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Top Yukawa-coupling via ttH ATLAS

EXPERIMENT

e Top Yukawa coupling (y,) is expected to be of Standard Model Total Production Cross Section Measurements Status: October 2023
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ttH channels

ATLAS

EXPERIMENT

Production of ttH accounts for

[ J
about 1% of the total rate
e Covering as many decay channels
as possible:
H—yy ATLAS, CMS
H—bb ATLAS, CMS
H—Z7Z—48% ATLAS, CMS
H—tT ATLAS
e (ttH in multilepton final state: clean

final state with leptons, moderate
irreducible background

i ttH

(H=bb)

¢ large irreducible ti+jets

ttH
(H=2WW, 1T, Z2)
‘multilepton’

* |eptonic decays of W/ Z
bosons and tau decays can

(HF) background i L .
give distinct multilepton ¢
¢ final states with signatures Z (92¢)
multiple b-jets . .
* main background from ttZ/ \Z (2¢)
W and non-prompt leptons
t t
b Wit/ pick
i Sl
\\ b Wi/t/Z T
" i L 2 Y, -5

(H=¥Yyy, ZZ(=»47))

ttH

¢ resonant channels

Figure from Tamara Vazquez Schroeder
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https://arxiv.org/abs/2207.00348
https://arxiv.org/abs/2003.10866
https://arxiv.org/abs/2111.06712
https://arxiv.org/abs/1804.03682
https://arxiv.org/abs/2004.03447
https://arxiv.org/abs/2104.12152
https://cds.cern.ch/record/2858708

Current results ttH

ATLAS

e ttH observation by ATLAS and CMS in 2018 with partial Run 2 dataset

e (ttH in multilepton by ATLAS (80 fb™') and CMS (137 fb™")

ATLAS measured p(ttH) = 0.58 with an observed significance of 1.80
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https://arxiv.org/abs/1806.00425
https://arxiv.org/abs/1804.02610
http://cds.cern.ch/record/2693930
https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x

Analysis setup and strategy ATLAS

Full run 2 dataset (140 fb™")

ttH ML inclusive cross-section measurement including 6 different channels
Simplified template cross-section (STXS) measurement

Higgs CP interpretation

Number of 754

Number of light 7
3% final state
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Regions definition ATLAS

e Signal regions (SR) 4t
= i3

e MVA-based control regions (CR)
e “Other” CRs

from the template fit approaches used to model fake
lepton backgrounds =0t

B s

B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection

1T
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Regions: 2¢SS + Ot ATLAS

EXPERIMENT

4L
= i3
zz

=0t

1T
B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection

Top LHC France 2024 7




Regions: 2¢SS + Ot ATLAS

. EXPERIMENT

e Signal and MVA-based control regions definition 3 ATt A r 100 o5
Tz%_v7_2lss_v0802_tH g
o  Pre-MVA selection: 3 2
4D_v7_2Iss_v0802_other g
20S554-07hag =
7 candidates ==0M b
Leptons counting ==2T: p;r > 15GeV HRTRLIeE
Lepton details SS
njets Z 3 [ 4D_v7_2lss_v0802_ttH
nbjets (at 85% WP) >1 .
0T 4p, 0,

o  MVA selection:

m  Multi-class BDT: ttH, tH, ttW and Other as output nodes 2 N A B e A sanssasase e
m 20 variables to train: Njets, m, dR (I, jet), etc. i a E
m Regions are defined based on the highest BDT score oo E
e Dominant prompt backgrounds: ttW, ttZ ok E
E .
BEE
0 0.1 02 0.3 04 05 0.6 0.7 0.8 09

BDT_4D _v7_2lIss v0802 ttH
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Regions: 3¢ + 0t

ATLAS

=0t

1T
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EXPERIMENT

4L

B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection




Regions: 3¢ + Ot

ATLAS

e Signal and MVA-based control regions definition

o  Pre-MVA selection:

3£+07had

T candidates
Leptons counting
Lepton details

njets
nbjets (at 85% WP)

==0M

==3 (T,T.L): pr > 15, 15,10 GeV
OS (to others): L pt > 10 GeV

SS pair: T p7 > 15 GeV

OS pair: |m(ll) — mz| > 10 GeV
and m(/ll) > 12 GeV

>2

>1

o  MVA selection:

m  Multi-class BDT: ttH, tH, ttW, ttZ, VV and tt as output nodes
m 25variables to train: NJets, m

m  Regions are defined by optimized cuts on BDT scores

1"

e Dominant prompt backgrounds: ttW, ttZ

dR (I, jet), etc.

Top LHC France 2024

True Label

Fraction of Events

(24

EXPERIMENT

ATLA

Work in progress
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Control regions definitions: 28SS + 0t and 3£ + 0t ATLAS

EXPERIMENT

42
o

=0t

B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection
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Mismodelled main background: tflW

ATLAS

e ttWis the main background for ttH multilepton
e Observed ttW mismodelling is 20-50% larger cross section than predicted
o Theory: NLO + NNL: 606 fb + 7%
NLO + FxFx: 722 fb + 10%
o Experiment: ATLAS: 880 fb + 6% (stat) + 8% (syst)
CMS: 868 fb + 5% (stat) + 6% (syst)
138 fb™' (13 TeV)
N T T T B e N W B B R T _'I“'I"'I"‘I"‘I;{/"l"'ﬂ"l'
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https://link.springer.com/article/10.1007/JHEP08(2019)039?awc=26429_1688739414_5215b506229097bc9e9e145469dcf3a3&utm_medium=affiliate&utm_source=awin&utm_campaign=CONR_BOOKS_ECOM_DE_PHSS_ALWYS_DEEPLINK&utm_content=textlink&utm_term=794493
https://link.springer.com/article/10.1007/JHEP11(2021)029
https://arxiv.org/abs/2401.05299
https://arxiv.org/abs/2208.06485

Control regions definitions: 3¢ + Ot

=0t

1T

B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection
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Backgrounds

Irreducible background:

Events with prompt leptons produced in

o  W/Zboson decays

o leptonic t-lepton decays

o internal conversions
Source:

o Main: ttW, tiZ/y* and W

@)

Smaller: tZ, tW, tWz, ttWW, VWV, tttt tit

Estimated from simulation

Events

Data / Pred.

Examples:

ATLAS

EXPERIMENT

° Jet multiplicity not well modelled in VW sample:

jets

e Cut-based 3/ VW and tfZ CRs taken from ttW analysis

-dependent data-driven corrections (derived in tfW)

2000FFTIT TIY TR T TR G T WRT O B T O G ey 48 L SN B B BN BRI
ATLAS Work in progres - Data 1092.0 S 600 ATLAS work in progres 4 Data 744.0
s=13TeV, 140" [l tiH 417 W s=13TeV, 140 o' [l ttH 126 1

ttH ML ] tHjb 03 ttH ML =] tHjb 01

VV 3l, 20r3j, 1b O ftw 1.3 500 ttZ 3, =4j O tw 9.0
Post-Fit iz 1554 Post-Fit fizy) 4347

[y (low mass) 1.0 400 ZV* (low mass) 01 +

A% 633.5 [ | A% 167.0 -+

************* 24 08

300 nv 0.6

Fu 29 ]

Fel 1.4 ]

200 sID 9.9

top 1.9 ]

100 her 103.4

200 =
:....|....|....|....|...//./.L.h.‘.cle.rfa.upﬁ...l....l....: il Bl

E xé/ndf=0.0/1 x2prob =1.00 9 E x2/ndf 0573 xzprob 0.91 ' 3
1.5F = T 1.5: =
1 e = 1E ) - L 4
0.5F 4 8 o5t E
01 11 12 13 14 15 16 17 18 19 2 O1 1.5 25 3 3.5 4
Nojets Nn-jeis
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Control regions definitions: 2£SS + Ot ATLAS

42
o

=0t

1T
B vva-based cr

B otercr

=== Channel Preselection
Dedicated CR selection
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Backgrounds

Reducible background:
e Events with at least

o one prompt charge-flip electron
o one fake lepton

e Source:

o material conversions
o hadron decays
o improper reconstruction of other particles

e Estimated from simulation mainly using
template method

Top LHC France 2024

ATLAS

EXPERIMENT



Backgrounds

ATLAS

EXPERIMENT

Events

Data / Pred.

B LA AL AR A AR AR
< ATLAS Workin progre - Data 82.0
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120 Zy* Ext 3l [ MatConv 61.7
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100 772 Uncertainty

Y
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HFu2ISS TM 1b O ttw 182
Post-Fit ti(zry) 122
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v 391 -
9922 01 ]
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HFp 121.3
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o
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Events
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08 09 1
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R . e
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142.0
Vs =13TeV, 140 0" [ 1iH 33 1
ttH ML ] tHjb 0.3
HFe 2SSTM1b [ ftw 119
Post-Fit H(Z/v) AR

*(low mass)
A

E X?/ndf=0.0/2 ’prob = 1.00

20 30 40 50 60 70 80 90 160
p.

T subleadinglep

Examples:

e Fake/non-prompt lepton: estimated from simulation,
with the normalisation determined by the likelihood fit.

o

O

TM(p)

Top LHC France 2024

2 conversion CRs (internal and external): Z(— pp)y

6 2ISS CRs enriched in contributions from HF
fakes in tf events

m  split by flavour of subleading lepton
m  split by prompt leptons veto working points

4 NFs: HF e and HF y fakes, material and internal
conversion



Regions definition: 28SS + 1t

=0t

)
-
-
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Regions definition: 28SS + 1t

ATLAS

EXPERIMENT
e Similar BDT-based procedure, but used to define the SR only
e Dominant background from fakes, no ttW or ttZ CRs
2 20:Lllllllll||llIlllllllllllllllllIllllllllllll[IllJ:
§ - ATLAS workin progress [l ttH 122: - )
@ 181 {5=13TeV, 1401 ' [l tHH (fake 1) 27 - ATLAS Zocn bz 100 &
o~ - TemplateFit O ) ttw 6.1 ATLAS orninvose | . 3T T < %
- SR-21SS 11 4j1b ey 78 s S P W—— E
14[— Pre-Fit [ | tt 0.3 J g | k() = 5
e [  Diboson 25 4 5
127777 O Other 4.3 . 100%% | NF, s
= fake 0.7 7 B
i :E % 100 %|‘|‘ NF, tW node L(E
+ 10055 | NF,
N B TR BT S
ttH node
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2ISS+71tau channel ttH node W node ttbar node
i1 Prediction
[
i ,,,,,,,,,
R
)
o

0.1 02 03 04 05 06 07 08 09

BDT output

1
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Results combined: Asimov

ATLAS

e Expected significance is 5.70 (3.10 in previous analysis)

e Measure ttH ML with significance of 5.4c0 (not all systematics are included yet)

e  Main systematics: ttH cross-section uncertainty, ttW and ttZ NFs

Otau 2ISS
Otau 3l
1tau 2ISS
2tau

41

Combined

ATLAS Work in progress
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Results combined: CR only with data

ATLAS Work in progress

o Otau 2ISSe Otau 3ka 1tau 2ISS+ 4l

Combined

1 I I t 1 I I 1 I | | I I | | I I I I I I
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STXS setup

e Simplified template cross-section (STXS)
o SR splitting of Higgs production processes on Higgs pT
o  Simplify combination between channels/measurements

o Isolate possible BSM effects,
minimize the dependency on theory uncertainties

e O6binsin HpT in STXS framework for ttH

Top LHC France 2024
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STXS setup

ATLAS

True STXS bin

Hor difficult to reconstruct:
many neutrinos in H decay and not reconstructed soft particles

217% 4.09% 7.71% 23.17%

21.54% 39.77%

24.78% 31.27%

30.15% 19.97% 7.78% 3.73%

1 2 3 4
Reconstructed STXS bin

285S+0tT channel

Use GNN for HIoT reconstruction

61.30%

6 bins in HpT in STXS framework for ttH

- 0.6

- 0.5

0.4

0.3

0.2

0.1

True STXS bin

3.43% 15.48%

o lﬁm« 44.72% [RERELMEERILS

0.72% 2.45% 4.24% 9.76%

1.65% 6.51% 15.26% 29:50%

39.72% QRUWIE

LOR-IPCN 25.45% 5.61%

I - I
0 1 2 3
Reconstructed STXS bin

32+0T channel
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STXS 28SS + 0t - - for the STXS fit setup
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Data / Pred.

LANLIL L L L

100— ATLAS Workin progress -tfH 46.7 —
I Vs=13TeV, 140 fb™* [llttH ODD 00 7

[ ttH ML W Hjb 03 |
801~ 2LSS MVA ttH — ST fied 0.8 _|
L Pre-Fit CJtw 774 A

§ iz 378
60—— [ tty*(low mass) 65 _|
L 76
0.0 A

55

9.5 |

6.9

15 1
3.7

L 2 3 4 5 6
BDT multiclass ttH -- STXS pred

Events

Data / Pred.

V

ATLAS Work in progrs [l
fs=13TeV, 1401 "' |l

16 ttHML B
BDT multiclass ttH [l

14— Pre-Fit [ |
a

12 O
10 []
[}

L L L R R AR RN AR RERR:

ATLAS
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STXS results combined Asimov

ATLAS

Otau 2ISS

Otau 3l

1ltau 2ISS

2tau

Combined

120 GeV
ATLAS_ workinprogress Vs =13 TeV, 140 fiy”
ttH ML
—_ tot
(tot)
—e——  W=100 3
—e——  W=100 T
° u=100 2
—e——  W=100 33
—o—i w=100 9%
el e sacl i g o s s s T i s o b s

.................................
{tH ML
— tot
(tot)
- +1.57
Otau 21SS| F———e——— K =100 7
Otau 3| t ® yu=100 3
1tau 2ISS ° u=100 “770
2tau —— u=1.00 3o
Combined —e—i p=1.00 *00
PRRPEET SET RN BT SVUNT S SR T U U ST SN U AT T U (N WA SN SN AN (RN AN NS NN

Sensitivity to STXS bins not strong enough to measure all 6 bins

Significant improvement in combined fit compared to single channels

120 GeV < pf! < 200 GeV

ATLAS Workln progress ﬂs 13 TeV 140 fo*

Top LHC France 2024

Otau 2ISS

Otau 3l

1ltau 2ISS

2tau

Combined

.................................
ttHML
— tot
(tot)
—e—— H=100 53
—e—— HK=100 73
& u=100 3%
——e——— W=100 7%
—— n=1.00 535
e by by by by by b e by g
-1 0 1 2 3 4 5 6 7
“'ttH345

ATLAS Work in progress

200 GeV < p

V_ 13 TeV 140 flo*
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Conclusions

Still some work on harmonization and including all systematics is to be done

Wait for the unblinded results

Top LHC France 2024
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Thanks for the attention




Monte Carlo samples

ATLAS

The configurations used for event
generation of signal and
background processes.

Systematics samples are in grey.

Process Generator ME order  Parton shower PDF Tune

ttH Powneg-BOX NLO PyTtHIA 8 NNPDF3.0nLo Al4
(Pownec-BOX) (NLO) (HErw1G7.0.4) (NNPDF3.0nL0) (H7-UE-MMHT)
(MG5_aMC) (NLO) (PyTHIA 8) (NNPDF3.0nL0) (A14)

tHw SHERPA 2.2.10 MEPs@NLO SHERPA NNPDF3.0NNLO SHERPA default
(MG5_aMCO) (FxFx NLO) (PyTHI1A 8) (NNPDF3.0nLO) (Al4)
(POWHEG) (NLO) (PyTHIA 8) (NNPDF3.0nL0) (A14)
(PowHEG) (NLO) (HErRWIG 7) (NNPDF3.0nL0) (H7-UE-MMHT)

ttw (EW) SHErpPA 2.2.10 LO SHERPA NNPDF3.0NNLO SHERPA default
(MG5_aMC) (LO) (PyTHI1A 8) (NNPDF3.0nLO) (Al4)

tilt MG5_aMC NLO PyTHIA 8 NNPDF3.0nLo Al4
(MG5_.aMC) (NLO) (HErwIG 7) (NNPDF3.0nL0) (H7-UE-MMHT)
(MG5_aMCO) (NLO) (PyTHIA 8) (NNPDF3.0nL0) (Al4 VAR3C)

tt — WHoW- bt~ MGS5_aMC LO PyTtHIA 8 NNPDF3.0Lo Al4

titt MG5_aMC NLO PyTHIA 8 NNPDF3.InLo Al4

tt Pownec-BOX NLO PyTtHIA 8 NNPDF3.0nLo Al4
(Pownec-BOX) NLO (HErwiG7.1.3) (NNPDF3.0nL0) (H7-UE-MMHT)

tit MG5_aMC LO PyTHIA 8 NNPDF2.3Lo Al4

Single top Pownec-Box NLO PyTHIA 8 NNPDF3.0nLo Al4

(t-, Wt-, s-channel)
VV, qqVV,VVV
Z— e

SHERPA 2.2.2(1) MEPSs@NLO SHERPA
SHErRPA 2.2.1 MEPsS@NLO SHERPA
Z - 't (y > e*e”) Pownec-BOX NLO
Z — ¢ (y* — e*e”) Pownec-BOX NLO

PyTHiA 8
PyTtHIA 8

NNPDF3.0nNLO SHERPA default
NNPDF3.0NNLO SHERPA default
CTEQ6LINLO Al4
CTEQ6LINLO Al4
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Monte Carlo samples: ttW ATLAS

EXPERIMENT

Process Generator ME order  Parton shower PDF Tune
q Leading Birder t 1tH Pownec-BOX NLO PyTHIA 8 NNPDF3.0nLo  Al4
(Pownec-BOX) (NLO) (HErw1G7.0.4) (NNPDF3.0nL0) (H7-UE-MMHT)
g N ___ MG5.aMC) _ (NLO)_ _ _ (Pyraia8) _(NNPDE3.Oxco) (Ald)_ _ _ _ _ _
:-th SHERPA 2.2.10 MEPs@NLO SHERPA NNPDF3.0nNLO SHERPA default |
| (MG5_aMCO) (FxFx NLO) (PyTtHIA 8) (NNPDF3.0nL0) (A14) "
q/ 7 I (PowHEG) (NLO) (PyTHIA 8) (NNPDF3.0nL0) (A14) I
w A (Pownec) _ _ (NLO) _ _ (Herwic7) _ (NNPDF3.0nro) (H7-UE-MMHT) |
- .
LO;: asa Nominal MC sample: Sherpa
QCD QED Alternative samples: MG5_aMC, Powheg
[NL01: a3a ] [NLOZ: aﬁaz] {NLO:,: asa3] [NLO,,: ot ]
aa? aal a3 147 B
q t 9 t 9 t q q
g 9 Zy+
t \\g -
t : t h
q Wc& t
7 wt 9 wt ¢ W= 8 d
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Selection criteria applied for the pre-selection regions

ATLAS

EXPERIMENT

| 268S+074 36+0Thag a¢
Thad candidates ==0M ==0M -
Leptons counting ==2T: pt >15 GeV ==3 (TLTL): pr > 15,15,10 | ==4 L: pt > 10 GeV
GeV
Lepton details SS OS (to others): L pr > 10 GeV | Sum charge = 0
SS pair: T pr >15 GeV
OS pair: |m(ll) =mz| > 10GeV | OS pairs: m(ll) > 12 GeV
and m(Il) > 12 GeV [m(lUl) —my| > 5 GeV
Njers >3 >2 D
Np_jers (@ 85% WP) > 1 >1 >1
2[SS+1Thud lf+2Thad Z[OS+2Thud

Thad candidates
Leptons counting
Lepton details

N jets
Np —jets

==1 M: pt > 20 GeV
==2 M: pt >15 GeV
SS

[m(ll) = mz| > 10
=

> 1 (@ 85% WP)

==20S M pt > 20 GeV
==1L pr > 27 GeV

>3
>1 (@ 77% WP)

==20S M prt > 20 GeV
==20S L pt > 10 GeV

OS pair: |m(ll) —mz| > 10 GeV
and m(ll) > 12 GeV

>0 (@ 77% WP)
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Loose, Medium, Medium exclusive, and Tight light lepton definitions

ATLAS

EXPERIMENT

e H

L | 5 M Mex T L M Mex T
LooseVar_Rad isolation Yes Yes
Non-prompt lepton BDT , Tight-not- . , Tight-not- .
(PLIV) No Tight VeryTight VeryTight | No Tight VeryTight VeryTight
Identification Loose Tight Loose Medium
Charge mis-assignment veto ]
(ECIDS) No Yes N/A
Conversion rejection No Yes N/A
’Ijran'sverse impact parameter &5 <3
significance |dy|/ oy,
Lonzgitudinal impact parameter < 0.5 mm

|zo sin 6]

Top LHC France 2024



Light lepton definitions

ATLAS

EXPERIMENT

Channel Cut-based Control Regions Signal and MVA-based Control regions
2¢£SS TMex,MexT, MexMex TT

3¢ L’MM/LMM (L for i and L for e) LTT (L for &)

4¢ LIILL

20SS+1Thaqg L’L’ and MM (for fake 1,4 CR) MM

1€421h,q and 26+21h,q L

Top LHC France 2024



Variables used for training the BDT in the 2ISS channel ATLAS

EXPERIMENT

variable description
Nijets Number of central jets with p7 > 25 GeV
AR( £y, jet) Angular distance between leading lepton and its closest jet
AR( {1, jet) Angular distance between sub-leading lepton and its closest jet
M6y, €1) Invariant mass of leading lepton and sub-leading lepton
LD Linear discriminant defined as: 0.6* E'T"i-“" +0.4*HjTet7
pr(jety) Transverse momentum of the leading jet
pr(jet;) Transverse momentum of the sub-leading jet
AR S, Average AR between jets
Max(|n;|)  Pseudo-rapidity difference between the leading and subleading leptons (|n¢,| and |, |)
pr(lr) Transverse momentum of the subleading lepton
n(6) Pseudo-rapidity of the leading lepton
M(lep, MET) Invariant mass of leptons and missing transverse energy
M;[O’MET) Transverse mass of the leading lepton and missing transverse energy
M}”’MET) Transverse mass of the sub-leading lepton and missing transverse energy
n(jety) Pseudo-rapidity of the leading jet
n(jet;) Pseudo-rapidity of the sub-leading jet
HJTe t Scalar sum of the transverse momenta of the jets
AR( {o, 1) Angular distance between the two same-sign leptons
Mo Invariant mass of the leading b-jet
My, Invariant mass of the sub-leading b-jet
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Definitions of the MVA-based CRs and SRs used in the 2ISS channel

Regions ‘ Selections

Signal Regions

ttH ++

2(SS + Othaq pre-MVA selection (cf. Table 7)
total charge > 0
Max(BDT,;y, BDT,y, BDT;7w, BDTother)= BDT 71

ttH —

2(SS + Othag pre-MVA selection
total charge < 0
Max(BDT,;py, BDT, g, BDT,;w, BDTother) = BDT 7y

tH

2(SS + Othag pre-MVA selection
Max(BDT,7p, BDT;, BDT;fw, BDTother) = BDT

Control Regions

titw ++

2(SS + Otp,q pre-MVA selection
total charge > 0
Max(BDT,;y, BDT;zz, BDT,7w, BDTother) = BDT 7w

Hw ——

2(SS + Othag pre-MVA selection
total charge < 0
Max(BDT,;p, BDT, g, BDT,;w, BDTother) = BDT 7w

Other

2(SS + Othag pre-MVA selection
Max(BDT,;H, BDTIH, BDTrt_Wa BDTOther) = BDTOther

Top LHC France 2024
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Definitions of the 31 MVA regions ATLAS

EXPERIMENT

Regions Selections

ttH SR itH > 0.2.

tH SR tHjb > 0.25, 1tH < 0.2.

ttW CR ttW > 0.3, ttH < 0.2,tHjb < 0.25.

ttZ CR ttZ >045,ttH < 0.2,tHjb < 0.25, ttW < 0.3.

VV CR VV > 0.65,ttH < 0.2,tHjb < 0.25, ttW < 0.3, t1Z < 0.45.

tt Region tt > 0.25,ttH < 0.2,tHjb < 0.25, ttW < 0.3, ttZ < 0.45,VV < 0.65.

Other Region

tt < 0.25,ttH < 0.2,tHjb < 0.25, ttW < 0.3, ttZ < 0.45,VV < 0.65.
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Event selection summary in the background control regions

ATLAS

EXPERIMENT

Control regions for: Diboson | t1Z Conversions HF non-prompt

Njets 2or3 >4 >0 >:2

Np—iets 1 p33% 0 p85% 1 p83%

Lepton requirement 3¢ uue’ 2(SS

Lepton definition (LM, M) (T, M) (Mex; T) —— (Mex; Mex)

Lepton pt [GeV] (10, 15, 15) (15, 15)

Im3t,. —mz| [GeV] <10 > 10 -

|meee — mz| [GeV] .10 <10 -

mr(ty, EF™™*) [GeV] < 250 for TMey and MexT pairs

Thad candidates (Medium) 0

Region split — - internal / material | subleading e/u X (T Mex, MexT, MexMex)

Region naming 3¢(VV 3t 3¢IntC 20tt(e)rm,,, 20tt(e) pm,, T, 20tt(€)ar, M,
3¢MatC 2L T Mo 2000010 200 oM
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