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Introduction

e Search for exotic top quark production is theoretically motivated

— Top mass, radiative Higgs correction, Higgs stability ...

e Same-sign leptons can be the signature of many exotic top production:

Same-sign tops tt or tt , =>3t, tt+extra bosons
Leadingto [X1%(1) + bjets + jets + Et, ;s
Low background from the standard model

e Today, | will present 4 analyses from ATLAS and CMS:

Search for top quark partners with charge 5/3 at 13TeV (CMS T5/3): Link
Search for new physics in same-sign dilepton events at 13TeV (CMS Susy): link

Search for supersymmetryat 13TeV with jets and
two same-sign leptons or three leptons (ATLAS Susy) : link

Analysis of events with b-jetsand a pair of leptons of the
same chargeat 8TeV (ATLAS VLQ) : link
e Willsoon be publishedwith 13TeV data


https://cds.cern.ch/record/2114805/files/B2G-15-006-pas.pdf
http://arxiv.org/pdf/1605.03171v1.pdf
http://arxiv.org/abs/1602.09058
http://arxiv.org/abs/1504.04605

BSM Models (1): VLQ and SUSY

e Vector Like Quark (VLQ) signatures: tt + X
— Double production: TT, BB or T5/3T53
 LimitinmgandBr(Q—qgV)
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— Large jet activities (Hy)
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— Light gluino and 3™ generation squark motivated by naturalness
« Large production of §g, tt and bb

e Supersymmetric signature:tt + X + E

e And large Br(§ — tt)
— Two signals producing top quarks:
— Large MET from neutralino




BSM Models (2): RPV and 4tops

Baryonic number violation search: same-sign tops

— Low energy constraint (proton stability) implies
AB=2 processes involving top quarks
— Possible realization with R-parity violation SUSY:

— No neutralino (low MET)
but high jet activities

Four tops signature: tttt

Effective theory: e Extra-dimension
— Universal Extra Dimension
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Selections:

e All analyses require same-sign leptons or 3 leptons

— + additional cuts on jet activities, Number of jets/b-jets, MET...

e General feature:
— CMS T5/3 and ATLAS VLQ cuts optimized forthe search of energetic tops
e High jet activities cut and high lepton Pt (25-30GeV)

— CMS Susy and ATLAS Susy cuts optimized for massive neutralinos (compressed scenario):
e High MET cut and low lepton Pt (10GeV)

— Additionalcuts are also required on Ny;es, Niers » M{™", Mot Neonstuents -

e Signal region:
— CMS T5/3 and ATLAS Susy analysis use inclusive signal regions

— CMS Susy and ATLAS VLQ analysis use several signal regions
split in different kinematiccut requirements

ATLAS Susy CMST5/3
Table 1: Summary of the event selection criteria for the signal regions (see text lor details).
Signal region ‘ Nl:ﬁ:MI Ns(ljels N;(L E«?ﬂ“ [GeV] | mei |GeV] Nlep HT MeT Nlep+jet
SR1b 22 21 =24 =150 =550 >2 >900 GeV >0GeV >5
SR3b 22 | >3 - >125 >650 _ _

 More detailed signal region description in backup
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Background composition

— From Standard Model
— Dominant:tt+ V and VV
— Simulated by Monte-Carlo method

2) Fake/non-prompt lepton
— Light jet reconstructed as lepton
) ] Photon conversion:
— Lepton coming from heavy-flavor jet

— Estimated by data-driven method

3) Charge mis-identification
— Detector effect
— Negligible for muon

— Two sources:
» Tracker charge reconstruction efficiency
e Electron from photon conversion

— Estimated by data-driven method Primary Vertex
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Fake/non-prompt lepton estimation method

* Lepton definition:

— The fake estimation methods rely on the definition of lepton criteria:
loose and tightcriteria

* Forelectrons, the identification and isolation are used
e For muons, theisolation criteriais used

e Matrix method:

(Nt) =M (Nreal) M = €r Ef t=tight
N:) N fake _ (1 — Er) (1 — ef) t=loose but not tight

— Ngqie is estimated by weighting N and N with the elements of M

— Generalized for 2 and 3 leptons

 Tight-to-loose method:
— €7y, : probability that a fake loose lepton is tagged as tight (~¢¢)
— Npqke €stimated by

* selectingevents with =1 loose but not tight lepton
* Weightthemby e, /(1 —€7;)

— Equivalent to Matrix Method by considering thate,. = 1



Real and fake efficiency measurement and systematic

Efficiency estimation:
— €, estimated on enriched real lepton region
e Single lepton region: High MET and MT (W+jets)
» Dilepton region:Z mass window (Z->11)
— €y estimated on enriched fake lepton region

* Single lepton region: Low MET and MT (multijet background)
e SS Dileptonregion: Tight muon + 1 loose lepton (V+jets and ttbar)
* Reallepton contributionare subtracted from fake region

— Usually parameterized in Pt and |n| of the leptons
* Andsometimesother parameters like triggers, Ny ... €tc

Systematic uncertainties: around 35-60%

— Fake composition (light jet, c-jets, b-jets) can be different in other regions
e Alternative control region ortruth matchingstudies

— Other kinematic dependences

— Statistical uncertainty from fake/real lepton control regions
— Real lepton bkg removal in fake region

— Closure tests or comparison with other methods



Charge mis-identification background

Based on the charge flip rates €
— Defined as the probability of one electron to have its charge mis-identified
— Parameterizedon Pt and ||

Charge mis-identification bkg estimated by weighting
opposite-sign dielectron events by:

_€i(l1-€e)+e(l—€) echargefliprateof 1 electron
W= (1-€)(1 —€) + €16, €Echargefliprate of 2" electron

Charge flip rate estimation on enriched pp—Z—ee data events:
— Mye € M, —X,m, + X]
— Count the number of e*e~ and same-sign etet
— Charge flip rates estimated by Likelihood minimization L(€|N, N)

Systematic uncertainties: around 20-30%
— Statisticaluncertainty from likelihood minimization
— Kinematicdependences
— Closuretestson MC V+jets samples
— Invariant mass cuts variations



Validation plots

* Validation plots at pre-selection level:

CMS Preliminary 2.2 b7 (13 TeV)
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ATLAS Susy

b, b, production, b, — t;'f: m(i’]) = mﬁ?) +100 GeV
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http://arxiv.org/pdf/1605.03171v1.pdf
http://arxiv.org/abs/1602.09058

e CMST5/3

CMS PAS B2G-15-006

Channel PSS MC NonPrompt  ChargeMisID  Total Background | 800 GeV X5,53 | Observed
Di-electron 241£029 216£1091 1.90 4 0.60 6.47 +2.02 4.38 7
Electron-Muon | 2.98 +0.36 5.20+3.21 0.54 +£0.18 8.72+3.24 9.14 3
Di-muon 0.70+0.12  2.09+1.69 0.00+0.00 2.80+1.70 3.55 1
All 6.09+0.67 945+5.49 2444076 17.98 + 5.58 17.06 11
CMS Preliminary, 2.2 b’ (13 TeV) CMS Preliminary, 2.2 8 (13 TeV)
i YT L I B L I T E T R I I IS IR
_II —e— 95%, CL observed o F —— 95% CL observed 3
= r 95% CL expected ,; e 95% CL expected -
2 10 [ + 10 expected ‘g_ 10 I + 10 expected —
[ ] +20 expected —_ E [ ] + 20 expected E
’am ------- Signal Cross Section ’% I Signal Cross Section ]
[> < L ]
b 8 1E 3
X E 3
3 ¥ E :

— < 107!
107 . < 107 . =
s b b b by by M 0 v b b b b by by
700 800 900 1000 1100 1200 1300 1400 1500 700 800 900 1000 1100 1200 1300 1400 1500

Xgs mass [GeV]

— 100-200GeV of improvement compared to 8TeV
— Results combined with 1 lepton analysis
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Conclusion

Same-sign lepton is a well-motivated signature for the search of
new physics involving top quarks

— Supersymmetry, vector-like quarks ...

Different selection strategy for each analysis

Imply to use sophisticated data-driven technique to estimate
fake and charge mis-identification background

— Handled in a different way for each analysis

No deviation found at 13TeV

— Exclusion limitsset for supersymmetricand T5/3 models

New results will be published soon:
— ATLAS VLQ search on going

— And future 2016 data ! BUMP
| hope we will find surprising excess © AHEAD
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Table 1: Summary of the event selection criteria for the signal regions (see text for details).

Signal region N;iitm Nﬁi ols Nif; E,'I.“i“‘ |GeV] | mer [GeV]
SRODb3j =23 =( =3 =200 =550
ATLAS Susy SRODS; 2 | =0 | 25| 125 =650
SR1b =2 =l =4 =150 =550
SR3b =2 =3 - >125 =650

CMS Susy

Table 2: SR definitions for the HH selection. The notation ‘*! indicates that, in order to avoid

overlaps with SR31, an upper bound EFs* < 300 GeV is used for regions with Hr > 300 GeV.

Table 3: SR definitions for the HL selection. The notation (*) indicates that, in order to avoid

No M™N (GeV) [ EMS (GeV) | Njee | Hr < 300GeV | Hr € [300,1125]GeV | Hy > 1125Gev  overlaps with SR25, an upper bound Emiss < 300 GeV is used for regions with Hr > 300 GeV.
50200 2% SR1 SR2 No | M (GeV) | B (GeV) | Net | Hr < 300GeV | Hr € [300, 1125]GeV | Hy > 1125GeV
>5 SR4 2-4 SR1 SR2
o o | 2* SR5 0 -20 =3 SR4
-0 s SR6 0 <120 74 SR3 SRS
0 > 20004
24 SR3 SR7 >5 SR6
50-200 S
_— > - 50200 |24 SR7 SRS
> 200() " =2 >5 SR10
>5 o | 24 SR9 SRI1
24 SR9 SRI10 =200 >5 SR12
50 — 200
=5 SR12 24 SRI3 SR14 SR26
=120 L SR13 5020 b SRi6
. >200% 55 SR14 2 =120 - |24 SR15 SR17
o200 |24 SR11 SR15 > 2007 =5 SRIS
> 120 >5 .. 120 50-200 | >2 SR19 SR20
o |24 SR16 = ~ 20007 [ >2 SR21 SR22
= 200 SR32
=5 Inclusive > 120 =500 | >2 SR23 SR24
s0—200 L2 SR17 SR18 Inclusive | Inclusive = 300 >2 — SR25
>5 SR20
<120
o |24 SRZ1
5 >5 SR22 Table 4: SR definitions for the LL selection. All SRs in this category require Njet > 2.
24 SR19 SRZ3 _ _ —
0 50200 5o No | MT0 (GeV) | Hy (GeV) | EBS € [50,200] GeV | EF = 200GeV
- oo | 22 SR24 0 SR1 SR2
- >5 1 120 SR3 SR4
- 120 50—200 | >2 SR25 SR26 2 = 300 SR5 SRé
. = 20007 | >2 SR27 SR28 >3 SR7
- 120 - 500 >0 SR29 SR30 Inclusive > 120 SR8
Inclusive | Inclusive = 300 =2 e SR31
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ATLAS VLQ

CMST5/3

17.05.2016

Definition ‘ Name

eTet + ei,ui + ,ui,ui + eee + eepl + epifl + L. Nj =2

N, =1 SRVLQO
400 < Hyp < 700 GeV | N, = 2 Emiss ~ 40 GeV SRVLQ1 SR4t0
N, >3 SRVLQ2 SR4tl

40 < ERS <100 GeV | SRVLQ3

EIss > 100 GeV SRVLQ4

Hy > 700 GeV [ 40 < BB <100 Gev | SRVLQS SR4t2

EXS > 100 GeV SRVLQG6 SR4t3

Ny >3 Emiss = 40 GeV SRVLQ7 SR4t4

Atleast two isolated same-sign leptons as defined above with pr > 30 GeV. Between
each lepton and every top-quark jet, we require AR > (.8.

Dilepton Z-boson veto: M(ee) < 76 GeV or M(ee) > 106 GeV. This selection applies
only to the dielectron channel. If the muon charge is mismeasured, its momentum
will also be mismeasured so a selected muon pair from a Z boson will not fall within
this invariant mass range.

Trilepton Z-boson veto: M (/) < 76 GeV or M(££) > 106 GeV where M (£} is thein-
variant mass of either one of the selected leptons and any other same flavor opposite-
sign lepton in the event with pr > 15GeV that satisfies the loose lepton criteria.

N = 7, where N, is the number of constituents identified in the event. For the
purpose of this selection, each AKS5 jet and each lepton counts as one constituent.
Since a W-boson jet is assumed to correspond to a W boson, each such jet counts
as two constituents, corresponding to the W-boson decay products. Likewise, each
top-quark jet represents a top quark and counts as three constituents.

Hr = 900GeV, where Hr is the scalar sum of the pr of all selected jets and leptons
in the event.
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Fake/non-prompt lepton: method

ATLAS Susy ATLAS VLQ CMS Susy CMS T5/3
Method Matrix Method Matrix Method Tight-to-loose Matrix Method
Fake lepton region Dilepton: Single lepton: Single lepton: Single lepton:
lu+llepton Low MT, ETmiss Low MT, ETmiss Low MT, ETmiss
Real lepton region Dilepton: Single lepton: Dilepton:
Z mass window High MT, ETmiss Z mass window
Parametrization Pt /In| Pt /In|/Npje/trigger Pt /|n|/trigger No param

Validation

Alternative fake
estimate

Closure tests

Alternative rate
measurement

Closure tests



Charge mis-identification: Method

Based on the Charge flip rates €
— Defined as the probability of one electron to have its charge mis-identified
— Parameterizedon Pt and ||
Then, assuming a true number of opposite-sign dielectron events, we have:
Ngs™ = Nog“(e1(1 — €2) + e2(1 — €1)) €, charge flip rate of 15t electron
NS? =Ny ((1— €)1 —€) +€1€2) €, charge flip rate of 2"? electron

N €© can be estimated by weighting Ny by:

_al-e)tel-e)
(I-€e)(1-€) +e€1€2

Charge flip rate estimation on enriched pp—Z—ee data events:
— My € M, —X,m, + X]
e ex:X=10GeV in CMS T5/3
— Count the number of ete™ and same-sign ete®
— Charge flip rates estimated by Likelihood minimization

L(€|N,Ng,) = Poisson(Ny|N, €)
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