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B Higgs boson observed, SM is complete.
SM fits the experimental data very well
=>» big success in EW scale

% The Nobel Prize in Physics 2013
Francois Englert, Peter Higgs

B P, Higgs at CMS



Very happy faces after the announcement of the discovery on 4% July 2012
at CERN and at ICHEP Melbourne
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Announced on 8th October and celebrated on 10th December 2013:

2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

“for the theoretical discovery of a
mechanism that contributes to our
understanding of the origin of mass
of subatomic particles, and which
recently was confirmed through

the discovery of the predicted
fundamental particle, by the

ATLAS and CMS experiments at
CERN'’s Large Hadron Collider”
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Standard Model of Elementary Particles

mass - =2.3 MeV/c* =1.275 GeV/c? =173.07 GeV/c? 0 =126 GeV/c*
charge - 2/3 2/3 2/3 0 0 H
spin > 1/2 w 112 9 112 y 1 0
up charm top gluon ggggﬁ
=4 8 MeV/c? =95 MeV/c? =4 18 GeV/c? 0
-1/3 -1/3 -1/3 0
112 172 g 112 b 1
The elementa
down strange bottom photon particles arral?g,je d
0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c? 91.2 GeVic? accordl_ng to thelr
properties
e lp .o @
112 | 112 ' 12 1 Ty .
: : = Three families of
electron muon tau Z boson O quarks and leptons
-’ U
)] <2.2eVic? <0.17 MeV/c* <15.5 MeV/c? 80.4 GeVic? 8
“— 0 0 0 +1
w
8 112 l)ﬁ 102 W 112 lb 1 ’ O
oy -
electron muon tau
“ ' neutrino neutrino neutrino W boson g

Fermionen Bosonen ———>
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B Need a more
fundamental theory
of which SM is only
a low-energy
approximation =»
New Physics

<ol

.m‘,‘?

B While has problem in Planck scale:
— Naturalness and “hierarchy”
problem
— Unification of gauge coupling
— Dark Matter

Unfortunately, th re is a problem w1th the Higgs!
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\3 P. Higgs at CMS
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New Physics beyond the SM

L &
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Big Questions

SUSY < usy

Compositeness,
Extra dimengi

iggs Sector

exotics Top

Partner
W'/Z’

Minimal
Matter

Hidde
Sector

Multiverse
S. 8

Snowmass new physics working group report
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History of the Universe
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g gluon ) & ® baryon .

e electron o o, * siar
[Lmuon Ttau

black
V neutrino (@atom , ol




Fﬂ{’:27 ANE, I%JE‘ 1oo7l€ %ﬁ%ﬁ&@@iﬁ

HARBRK, BERSMINES, HITRITVERR FOERR

R0 REEE14TeV (Tevatronfi7f%), B ARILSTeVLA FRIBERIFRHRF 16
RO EE1034 em2 s (Tevatron 191001%), A LRI/ N A # M HEE6




CERN’s particle accelerator chain
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Collisions at LHC

Proton-Proton
Protons/bunch 10"
Beam energy 7 TeV (7x10'2 eV)

Luminosity 103 cm? s
Bunch
Event rate:
Proton N =Lx o (pp)=~ 10? interactions/s
Mostly soft (low p;) events
Parton Interesting hard (high-p;) events are rare

(quark, gluon)

Selection of 1 in
10,000,000,000,000

Particle

-> very powerful detectors needed 18



Excellent LHC performance
is a (nice) challenge for the
experiment:

- Trigger

- Pile-up

- Maintain accuracy of the
the measurements in this
environment

LA I I I L L L L B

ATLAS Online Luminosity
B Vs=8TeV, [Ldt=208" su>=207
O Vs=7TeV, [Ldt=52" <u>= 9.1
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ATLAS and CMS detector @ LHC
ATLAS and CMS: two multi-purpose detectors @LHC

rA Toroidal LHC ApparatuS

-42mX22m, 7000 ton

- Solenoid + Toroidal magnet (2T)
- Fine granularity liquid Ar/Tile
calorimeters

~| Large Hadron Collider
" Proton-Proton synchrotron

. — World’s highest and largest

Compact Muon Spectrometer
-21Tm X 15m, 125000 ton

- All silicon trackers, 4T
solenoid magnet

- PbWOA4+Tile calorimeters Y

20



ATLAS and CMS

CMS is 2 times smaller,
but 2 times heavier!







Chinese muon chambers installed in the ATLAS detector

ATLAS 4 April 2008 P .
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The joy in the ATLAS Control
>, Room when the first LHC beam




A well-deserved toast to all who have built such a marvelous

machine, and to all who operate it so superbly
(first 7 TeV collisions on 30" March 2010)
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The results are based on 36-80 fb!' @

We are here : 13 TeV (RUN2 2015-2017) ~ 2-3% of

2015-2017: ~80 fb-'(13TeV)

2015 ~ 3 fb- total
2016 ~ 33 fb-! High-luminosity LHC
2017 ~ 50 fb" Run3
2021-2023 A
Run2 14TeV (PU) ~ 140
v2015-2018 L~300fb 1" 1G3 Rundss
PU) =~ 50 2037
13TV (PU) 2027-2037

£L~150fbt LS2
(PU) ~ 25 2024-2026 |

= 400 T T T T T T =]
2 E ATLAS Online, Vs=13 TeV JLat=ea " 3
I l ‘5 350 3
= = @ 2015:<u>=135 o
u 2 300[ 3 2016:<u>=249 |
3 = ] 2017:<p>=383
E 2501 B8 Total: <p>=319 —
2 200f
o £
o .
8TeV
= E
Long Stop § =
E el
3 EL
= L N L 3"
0 10 20 30 40 50 60 70
20 1 0 -20 1 2 Mean Number of Interactions per Crossing
~25 fb-




New Physics beyond the SM

Big Questions

L &
@) 1 A ¢ B
S o % 3 Q o % Q%
: 7 D (A % % A, A E
ldeas & B* % B B e X[ %

SUSY < usy

Compositeness,
Extra dimensions

Extended
Higgs Sector

Top
Partner

Wiz’

Minimal
Dark Matter

Hidden
Sector

Multiverse

S. S

Snowmass new physics working group report
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What is SUSY?
How SUSY do help?

(TeV-scale) Supersymmetry (SUSY)




SUSY Introduction

OUR WORLIE. NEW WORLD?
Spin 1/2 I I it Spin O
u c t
quarks “ d " S ( b squarks
o
leptons 7 % q ‘{; q VT sleptons

Spin 1 Spin 1/2

Neutralinos {
Spin O

woo { (DRI

Julius Wess Bruno Zumino
(1934 — 2007) (1923 — 2014)

(Julius Wess and Bruno Zumino, 1974)

| ‘

(matter) and bosons (forces)
1 Motivation:

Bosons Fermions
o Unification (fermions-boson$, matter-forces) _
o Solves some deep problems bf the SM 8 I?e‘:fn"ir;;_ |I‘E’;;“(;‘r"2>
o Provide Dark Matter candidat

Spin differ by 1/2 3°



SUSY Introduction

O Solve hierarchy problem without

“fine tuning”

— Fermion and boson loops
contribute with different signs to
the Higgs radiative corrections

— Supersymmetric partner
contributions to Higgs mass
cancel SM contributions

Mrs. SUSY

Fermion loop S
S e
| 1
HO Bl
Boson loop
M; =M’ +AM,;  SM:AM,~A’;  SUSY:AM, ~m’ log(A/m_,)
h h.tree h h h soft soft

31



SUSY Introduction

O Unification of gauge couplings
— New particle content changes running of couplings
— requires SUSY masses below few TeV

- SM

, £ SUSY
- 80 Ve, 80 Jia,
40 X 40 5
S T, N
Ta, 5
20 20 - @
1’(13 . ‘,(11
0 0
0 o 10 15 0 o 10 15
l0g,,(Q/GeV) l0g,,(Q/GeV)

32



rovide Dark Matter candidate - . =~ - - . ﬁ/g,}.

o : : R 100 | W
- s '. . & ‘....' {/ v . )
/

Ki% %ﬁi}(_n‘%!—: %‘ ‘1?4& | expected

from

< . ~~w—___ |luminous disk
k”%‘%i&‘“ﬁ*% g W Tl 5 e
&4 (AR R - g T R—
54.6%) e
' TR h L S e AR M33 rotation curve -

¢ Provide perfect dark mater |
candidate - WIMP (lightest neutralino |
, in R-parity conserving models)
Q stable
Q electrically neutron
Q same density as DM

1 0.094 < Q. yh?< 0.136 (95% CL)

> EEFHRSUSY, AIE
| HRRIIERE | |




How to hunt SUSY?

P. Higgs at CMS

34



How do we start? - SUSY Signature

B Conserved R parity (originally introduced for
stability of proton)

— SUSY particles produced/annihilated in pairs

— Lightest SUSY particle (LSP) stable (DM
candidate)

— Typical signature: jets/leptons/photons + MET
(key signature: large MET)

Standard particles SUSY particles
7 ~0
\'v/ X’ 1 ’ 2 ] 3 ' 4
9 = Neutralinos

35



How do we search for SUSY?

B Not like general particles with peak in

2010 mass spectrum ®
E P, ¢ JAp
210°F p o Y(1,2.39)
Q
i 10°
E:;} [ss]
10° [cc] | | [bb] >
0% L |=1960 1974 | | 1978 /70 1
ey, o
10 S, Y., 0
CMS Preliminary O@ <4 h’e
10 o 7%,
\s=7TeV, L =40pb"’ |1983

o

llll

il

1

in

1
u*u- mass (GeV/c?)
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How do we search for SUSY?

B SUSY search strategy: search for
deviation from SM from the tails

O SUSY sensitive variables: Try to
establish excess of events in some
sensitive kinematic distribution

1 SM background: the discovery of
new physics can only be claimed
when SM backgrounds are
understood well or under control

— SM bgs understood very well ©
— No hints for new physics ®

— Slightly overshoot in WW cross
section, but consistent with NNLO
XSec.

Q.

sSUSY

/

Cut &
Cowunt

miss
E T

SM “backgrounds”- the big picture

Ohotal [pb]

10?

10

10“;

103;

10°
E 35 pb™!

~ ATLAS Preliminary

LHC pp Vs =7 TeV
Theory
o Data (L=0.035- 4.6 fb™)

LHC pp Vs =8 TeV
mm Theory
e Data(L=5.8-201fb"

1

37




Events / 10 GeV

Data/SM

Events / 15 GeV

Data/ SM

SUSY Sensitive Variables

miss
ET

10°E
10°E

wf [

—
ATLAS Internal

J Ldt~20.3fb"

" Lo Data 2012 (s = 8 TeV)
%44« SM Total

=) Diboson
. i

= gingle top

SUSY Ref. Point 1
SUSY Ref. Point 2
SUSY Ref. Point 3

SR-C1C1-highMas

....

vl |Lum$|\\mﬂ T Tl

250

10?

ET™ [GeV]

T T T T T T T =
ATLAS Preliminary *-Data  [lWajets (?-9:
\s=8TeV, 203" —TotalSM [[llSingletop I o

ff Other 1 =
----- M LA) = (250.0) GeV = %
7 >

B w

-o—
P

Data/SM

160 180
my [GeV]

80 100 120 140

Meff

SR-DS-lowMass
T

> T
8 f ® Data [ ]Diboson

o10® %4sMTotal [l Top quarks

Z [ JMultijet . (M. M) = (250, 100) GeV
2 J I Weets - 250, 50) GeV
e 2 1

°'>’10 ; Dzsiets oMM (127, 0) GeV

- 4 ATLAS

(s=8TeV,20.3 fb"

%112’ Y7 /V//]-y)l/ﬂf/}///
S MRS /4?/?(
100 150 200 250 300 350 400
Mg [GeV]

mT2

SF channel
10° gorrrr

L o e e e
. ATLAS, Vs=8TeV,203 "
10 @ Data [] Non-prompt leptons
Zsjets Hi
10° e P
st —mome (M.} = (350.0) GeV
3 - oo, (mlim™) = (251,10) GeV
10 bA

0 20 40 60 80 100 120 140 160 180 200
m,, [GeV]

E.™ss from escaping LSP, to
suppress bg from mis-
measured jets and oth. SM BG

Related to the sparticle
mass scale, like effective
mass (M)

-
*?"'jets

N |
Me=Y i+ Y pr
i=1 j=1

mT, mT2 (stransverse
mass): suppress BG with
Ws

o 2
mr2 = llllllllllil.\ (nrr(p'r].(n).mT(pfr*. Pr
q1

4+ E_rrniss

Pjet.;r’
T

~qn)|

B Many others ...
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How do we search for SUSY?
-Analysis Procedure (similar for exotics)

o

. Be aware of SUSY signature, design signal grid

Pre-selection: select good objects (e, mu, tau, jet, ...),
apply trigger depending on analysis, remove bad events
(bad runs, not from pp collisions, in transition region ...)
SR definition and optimization

— Define signal regions based on decay topologies occurring
In generic models

— Set final cut on discriminating variables (e.g. Meff) to
optimize sensitivity to reference models with appropriate
mass scale

SM Background estimations (data-driven + MC)
Compare SM predictions with data

If no excess, interpret results in different SUSY
models 39



1. Be aware of SUSY signature, design signal grid

VS =8 TeV

Strong

production
(1+2 gen. squarks,
and gluinos)

LI L L L
O, [pbl: pp — SUSY ]

1000 1200 1400

1600
m verage [GGV]

gluinos decaying
via charginos

W = | nu
= qq

Final states:

> 1 lepton + multi-jets + large E;M'ss

40




2: Pre-selection Reconstructed Objects

#% ¥, 5% Z3
Photons: no track but i i £ +
energy in el-m (and not in *ﬂ”} ﬁg ﬁg £/

. . M 4 4 A
the hadronic) calorimeter = = = =
EIeCtrOnS traCk and Tracking Electromagnretic Hadron Mucn

chamber calorimeter calarimeter  chamber

energy in el-m (and not in | £ 7

. . hotons
the hadronic) calorimeter | '=—>"

o T ot
Muons: track in inner =
tracker and muon 3"

Chgp

chamber _TuP
Jets: cluster in hadronic ;'%v" |
CalOrImeter Innermest Layer... P ... Cutermast Layer

TNEARE > 5hE

41



MET: Missing Transverse Energy

B At the LHC an unknown
proportion of the energy of the
colliding protons escapes down
the beam-pipe

B [nvisible particles (neutrinos,
neutralinos?) are created their
momentum can be constrained in
the plane transverse to the

beam direction \

electron

muon

Missing
Transverse
Energy

mlsq
=Pl

42



Triggering on Physics

& HLT

~100kHz ~1kHz

B Apply trigger depending on analysis
B Only pick up what we are interested events
B MissingET trigger used here

LHC collisions

Hardware trigger ©

Software trigger

Final states:= 1 lepton + multi-jets + large E,™iss

43



3: SR definition and optimization

arXiv:1605.04285
4-jet high-z SR 4-jet low-z SR 5-jet SR 6-jet SR

Niep (P~ > 10GeV ) =1 =1 =1 —1
pe=cW (GeV) > 35 > 35 > 35 > 35

]Vjet Z 4 2 4 Z 5 Z 6

Pt (GeV) > 325,30, ..., 30 > 325,150, ...,150 > 225,50,...,50 > 125,30, ..., 30

e GeV) > 200 > 200 > 250 =>250

mt (GeV) > 425 > 125 > 275 > 225

Eiss [pine > 0.3 - > 0.1 > 0.2

mine (GeV) > 1800 > 2000 > 1800 > 1000

Jet aplanarity - > 0.04 > 0.04 > 0.04

Final states: = 1 lepton + multi-jets + large E;™Miss

B According to signal signature, select interested final states
objects: number of jets, leptons requirement

B Suppress background using SUSY discriminating variables
B The cuts are from optimization with signal significance

44



4: SM Background estimations (data-driven + MC)

SUSY searches rely primarily on the understanding of the SM
BG

Standard Model

Top, multijets
vV, VV, VVV, Higgs
& combinations of these

Reducible backgrounds Irreducible backgrounds

Determined from data Dominant sources: normalise
Backgrounds and methods MC in data control regions
depend on analyses Subdominant sources: MC

L. blinded
Validation inae

Validation regions used to
cross check SM predictions
with data

. . blinded
Signal regions

45
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10° e ey
Hard-lepton E gCL1AssTev, 321" %'[I')stt:l SM =\é\.li;f;2n ;
4jetlow x _d-jethigh x 5-jet 6-jet 1025 mawiponsiot i opon 2
Observed events 1 0 0 10 beweed =77 (@i, )=(1105.865.625) GeV
Fitted background events 1.3 +0.5 0.9 + 0.5 13+06 44+10]"° _+> + L
i 040+031  008+007  040+024 2509 Befet g
Wjets 0.19 +0.12 08+05  0.16£0.12 0.23£0.16 %
Z+jets 00450023 0.028+0027 0073£0035 008008 [
Single-top 0505 0.0477° 021793 04+04 2i::l::::: = 0?0 -
Diboson 0.0625 3¢ 0.002:9%% 0374023  09%05 © ?
{F+V 0.048 +0.021 0.024+0012 005940029 023+£008 [ * Z
0 100 150 200 250 300 350 400 450500 _
my [GeV]
B No significant excess arXiv:1605.04285

except for 6jet-SR

Signal regions

5:

Compare SM

predictions with

data
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1400 -

1200

1000

800

600

400

200

~ o~ —+ -0 ~ ~0
99 %qqquWx x x = (m(T,) - m(X,)) / (m(@) - m(x,) ) = 1/2
] T T | T T T | T T T I T T T | T T T | T T T | T LT T T T T | T T ]
- ATLAS ATLAS 8 TeV, 20.3 fb™!
Te/u+jets + E7° [ | observed
_— {s=13Tev,32f6" 7 T expected

SUSY)
"""" theory

— — = Expected limit (+1 cexp)

All limits at 95% CL & .

IIIIIIlIIIIIII|

400 600 800 1 000

1200 1400 1600 1800 200t

m [GeV]

1400

1200

1000

800

600

400

200

g9

—aqaaWWZ. ;. x = (m(X,) - m(%;) ) / (m(@) - m(T.) ) = 1/2

.}

JII|1\II|III|III|

T T I T T T | T T T | T T T | T T T | T T T T L2 | T T T | T T T
ATLAS ATLAS 8 TeV, 20.3 fb”!
1e/u+jets + ET

— Vs=13Tev,3.210"

|| === soft-lepton 2-jet (obs./exp.)

[ === 4-jet low-x (obs./exp.)

|- == 5-jet (obs./exp.) @/l{\,f”

6-jet (obs.fexp.) & .7

All limits at 95% CL ~.*,

..|...|...|N...|...|.‘... Lo

miss

L

400

600 800 1000 1200 1400 1600 1800 2000
m; [GeV]

arXiv:1605.04285

B excludes gluino masses up to 1.6 TeV

Signal regions

——

6:
Interpretations
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SUSY search results @ LHC and
prospects at future colliders

(TeV-scale) Supersymmetry (SUSY)

~,




SUSY Search @ LHC

9
0

p ~
g
— 1 : -
E =10 f
S 1R
= 10 1 &
“ =10° £
— E >
2107 1 A
5: - =10°
Z2 I i 3
- 107 g ]
wn =
[ 310°
210 - -
7S T R —10
NOE'US’{( sparticle mass [GeV]
https://twiki.cern.ch/gwiki/bin/view/LHCPhvsics/SUSY CrossSections arXiv:1407.5066
~+
D X1
p =0

Strong production:

U targeting gluinos and
1st and 2" generation =
squarks

O by far largest cross-sections

Spin 1/2

Electroweak production:

O targeting Electroweakinos,
sleptons

O Lowest mass sparticles, clean
signature

RPV/LL.:

O targeting R-parity  violating
models and long lived sparticles

Q More exotic models 50



squark & gluino search (all had.)

Spin O

Signal: jets and
missing energy

=
—D =D

~ N q
gg production, B(g — qq %?)=1 00%
;‘ 1 800 [ | T T T T I T T T T | T T T T I T T T T
0 ~ ATLAS = Obs. limit (+1 opeer) =
O, 1600—¥s=13TeV,36.1 o === Exp. limits (+1 ,,,) (05) 1
EOIX'_ | O-leptons,2-6jets ~ —- Exp. limits MEff —
1400 et o muR (Best Expected) ~ ~7°T Exp. limits RJR 1 sz 1
— - % —— OL obs. limit (13 TeV. 3.2fb™)
1200 __AII limits at 95% CL
N /
1000F- P
800 -
600 -
[ ]
400 —
200 ) -
A B ]
O | 1 1 1 I | I 1 1 1 | 1 1 1 v E 1 1 1
500 1000 1500 2000 2500
m; [GeV]

200

800

600

400

200

sleptons

squarks

Spin 1/2

Vi
A

A

S o~ ~0 ~0 ~0
veutralino { X]_ ZZ XB 14

~4 o~

Charginos { Z{ Z{
y_ 7 4

CMS Freliminary 35.9 fb' (13 TeV)

IIIIIIIIIII

pp—>qga,q—q ';Z? NLO+NLL exclusion

Observed + 1o

e 2 1

theory

4

-----
="

~
-----
~a

| IIlIIII|

1 Illlllll

1072

-I—T—I—‘I‘Illllllllllll
]

95% CL upper limit on cross section [pb]

R

m; [GeV]

Corresponding sparticle mass limits for BF=100%:

Squarks: up to 1.55 TeV assuming 8-fold squark degeneracy
Gluinos: up to 2.05 TeV with neutralinos up to 1.1 TeV



Gluino decays to 3" Gen. squarks

Signal: 4b-jets (right) »
up to 4 top quarks

(left)
P

2000 GG production, § » tt+%, m() >> m(@) pp — 99, 9 — bbX% Moriond 2017
> : T T | T T T | T T T | T T T | T T T I T T I I. | T T : ; r T l T T7T T | T 7T l 1
o - ATLAS 0 e Expected limitin 2015 7 [ - imi . 3 1
: E ==== Expected limit (+10,,) ‘_a'-1500 - =SUS-16-033 (H ) -Expected
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Corresponding sparticle mass limits for BF=100%:
¢ Gtt: Gluinos up to 1.97 TeV with neutralinos up to 1.19 TeV
® Gbb: Gluinos up to 2.05 TeV with neutralinos up to 1.2 TeV
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Multi-step decays

Signal: 1 or 2/3 leptons, jets and MET
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Corresponding sparticle mass limits for BF=100%:
® Gluinom to 1.8-2 TeV, LSP up to 1-1.2 TeV
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Gaugino search:
via slepton decay (21/31)
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2018 Vs=7,8,13TeV
miss — .
Model &u Ty Jets ET™ [Lanm™ Mass limit V5=7,8TeV  Vs=13TeV Reference
T T — T T T —
4, %" 0 26jets  Yes  36.1 1.55 m(E})<100 GeV 1712.02332
o mono-et  1-3jets  Yes  36.1 0.71 m(g)-m(¥})=5GeV 1711.03301
Q N ) - ;
s & [ 0 2-6jets  Yes  36.1 z m(¥})<200 GeV 1712.02332
5 g Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
&z z-aacot) 3e,u 4 jets - 361 |z 1.85 m(¥%)<800 GeV 1706.03731
o ee, up 2jets  Yes 361 |z 1.2 m(g)-m(¥})=50 GeV 1805.11381
8 3359wzl 0 7-11jets  Yes 361 | 1.8 m(?) <400 GeV 1708.02794
3 3epu 4 jets - 36.1 4 0.98 m(g)-m(¥})=200 GeV 1706.03731
= - ~ ;
= 23, g_m')(? 0-1e,u 3b Yes 36.1 g 2, m(¥})<200 GeV 1711.01901
3epu 4 jets - 361 |2 1.25 m(z)-m(¥})=300 GeV 1706.03731
Biby, by—b¥Y /it Multiple 361 | B Forbidden 0.9 m(¥})=300 GeV, BR(bT!)=1 1708.09266, 1711.03301
Multiple 361 |5 Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥))=BR(:X})=0.5 1708.09266
Multiple 36.1 by Forbidden 0.7 m(¥})=200 GeV, m(¥})=300 GeV, BR(t¥})=1 1706.03731
a S byby, f171, My =2 % My Multiple 36.1 7 0.7 m(¥})=60GeV 1709.04183, 1711.11520, 1708.03247
<9 Multiple 361 |7 Forbidden 0.9 m(¥})=200GeV 1709.04183, 1711.11520, 1708.03247
=5
g_é i\, ]—»Wb)?? or t)?? 0-2e,u 0-2jets/1-2b Yes 36.1 I 1. m(t})=1GeV 1506.08616, 1709.04183, 1711.11520
29 iRy, HLSP Multiple 361 |4 0.4-0.9 )=150 GeV, m(¥;)-m(¥})=5 GeV, ;; ~ 7, 1709.04183, 1711.11520
§, % Multiple 361 |74 Forbidden 0.6-0.8 )=300GeV, m(¥})-m(¥})=5GeV, 7, ~ i, 1709.04183, 1711.11520
= £ i, Well-Tempered LSP Multiple 361 |& 0.48-0.84 )=150GeV, m(¥¥)-m(¥})=5 GeV, , ~ 1709.04183, 171111520
T .. 9 -0 = -0
7171, fi—cX) 1 &8, ek 0 2c¢ Yes 36.1 4 0.85 n(:‘(j)(,):o GeV 1805.01649
i 0.46 m(f,2)-m(¥})=50 GeV 1805.01649
0 mono-jet  Yes  36.1 A 0.43 m(f,,&)-m(¥})=5GeV 1711.03301
iy, i) +h 1-2e,pu 4b Yes 361 |# 0.32-0.88 m(¥})=0 GeV, m(7)-m(¥})= 180 GeV 1706.03986
Yi¥S via wz 2-Bep - Yes  36.1 iz /ig 0.6 m(E))=0 1403.5294, 1806.02293
ee, ppt >1 Yes 361 | Xk, 047 m(¥5)-m(t))=10 GeV 1712.08119
Yi¥5 via wh £L/eyyltbb - Yes 203 | XE/AS 0.26 m(E)=0 1501.07110
= TR, X o), B —7r09) 27 - Yes  36.1 iz 2 0.76 N B m(E})=0, m(z, ;):o_s(m()g,*y,mﬁ)) 1708.07875
E 3 i 0.22 m(TE)-m(E)=100 GeV, m(z, 9)=0.5(m(¥; )+m(¥})) 1708.07875
T frlig, -0 2e.pn 0 Yes 361 |7 05 m(rd)=0 1803.02762
2epn >1 Yes  36.1 7 0.18 m(?)-m(¥})=5 GeV 1712.08119
HH, H-hG(ZG 0 >3b Yes 361 | @ 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
dep 0 Yes 361 |& BR(Y! — ZG)=1 1804.03602
Direct ¥ ¥| prod., long-lived ¥i Disapp. trk 1 jet Yes 36.1 Pure Wino 1712.02118
E o Pure Higgsino ATL-PHYS-PUB-2017-019
o)
=3 Stable g R-hadron SMP - - 3.2 1606.05129
25 Metastable z R-hadron, 3—gqt} Multiple 32.8 24 m(E)=100 GeV 1710.04901, 1604.04520
3 Q.  GMSB, X(?—»yG", long-lived )E? 2y - Yes 20.3 1<7(¥})<3 ns, SPS8 model 1409.5542
23, X(?—beev/epv/,u,uv displ. ee/ep/pp - - 20.3 6 <c7(¥})< 1000 mm, m(¥})=1 TeV 1504.05162
LFV pp—v, + X, v, —eu/et/ut efL,eT,ut - - 3.2 A5,,=0.11, A132/133/233=0.07 1607.08079
LT 109 — wwyzeetevy dep 0 Yes  36.1 m(E%)=100 GeV 1804.03602
22, 2—=q900, ¥ = qqq 0 4-5large-Rjets - 36.1 Large A7, 1804.03568
E Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 33§ — ths/ g—ii¥), ¥) — 1bs Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
7, i—it), XY — tbs Multiple 36.1 m(E)=200 GeV, bino-like ATLAS-CONF-2018-003
fif, fi—bs 0 2jets+2b - 36.7 1710.07171
181, fi—bt 2e,u 2b - 36.1 BR(7, —be/bu)>20% 1710.05544

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

1 Mass scale [TeV]
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2018 [Ldt=(32-79.8) b V5=8,13TeV
Model t,y Jetst ET™ [rdif™] Limit Reference
L ! ! L ! ! L ! ! T
o ADD Gkk +g/q Oeu 1-4j Yes 36.1 Mp 7.7 TeV n=2 1711.03301
€ | ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
'% ADD QBH - 2j - 37.0 | Mu 89TeV n=6 1703.09217
§  ADDBH high 3 pr >leu >2j - 32 My 8.2 TeV n=6,Mp =3TeV, rot BH 1606.02265
£ ADD BH multijet - >3]j - 3.6 |Mu 9.55 TeV n=6,Mp=3TeV,rotBH 1512.02586
: RS1 Gkk — vy 2y - - 367 | Gykmass 4.1 TeV K/Mp =01 1707.04147
ﬁ Bulk RS Gk —» WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; = 1.0 CERN-EP-2018-179
01| Bulk RS gkx — tt Tep 21b,>1J/2) Yes 36.1 gKK mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP leu >2b,>3] Yes 36.1 KK mass 1.8 TeV Tier (1,1), BALD - tt) =1 1803.09678
SSM Z’ — ¢t 2eu - - 36.1 Z’ mass 4.5 TeV 1707.02424
[} SSMZ' - 17 27 - = 36.1 Z' mass 2.42TeV 1709.07242
S | Leptophobic 2’ — bb - 2b - 861 |2 mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Tep =21b,>1J/2) Yes 36.1 Z’ mass 3.0 TeV rm=1% 1804.10823
},Q, SSM W’ — ¢v 1en - Yes  79.8 | W’ mass 5.6 TeV ATLAS-CONF-2018-017
S ssMwW -y 17 - Yes 361 | W mass 3.7TeV 1801.06992
(‘g HVT V' - WV — qqqq model B O e, u 2J - 79.8 V'’ mass 4.15 TeV gv=3 ATLAS-CONF-2018-016
HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV 8gv 1712.06518
LRSM W, — tb multi-channel 36.1 | W’ mass 3.25 TeV CERN-EP-2018-142
_  Clqggqq - 2j - 37.0 |A 21.8TeV 7, 1703.09217
QO  Cltqq 2ep - - 36.1 A 40.0 TeV 7, 1707.02424
Cl tttt >teu 21b,21j VYes 36.1 A 2.57 TeV |Cat| = 4 CERN-EP-2018-174
s Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
a Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mped 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VWxx EFT (Dirac DM) Oepu 1J4,<1j  VYes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 15 gen 2e >2j - 3.2 LQ mass 1.1 TeVv p=1 1605.06035
Scalar LQ 2" gen 2pu >2j - 3.2 | LQmass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen leu 21b23) Yes 203 [|IGHESedocew B=0 1508.04735
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 [T mass 1.37 Tev SU(2) doublet ATLAS-CONF-2018-XXX
VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet ATLAS-CONF-2018-XXX
VLQ Ts/3Tss3lTs3 » Wt + X 2(SS)/28eu 21b,21] Yes 361 | Tssmass 1.64 TeV B(Ts3 = Wt)=1, c(TssWe)=1 CERN-EP-2018-171
VLQY - Wb+ X leu =1b>1j Yes 3.2 | Ymass 1.44 TeV B(Y — Wh)=1, c(YWb)=1/V2 | ATLAS-CONF-2016-072
VLQB - Hb+ X Oeu,2y >21b,>1j Yes 79.8 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-XXX
VLQ QQ - WqWq Tepu 24]  Yes 203 |lOESHNes0cev 1509.04261
_ Excited quark ¢* — gg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q*) 1703.09127
k) g Excited quark ¢* — gy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q°*) 1709.10440
g § Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
i @ Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seut - - 20.3 A=1.6TeV 1411.2921
Type Ill Seesaw lepu >2j Yes 79.8 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
- Higgs triplet H** — ¢¢ 2,34 e,u (SS) - - 36.1 870 GeV DY production 1710.09748
_g Higgs triplet H** — ¢r 3eu,T - - 20.3 DY production, B(H;* — (1) =1 1411.2921
6’ Monotop (non-res prod) Tepn 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

- ‘/_=13Tev

107! 1

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]
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DM Mass [TeV]
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whole DM range
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Leptoquarks

g //LQ l
A
%&m{ RV
g \\ °
g \\m q

m(LQ1,LQ2) > 1.1TeV
m(LQ3) > 0.9 TeV

10

— T

- ATLAS

13TeV, 32" W 6,4, X B2 + 0ypy, (B=1)

observed limit

— — expected limit
expected * 1o
expected + 2¢

G, g X B [fb]

All limits at 95% CL

e ——

LQ1LQ1 pro
1 | 1 1 Il
600

duction, LQ1— eq
1 ‘ 1 | Il Il \l
1200 1400
m o [GeV]

800 1000

No significant excess observed in 2~36fb -1 . Results in terms of § = BR(LQ—Iq)

10

Leptoquarks (LQs) arise in many models, such as
grand unified theories, compositeness models and

superstring theories.

LQs: carry colour charge, fractional electric
charge, and both lepton and baryon quantum

numbers.

If exist, decay into a lepton and a quark. Search
for resonance of lepton+jet in experiment.

T | T
| ATLAS
g_ 13 TeV,

T T T / T

LQ2LQ2 production, LQ2— uq

3.2f0" W 0, X B £ Oy, (B=1)
observed limit
— — expected limit
expected + 1o
expected + 2¢

1 IIIHHl

1 JII\IIIl

All limits at 95% CL

—_—

600

|
800 1000 1200 1400
m, o, [GeV]

OLg X< B [pb]

35910 (13 TeV)
T T T T L

T T
oL OMS —— omsencgimitassnct |
E\ ---------- Median expected limit 3
- I 68% expected E
95% expected _|
— — - Prediction (NLO, B=1) Kramer et al. 3
i [Phys. Rev. D 71(2005) 057503 ]
107 =

102F
10—3 | L | ! ! | I <\| |
500 1000 1500

Lo, [GeV]
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Heavy quarks (595753 )

* Vector-like T quark models solve hierarchy problem
—new heavy partner of top in loop
* Search of T (q=2/3) and B (g=-1/3) VLQ decaying to W,H,Z and
t,b produced in pairs

* Recent combination of 7 final y EXOT-2017-17

= AL ILRALRLE LB AR RARAN RILALE RALEE REALE LA ™ l =g
T ATLAS Preliminary 81420 o
states (H(bb)t, W(lv)b, W(IV)t, t 09 /s =13 TeV, 36.1 fb" E S
Z(w)t, Z(Iht/b, trilepton/same-sign = 08 VLQ combination 1400 E
dilepton, fully hadronic) D 0.7 Observed fimit E 2
0.6 EERNIN 1380 &
e Limits at the level of 1.3-1.4 0.5 * SU(2) doublet - o
O SU(2) singlet 881360 °
TeV 0.4 B E o
0.3 {81340
b.t.t W~ .H.Z .
0.2 ¥
W+, H.Z b 0.1 (1320
W H.Z wenz 0 01020304 0506070809 1 10

BR(T — Wb)

t.b.h
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Prospects at Future Collider

O 100 TeV,
3000 fb’!
33 TeV,

3000 fb!

arX1v:1311.6480,
1406.4512, 1410.6287

B Long term prospects for 2 more collider scenarios have been
studied (14, 33, 100 TeV @3000 fb1)

B Use same search strategy as 8-13TeV @LHC

B Use simple analysis strategies, assume 20% syst. uncertainty,
avoid assumption on detector design, pileup sensitivity, etc
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Prospects at HL-LHC

ATL-PHYS-PUB-2014-010

O ATLAS studied long term prospects for the (HL-)LHC with 300, 3000 fb-l@14TeV
0 Discovery potential up to 2.5 TeV gluinos, 1.3 TeV squarks/sbottom and 800
GeV Electroweakinos, 500 GeV stau with 3000 fb-1.
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Prospects at HL-LHC

1072
10°°
107
107

IIYIIIIIIIIIIIIIII{IIIIlIII|IIII|IIII|III

e - Current limit (4.09 TeV)
N 68% and 95% bands

ATLAS simulation preliminary .

10—6 IIIl\III|I\II|IIII|IIII‘IIIIl\IIIlIIIIlIIIIlII\

2 3 4 5 6 7 8 9 10
Mass [TeV]

Exited quark q*—=>qg: di-jet
628 TeV

g'_ = e o Lo wpperimit
g = j |_ dt - 30000 fb 1 \: Exp. 1 ¢ uncertainty E
= 1 ;_ Exp. 2 ¢ uncertainty _;I
T ; Leptophobic Z’ cross section §
N 107'e (s =14TeV s
s S - o, i
m10~g E
X e ]
N0 T E
o) - ]
10 E
105 - ATLAS S|mulat|on Prehmmary -
E 1 JE
0 1 2 3 4 5 6 7 8
m, [TeV]

Z’ > ttbar

324 TeV
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Future hadron collider projects in a nutshell

-- The next discoverx machine

HL-LHC: E, = 14 TeV, 3 ab-', 2026~2035... (formally approved as project by CERN council last week)

Future Circular Collider FCC-hh (CERN): SppC (China):
* Eqoy~100TeVin 100kmring, L ~ 2 x 10% s-'cm~2 * Eqy~71TeVin 55kmring,
« ~16 Tmagnets, possibly HE-LHC (Eqy, ~ 28 TeV) as L ~1x10%s7cm
intermediate stage * Requires very high gradient dipole

 Huge detectors for muon pymeasurement magnets ~20 T

«  Possible start of physics ~ 2035 * Possible start of physics ~ 2042

CepC/SppC study (CAS-IHEP) 54 km (baseline)
e*e” collisions ~2028; pp collisions ~2042

} A RIR ( 33

. & e from Beijing
3 h by car
1 h by train

+ Schematic of an SRS S easy access
4 80-100 km N 8
\‘ long tunnel , 5 f 300 km east

. Google earth
“Chinese Toscana’



Prospects at Future Collider

° 100 TeV,
3000 fb!
33 TeV,
3000 fb-!
0 | 2riv:1311.6480,
;g (%e\fg-l 1406.4512, 1410.6287

B Long term prospects for 2 more collider scenarios have been
studied (14, 33, 100 TeV @3000 fb1)

B Use same search strategy as 8-13TeV @LHC

B Use simple analysis strategies, assume 20% syst. uncertainty,
avoid assumption on detector design, pileup sensitivity, etc
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Prospects at Future Collider

O Discovery potential (exclusion) up to 11(13) TeV gluinos, 6.5(8) TeV

squarks/sbottom and 2.1(3.2) TeV Electroweakinos.

m_. [TeV]

m, [TeV]

L T

- = 100 TeV, 3000 fb’]
- = 33 TeV, 3000 fb'
- —— 14 TeV, 3000 fb"
[ =—— 14 TeV, 300 b’

5 o discovery

=

q

[ Discover 11 TeV gluino

15

10~

B T
| 95% CL exclusion

100 TeV, 3000 b’
~— 33 TeV, 3000 b

| —— 14 TeV, 3000 ib"
| —— 14 TeV, 300 ib”

- Exclude 13 TeV gluino ]

CL, Discovery
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BO00F [1 dt = 3000 fb ’f,éx?
i Eoysbiug = 20% \;\ P
2 6000 e, o =20% |7 t t
© i
Gae 4000 __. i
S - Discover 6:5 TeV stop
L "B e |
2000H ..IE]=I Emm 2
J | ]
¢ e |
02000 4000 8000 8000 i
CL, Exclusion
10000
Js =100 TeV — Boosted Top
- -t =—Compressed
8oool. JLdt = 3000 fo P
— I ssvs.bi'ta =20%
%) 6000} €syesig = 20% !
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g™ 4000t
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95% CL Limits
" 14TeVv,0.3ab"”
P 14 Tev, 3 ab™

5 o Discovery
77100 TeV, 3 ab™
B 100 TeV, 30 ab”

0 5 10 15 20 25

Mass scale [TeV]
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B The journey into nw physics territory |

& has just only begun, and for sure, exciting times are @
oy ahead of us!
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CERN Circular Colliders & FCC

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

- Constr. Physics LEP
14 TeV, 300 fb"

f

Construction Physics LHC - operation run 2

14 TeV, 3?00 fb-1

HL-LHC - ongoing project Construction Physics

~20 years >

FCC - deS|gn study Construction Physics

100 TeV, 3000 fb-"

|

See Michael’s talk
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Long-Lived particles in SUSY

.

isappearing track

D
ey,
long-lived heavy particles / \
P e

depends on LLP lifetime,
mass, & decay products

Detector signatures of

PRD&8.112006

Direct detection

Isolated / late jets

PRD&88.112003
)

Late photons

/\\

Highly
ionizing
particle

PRD90.112005

Direct detection

PRD93.11201

Highly ionizing and
slow particle

Direct detection

PLB(2016)647-665

Displaced vertex

PRD92.072004

74



Minimal Supersymmetric Standard Model

Supersymmetric Partners
Standard Model persy
Particles and Fields Interaction Mass
Eigenstates Eigenstates
Symbol Name Symbol Name /Symbol Name
qg=u,d,c,s,t,b quark G, -Gr squark / g.»q, squark
[=e, u,1 lepton L.l slepton / .1 slepton
l=v,,v,v.| neutrino v sneutrin v sneutrino
g gluon g gluino g gluino
w* W-boson W wino
R charged ~. ~_ | charged chargino
H,,H, Higgs boson H,,H, higgsino
B B-field B bino
0 0_fi 770 ;
w WO-field w wino neutrali
H° HC neutral H° g° neutral
u>”"d  IHiggsboson| “° ¢ | higgsino
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LHC

PP

ALICE :
heavy ions

¢ Vs=14 TeV

(7 times higher than Tevatron/Fermilab)
— search for new massive particles up to m~5 TeV

& Lyn=1034cm?s" (>102higher than Tevatron/Fermilab)

design

— search for rare processes withsmalle (N=Lo)

-

e s

Point 4

Point 5

ATLAS and CMS:

et WL l.
L g

ﬁ’ 11

¥

] 14
A4
I{ Point33

LHC housed in
former LEP tunnel
with 27 km

circumference

Exisling Structures
e LHC Progect Structures

LHG Excavated Strucluras
e LHC Completad Structures (CE)

LHG Coamplated Structures (CV, EL, HM, MA!

Point 8
e 2
W | s
NG
ey | B

pp, general purpose

LHC "B’

ATLAS

Start : Winter 2009

LHCb :
pp, B-physics
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Discovery and exclusion

* P-value=probability that result is as/less compatible with the

hypothesis

DISCOVERY:

o The null hypothesis H

describes background only
— If the p-value of H_is found

below a given threshold, one
can consider looking for a
better model

- In HEP, Z > 5 is conventionally
required to claim a discovery

o The alternative hypothesis H

describes signal + background
- The alternative hypothesis is
supposed to fit the data very
well for claiming a discovery

EXCLUSION:

o The null hypothesis H
describes signal + background

- One is interested into setting
an upper limit to the intensity
of the signal alone

e The alternative hypothesis H.

describes background only
- No real need to test for it

- The background-only model
becomes important only in
case of discovery
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Interpretation strategy

Based on the number of From the constructed
observed, expected distribution of test statistic

for s+b, find the p-value of

events in all regions with the observation

all uncertainties:
Probability density
function (PDF)

Likelihood function: L(u,6) Construct the PDF of test

u: signal strength (POI); statistic t,. generate toy Monte

' Carl i toti |
8: nuisance parameters(NP) arlo or using asymptotic formula

Profile Likelihood: constrain
uncertainty (NP) as part of a
likelihood fit

Construct test statistics
t, based on likelihood ] Find the observed

ratio A: test statistic for

tested p: 1, o6

If CLs<0.05: the value
of signal is excluded at
95% CL..........

The above check has been
done for each signal grid
points on the SUSY model.

The line can be drawn for
the area where points are
excluded

0 — oeaWWi 1, x-1/2
—
ATLAS Preliminary
tleplon + jets + ET

|




* Background estimates in SRs are obtained by a simultaneous fit in each
channel based on the profile likelihood method. Three dedicated fit for
different purpose...

* Background-only fit
* Fit for all CRs, excluding SRs.

* Also extrapolate to VRs (non used in fit, only for cross-check) and SRs.

« Discovery fit
* Fit for all CRs and SRs.

- Signal contamination is turned off in CRs and set as a dummy number 1 in SR (so, the fitted
non-SM signal strength = the excess in Nevents of SR)

* Exclusion fit
* Fit for all CRs and SRs.
- Signal is turned on in all regions, according to model-dependent prediction.

* The basic strategy is to share background information in all regions
(CR,SR,VR). The background parameters are predominantly constrained by
CRs with large statistics, which in turn reduces the impact of uncerts in
SR.



u 2 Detector characteristics
A To ro I d a I L H C A p pa rat u s Muon Detectors Electromagnetic Calorimeters - i Width: 44m

Diameter: 22m

v //\;:'.,‘\\_\ “‘.“".‘ : ﬁ Weight: 7000t
2 D i RN AC - ATLAS V1997
= 42m X 22m, 7000 tOn = // \.\ \\\ S°|e?°d Forward Calorimeters A AT
A = X \1 \ / End Cap Toroid
* Inner Detector (2T solenoid, / ji- " i /
Inl<2.5): i
o, /p, 1 0.05%/GeV xp, ®1%
* Calorimetry: !
* electromagnetic, |n|<3.2 5

o./E 010 %/GeV /JE ® 0%

* hadronic (central, |n|<1.7)
o. /E 150 %-~/GeV /JE ®3% \

* hadronic (endcaps, 1.7<|n|<3.2)

0. /E 260 %GeV/JE®3%
* hadronic (forward, 3.2<|n|<4.9)

o, /E 0100 %-/GeV /\E ®5% -
i‘ Muon system (~4T toroid, |n|<2.7): - o g A I . -
o, /p, 110% for p,(u) =1 TeV/c

Hadronic Calorimeters

=  Hi - _ )
Inner Detector: Highly segmented silicon > Hadronic Calorimeter: Hadrons

strltp.s,l de:er.m ||:e very accurately charged interact with dense material and produce a
particies trajectories shower of charged particles
»Solenoid Magnet: Solenoid coil that » Toroid Magnets: 8 toroidal coils that

create a 0,4T magnetic field in the area
of the Muon Spectrometer

) i > Muon Spectrometer: Muons traverse
> Electromagnetic Calorimeter: Electron the rest of the detector and are

and photon energies are measured through measured in its outer layers 80
electromagnetic showers

generates a 2T magnetic field in the region of the
Inner Detector




The Higgs mechanism, an analogy... (U London)

fills all space

A ‘particle’ that moves in
the Higgs field ...

... moves slower the more it
attract attention (interacts with
the Higgs field, generating its
mass, the larger, the stronger
its interactions...)
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The Higgs particle, an analogy...

Somebody whispers a rumour into

the room...

... and the field starts to get excited
and interact with itself giving birth

to a massive particle
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SM Background Estimation

Reducible backgrounds

Determined from data
Backgrounds and methods
depend on analyses

B Multijet background: “ABCD '

method” or jet smearing i
method

Fake leptons or heavy-
flavour jets determined with i
“matrix method” in different-
purity samples using “real” and :
“fake” probabilities measured |
n data.

1
1
1
Charge flip rate measured ini
Z events :

1
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SM Background Estimation

i Normalise MC prediction in SRs :
I using dedicated CRs — transfer
| factor: T

Irreducible backgrounds

Dominant sources: normalise
MC in data control regions
Subdominant sources: MC
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102

SM Background E:& e oo Sn
b N L iboson
10°1s=13Tev, 321" 2 Total SM @B Single top
= Hard-lepton 6-jet tt Others
L ff CR

Events / 50 GeV

Top CR

1 IIIIIII| 1 \I\IIII‘ 1 IIIIHI| L L1l

Normalise MC prediction in SRs 107
using dedicated CRs — transfer
factor: T

K

A

50 300 350 400 450 500 550 600

Emlss [GeV]
> e A B I
(o)) 103 :—ATLAS -o- Data .W+jetS —
O = \s=13TeV, 320" “Tot ISM-DIboson s
o - 1s=13TeV,3. 7 lota [ Single top
f | Hard-lepton 6-jet tt Others
o 1075 wiesscr E
c F i
g; - W CR ]
L 1 0 :”,’"llll T i = =
Gy ) =

Data / SM

—_ N

II§:\|L
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The Worldwide LHC Computing Grid (WLCG)

Tier-2 sites
(about 140)

Tier-o (CERN):
Tier-1 sites — 1, .
10 Gbit/s links *Data recording
*|nitial data
reconstruction
e Data distribution

Tier-1 (12 centres):
*Permanent storage
*Re-processing
*Analysis
*Simulation

Tier-2 (68 federations
of >100 centres):
 Simulation
* End-user analysis




SUSY models: good sale in market

B Simplified Models:
B Not really a model (Br~100%, most masses fixed at high
scales)
B [mportant tool for signal region optimization & interpretation

B Phenomenological models:
O pMSSM: captures “most” of phenomenologic features of R-
parity conserving MSSM

— 19 free parameters: M1,M2,M3 ; tan 3, y and m,. 10 sfermion
mass parameters; A, A, and A,

— Comprehensive and computationally realistic approximation of
the MSSM with neutralino LSP

O GGM (gravitino)
B Complete SUSY models: mSUGRA, GMSB ...

88



