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Pursuing big questions
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‘ Pursuing big questions I
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‘ The LHC and the Energy Frontier I

Origin of Mass

Unification of Forces

New Physics
Beyond the Standard Model

The LHC represents an extremely powerful instrument
to search for New Physics (NP):

Direct searches for new particles in a plethora of
kinematic regions and final state signatures.

Broad program of precise measurements of SM
processes and parameters.
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‘ Outline I

« Introduction
« LHC Run 1 recap and Run 2 status
« Indirect searches (precision measurements)
« Overview of direct searches (*)
* New physics in the Higgs sector
 Supersymmetry searches

« Exotics searches (vector-like quarks, dark matter,
new heavy resonances, long-lived particles)

« Summary and outlook

(*) Focused on Run 2. Just a few selected results shown.



‘ LHC Run 1 I

2009 2010 | 2011 | 2012 - 2013
30 Nov 2009 8 Nov 2010 Nov 2011
Collisions at Pb at 2.76 TeV/nucleon | Pb at 2.76 TeV/nucleon | 20 Jan 2013 pPb

1 | |

. am =\

20 Nov 2009 30 Mar 2010 13 Mar2011 5 Apr 2012
First beams in LHC  Stable collisions at 7 TeV startup 8 TeV at LHC
7 TeVin LHC | |
0.05fb? 5 ~ 20 fb?
at7TeV | at 7 TeV | at 8 TeV
O(2) Pile-up events ~ O(10) Pile-up events 0(30) Pile-up events

50 ns inter-bunch spacing 50 ns inter-bunch spacing




‘ ATLAS and CMS experiments I

@ATLAS

EXPERIMENT

180IIII|IIII|IIII| IIIIIIII I IIIIIIII IIIII]IIII
160 ATLAS Online Lumlnosny

R 1 B Vs=8TeV, [Ldt=2081", qu>=207
140 un O Vs=7TeV, [Ldt=521" qu>= 9.1
120

Design value

. Multipurpose detectors:
. Central tracking in solenoidal B field
. Electromagnetic and hadronic calorimeters

Recorded Luminosity [pb 0.1]

lllllllIIIIIIlllllllllllllllllllllll
III|III|III|III|III|III|III|III|III|

. Muon detectors 122
. Excellent performance up to the highest 60
instantaneous luminosities delivered by the LHC. 40
~93% data-taking efficiency. 20
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Mean Number of Interactions per Crossing
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‘ LHC Run 1 I

2009 | 2010 | 2011 | 2012 - 2013
30 Nov 2009 8 Nov 2010 Nov 2011
Collisions at Pb at 2.76 TeV/nucleon Pb at 2.76 TeV/nucleon 20 Jan 2013 pPb

2.36 TeV l | l | | | l

. am I8

20 Nov 2009 30 Mar 2010
First beams in LHC ~ Stable collisions at 4 July 2012: Higgs boson discovery
7 TeVin LHC _ - -
:,— s g - ' - _- ,. B
0.05 fb .
at 7 Te\

O(2) Pile-up event




How do we explore the BSM landscape?




How do we explore the BSM landscape?
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How do we explore the BSM landscape?




| How do we explore the BSM landscape? I
THE QUANTUM Ui"‘“‘-" With a broad and ambitious
=) |
| ’_I search program!

Bers
LPX Legron

Run 1 Result |

B - ‘ d i =L
lRmZRas:z:zJSOate l B
Run 2 Resut (2016 Data _

Organization of searches in the
ATLAS Exotics group




ATLAS Long-lived Particle Searches* - 95% CL Exclusion

LHC Run 1 recap

No clear indications of physics beyond the SM.
=>» useful constraints on the parameter space of many NP models.
Moving forward need to continue to:
cast as wide as possible net, even with some theoretical guidance.

cover broad phase spaces: many detector signatures, large range of masses,
large span in production rates,...

ATLAS Preliminary

Status: July 2015 [Ldt=(184-203) b VE=8TeV
Model Signature  [Ldt[b'] Lifetime limit Reference
RPV S - eev/epv/puy  displaced leptonpair 203 [} L ! I e Y-Ii\L m(y§) = 1.0 Tev| 1504.05162
GGM 8 — Z& displaced vix +jets 203 = = TV m(x))=10Tev| 150405162
- Long-lived Exotics
o AMSBppoxpdadyi  disppearingieck 203 [x] Iifetime. 0 GeV 1310.3675
2 8 . - -
o rwsswoxds - ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
awss Status: July 2015 (L dt = (4.7 -20.3) fb! V5=7,8TeV
Model 6y Jets ET |z Reference
Stealth SUSY T - -
T
- w» 4 Short-lived Exotics [--
Hidden Valley H > ADD non-resonant £¢ 2e.u - - —3Hz 14072410
ADD QBH - (q Teu 1j - 2 =6 1311.2006
2 bsnvter 88 sme D22 L e
2 ioh 5 pr .
§ ez ADD BH high muti Summary of CMS SUSY Results* in SMS framework ICHEP 2014
2 hzho b . [moter-mLSPI=200GeV |
W BuKRS Gk — W | sus13019L-195/b s t
S Hiodon valley H o BUK RS G HI SUS-14-011 SUS-13-019 L=19.3 195 b u persym me ry
8 BUK RS g 6
" 2UED/RPP SUS-1
& | vt e e
B oo (BB
S Hidden Valley & — J
Hidden Valley ® — LRSM W, — t5 k1
§ et e s _
ST e o= [ Claaan B e e
35 S | Gl § —
ST oenvaio, | Clwe 3 e —
3 3 eosopemor0 0 o \EERRRRARBRCECOCRORERL ]
T wzawmom ;::’L;““*::"‘D ——
5 - .
8 | wremw-o LS Smiozimn CMS Preliminary

*Only a selection of th

Scalar LQ 3" gen

VLQTT - He +
VLQYY - Wb+
VLQBB - Hb+)
VLQBB - Zb+ X
Toia > We
Excited quark g
Excited quark a" -

Heavy
quarks

Excited
fermions

LSTC ar — Wy

LRSM
Higgs trplet H** —
Higgs triplet H** —
Monotop (non-ros p
Muli-charged partic
Magnetic monopole

Other

Ve=71

*Only a selection of tt

RPV

For decays with intermediate mass.
Myermediate = X Miggnert(1-X)-M,

1 1
400 600 1000

ainties not included

1 1 1
1400 1600 1800
Mass scales [GeV]

1
1200

Signature-driven searches

Many extensions of the SM have bee
developed over the past

Supersymmetry1
Extra-Dimensions
Technicolor( %
Little Higgs_.«
No Higgs “&
GUT

Hidden Valleyg,
Leptoquarks
Compositeness
4" generation (t, b')
LRSM, heavy neutrino
etc...

Not yet though of £

1jet+ MET

jets + MET

1 lepton + MET
Same-sign di-lepton
Dilepton resonance
Diphoton resonance
Diphoton + MET
Multileptons

Lepton-jet resonance
Lepton-photon resonance
Gamma-jet resonance
Diboson resonance
Z+MET

W/Z+Gamma resonance
Top-antitop resonance
Slow-moving particles
Long-lived particles
Top-antitop production
Lepton-Jets
Microscopic blackholes
Dijet resonance

etc...

—» * Uncovered signature
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June 3, 2015: Run 2 starts!

. CMS Experiment at the LHC, CERN
First Stable Beams Data recorded: 2015-Jun-03 08:48:32.279552 GMT

Run / Event / LS: 246908 / 77874559 / 86
EXPERIMENT

proton-proton collisions at 13 TeV




‘ Run 2 status/plans I

2015

2016 2017

2018 2019 2020 2021

M{A|M|]|]|A|S|O[N|D

F[M[A[M]]]|J|A[S|O|N|D]] [FIM]AIM|]|]|A[S[O[N|D]J]

M| J|J|A|S|O[N|D] ] |F|M]AIM|I[][A|S|ON|D}J|F[M[A[M[][][A|S|O|N|D|J|F|M[A[M]]]|]|A|S|O|N|D
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3fb-!

36fb! Target ~45fb™' x year
< >

— | —)

ATLAS Online Luminosity

e 2011 pp
— 2012 pp
= 2015 pp
= 2016 pp
w2017 pp

fs=7TeV
s =8 TeV
fs=13TeV
fs=13TeV
fs=13TeV

AN oct
Month in Year

Outstanding performance!

uoneiqied £10g [eniul

Results discussed today

13 TeV pp 2015 dataset (at 25 ns):

. Highest inst. luminosity: 5x1033 cm-2s-"
(Run 1: 7-8x1033 cm-2s-1)

. ~3.9 fb! recorded

13 TeV pp 2016 dataset:
. Record inst luminosity of ~1.4x1034 cm-2s-.

. Record daily delivered luminosity of ~0.6 fb™"
« ~36 fb' recorded

2015+2016: ~36 fb-! analyzed
Full Run 2: expect ~120 b’

16




Delivered Luminosity [fb™]

‘ Run 2 status/plans I

2015 2016 2017

2018 2019 2020 2021

J|F|M]A[M[J[][A[S|OIN|D}]|F|M|A|M[][][A|S|O|N|D}J |F[M[A[M|][]|A|S|O|N[D]J

M| J|J|A|S|O[N|D] ] |F|M]AIM|I[][A|S|ON|D}J|F[M[A[M[][][A|S|O|N|D|J|F|M[A[M]]]|]|A|S|O|N|D

EYETS Ls2 | Bun+3
3fb-! 36fb! Target ~45fb™' x year

—— ) < >
60— —r— 11— . 13 TeV pp 2015 dataset (at 25 ns):

~ ATLAS Online Luminosity - «  Highest inst. luminosity: 5x1033 cm-2s-"

500 Szin res ooy — (Run 1: 7-8x10% cm2s)

e ey 1« ~3.9fb"recorded
40:_ e 2017 pp S =13 TeV _:

305— — 13 TeV pp 2016 dataset:

- . . Record inst luminosity of ~1.4x1034 cm-2s-.
e |t - Record daily delivered luminosity of ~0.6 fb-".
1oF- 1:¢ +  ~36fb" recorded

P — o oo 13TeVpp 2017 dataset

Month in Year

Outstanding performance!

. Collisions restarted on May 23, 2017.
. Record inst luminosity of ~2.1x1034 cm2s-1.
«  ~47 fb' recorded 17



Recorded Luminosity [pb/0.1]

‘ Run 2 status/plans I

2015 2016 2017

2018 2019 2020 2021

J[F|M]A[M[][][A[S|OIN|D]]|F|M|A|M[][][A|S|O|N|D}J|F[M[A[M[][]|A|S|O|N|D|J|F

M| J|J|A|S|O[N|D] ] |F|M]AIM|I[][A|S|ON|D}J|F[M[A[M[][][A|S|O|N|D|J|F|M[A[M]]]|]|A|S|O|N|D

LS2 j HBun43

3fb-! 36fb! Target ~45fb™' x year
< >

— | —)

IlllllllllllllllllllllIIII|IIII|III

LT

S0 ATLAS Online, 13 Tev [Lot=86.5 b -
300 [ 2015:<u>=13.4
Run 1 [ 2016: <u> =25.1
250 avg [ 2017: <u> =38.1
B Total: <u>=32.0

200

150

100

50

IIIIIII[IIlII[llIIllIlI]lIIlIIII

uoneIqIED £ 102 [enul

EallI|II|I||IIl|IIII|IIII|IIII|IIII|Il

% 0 20 30 40 50 60 70 80

Mean Number of Interactions per Crossing

Challenge: average pileup in 2017 of
~38 interactions per bunch crossing

13 TeV pp 2015 dataset (at 25 ns):

. Highest inst. luminosity: 5x1033 cm-2s-"
(Run 1: 7-8x1033 cm-2s-1)

. ~3.9 fb! recorded

13 TeV pp 2016 dataset:

. Record inst luminosity of ~1.4x1034 cm-2s-.

. Record daily delivered luminosity of ~0.6 fb™'.
« ~36fb!recorded

13 TeV pp 2017 dataset:

. Collisions restarted on May 23, 2017.

. Record inst luminosity of ~2.1x1034 cm2s-1.

«  ~47 fb*' recorded 18



‘ Run 2 status/plans I

e

2015 2016 2017 2018 2019 2020 2021
JIF|MIAIM| ][] |A[IS|OIN|D] ] [FIMIAIM]|I | J|AIS|OINIDL] |FIMIAIM I [J|A|S|OIN(D]J [F[M{AIM[I[]|A|S|OINID] I (FIMIAM|II|I|A|ISIONIDLI|FIMIAIM| ] |][A|S|OIN|D] ] |F[M[AIM]]]][A|S|O|N|D|
EYETS LS2 Hun+3
3fb-! 36fb’!

Target ~45fb"! x year
< >

/\q) 1 .002 L L I L I | I LI B B | I L l T 1T 11T l T T T I L B | I UL ]
s’ " ATLAS Preliminary .
. —— 2017 dat ]
~1.0015 1 R
> “ys=13TeV, 20.8 fb’ e MC _od
1.001 H
1.0005 === ===== === === oo ooosoo oo -
+4-+ } ]
+4t —+3
1 T TN6 0SS RN %—_
0.9995=4--A=-F - oo -

11 1 1 I 11 1 1 I 11 1 | l 1 1 1 | I 11 1 1 I 111 | I 111 1

0.99£i

=3¢, |

Sophisticated reconstruction/calibration
algorithms are able to handle pileup

13 TeV pp 2015 dataset (at 25 ns):
Highest inst. luminosity: 5x1033 cm-2s-"
(Run 1: 7-8x1033 cm-2s-1)

~3.9 fb-! recorded

13 TeV pp 2016 dataset:

Record inst luminosity of ~1.4x1034 cm-2s-.
Record daily delivered luminosity of ~0.6 fb™'.
~36 fb-! recorded

13 TeV pp 2017 dataset:

Collisions restarted on May 23, 2017.
Record inst luminosity of ~2.1x1034 cm2s-1.
~47 fb-! recorded 19



Standard Model measurements

Standard Model Production Cross Section Measurements Status: July 2017
A O total (x2) ..
11
10 0 p o nestc ATLAS Preliminary Theory A
106 F el Run 1 ,2 v_ = 7, 8, 13 TeV LHC pp vg= 7 Tev
I
2 o O Bl Data 45- 401t
B dijets
5
O
10 :E 1 LHC pp Vs =8 TeV
B pr>25 GeV
i A Data 20.3fb~!
10* £ 20
3 o3
C LHC pp Vs =13 TeV
3 n; >0
10 3 pr 15 G . o ™ A oMol B Data 008-36.1fb"
C pr > 100 GeV n;>2n;>1 A o e i ww
102 E nve1 o /.D- n{‘;1 ﬂt Cgano © WAWWW total 14 Orders Of
1= .
3 A nadz? we o o magnitude
- 22 o oo oA
101 E n->4nj23 zz A wz Hg%’l:/W
= n>3 6 ik n;>3 nj%t.t A\ 77 2 - A Wy
N n;> 41O nj>5 h o}
- n>51m O s-chan VAN A
1 jn nj>4 n;>6 Hotr Q oi Q
_E n; > 5-108 O n 7t A Zy
= n;>6 ] A
: n & "’i; o B 4 N
-1 e o | - 1o}
10 E- [n] nj>8 o o
E njz7"iée o) 7AS o
-2 [ o nj>7 Hory
1077 F n>7 B8 HoZZ—4¢ A A -
= = o ZAY
C A WEw+
10-3 5 g2 v
] :
PP Jets 4 W Z tt t VV 7Y H WWvyuaw iz tiy Wjj ZjjwwZyyWyywwy ZyjiVVjj
R=0.4 EWK EWK Excl. EWKEWK
fid. fid. fid. fid. tot. tot. fid. fid. fid. fid. tot. tot. fid. fid. fid. tot. fid. fid. fid. fid. fid.

Stunning achievement, both from experiment and theory.

Also a necessary step to confidently search for NP. 20



Precision electroweak measurements

Play a crucial as SM consistency tests and as indirect probes of NP.

arXiv:1701.07240
T

ATLAS+CMS Preliminary My, SUMmary, Is =7-13 TeV September 2017 T T
LHCtopWG om
-------- World Comb. Mar 2014, [7] ATLAS w
stat fotal stat Stat. Uncertainty
total uncertainty . my,, = total (stat = syst) s Ref. .
ATLAS, l+jets (%) ——t 172.31x 1.55 (0.75 = 1.35) 776V 1] — Full Uncertainty
ATLAS, dilepton (*) e 173.09 =+ 1.63 (0.64 = 1.50) 7TeV [2]
CMS, l+jets —to——] 173.49 =+ 1.06 (0.43 = 0.97) 7Tev [3]
CMS, dilepton |—0—0—|—| 172.50 = 1.52 (0.43 = 1.46) 7TeV [4] LEP Comb. O 80376+33 MeV
CMS, all jets ——i—+—1 173.49 = 1.41 (0.69 = 1.23) 7TeV 18]
LHC comb. (Sep 2013) LHCtopWG =+ 173.29 =+ 0.95 (0.35 = 0.88) 7 TeV [6]
World comb. (Mar 2014) H—H 173.34 = 0.76 (0.36 = 0.67) 1.86-7 TeV [7] Tevatron Comb. _.MG MeV
ATLAS, I+jets ——=—ts 172.33 = 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton = 173.79 = 1.41 (0.54 = 1.30) 7TeV [8]
ATLAS, all jets = 1751218 (1.4 1.2) 77TeV [8] LEP+Tevatron @-2038515 MeV
ATLAS, single top —t——t=— 172.2 + 2.1 (0.7 = 2.0) 8TeV [10]
ATLAS, dilepton = 172.99 = 0.85 (0.41= 0.74) 8 TeV [11]
ATLAS, all jets |—+—l—|—| 173.72 = 1.15 (0.55 = 1.01) 8 TeV [12] ATLAS ® 80370+19 MeV
| i === = 12208 091 (0 8TeV [13]
ATLAS comb. (°P2°1") H=H : 172,51 = 0.50 (0.27 = 0.42) I 748 TeV [13]
; e L I 7285 205 0. 162 0.48) 8 TeV [14] . +
CMS, dilepton ——tot— 172.82 = 1.23 (0.19 = 1.22) 8 TeV [14] Electroweak Fit _’ﬂi56 8 Mev
CMS, all jets o 172.32 = 0.64 (0.25 = 0.59) 8TeV [14] L ' ' L
ingle too = 172,95+ 1,22 (077 =0 8TeV [15] 80320 80340 80360 80380 80400 80420
CMS comb. (Sep 2015) HH 172.44 = 0.48 (0.13 = 0.47) l - [MGV]
" | g | 172.25 £ U.03 (U. B —_— W
3-046 [7] arXiv:1403. }:g} é:;: L T T T [ T T T T T T | T T T T | T T T T I T ]
(2 Supirslede::]byl/. results Hie) cmis s % 80 5 - ATLAS N mW = 80370 i 001 9 GeV —
P IR N W T M R M P IR R S ('2' ' C -mt=172'84i0'70 GeV 7
165 170 75 0] 18 E; - . m, = 125.09 + 0.24 GeV -
My, [GeV] 80.451 s 68/95% CL of m,, and m, ]
Top mass: 0.5 GeV precision/experiment! B ;
. P 80.4— _
. Caveat: top mass definition. - -
. Some tension with Tevatron comb: 80.35F == §
Tev - e ]
mI® = 174.30 + 0.65 GeV : :
80.3— 68/95% CL of Electroweak]
W mass: 19 MeV precision at ATLAS - Fit w/o my, and m, i
u (Eur. Phys. J. C 74 (2014) 3046)
«  Further progress needed to match T (VI /- S T-T ST
recision from EW fit. . 21
P arXiv:1701.07240 m, [GeV]




‘ Top quark properties measurements I

Huge statistics in top quark samples allow to sensitively probe NP.

ﬁ Top Mass

W helicity i

Top Width I* Anomalous
Production Top Spin < Couplings
cross-section I
Top Charge CP violation
Resonant L
production P \ v
Production >
kinematics \
Top Spin p
Polarization
) q
Rare/non SM Decays
Branching Ratios q

[Vipl




‘ Top quark properties measurements I

Huge statistics in top quark samples allow to sensitively probe NP.

Production
cross-section

Resonant
production

[

Production
kinematics

]

Top Spin
Polarization

tt charge asymmetry

arXiv:1709.05327

J

0.08

0.06

0.04

0.02

Al

- ATLAS

NN
+ CMS

Rare/non SM Da

-0.02

Tevatron data from

PRD 87 (2013) 092002; B
PRD 90 (2014) 072011 .

B L Models from .
— ol 10 PRD 84 (2011) 115013;—
i Qo JHEP 09 (2011) 097 |
| | | I | | | | H | | | | | | | | I | | | |
0.1 0.2 0.3 0.4
FB

0.5




Top quark properties measurements

Huge statistics in top quark samples allow to sensitively probe NP.

‘ W helicity

~ W helicity fractions in top decays ﬂ Top Mass

ATLAS+CMS Preliminary LHCIOpWG May 2017

I Theory (NNLO QCD)

PRD 81 (2010) 111503 (R)

~*—#— Data (F_/F /F,)

ATLAS 2010 single lepton, s=7 TeV, L =35 pb”!
ATLAS-CONF-2011-037

ATLAS 2011 single lepton and dilepton, {s=7 TeV, L _1 .04 b
JHEP 1206 (2012) 088

CMS 2011 single lepton, Ys=7 TeV, L _=2.21b™"*
CMS-PAS-TOP-11-020

LHC combination, (s=7 TeV
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025

ATLAS 2012 single lepton, {s=8 TeV, L._=20.2 fb"
EPJC 77 (2017) 264

CMS 2011 single lepton, {s=7 TeV, L _ —50fb1
JHEP 10 (2013) 167

CMS 2012 single top, Ys=8 TeV, L_=19.7 fb”
JHEP 01 (2015) 053

CMS 2012 single lepton, {s=8 TeV, L. =19.8 fb”
PLB 762 (2016) 512

CMS 2012 dilepton, {s=8 TeV, L_=19. 7 fo!
CMS-PAS-TOP-14-017

* superseded by published result

total stat

Fr Fo Fo

T H—a—H
He-l e

! .

i
ry

¥
E

Anomalous
Couplings

CP violation

0 0.5
W boson helicity fractions

O(1%) precision!
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‘ Top quark properties measurements I

Huge statistics in top quark samples allow to sensitively probe NP.

Flavor-changing neutral-current top decays

] ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCIopWG [1] JHEP 10 (2017) 129 [2] JHEP 02 (2017) 079

t—=gc -

[5]

Top Spin p t=gu g
Polarization T | —e | m
} t_>ZC 8]

(2017)
[3] CMS-PAS-TOP-17-003 [4] JHEP 04 (2016) 035
November 2017 [5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
Top ’ [7] ATLAS-CONF-2017-070 [8] JHEP 07 (2017) 003
Eaonimtsssumes et heory prodeions —SM | 12HOM(FY) - [J2H0M(FO)
5 from arXiv:1311.202
Production Top Spirl | e ey Lre
cross-section t—Hc | =
e —@ =
Top Ci e (1
op Charg t—HU —o .
Resonant - =y —e ¥
roduction
P > p t—=yc »
. t—=yu
Production \ ! [
kinematics

t—=Zu

—@ g
Rare/non SM Decays T | e S T N R S I .o RN B
%] 1 0_16 1 0‘13 1 0‘10 1 0—7 1 0—4 1 0_1

Branching ratio

Branching Rafios - -
ranching Rares | Probing branching ratios <~10-3-10-4!
Wl | |
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Higgs boson properties measurements

Program of precision Higgs measurements in full swing!

. Mass

. Quantum numbers (spin, CP)
. Coupling properties

. Differential cross sections

. Off-shell couplings and width

Interferometry

H->tt: Observation  zs9' (13 Tev)

/T T | T 1T | LU ‘ 1T ‘ T 1T | T 1T | L ‘ T TT | T 1T | T

Il T T T L L LI LI LI ™ -Q 1 2 —_ ATLAS —— Da‘a _—
> 1800 [ ' ! ' > VH — Vbb (u=1.30
[ C CMS T 1 7 [ \s=13TeV,36.1 b mm VH — Vbb (u=1.30)
(0} L 40F +0bs..bkg.' - 0; 0s142 leptons Diboson ]
= 1600 — 5 P Uncertainty ]
” C 30p e 1 ~ [ 2+3jets, 2 b-tags ]
T 1400[ #-Observed 20k 3 S gl Weighted by S/ Dijet mass analysis B
G>) [ — Hotr (u=1.09) D Bkg. unc. e} [ —_ . i
D 1p00F 2z 0 3 5 T H->bb:: Evidence 1
© C -W+jets b - _'q_,') 6 — —
%) 1000 QCD multijet ] — "5) : :
9) B Others -10 [«}] 4 r = T
m -_ Bkg. unc. . ——— _- j t
= 800F Hewo 0 50 100 150 200 250 300 1 =3 r ]
= Gev) 1 > C ]
@ 600 ojetiry, e @V) 3 3 2r 1
w VBF: 7,7, o L 1
= 400F _ = S
(%)) B Boosted: t,t,, ut , e, eu 1 -~ (0]

- - h . -~

200 . o [

_— GCJ — 1 I 111 I 111 l 111 1 111 l L1l I 111 l 111 I 111 l I

[ 1 1 1 1 I 1 1 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 N > 40 60 80 1 00 1 20 1 40 1 60 1 80 200

0 50 100 150 200 250 300 L

arXiv:1708.00373 m,, (GeV) arXiv:1708.03299 my, [GeV]

CMS 35.9 b (13 TeV)
—~ FT T T T | T T T T ‘ T T T T I T T T T I T T T LI
> ¢ Data (stat. @ sys. unc.)
O} 1 E — Systematic uncertainty E
(D Eoo NN gg—H (NNLOPS) + XH
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Direct searches for new phenomena

At 103 cm?s' @ 13 TeV
1.6 pp the LHC produces:

1.7 - 200HzW —Iv

Minimum bias
W(ln)
Z(lW)

77 2.0 - 19HzZ-—=I
t (s-channel) 2.2 - 8Hz top_pair
t (t-channel) 2.5 - 0.5 Hz Higgs

WH
H (ggF)
H (VBF)
tt

ttZ

ttH

Terra Incognita A0 TeV, g +bbA)

stop pair (0.7 TeV)

With great expectations! gluino pair (1.5 TeV)

Z'SSM (3 TeV)

Q* (4 Tev)
In some cases already exceed Run 1 QBH (5 TeV)
R 1 at 13 TeV! QBH (6 TeV) i s S 9000

(13 TeV)/o(8 TeV)



Explosion of the Higgs physics landscape!

Since the discovery of the Higgs boson, an entire new field has emerged.

|s the SM minimal?

. 2HDM searches

. MSSM, NMSSM searches

. Doubly-charged Higgs bosons

0 |

Rare / BSM decays

HO Suu

HO>Zy

H°>J/wy, Y(ns)y
LFV H2ur, et, eu
H°>aa

...and more!

FCNC t->H decays
Di-Higgs production
Trilinear coupling

.. efc

Tool for discovery
. Portal to DM (invisible Higgs)
. Portal to hidden sectors

. Portal to BSM physics with H°
in the final state (VH°, HOHO)

28



‘ Rare Higgs boson decays I

qj—L‘ L ‘LL‘ ’ \

H>py & H> ¢y

Sensitive to s-/ud-quark Yukawa couplings.

Reconstruct py=2>n*y and ¢y2>K*Ky.
Dedicated triggers, data-driven backgrou

B (H— @y) < 4.8 x 104

ATLAS-CONF-2017-057

= 1000 rr
. 0] - . _
Very rare in SM: et B ATLAS Prell:mnary i
— o Vs=13 TeV, 32.3 fb |
[22]
c 800— _
B(H — @y) = g 7T
(2.31£0.11)x10° i )
600— —
B(H — py) - : .
_5 —
(1.680.08)x10 a00b
: Background Fit +1c
L [ Background
200—, [ B(H—py)=8.8x10"
K [ ] B@z—py)=25x10°
= 1.2F ' .
nd = 1§‘+++++ +¢¢¢¢¢¢¢¢¢¢’%’"o”o’%’.%“’#::“ ’“‘““#u# ;
- w 0.8f
o

N

80 90 100 110 120
CMS-PAS-HIG-17-001 2163590 t13Te0

B (H — pY) < 8.8 X 10_4 g 700F CMSPrellmmary +'Oblserv'edD'Z—'m:I '
2 600F ut , 2 jets VBF-enriched [l Z-ee/u [Jtitsiets
§ 500 F !leoson [ ]Reducible
| :_ SM H—1t ==H—pt (B=5%
H%M’E, eT 4005 [ ]Bkg. unc.
. Lepton-flavour-violating decays also very 300
rare in the SM. 200F
«  Use BDT discriminant and multiple event 100E
: 0
categories. S 15
) (o) IiJ 4 . SRR —+—
B(H>ut)<0.25% B(H—>e1)<0.61% [ e +T
8 05
~04 ) 0 0.2

No significant excess observed

BDT discriminator

130

My [GEV]
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‘ Exotic Higgs boson decays I

. e RO OO 2T0 G EP TR0 OO 197 168 Tey)
S -1|_ — Observed upper limit ATLAS _ e = ;
i 10 F - (E))?pectegugger Ilimitt h— aa— 4y 3 N o[ CMS
= - @ +1c e T 10 E
, 2 - Cl+20 m, = 125 GeV ] < :
SM Q - 1 @ "
Tg i Vs=8TeV,20.3fb" | % 10F
SM ‘f:r 1o-z§— h%aa94y 95% C.L. upper limits S = F \
E : m23 resonance S-earch : \6 b 1 E .................................................................
ﬂ):(l R m,-dependent width c F
SM o|b§ i i 3 10 - h—aa—uuuu [47]
SM 10°F 3 O o - h—aa—trtr [48]
/ f E &\c; 102 h—aa—1t1t
| 4 o h—aa—pubb
10° - 2HDM+S type-1
10% - h—aa—puutt
E T T T T AT . le)fplected olbservled .
10 20 30 40 50 60 10
m, [GeV] 1 10
s v\ T T ma (Gev)
H->aa, a=low-mass pseudo-scalar 5 | ATLAS ]
_ ) ~ 1E \ | fs=8TeV,195m", 203" 3
* Rich set of resonant decay topologies. 2 ; \ ' m,=125GeV :
o) 3 E
(] — -‘.'_ . . .'. /
BR(a->XX) model dependent. z ', H>LLPsjets .~ - /]
3 10 e \\' ey BR15% /
: . ® E L% / 3
H->LLPs, LLP=long-lived particle Q E \ / ;
. . -) BR 5%
« Rich and challenging set of decay 3 ,\\ //
topologies often requiring significantly i\ﬂ I ROMEAN P 1
customized analysis methods. O 107 Eyxiv-1504 03634 N — “ arXiv:1501.04020 3
. . - sceeee m, =10 GeV <oeo=- m, =10 GeV -
» Lifetime treated as a free parameter. . — m.=40GeV mtoGeV
10” 1 10 10°
n, proper lifetime (ct) [m] 30

No significant excess observed



- Upper limit 95% CL

& B(H — inv)/ o(SM)
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‘ Invisible Higgs boson decays I

23" (13 TeV)

. > :_\ T | L L ‘ T T T ‘ L ‘ L |_?:
Most sensitive searches use 845; CMS t Data -
VBF production: o 407 VBF jets [zovvytets E
. . S 350 W(—#v)+et =
* Main selection on m;, An, %zg =W( v)+jets ;
and large E;™ss. 525 [C] acd multjet E
Derive upper limit on BR(H=>inv), i 2o [ Top quark E
under the assumption of SM 5 — H.B(H—inv)=100% 7
production cross section. o -
Result also interpreted in the context E
of a Higgs-portal model of dark matter i _ s o
interactions. 1500 2000 2500 3000 3500 4000
JHEP 02 (2017) 135 m. [GeV]
49" (7 TeV)+19.7 o (8 TeV) +2.3 b (13 TeV) 10 J
| -~ E \I T T T TTT T T T T TTT T T T T TT
—— Observed CMS C \ CMS
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‘ Implications from Higgs boson discovery I

w/z
Q % A 2
25 GeV)? = (2 Te (700 GeV (500 GeV -
(125 GeV)? ”’Ho + TeV (7 € (5 eV): ] (1()T0V)

Either New Physics appears at a 00T
scale A or there has to be a very

s |

delicate cancellation § 4001
N
= [
(2] I =
T 3 Electroweak

. . € 300 :
Amount of fine tuning 3

/g
'§.'.-

125 GeV |

“Natural” solutions by postulating new states at ~1 TeV curing Higgs boson quantum

instabilities (SUSY, new strong dynamics) or that fundamental Planck mass at the
electroweak scale (extra dimensions).

=>» Precision Higgs couplings and direct searches for new states are complementary.
However, no “no loose” theorem anymore. [Cosmological relaxation of the EW scale?]

Searches relatively agnostic but do often focus on models that address naturalness

problem and/or have a dark matter candidate. 39



‘ Supersymmetry I

Many features make it one of the strongest

candidates to extend the SM:
. Solves the hierarchy problem

. Can provide a dark-matter candidate:
if R-parity is conserved, lightest SUSY
particle (LSP, neutralino) is stable

. Predicts gauge coupling unification

In typical “Natural SUSY” scenarios the
3rd generation squarks (stop/sbottom) and
the gluino can be relatively light (also the

Higgsinos).

natural SUSY

—-11
~

decoupled SUSY

Global symmetry between fermions & bosons:
all SM particles have SUSY partners

quarks and leptons squarks and sleptons

ulofclv-mmoldle fv.
cls ey B A
b e v [Iiliﬂ

gluon

g |
gauge bosons charginos
BEDG NESESES
Higgs bosons neutralinos

h JAQH H XXX X
Qlfermion> = |boson>
Q|boson> = [fermion>

Ssusy = Ssm~1/2

R = (1P5(-1)%%(-1)"
33



Cross Section [pb]

‘ Classification of SUSY searches I

——8TeV
------ 13-14 TeV

107

‘e
-
‘e
.

102

‘e
‘e
.

T [lllllll I ]IIIIIII T

.
.
., ‘e
. B ‘e
. . -
. - B
. - .
. .
- ‘e

.

10—3 1 1 |

Large increase in cross section from 8 to 13 TeV!

Inclusive searches for squarks/gluinos

. Large cross sections

. Rich final states in the case of gg

Dedicated searches for lightest stop/sbottom
. Moderate cross sections

. Final states closer to SM background

Searches for charginos/neutralinos

. Low cross sections

. Multilepton final states with low SM background

Searches for long-lived particles and RPV SUSY

Strong

e

P g P \ ¢
P g p q
gluino pair production squarks pair production

4 X1

Electroweak
7/

y i

chargino pair production

Focus on searches for gluino and
3 generation squarks with early
Run 2 data

Discovery potential of beyond Run-1 limits
reached with 2015+2016 data
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‘ Natural SUSY: Gluino I

Strong production of gluino pairs one of the most promising search channels with early
Run 2 data: o(13 TeV)/o(8 TeV)~46 for gluino mass of 1.5 TeV.

Gluinos (and 1st/2nd generation squarks) often targeted by so-called “inclusive searches”.
. R-parity conserving (RPC) scenarios = LSP weakly interacting
Typical signature: jets, E;™ss, w/ or w/o leptons, w/ or w/o b-jets.

W

7-10 jets+E;™'ss SS dilepton/trileptons+E Miss

35



Natural SUSY: Gluino

. Many search regions needed to cover a large number of possible decay chains.

For example: multi b-jets+E miss
arXiv:1711.01901
§ 10° ATLAS é Eala Ee;?;g:ebﬁ)cgground
w Ys=13 TeV, 36.1 b X W
0-|epton+jets+ E.I.miss 10° Multi-bin analysis ] Muttijet

CMS PRD 96 (2017) 032003 35.9 fo'' (13 TeV)

7
n10 ! ! ! .
c N =2 i 3<N, <4 i 5<N, <6 i 7<Ng <8 E N 29 18
| + Data i
| | 107
! ! Hadronic
' vV 7 lepton 5
! ! o) o R LR Tt S S P S S L PR PP R PPEE SEPPPREPPR PPN
‘ : 3 o
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P miss
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! JHEP 09 (2017) 084
~ 1) T T T T T T T T T T T T T T T T T T
NN = R ——Data ) Total SM [l Charge-flip
NN _ 1 A e
NN : § N L%) 102 ATLAS E—13TGV, 36.11b \:Ilfake/non-prompt [ Diboson [ ttW, ttz/y*
N R RN ttH [ 4t [ Rare
N N § R
; i et e .
| AN asdJik: wi 10 , 2 I—+—, —t—
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Search region bin number =15 e = % )
V/ = ==
1 ) L zZ ,___F"
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‘ Natural SUSY: Gluino I

No significant excess observed

May 2017 pp — §§1 § — tf X? Moriond 2017

2500T' L I R B L L ;2000_|||||||||||||||||||||||||||||_

" ATLAS Preliminary \s =13 TeV, 14.8-36.1 fb' ] 8 - CMS preiiminary 35.9fb1 (13 TeV) -

L g—> qqx O-lepton, ATLAS-CONF-2017-022 4, 1800 miss ]

- g—> GQWZ’, O-lepton, ATLAS-CONF-2017-022 - 33 - 'ggg]gggg 8::gp EK{/IT )) -Expected -

— g—> qaWy,, 1-lepton, ATLAS-CONF-2016-054 | 1600— SUS-1 6-037’ 1-Ieg (MT)2 —Observed—

i WZ >7-11 jets, ATLAS-CONF-2017-033 _| - ’ J ]

I 3: xwz; SS Ieptjsnss ATLAS-CONF-2017-030- 1400~ —SUS-16-042, 1-lep (A0) ]

- —SUS-16-035, >2-lep (SS) ]

1500 — 1200 , 2071€P —

B g—> ttx > 3b jets, ATLAS CONF-2017-021 | - % .

i g— bbx > 3Db jets, ATLAS-CONF-2017-021 i 1000F- B

1000 f/_¥ N — 800 —

= - 600 -

500 s 00F .

I l i 200 j -

I T IR 1 'II" O:|||||||||||1||||||§|||||E.:|§|||:
1000700 Taos  1eos  1a0o 2000 800 1000 1200 1400 1600 1800 2000 2200

m(g) [GeV] mg [GeV]

Highest mass limits for gluino reaching ~2 TeV
(compared to ~1.3 TeV in Run 1) 37



‘ Natural SUSY: 39 generation squarks I

b
tii;q
b b4

Many sophisticated analyses
targeting bottom and top squarks.

Experimentally, can be quite %
challenging: b
. low production rate,
. several possible decay
modes, depending on SUSY
mass spectrum.

Dedicated searches employing a
large number of signal regions
based on boosted hadronic
resonances and other variables.
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‘ Natural SUSY: 39 generation squarks I

No significant excess observed

P — 65, 5 —b X? Moriond 2017

ﬂiproduction,iebff'Z?/T1—>CZ?/T1—>Wb%?/T1—>t%? revﬁ:&“@;mﬁ%ﬂow ;1 900_|| B L L A A L e
_l.III|IIII|IIIIIIIIIlIIIIlIIIIIIIII|IIII|IIII|IL L o _1 :
. ATLAS Preliminary \s=13 TeV q @ - CMS Preliminary 35.91b (1 3 TeV) =
Bt e wb 0L 36.1 fb”" [CONF-2017-020] 1 9 800t - Expected A
[ it oW isbiry’ 1361 b [CONF-2017-087] 1 & : SUS-16-032, 0-lep Sbrcn)gsom — Observed -
— Bli-t% /i> Wby /isbify 20361 1o [CONF-2017-034] - &£ 700F —SUS-16-033, O-lep (Hr ™) —
L Eiocy Monojet 3.2 b [1604.07773] ] - =SUS-16-036, 0-lep (M) .
[ —— {s=8TeV,201b" Run 1 [1506.08616] ] 600 =
I~ = Observed limits ===- Expecteci\limits All limits at 95% CL ] E E
3 ST IV S com kR oot :
NP oy 077 /5 Al =N - 400 =
: - 300/ —~
- . 2001 =
Cbir " C .
- . . 100F- -
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ighest mass limits for top squark ~1.1 TeV Highest mass limits for bottom squark ~1.2 TeV

(for massless neutralino) (for massless neutralino)
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BUT beware of simplistic assumptions in simplified models!



Events

Data / pred.

‘ Natural SUSY: Electroweak production I

. If colored sparticles have mass above 3-4 TeV scale,
the EW sector could be the only one accessible. p

. Very low production rate, large dataset needed.
. Exploit multi-lepton nature of final state events

. Depends on chargino/slepton/neutralino mass
hierarchy.

. Explore a variety of signal regions. For example:

SS 2l ariv:1709.05406 31+0t, 21 SFOS pair

CMS 35.9fb" (13 TeV) CMS 35.91b" (13 TeV)
T T T T T T T T T T T T T T T T T T T T T T T T T T T I rT 1717171717 17 1T 17T 71T rr1rr 7171717117 17 17T 17T T T1TT rT 171111717 T1TTT
N(jets) o SR A: OSSF

p

[2] T
- SR SS c el )
10° wfon —e- Data [0 " M, (GeV) 2|2 e~ Data
= = % 5 lv(500/350) > 10 A = =1 17~V (500/450)
Wz w 0 e 17— llV(1000/1)
4 =3 Nonprompt e/u —wz
10 M (GeV) S S [ Charge misid. 3 Nonprompt e/w/t
" I = zzH 10° = zzH
@3 Conversions 31 3 3 Conversions
- I VVVWW i A mm VW
B X = [
Vs B3 Total bkg. unc. 102 - &3 Total bkg. unc.
M, <100 GeVi M, > 100 GeV. St ]
v ;“ !
°
[0
—
o =
= -
© [
-
ks -
0
02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 010203 04 0506 07 0809 10 1112 13 14 1516 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 4243 44
Signal region (SS) Signal region A (31,01)

Total of 158 regions (incl 2, 3, 4 leptons, all types)
No significant excess observed 40
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‘ Natural SUSY: Electroweak production I

Powerful exclusions in decays via sleptons

. Mass limits on selectron/smuon up to 500 GeV — not yet on staus!
If kinematically forbidden, decays via WZ or WH (on-shell or off-shell in compressed

scenarios)

May 2017

ATLAS Preliminary

Vs=8,13 TeV, 20.3-36.1 fb™

= == Expected limits
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X1X; = via /¥ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294
—— via T/¥ 2l arXiv:1509.07152
—— via T/¥, 2t, ATLAS-CONF-2017-035, arXiv:1407.0350

X;Xo = via /¥ 2143, ATLAS-CONF-2017-039, arXiv:1509.07152

X% via T /%, 2t, ATLAS-CONF-2017-035
~0.0 ~
XoXg — Via Iy 3l+4l, arXiv:1509.07152
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All limits at 95% CL
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‘ Natural Exotics: Vector-like quarks I

1 JHEP 1508 (2015) 105

9.9’
Z H, W7

BR(T = H1)

Z H W=

a9
Vector-like top and bottom quarks naturally appear
in composite Higgs and extra-dimensional models.

Very rich phenomenology depending on the heavy
quark mass and quantum numbers.

Run 1 excluded masses below ~750 GeV.

3‘ T T T T T T T T ] T T

= F _ i

— — QQ (top++, 13 TeV,

"""" pp — QQ (top++, 8 TeV)
= ——— pp— Thq (PROTOS, V_ =0.1,13TeV)
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= pp — BBq (PROTOS, X_=0.1, 8 TeV) 3
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ATLAS

Vs =8TeV, 20.3fo"' Summary results:

Same-Sign dil.
arXiv:1504.04605
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JHEP11(2014)104
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Great potential for discovery in Run 2!
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‘ Natural Exotics: Vector-like quarks I

Broad program of searches for pair production excludes masses below ~1 TeV over
the whole branching ratio plane (up to 1.3 TeV at BR=100%).

1=

BR(T — Ht)

. m =800GeVI:i .

-

ATLAS Preliminaryl
Vs =13 TeV, 3.2-36.1 fb™

==:Exp. limit [JObs. limit

Wb+X - 36.1 fb™
[EXOT-2016-14]

Ht+X - 13.2 fb™
[CONF-2016-104]

Z(vV)t+X - 36.1 fb™!

b [arxiv:1705.10751]
Same-sign - 3.2 fb”
[CONF-2016-032]
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‘ Dark matter I
DM DM AN DM
: : q~ : DM

q q

Direct Detection (t-channel) Collider Searches (s-channel)

Dark matter can also be produced at colliders.
Being searched in association with SM particles, giving signatures of E{™ss+X

( X can be pretty much anything: q, g, V, h, top(s), b(s) ) 2> “Mono-mania”

ijetWZ

ol D

Common “language” established with simplified models:
ATLAS-CMS Dark Matter (DM) Forum (arXiv:1507.00966)

DM particle is a Dirac fermion

Mediator (med) exchanged in the s-channel

S parameters: M4, M., 9q, 9,5 [med

Physics objects (X) produced in ISR (or radiated in case of h)

EFT models kept as benchmark (but with clear limitations and validity bounds)
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EXPERIMENT

p:(j) = 1.7 TeV
B, = 1.7 Tev =
No other jets with p;>30 ‘3: 2 e

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST




q

Dark matter: Mono-jet

99;99999/
AT
7

9

_ High-p; jet + large Eq e
(low jet multiplicity)

Main backgrounds: Z(->vv)+jets, W(=2>Iv)+jets

90% CL exclusion
limit on the spin-
dependent o(x-p)

(model dependent)

[ )
. Most powerful and generic DM search
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‘ Mono-jet — dijet resonances complementarity I

. If the mediator is produced by qq, it will also decay into qg
=>» probed by dijet resonance searches!

med
VAR
8y

Ol

Ol

Off-shell region:
Mmed<2mx
The mediator can

decay only to di-jet

[ |

DM Simplified Model Exclusions ATLAS Preliminary July 2017
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On-shell region:
M eq™>2m,

The mediator can
decay also to DM

= Dijet
Ys=13TeV, 37.0fb"
arXiv:1703.09127 [hep-ex]
= Dijet 8 TeV
Ys=8TeV, 20.3 fb™
Phys. Rev. D. 91 052007 (2015)
— Dijet TLA

Ys=13TeV, 3.4 fb™
ATLAS-CONF-2016-030

— Dijet + ISR
Vs=13TeV, 1551
ATLAS-CONF-2016-070

— —=MISS
Er +y

Ys=13TeV, 36.1 fb™
Eur. Phys. J. C 77 (2017) 393

T ET4jet

Ys=13TeV, 36.1 fb™
ATLAS-CONF-2017-060

- E?'SS+Z
Ys=13TeV, 36.1 fb™
ATLAS-CONF-2017-040
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Dark matter: mono-W/Z and mono-Higgs

PLB 763 (2016) 251
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10°

10

Dark matter: DM+heavy-flavor

Dark matter produced in association with bottom/top particularly sensitive to

(pseudo-)scalar interactions: coupling o m,
Also searches for a single top-quark+E;™ss (e.g. via FCNC).
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Dijet Event

pT(j1) =29 TeV, r](j1) = 0.9 run: 329716

Event: 857582452

Prlz) = 2.9 TeV, n(j,) =-1.2  2017-07-14 10:48:51 cest
m(j4j,) = 9.3 TeV

EXPERIMENT




‘ Resonances in high-p; multijet final states I

CMS-PAS-EXO-16-056

36 b (13 TeV)

Early Run 2 searches focused on processes with =" 10E CMS preliminary + Data
. . = — Fit
. S 10
the highest cross sections 3 e, 00 (2.0 TeV)
. Dijet resonances and angular distributions = qg (4.0 TeV)
. S 1 -+=qq (6.0 TeV)
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L . +i
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Events

Significance

‘ Resonances in high-p; multijet final states I

. Also searches for resonances decaying into 3@ generation quarks.

PLB 759 (2016) 229
— T

— T T ‘ T T T T | L I:
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Sensitivity to light dijet resonances statistically

‘ Low-mass dijet resonances I

limited due to jet trigger prescales.
Several strategies developed:

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Trigger-level analysis: use trigger-level
jets and partially-reconstructed events

(challenging jet reconstruction and

calibration; no inner detector information).

Associated production with a high-p;
photon or jet from initial state radiation.

=>» Also use jet substructure techniques!
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CMS Experiment at the LHC, CERN
Data recorded: 2017-Jun-27 15:39:36.789504 GMT
Run / Event / LS: 297599 / 134277310 / 86

Dimuon Event
m(uw) = 2.4 TeV

Highest-mass Run 1 events:
1.8 TeV (ee), 1.9 TeV (up)




Resonances in leptonic final states

Searches for resonant production of Z'2>1l, k4 (I=€, W), ThaqThag @Nd W2 ev, uv.

__JHEP 10 (2017) 182
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Events / 20 GeV

Data - fitted background

Resonance searches with interpretations for:

10°
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10°
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10
’

107"

‘ Diboson resonances (yy) I

Spin 0 (extended Higgs sectors)
Spin 2 (extra dimensions)

PLB 775 (2017) 105
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‘ Diboson resonances (WW, WZ, Z7) I

zzZ (z->1)
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e o
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‘ Diboson resonances (WW, WZ, Z7) I

Many final state signatures explored!

ZV (Z>11, Vi)

ZV (Z>vv, Vi)

WV (W= Iv, Vi)
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dN/dm , [1/GeV]

data / bkg

Diboson resonances (Wh, Zh)

Several searches for X>Vh (X=A or V') with h>bb performed.

ATLAS CONF—2017—055 PLB 774 (,20.17). 4.94.
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95% CL limit on o(pp—X—HH) [fb]
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‘ Diboson resonances (hh) I

Broad program of searches for X->hh (X=spin 0 or 2).

Exploiting bb+X (X=yy, tr, VV and bb) final states.

. For X=>hh->bbbb consider resolved and
boosted regimes.

Sensitivity dominated by bbbb and bbyy channels.

CMS CMS-PAS-HIG-17-008 35.9 fo-1 (13 TeV)
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‘ Signature-driven searches I
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‘ Searches for long-lived particles I

Many BSM scenarios involve long-lived particles (LLP).

=>» Multitude of signatures, most requiring dedicated
reconstruction strategies and observables.

Displaced Ki;‘nked ang
disappearin
lepton-jets ginmy

tracks

ID displaced

lepton'y AW fging jets
Calorimeter (ia

Vertex reconstruction efficiency

Muory system'decays

« Large-radius tracking

* Inner-detector tracklets

* lonisation energy loss

« Time-of-flight

« Dedicated processing
and data formats

arXiv:1710.04901
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‘ Searches for long-lived particles I

Target: non-prompt gluino
=>»Displaced vertices

Need: Dedicated re-tracking,
decay vertex from massive

Target: LLP that stops in the detector, decays
to muons some time after they are produced

(gluinos, multiply-charged massive particles).

Need: Custom trigger to record events out-of-
time with collisions. Dedicated algorithm for

LLP. Delayed StandAlone muon tracks.
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No significant excess found
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‘ Avoiding holes in sensitivity I

« Crucial to continue to develop search strategies to fill holes in sensitivity, including
adding new uncovered signatures.

Compressed SUSY spectra A
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ATLAS rompt search
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‘ LHC beyond Run 2 I

2009-2013 2015-2018 2019-2022 3 2024-2035
Run 1 Extended Year End Stop Europe’s top priority should be the exploitation
(5 months end of 2016) of the full potential of the LHC, including the
LS1 I \ high-luminosity upgrade of the machine and
Phase @ l Europeepvjsztwrategy detectors with a view to collecting ten times
RUH 2 | more data than in the initial design, by around
LS 2030.
18 months ! !
LS1 Machine Upgrades Phase 1
Consolidatiof
Run 3 LS4 2028
- LS3 LS5 2033
LS2 Madhine Upgrades | 25years >
. . {Phase 2
Collirpation 3
Cryogenics HL-LHC
Injecior (emittance) 5

1S3 Machine Upgrades

25 fb! 0(100) fb! O(300) fbr' |- Crapeavitiess 0(3000) fb-"
at 7-8 TeV qt 13-14 TeV at 14 TeV at 14 TeV
1.6 10% cm2s'! 210%cm2st 8 10% cm2s°!
O(25) PU O(40) Pile-up 0O(60) Pile-up 0(14-200) Pile-up
50ns inter-bunch 25ns inter-bunch spacing 25ns inter-bunch spacing 25ns inter-bunch spacing

(il

We are at the beginning of a ~20 year program! 65



Wow, what a ride!




‘ Summary and outlook I

Status is good!

The LHC Run 2 is in full swing.

The LHC machine and the ATLAS and CMS detectors continue to show a
spectacular performance.

A host of new NP searches have been released with the full 2015+2016
dataset corresponding to ~36 fb-! at Vs=13 TeV.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic

EEEEEEEEEE

http://cms.web.cern.ch/news/cms-physics-results

No significant excess observed yet.
Stringent constraints set on a broad range of NP scenarios.
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‘ Summary and outlook I

Prospects are even better!!

« Some old and new excesses begging
for more data.

The full Run 2 dataset will not just
be a x3 gain in luminosity wrt now:

Most analyses are implementing
improvements to scale faster than L.

Large gain for analyses that have
much better triggers in 2017!

Infinite gain for analyses that didn’t
exist before!!
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be a x3 gain in luminosity wrt now:

Most analyses are implementing
improvements to scale faster than L.

Large gain for analyses that have
much better triggers in 2017!
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 Only ~1% of the data the LHC will
provide has been analyzed.

More data, ever improving analysis
strategies and ingenious theoretical
guidance may lead to the next
revolution in particle physics.
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guidance may lead to the next
revolution in particle physics.

Looking forward to new exciting discoveries! 70



