400

Hr3 [GeV] - < 80 < 80 - < 80 < 80

A > 0.80 > 0.86 - [0.8,0.9] > 0.86 -

mjj [GeV] | > 250 > 250 - [150,250] > 250 -

A¢(j1,b1) [rad] - >2.2 - - <22 -

A¢(j1, vix) [rad] - - > 2.2 - - <22

[vix| - <12 <12 - > 1.2 > 1.2
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https://link.springer.com/article/10.1007/JHEP05(2021)093

Single LQ prOdUCtiOn arXiv:2112.08090

>

Jet multiplicity

S

0 06 1 H, [TeV]
if 3j2,pT(j2) < 200 GeV

1= 1

—miss

* S is the so-called ‘object-based p1™* significance’ defined in Eq. (15) of Ref. [46]. It is a
dimensionless measure of the degree to which the apparent missing transverse momentum in the
event is ‘real’ (i.e. attributable to momentum carried away by invisible particles) rather than due to
object mismeasurement or pile-up.

* M2 = min max |mt(e,d), mr(u, E)] was proposed in Ref. [45], where d and b represent the
G+b=ppmiss

contributions to p%ﬁss from each semi-leptonic decay of a pair-produced particle, and all possible

values that sum to the observed p7'* are minimised over. It is evaluated using the algorithm of

Ref. [47].

* Hp = |p5| +]| ﬁ#l + | ﬁ{} | is a simple sum of the magnitudes of the transverse momenta of the two
leptons and the most energetic jet in the event.

0 200 Smer (4, pi®) [GeV]

@)
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https://arxiv.org/abs/2112.08090

Search for
LQ LQ - trtr

JHEP 06 (2021) 179



https://link.springer.com/article/10.1007/JHEP06(2021)179

Signal regions

® 18+211 channel

- Splitinto: 1£+170S, 12+11SS, 18+=21

- Signal regions with additional cuts on pt?, ET™iss, My, Mef,

mT(E, ETmiSS) and Maze

- Dominant background: tt with real (12+1tQOS) or fake
(12+11SS, 12+=>21) Tt and/or £

® 200S+217 channel
- Splitinto: 200S+11, 200S+=21
- Signal regions with additional cuts on ptT, Mg, My, Mee
-  Dominant background: tt with fake T and/or £, ttW, ttZ/y*, ttH
® 2£SS/32+21t channel
- Splitinto: SR-H (pr1t= 225 GeV), SR-L (125 < p117< 225 GeV)
- Dominant background: ttW, ttZ/y*, ttH, VV

® Acceptance x efficiency = 10% in the combination of all SRs
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Fraction of events / 300 GeV

Fraction of events / 100 GeV
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Background estimation (I)

ATLAS . W il mm H(Z/y") (high) ERtEy” (low)
{s =13 TeV it @ Single top = QMislID [ Other
. . . . i i [ Non-prompt e [l Non-prompt u 3 Mat Conv @ Fake 7,
® |arge variety of background contributions in Signal regions (3 Diboson
each SR 1241108 1£411SS 124221 2/0S+1T

® All backgrounds from MC simulation, data-

driven corrections applied for some of them

_ 270S+>2t 2¢8S/30+>11-L 2¢8S/36+>11-H
® tt: background contributes with real or

fake 2/t

- Njets and meg correction: derived in
OSep+07 for tt+ Wt

> L e 2 L I I I B B 3
8 ::27 ‘/ALTLAS -®-Data B« g ATL)|45 | | ] Data| |.Fake rlhad ]
. .. . . = s=13TeV, 139 fb™ indle to P 9 sl Vs =13TeV, 139 fo'! It ingletop |
- Systematic variation: correction S il CRen0s.) — N O Crierss iy By
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Background estimation (ll)

® Corrections derived simultaneously in final fit

- 3 normalisation factors (A) for fake £ correction (non-prompt

HF electrons and muons, and material conversions +

misidentified-charge electrons)

- 2 MforttW and internal conversions (Y*=»£2£ with mg, < 1 GeV)

® Possible thanks to the dedicated CRs in 28SS+0t and 38+0+t

- Hyler fitted in non-prompt HF £ and ttW, ttZ, and VV CRs

- Eventyields used in material and internal conversions CRs

> TTTT I TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT I TTTT
& 10'= ATLAS @ Data Wiw E
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LQ LQ - trtz (1)

10+1708S 10+17SS 10+>27
CR VR SR CR VR SR CR VR SR
e/ u selection T T T
Ny, 1 1 >2
Thad ID Medium Medium Loose
{Thaq charge OS SS —
P, [GeV] >50 50-150 >150 | >50 50-150 >150 | >50 50-100 > 100
p%., [GeV] — — >25 25-50 >50
Niets >4 >3 >2
Nb-jets >2 > 1 >2 >1 >2 >1
EP'SS [GeV] — > 80 — — > 50 —
mer [GeV] — > 200 — > 200 —
mer [GeV] < 800 > 800 < 800 > 800 <800 > 800
mr (€, ETmiSS) [GeV] — — — > 100 —
Mmer [GeV] — — — > 100
g€OS+IT 200S+>21
CR?% CR™? VR SR VR SR
e/ u selection T T
e/u combinations | ee/uu en ee/uu  eeluuleu eeluuleu
NThad 1 Z 2
Thad 1D Loose/Medium Medium Loose
pr [GeV] > 25 > 25 25-150 > 150 >25 =75
myi" [GeV] — — <100  >100 — 250
me¢ [GeV] — <100 > 100
megr [GeV] — < 1000 — — — _
Z veto Inverted Yes Yes Yes Yes
myee [GeV] > 12 > 12
20SS/30+>171
VR SR-L SR-H
e/ u selection T* (2£SS)
T*/T (3¢)
NThad > 1
Thad ID Loose
p} 1 [GeV] 25-125 125225 > 225
Z veto Yes
mee [GeV] > 12
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LQ LQ - trtz (1)

2¢SS+0T1
2Ltt(e)x 26t (p)+ 20ttW + 2¢€IntC 2¢MatC
e/ u selection T*
e/u combination eelue puulep  eelupleplue  eeleplue  eeleulue
Electron internal conversion veto Yes Yes Yes Inverted Yes
Electron material conversion veto Yes Yes Yes Yes Inverted
Niets 2-3 2-3 >4 > 2 >2
Z veto Yes
Mee [GEV] > 12
36+0T1
3¢VV 3ttZ 3¢IntC 3¢MatC
e/ u selection T T T(Cy), T*(€y and £5) T(£p), T*(€, and ¢€>)
Electron internal conversion veto Yes Yes Inverted(£; or ¢5) Yes(£1 or €7)
Electron material conversion veto Yes Yes Yes(¢; and ¢>») Inverted(¢; or ¢»)
Z veto Inverted Inverted Yes Yes
mee [GeV] > 12
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Multilepton channel

- The resulting electron candidates are

multivariate lepton further split into three classes:

isolation to reject
non-prompt leptons
based on:

“"Material Conversion,” “Internal Conversion,”
and “Very Tight."

lepton and
overlapping track
jets properties
lepton track/
calorimeter
isolation variables

multivariate lepton
UitV P electron CO

identification to reject selection

misidentified charge
electrons

CO radius Myrack-track

(1) material CO > 20 mm < 100 MeV (wrt. CV)

(2) internal CO not (1) <100 MeV (wrt. PV)

(3) very tight not (1) and not (2)

Searches for LQ at ATLAS | LP 12-01-22 | Tamara Vazquez Schroder (beam pipe @ 24 mm) @



Systematic uncertainties tttr

- Similar modelling uncertainties as in tft?
analysis

- Njets and me¢ correction: slight difference in
slope when derived in the 12+11 channel

® Fake 7t correction: alternative estimate from Z+jets
CR OSee/pp+=11 with |mgp - mz| < 10 GeV

® Fake £ correction: relaxing lepton criteria to enrich
samples in different types of fake

® Internal and material conversions: 25%

extrapolation uncertainty derived in Z=ppy*(=ec)
VR

® W, ttZ/y*, ttH: modelling uncertainties from
comparing to alternative generators

Nevertheless, the analysis is statistically-limited
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Results (I)

® Simultaneous fit of 7 SRs and 15 CRs
® Main systematic uncertainties from:
-t identification and energy scale
calibration, tt modelling
® Sensitivity dominated by 12+=11 channel
® Statistically-limited search at high masses
® No significant excess over the SM
background observed
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Signal rea tty” (low) mttH [ Diboson
gna .reglons B Non-prompt e [ Non-prompt 1 [ QMisID
,| PostFit [JMat Conv []Other ~/, Uncertainty
10°¢ ---Pre-Fit
10
10
1
g | | | T
§ 1nfvm-‘f«wwﬁav+vvﬁwza&&*&&&&ﬁéﬁﬁﬁéﬁ&%ﬁ%éff /44§/wyéianﬁ444¢9999;y
o5p T ]
0 1 L 1 L 1 L
7&0*770,3 M’L”SS N > QKOS*h 2&008*—\ 2&198 9 QKSS Z
\77‘\4 \IT\H

Searches for LQ at ATLAS | LP 12-01-22 | Tamara Vazquez Schroder

Events / 100 GeV

Data / Bkg

Events / 100 GeV

Data / Bkg

12+17SS

T
,| ATLAS @ Data [LQS (1.1 Tev) |
10°E (5 =13 Tev, 139 fo! MM Msingetop 3
1£411SS [ Fake T, W tw 7
Post-Fit Wiy (high) [ttH i
[T Diboson [l Non-prompt e_ |
[ Non-prompt p [l QMisID 3
[]Other 77 Uncertainty 7
---+Pre-Fit B
107'E E
102
f 1 ! 11 | ! 1|
155 T g E
R
05F 3
073000 1500 2000 2500 3000 3500 4000
My [GeV]
1027||||||||T|!|||I||||||||f||1||||||l|||||t
- ATLAS ¢ Data [La5 (1.1 Tev) 3
F 5=13TeV, 139 fo" MFaker,, MW .
L 270S+1T Wtizy*) (high) [EttH i
10 Post-Fit [] Diboson [l Non-prompt e_ |
S [l Non-prompt p [l QMisID 3
[JMatConv  []Other ]
7/ Uncertainty ~ ----Pre-Fit ]

1 Illllll

1 IlIIIII

I|l!llll!llll!

1072

N

0

1500 2000 2500 3000 3500 4000
Mgy [GeV]

500 1000

Events / 100 GeV

Data / Bkg

Events / 500 GeV

Data / Bkg

10+>21

IPE ATLAS | eoma | [Jcl(tiTen

E Vs=13TeV, 139 fo! MFakes,,, MW ]

- 104221 =g(i§g{sgrfhlgh) =:\tl|:n-prompte ]

10 Post-Fit [ Non-prompt u [lll QMisID E

F []Other 7/, Uncertainty

---Pre-Fit i

107" —

10-2;— _

%%%%%%%%% /%%%7

05¢
05500 7500 2000 2500 3000 3500 4000
m.; [GeV]
20SS/30+>11

S aTLAS eowe Claaimen |

- Vs=13TeV, 139 fo' [tw W@y (high)

10 2¢8S/3¢+>11-H LG M Fake 1, -

E Post-Fit [[JDiboson  []Other E

E 77/ Uncertainty ---Pre-Fit E

1k 3

107" E
102k
1.5F

800

1000 1500 2000 2500 3000 3500 4000

My [GeV]

%



Results (Il)

® Upper limits set on the LQ pair production cross-section at 95% CL

- mo<143TeV(1.22 TeV) excluded for B=1 (B=0.5)
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