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Scattering experiment

We see through the
scatter of “probe waves”

source of
probe waves

Matter waves:

particle 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

C

electron
<10 m

G o
nucleus

1014 m

Rutherford’s g — 77 MeV
scattering =\ _ 5 ¢
experiments — 0.4

proton quark
10-1°' m <1019 m
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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

8o

the proton: three
bound quarks

Matter:
spin 1/2
fermions

and

mass —
charge -

spin -

name —

Quarks

Antimatter
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Leptons

Three generations
of matter (fermions)
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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

isotropy of some

: 1 b}
abstract space some “charge

conservation of

invariance under .
= electric charge

/w(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)

weneecagauge  Higgs mechanism!
invaria ec 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()-
postulates the existence of a
Higgs field ¢

e with its potential, and couplings to
fermions

V(g) = —126T 6+ A (6T¢)" 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 0
scalar Higgs boson particle: H

Michel Lefebvre, UVic

F. Englert and P. iggs at CERN July 4th 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

>
> b

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 | |



The Standard Model
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The Standard Model
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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 ¢x-
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!

80.5 +— 1 ' i ' ' T . .
—LEP2 and Tevatron 41 Higgs mass constraints

| -~ LEP1 and SLD y
68% CL

114 < Mp < 161 GeV 95%CL

\

Direct Indirect:
searches precision
measurements.

Assumes SM

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 |5
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The ATLAS detector at the LHC

The ATLAS Experiment at CERN, http://atlas.ch

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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f(x, Q%)

Parton
Distributions

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



Proton-proton collisions

http://www.atlas.ch/multimedia/#4-muon-event

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 |9




BB Canada and the LHC

Canada made important contributions to the
LHC machine: warm insertions and injector
upgrades, with TRIUMF engineering
» = _ - = Ca—

—-—
i

48 + 4 warm
twin-aperture
quadrupoles
for cleaning
Insertions
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The ATLAS detector

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

very large detector
to look for very
small things!

~ 108 elebtronic channels
~ 3000 km of cables

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

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 2|



Particle identification in ATLAS

da d -
b 0 /S /
3 0 f
~y
omag ) .
D
0 0IC v e
0 "‘c ~
Rad 0 See( e <
-t 7
- /
. /A
d 0
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ATLAS calorimetry

® LAr system: 182,468 cells Fe-Scintillator
® Tile system: 10,364 cells Tile barrel |r]| <17 Tile extended barrel

Segmented in depth and
In pseudorapidity n and
azimuthal angle ¢

<
Cu-LAr e e
1.5<|n| <3.2 "

LAr hadronic
end-cap (HEC)

LAr eleciromagnetic
end-cap (EMEC)

Pb-LAr
1.375<|n| < 3.2 4

%u/W—LAr 2
B2 In| < 4.9 N8
LAr forward (FCal) / )

NY3D 2102 © Wuewedx3 SY11Y

o)
elyljet trigger, EM: F = /E[GeV] b
identification, 007 2
E measurement Had: "o Lo
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ATLAS components and Canada

ATLAS lab at
UVic during
construction

UVic Colloquium, 6 Feb 2013 24




ATLAS components and Canada

GO SENE//ONY ‘NY3D Je uswiadx3 Sy LV 8yl

h .
DI ¢ . W h

L

»
L

| Encap calorimeter module
under construction at TRIUMF

A view Inside the liquid-argon calorimeter
endcap. The circular inner bore of the EMEC,
front and rear HEC wheels.

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 25
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ATLAS and Canada

(B ATLAS celebrated its 20th anniversary on 1 Oct 2012

B Over 150 Canadian scientists participate in the
ATLAS experiment

B ATLAS Canada Collaboration

e Founded in 1992 ML, UVic
Alberta ® Spokesperson (07-) Rob McPherson, UVic/IPP
Carleton ® Deputy Richard Teuscher, UofT
McGill e Physics Coordination Bernd Stelzer, SFU
Montreal e Computing Coordination  Reda Tafirout, TRIUMF

SFU B Contributions to the ATLAS detector construction

Toronto . . . .
TRIUMF e (alorimetry, 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/

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 26
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ATLAS cavern
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Barrel Toroids all installed (Nov 2005)
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Moving the calorimeters in place
Feb 2007 Sl
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Closmg 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%vuec”etg — 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!

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 3]



LHC luminosity, pp collisions

Superb LHC performance!!
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LHC integrated luminosity, pp
Superb LHC performance!!

v':-_' - I I I I I I I | I | [ o
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Cross sections and event rates

proton - (anti)proton cross sections

2 0 0
Jtotmll5mbm(3.4><10_15 m) o L A LA R
10° | o, {10°
@ 7 %x10% cm? s 10’ ‘ Tevaitron LHC ‘ 10’
process | o(nb) | R(Hz) 1o | =
10° | g
inelastic |~7.5x107[0.53x10? 10° |
10°
L ~35 250 _ 10k
Q [
< 10
ttbar ~0.24 1.7 © 10°

Hizseev ~0.022 0.15 |------mmosmememmeeeeees 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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Trigger system

B Three-level trigger system

Calo, Muon,
Specialized
Detectors

e designed to reduce the data rate
from40 MHz to ~200 Hz Vs
B Menu now optimized for 7x1033 1
Cm_z 3_1 Fast Custom
® mprovement of object selections Electronics
and trigger algorithms t<2.5us
B Coping well in 2012! 'T =
500 PCs
Main triggers at 7x1033 cm2s1 <t>~40ms
Offline L1 thr L1 rate EF thr EF rate
(GeV) (GeV) (kH2) (GeV) (Hz)@510%% HLT <<
e>25 18 17 24 70 EF
M > 25 15 8 24 45 1800 PCs
dilepton 10-15 15 8-18 21 <t>~4s
2y 25-40  10-16 12 20-35 17 —
2130-45  11-15 12 20-29 12
Jet>360 75 2 2 5
MET 120 40 2 80 17
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Front End
Pipelines

l, <75 kHz

Requested

Datain Rol Readout
_ Buffers

l ~3kHz

Event
Access to Builder
fullevent | Full Event

Buffers

~300 MB/s l ~200 Hz

i@ Storage & b
offline

¥processmgj
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SM productlon Cross sections

8 10f o ATLAS Prellmlnary
s | %5p0 z z a f
o - 5 - LHC pp \% =7 TeV
= 4 B 35pb" Theory
10" = : : ‘ o Data (L=0.035 - 4.6 fb"
B LHC pp \s =8 TeV
3|
107 E 5 : mm Theory
- . 587 e Data(L=581fb")
L : B »
o 5.8 fb1§
102 = 1.0f7 % o
= : : : -}
- ‘ 1.0 fb! :
_ s 4.6 for
e— 5.8 fb"
— it it f
10§ 460"t g S
= 4.6 fb
1 w oz g ¢ bhww Towz Towt Tozz

figure as of 2013/01/25
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the Higgs boson:
the missing piece

O
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SM Higgs production

Predicted cross sections for

Mi = 125 GeV@STeV 22.3 pb

gg fusion \‘0\2
o
£
le H,° P

L - %
Wz \Q
4 1

W.Z fusion  ? g

T T I

top-antitop fusion
Michel Lefebvre, UVic
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Higgs production

Proton-proton Collision in the ATLAS Experiment

Production of the Higgs particle decaying to two Photons

QATLAS

2 EXPERIMENT
http://atlas.ch

http://www.atlas.ch/multimedia/#a-higgs-particle-decaying-2-photons

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 40




Standard Model Higgs decays

Many possible decay channels of the Higgs boson

.q:) 1 :_ | | | | lt)5 | E | | I | | | |VVV|V T % §
e F ek
S = K
= F
8 | 1
”
S B
m —
- ‘“ .
U) —
D
I —
1072 = —~
1 0-3 > e 3 4 ! P S R T T B
100 120 140 160 180 200
, M, [GeV]
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Most important Higgs decays

porant - ~58% H — bb

decays for
searches, with

fractionsfor  ~05% H — WW(*) — eV UV
Mn = 125 GeV

3% H — 771

023% H — vy h

002% H — 7/ Z(*) — 4/

The cleanest channels are also the rarest...

e or [ pairs

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 4)



CAP Congress June 1996
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H—7 7

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

S1 I

N e ——— e
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

UVic Colloquium, 6 Feb 2013 44
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H 7 v (July 2012)

Excess of ®
events!

M~ 126.5 GeV
4.5 0

~1 /300000
chance of
being a
statistical
fluctuation

Events - Bkg

Michel Lefebvre, UVic
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H — ZZ™) — 4 leptons (July 2012)

B |ookforfourisolated > [~ 717 1 7T T 1 T T ]
high energy leptons  § [ * Paw * ATLAS :
e very clean, but rare! 025~ [l Background 22" Ho770 a7
: : ..\9 - [ Background Z+jets, t g
B Reconstruct invariant © | e =t )
mass of system =g L] Signal (m =125 Ge) -
e excellent mass " 7% Syst.Unc. .
resolution = . y
¢ ' 15[\'s = 7 TeV:|Ldt = 4.8 fb” N
Excess of events! (s =8TeV:|Ldt=5.8 fb i 1.
= & 12
360  (~1/6300) 10 e
M~ 125.0 GeV I . sl 1z
I o 1%
e 5 gl 9 §
Z- Z)X N—/ §
O ©
,uf 100 150 200 250
+ m,, [GeV]
72— Y4 €
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http://arxiv.org/abs/1207.7214
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@ATLAS

EXPERIMENT
http://atlas.ch

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

UVic Colloquium, 6 Feb 2013 47
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Observation of a new particle

B The five best channels are statistically combined (July 2012)
e sophisticated treatment, including all systematic errors

(@] llllllllllllllIllllllllllllllllllllll
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y [0 ) it S < e et 1o
TH 000 Y S 26
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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 107

~1/ 5,900,000
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4 July 2012 CERN and Melbourne

Higgs search
update 04.07.2012

)

”“; 00:00 in Victoria!
e i

Michel Lefebvre, UVic




Excess of
events!

M~ 126.5 GeV
6.10

~1/2.3x10°
chance of
being a
statistical
fluctuation

Michel Lefebvre, UVic

Events / 2 GeV

Events-Fit

7000—

6000 |
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Selected diphoton sample

® Data 2011+2012
Sig+Bkg Fit (mH=1 26.5 GeV)

--------- Bkg (4th order polynomial)
ATLAS Preliminary

v®
&
..
N

(s=7TeV. f Ldt=4.8 b

llllll I|Illl|IIII|IIII|IIII|III||I

1000 |s = 8 TeV, f Ldt=13.0 fb”

3005_:==::==:=:::==::========:===:_i
200 £ —;E
100 - _§§
0 +T¢ + é+ ++++—H-g§
100_#+ + + + ¢ =
e T B TV R T T | R T R T E— 'feg
m,, [GeV]

126.6 = 0.3 (stat) & 0.7 (sys) GeV
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H— ZZ™) — 4 |leptons

Excess of events §35:— e Data ATLAS Preliminary

410 (~1/48000) g [ IMBackground zz" 07704
:>J’30 [ Background Z+jets, t

The difference - Signal (mH=1 25 GeV)

between the *F 9 systunc

measured masses ;

S fO_L]g_nd to ha}/g 3 “Hs =7 TeV: fLdt = 4.6 fb” !

significance of 2.7 o : 14

(o 0.8%). 15ﬁ 8Te\:’ JLdt=13.0 fb [1}

Moy — Myp = ¥
3.0+ 0.8 (stat) T0°& (sys) GeV,

\» L
\

691-C10C-dNOD-SVI1LV

0

100 150 200 iy [ GeVi;O
My = 123.5 £ 0.9 (stat)j+ 0.3 (sys) GeV
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Higgs- Ilke particle signal strength

0£1-CT0C-ANOD-SV 11V

|
ATLAS Prellmlnary

W.ZH — bb

Vs=7TeV: [Ldt= 471"
\s =8 TeV: |Ldt= 13 b

H—- 1%
\s=7TeV: |Ldt=46"
Vs = 8 TeV: ILdt 13fb

H— Ww' ——>IVIV

\s =8 TeV: [Ldt= 13 b

H— vy

\s=7TeV: |Ldt=4.8 "
\s = 8 TeV: ILdt 131"

H—>ZZ —>4I

Vs =7TeV: [Ldt= 4.6 b
\s=8TeV: |Ldt=13fb"

| |

 my, =125 GeV

Combined
\s =7 TeV: _ILdt =46-48fb"
\s =8 TeV: _ILdt =131b™

I I I |

w=1.35+0.24

| —o—

| | |

more data being
analysed...

Michel Lefebvre, UVic

-1 0 +1
Signal strength (u)

o B
osMm Bsm
1.35+0.24

Compatibility with SM
u =1 with observed
measurement is 13%

CMS obtains
0.88 +/- 0.21
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Mass Combination

My =125.2+0.3 (stat) £ 0.6 (sys) GeV

= o e L S B A B S e
= aF- ATLAS Preliminary 2011 + 2012 Data -
=2 - Vs=7TeV: [Ldt=4.6-48f"  — combined .
® 3.5 Vs=8TeV: [Ldt=13.0fb" VIS —
7 = —H-2Z" - al -
T B 0 ek cuedhe —
5, - -
) 2.55— _E
2 ¥

1'5;_ + Best fit _; >

13_ — 68% CL e

. ===059% 0L Je

0.5 1

0: | | I | | | I | | | I | | | I | | | I | | : g

120 122 124 126 128

my, [GeV]
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Is it the Higgs boson?

B We have discovered a new
particle!

e savour this privileged and
historical moment

o

e
S y
=)
D)

s
. « K
e

-

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

.

g
®
s
&
&
>

10 120 130 140 150
m., (GeV)

B Couplings as predicted by the SM
gauge symmetry?

e 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?

* \WWhy 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

e \Wess and Zumino, 1974 dark matter!

N,
X1

¥ \\

B Required in most theories of
new physics

B Predicts super-partners of all
particles!

® “sparticles”,not yet found:
broken symmetry

L € Supersymmetric . M " t
! ! . 1 o any possible signatures
A shadow partlcl__‘ sought for at the LHC!
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® establishes a symmetry
between fermions and
bosons
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Supersymmetry searches

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

Inclusive
searches

natural
SUSY

long lived
particles

Michel Lefebvre, UVic

""" - MSUGRA/CMSSM :Olep +j's +E

MSUGRA/CMSSM : 1lep +j's+E

Pheno model :Olep +j's +E

Pheno model :Olep +j's + E

Gluino med. i’ (G—q%’) :1lep + j s+E,

GMSB (I NLSP) 2le sOS) +j's +E

GMSB (7 NLSP) : 1-2 1 + 0-1 lep +'S+E,

GGM (bino NLSP) :yy + E

GGM (wino NLSP) :y + lep + Er e

GGM (higgsino-bino NLSP) :y +b + E'™*

GGM (higgsino NLSP) : Z + jets + £ .
.G(ay.mno LSP : 'monojet’ +E

(vnrtual b) 0 Iep +3bjs+E

g—~ (vungalﬁ 2lep (SS) +j's +E

(vmualt) 3lep+js+E; .

g—o(i__‘;/mual t): 0lep + multi-j's +E, ...

....... G-ty Jwr.tua?'). 0 1ep + 3 b’ +Ex s

bb, b—- 0Iep+2b-1ets+E

:3lep+js+E

T (light), T t—~g§{’ 1/2 lep (+ b-jet) + E

Tt (medium), t—-bx' 1lep + b-jet + E,

'ii'(mediurrllf t=b¥ :2lep + E:

t—-tx 1 lep +b-jet+E

t 0/1/2 Iep (+ b-jets) + E; .,

________ t .(_n_a_mra! .é.M. B) : Z(~) + jet + E. "

| |L. -

T miss
T miss
T.miss
T miss

T miss

Inclusive searches

T.miss
T miss
T miss

3rd gen. sq.
gluino med. ;

T miss
T miss
T miss

miss
T miss
T miss

3rd gen. squarks
direct production

% ol 2|ep+E
5 (R :2lep + E
§ xz—»xi'\ﬁ'l(vv) R/"Is)_) S lep s E

T.mlss
T miss

E

Stable QR -hadrons : Iowﬁ By (fuII detector)
Stable t R-hadrons : low g, By (full detector)
GMSB : stableT

, X1 - qqu (RPV) :u + heavy displaced vertex
FV pp—-v +X, V_~>e+yu resonance

8 —-v +X,V —-e(u)n resonance

Bilinear RP MSSM :"1 lep + 7 j's + Er i

X x',l‘:v x x eev euv 4lep+E;

I 0 lx x euv ‘4lep+E; .

: ' qqq 3-19? resonance pair

) ~Scalar gluon : 2-jet resonance pair
WIMP interaction (D5, Dirac X) 'monojet’ +E

................................................ T miss

Long-fived
particles

RPV

*Only a selection of the available mass limits on new states or phenomena shown.

' :.-u.m omunmmt 150 Tev.

‘ — tmass (11s <mig, ) <230 GeV)

L=13.01b", 8 TeV [ATLAS-CONF-2012-154) GeV x‘ mass _c‘”"ﬂ’o m(x ) m(x ) = 0, m{v) as above)
L=13.0 tb”, 8 TeV [ATLAS-CONF-2012-154] uo.aua.v x mass (m{x" ) =mix ). mix ) =0, s!eptons decoupled)
" : X mass (1<l )< 10 ns]
gVl J mass
t mass

_ mo.sb“.rr.v umeomzr an

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

| I P S N 2 I A A P D | lllllll 1 LI L]

?;': 9 mass
ATLAS

1.24 TeV q g mass
Preliminary

L=58 fb”, 8 TeV [ATLAS-CONF-2012-104)
L=581b", 8 TeV [ATLAS-CONF-2012-108)
L=581b", 8 TeV [ATLAS-CONF-2012-108)

1.18 TeV g mass (m(@) <2Tev, bgmx )
1.38 TeV q mass (mig) <2 TeV, Isgh! %, )
g mass (miy, 7)< 200 GeV, m(x") = %(m(x yem(g))
g mass (tang < 15)
Qg mass (tang > 20)
gmass (m())>50Gev)

- f Ldt=(2.1-13.0) fo”
g mass

g mass_(m(;)>220 Gev) Is=7,8TeV
L=581b", 8 TeV [ATLAS-CONF-2012-152] 690 GeV 9 mass (m(H)> 200 GeV)
L=10.5 15", 8 TeV [ATLAS-CONF-2012-147] ssGev. F° scale  (m)> 10" ev ———
L=12.81b", 8 TeV [ATLAS-CONF-2012-145] 124 TeV. [} mass (m(x ) <200 GeV)
L=581b", 8 TeV [ATLAS-CONF-2012-105] 850 GeV gmass (m )<3OOGeV)
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-151] 860GeV! §mass (miy,) <300 GeV) 8 TeV results.

L=581b", 8 TeV [ATLAS-CONF-2012-103)
L=12.8 1b”, 8 TeV [ATLAS-CONF-2012-145]
L=12.8 b”, 8 TeV [ATLAS-CONF-2012-165] 620 GeV b mass (mex, <120 GeV)

L=13.01b”, 8 TeV [ATLAS-CONF-2012-151) macv b mass (m() = 2m(z )
— tmass (mg_g) 55 GeV)

L=13.01b”, 8 TeV [ATLAS-CONF-2012-166) 160-350 Gev  t mass (m(y )= o GeV, m(x) = 150 GeV)
L=13.01b", 8 TeV [ATLAS-CONF-2012-167] 160440 GeV 1 mass (m{x )= o GeV, m(l) m(y;) = 10 GeV)
z.-nom 8 TeV [ATLAS-CONF-2012-166) 230-560 GeV_ T mass (m[x )=0)
L=4.7 1b", 7 TeV [1208.1447,1208.2590,1209.4186) — 1 mass (m(x ) = 0)

1. NT.V g mass (m(x )< 300 GeV)
115 TeV g mass (m(y ) <200 GeV)

L=4.7 1", 7 TeV [1208.2884]
L=4.7 1b", 7 TeV [1208.2884]

[U@sHesGaV | mass (In(x) 0)
HsEe 1 mass (m(f}doGon(l\) E(m(x)m(x m

Tmass (5<tanp <20)
qmass (03x10 <Ay < 1.5x10° ® 1 mm < ct < 1 m, g decoupled)
V,Mass (i,=0.10, 2,,,=0.05)

v&mass (3,=0.10, 2, ,..=0.05)

[ q= gmassm <1 mm)
L=13.01b”, 8 TeV [ATLAS-CONF-2012-153) 700 GeV x mass (W))GWGOVA (OF hyy >0)
L=13.0fb”, B TeV [ATLAS-CONF-2012-153) 430 GeV Imass (m&°)>100 GeV, m(l,,).m(lu)=m(L) Rygy OF Aypy >0)

g mass
Ioo2aREeW sgluon mass (incl. limit from 1110.2693)

704Gev. M* fcale (m, <80 GeV, limit of < 687 GeV for (8)
] I YW ] A T Y 1 L1

L=461b", 7 TeV [1210,4826]

[ TR W |

107 1 10

Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Exotic searches

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

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

............................................................... T
Large ED (ADD) - monojet + £, ... =% : -

Large ED (ADD) : monophoton + E; ...

1 | L I 1 | F B B A
Mo(s—)

M, (6=2)

2 Large ED (ADD) : diphoton & dilepton, m : M; (HLZ 3=3, NLO) AT_LAS
S i Prel
exira S UED : diphoton + E; e, | ' olminaey
- - & 'z, ED  dilepton, m, : Mg ~ R
%’ RS1 : diphoton & dilepton, m,, ,y | Graviton mass (k/Mp = 0.1)
I m e n s I O n S 35 RS1 : ZZ resonance, My, | Graviton mass (k/Mz, = 0.1) '
o o BRRS1 ;SWW resonance, My, | Graviton mass (k/M, = 0.1) Ldt=(1.0-13.0) fb’
s A .
= g —tt (BR=0.925) : tt — l+jets,m g,, mass
a ADD BH (My,, /M,=3) - SS dimuon, Ny o M, (5=6) < 5=7,8TeV
ADD BH (M., /M,=3) - leptons + jets. £p M, (5=6)

substructure - o et |

Mp (6=6)
78TeV A _

93978V A (constructive int.)

uutt CI - SS dilepton + jets + E; ... |10 7 eV 1120255 BV A
"""""""""""""""""""""""""" Z'(SSM) i m,,, [L=5361m", 6 TeV IATLAS CONF-2012.129) 249TeV. 7' mass
Z'(SSM) - m,, [L=471",7 TeV 11210.6604] 14Tev Z mass
W, Z | L W' (SSM) -y, |i=a7 7 Tev 1120088861 2567V W' mass
y W' (=1q. g =1) :m lia7m" 7 Tevii2006553 430GeV. W' mass
W'g (= t, SSM) M |L=10m",7 Tev 11205.10161 1137V W' mass
___________________________________________________ W™ iy [E=4T %7 Tev 1209.4436) 242TeV. W™ mass
Scalar LQ pair (§=1) - kin. vars. in egjj, evjj |L=1.0m",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 |t=1.0m",7 %v 120331721 s85Gev 2™ gen LQ mass

................. Scalar LQ pair (B=1) " kin. vars. in Ttj, TVjj  |£=A47 "7 TeV Prefiminary) s38Gev 3" gen. LQ mass

k2 X 4 generation : ' WbWb  |EAT®A7Teviiziasees 656 Gev. t'mass

5 4" generation : b'p (TgaTm)—» WIWLE 147 m", 7 TeV IATLAS-CONF-2012-1301 670Gev. b’ (T ) mass

n ew u a rks 2 New quark b': bD'— Zb+X,m,  lizom!7mviizoaizss 400GeV| b' mass

2 Top partner : TT — tt + A A, (dilepton. M*}  |isizeviasaaise 4BGEV! T mass (m(A ) < 100 GeV)

O Vector-like quark : CC.m, . [E=481"7 TeV IATLAS CONF-2012-137) 1.127ev. VLQ mass (charge -1/3, coupling X o =v/m,)
< Veclor-like quark NC-’"lq £=4.6 10", 7 TeV IATLAS-CONF-2012-1371 1.087eV. VLQ mass (charge 2/3, coupling K = v/mg)
TR iy T T M S e ExXcited quarks “y-jet resonance, m" 24

o E ¢ R4V viet 4

s u bSt ru Ct u re X & Excate_d quarks : dijet resonance, m; 384 TeV Q" mass

W= Excited lepton : Iy resonance, m_ 227V |I" mass (A =m(l"))
' " “Techni-hadrons (LSTC) : dilepton,m_,,,, p /@, mass (mip fo) - m(r,) =M,)

Techni-hadrons (LSTC) : WZ resonance (vlll), m_ p, mass (m(p.) = m(x,) + m,, m(a) =1.1mip )

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

H™ (DY prod., BR(H*—ll)=1) : SS ee (up). m
e —_— H™ (DY prod., BR(H*—ep)=1) : SS ep, mq'"
Color octet scalar - dijet resonance, m;

H_* mass
Scalar resonance
1 L L 11l 1 L L 11111

~ 2 X 10'20 m 10" 1 10 107

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?

“Qur 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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Srini Rajagopalan,
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LHC parton oW

luminosity

\ I
V)
.
\l

G. Dissertori, quoted by C. Grojean, HCP2012

...and the unexpected!

Michel Lefebvre, UVic

More explorations

We are only starting the

exploration of the TeV scale at
the LHC!

300 fb-' — 3000 fb-"

e precision measurement of Higgs

couplings (in particular measure
coupling with top and )

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-antitop
resonances up to 7 TeV
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ATLAS UVic group

B Faculty and Adjuncts B Graduate students
e Justin Albert e Frank Berghaus
e Alan Astbury e (laire David
e Richard Keeler e Alison Elliot
e Robert Kowalewski e Ewan Hill
e Michel Lefebvre e TJony Kwan
e Robert McPherson (Team Leader) e Matthew Leblanc
e Randall Sobie e Brock Moir
e |[sabel Trigger ® Eric Ouellette
e James Pearce
B Research Associates
e Vikas Bansal B Scientific support
e Florian Bernlochner e Ashok Agarwal
e Margret Fincke-Keeler e Paul Poffenberger
e Christopher Marino e Ryan Taylor
e Alex Martyniuk e Chris Tooley

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013
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Conclusions

B Discovery of a new particle
® a~126 GeV neutral boson
® historical event of great significance
® |s it the Standard Model Higgs boson?

® decay into two photons rules out spin 1

e so far compatible with the SM Higgs

ATLAS

EXPERIMENT
http://atlas.ch
Run 203602

Michel Lefebvre, UVic

the LHC!!

| | 1 | |
ATLAS Preliminary
W,Z H — bb

X .1
\s =7 TeV: [Ldt = 4.7 &

i m, =126 GeV

\s=8TeV: |Ldt=131b"
H- 1t

\s=7TeV: |Ldt= 46"
\s =8 TeV: |Ldt=13fb"

H— WW! = viv

\s =8 TeV: JLdt=13b"

H— vy

\s=7TeV: |Ldt= 481"
\s=8TeV: Ldt=-591"
H—zz" - al
\s=7TeV: [Ldt=481b"
\s=8ToV: |Ldt=58fb"

Combined

\s=7TeV: ,[Ld( =46-48fb
\s=8TeV: [Ldt=58- 131"
| | | | |

. mW=13%03

—e

i

-1

0

+1

Signal strength ()

e this is just the beginning

B Exploration at the energy frontier

e Excellent LHC performance
e Excellent ATLAS performance

B Expect more exciting results from

UVic Colloquium, 6 Feb 2013
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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! "

ATLAS 2011 2012

\s=7TeV: |Ldt=4.6-4.8 b - Exp.
\s=8TeV: |Ldt=5.8-5.9 b

| B s Funding support for

o A— ATLAS-Canada is
1%2 """"""""""""""" :.:;:: """"""""""""""" 50 g ratefu I Iy aCkn OWIedged :
P, . NSERC, NRC and CFI.

my, [GeV]

Michel Lefebvre, UVic UVic Colloquium, 6 Feb 2013 65


http://atlas.ch
http://atlas.ch

