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Theory Framework
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3rd Gen. SUSY
DM+HF results
Final notes

“This could be the discovery of the century. Depending,
of course, on how far down it goes.”

This is not a comprehensive review
(rather focused on recent results)
Impossible to cover all details
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Delivered Luminosity [fb™]

LHC Performance (2010-2016)

Spectacular LHC performance
(rapid increase of data samples)
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LHC performed beyond expectations in 2016
leading to a data samples of about 40 fb-1

(..at the costs of increased pile-up. levels). 1c v vartine:
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ATLAS/CMS Performance

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
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Standard Model Total Production Cross Section Measurements

Summary EWK/Top Physics (I)

Status: May 2017
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Summary QCD/EWK/Top Physics ()

Standard Model Production Cross Section Measurements

Status: May 2017
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CMS

Compact Muon Solenoid

Summary QCD/EWK/Top Physics (llI)

CMS Preliminary

May 2017
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Quarks

Leptons

Some of the open questions
(i.e., the need for new physics)

|
d E8lg
v,z
e U T W

Three Generations of Matter

1ers

Force Carr

* Who ordered 3 generations?
o Matter/Anti-Matter ?

* Hierarchy Problem ...
e Unification at Large Scale?
e Dark Matter in the Cosmos?

New Physics (!)

O(TeV) scale phenomenology
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Search for SUSY

Gluino mediated and direct third
generation squarks producton

Centered in RP conserving scenarios
and somehow driven by DM*HF searches...



SuperSymmetry in 30"

Double Spectra of Particles
Standard particles SUSY particles
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Ouarks @ twons @ Force particies

O/ boson v~ fermion
= * _‘5‘< ) =1 ..Will mix to form mass eigenstates..
{“:::D , Higgs sector with 2 doublets
~ boson  gaugino
- A"OQ— =0

; : H, H,——h,H,AH

eFermion/Boson symmetry

Q | fermion > =| boson >
Q | boson > =| fermion >

eExact cancellation between
fermion & boson loops for Higgs

..SUSY must be broken..... model-dependent phenomenology =



Unification of Forces...

Forces Merge at High Energies
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M (GeV)
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SUSY candidate for Dark Matter

Picture taken after Tevatron
and before LHC era
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Squarks and Gluinos are heavy

mixing of third generation leads
to light stop and sbottom
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X1 good candidate for Dark Matter
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One higgs is very light ( < 135 GeV)



Taken from T. Rizzo

SUSY ZOO

Reminder:
SUSY is not a single
model but a very large
theoretical framework

Dirac |
gauginos

mSUGRA

14
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B (B, — uu) and Cosmological Connection

mSUGRA at tanf8= 50

95% CL Limits on B(B, — up)
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Cross Section [pb]

SUSY Cross Sections @ LHC (14 TeV)
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ATLAS-CONF-2017-021

Events / 100 GeV

Gluino-mediated sbottom/stop

Considering both OL and 1L channels
Selection on events with large Njet, Nb-jets, E;miss,
m;, Jet Mass for Iarge R-jets,

Vs=13 TeV, 36.1 fb

ner«p»

Mgy = Z pr% + Z py + Emis

@ T T T T T T T > [T T T U T T ]
5 ATLAS Preliminar o Data X Total background 810 ATLAs Prenmmary S Tousakgon
S s rennay = EoF Sol o SIS
_ + + Single top _
Vs=13 TeV, 36.1 fb° [Z+fets I Diboson Q 10° 0L Preselection E ;7;; E
102 Multi-bin analysis [ Multjet > — oot ]
c 10* & 5 Multjet E
10 2 I e e
10 &
1E -\\\ 102 greeee I
._ N ] e e
. [ — N il
SRRIRANN POV bitiic S EAR R B 3
s s 2
2 a2
= e NS
ik : ng\m S \\\\\\\*\\\\\\\5\&\\%
T 2
= i ; i i i i i i i 0500 7000 7500 2000 2500 3000
£ SRy, L‘ISLZ?' 0 LQSH‘O L‘L/SR oy S/;_O L‘/Ls/q‘ P L~/LS/?'0L/,SR‘ . L//SR"OL‘HZSR P 4~/~/f/?'04~/~//sﬁ‘ . H;SH‘OL Hz/?. ety m [GeV]
§§ production, g — ti+i°, m(q) >> m(g)
Ll 200 T T I T T T I T T T I T T T I T T T | T T T | T T T ]
Ng 29 OL-HL OL-HI % - ATLAS Prehmmary ------ Expected limit in 2015 .
o (5 1800 = (s_13Tev, 36.1 fb —— Observed limitin 2015
T T . . — - ==== Expected limit (+1 ]
9 I I I I I I S L oLl < 1600 __Muln -bin analysis OXP imi (+ GexBSY 3
£ ATLAS Preliminary ® Daa tet 153 C = Observed limit (£ 1Gtheory) .
8F Vs=13 TeV, 36.1 fb"! SR Total background - TE/ 1400 All limits at 95% CL =
- T (Y e = ]
43 cl\)lll:llg:—lbin analysis Snaitop #=Na =6 OL-LH 1200 - 300 S S rory Lo =
6 u y B X oL-LL oL-LI - T == i B
5i % Z\/Ji?;; Low m Intermtz;iiate Highm_ 1000 :_ e \\\s _:
E I Diboson . F A \\\ 3
4t ] Mutijets = . . 800 =" \ -
==vs G m@, mEz) = 19001 3 Excluding gluinos F \ 7
KIS R Git: m(@), m(z,) = 1900, 600 g g 600 [— B —
3] — 1 —
2 1 upto2TeV for 400 E- \ E
N\ - f— 1 —
] . - _ 1 7
— f— 1 —
1— _________ - light neutralinos 200 F : =
e e i T T e s " [ : ] —
200 300 800 900 1000 . Coo o b b ey : | SRR, |
miss Flavour Physics @ 1200 1400 1600 1800 2000 2200 2400
ET" [GeV]
T

m(g) [GeV]



CMS-SUS-16-033 ] ] Vs=13 TeV, 35.9fb* | CMS
Gluino-mediated stop/sbottom

A 4D search on Njet, Nb-jet, H; and H;miss
A total of 174 search regions
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CMS-SUS-16-033

Gluino-mediated stop/sbottom
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Summary on Gluino-mediated
- stop/sbottom production

iw Different analyses including other
observable and also leptons
in the final state
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Excluding gluino masses
all the way to 2 TeV
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“Natural SUSY 2012”
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- >4 Direct Stop/Sbottom

¢ Y. ¢ In the scenario with TeV gluinos / squarks (1st/2nd generations)
X F . All the attention is put now in searches for stop/sbottom
b, = b 3°— b h(Z) x,° Multiple channels according to the decays
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ATLAS-CONF-2017-038 Vs=13 TeV, 36.1 fb!
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CMS-PAS-SUS-16-049 Vs=13TeV, 35.9 fb™  [CNAS

-~ Stop pair production

Compact Muon Solenoid

-l (all-hadronic channel)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS Vs=13 TeV 35.9 fb-l CMS

Summary of Stop/Sbottom
N ’4‘% . \° ; / Also including

Compact Muon Solenoid

- / o channels with
. 0 7 3 \ % leptons in the final state
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~ o~ b
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Stop/sbottom exclusion goes beyond 1 TeV m: [GeV]



ATLAS-CONF-2017-020
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Good agreement with SM predictions
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Stop Pair Producti

. . = &
Large E;™'ss and large m >min &
At least four jets, and 2 b-jets, lepton veto 25
=
. . 400
Reconstruction of two large jets R=1.2
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(events with two and one reconstructed top)
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Summary Searches for Stop

(different mass hierarchies, simplified models)

tt, production, t,> b ff %, /T—>cX, /t>WbX, /{,—> t X, Status: May 2017
;‘ __L LI I LI I LI I L I LI | LI | L | L I L I I .1__
8 700— ATLAS Preliminary \s=13 TeV —
—_— [ e itx/t> Wby, oL 36.1 fb”' [CONF-2017-020] 7]
EOZXF - i tx /T WbE /T bff R 1L 36.1 fb' [CONF-2017-037] 7
600 — WMt X/ T> Wb /T>bffy 2L 36.1 fb' [CONF-2017-034] —
- B iocx Monojet 3.2 fb™' [1604.07773] -
[ —— Vs=8TeV, 20 b Run 1 [1506.08616] _
500}— —
[~ =—— Observed limits ==-=-- Expected limits All limits at 95% CL ]
| //Q L 7 //$ . Vs I/&: Ve o —
| >N, ,7&/ B /:\4 - N ]
400— —
300}— L —

200}— .
:/ i)f \ ,":
100f— —
W \
_I | A | | i | | | I I | | | I I | | I I | | | I'. | | | N I | | | | | | \]_

o
200 300 400 500 600 700 800 900 1000

m;, [GeV]
Exclusion for m(~t;) < ~950 GeV for massless LSP

Exclusion up to m(LSP) ~350 GeV



Generic DM+HF Searches

Using simplified models
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Introduetory notes e

If Dark Matteroturns to beaWIMP like (weakly mteractmg)
- there is*a ‘chanée to produce it dlrectly at collldens
- (Golden channel 9 Mono-jet ﬁnal state)

.

This makes the Lf-IC

complementary to

. direct-detection dedicated.
exf)'eriments ur'\dergt:ound |

o~

Some i the models explored at -
S the LHC are /also inspired by

- the Higgs boson and for -
'~ , indirect searches at: satelhtes,’ .
o heauy ﬂavors involved. 1
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Benchmark Models

In Run Il the ATLAS and CMS experiments moved away from
the use of EFT inspired models with questionable validity
at high-Q2

A set of well-defined simplified diagrams with heavy mediators
is now considered motivated by a number of different
considerations (DM Forum: arXiv:1507.00966) Ik

 Simple extensions of SM symmetries
* Minimal Flavor Violation s
* Assuming Yukawa couplings = favor 3™ genera""-"*'*“- :
* Some models inspired by satellite “hints” =

In some cases a clear overlap with .
SUSY-inspired simplified models for direct

production of 3" generation squarks, ...



Eur. Phys. J. C (2015) 75:92 Vs=8 TeV, 20.3 fb™!
+b/
DM+b/bb

g b g ) A _-;‘::
Mono-b targeted event selection criteria VS
X .
X E,m™s> 300 GeV
X p;(j1) > 100 GeV i .
X , X N.(p; > 30 GeV) <2 Other signal regions target

DM+bb (not discussed yet

Nner«p»

Events / 50 GeV

Data/SM

b At least one b-tagged jet
108 g ey AQ (7, jets) > 1.0 in this slide)
= —eo— Dat 3
_F ATLAS _ — Vgt = Lepton vetoes
10°E 1s-8Tev, [Lt=20310" e =
o |- (@ SR % (S)'tr;ge'f top = Z(=> vv)+jets and W(=>lv)+jets backgrounds
e o Syst ; constrained in Z+jets, y+jets and W+jets control
_________ DM+b(10GeV).D9 5 regions (tt-bar from MC validated in control regions)
10% ey L E
o e -
1 ; el Name | Initial state Type Operator
= i —=E
= : ] 3 D1 qq scalar EXXaq
101_5. ....... illllll||||||||||||||||||||||||||||||||_ i
15 = D5 qq vector I XY*XAVug
1%%7&%%#&%%{%}% M g
0.5 E fo1 1 oaladbra 5
200 250 300 350 400 450 500 550 600 650 700 D8 1 axial-vector 3 X 71’ XqVu7°
ET s [GeV] D9 qq tensor L o™ xGo g
Good agreement with SM M g
D11 gg scalar ﬁixas(GZu)Q

Flavour Physics @ L



Eur. Phys. J. C (2015) 75:92 M'l'b Vs=8 TeV, 20.3 b

M, [GeV]

A
T
g b g {
>®< N &
A
X d—
X
(\'I_| E T l||||||| IIIIIIII T T 17T
. . 5 10%'EATLAS —— ATLAS Tensor (D9) =
) g t %11 0_32 ;20.3 b, \s =8TeV COUPP (201 2) _i
| © 33% PICASSO (2012) 3
T T T T TTTT T T T T TTTT T T T T TTTT : 10' :E ) ) . ~ EE
700_ ATLAS . SR.' E » = all limits at 90% CL, g=4n 3
[ 2031715 =8 TeV = SR2 - 107
600L (¢) Tensor (DY), 90% CL  ~ SR4 = 1035 Assuming
+ SR3 1 a6F maximum coupling
5007 = 107
i 1 10% ¢
400 R
300k - 10%L 4
C 1 v A 5 = -
200:_ Otensor = Z m{glﬂ X490 uvq. A ‘@_: 1 0-40 r —%
1005 TobereadW|thcaut|on Agi 1041 ] Ll —;
— y
- at high DM masses (EFT validity) 2 1 10 10?
L | | IIIIII| | | IIIIII| | | IIIIIII mx[GeV]
1 10 10° 10° Complementary sensitivity at
m, [GeV] very low DM masses

Flavour Physics @ LHC, M. Martinez



Eur. Phys. J. C (2015) 75:92

Analysis of Fermi-LAT data

points to

DM mass point of ~35 GeV i

100

80 -

60 -

AXZ

40

20

S

— Inner Galaxy
ol-— —Galactic Center
- - - - Galactic Clenter, E >l 1 GeVl

T T

N

~ SN

a

T

10

20

30
my (GeV)

Taken from: T. Daylan et al.,

Physics of the Dark Universe Volume 12, P1, 2016

50

70

Vs=8 TeV, 20.3 fb!

DM+b

Bottom Flavored DM model

P. Agrawal et al., Phys. Rev. D 90, 063512 (20

80 T T T | T T T l

Zol ATLAS

L 20.3fb7 \s=8 TeV
60—

50— TN
40—

30—

T T T | T T T

m— Observed limit
- = = = Expected limit (1

all limits at 95% CL

20—

10—

| | 1 | I | |

Cexp)

0 200 400

600 800

1000

1200
m, (GeV)

For a DM mass of 35 GeV, mediator masses
in the range 300 — 500 GeV are excluded at 95% CL

Flavour Physics @ LHC, M. Martinez
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ATLAS-CONF-2016-086 DM+bb _

o/a g% A
Vs=13 TeV, 13.3 fb? Parameters: - T
Mediator and DM masses X L
E 9F ATLAS Preliminary o Data (minimal mediator width) B A
t 80F- Vs =13 TeV;L =133 WTWﬁ?;tgAC —; Coup“ngs; 848pm = g=1 8 b S
S 70F ORZ = S
§ 2‘;: \\ s E The analysis is optimized for a spin-0 mediator
wF E Final state characterized by
of X E * Two b-jets, no more than 3-jets,
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s pprrrirrb e b e * No leptons
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& _
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ATLAS-CONF-2016-086
; 70; ATLAS Prellmlnar¥ '[I')gttgl (IVIFC 13 Tev) =
$ F L,=133f0" Wijets ]
s 60 mmsm Single Top —
5 c SR Z+jets 3
50— tt 7
C others -
- — bb® (20,1) GeV (ox60) ]
oF o E
30; é
20F \ s
of NE
= | y I | i
% 2 : y (I i
s 1 \*\"\\\\%x\;\\\\i\\\\\\\\\ \\}\%\\
a f
00 0.5 1 1 5 2 2.5 3 3 5 4
A Rmin
40 [ [T T T e -
,KN: = ATLAS PreI|m|nar¥ Dgttgl ‘{_C 13 TeV) 3
% B L - 1331 Wiets E
C mm oingle o .
'g 30~ SR Z+jgtS P —
c - tt 4
W o5 others 3
= — bb® (20,1) GeV (ox60) 1
20 —> 3
- Q =
15 \ =
103— —— N —E
55_ AN SN E
........ e ] l :
2 2 LR I il L [ ...J ..... | | IR \
7))
s 1N xm@®§\w&k\
SIS B .
O L | 1 1 T T S N R R

0 01 02 03 04 05 06 07 Ol8mb(2k?b)1 wur Physics @ LHC, M. Martinez

DM+bb -

Parameters:
Mediator and DM masses
(minimal mediator width)

couplings: g,,8py = 8=1
8 b

Nepr«=p

The analysis is optimized for relatively
light mediators (with mass < 300 GeV)
and very light DM masses (1 GeV)

Discriminants based on different final state
topologies between irreducible Z+bb and DM+bb
from differences in spin and mass.

Signal with well separated jets and b-jets and
reduced p;-imbalance between them

pr(b1) — pr(b2)

0.5
pr(oy) + pr(ba)

ARmin = min (AR,'J') > 2.8 Imb(by,by) =

Good agreement with SM expectations



ATLAS-CONF-2016-086

DM+bb

Good agreement with SM. Analysis still dominated by statistics...
(uncertainties mainly coming from jet energy scale and b-tagging eff.)

SR
Observed 33
Total background 31.0+62
Wjets . 1.2+0.8
Zejes Observed: 33 events 26257
tr 47+1.4
single top SM prediction: 31.0 +- 6.2 | 26=u
pre-fit W+jets 1.2+038
pre-fit Z+jets 20.1 6.0
pre-fit 1t 58+1.5
pre-fit single top 27+1.1

pre-fit others

95%CL upper limits w.r.t O, @ g=1

~1.0)
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|,||||'.
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- Expected 95%-C
Observed 95%

10°

bb+<I> @D. —>x,x .......

GeV

T T

ATA'AS Prellmlnary -
f “._____=13TeV L —-133fb1 ;

100

Cross section limits
vs mediator mass
(DM of 1 GeV and g=1)

~1.0)

o/o(g

Vs=13

TeV, 13.3 fb!

. A
: T
. L
2¢ A
X =3
g b
Model-independent 95% CL limits
on visible cross section: 1.38 fb
Ma(q) [GeV] oyt [pbl
Scalar Pseudoscalar
10 6366 897
20 510 574
50 569 213
100 110 222
200 52 76
500 29 48
1000 9.3 -

—! T T T T T T T 1 |
T Exp.+1c : ATA’.AS Prellmlnary
L1 Exp.t20 o o 1
E_‘.,.... Expected 95% CL : \{§ 13T VL _133fb
= Observed 95% CL

Pseudoscalar

IIIIIIII[ IIII

bb+a aﬁxx _________
;g—10 m~—1Ge’V

Pl 1 Tl

11 IIII]I|

11 IIIIII[

30 40 50 100

200

m, [GeV]



CMS-PAS-B2G-15-007 DM+b / bp V13TeV:217%% [CMS

Compact Muon Solenoid

o peDMsheawfavow S ~

§ - CMS —— DM+bb .

> 1 Simulation —— DM+t E

® E —— DMsbb/tt 3

= I Scalar mediator 7]

:’E 107 m,=10 GeV, m =1 GeV 3

E 9,=9,=1 ;

= E

Analysis targets both DM+bb and DM+tt ;- -

Analysis strategy with two signal regions ¥ :

— v v b Py e e !
with exclusive 1- and 2-b-jets 10%5 50 oo B0 200 250 200, 30 400 p4§%ev)0
.y . DM + h fl
Veto on leptons and > 1 additional jet g T
. ) c —— DM+bb 3
Imposed azimuthal E;™*-Jet separation =~ Simuation — Dbt ]
T 10" —— DM+bbi/tt —
% Scalar mediator 3
. . . < m,=10 GeV, m =1 GeV |
Signal final state characterized by o 6,0, ]
large missing transverse momentum
energetic b-jets (enhanced for DM+tt) 10°E E
. 10 e E
As expected SM backgrounds driven by - -
Z(=>vv)+bb, W(=21v)+bb and top quark T ) S E S

0 50 100 150 200 250 300 350 40% 450 500
P

production (GeV)

Flavour Physics @ LHC, M. Martinez



CMS-PAS-B2G-15-007

Normalization of
dominant background
Processes are constrained
in dedicated control
regions in data using

a simultaneous fit

to data and MC
predictions

A total of 10 control

regions with leptons and
with same requirements

as in signal regions
Other small background
(e.g single-top, Diboson)

taken from simulation

QCD-multijets data driven

DM+b/bb Vs=13 TeV, 2.17 fb-!

DM + heavy flavour

217" (13 TeV

CMS

0 ! | | | !
23000 cMS

o . —e— Data
<2000 Preliminary Control regions B Z() + jets
Ll B W(lv) + jets
1000 tt —
single t -
VY. VH -
B  multijet B
300 |- i -
200 - _
30 4
20 -
10 =
5 | | -
_? 1-45_ --I‘pre—fit I —posi—fit
mo12 S
e 0,85— .....................
© 0.6
(]

W+b W+bb Z+b

Flavour Physics @ LHC, M. Martinez

Z+bb

W,1b 1e,1b 1u,2b 1e,2b 2u,1b 2e,1b 2u,2b 2e,2b 1u,1e,1b1y,1e,2b

ttbar (2 leptons)



CMS-PAS-B2G-15-007 D |V| + b / b b Vs=13 TeV, 2.17 fb?

~ Compact Muon Solenoid

£ b(t)
< _ DM + heavy flavour 217" (13 TeV)
X -‘(2 LI B | | LI I | | T T 17T | LI I I | | LI B | I L | LI I | I T 1771 =
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_______________________________ :
30 .............................. _
20 .
0.3 ///////
10 = (@)] 2 E T T T
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3 S 0s5E . —
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m Ve . e g
S e 4 Good agreement with SM predictions
w 0.5 3  copredfit —postit . . ! . E
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£, (GeV) (uncertainties dominated by b-tagging

Flavour Physics @ LHC, Effl\lﬂglrgpegy and background modeling )




CMS-PAS-B2G-15-007 Vs=13TeV, 2.17 fb™ | ENAC /1
g " DM+b/bb
X . . . .
< Combined cross section limits
X for DM+bb and DM+bb/tt
g b(D) vs mediator mass
(DM of 1 GeV and g=1)
o . _ 2.17 b (13 TeV
95%CL upper limits w.r.t o, @ g=1 oon0 oy DM Eheawy favowr 21717 (13TeV)
DM + heavy flavour 217 b (13 TeV) 5 - EDM+bb 95% CL limits -
— 10000 g T T TT1] g T I 13 3000 B Observed -
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© g0 Prefiminary B Observed | 1 ool g pagcategories | [ pecedite A
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Upper limits down to (26) 5 x o/0o(g,,g,=1) are set for models with a generic
pseudoscalar (scalar) mediator for low mediator and DM candidate masses.




Resonant channel
Spin-0 mediator = t + (invisible) fermion

Non-resonant channel
Production of t + spin-1 (invisible) particle

No such mono-top process is available

in the SM at tree level

(t+Z (Z =2 vv) is GIM suppressed )

—> Sizable event rate would indicate BSM

Flavour Physics @

Fraction of events / 20 GeV
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Eur. Phys. J. C75 (2015) 79 D |V|+t

A
Selection based on o et I
R Q 220F ATLAS ® Data = =
* Large missing transverse energy S 200 15— 8 ToV, 20.3 15— . st 5500 G - A
° O I d I b_ d . - 180:— SRI, ei/ui fet 100 GeV e ;
ne lepton and exactly one b-tagged jet o 180F B v srgercp S
. . & 1605 ' -
from the top semi-leptonic decay 2 1405 [ wiiers abosons
120;_ Bkg. uncertainty =
100 =
SM background dominated by tt pairs E

followed by W+jets processes

. . 0
Background predictions are taken g 20 A
) ) ) ) £ WSuwmum 7%

from simulation and validated in CRs g os

100 150 200 250 300 350 400

with SM predictions

60 120 150 210 250

3 ETSS [GeV]
g‘ CR1 CR2 CR3 (2b-jets) SRI SRII
<
= > L L L B LA L B
" & 9 arLas o Daa
= 80;* \s =8TeV, 20.3 fb' Non-res. signal
; 70;_ SR, ei/ui Voo 700 GeV
*GC'J' F 7/ - Top-pair, single-top
1.8 3 =
1.4 Good agreement L E_ \:|W+|ets dibosons
" E Bkg. uncertainty
;_/

mT(I!Er;ﬂSS)

N

Systematic uncertainties from

0
. . . 5 20
Jet energy scale, b-tagging efficiency and g s Win A 4
MC modeling + x-section uncertainties g 95
Flavour Physics @ LHC, M. Martinez 100 150 200 250 300 350 400
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s(pp—tf, ) xBR(t— blv)[pb]

Eur. Phys. J. C75 (2015) 79 DM+t A
T
-~
Parameters: é
Mediator mass (resonant)
Mass of invisible particles
couplings
10 prerr e ey g 108 T e
- ATLAS Theoy (L0).a.=02 J & K ATLAS oo Etg;,amn.mf&s .
a 4 4,4 =-=Theory (LO),a,=0.15 ] = AN 4ty + == Theory (LO), @, :=0.2 ]
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- — Observed 95% CL limit - 7 10 = — Observed 95% CL limit 3
Resonant model - - - Expected 95% CL limit T 5 ., ~.Non-resonant model . . . Expected 95% CL limit 3
- m(5)=500 GeV B+ 1o 1 F IR EaERY i
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> ‘ \,", ....... ]
T 1 E h \\ ............ _E
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10" =
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For a spin-0 mediator mass of 500 GeV In the non-resonant case masses below
Fermion masses below 100 GeV and 400 — 800 GeV are excluded @ 95% CL
couplings above 0.1 are excluded at 95% CL depending on the coupling assumed
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CMS-PAS-EXO-16-040

=y
>

\
fSull
~+

Large missing transverse energy

A fat jet (R=1.5) with pT > 250 GeV

A b-jet identified inside

Jet mass in the range 110-210 GeV
N-subjettiness compatible with top decays

Veto on additional b-jets outside
Veto on isolated leptons/photons

D M +t vs=13 TeV, 12.9 fb* | (CNAS

Reconstruction of the hadronic top decays

Compact Muon Solenoid

in boosted configurations using large-R jets
(grooming applied to remove soft contributions)

Low top pt High top pr

Dominant background from tt, Z(>vv)+jets and
W(=2Iv)+jets estimated using MC simulations
constrained in dedicated control regions

Other small backgrounds

(single-top, diboson, QCD-multijets)
taken from simulation

Flavour Physics @ LHC, M. Martinez



Events / GeV

PAS EXO-16-040

Some examples of CRs below:

(> uu)ﬂets
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Simultaneous fit in signal+control regions

CMS

Compact Muon Solenoid

to determine SM prediction and identify
potential BSM signals = Good agreement with SM
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PAS EXO-16-040
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Median Expected 95% CL
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For m, =10 GeV FCNCm, <1.5 TeV
excluded at 95% CL (for given couplings)

g
+
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)
y
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Jj i
—C , . _
L = Loy + Lin(Ps X) + (9d; [(alp)T + (b1QT9°)d; + pElage’ + bs7"x +h.c.)

CMS preliminary 12.9 b (13 TeV)
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& 2L Resonant - Expected _
o [ production —e— Observed E
I 0 B B 1 std. dev. B
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For m, =100 GeV, M¢ < 2.7 TeV
excluded at 95% CL (for given couplings)
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CMS PAS EXO-16-005 DM+ttt vs=13Tev, 22 CMS

§ A (hadronic and semileptonic)

221" (13 TeV)

/0 S 250 e Data mQCD mZ-ll mZ-vv
- (GDJ - CMS WSingle Top  mEtY VW [OW + Jets
X o L Preliminary w1 -z
< 200 ps:M, 1GeV,
E E M, 100Gev *20)
8 t(b) E’ 150[—
Semileptonic: 100
One high-pT (30 GeV) lepton, E;™* > 160 GeV -
. . 50—
Three or more jets, at least one b-jet -
m; (lepton, E;™s) > 160 GeV, mW,,> 200 GeV PR
e . . . 9= ¢t
A¢ (E;™'s, jets) > 1.2 (2 leading jets) R
0.550 100 150 200 250 300 350 400 450
MY [GeV]
Hadronic: 2.2 (13 TeV)
Lepton veto, E;™s* > 200 GeV, s " Tems T A
. . ; [ Preliminary —=— Data =
Four or more jets, at least 2-bjets £ T B v paconiovacnes | -
miss th ; 1T 1200; B (1) Combinatorial ]
Aq) (ET ’ Jets) > 1'0 (up to 6 Jet) 1000:— - Other Background —:
soof— —f
- Novel top-tagger using NN discriminants 600 E
- Event characterization based on it 400 =
200 —]
Dominant backgrounds(tt, W+jets) constrained in ¢ 1.;:
different control regions (as usual) s lor i
8 06 L 1 L
Flavour Physics @ LHC, M. | 1.0 . 1.0

resolved top tagger discriminant



CMS PAS EXO-16-0
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DM+ttt
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A binned maximum likelihood fit is performed simultaneously to the

E,miss distributions ->making full use of the shape - good agreement with SM

Compact Muon Solenoid




CMS PAS EXO-16-005
Vs=13 TeV, 2.2 fb!

oy

DM+tt

K(b)
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. X / \ \
mpy = 1 GeV, couplings = 1
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5 10 = Q
- i 3 10 E
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Myep [GeV] 10
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Upper limits on the DM production cross section as a function of the DM-particle mass
mp,, and mediator mass my,;, = 95% confidence level (CL) are placed on the ratio to
theory cross section > sensitivity for exclusion for scalar @ low m,,., masses.
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CMS-PAS-EXO-16-028
Vs=13 TeV, 2.2 fb1

DM+tt

(dilepton channel)

Considering dilepton channels (ee,uu,ew)

> Moderate E;™5, at least one b-jet, multiple jets
— Dominated by top production

Most backgrounds from simulation
Data driven background estimations

2.2 (13 TeV)

from DY and lepton fakes
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upper limit on o/c,

c — T [ ' [ ' T 1
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E¢is§|ﬁ§8\yr] Physics @ LHC, M. Martit
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CMS-PAS-EXO-16-028
DM+tt
Vs=13 TeV, 2.2 fb™! (all channels)

Y |CMS

g H(b)

CMS combination of hadronic, semi-leptonic and dilepton channels

5 2207 (13 TeV)
bO 1 0 E | ™ T T T3 bo
° - Scalar, Dirac, 9.=1,9,,=1, M, =1 GeV  CMS : 5
c 10*E Preliminary — c
(@] E e Median expected 95% CL 3 o
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S = 3 —
8_ , [~ —@— Observed . 8-
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The combination analysis obtains an expected
exclusion of scalar mediators with masses up to
39 GeV at 95% CL, with the assumption of Dirac
DM particles with M,,,=1 GeV and g =gp,,=1

10°
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10
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g I T I T T T T
- Pseudoscalar, Dirac, 9,=1. 95, =1 My, =1 GeV CMS
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e =
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E
i | 1 1 1 1 1 1 11 I 1 1 1 3
10 10
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In the case of pseudoscalar mediator
the expected sensitivity at the
edge of that needed for exclusion
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ATLAS-CONF-2016-077 D |V| +tt

Vs=13 TeV, 13.3 fb™ (hadronic channel)

Large E;™s and E;™ss significance §
At least four jets, and 2 b-jets, lepton veto 2
Reconstruction of two large jets R=1.2

with masses above 140 and 60 GeV

Some topological requirements optimized

for a DM signal with M, ¢, = 350 GeV and Mg,, = 1 GeV 3

AR(bb) > 1.5, M, 2min> 200 GeV

mimin = 29 B [1 - cos A (p% )]

- Dominated by top production (tt & Z(—=> vv)+jets)

Background normalizations constrained in
dedicated control regions.

Flavour Physics @ LHC, M. Martinez
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ATLAS-CONF-2016-077
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Good agreement with SM predictions

Limits on DM models assuming g= 3.5
For on-shell scalar/pseudoscalar mediators
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ATLAS-CONF-2016-050 D M +tt

\\ A
@/a =
Vs=13 TeV, 13.3 fb! . . - T
(semileptonic channel) x L
Large E;™s and E;™ significance g o) %
At least one lepton 3,
At least four jets, and 1 b-jets H Noegs =0
. . . H N—tas 1
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751 1cr | TvR M N>
Some topological requirements based on 100 555572577 >
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ATLAS-CONF-2016-050 D M +tt
1 =
Vs=13 TeV, 13.3 fb- . . -
(semileptonic channel) x
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ATLAS-CONF-2016-050
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ATLAS-CONF-2017-037
DM+tt g

(semileptonic channel)
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ATLAS-CONF-2016-076

Vs=13 TeV, 13.3 fb! D M +tt

(dilepton channel)

Considering dilepton channels (ee,uu,eu)

a

— ———
10° L=13.3fb", Vs=13 TeV e Data

—> Moderate E;™5, at least one b-jet, | ATLAS  Proiminany < Stanoara ol
i i = Wi
mUItlple JetS g ?i/\é,vvv
—> Topological cuts to enhance signal s NP Ioptons

Variable DM-SRL DM-SRH - : 3
Imee — mz| [GeV] (SFonly) 20 >20 e : o :
b—j et mllltlpllClty >0 >0 % ; ;4,«..\\\\\.\\\\ k\\\‘ﬁ&Q\\\\\\\\\\\V§§§\\Y\\Y\\\§§&\\X\\\\\\\Q\\Q§§
A¢boost < 1.0 < 1.0 g ; \ NN 4 }\Qk\\ \QQ&\\ .\.\\\E‘
ml! [GeV] >120 >120 0 THo T w0 200
EXiss [GeV] >180 > 260 e [GeY]
lﬂij zs ; L =|13.3 fb'1l, Vs=13 |Tev | -I Data | | E
: W ""F  ATLAS Preliminary S Standard Model E
my(Pr,1,Pr,2.qr) =  min_ {max[ my(pr,1,q1,1), mT(PT,2, q1,2) 1} 181 oy =
qT,1+qT,2=4qT 16— CRTZ Emm FNP leptons =
14 f— Others —f
12E- tt+Z CR =
. . 10 —
—> Dominated by top production (tt & tt+2) oE E
6 —
4 =
Background normalizations constrained in 2 —
~— : Q NN N N N ~ , N N N N N \
2 7 A R i m
0 C L 1 1 1 1 1 1 7
Flavour Physics @ LH 0 1 2 s 4 > Je?munipchity



ATLAS-CONF-2016-076

> - T T -
o 9 —
© F L=133f"s=13TeV gftad S Model =
S 8- ATLAS Preliminary g oo —
2 B Wt =
3 = VV,VVV -
U>J 6:_ ttz =
- I FNP leptons -
5:_ Others =
- e | e tto (10,1) GeV, g =1 -
F SER\\E ------- tto (350,1) GeV,g=3.5 3
s NN =
2 B \ =
DN, —]
proneees N\

R Y W N e
£ 1§\§\\§§\§ &\ N\ R\ NI i\\k*\x
L A e B
NN\ \}\\\ AN ANV AR NRR NN n

L L L 1 L L L L L L | " L

500

400
E™ [GeV]

| L
900 200 300

Good agreement with SM predictions

95% CL limits on visible cross section
in the range 0.65 fb — 0.43 fb

Limits on DM models assuming g=3.5

m(x) [GeV]

m(x) [GeV]

DM+tt

(dilepton channel)

Ner«p

tt + @ production, ¢ — % % 9 t
300 _l T I L | L I LB I L I L I T T 1T | L I L LI l_ c)
- =--. Expected limit, g = 3.5 (+10,,) L=13.31b" (s=13 TeV a0
[~ | o
- . e
250 |— == Observed limit, g = 3.5 Scalar Mediator 1
C 7 o
- ATLAS Preliminary 15
200 — @D — =
- \L@f‘_‘ £
C oA ]
150 __ Scalar e : ]
C 1 ]
- I _
- \ ]
100 [— \ —
_ 1 -
- ion-shell -
50— A/ i -
R A i .
O r\lg 1 PI 11 I\‘I 1 1 1 | 1 1 1 If;l’b 1 1 1 | 111 Iﬂ-!rb 1 181 | II 111 | 111 | | 1 1 1 I_
50 100 150 200 250 300 350 400 450 500
m(¢) [GeV]
tt + a production, @ — % x
300 _l TT | T T T | T rr | LI | | LI | L | LI | | L L | L T 1T I_ c’
- --- Expected limit, g = 3.5 (+10,,) L=133fb", {s=13 TeV i
C . lor
250 |- —— Observed limit, g = 3.5 Pseudoscalar Mediator i
- T ot
C  ATLAS Preliminary e 18
200 pseudoscalar—=
C 13
150 [ L / —
- off-shell .« 2~ /, -
- PO S ]
100 [— il —
50‘% —
Orz"I’; 1 | 1111 ﬁl 1 1 1 | 111 Ir;lrb 111 | 111 I(zlg 111 Ill 1 1 | 111 1 | 111 I_
50 100 150 200 250 300 350 400 450 500
m(a) [GeV]

(95% Iimits on g in the Figures) Flavour PhySiCS @ LHC, wi. wiaiuniee



Final notes

The nature of the Dark Matter remains one of the biggest
questions on particle physics and its potential discovery is a
pillar of the ATLAS and CMS physics programs

The search for Dark Matter in association with heavy flavors
at the LHC is well motivated and still statistically limited

Exclusion limits on DM strongly depend on model assumptions

The LHC is about to resume pp collisions and promlses to
deliver lots of data in the following years .

Stay tuned!
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