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Motivation for exotic Top BSM searches (non-SUSY)

* Many extensions of the SM (exotic models) predict new particles usually coupled
preferentially to 39 generation quarks (top, bottom)

 Basic phenomenology of exotic Top BSM (nhon-SUSY):
= new heavy gauge bosons (to unitarise fully the VV scattering):
DY produced Z’, W’,..

= new fermionic resonances (alter radiative corrections to H from top):
top/b partners (vector-like quarks)

= simplified models of WIMP dark matter produced at the LHC

ATLAS o Collaborations:

EXPERIMENT =

1. Searches for heavy resonances decaying into 3" gen. quarks
2. Searches for vector-like quarks
3. Searches for dark-matter with top quarks

* Latest results (Summer 18) from both

 Apologies if your preferred search is not included due to lack of time



 Top quarks almost exclusively decaying to Wb:
«W—-Iv(~30%)/qq (~ 70% )

* Very peculiar experimental signature
= jets and b-jets, charged leptons, MET (neutrino)

* Algorithms built to identify b-jets

= pbased on secondary vertex and jet shape information

= multivariate discriminant used to discriminate

b-, c- and light-jets

. . - higher p vt
- Boosted object tagging: wﬁé — A

CERN EP 2018 069 35.9 6" (13 TeV)
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* Resonance search:

= spin 1(2) heavy particles decaying i
to a pair of top quarks

- several benchmark models: heavy o
Z’-boson, KK-gluons or gravitons
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Resonances decaying into 3" generation quarks

ATLAS
* Resonance search: Eur. Phys. J. C 78 (2018) 565
= spin 1(2) heavy particles decaying
to a pair of top quarks ___resolved . '?,QQS,t‘e‘d‘ ,,,,,,
- several benchmark models: heavy | ~ S50 T 1 B R
Z-boson, KK-gluons or gravitons e —— "

» Single lepton, MET and jet activity
compatible with hadronic top-quark decay

Data / Pred.
o -
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https://epjc.epj.org/articles/epjc/abs/2018/07/10052_2018_Article_5995/10052_2018_Article_5995.html

Resonances decaying into 3" generation quarks

ATLAS
* Resonance search: Eur. Phys. J. C 78 (2018) 565
= spin 1(2) heavy particles decaying
to a pair of top quarks ___resolved . '?,QQS,t‘e‘d‘ ,,,,,,
- several benchmark models: heavy | ~ S50 T 1 B R
Z-boson, KK-gluons or gravitons e —— "

» Single lepton, MET and jet activity
compatible with hadronic top-quark decay

Data / Pred.
o -

[ Spllt Into reSO|Ved and boosted Channels 575400 500 800 1000 oore(;oo 600 1800 Eoo c"f’é_moa 2000 3000 ;e;; 5000 soo
based on hadronic activity my [GeV] mi*° [GeV]

=13 TeV, 36.1 fb"

» Discriminant: invariant mass of top-pair
system (x?-recontruction) : S il

* Observed (expected) limits (95 % C.L.)
m(Z’) < 2.6 (3.0) TeV, width = 1%

P
Dark Matter 5|mpI|f| crmodel, vector mediator

* First interpretation using top-pair decay
channel for the DM-mediators mass | _ _ ' _
m(Z’) <12-14 TeV Mediator mass [TeV]



https://epjc.epj.org/articles/epjc/abs/2018/07/10052_2018_Article_5995/10052_2018_Article_5995.html

« Search for heavy Z’resonance in 3 final states:

single lepton, dilepton and fully hadronic

* Reconstruction techniques optimized for top
quarks with high Lorentz boosts, requiring the

use of non-isolated leptons and jet substructure

» All hadronic channel:

= 2 high p top-tagged jets, 6 signal regions

(rapidity difference and b-subjet)

= data-driven estimation of QCD via anti-tag

and probe procedure
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https://cds.cern.ch/record/2621631

Resonances decaying into 3" generation quarks

« Search for heavy Z’resonance in 3 final states: CMS-PAS-B2G-17-017
single lepton, dilepton and fully hadronic w 36157 (13 TeV)
* Reconstruction techniques optimized for top G p S
guarks with high Lorentz boosts, requiring the \ 3
use of non-isolated leptons and jet substructure E
- Dilepton channel: define: AR, to categorize E
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https://cds.cern.ch/record/2621631

Resonances decaying into 3" generation quarks

« Search for heavy Z’resonance in 3 final states: CMS_pAS_BZG_]__o]j
single lepton, dilepton and fully hadronic

e 3807 (13 T6Y)
e Data ]
.t E
W(—nv)+jets
Other

* Reconstruction techniques optimized for top 3
quarks with high Lorentz boosts, requiring the 5 &%
use of non-isolated leptons and jet substructure :

« Single lepton channel: 1 non-isolated high p-
lepton and at least 2 high p+jets

= BDT to suppress W+jets background
= SR require top-tagged large-R jet
= 2 -reconstruction of the top-pair system
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https://cds.cern.ch/record/2621631

Resonances decaying into 3" generation quarks

« Search for heavy Z’resonance in 3 final states: CMS-PAS-B2G-17-017
single lepton, dilepton and fully hadronic

* Reconstruction techniques optimized for top
quarks with high Lorentz boosts, requiring the
use of non-isolated leptons and jet substructure

v" All hadronic channel: reduction in the uncertainty on multijet bkg estimate
v" Single lepton channel: improved W+jets rejection via BDT

v" Inclusion of dilepton channel in the combination

36 fo' (13 TeV)

—— Lepton+Jets
Hadronic

Dilepton
Combination

—— RS Gluon (LO x 1.3)

« All hadronic and single lepton channels
provide most of the sensitivity for high-mass,
dilepton contributes in the low-mass range
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https://cds.cern.ch/record/2621631

Resonances decaying into 3" generation quarks

4

« Search for heavy Z’resonance in 3 final states: CMS_PAS_BZG_]_7_0]_7
single lepton, dilepton and fully hadronic

* Reconstruction techniques optimized for top
quarks with high Lorentz boosts, requiring the
use of non-isolated leptons and jet substructure

v" All hadronic channel: reduction in the uncertainty on multijet bkg estimate
v" Single lepton channel: improved W+jets rejection via BDT

v" Inclusion of dilepton channel in the combination

_ 36 b (13 TeV)
- All hadronic and single lepton channels [ CMS o Drperies
provide most of the sensitivity for high-mass, gwk P
dilepton contributes in the low-mass range % 107 T omtinaton O w11 +2)

* Observed (expected) limits (95 % CL)
m(Z’) < 3.8 (3.75) TeV, width = 1%

95% CL Limit on o
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https://cds.cern.ch/record/2621631

Resonances decaying to top and bottom

ATLAS), |

« Search for a heavy W’ resonance decaying to a top and CERNE)I(EPEFZI-MZEE)T18-1Z%
bottom quarks in the semileptonic decay channel Phys. Lett. B 777 (2018) 39
« Complementary to searches for W’ —Ilv and q b

W’ —-WZ, with a single lepton, MET and central "
jet activity, sensitive to m,, of 1 - 4 TeV W -

12


https://arxiv.org/abs/1807.10473
http://dx.doi.org/10.1016/j.physletb.2017.12.006

Resonances decaying to top and bottom

ATLAS),

« Search for a heavy W’ resonance decaying to a top and CERNEE;'%TBZ
bottom quarks in the semileptonic decay channel Phys. Lett. B 777 (2018) 39
- Complementary to searches for W’ —lv and 2 s v -
W’ —W2Z, with a single lepton, MET and central o Bre
jet activity, sensitive to my,. of 1 - 4 TeV . Nincomety -

ween pre-fit

= ATLAS: kinematic categorisation based
on lepton type and number of (b-) jets

1
. . B2
= CMS: hight p; non-isolated leptons, and B R ‘“\
categories on top and jets p- B AEEE 45[5T;V]
» Syst. uncert. dominated by b-tagging efficiency _ 5ot (137aY,
and top-pair generator/showering S oh oms R
§ 103; wjets -:;;:ir:i:?ntd uncertainty ;
- Combined ATLAS single lepton + fully e e
hadronic final state search: m(W75) < 3.25 TeV, DA

similar to CMS single lepton exclusion of m(W/’;)
<3.4TeV

Data-Bkg

1000 2000 3000 4000 5000

M, (GeV)
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https://arxiv.org/abs/1807.10473
https://www.sciencedirect.com/science/article/pii/S0370269318302259
http://dx.doi.org/10.1016/j.physletb.2017.12.006

Searching for vector-like quarks (VLQSs)

* VLQs predicted in many BSM models that address the naturalness
= coloured, fractionally-charged fermions, left- and right-handed components
have same weak isospin (“vector-like")

* Both fractional (-1/3, 2/3) and “exotic” (-4/3, 5/3) charges possible
T (B’4/3, Y) (T5/3, X)

« Pair (single) production via QCD (EW) interactions

=  Single: model dependent (EW coupling), dominate high-mass
= Pair: model independent (QCD), typically leading low mass

b,t,t
« Most searches assume:
W+ H,Z = VLQs couple only to SM patrticles
= VLQs decay always to a boson
(W,Z,H) and 3" generation quarks

* Rich phenomenology at the LHC based on t, b, H, W, Z signature

14



TT/BB—2 SS and 3 leptons

ATLAS

EXPERIMENT

* Wide search for new phenomena CERN-EP-2018-171
= vector-like quark, exotic four-top-quark, d
2HDM and top-coupled DM production L

15


https://arxiv.org/abs/1807.11883

TT/BB—2 SS and 3 leptons @

* Wide search for new phenomena
= vector-like quark, exotic four-top-quark,
2HDM and top-coupled DM production

« Cut & count in 6 (8) validation (signal) regions
with selection on MET, HT, number of leptons,
jets and b-jets: achieve very low SM background
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https://arxiv.org/abs/1807.11883

TT/BB—2 SS and 3 leptons @

ATLAS

EXPERIMENT

* Wide search for new phenomena CERN-EP-2018-171
= vector-like quark, exotic four-top-quark,
2HDM and top-coupled DM production

« Cut & count in 6 (8) validation (signal) regions

with selection on MET, HT, number of leptons, Fake/non-prompt
jets and b-jets: achieve very low SM background | Charge mis-ID
- Data-driven backgrounds: $owgpamas T

o' =—SS dilepton / trilepton
VLQ/4top Validation Regions

v Fake/non-prompt e/u backgrounds estimated
using a matrix method

v Charge mis-ID backgrounds (for same-sign
dilepton events) estimated via rate measured
In data

Data / Pred
—

05E
VR1b2l  VR2b2l VR3b2l VR1b3l VR2b3I  VR3b3I

validation regions
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https://arxiv.org/abs/1807.11883

TT/BB—2 SS and 3 leptons @

Wide search for new phenomena
= vector-like quark, exotic four-top-quark,
2HDM and top-coupled DM production

Cut & count in 6 (8) validation (signal) regions
with selection on MET, HT, number of leptons,
jets and b-jets: achieve very low SM background

Data-driven backgrounds:

v Fake/non-prompt e/u backgrounds estimated
using a matrix method

v Charge mis-ID backgrounds (for same-sign
dilepton events) estimated via rate measured
In data

Event Yield

Data / Pred.

signal regions

ATLAS

EXPERIMENT

CERN-EP-2018-171

- ATLAS

T {s=13TeV,36.1 0"

T sS dilepton / trilepton
F—VvLQyatop Signal Regions

D[ata
Fake/non-prompt
Charge mis-ID
tiz
{H
1w
Dibosons
i
Other bkg
& TT 1TeV (44 fb)
=& T CI (40 fb)
wpuns Total bkg unc.

o(pp — ttH) x BR(H — tf) [pb]

—

SAtbgy SPavg SRang vy Aoy SHE[JW/ o,

c ATLAS

=== Observed limit
L 4 ==eae Expected limit
- {s=13TeV,36.11b o ]

T +2

_ 2HDM type-ll H — ft Allimits a 95% C.L 3
£ SS dilepton / trilepton + b-jets  Theory (nNLO): E
C —— fanf = 0.3

— tanf =05

LA B e e B L

— tanf=1.0

Constrain T (B) masses at 95% C.L. at around 1 TeV in the singlet scenario

Limits in the 2HDM interpretation: probing masses from 0.4 - 1 TeV

18
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TT/BB—1 lepton, 2 SS and 3 leptons

Generic search for TT/BB decaying to jets and one, JHEP 08 (2018) 177
two same-sign and three leptons . s59m'(8Tev
E 102; CMS :'I[l_?t(i‘lIOTeV) -ESVP
= F elu+jets T o
Heavy VLQs decay products often merged: quantify 3 “f™*=s """ Seg
jet internal structure with N-prong hypothesis ENRE
Single lepton: 16 categories of events with/without 10°g
H/W-jets (~60% efficiency) and b-jets 2

Event yield in the 2SS dilepton and S; in 4 trilepton S; (GeV)

categories based on lepton flavour

35.9 fb (13 TeV)

c T
s - Data - Nonprompt |
P "’3 2 CMS —TT(1.0TeV) x2 EEVV(V) =
& [ ompp e TT(1.2 TeV) x10 0 ti+V

w

T Bkg uncen.:

MC simulation-based (data-driven) for prompt
(instrumental) backgrounds

Exclude T (B) quarks at 95% C.L. with masses below
1200 (1170) GeV in the singlet and 1280 (940) GeV
in the doublet branching fraction scenario S, (GeV)

(data-bkg)

std. dev.
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https://link.springer.com/article/10.1007/JHEP08(2018)177

TT/BB—Z(—I)t/b+X

Search for VLQs which targets their decays into a Z-
boson and a 3 generation quark

=2 elu, with one pair consistent with Z-boson decay,
=2 jets and =21 b-tagged jets

four signal regions defined:
= 3 dilepton signal regions with 0/ 1 or =22 large-
radius jets
= 1 trilepton signal region with =21 b-tagged jets

Backgrounds from MC, corrected in the fit using
specific CRs for tt/Z+jets, tt+X and diboson

Final discriminants: HT, mass of Zb-system and
scalar sum of small-R jet and lepton transverse
momenta (Sy)

Exclude T (B) quarks at 95% C.L. with masses below
1030 (1010) GeV in the singlet and 1210 (1140) GeV
In the doublet branching fraction scenario

Events / 100 GeV

Data / Bkg.

ATLAS

EXPERIMENT

CERN-EP-2018-145

—————
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https://arxiv.org/abs/1806.10555

TT/BB—fully hadronic @

« Search for VLQs which targets targets all decay
modes of T/B with O leptons =

« Uses high-pT variable-radius reclustered (VRC) jets E

 VRC-jets are tagged as V, H, or top, based on a
multi-class DNN-tagger.

* V-, H- (VV,VH,HH), t-, and b-tagged multiplicity
defines the 12 signal regions

* Multi-jet Backgrounds: “ABCD” method, top from
MC with floating normalisation

« Discriminant: “Signal LLH” matrix element of VLQ
signal likelihood in 12 signal regions

« Exclude B quarks at 95% C.L. with masses below
~1 TeV in the singlet and doublet BRs scenarios

ATLAS

EXPERIMENT

CERN-EP-2018-176

T T e T T o o e
r ATLAS Simulation
- Ys=13Tev == V-boson jet
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0 L
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o E
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O 44 @0 2 =0 95 S0 5 0

Signal LLH
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https://arxiv.org/abs/1808.01771

Combination of VLQ searches

ATLAS

EXPERIMENT

« Combination of seven pair-production searches CERN-EP-2018-205
at 13 TeV using 36.1 fb

Analysis TT decay BB decay
- Significantly extends the reach of individual H(bb)t + X HiHF ]
searches W(tv)b + X WbWb -
W(lv)t+ X - WiWr
- Singlet T (B) quarks at 95% C.L. excluded for gg;;’))f/zxx ?‘gi -
L) D+ tLt
masses below 1.31 (1.22) TeV and myg, < 1.37 tril /s.s. dilepton mHF  WiWT
(1.37) TeV in the doublet scenario fully-hadronic HiHT ~ HbHbD
8 | =i Theory (NNLO prediction +10) 8 | =i Theory (NNLO prediction +10) E | == Theory (NNLO prediction +1o)
E 10— 95% CL combined observed E 10— 95% CL combined observed 'FE 1o — 95% CL combined observed _
--------- 95% CL combined expected wweeeeeee 95% CL combined expected wweeeeeee 95% CL combined expected
T m 95% CL expected limit +io T m 95% CL expected limit +io T m 95% CL expected limit +io
% | 95% CL expected limit +2¢ % | 95% CL expected limit +2¢ % | 95% CL expected limit +2¢

107 10" 10
1072 1072 107
ATLAS ATLAS ATLAS
10° Vs=13TeV,36.1fb' SU(2)singlet | 10° Vs=13TeV,36.1fb' SU(2)doublet | 10° Vs=13TeV,36.1fb"' SU(2) singlet
—— H(bbjt+X — W(v)b+X — Zfljb+X 3 —— H(bbjt+X — W(v)b+X — Z(ljb+X 3 WX — Z(ljbeX Trl/ss. dilep.  — Fully-ha e
Tril./s.s. dilep. —— Fully-had. Zwt+X Tril./s.s. dilep. —— Fully-had. Zwt+X o . ';
700 800 900 1000 1100 1200 1300 1400 700 800 900 1000 1100 1200 1300 1400 700 800 900 1000 1100 1200 1300 1400
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https://arxiv.org/abs/1808.02343

Combination of VLQ searches @

ATLAS

EXPERIMENT

« Combination of seven pair-production searches CERN-EP-2018-205
at 13 TeV using 36.1 fb?

vector-like T

BR(T — Ht)

w

W=

0 02 04 06 08 0 02 04 06 08 0 02 04 06 08 1

BR(T — Wb)
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Combination of VLQ searches

ATLAS

EXPERIMENT

« Combination of seven pair-production searches CERN-EP-2018-205
at 13 TeV using 36.1 fb?

vector-like T

—
/

BR(T — Ht)
NN

/

(Boosted) top quark(s)

w

W=

0 02 04 06 08 0 02 04 06 08 0 02 04 06 08 1

BR(T — Wb)
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Combination of VLQ searches

ATLAS

EXPERIMENT

« Combination of seven pair-production searches CERN-EP-2018-205
at 13 TeV using 36.1 fb?

vector-like T

—
/

BR(T — Ht)
\\\\\\\\

/

(Boosted) top quark(s)

High-p; b-jet(s)

w

0.2 P

P ,
0 02 04 06 08 0 02 04 06 08 0 02 04 06 08 1

BR(T — Wb)

W=
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Combination of VLQ searches

ATEAS
« Combination of seven pair-production searches CERN-EP-2018-205
at 13 TeV using 36.1 fb?
vector-like T
G
T 'p.
T 0.8 N
0.6 N
— gj;// (Boosted) top quark(s)
=== Exp. exclusion DObs. exclusion % 0.8/ \\\
W(Iv)b+X [arxiv1707.03347] 0.6 \\\
0.4 N . .
= H(bb)}t+X farxiv:1803.09678] 0.2 \\\ H|Qh-DT b-let(S)
— Z(VV)tX [ariv:1705.10751] ; N /
Trilep./same-sign [cERN-EP-2018-171] * g: \\\
— Z{I)t/b+X [arXiv:1806.10555] * 0.4 ™ «
— All-had [CERN-EP-2018-I76]* 02 b
0.8
0.6 W
0.4
O-i // W=

0 02 04 06 08 0 02 04 06 08 0 02 04 06 08 1

BR(T — Wb)
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Combination of VLQ searches

Combination of seven pair-production searches
at 13 TeV using 36.1 fb?

vector-like T

o

" m, = 800 GeV

2 i

’ !s‘

i ATLAS
{ Vs=13Tev,36.1 fb”

=== Exp. exclusion [[T] Obs. exclusion
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Combination of VLQ searches

« Combination of seven pair-production searches
at 13 TeV using 36.1 fb?

vector-like T

ATLAS

Vs=13TeV,36.11b"
=== Exp. exclusion [[T] Obs. exclusion

WH{IV)b+X [arxiv:1707.03347)

H(bb)t+X (arxiv-1803.09678]

Z(VW)t+X [anav170s.10751]
- Trilep./same-sign [CEAN-EP-2018-171]

. Z(IWb+X farxiv:iso6.10555]

All-had (ceAn-Ep-2018-178]

% SU(2) doublet @ SU(2) singlet

: -~
. _'. T r 0/) ) 7]
E L4 2 1 L] I L] ]
- EE \\ ".~‘\\ =r~\ 1 1 1 l.. 1 1 1 1 1 1
00 02 04 06 08 0 02 04 08 08 0 02 04 08 08 1

BR(T — Wb)

ATLAS

EXPERIMENT

CERN-EP-2018-205

vector-like B

ATLAS
1 Vs=13Tev,36.1f0"
1 === Exp. exclusion .Obs, exclusion

— W)X [ariv1806.01762]

Trilep./same-sign (ceAn-gp-2018-171]

Z(ID+X [arxiv:1806.10555)

All-had (cern-ep-2018-176]

# SU(@) (T.B) doublet
*  SU2) (B.Y) doublet
. 1 ® SU(2)singlet
] H m,=1100GeV}  m,=1150 GeV :
N ] %, £ %,
& T P, I e
X . inYs N
E_E \s\ :p . _"_?\\\ q: ~,
¥ e e, s R
3 m, = 1300 GeV m; = 1400 GeV
: 2 i 4
: R T, P,
3 ; ° 1 .
SN DU ST 2 -2 S
0 02 04 06 0.8 0 02 04 06 08 0 02 04 06 08 1

BR(B — W)

28


https://arxiv.org/abs/1808.02343

single VLQ: B—bH(—yy) @
ATLAS

EXPERIMENT

« Search for single B —Hb in the diphoton decay ATLAS-CONF-2018-024
mode using 2015+2016 and 2017 data (79.8 fb!)

« t-channel production characteristic: 2 photons, 9

forward jet and high p; b-jet
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single VLQ: B—bH(—yy)

AT
« Search for single B —Hb in the diphoton decay ATLAS-CONF-2018-024
mode using 2015+2016 and 2017 data (79.8 fb!)
Higgs
window

« t-channel production characteristic: 2 photons,
forward jet and high p; b-jet

« Higgs backgrounds from MC, non-resonant
continuum (yy+jet) from data-driven estimate
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single VLQ: B—bH(—yy) @

ATLAS
- Search for single B —Hb in the diphoton decay ATLAS-CONF-2018-024
mode using 2015+2016 and 2017 data (79.8 fb1) e
8 ATLAS Preliminary 2
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In a large class of models, DM consists of stable

WIMPs (x) which may be pair-produced at LHC
with a spin-0 scalar (¢) or pseudo-scalar (a)
mediator produced in assocation with top quarks

= Probing mediator mass within 10-500 GeV
= Coupling between mediator and DM setto 1
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Top quarks and Dark Matter

* In a large class of models, DM consists of stable CERN-EP-2018-183
WIMPs (x) which may be pair-produced at LHC ¢ —————————
with a spin-0 scalar (¢) or pseudo-scalar (a) 2 | wmamuoncrms S

. . . . G>> 10* = [0 Zv'+iets 3
mediator produced in assocation with top quarks i I e :
o 5 oo e

- Search for top+DM (it + xx) covering all top-pair . oo et o
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Top quarks and Dark Matter

In a large class of models, DM consists of stable
WIMPs (x) which may be pair-produced at LHC
with a spin-0 scalar (¢) or pseudo-scalar (a)
mediator produced in assocation with top quarks

Search for top+DM (tt + xx) covering all top-pair
decay modes: all-hadronic, lepton+jets and
dileptonic final states

Dedicated CRs to constrain tt,W/Z+jets for each
meiss bin

= all-hadronic: categorisation based on MVA
“Resolved Top Tagger” that identifies top — 3 jets

= |epton+jets: CRs in order to control
Z(vw)IW(lv)+jets, cuts to suppress dileptonic
decays

Exclude (pseudo-) scalar DM mediator with masses
of 160 (220) GeV (assuming m,=1 GeV)

Better sensitivity for spin-O mediators than DM+jets
(considered the most sensitive signature!)
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Conclusions H

 Top quark: ideal to probe several new theories extending the Standard Model

* Both ATLAS and CMS have a broad search program using top/b-quarks with many
public results in the last months: no evidence for new physics has yet emerged

 Challenging and rare decay modes are exploited:
= generic searches using all possible top-quark pair final states
= dedicated resolved/boosted channels
= jet substructure and jet reclustering
= event categorisation/background rejection using MVAs
= combination of searches and various interpretations of the results

* Looking forward to new results using 2017/18 data thanks to LHC great performance
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Conclusions H

 Top quark: ideal to probe several new theories extending the Standard Model

* Both ATLAS and CMS have a broad search program using top/b-quarks with many
public results in the last months: no evidence for new physics has yet emerged

 Challenging and rare decay modes are exploited:
= generic searches using all possible top-quark pair final states
= dedicated resolved/boosted channels
= jet substructure and jet reclustering
= event categorisation/background rejection using MVAs
= combination of searches and various interpretations of the results

* Looking forward to new results using 2017/18 data thanks to LHC great performance
and thank you for your attention!
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4 tops in SS dilepton/trilepton events

ATLAS

«  Excess info: More than half of the excess is observed in events with two muons,
three b-tagged jets and HT around 700 GeV.

-+ the kinematic properties of the events were compared with the expectations from
the BSM four-top-quark production benchmark models, and found to agree poorly
with all of them, particularly in the b-tagged jet multiplicity
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Resonances with the 3" generation quarks

ATLAS

EXPERIMENT

Eur. Phys. J. C 78 (2018) 565

Interactions between dark matter and normal matter may be mediated by weakly coupled TeV-scale
particles. This search considers an axial-vector mediator, Zj,, . and a vector mediator, Zp, ... within
a framework of simplified models proposed by the LHC Dark Matter Working group [7]. There are
five free parameters for these mediators: the coupling to quarks (g, ). the coupling to leptons (g¢). the
coupling to dark matter (gpm ). the dark-matter mass (mpy) and the mediator mass. The mediator mass
is varied between 0.5 TeV and 5 TeV with the other parameters set to g, = 0.25, g¢ = 0, gpm = I, and
mpwm = 10 GeV following the benchmarks A1 and V1 defined in Ref. [7]. The width of ZEM_, and Z/

! DM, vec
are 5.6% of their masses, with the Z),, = width kinematically limited to 5.3% at 0.5 TeV.

[7] A. Albert et al., Recommendations of the LHC Dark Matter Working Group: Comparing LHC
searches for heavy mediators of dark matter production in visible and invisible decay channels,
(), arXiv: 1703.05703 [hep-ex].
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Resonances decaying into 3" generation quarks

Uncertainty Channel
Source Prior Dilepton  Single Lepton  Hadronic
b tag efficency +1sd.(pr, 1) v v
b mistag rate +1sd.(pr, 1) v v
Parton distribution functions +1s.d v v v
C5V shape +1s.d v
Diboson cross section 15% v
Electron trigger +1sd.(pry) v v
Electron identification +1sd.(pr, 1) v v
Jet energy scale +1sd.(pr, 1) v v v
Jet energy resolution +1s.d.(y) v v v
Luminosity measurement 2.7% v v v
NTM] modified mass procedure +1 s.d. v
NTM] estimate closure test +1 s.d. v
Muon trigger +1sd.(pr,y) v v
Muon identification +1s.d.(y) v v
Pileup reweighting +1s.d v v v
? scale (tt pair production) +1s.d. v v v
Single top quark cross section 15% v
t tagging efficiency unconstrained v v
t tagging mistag rate (Fully hadronic) +1sd.(p) v
t tagging mistag rate (Single Lepton) +1s.d v
Top quark pair cross section 3% v v v
Top quark pr reweighting +1s.d v v v
W+jets cross section 8% v v
Z+jets cross section 20% v v

Table 1: Sources of systematic uncertainty that affect the Mg distribution in each analysis chan-
nel. For uncertainty sources that apply to multiple channels, the corresponding nuisance pa-
rameter is fully correlated across these channels if the symbol v'appears in the same row of
the table. For normalization uncertainties, the size of the effect on the prior distribution is
shown. Shape uncertainties have pirors of one standard deviation (s.d.), and the dependence

on kinematic quantities is shown.
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TT/BB—fully hadronic

The discriminant function P for a V boson, Higgs boson and top quark is given by ATLAS

EXPERIMENT
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Dark Matter and tops

July 2018: CMS-PAS-B2G-17-018

The signal is simulated using simplified models of dark matter production [43]. The domi-
nant mechanism is s-channel production of the mediator via gluon fusion, with the mediator
then decaying to a pair of dark matter particles. The dark matter particles are assumed to be
Dirac fermions, and the mediators are spin-0 particles with scalar (¢) or pseudoscalar (a) in-
teractions. The couplings between the mediator and standard model quarks are gqq = gqv/q,

where yq, = \ﬁmq /v are the standard model Yukawa couplings, 14 is the quark mass, and
v = 246 GeV is the Higgs boson field vacuum expectation value. The g, parameter is assumed
to be unity for all quarks. The direct coupling strength of the mediators to dark matter is de-
noted by gy. The model does not take into account possible mixing between ¢ and the standard
model Higgs boson [44]. The tt+ xx signal is generated at LO using MADGRAPH with up to
one additional parton, and the mediator is forced to decay to a pair of dark matter fermions.
The mediator width is computed according to partial-width formulas in Ref. [45] and assum-
ing no additional interactions beyond those described here. The relative width of the scalar
(pseudoscalar) mediator varies between 4-6% (4-8%) for masses in the range of 10-500 GeV.
The signal is normalized to the cross section computed at NLO in QCD.
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