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abstract

The recent discovery of a new particle opens up a new window in our
exploration of the fundamental constituents of matter and the interactions
between them. To date, the Standard Model of particle physics is
extremely successful and accounts for all measured subatomic
phenomena. However the postulated Higgs mechanism, from which all
particles acquire mass, remains to be verified experimentally. Is the new
particle the predicted Standard Model Higgs boson? Many other
questions are so far left unanswered. Research at the energy frontier is
being carried out at the Large Hadron Collider (LHC), operating at CERN
near Geneva since 2010. The LHC currently provides proton-proton
collisions at a centre of mass energy of 8 TeV, allowing the exploration of
distance scales smaller than 10-1® m. The ATLAS detector is successfully
recording the products of these collisions; it will be introduced with an
emphasis on Canadian contributions. The ATLAS experiment has
collected a large data set in 2012, and features Standard Model physics
measurements and a rich programme of searches for new physics
phenomena. The discovery of a new particle and other important results
will be presented. The future increase in energy and intensity at the LHC,
and the associated ATLAS plans, will also be discussed. These are
exciting times indeed for particle physics!
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Scattering experiment

We see through the
scatter of “probe waves”

source of ;j\‘\,\i\' -
probe waves ﬁ N\/V\!\'

detctor
&aEaSlug> "N
Matter waves: h
particle b= A wave
aspect aspect
E = hv

The matter wave can resolve features about the
size of its wavelength, given sufficient luminosity
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Inside the atom

1 “Nothing exists except atoms and empty
size in atoms and in meters space; everything else is opinion.”
Democritus (ca. 460 BC - ca. 370 BC)

10
1 10" gtom

Rutherford’s scattering
experiments:

1 o Ko =T77MeV 2,
10,000 @ 10" nucleus A= 5.2 fm

1 15
nucleon (here a proton
100,000 (‘) 10 ucleon ( proton)

1 -19
- 10
100,000,000 D e 10~ quark and electron

Now looking smaller still!
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Colliding particles

Particles and
antiparticles, perhaps
new and unknown
ones, can be
produced from the
pure energy available
after the collision

E = mc?

New particles signal
new physical laws!
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Matter and Forces

o
9

the proton: three
bound quarks

Matter:
spin 1/2
fermions
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mass —
charge -

spin -

name —

Quarks

Leptons

Three generations
of matter (fermions)
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up charm top photon
4.8 MeV/c*® 104 MeVjc 0
RV d Ry S 0 g
5 H 1
down strange gluon
<2.2 eVjc* <15.5 MeV/c*|| [91.2 GeVjc*
°V "V 1270
15 e 5 T 1
electron muon tau
neutrino neutrino neutrino Z boson
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-1 -1 -1 11W+
5 e 15 p v T 1
electron muon tau W boson
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Gauge bosons
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mediated
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Weak interaction and parity

_ _ _ Ve
mirror e
W

U spin
favoured not favoured
e spin :
not favoured!

The weak mteractlon violates parity!
This is very odd, and crucial to the understanding of
the mystery of the origin of mass
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Global symmetries

global symmetry = conservation law

homogeneity of space = momentum
homogeneity of time = energy

isotropy of space = angular momentum

iIsotropy of some

: 1 7
abstract space some “charge

conservation of

invariance under .
= electric charge

/}D(w) — 6\¢($)

Dirac spinor global phase

transformation
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Local symmetries

local symmetry = gauge symmetry

the laws of nature are
Gauge principle: required to be invariant
under a local symmetry

All known fundamental interactions are
formulated as gauge theories!

_ _ ® require a vector
invariance under - boson (photon)

() — e“Fp(x)  ® g{ggt'gﬁ-;ohlfoton

| | \ coupling!
Dirac spinor  arbitrary local phase

transformation
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(Gauge invariance

B \We wish to generate the EM, weak, and strong forces from
a gauge invariance of the type

U(1)y x SU(2), x SU(3)¢ Standard Model

gauge
o
u
B But ALL masses violate this assumption!
gauge boson fermion mass terms
mass terms because of SU(2)L
M2z 2, myp = m (YLYr + YrYL)

nvariant mechamem _Higgs mechanism!
R. Brout, F. Englert, P. Higgs, G.S.

to generate mass Guralnik, C.R. Hagen, and T.W.B. Kibble
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Higgs mechanism

B The Higgs mechanism V(o)-
postulates the existence of a
Higgs field ¢ ( |

e with its potential, and couplings to
fermions

V(g) = —126T+ A (6T9)" A>0

B The equilibrium stateis @ # 0
and not unique!

® nature make a choice, partially
hiding the gauge invariance

® gauge bosons W*,W-, Z acquire
mass
e all fermions acquire mass

® prediction of one neutral HO

scalar Higgs boson particle:
Michel Lefebvre, UVic \ Bell Lecture, McGill, 23 Nov 2012 | |
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Fundamental Masses 1Y

massless

Depicted with mass proportional to volume of sphere!

Masses from interaction
with the Higgs field!

Ve,V Vr € H
have small masses

912 G 80.4

Z W
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The Standard Model

r -7\} F/w e

o t?-—b)é +he
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The Standard Model

mass —
charge -

spin —

name —

Quarks

Leptons

Three generations
of matter (fermions)

2.4 MeV/c*®

1.27 GeVjc*

171.2 GeVjc*

24 24 2/ t
15 u Y2 C Y2
up charm top photon
4.8 MeV/c* 104 MeVjc’
-14 d -1 S
15 5
down strange gluon

<2.2 eVjc? <0.17 MeV/c? |<15.5 MeV/c2 | |91.2 GeV/c?
Ve | °Vy 15V 10 Z°
15 e 5 |J 5 T 1

electron muon tau

neutrino neutrino neutrino Z boson

0.511 MeVjc*

., e
H

electron

105.7 MeV/c®

-1
15 p

muon

1.777 GeVjc*

1
Y2 T

fau

80.4 GeV/c®

AN
1

W boson

Gauge bosons
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Higgs boson:
the missing piece

HO | 7

B The SMis a very
successful theory

e relativistic quantum fields

B All experimental
measurements at the

subatomic level agree
with the SM to date!

But it does not predict the
mass of the Higgs boson!
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Higgs boson mass??

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN, Geneva

Nucl. Phys. B 106, 292 (1976).

Received 7 November 1975

We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what is the mass of the Higgs boson, unlike the
case with charm [3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people performing
experiments vulnerable to the Higgs boson should know how it may turn up.

Many thanks to J.-F. Arguin (UdeM)
for pointing out this anecdote!
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Precision measurements

B Precise Standard Model measurements put
constraints on the Higgs mass

 Higgs couples to mass... look at heavy particles!

805 July2011l

: [ I : : ' & ] ]
[ EFaand Teimtion 41 Higgs mass constraints
----- LEP1 and SLD /
68% CL
114 < My < 161 GeV 95%CL
5 \
(5 80.4-
= Direct Indirect:
= searches precision
= measurements.
Assumes SM
80.31m . 1@
“'115/4{,‘/@
155
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5 14 TeV pp collisions
also Pb-Pb ana-p-Pb
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The ATLAS detector at the LHC

LHC magnets operate at 1.9 K
1232 dipoles (8.4 T, 34 t)
392 quadrupoles

— a person!
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Proton-proton collisions

e Hard scatter

Decay {

Hadronization

Fragmentation -

“underlying
Cascade I event

Parton

I
fx.@% soft scatter

“ e T . v

P
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Parton
Distributions

M. Dobbs and J.B. Hansen,
Comp. Phys. Comm. 134
(2001) 41-46.






The ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter length ~ 46 m
radius ~ 12 m
weight ~ 7000 tonnes

TN ”

very large detector
to look for very
small things!

~ 108 electronic channels
~ 3000 km of cables

Emphasis on hermetic
acceptance;
measurements of jets,
electrons, muons

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Particle identification in ATLAS
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ATLAS calorimetry

® LAr system: 182,468 cells Fe-Scintillator
® Til t : 10,364 cell Tile barrel Tile extended barrel _
he SYSIEm cems Il <1.7 Segmented in depth and
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u-LAr p “\o....». /= L. azimuthal angle ¢
1.5<|n<3.2 ' \ =E -
- | | -
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, ““."\
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ATLAS and Canada

ATLAS celebrated its 20th anniversary on Oct 1st

Over 150 Canadian scientists participate in the
ATLAS experiment

ATLAS Canada Collaboration

| ® Founded in 1992 ML, UVic
Iberta ® Spokesperson (07-) Rob McPherson, UVic/IPP
Carleton e Deputy Dugan O'Neil, SFU
McGill e Physics Coordination Pierre Savard, Uof T/TRIUMF
Montreéal e Computing Coordination Reda Tafirout, TRIUMF

SFU B Contributions to the ATLAS detector construction

Toronto . . . .
TRIUMF e (Calorimetry, cryogenics, electronics, trigger, ...

UBC B Contributions to the LHC construction (TRIUMF)

Victoria m TRIUMF, Canada’s nuclear and particle physics
York laboratory located in Vancouver

e http://www.triumf.ca/
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The ATLAS Experiment at CERN, http://atlas.ch
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Moving the calorimeters in place
Feb 2007 Kl

BINE
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Closing of LHC beam pipe (16 June 2008)
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Luminosity and cross section

Instantaneous

event luminosity in
production cm=2 s

rate in Hz

R — LO'__, cross section for the

relevant process, in nb, pb, fb
1 pb = 107°% cm?

number of _
iIntegrated
pm%vuecrgﬁ — luminosity in fb-

N = Ldt) o

B if you want to make a measurement of a rare process (low cross
section) with any significance, you need a large integrated
luminosity. If you want to achieve this in a reasonable time, you
need a large luminosity!
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LHC luminosity, pp collisions

Superb LHC performance!!
Peak luminosity: 7.73 x 10°° cm~ s

ks
o

(00

4

Peak Luminosity [10% cm2 s°1]
(@)]

r o 1 1 1 1T 1

Vs=7TeV
— ATLAS
— Online Luminosity

| D D I D D D D I |

\s=7TeV

o

r 1 11 11

Vg:

!
¢ .

8 TeV |

2 f ® ¥

’ @ &
0 | 1‘|él‘| |‘.1 1. L1 L1 fpe | 0% 93 |
¥yt pot o oct  yof©*  pot W Oct  ya®  po o\ oct

Month in 2010
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Month in 2011

Month in 2012
A challenge for the experiments to keep up!
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LHC integrated luminosity

Superb LHC performance!!

=— 35— | | | | | | | N
= [ ATLAS Online Luminosity -
%‘ 30 2010 pp Vs =7 TeV - L dt
o) [ = 2011 pp Vs =7 TeV n
E D5~ === 2012 pp \s =8 TeV —
=) - _ -
= 1> 21 fb1 gvev
e | f
3 1°F E
0O B _
101 E
o 15.6 fb™1 7 1ev
0: | | | - ) -1
e o Y c 0 0 5 fb 7 TeV

Month in Year

Michel Lefebvre, UVic Bell Lecture, McGill, 23 Nov 2012 3 |



Cross sections and event rates

proton - (anti)proton cross sections

2 0 0
atot~115mb~(3.4><10_15 m) o AL A A
@ 7 x 10%° cm= s 10’ ‘ Tevaitron LHC 10
process | o(nb) | R(Hz) 1o | | =
10° | "
inelastic |~7.5x107|0.53x10° 104;
10° L
Z ~35 250 10|
Q0 i
£ 10
ttbar ~0.24 |.7 © 10
10’

Hizsee ~0.022 0.15 |------mmoomememmeeees 10°

s [ M =125 GeV{

! 33 -2
events /secfor - =10"cm " s

~0.5 M in 2012!

10 ‘ : : :
Higgs production is nearly 10 wE {0
orders of magnitude less than T T T T e
the total cross section! Vs (TeV) f
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Pile-up

Experimental challenge
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SM productlon Cross sections

10°

cStotal [pb]

10%

10°

10°

10

1

O ATLAS Prellmlnary
= 35pb" ' |
- : ] : LHC pp \(E 7 TeV
B 35 pb” Theory
- - " Data 2010 (L =35 pb’)
s o0 Data2011 (L=1.0-47fb")
LHC pp Ys =8 TeV
§ m Theory
= e Data2012(L=58f"
N ; ° : : : :
_ . 10f"
= : : I S
. . 1.0fb" o
- - L 470" s
- : 4.7 fb’!
vy i > r t | VWV | WZ | Wh 27
figurriasefe2ldai AB/R&) 2012
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the Higgs boson:
the missing piece

HO

nelther matter nor force
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SM Higgs production

D

Predicted cross sections for

Mi = 125 GeV@8TeV 22.3 pb

gg fusion \‘0\2
9 o)
Lo
1 WJ‘Z-_H" %
Wz \Q
4 i
W Zfusion P g

T T I

top-antitop fusion
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Interes

200
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SM Higgs decays

Many possible
dec:agI channels of
the |

ggs boson

“ﬁ‘ .

(¢l =

Higgs BR + Total Uncert

74

-3 7:‘1— ’. L1 1 —1 1 [ 1EN L L
10" 900 1200 140 160 180

The most important decays
for searches, with fractions
for My = 125 GeV:

~58% H — bb
~05% H— WW® 5 evpuv
~6.3% H — 771

~0.23% H — v~
e or | pairs

0.02% H— Z7™ s 4y

The cleanest channels are also the rarest...

Michel Lefebvre, UVic
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CAP June 1996

H=Y7

B REST CHANNEL FOorR 30 GeV < My < |20 GeV

PRESEBNT DIRECT LWIT For SWM H t W, >es2
ExeecT LEP (172GV) ¢ WMy > 95 GV s X
B SIiGNAL Y
m H FUS oAl
3 - -~ b:" %) /Q/W 3‘
g L .
BB RAcKecRCLUAD .
TRREDVCIBLE 2 Q@D PRODUCTIOA
Q %
Y < BrEWM

d

9 4

e, Yol
Y

e —

REDVCRLE. & QD JETS
Z —» ee_

o0

~0f

witH FAke ¥

B CHALLENG (NG CHANNEL.
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?
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?
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H—7 7

B Look for two isolated high energy photons ’
e need good photon identification H
B Large background
® irreducible SM 2-photon production Y
e fake photons (neutral pions) =y Bejection
e use shower shape in LAr s3 0
calorimeter segmented )’ JU
readout S2

S1 I

I ———————
PS

B Reconstruct the 2-photon invariant mass
® |ook for a signal mass bump over a large background

]\437 = 2K FE5(1 — cos a)

e \

need good photon need good
energy reconstruction photon direction
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H—7 v

> — L L L L L -

EXCGSS Of 8 3500F ATLAS ¢ Data _f

events! « - Sig+Bkg Fit (m =126.5GeV) =

«» 3000 H —

c = N Bkg (4th order polynomial) =

£ 2500 =

2000 0 v =

M~ 126.5 GeV = ) -

4.5 o 1500 =

. 1000 i— \s=7 TeV, :Ld’[=4.8fb’1 f

500 1s=8 TeV, [Ldt=5.9fb" H-yy =

~1 /300000 : - i}

chanceof 2 22 . 3

. D 100E 4 =

belnga o Oéf ++_+_+++ _________ _ +§+¢H¢ +¢E

statistical g -100f + t ¢ =

: S200E- =
ﬂUCtuatlon 100 110 120 130 140 150 160

More data being analysed... My [GeV]
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H— ZZ™ — 4 |leptons

B |ookforfourisolated > [~ 1 7~ 1 T T 1 T 1 T _

high energy leptons ~ §  * Paw * ATLAS :

e very clean, but rare! 025~ [l Background 22" Ho770 a T

/) ' -

B Reconstruct invariant £ [ B8 Background Z+jets, f }

mass of system > oqf L Signal (m =125 GeV) -

e excellent mass " 7% Syst.Unc. -

resolution — : -

= ¢ ' 15[\'s = 7 TeV:|Ldt = 4.8 fb” -
Xcess or events! Vs =8TeV:|Ldt=5.8fb" ¢ 1.
I | 13
3.60 (~1/6300) 1o * | I
M ~ 1250 GeV i ® ® :z
e 5:— : ! —’S
Z— Z)X N—/:' \5
O ©
/VJ' 100 150 200 G \2/]50

m e
7 —o Y4 " more data being 4'
analysed...
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

- =7 —
- -y e
/,>’<\\
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H —- WW®™) — 2 |eptons + 2 neutrinos

B ook for two isolated high energy leptons and missing
transverse momentum

® good rate, but lots of background

B Cannot fully reconstruct the invariant mass of system
® neutrinos escape detection

® use a discriminant
variable related to the
Higgs candidate mass

I 1 I 1 1 I 1 1 1 1 I 1 1 1 I I I 1 I 1 I 1 1 1
_ - Data %% SM(sys @ stat)
ATLAS Preliminary o W' & wzzzwy
\s=8TeV,| Ldt=13.0fc" [Jt [ SingleTop

. [ Z+jets [ ] W+jets
Howw! )—>evuv/uvev (1 jet) B H[125 GeV]

Events / 10 GeV
~
o

Excess of events!

llllllllIlllllllllllllllllllllllIllllll]

IIIIIIIIIllIIIlIIlllllllllllllllllllllll

40 >

2.80 (~1/400) :

M~ 125.0 GeV - %

my = (E%EJFEEFmSS)Q — ¥ + Ep : 0750 T e e
(Eu)® = 5% +m3, mr [GeV]
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Observation of a new particle

B The five best channels are statistically combined
* sophisticated treatment, including all systematic errors

QO llllllllllllllllllll I LI I LI I LI L
= ATLAS 2011 - 2012 Obe
S \s=7TeV: |Ldt=4.6-4.81b" . Exp.
\s=8TeV: |Ldt=5.85.9fb" +16
1 Bt - - o e L LLLILLILLIILIIIIIIIIIITIgIIIIIIIIIIIIiIiI™ OO
2 [0 I == e e S 1o
102 Eemnann T 20
10-3 e N0 36
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;DU- 105 X~ 4 4G
~ 10°®
N A 5 Wy A0 S0
X 10°®
O e N R - - e 60
8,0
N1011 lllllllllllllllIlllllll~~l~‘kllllllllll
3 110 115 120 125 130 135 140 145 150
m, [GeV]
M = 126.0 + 0.4 (stat)
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po: test of background
only hypothesis
po=1.8x1079

local: 5.9 o

~1 /550,000,000
chance of being a
statistical fluctuation of
the background!

global: 5.10

for 100-600 GeV
1.7 x 10”7

~1/ 5,900,000

+ 0.4 (SyS) GeV
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http://arxiv.org/abs/1207.7214
http://arxiv.org/abs/1207.7214

4 July 2012 CERN and Melbourne

Higgs search
update 04.07.2012 %

)

w1 00:00 in Victoria!
A T .gpn ,

Call )

\
..~'"
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Higgs-like particle signal strength

| | | |
ATLAS Preliminary

W,ZH — bb

\s = 7 TeV: | Ldt = 47fb‘

| | |
m, = 126 GeV

\s=8TeV: [Ldt=13b"

H—-o 1t
Vs =7TeV: |Ldt = 4.6 b
Vs =8 TeV: JLdt=13 b

H— WW" = viv

\s=8TeV: [Ldt=13fb"

H— vy
\s=7TeV: |Ldt = 4.8 1"
\s = 8 TeV: ILdt 59fb

H—>ZZ e4|

Vs =7 TeV: [Ldt = 4.8 "
Vs =8 TeV: |Ldt=58 "

Combined
(s=7TeV: [Ldt=4.6-481"
\s =8 TeV: det -58-13fb"

nw=13%x0.3

more data being
analysed...

Michel Lefebvre, UVic

Signal strength (u)

¢91-¢10C-ANOD-SV1LV

13 Nov 2012 update
B

osm Bswu

1.3 0.3

Assuming a common |
for all measurements,
compatibility is 36%

7

M:

Compatibility with SM
u=1 with observed
measurement is 23%

CMS obtains
0.88 +=0.21

Bell Lecture, McGill, 23 Nov 2012

46
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Is it the Higgs boson?

B We have discovered a new
particle!

e savour this privileged and
historical moment

o g
G )

=) [

.ypers *3 7 N

=

B Spin 07?

e naturalness issue: My small only if
protected by some symmetry

e so far: boson, not of spin 1

Events/ 1.5GeV

.

3
i
]
o
&
3

0120 130 140 150
m., (GeV)

B Couplings as predicted by the SM
gauge symmetry?

¢ otherwise at odds with gauge
principle that rules all forces!

e so far: 20-25% error on measured
couplings, agreement with SM

Phys. Lett. B 716 (2012) 1-29 (ATLAS)
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Many more questions

* \What is the nature of Dark Matter?

* \Why is there more matter than antimatter?
* Can all forces be unified?

* |s SuperSymmetry realized in Nature?

* Are fundamental particles fundamental?

* Are the extra dimensions of space?

* \Why three families of quarks and leptons?
* \Why are neutrinos so light?

* \What is Dark Energy?
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Supersymmetry

B Theoretical idea: extended

symmetry of Nature candidate for

¢ \Wess and Zumino, 1974 dark matter!

e establishes a symmetr § N,
between fermions (matter) ){1

and bosons (forces)

¥ \\

B Required in most theories of
new physics

B Predicts super-partners of all
particles!

X ® “sparticles”,not yet found:
broken symmetry

L € Supersymmetric . M b t
! ! . 1 o any possible signatures
A shadow partlcl__‘ sought for at the LHC!
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Supersymmetry searches

B Aggressively probing weak scale SUSY between 100 GeV and 1 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)

“MSUGRA/CMSSM * 0 16p /s ¥ E; . | msmevimmias-coneaora: o e ikt g=gmass o
MSUGRA/CMSSM : 1lep +j's + E; ... [[=5815" 8TeVIATLAS-CONF-2012-104) 1.24 Tev q g mass
Pheno model:Olep+j's+E,m L=5.8fb”, 8 TeV [ATLAS-CONF-2012-109] 1.18 TeV gmass (m(@ <2TeV, ugmf) ATLAS

Pheno model 0lep +j's + Eq s
Gluino med. %" @) - 1lep +j's + B
GMSB (INLSP) : 2 le 8 (OS) +js+E

L=5.8 fb", 8 TeV [ATLAS-CONF-2012-109] 1.38 TeV q mass (m(@ <2 Tev, lmtx ) Preliminary

GMass (mix’) <200 GeV, (") =gmez Hmi@)
‘gmass’ tang <15)

Inclusive

Inclusive searches

GMSB (T NLSP) - 1-2 1+ 0-1 Iep+|s+E:$ gmass (tang >20)
S e a rc h es GGM (bino NLSP) vy + ET 1.6 gmass (m(y))>50Gev) det =(2.1-13.0) fb"
GGM (wino NLSP) @y + lep + E g mass
GGM (higgsino-bino NLSP) :y +b + E’ g mass (,,,(1 ) > 220 GeV) {s=7,8TeV
GGM (higgsino NLSP) : Z + jets + Erm L=581b", 8 TeV [ATLAS-CONF-2012-152] 690 GeV Qmass (m(H)>2OOGeV)
o - Gravmno_L__S_l?_ 'monojet’ + E; .. [£=105 ", 8 TeV IATLAS-CONF-2012-147) 645Gev. F ~ scale (m(G) > 10* eV)
g 3 "@i—)% (virtualt b) Olep+3Db-'s+ ET e hlﬂe‘.ammmmmma 124 Tev. g mass (mu ) <200 GeV)
< E gy, (Vlﬂblalt) 2lep (SS) +|s + E7 prigs [ L5810 :awvunmmm 850 GeV gmass (mly )<300GeV) e
g tfi (virtualt) -3 lep +j's + E, ., [E-1301%8TeVATLAS-CONF-2012151) 860GeV.| g mass (mi )<aooeew results
° % ﬁkgvuwalt) 0 lep + multi- |s +Ep e L5817 8 TeV [ATLAS-CONF-2012-103) 1007V g mass (m(x )<3ooeew _
n at u ra I St Q—’J,.i‘!!f.l.u.%t)-. 0 lep + 3 b's + Ey g,  [E-12815" 8 TeV IATLAS-CONF-2012-1451 . 115Tev 9 mass (mi;’) <200 Gev)

T (light), T5b¥* : 1/2 lep + b-jet + E L=471",7Tev 1120921020 123-167/88M | mass (m(1 %) =55 Gev)
it (medium), t—»f’i: 2lep + b-jet + E, ... |L=47 0", 7Tev 11209.4186) 298-305 GeV | tmass (m) =0)
1t (heavy), t-ty, - 1lep + b-jet + E; LeAT 1", 7 TeV [1208.2590) 2iioGe { mass (mGy, )=0)
it (heavy), t—»tx :Olep +b-jet + E; o0 L=4.7 b, 7 TeV [1208.1447) 370-465 GaVl Tmass (m(l )=0)
............  (natural GMSB) ! Z(ll) + bjet + £ [EESTEEOtAN { mass (115 <m() <230 GeV
INESSSSGEW | mass  (m(;, %=0)

iss
Il =R, 2 lep + Er L=4.7 1", 7 TeV [1208.2884]

T miss

i bb, b—)bxq 0Iep+2b-;ets+E,m b mass (m(x)<1SOGeV)

€5 bb, bty Slep+ls+E T migs |E=130 1", 8 TeV [ATLAS-CONF-2012-151) 405GeV. b mass (m(y) = 2mG)
SUS Y 83 T (very light), t5b%" 2 lep + £, T ive tmass (m(x°)<7OGeV)

%3

g 3

p &

™

§§ ¥ xr —>lv(ﬁ)—>lvx 2Iep+E,.m L=4.7 b”, 7 TeV [1208.2884) s 1 mass~ (ma%doeevﬂ.ov)-é(mu)m(, ")
Ion Ilved w5 x 22—> vl,_l(w) Y] I‘vv 3lep+E L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-154] GeV X mass (,,.(1) m(x)mu) 0, m(ly) as above)
g . Ls___yy__xz xé_;s__lep__t_E_ | L=13.0 fb", 8 TeV [ATLAS-CONF-2012-1541  140-295 GeV x mass (m(f) m(x)m(x) OSIeptonsdeooup!ed)
Dlrectx pair prod (AMS

) - long-lived Y. mass
SlablegR -hadrons : low B, By (full detectori
Stable t R-hadrons : low B, By (full detector)

GMSB : stable®

X.,. —>.qqu (RPV) -1 + heavy displaced vertex

LFV pp—)v +X, V. —e+J resonance
LFV : pp—V +X,V —e(n)+1 resonance
¥  Bilinear RPV CMéSM Tlep+7js+ E,m =G mass (cs,, <1 mm
« 27,2,"“’? Z —eev euv 4lep+E; .. L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153] 700 GeV x mass  (mf, )>3oocevx orh,,,>0)
LL | —)Ix x1—)eev ep,v -4 lep + E L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-153] 430Gev | mass (mﬁ ) >100 GeV m(l,):m(l_,}:m(l,) Ay orl >0)
....................... g qqq : 3jet resonance pa.lr. . gmass
Le4.61b", 7 TeV [1210.4826) PNGe2ERGEEaW sgluon mass (incl. limit from 1110. 2693)

Iar jluon : 2-]et resonqnce pair
| | | I | L1 1 111 [ R VB | | N [ |

10" 1 10

*Only a selection of the available mass limits on new states or phenomena shown. MaSS Scale [TeV]
All limits quoted are observed minus 10 theoretical signal cross section uncertainty.

Michel Lefebvre, UVic Bell Lecture, McGill, 23 Nov 2012 50

(1 <:(1 )<10 ns)

$Wl g mass

t mass

Tmass (5<tanp<20)

gmass (0.3x10° <i;,, < 1.5x10% 1 mm <cr < 1 m,§ decoupled)
v, mass (,=0.10,4,.,=0.05)

vLmass (A3,=0.10, 2, ,,,=0.05)

particles

: Long-/r‘ved
particles




Exotic searches

B Many searches... no evidence for new physics so far

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

............................................................... I | I 1 | [P L. 5 S R
Large ED (ADD) : monojet + £, ... M, (8=2)
Large ED (ADD) : monophoton + £ ... M, (8=2) ATLAS
Large ED (ADD) : diphoton & dilepton, m,, ,, Mg (HLZ 8=3, NLO)

Compact. scale R Preliminary

M ~ R’

Graviton mass (k/Mg = 0.1)

Graviton mass (k/M,, =0.1)

Graviton mass (k/Mp, = 0.1) _[Ldt =(1.0-13.0) fb!
mass

My (o < 5=7,8TeV
M, (8=6)

~ extra
dimensions

UED : diphoton + E; g,
Sz, ED : dilepton, m,
RS1 : diphoton & dilepton, m,,
RS1 : ZZ resonance, My, s
RS1: WW resonance, my,,,,
RS gm—m (BR=0.925) : tt — l+jets,m
ADD BH (My,, /My=3) - SS dimuon, N,
ADD BH (M,,, /M,=3) - leptons + jets. £p
Quantum black hole : dijet, F (m,] M, (5=6)
T g contact interaction S ) | e AAS GO s e A —
SU bSt u Ct ure s qall C1 - ee &y, | eSS eV iz T A (constructive int)
uutt CI : SS dilepton + jets + Ey ., | ERTNRSTIVINESSIIa A

Extra dimensions

Z'(SSM) : Moy, |L=596.1 ", 8 TeV IATLAS-CONF-2012-1291 2.49TeV Z'mass
Z' (SSM) - m,, |L=47 1", 7 TeV 11210.6604] 14Tev Z mass
W, Z ) = W' (SSM) ‘M, |£=471",7 Tev 11209.4346) 255Tev. W' mass
y W' (=1q. g =1) :m_ lia7m" 7 7ev 2006559 430GeV. W' mass
W', (= tb, S%M) -m, - |L=1.0m",7 TeV 11205.1016) 1.13TeV W' mass
___________________________________________________ W* Mgy [E=A7 7,7 Tev 11209.4346) 2427eV. W™ mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evjj |L=1.01"7 TeV11112.4828) 660Gev 1" gen. LQ mass
I e to u a rks g Scalar LQ pair (8=1) : kin. vars. in pjj, uvjj |e=1.0m",7 Tev 11203.31721 685Gev 2™ gen. LQ mass
................. Scalar LQ pair (B=1) " kin. vars. in Ttj, TVjj  |£=47 "7 TeV (Preliminary) 538Gev 3" gen. LQ mass
o : 4" generation  tt'— WbWb [£=A71"7 eV 112105468 656 Gev 1t 'mass
5 47 generation : bD(T,__ Tss)— WIWE |87 1% 7 76V IATUAS-CONF-2012:130) 670Gev. b'(T_,) mass
n ew u a rks 8- New quark b': b%v—) Zb+X, m L=2.01b", 7 TeV [1204.1265] 400 GeV b' mass
> Top partner : TT — tt + A A, (dilepton, Mj L=A4.7 1", 7 TeV [1209.4186) 483Gev. T mass (m(A ) < 100 GeV)
O Vector-like quark : CC,m,,, |E=481%7 TeV IATUAS-CONF-2012-1371 1.127ev. VLQ mass (charge -1/3, coupling K =v/m,)
< Vecto:-!ike quatk : NC.I"-q L=481b", 7 TeV IATLAS-CONF-2012-137]

1.08Tev. VLQ mass (charge 2/3, coupling X = v/m,)
ExXcited quarks " ¥-jet resonance, m 2.46 TeV.

Excited quarks : dijet resonance, ;ﬁ:

SU bStru Ctu re u§J Excited lepton - -y resonance.m’ | SR EETE R QU 1 mass (A = m(")

"""""""""""""""""""""""""""""""""" pJo, mass (m(p Ja) - m(x,) = M,)

Techni-hadrons (LSTC) : dilepton.mw;:'
Techni-hadrons (LSTC) : WZ resonance (vlll), m_ p, mass (m(p,) = m(,) + m,, ma ) =1.1m(p,))

ferm.

WZ
o Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) =2 TeV)

< W, (LRSM, no mixing) : 2-lep + jets Wgzmass (m(N) < 1.4 TeV)
6 H.* mass (limit at 398 GeV for pp)

H™ (DY prod., BR(H™—I)=1) : SS ee (up). m
e —> H (DY prod., BR f —e)=1) : S ey, m " H* mass

Scalar resonance ma
1 1 L 11l | 1 L1 111

~ 2 X 10-20 m 10” 1 10 102

Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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If it's the Higgs, Is that it?

“Our future discoveries must be
looked for in the 6th place of

decimals.”
Albert A. Michelson, 1894

“There is nothing new to be
discovered in physics now. All that
remains IS more and more precise

measurement.”
William Thomson (Lord Kelvin), 1900
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LHC forecast S
??0

/7 —-8TeV 13 - 14 TeV 14 TeV

10%7— 7x1033 1 x1034 5 x1034

<u> =20

<u> =140

2 Upgrade

Phase -

Srini Rajagopalan,
HCP2012
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More explorations

Iltic banon now B \We are only starting the

exploration of the TeV scale at
the LHC!

m 300 fb-" — 3000 fb-"

e precision measurement of
Higgs couplings (in particular
measure coupling with top
and )

luminosity

e direct measurements of the
Higgs tri-linear self-couplings
via HH pair production: ~30%
precision with ATLAS+CMS
with 3000 fb™"

e extend the reach of searches
for physics beyond the
Standard Model, eg top-

...and the unexpected! antitop resonances up to 7

TeV
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ATLAS Upgrades

ATLAS is actively pursuing a series of upgrades to
ensure continued high detector efficiency and

consequently optimal physics acceptance with
increasing luminosity.

™

# An added pixel layer and other detector consolidation
during the upcoming shutdown (2013-2014).

Major upgrades to improve triggering capabilities
during the Phase 1 shutdown (2018)

Replacement of the Inner Tracker, Forward

Calorimeter, Electronics and Trigger/DAQ during the
Phase 2 shutdown (2022).

Srini Rajagopalan,
HCP2012
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Busy in the
ATLAS control
room...
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Conclusions

B Discovery of a new particle ATLAS Preliminary | -
® a~126 GeV neutral boson T :
e historical event of great significance T
e is it the Standard Model Higgs boson? |l .
e decay into two photons rules out spin 1 |z +
e so far compatible with the SM Higgs pi— -

ATLAS

EXPERIMENT
http://atlas.ch
Run: 203602

Michel Lefebvre,

UVic

i my, =126 GeV

W,ZH — bb
\s=7TeV:|Ldt=47fb

H- 1t
\s =7 TeV: I[de=4.s " NS S

\s=8TeV: |Ldt=
H—zZ" > al
\s=7TeV: |Ldt= 481"

Combined pn=13+0.3
Vs =7 TeV: [Ldt =46 - !

-1 0 +1
Signal strength (u)

B Exploration at the energy frontier
e Excellent LHC performance
e Excellent ATLAS performance
e this is just the beginning

B Expect more exciting results from
the LHC!!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-162/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-162/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-162/

Stay tuned!

B ATLAS
e http://atlas.ch/

B Opportunities
for graduate
studies! |

Sk ATLAS 2011-2012  _.._
R R v -
10.1,.::Iiiii;i;i\fl;I?EEEEEEEE.EEEE.EEEEEEEEE::EEEEEEIiiE—““““EEEEiEE:- 0o Fundlng SU ppOrt for
o NA— ATLAS-Canada is
O e . gratefully acknowledged:
. W NSERC, NRC and CF.
116715720 125130 135 140 145 150

m, [GeV]
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