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o Search for type-Ill seesaw heavy fermions with multilepton final states using 2.3 fb™!
of 13 TeV proton-proton collision data CMS-PAS-EX0-16-002

8 TeV results:

o Search for leptophobic Z' decaying into four leptons in the final state at /s = 8 TeV
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General features of BSM searches in leptonic final states at hadron collide

@ Background reduced with respect to hadronic final states.
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General features of BSM searches in leptonic final states at hadron colliders

@ Background reduced with respect to hadronic final states.

o Analyses usually very sensitive to /s
— All 13 TeV analyses presented here beat 8 TeV limits.
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General features of BSM searches in leptonic final states at hadron colliders

@ Background reduced with respect to hadronic final states.

o Analyses usually very sensitive to /s
— All 13 TeV analyses presented here beat 8 TeV limits.

@ Searches probing a large range of energy: from O(100 GeV) to O(few TeV).
— Challenge: control lepton reconstruction and identification up to several TeV.
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@ Background reduced with respect to hadronic final states.

o Analyses usually very sensitive to /s
— All 13 TeV analyses presented here beat 8 TeV limits.

Searches probing a large range of energy: from O(100 GeV) to O(few TeV).
— Challenge: control lepton reconstruction and identification up to several TeV.

Electron and muon channels usually combined.
o Tau channel treated separately.

o Usually less sensitive for flavour independent processes...
o ... but we know cases where tau performs the best.
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Electrons and muons in CMS
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Leptonic decay:
o Similar e/ reconstruction than for “prompt” electron/muons.
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Leptonic decay:
o Similar e/ reconstruction than for “prompt” electron/muons.
Hadronic decay:
@ Reconstruction: jet with 1 or 3 Particle Flow charged hadron(s), up to 2 photons.
@ Selection: isolation criteria
@ In general, lower efficiency and higher fake rate than electrons
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Taus

Leptonic decay:

o Similar e/ reconstruction than for “prompt” electron/muons.
Hadronic decay:

@ Reconstruction: jet with 1 or 3 Particle Flow charged hadron(s), up to 2 photons.
Selection: isolation criteria
In general, lower efficiency and higher fake rate than electrons
Due to the presence of a neutrino in the decay chain, only a fraction of the total tau
energy can be measured.
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Leptonic decay:

o Similar e/ reconstruction than for “prompt” electron/muons.
Hadronic decay:

@ Reconstruction: jet with 1 or 3 Particle Flow charged hadron(s), up to 2 photons.
Selection: isolation criteria
In general, lower efficiency and higher fake rate than electrons
Due to the presence of a neutrino in the decay chain, only a fraction of the total tau
energy can be measured.

o High p; features:
o = 50% efficiency per hadronic tau for ps > 100 GeV.
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Search for narrow resonances in dielectron/dimuon mass spectra

Search strategy:
@ Bump hunting in the dilepton invariant mass spectrum.
o Signal: narrow peak. Background: falling continuum. — Smoking gun for evidence
of new physics.
o Method already used many times to observe particles.
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Search strategy:
@ Bump hunting in the dilepton invariant mass spectrum.
o Signal: narrow peak. Background: falling continuum. — Smoking gun for evidence
of new physics.
o Method already used many times to observe particles.
Event selection:
o Two isolated high p: leptons: >35/53 GeV (e/p)

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 6 /22



Search for narrow resonances in dielectron/dimuon mass spectra

Search strategy:
@ Bump hunting in the dilepton invariant mass spectrum.
o Signal: narrow peak. Background: falling continuum. — Smoking gun for evidence
of new physics.
o Method already used many times to observe particles.
Event selection:
o Two isolated high p: leptons: >35/53 GeV (e/p)
@ No opposite charge requirement for electrons.

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 6 /22



Search for narrow resonances in dielectron/dimuon mass spectra

Search strategy:
@ Bump hunting in the dilepton invariant mass spectrum.
o Signal: narrow peak. Background: falling continuum. — Smoking gun for evidence
of new physics.
o Method already used many times to observe particles.
Event selection:
o Two isolated high p: leptons: >35/53 GeV (e/p)
@ No opposite charge requirement for electrons.
@ Only tracker isolation conditions applied on muons — selection independent from
calorimeter information

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 6 /22



Search for narrow resonances in dielectron/dimuon mass spectra

Search strategy:
@ Bump hunting in the dilepton invariant mass spectrum.

o Signal: narrow peak. Background: falling continuum. — Smoking gun for evidence
of new physics.

o Method already used many times to observe particles.
Event selection:

o Two isolated high p: leptons: >35/53 GeV (e/p)

@ No opposite charge requirement for electrons.

@ Only tracker isolation conditions applied on muons — selection independent from
calorimeter information

Early surprise:
o Dielectron event with M. = 2.9 TeV observed after 60 pb™" of data collected only.
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Search for narrow resonances in dielectron/dimuon mass spectra (2)

Mass spectrum:
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Search for narrow resonances in dielectron/dimuon mass spectra (3)

Interpretations

o Z X4 X
o Limits set on R, = Z(pp2Z 4+ X—11+X)
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o Signals with various widths considered: I'/M = 0/0.6%(Zy,)/3%(Zsspm)
@ Only events in the peak used for the limits setting
— interference with Drell-Yan small and neglected.

allowing to reduce several systematics

2.6 fb* (13 TeV, ee) + 2.8 fb™ (13 TeV, py)

----- Median expected
[ 68% expected
[] 95% expected
— 7, (LOXL.3)
—— 95% CL limit

10

2.6 b} (13 TeV ee) + 2.8 b (13 TeV, py)
T T T T
obs, width = 0%
obs, width = 0.6%
obs, width = 3%
- median, width = 0%
- median, width = 0.6%
------ median, width = 3%
Z'cqy, (LOXL.3)
—— 7, (LOxX1.3)

=
o
S

CMs
Preliminary

._.
S
3

o(pp —Z'+X — [1+X)/o(pp - Z+X — l1+X)
o(pp - Z+X - 114+X) I o(pp - Z+X - [1+X)

T | Ly
1000 1500 2000 2500 3000 3500
M [GeV]

10—7 Il L L L L L 1077
500 1000 1500 2000 2500 3000 _ 3500 500
M [GeV]

L. Thomas (UF) A few BSM searches leptons at CMS Apr. 13th, 2016 8/ 22



Search for narrow resonances in dielectron/dimuon mass spectra (3)

Interpretations
o(pp—=Z' +X—=lI+X)

o Limits set on R, = o(pp— Z+ X =TT+ X)

uncertainties.
@ Spin 1 assumed for the new resonance.
@ Main systematics : acceptance x efficiency (8-15%), Drell-Yan background (2-20%).
o Signals with various widths considered: I'/M = 0/0.6%(Zy,)/3%(Zsspm)
@ Only events in the peak used for the limits setting
— interference with Drell-Yan small and neglected.
® Z;,[Zssp excluded below 2.6 TeV/3.15 TeV
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Search for SSM W’ production, in the e/u + MET final state

Search strategy:
@ Search based on the lepton+missing Et transverse mass distribution:

Mr = \/2plEfe=(1 — cos Ap(BL, =)
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Search for SSM W’ production, in the e/u + MET final state

Search strategy:
@ Search based on the lepton+missing Et transverse mass distribution:

M =\ 2pLER™*(1 — cos Ao (7L BF™))

Event selection:
@ One isolated high p; lepton: > 130/53 GeV (e/p)
o Bt /missing E balance: 0.4 < pl/E™* < 1.5 and |Ad(pL, ™) > 2.5
@ Veto on additional leptons with p: > 35/25 (e/p).
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Search for SSM W’ production, in the e/p + MET final state (2)

M+ spectra:
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Search for SSM W’ production, in the e/ + MET final state (3)

Interpretations
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Search for SSM W’ production, in the e/ + MET final state (3)

Interpretations

o Limits set using the full shape of the Wégy, distribution due to large tail at low Mt

(jacobian peak + offshell contribution).
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Search for SSM W’ production, in the e/ + MET final state (3)

Interpretations

o Limits set using the full shape of the Wégy, distribution due to large tail at low Mt

(jacobian peak + offshell contribution).
o Signal acc. x eff. ~ 75% for M = 3 TeV.
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Search for SSM W’ production, in the e/ + MET final state (3)

Interpretations

o Limits set using the full shape of the Wégy, distribution due to large tail at low Mt
(jacobian peak + offshell contribution).
o Signal acc. x eff. ~ 75% for M = 3 TeV.

@ Main systematics : acceptance x efficiency (3-8%), muon momentum scale (10-20%

at p: = 1 TeV), luminosity (2.7%)
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Search for SSM W’ production, in the e/ + MET final state (3)

Interpretations

o Limits set using the full shape of the Wégy, distribution due to large tail at low Mt
(jacobian peak + offshell contribution).

Signal acc. x eff. = 75% for M = 3 TeV.

Main systematics : acceptance x efficiency (3-8%), muon momentum scale (10-20%
at p: = 1 TeV), luminosity (2.7%)

Wssns excluded below 4.4 TeV
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Search strategy:
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Search strategy:
o Similar to e/ + MET
o My distribution even more spread due to the presence of two neutrinos
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Search for SSM W’ production, in the 7 + MET final state

Search strategy:
o Similar to e/ + MET
o My distribution even more spread due to the presence of two neutrinos
o Slightly different kinematic cuts.
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Search for SSM W’ production, in the 7 + MET final state

Search strategy:
o Similar to e/ + MET
o My distribution even more spread due to the presence of two neutrinos
o Slightly different kinematic cuts.
Event selection:
@ One isolated high p: hadronic tau: > 80 GeV
o B /missing Et balance: 0.7 < pl/E™™ < 1.3 and |A¢(BL, B7™*)| > 2.4
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Search for SSM W’ production, in the 7 + MET final state

Search strategy:
o Similar to e/ + MET

o My distribution even more spread due to the presence of two neutrinos
o Slightly different kinematic cuts.

Event selection:

@ One isolated high p: hadronic tau: > 80 GeV

o B /missing Et balance: 0.7 < pl/E™™ < 1.3 and |A¢(pL, B

2.3 b (13 TeV)
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Search for SSM W’ production, in the 7 + MET final state (2)
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Search for SSM W’ production, in the 7 + MET final state (2)

M+ spectra:

2.3 fb~' (13 TeV)
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Search for SSM W’ production, in the 7 + MET final state (2)

M+ spectra:

2.3 fb~' (13 TeV)

tMS ‘ m‘;ss " Won | — W e3Tev
102 | Prefiminary T+ET . multiet  — W M=1TeV |
tt Syst. uncer.
- Z/y — Data

B Diboson

Events/(30 GeV)

=
L

10°
10"
107
o
% :z» ++ l } j
ool FH T F[EF —1 ]
08F | | | e | | 1
200 400 600 800 1000 1200 1400 1600

M [GeV]

Contribution from fakes from QCD much larger than in e/u channels

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 13 / 22



Search for SSM W’ production, in the 7 + MET final state (3)

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 14 / 22



Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations
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Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations
o Limits set using the full shape of the Wég), distribution due to large tail at low Mr.
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Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations

o Limits set using the full shape of the Wég), distribution due to large tail at low Mr.
o Signal acc. x eff. ~ 23% for M = 3 TeV.
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Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations

o Limits set using the full shape of the Wég), distribution due to large tail at low Mr.

o Signal acc. x eff. ~ 23% for M = 3 TeV.

o Main systematics : acceptance X efficiency (= 25% at 1 TeV), tau momentum scale
(3%), luminosity (4.6%), fake uncertainty (50%)
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Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations
o Limits set using the full shape of the Wég), distribution due to large tail at low Mr.
o Signal acc. x eff. ~ 23% for M = 3 TeV.
o Main systematics : acceptance X efficiency (= 25% at 1 TeV), tau momentum scale
(3%), luminosity (4.6%), fake uncertainty (50%)
o Wigy excluded below 3.3 TeV
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Search for SSM W’ production, in the 7 + MET final state (3)

Interpretations
o Limits set using the full shape of the Wég), distribution due to large tail at low Mr.
o Signal acc. x eff. ~ 23% for M = 3 TeV.
o Main systematics : acceptance X efficiency (= 25% at 1 TeV), tau momentum scale
(3%), luminosity (4.6%), fake uncertainty (50%)
o Wigy excluded below 3.3 TeV
o Model independent limits for M+ > given threshold also set
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
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@ Their decay can lead to final state with > 3 charged leptons.
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background

o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (M235F).
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
o Main backgrounds: WZ, tt, Z+ jets, ZZ
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
o Main backgrounds: WZ, tt, Z+ jets, ZZ
Event selection:
o Three isolated leptons (e/p): pr > 20-15-10 GeV
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
o Main backgrounds: WZ, tt, Z+ jets, ZZ
Event selection:
o Three isolated leptons (e/p): pr > 20-15-10 GeV
@ Veto events if any pair satisfies Mossr <12 GeV or if 81 < M3, s¢ < 101 GeV and
an associated OSSF pair with Mosse < 101 GeV is found
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
o Main backgrounds: WZ, tt, Z+ jets, ZZ
Event selection:
o Three isolated leptons (e/p): pr > 20-15-10 GeV
@ Veto events if any pair satisfies Mossr <12 GeV or if 81 < M3, s¢ < 101 GeV and
an associated OSSF pair with Mosse < 101 GeV is found
o LT + Ems > 350 GeV.
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Signal targeted
o Type-lll Seesaw model explains neutrino masses by introducing massive charged
(%) and neutral (X°) fermion partners.
@ Such fermions could be pair produced through electroweak interaction.
@ Their decay can lead to final state with > 3 charged leptons.
Search strategy: define various regions to separate signal from background
o Classify events according to the number of leptons, of opposite sign same flavour
pairs (OSSF), and the lower mass(es) (MS35F).
o Bin events in Ly + ET™ = ¥;pl(j) + Em'ss
o Main backgrounds: WZ, tt, Z+ jets, ZZ
Event selection:
o Three isolated leptons (e/p): pr > 20-15-10 GeV

@ Veto events if any pair satisfies Mossr <12 GeV or if 81 < M3, s¢ < 101 GeV and
an associated OSSF pair with Mosse < 101 GeV is found

o LT + Ems > 350 GeV.

o Signal regions:

Signal regions  # leptons  # OSSF pairs Mosse (GeV)
A =3 >1 > 1 pair € (81,101)
B = >1 lowest MossF >101
C =3 = /
D =4 >1 /




Search for Type-lll Seesaw heavy fermions in the multilepton final state (2)
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Search for Type-lll Seesaw heavy fermions in the multilepton final state (2)

Lt + E™* spectra:
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Interpretations
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Interpretations
o Limits set using the 20 bins together.
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Search for Type-lll Seesaw heavy fermions in the multilepton final state (3)

Interpretations
o Limits set using the 20 bins together.
@ Main systematics : WZ normalization (50%), tt/Z+jets data driven estimates
(14-50%).
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Interpretations
o Limits set using the 20 bins together.
@ Main systematics : WZ normalization (50%), tt/Z+jets data driven estimates
(14-50%).
@ X excluded below 440 GeV .
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Interpretations
Limits set using the 20 bins together.

Main systematics : WZ normalization (50%), tt/Z+jets data driven estimates

(14-50%).

Y excluded below 440 GeV .
Better limits than in Run 1 due to signal cross sections (/3 X higher than at 8 TeV)
and new search strategy.
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Search for leptophobic Z' decaying into four leptons in the final state
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Signal targeted
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Search for leptophobic Z' decaying into four leptons in the final state
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Search for leptophobic Z' decaying into four leptons in the final state

Signal targeted
o Generic search for resonances decaying into 4 leptons: X — ¢¢* — hhhl, as
generic as possible.
Search strategy
@ Bump hunting in the 4 lepton invariant mass spectrum.
@ Both Lepton Flavour conservation (LFC) and violation (LFV) considered (i.e. eeeu
and eppp final states included).
@ No mass constraint except My # Mz in LFC case.
@ Channel extremely clean. (first background: ZZ or tt)
Event selection:
o Four isolated leptons (e/p): pe > 45-45-30-30 GeV
o Possible overlap of leptons due to boosted configuration
— dedicate lepton reconstruction, removal of footprint of neighbour leptons in
isolation computation.
@ Veto on events with two OSSF pairs with 89< Mossr <93 GeV (rejects 30%/70%
of 4e/4u ZZ events)

A few BSM searches with leptons at CMS



Search for leptophobic Z' decaying into four leptons in the final state (2)

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 19 / 22



Search for leptophobic Z' decaying into four leptons in the final state (2)

M, spectra and yields:
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Search for leptophobic Z' decaying into four leptons in the final state (3)

Interpretations

95% C.L. limit, o x Br (fb)
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-

03

Limits set using cut and count in mass window corresponding to + 60 eso (narrow

width approximation)

Signal acc. x eff. =~ 45-70% for (Mz/, My) = (3 TeV,50 GeV).

Signal acc. x eff. =~ 12/2% higher for higher My in e/pn

Main systematics: acceptance x efficiency (10%), ZZ or tt cross sections (30%),
luminosity (2.6%)
Mz excluded below 2.5 TeV for M, = 50 GeV.
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Search for leptophobic Z' decaying into four leptons in the final state (3)

Interpretations

95% C.L. limit, o x Br (fb)
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Limits set using cut and count in mass window corresponding to + 60 eso (narrow

width approximation)

Signal acc. x eff. =~ 45-70% for (Mz/, My) = (3 TeV,50 GeV).
Signal acc. x eff. = 12/2% higher for higher My in e/u
Main systematics: acceptance x efficiency (10%), ZZ or tt cross sections (30%),
luminosity (2.6%)
Mz excluded below 2.5 TeV for M, = 50 GeV.
Model independent limits for the whole mass range also computed
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Conclusions

@ Small (and non exhaustive) review of CMS BSM searches in final states with
dilepton, lepton+MET, multilepton.

o Focused on most recent and Run 2 results

@ No evidence for new physics so far...

o Exclusion limits with Run 2 already stronger than Run 1 in many cases.

@ Much more results in the pipeline (eu, diboson resonances in fully leptonic final

statses, ditau resonances,...)...

@ And of course, much more data to come.

Stay tuned !
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Analyses not covered

Many more recent results if jets/photons added to the final state.

To mention only 13 TeV results:

+te~~/ut T v final states in proton-proton collisions at \/s= 13

@ Search for high-mass resonances in Zv — e
TeV CMS-PAS-EXO0-16-019

@ Search for pair-production of second-generation scalar leptoquarks in pp collisions at \/s= 13 TeV with the
CMS detector CMS-PAS-EXO-16-007

@ Search for massive resonances decaying into pairs of boosted W and Z bosons at y/s= 13 TeV

CMS-PAS-EXO-15-002

@ Search for new physics in final states with two opposite-sign same-flavor leptons, jets and E-,"—'"" in pp collisions
at \/s= 13 TeV CMS-PAS-SUS-15-011

@ Search for supersymmetry in events with one lepton in proton-proton collisions at \/s= 13 TeV with the CMS
experiment CMS-PAS-SUS-15-006

@ Search for SUSY with multileptons in 13 TeV data CMS-PAS-SUS-16-003

@ Search for direct top squark pair production in the single lepton final state at /s= 13 TeV
CMS-PAS-SUS-16-002

@ Search for SUSY in same-sign dilepton events at \/s= 13 TeV CMS-PAS-SUS-15-008

@ Search for supersymmetry in pp collisions at y/s= 13 TeV in the single-lepton final state using the sum of

masses of large radius jets CMS-PAS-SUS-15-007
@ Search for single production of a vector-like T quark decaying to a Higgs boson and a leptonically decaying top
quark CMS-PAS-B2G-15-008
Search for WW in semileptonic final states: low mass extension CMS-PAS-B2G-16-004
Search for heavy resonances decaying into a vector boson and a Higgs boson in the (/I, /v, vv) bb final state
CMS-PAS-B2G-16-003
Search for pair production of vector-like T quarks in the lepton plus jets final state CMS-PAS-B2G-16-002
Search for tt resonances in boosted semileptonic final states in pp collisions at \/s= 13 TeV
CMS-PAS-B2G-15-002
@ Search for W’ boson resonances decaying into a top quark and a bottom quark in the leptonic final state at
v/s= 13 TeV CMS-PAS-B2G-15-004
@ Search for top quark partners with charge 5/3 at \/s= 13 TeV CMS-PAS-B2G-15-006

Some of them in back up if you are interested.

http://cms-results.web.cern.ch/cms-results/public-results/publications/
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Search for high-mass resonances in Zv — ete™v/u™ ™ final states in

proton-proton collisions at y/s= 13 TeV

@ 2 OSSF leptons (p: >25/20 GeV), 1 isolated photon ( p: >40 GeV AR > 0.4 from
leptons)
@ pt~ > 0.266 X Mz/.y
@ Main background: Standard Model Z~.
o Limits set on narrow / finite widths.
CMS Preliminary 2.7 b1 (13 Tev)
CMS Preliminary 2.71b (13 Tev) CMS Preliminary 271 13Tev) g 00T T
s ? T T T ST D T T T N weoou
o + Data o B ¢ pata R 250f 3
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s [ & r <~ H e Expected + 20
i o f o
1; 1= S 150
E ; - L
F > 100f
o e i
" el & L
2 A ekt 8 %O
g } 1A E
T 07‘\\\‘\\\‘\\\‘ il I T
T U T U Y |
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Search for SUSY with multileptons in 13 TeV data

Event selection:
o 3 light leptons (p: >20/15/10 GeV)

@ > 2 jets (p: >30 GeV) b
. t
e EF™ > 50 GeV k ~~~~~ 0
N 1
o Veto on events with / pairs from B hadron decays. | Z7R00¢e..... 0
Various signal regions built from #jets, # b-jets, HT = Z;p¢ j, ) ¢
ET"*, presence/absence of OSSF compatible with onshell Z. ¢
Limits set on various gluinos/squarks decay scenarios.
CMS Preliminary 2.31b7(13 TeV) CMS  Preliminary 2313 Tev) CMS preliminary 2.3 fb™ (13 TeV)
2 T T womone | £ 30 7 T worpomt ] 3 1800[pp - 3.5 - % NLONLL exclusion 2
[ Wiw @ | &0 V) =
I 404 L Jf iz bserved £ 10,,,,,, 1.8
Wy xpected £ 10, gemen 09
1000 “I=H §
4 £
E —10" gi
b1 E-1 o
g 3 a1 N
R - T Yiagd 2 e e
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SR mé[GeV]
On Z signal regions Off Z signal regions Limit on T1tttt
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Search for SUSY in same-sign dilepton events at /s= 13

Event selection:
@ 2 Same sign light leptons p,; >15(e) or 10(u) GeV.
e > 2 jets (p: >40 GeV)
o EF™* > 50 GeV
@ Veto on events with / pairs from B hadron decays/Z.

Various signal regions built from jets, # b-jets, Hr = Xjp.j,
ET", #l withp, | > 25 GeV

Limits set on various gluinos/squarks decay scenarios.

n
CMS Preliminary 2216 (13 Tev) CMS Preliminary 2217(13Tev) o CMS Preliminary 2.2fb" (13 Tev)
g e T T 0 e T T T § 1800/ pp ~ 38,5~ X,  NLO*NLL Exclusions
@ [ HHSRs @ H s o |
2 sof +daa £ <+ data & bserved £ 10,
& 50 4 Ee60 4 £ 1600 oy
U B = Sl S Expected £ 10,

1400

1200)

1000)

| | | | I |
5 10 15 20 25 800 1000 1200 1400 1600 1800

pe,n >25 GeV Pein >25 GeV
Pe 12 >25 GeV pe.2 €(10/15,25) GeV
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Search for single production of a vector-like T quark decaying to a Higgs

boson and a leptonically decaying top quark

Event selection:
o 1 lepton with p; > 50 GeV(e) or 47 GeV(u)

@ 2 central jets with p, >250/100 GeV(e) or 70/50 GeV(u) ¢ .
o Tipl(i) + Tipl(i) + EfF'*s >400 GeV
o 1 forward jet with p, > 30 GeV. T '
o 1 H-tagged jet made of 2 b-tagged subjets with 90 7/W N
< Mj < 160 T
Analysis using a discriminator based on the observed Higgs
q q

and top masses and on AR(t, H).
Limits set on left/right-handed T from tH mass distribution.
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Search for tt resonances in boosted semileptonic final states in pp collisions

at /s= 13 TeV

Event selection:

@ 1 lepton with p > 50 GeV

o CMS Simulation 13 Tev
@ 2 central jets with p, >250/70 GeV(e) or 150/50 GeV(u) Zoof z1widh | 1\ 3
: £ oosf elkHets —Ottag, 1btag 4
o EF™® >120 GeV e) or ook ot 0biag ]
ET™ >50 GeV and ET"° + p;; >150 GeV(u) houd 3
o Events separated according to # t-tagged and b-tagged o 3
jets 002 E|
0.0 |
Analysis using a discriminator based on the observed hadronic B 5 ¥ 0
. M, [Tev]
and leptonic reconstructed top masses.
Limits set on e.g. Z&gp, from tt mass distribution.
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Hadronic top/Higgs mass in searches with Higgs/top in final states

2.3 (13 Tev) CMS Preliminary 2.6 fb* (13 TeV)
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Search for SSM W’ production, in the e/u + MET final state

Cumulative M+ spectra:
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Search for Type-lll Seesaw heavy fermions in the multilepton final state

Systematics uncertainties

Impact on background /signal estimate in channel with

Source of uncertainty Magnitude no OSSF pair  OSSF pair above-Z  OSSF pair on-Z
WZ normalization 50 % 13% 2.8% 41%
ZZ normalization 16 % 0.1% 0.5% 0.4%
Integrated luminosity 2.7 % 0.6 % 0.2% 0.3%
Lepton ID and isolation 3% 3% 3% 3%
Eiss resolution/smearing 50 % 41% 6.3% 0.6%
Pile-up reweighting 5% 1.5% 0.3% 1.3%

tt misidentification rate 50 % 21% 11% 1.8%

Z + jets background 14% 9.2% 11% 1.0%
Rare MC cross section 50 % 1% 2.7% 52%
Signal cross section 10 % 10% 10% 10%
Background (for comparison) 0.3 events 3.0 events 3.5 events
Signal (my = 420 GeV, for comparison) 0.8 events 1.8 events 0.8 events
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Run 1 dielectron resolution

EB-EB

EB-EE CcMS unpubllshed 8 TeV, 19.7 fb!
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Run 1 dimuon resolution

T ™ ™ i T
CMS simulation, Vs = 8 TeV
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Run 1 electron efficiency

CMS 19.7 fb* (8 Tev) CMS 19.7 fb* (8 TeV)
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Run 1 muon efficiency
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Run 1 high energy electron checks

o Check calorimeter response by estimating the highest energetic cell energy (E1) from
the surrounding ones.
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, _e'e channel CMS Projection, 14 TeV
’.6‘10%""""""""""""""%
=] = —— discovery 300" B
N i —— discovery 1000fb™ h
¥ W07 NN, e discovery 1000f™ EB-EB only
§ F —— discovery 3000 7
"-g 10_3; -------- discovery 3000f™", EB-EB only |

10 = —
10° s — Zggm(LO) e TN .. —
10°= z, (‘LO) | | : E

1 000 2000 3000 4000 5000 6000 7000

m(Z’) [GeV]

L. Thomas (UF) A few BSM searches with leptons at CMS Apr. 13th, 2016 36 / 22



	Outline
	Appendix

