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Unveliling the Universe

wa photon & positon
* particules # proton
w* ) véhicules de @) neutron
w+ } l'interaction ) méson
£ ) faible % hydrogéne
§ quark » deutérium
J anti-quark s hélium
s . €lectron  lithium

Neutrinos are decoupled Atoms + Light

Nuclei Galaxies
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Quantum Gravity Era
(10'° GeV - 1034 m)

Grand Unified Era
(10'6 GeV - 1032 m)

Electroweek Era
(100 GeV - 10-'8 m)

proton - neutron
(1 GeV - 10-'* m)
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Unveliling the Universe
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£ ) faible % hydrogéne
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s . électron 4 lithium

Neutrinos are decoupled Atoms + Light

Nuclei Galaxies



CMS

0

Open Cosmological Questions
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Why 1s the Universe so big and old?
* Why 1s 1ts geometry nearly Euclidean?
* Where did the matter come from?
 How did structures form?

e What 1s the dark matter?
e How will the Universe end?

Need particle physics to answer these questions
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hy 1s the Universe so big and old?
* Why 1s 1ts geometry nearly Euclidean?
* Where did the matter come from?
 How did structures form?

e What 1s the dark matter?
e How will the Universe end?

LHC

Need particle physics to answer these questions

jeudi 22 octobre 2009




+ e ('.
i
.
. o !
.- - - -
»

Astronomers say
that most of the
matter 1n the
Universe 1S
invisible
Dark Matter
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| Dark Matter in the Universe - ...

Astronomers say [ o S .' b ;
that most of the . -t R -
matter in the
Universe 1S
invisible

Dark Matter

‘Supersymmetric’

" 4

#

I ’ .

articles 7 . o

* e .
AL

Lightest SUSY particle would be a *1,.,,_&# . 8 .

prime candidate for Dark Matter . AR
We shall Took for - o o e
them with the 3 o
Dark Energy?
Remnant of some elementary scalar

-,

, field analagous to the Higgs field?
jeui 22000e209 - o o -



5 Our present world : the Standard Model LU

= Matter

= s made out of fermions

= Forces
= are mediated by bosons

= Higgs boson

* breaks the electroweak symmetry
and gives mass to fermions and
weak gauge bosons

COTIN DO

Leptons

Amazingly successful in describing precisely
data from all collider experiments

5
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(CMS

Our present world : the Standard Model ILU

= Matter

= s made out of fermions

= Forces
= are mediated by bosons

= Higgs boson

* breaks the electroweak symmetry
and gives mass to fermions and
weak gauge bosons

COTION NI

Leptons

Amazingly successful in describing precisely
data from all collider experiments

LEP, SLC and the Tevatron: established that we really understand
the physics at energies up to Vs ~100 GeV

And any new particles have masses above 200-300 GeV — and in some cases TeV.
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= Precision measurements of
= My, =80.399 + 0.023 GeV/c2

= My,=173.1 £1.2 GeV/c?
* Precision measurements on Z pole

= Prediction of higgs boson mass within

SM due to loop corrections

« Most likely value: 90+3_,, GeV
« Direct limit (LEP): m.>114.4 GeV

W . W W W
a / VPO,
b'
6 March 2009 Myt = 1' 63 GeV
‘ (5)
. . Al ag = i
L 1 —0.02758+0.00035
) % i - 0.02749+0.00012
4 - % iees incl. low Q? data =
3 - -
2 _ -
1 _ —
; Excluded o A+ Preliminary
I ] 1 1 1 1 ]
30 100 300
m,, [GeV]

. My<163 GeV @95%CL
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dark matter

; ‘ = 4 '. -
R e S Y

Standard Model only accounts for '«
20% of the matter of the Universe
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:éMZ Problem lll: Where did all the Antimatter g!Ll/

Universe today

1,000,000,001 1,000,000,000

* Not explained by Standard Model
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= (Some) More Problems ... P

Hierarchy Problem
= Why is gravity so weak?
= Free parameter m?,*¢ needs to be “finetuned”

to cancel huge corrections

= Already really bad for M~10 TeV

Hierarchy of Standard Model particle masses |

10" -

10"

= Can be solved by presence of new particles at M ~1 Tey'd'é
0] 10 |

L

S & & IS b

ww2'b B
10 ;’7 l;(z"nrn'; D
' vle| ))))) s ( L
1 ! l-n\aw-ﬂ"
: v (1)
100 g
107 &
10” b
10 L— \ (e)
7 | oo R EBEER . BB BB 4 . ’ y
10 g
Ben Kilmingter 2003

= Matter:
= SM cannot explain number of fermion
generations = =
= or their large mass hierarchy = 60 |« 1/a,
" Myop/My,~100,000 - e, OW
= Gauge forces: | | | o . \\
= electroweak and strong interactions do not unify ? ’
in SM 30 7
= SM has no concept of gravity 0
= What is Dark Energy? ;
“Supersymmetry” (SUSY) can solve T 1/
some of these problems Yo 5 10 E
log,, of Energy
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] SUSY can solve some problems [l/

= Supersymmetry (SUSY)

= Each SM particle gets a partner differing in

spin by 1/2 Pr N Githout SUSY
= Unifications of forces possible 50
» SUSY changes running of couplings 4o -
* Dark matter candidate exists: 30 -
* The lightest neutral partner of the 20 -
gauge bosons of P nSUSY
= No (or little) fine-tuning required & R T
e : : 0 10° 10" 10
* Radiative corrections to Higgs Enerey in GeV
acquire SUSY corrections :
= Cancellation of fermion and L G T H
sfermion loops
t
-~ I,‘-\\
Mass of supersymmetric particles H ‘4\ ,h H
________ Mt T e e !

must not be high (~TeV)
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Z Beyond Supersymmetry [I/

= Strong theoretical prejudices for SUSY being true

= But so far there is a lack of SUSY observation....

= Need to keep an open eye for e.g.: Wc)iv
G

= Extra spatial dimensions:
= Addresses hierarchy problem: make gravity strong at TeV scale

= Extra gauge groups: Z', W’ .
= Occur naturally in GUT scale theories Z’MM<

* Leptoquarks:

= Would combine naturally the quark and lepton sector
= New/excited fermions L6VW< 1

= More generations? Compositeness?

" Preons: ij G‘M
= atom=-nucleus = proton/neutron = quarks = preons? ~Z

= ... ?2?77?7?: something nobody has thought of yet @

12
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¢ Towards physics at CERN with LHC

et s iue- PP, B-Physics,
“”:/ "\g"’ .v’\ B r"' X ,.." . .
B CP Violation

. LHC : 27 km long
~ 100m underground '

General Purpose,
pp, heavy ions
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:Mé | Some constants for the LHC ‘J/

7x10'2eV  Beam Enerqy
1034 cm=2 87 Luminosity
2835 Bunches/Beam
1on Protons/Bunch

— >
75m(2501)

= 5 >
7 TeV ProtonProton
colliding beams

Bunch Crossing 4x107 Hz

Proton Collisions 10° Hz

Parton Collisions Tal
® i
New Particle Production  10° Hz Pohebr D yiferl
(Higgs, SUSY, ....) Mf z :

1 Higgs for 10 000 000 000 000 collisions
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@ Some of the physicists’ jargon m,l/
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] Some of the physicists’ jargon IJ/

- Cross section (o)

— A measure of ‘frequency’ of the physical process
— Units: barns (1028 cm2)
- Typical values: femtobarns (fb), picobarns (pb)
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- Cross section (o)

— A measure of ‘frequency’ of the physical process
— Units: barns (1028 cm?)
- Typical values: femtobarns (fb), picobarns (pb)
* Luminosity (L)
— Or instantenous luminosity
— A measure of collisions ‘frequency’
- Typical (at Tevatron/Early LHC): L = 1032 cm-2s-1
- Integrated luminosity (£ = [Ldt)
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Z Some of the physicists’ jargon [,l/

- Cross section (o)

— A measure of ‘frequency’ of the physical process
— Units: barns (1028 cm?2)
- Typical values: femtobarns (fb), picobarns (pb)
* Luminosity (L)
— Or instantenous luminosity

— A measure of collisions ‘frequency’
- Typical (at Tevatron/Early LHC): L = 1032 cm-2s-1

- Integrated luminosity (< = [Ldt)

— A measure of number of accumulated collisions after a certain time period

— Units: (cross section)! .... E.g. 1 fb-1= 1000 pb-1
- Tipical (Tevatron/Early LHC): few fb-

* Number of events (N)
— Number of (expected) events (N) after a certain time of running

N=0o"/<
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D Signal vs background(s) ml/
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Z Signal vs background(s) mfl/

Signal: an event coming from the physical process under study
— Example: H> ZZ->eteete-
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Z Signal vs background(s) [,I/

- Signal: an event coming from the physical process under study
— Example: H> ZZ->eteete-
- Background: any other event

— ‘Dangerous’ background is any other process giving at least 4 electrons in the
final state

- But be careful: electrons seen by detector are reconstructed objects and in some cases
when some other objects (f.g. jets) are miss-reconstructed as electrons

— ‘Trivial’ backgrounds are all other backgrounds and are easily rejected by a
simple requirement of having at least 4 electrons in the final state
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Z Signal vs background(s) [I/

- Signal: an event coming from the physical process under study
— Example: H> ZZ->eteete-
- Background: any other event

— ‘Dangerous’ background is any other process giving at least 4 electrons in the
final state

- But be careful: electrons seen by detector are reconstructed objects and in some cases
when some other objects (f.g. jets) are miss-reconstructed as electrons

— ‘Trivial’ backgrounds are all other backgrounds and are easily rejected by a
simple requirement of having at least 4 electrons in the final state

’U'UB'%'BB’U"

Signal: pp2>H—2>7Z7Z>4¢
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> 1 Signal vs background(s) |

- Signal: an event coming from the physical process under study
— Example: H> ZZ->eteete-
- Background: any other event

— ‘Dangerous’ background is any other process giving at least 4 electrons in the
final state

- But be careful: electrons seen by detector are reconstructed objects and in some cases
when some other objects (f.g. jets) are miss-reconstructed as electrons

— ‘Trivial’ backgrounds are all other backgrounds and are easily rejected by a
simple requirement of having at least 4 electrons in the final state

Signal: pp2H—2>7Z7Z->4¢ ‘Dangerous’ background: pp2>ZZ->4e

4
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S Measurements vs predictions ml/
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Z Measurements vs predictions [,l/

Predictions/Simulation
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Z Measurements vs predictions | |

Predictions/Simulation Measurements
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fé Measurements vs predictions m[/

Predictions/Simulation Measurements

Event Generation

Tools: MC generators (PYTHIA, ...)
Output: final state particles
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2 Measurements vs predictions EJ/

Predictions/Simulation Measurements
Event Generation
Tools: MC generators (PYTHIA, ... Tools: Accelerator (LHC, Tevatron ...)

Output: final state particles Output: final state particles
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2 Measurements vs predictions EJ/

Predictions/Simulation Measurements
Tools: MC generators (PYTHIA, ... Tools: Accelerator (LHC, Tevatron ...)
Output: final state particles Output: final state particles

Ed

Detector simulation

Tools: MC simulators (GEANT)

Output: simulated detector response
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2 Measurements vs predictions EJ/

Predictions/Simulation Measurements
Tools: MC generators (PYTHIA, . Tools: Accelerator (LHC, Tevatron ..
Output: final state partlcles Output: final state partlcles
Tools: MC simulators (GEANT) Tools: Detectors (CMS, ATLAS,..

Output: simulated detector response Output: detector response
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Z Measurements vs predictions [,L’

Predictions/Simulation Measurements
Tools: MC generators (PYTHIA, . Tools: Accelerator (LHC, Tevatron ..
Output: final state partlcles Output: final state partlcles

Detector simulation Data acqmsmon
Tools: MC simulators (GEANT) Tools: Detectors (CMS, ATLAS, ..

Output: simulated detector response Output: detector response

Ed Ed

Event reconstruction

Tools: Detectors’ software packages (custom made; MC used in algorithms)

Output: reconstructed physical objects (electrons, muons, jets ...)
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2 Measurements vs predictions [J/

Predictions/Simulation Measurements
Tools: MC generators (PYTHIA, ... Tools: Accelerator (LHC, Tevatron ...)
Output: final state particles Output: final state particles

Ed Ed
Tools: MC simulators (GEANT) Tools: Detectors (CMS, ATLAS,...)
Output: simulated detector response Output: detector response

& &
Event reconstruction

Tools: Detectors’ software packages (custom made; MC used in algorithms)
Output: reconstructed physical objects (electrons, muons, jets ...)

&
Data analysis

Tools: Statistics (ROQOT, ...; MC used in algorithms; f.g. Toy MC)
Output: new knowledge (parameter/interval estimates, hypothesis tests, article, talks ...)
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LHC 2010 — very draft

Re-commissioning
J an with safe beam

Wk 1 2

10

Su

StartnonLHC
physics program

\Apf

wk | 14\] 1s

Mo 2 Easter s

Tu

Fe |G Friday

i

et il

ASCENSI0

Sa :
e ' 3.5TeV l

2AALMAAL AL A ALES

-— T T T Ty

!

-5 TeV

Sep

36

T

e

T
T

Oct

Dec

Wk 40 11

51

N,

Tu

We

Th

Fr

Sa

P

Su

« 2009:

* 1 month commissioning

« 2010:
* 1 mont
« 3 mont
* 1 mont
« 5 mont

* 1 mont

CMS week

N pilot & commissioning

n 3.5 TeV
N step-up
n4-5TeV

N ions
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) Plugging in the numbers — 3.5 TeV

o
E O w -.--l.
1

Beam commissioning
Pilot physics combined with 10 aqs 9 1
2= 438 E3HC110N RAR I8 6 X 11028 = 200inb

W

Protons
per bunch
Min beta
Peak Lumi
Integrated
% nominal
events/X

[ .
25
Ec
D
(=T e |

s
=

3 43 5x101° 4 24x10%® ~1pb-

4 156 5x1010 2 1.7x103 ~9pb! 25

5a Nocrossing angle 156 7x101 2 34x103 ~18pb! 3.4

Sh | :sodessndangic S PUSIGE = ine B dpil | FoR e o {3t = ~3giph:1l FAl8H B1l6

bunch intensity

6 gfggg;:g°agsg;"°mi"a' 144 7x101° 23 31x103 ~16pb' 31 08
7 288 7x1010 2.3 86x103 ~32pb! 6.2
8 432 7x101 23 92x10% ~48pb! 94
9 432 9x1010 2.3 15x10%2 ~80pb! 12
10 432 9x101° 23 15x10%2 ~80pb! 12
11 432 9x1010 2.3 15x10%2 ~80pb! 12

7-09- LHC status - CMS week 17
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Preparing for data — Cosmic rays ]LL

. Puljak, FESB, Split

Run 50905 Event 1576, y vs X
150

y (cm)

100

50

-50

-100

o
[ M [ [ [ N I O O R B s B P [ 7 B [ M e R o A R N PR
I l l l I

| | 1 ' Rl l 1 Ll l TS ] L'II 3 _2 | Y | l h e
1950 100 50 0 50 100 150
X (cm)

Tens of millions of cosmic ray muon
“events’ recorded by experiment

1. Viidee, oPItuS e

15
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Transverse slice through CMS detector| |/

Pattern Recognition

New particles discovered in CMS will be typically unstable and
rapidly transform into a cascade of lighter, more stable and better
understood particles. Particles travelling through CMS leave behind
characteristic patterns, or ‘signatures’, in the different layers, allowing
them to be identified. The presence (or not) of any new particles can
then be inferred.

Silicon
Tracker

Electromagnetic™
Calorimeter

Hadron

Calorimeter Superconducting
Solenoid Iron return yoke interspers

with Muon chambers

3m 4m 5m 6m
] ] | 1
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Detector commissioning m
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_(

Understandmg the detectors is still a MAJOR task.

= [ .HC eagerly awaited by a large community, theorists...
= Pressure for early results
= Strong internal competition

» But must not compromise quality!
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Z W

Understanding the detectors is still a MAJOR task.

= LHC eagerly awaited by a large community, theorists...
= Pressure for early results
= Strong internal competition

» But must not compromise quality!

Blind analyses: desirable, practical?
Look at 107 bins, see three 5S¢ peaks even if no new physﬁ%r |
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W

Understandmg the detectors is still a MAJOR task.

= [ .HC eagerly awaited by a large community, theorists...
= Pressure for early results
= Strong internal competition

» But must not compromise quality!
Blind analyses: desirable, practical?

! .
Look at 107 bins, see three 5S¢ peaks even if no new physics!

ppat 7/10/14 TeV is, for both ATLAS and CMS, a new territory.
We need to find the north, make a map, firm ground under our feet.

Often remarked: LHC can make discoveries with one month of data.
May be correct. But not the first month of data...
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o Major Commissioning Challenges ml/

Efficient operation of Trigger (Levell HLT) and DAQ System

HLT

Lev-1 jpe—

10°

Pr— |u —e—me—me—— Silicon strip detector
\a-’;u’ ATLE ".;\.,.l A I I I
A - ‘."& '1. o e — -
ye—— —
—
.

Calibration of the Calorimeter Systems FECAL and HCAL

Q “\H i :_,\;\__f : ‘\\I/ = J_L_____;

el

| 1|” - *:._'“;_ - e -
- |I ———— L= __;_Tr ="

form the base for the “commissioning of physics tools”
like b tagging, electrons/photons, muon, jets, missing E; ...
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CMS/

The ATLAS/CMS detectors at LHC [ |

Y & 2w
s
, L
s E , D
- ' i
m= Y ~ .
: (DN 3
- &\ %?{, .4 ’ = ).
2\ ] 4
.~
(/ . ‘ .

Tracker: |n| < 2.5

Sl pixels, Sl strips, straw-tubes
o/p.=0.05% p_ @ 1%

Tracker: |n| < 2.5

Sl pixels, Sl strips
o/p.=0.015% p_ ® 0.5%
Muon spectrometer: |n| < 2.7

Drift tubes (barrel), CSC (endcap), RPCs
o/p_= 10% (1 TeV muons)

Muon spectrometer: |n| < 2.6

Dnft tubes (barrel), CSC (endcap), RPCs
o/pr = 4.5-7 % (1 TeV ), if comb. with TK

EM Calorimeter: |n| < 3.2 EM Calorimeter: |n| < 3.0
Lead/LAr Lead tunastate (PbWO4) crystals
o/E =10% / VE @ 0.7% o/E = 2.8 %/VE ® 0.3 % (barrel)
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The ATLAS/CMS detectors at LHC [ |

y= i
s
| !
5 E , 4
- \ ]
m= Y ~ .
: (DN 3
- &\ %?{, .4 ’ = ).
Ay = 4N
.~
[/ . ‘ .

Tracker: |n| < 2.5

Sl pixels, Sl strips, straw-tubes
o/p.=0.05% p_ @ 1%

Tracker: |n| < 2.5

Sl pixels, Sl strips
o/p.=0.015% p_ ® 0.5%
Muon spectrometer: |n| < 2.7

Drift tubes (barrel), CSC (endcap), RPCs
o/p_= 10% (1 TeV muons)

Muon spectrometer: |n| < 2.6

Dnft tubes (barrel), CSC (endcap), RPCs
o/pr = 4.5-7 % (1 TeV ), if comb. with TK

EM Calorimeter: |n| < 3.2 EM Calorimeter: |n| < 3.0
Lead/LAr Lead tunastate (PbWO4) crystals
o/E =10% / VE @ 0.7% o/E = 5.3 %/VE +0.36 % (endcap)
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The ATLAS/CMS detectors at LHC [ |

Y & 2w
s
, L
s E , D
- ' i
m= Y ~ .
: (DN 3
- &\ %?{, .4 ’ = ).
2\ ] 4
.~
(/ . ‘ .

Tracker: |n| < 2.5

Sl pixels, Sl strips, straw-tubes
o/p.=0.05% p_ @ 1%

Tracker: |n| < 2.5

Sl pixels, Sl strips
o/p.=0.015% p_ ® 0.5%
Muon spectrometer: |n| < 2.7

Muon spectrometer: |n| < 2.6
Drift tubes (barrel), CSC (endcap), RPCs

Dnft tubes (barrel), CSC (endcap), RPCs

olpT = 10% (1 TeV muons) ofpT = 10-40% (1 TeV muons)
EM Calorimeter: |n| < 3.2 EM Calorimeter: |n| < 3.0
Lead/LAr Lead tunastate (PbWO4) crvstals

o/E = 10% / VE @ 0.7% /E = 5.3 %/VE +0.36 % (endcap)
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The ATLAS/CMS detectors at LHC [ |
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Muon spectrometer: |n| < 2.7
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CMS/

The ATLAS/CMS detectors at LHC [ |

Y & 2w
s
, L
s E , D
- ' i
m= Y ~ .
: (DN 3
- &\ %?{, .4 ’ = ).
2\ ] 4
.~
(/ . ‘ .

Tracker: |n| < 2.5

Sl pixels, Sl strips, straw-tubes
o/p.=0.05% p_ @ 1%

Tracker: |n| < 2.5

Sl pixels, Sl strips
o/p.=0.015% p_ ® 0.5%
Muon spectrometer: |n| < 2.7

Drift tubes (barrel), CSC (endcap), RPCs
o/p_= 10% (1 TeV muons)

Muon spectrometer: |n| < 2.6

Dnft tubes (barrel), CSC (endcap), RPCs
o/pr = 4.5-7 % (1 TeV ), if comb. with TK

EM Calorimeter: |n| < 3.2 EM Calorimeter: |n| < 3.0
Lead/LAr Lead tunastate (PbWO4) crystals
o/E =10% / VE @ 0.7% o/E = 2.8 %/VE ® 0.3 % (barrel)




CMS 7
[é Early physics program ]Ll/

Detector commisioning

* Much already done using cosmics/test beam
Early beam

* First collisions at injection energy, then at 7 TeV
e Detector synhronization and alignement, minimum bias events, early calibration

Early beam — collisions, up to 10 - 20 pb! @ 7 TeV

* Trigger commisioning, start “physics commisioning” — rediscover SM
* Measure physics objects: f.g. jet and lepton rates; observe W, Z, top
* And look at possible extraordinary signatures (discoveries ©)

Up to 100 pb' @ 7 TeV: mesure SM, start searches

e Approx per pb-1: 3000 W=>1v, 300 Z=2Il, 5 tt=2u+X

* Improve understanding of physics objects

* Measure/understand backgrounds for SUSY and Higgs searches
* Early look for excess from Z' and SUSY resonances

Collisions at higher energies

e Explore large part of SUSY and ~ few TeV resonances
* ~ 4000 pb-1 enter Higgs boson discovery era
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“% Cross section and Events rate (Vs=14 Tem,l/

Fermilab SSC
CERN l LHCl

Tmb

1 H b jot Gjet
E, >0.25 TeV

o (proton - proton)

Gw -ty CDF (p p)
1nb \

= 0(]6““5 = 500 GeV)
Ot
mwp= 175 GeV

Oy
1pb = =100 Gev

G Z' o
mz.= 1 TeV S U

O Higgs

—  my,=500 Gev\

| | | N
0.001 0.01 041 1.0 10 100

Vs TeV

Events / sec for £ = 1034cm'2 sec’1

mtop= 174 Ge
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Z Cross section and Events rate (Vs=14 Tem,.p

Fermilab SSC
CERN l LHCl

Tmb

Tubi

o (proton - proton)

1nb |-

1pb -

jot Gjet
E,>025TeV __

UA1/2

(PP

0§§<m§ = 500 GeV)
G, CDF/D

m, =174 Ge
2 to
M= 175 GeV p

Oy
my= 100 GeV
G Z' e
mz.= 1 TeV e
Y Higgs

m,, = 500 Gev\
| | | 7

Vs TeV

0.001 0.01 041 1.0 10 100

Events / sec for £ = 1034cm'2 sec'1

At Luminosity (1032 cm2 s)
SM Higgs (115 GeV/c2) -0.001 Hz

t t production: —20.1 Hz
W— 7 v: -1 Hz

bb production: - 104 Hz
Inelastic: 2107 Hz
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CMS%

Cross section and Events rate (Vs=14 Tevmiv

Fermilab SSC
CERN l LHf l
| | | | | 1
I
B Gtot
Tmb
§ Tubi  Ojet
o £"">025TeVv _
e L t —
=
b
‘91 ow vy
1nb | i
= UA1/2
(P PpP)
B G(_"lg“«:mé = 500 GeV)
O.- CDF/ID
| tt m, =174 Ge
M= 175 GeV ._ ©P
Oy
1 pb = my=100 GeV ™—__ =
Gé' s
[~  m_=1Te |
o Higgs
—  m,=500GeV T—___ =
| | |

Vs TeV

10°

10°

10

Events / sec for £ = 10340m'2 sec'1

0.001 0.01 041 1.0 10 100

At Luminosity (1032 cm2 s)
SM Higgs (115 GeV/c2) -0.001 Hz

t t production:
W— /7 v:

bb production:
Inelastic:

—-20.1 Hz
-1 Hz

- 104 Hz
2107 Hz

The first goal of LHC will be to
“rediscover the Standard Model”.
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CMS

Cross section and Events rate (Vs=14 TeV)flJ[/

N

Fermilab SSC

CERII l LHfl At Luminosity (1032 cm2 s)
T T SM Higgs (115 GeV/c?) >0.001 Hz
9 .
r Otot w t t production: -0.1 Hz
F W— 7 v: 21 Rz
7
Tmb s 10 bb production: > 10 Hz
- - Inelastic: 2107 Hz
L 10° & The first goal of LHC will be to
= Yiisl o £ “rediscover the Standard Model”.
g- L EI;'=>O_25 TeV __ - 103 m% Process [= ]_Opb-l L:l fb-l
S %
E; T ow —»v) ‘ﬂ--._____‘_-_SDF (P p) 5_ Minimum bias 1012 . 1014
1nb |- 10 @
& AL % Inclusive jets -
- 0@;-:11155 500 GeV) - c[jF/D 4—F ‘g pT>200GeV 106 ~108
. Ot . m  =174Ge 10'1 w 105 P 107
m,., = 175 GeV op W — ev
1 pb B mH:?OBi GeV "‘-—-\_____x = Z — e+e' 104 ~106
O 4107 Dibosons 10 10°
O Higgs
—  my= 50}; GeV o S0 = ) = ttbar 1 06
! 1 = ) 103 10°
0.001 0.01 01 1.0 10 100 e ‘ L
/s TeV ~ 1 Day ~end 2010 ?
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The roadmap for discoveries

Roadmap towards discoveries with leptons at LHC

30 40 e0 70 g0 Q0

100 110 120 130

[ at (pb~1)

J/¥ &Y resonances I
(few pb1)

Z peak (10pb+)

W cross-section
A measurement

CNS pralminary, L= 10p8" |

s S Look @ DY spectrum
) §m~Li,oL f v beyond M,> 700 GeV/c?
v3=10TeV v 3

29 3 31 32 33 34
Mipp) (Gevic?)

a J)Ul)

o~
*-m():'

£ 5500f
"—
g
‘”emo

Z 1500}
1000
woi-

0 20 40 60 B0 lUOl?UldOlbOlm'é)(K)
M, (GeVic?)

14
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Main Calibration Samples S

Sources of low invariant mass di-muons

These will be the first peaks in data

10

Events in 100pb:

J/Pp—uu ~1600Kk (+~10% )
Y—uu ~300Kk (+~40% Y'/Y")
Z—uu ~60k

10

— Normal condtions
------- Tracker misaligned

-
N
o
o

—Illlllllllllll
- Mean = 90.87 + 0.03
 Width = 3.74 + 0.08
Mean = 90.70 + 0.05
Width = 5.1+ 0.1
Mean = 91.00 + 0.03

=== Muon System misaligned
—---=-- B distortad

2 3 3 5 6 7 8 9 10 11 12
Mass (GeV)

-
o
o
o

-
—
e

Events / GeV

e

Dilepton resonances (mostly Z) sensitive to: R RS

800 Mean =90.91 ¢ 0.03
- Width = 3.77 + 0.08

:
CMS Preliminary

» Tracker-spectrometer misalignment - ]
» Uncertainties on Magnetic field 600 _
« Detector momentum scale E ]
« Width is sensitive to muon momentum 400 N
resolution : g
200 g -

J /v and Z Cross-checks between samples il e won e v o gl e gl oy

86 88 90 92 94 96
S M) [GeV]
i

Tetiana Berger-Hryn'ova, HCP 2008
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http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/
http://atlas.web.cern.ch/Atlas/

:-;EWI_—r || I LI I LI I LI LI I LI I LI | LI I LI I | L ]
Booof preliminary ATLRS E
% - 50 pb” ]
S00— I Extrapolated Backgrowd
_ I Signal .
2000 B OCD MC stat (x50) -
1500 =
1000 3
500 =
ﬂO 20 40 60 80 100 120 140 160 180 200

Invanant Mass Mee (GeV)

Events / GeV

2

2

LHC signals of W’s and Z’s with 50 pb

W

| ATLAS
= preliminary
39

. =
---
[ om = u

-

I
— Wy v,
= Wrv,
= Zuy

Tt
mmE QGD

aclladE

» 50 pb-! yield clean signals of W’s and Z’s

- EXxperimental precision

— ~5% for 50 pb1 @ ~10% (luminosity)
— ~2.5% for 1 fb'1 @ ~10% (luminosity)

29
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Z Measure dNch/dn, dNch/dpT [J/

B

-
[
° In theOry' We knOW. = 7 PYTHIAB.214 (tuned)
L W, Z cross sections at ~3%, s PHOMET!. 12 (ot Y
~
. ~ 0 Zﬁ B /.
- ttbar cross section at 10/0’ © A UAS 53, 200, 546 and 900 GeV /S

d but minimum bias charge : O COF 630 and 1800 Gev
multiplicity only at ~50%
e Candidate for very early

measurement 3
J few 104 events enough
to get dN, /dn, dN_ /dp; 2 o
o ~15 minutes of good data ! | e 0270 - 32

J Caveat: need to understand
o Beam backgrounds,
o Pile-up
o Tracking efficiency !!!
e |nitial tracker alignment is good

enough as long as it is accounted
for in the tracking algorithm.
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pp Total Cross-Section EI/

)
\E
N

_ COMPETE Collaboration.
Current models predict for

a : E § E
14 TeV: 90 - 130 mb —J0 U SN SO B V1
— - ——— best fit With stat. error baljd :
. a incl. both TEVATRON points
Aim of TOTEM: ~ 1% © 400 L .— total crror band of best fit, AT
First year . ~5% - total error band from all lllodels ; *
CDI]SIC[E[EC]. g
]
method I f S Cosmic Rays
_ _ | ; & ;
Theorem "4t dr ~ ﬁ |
I =+ — U
1 el ... S, S L -~
Lﬂ-.ar 4 E‘IM‘TC_I‘_:III'IWEI{TE‘IE o~ Kbk : : E 5'_1
[l 16° 10° 10
Js [GeV]
1671 (fﬂw dn)| _,
Orr =

1+ p’ ngﬁff

inel

31
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Cvs/ |
é Underlying Event in pp collisions at Vs = 14 'MLI/

Underlying Event particles come from region transverse to the leading jet.
(The underlying event 1s defined as everything in the collision except the hard process .)

Leading ,
Jet ol

‘Transverse ~~_
1 60°<] Adl < 120° F— ~~

-
7 -~
-

-
-
-
-
-

\\ k ’
. -
. -~
.
<
% Away

. lael>120°

Charged particles:
p=0.5 GeV and nf<1

32

’
’
’
’
s
’
’
’\
I’ >
~
’ ~
/

Ao

Large difference depending on the models

/

s 3
Toward . =
° -
| A |< 60 3 250 pT>500MeVIc
* 3
s N n| < 2
- —
21—
’/ -
-~ -
S gl F -
-
Tl=15
: S50
~. Transverse ! [
N i
\\ e
-~ -
\\\ 1—
& G
ols
l111111111111111

100pb-t

e - Tl A
.. -
......

| o |

= Tune DW

= Tune DWT
===Tune SO

¢

-
TR
punsas et el -
......

| | 1

" Cone jet finder:

R = \/ (An)z + (A(]))Z _ ()7 ATL-PHYS-PUB-2005-007

0 20 40 60 8

0 100' ~120 140

p. " [GeVic]

~160 180  20C
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cms/ s
.~ Underlying Event in pp collisions at \'s = 14 TeM|_}

Underlying Event particles come from region transverse to the leading jet.
(The underlying event 1s defined as everything in the collision except the hard process .)

Leading , Ad Large difference depending on the models
Jet __|

~
~
~ -

¢

o’ il 3 - TH—
Toward . - 100 b ; Tune DW
|A¢l<60° - =4 |== Tune DWT
25| [p, > 500 MeVic P I
A \ W In| <2 ~= Herwig

~

‘Transverse ~~_ " //r _
-~ -’ ’ L z 6

\
N
BRI LR |

~ 1 on T o <
' . ¥ - '3 o o e o
160 <l Apl < 120" == "~ . = S - - o -
. e cone L T B[51.5

G0t B R |
-.-

L

i

'
1
'
4

A
gt

«
\
\
\
A
\
’
’
’
/
’
/
£
o
(8] =X
T T 11
'
!
|
'
]
1
\
i
1
i
'
[
"
.
)

: Away
. lael>120°

Ll 1 1 l 1 ' L l L 1 1 l L 4 1 l L 1 l lllllll l 1 1 ' l ' L L

. i |
. 0 20 40 60 80, 100 120 140 160 180 20C
Charged particles: Cone jet finder: P, [GeVic]

p0.5 GeV and [n|<1 P \/(An)z s (A (I))2 _ ()7 ATL-PHYS-PUB-2005-007

Pile up and underlying events affect :
= jsolation of leptons and jets,

Extrapolation Uncertainties of UE:
= Multiple interactions

A 4

= Radiation = jet energy reconstruction (“pedestal”)
= Fragmentation =) jet veto
N -
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~ Compact Muon Solenoid

Jet measurement

4 Jets are the experimental signature of CMS
quarks and gluons, observed as highly
collimated sprays of particles.
4 A jet algorithm is a set of mathematical
rules that reconstruct unambiguously the
properties of a jet.
- Fixed cone algorithms.
- Successive recombination algorithms. =8
4 Different inputs to the jet algorithm<==
lead to different types of jets: <
- Calorimeter energy depositions.
- Tracks.
- Particle or energy flow objects.
- Simulated particles.

Calorimeter
Simulation

33
Vloriond/QCD, 18 March 2009 K. Kousouris e 4
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Possible early discovery:
anomalies in high E; QCD jets, di-jet masses

e 11fb!: jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
e Sensitive to substructure, contact interactions, high mass resonances

CMS
103
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Possible early discovery:

anomalies in high E; QCD jets, di-jet masses

d:c/dr]dl';llTl o (nbTeV)

10

e 11fb!: jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
e Sensitive to substructure, contact interactions, high mass resonances

Jet cross section

v T v ey T — ' r T v * v r

QCD-LO, u=E /2
CTEQ4N
CTEQIHD
MRST

CMS
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Possible early discovery:
anomalies in high E; QCD jets, di-jet masses

.01
.ol
.O\
10°
!
—
W 10"
=t
= .
S 1O
T 1o
| —
-cz 10~
S
S 1O
-}
(o
o°

10

e 11fb!: jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
e Sensitive to substructure, contact interactions, high mass resonances

Jet cross section

v T v ey T — ' r T v * v r

QCD-LO, u=E /2
CTEQ4N
CTEQIHD
MRST

e
3

fractional difference from qcd

lum=1fb™
jet n|<1

] |

E;r (TeV)
_0-5 QCD
| | — Excited Quark
B Mg E6 Diquark
ot b el W O Y |
7779000 20

i gopiga P o geogalfty W
00 3000 4000 5000

Dijet Mass (GeV)
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Possible early discovery:
anomalies in high E; QCD jets, di-jet masses

e 11fb!: jets up to 3-3.5 TeV, di-jet masses up to 6 TeV: new territory!
e Sensitive to substructure, contact interactions, high mass resonances

Jet cross section

© 6 6 6 o ©
g s O MO @l YA

d:c/dv]dl';]-lTI o (nbTeV)

10

E; (TeV)

5 —r 2l ey Ty v

LA | v v v v

QCD-LO, u=E /2

CTEQ4N
CTEQIH
NMRERST

Challenges

oJet energy scale,

eParton density function (PDF)
eunderlying event, trigger,
escale variation, hadronization

fractional difference from qcd

e
3

o

-0.5 QCD lum=1fb"’ _
— Excited Quark :
i | et n|<1 ‘
I g E6 Diquark i
| | ! I i | | | ‘ | ! ] [ | | | | | ! l | | ]
- 1000 2000 3000 4000 5000

Dijet Mass (GeV)
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> LHC is a tt factory |

LU Ltk S R e B AL Total production cross section
10" Gy :
10 - :
Tevatron LHC ¢
IO(. ; g g g m_‘_ t
” (90%) 1
| S g ( g wwort——
10
10 q @ {
IO: (-'jet(Er,el . 5/20} g
3 ]0' GN (.}
£ — . q 10%) .\t
G i % tt production cr'o(ss S%C‘I’lon at LHC:
0,(E/" > 100 GeV) ~833 pb
IO.I
- T+ production cross-section
o % at Tevatron:
10" o€ > s/4) 6.7 pb
0° Eo,‘w(mf 150 GeV)

10° Fo,_w(mﬂ = 500 GeV)
L All
0.1

10°
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CMSE

LHC is a tt factory

__

10
s

10

Total production cross section

Gtol

; lllll J
L Te\*zﬁmn LHC t o t
- : g fwvuv"_‘_
10
S
B (90%) Y
, S, g . g rwwmmrt—— |
100
10 q @ t
IO: (-'jet(Er,el . 5/20} g
=31 O y
) _ . 4 10%) .\t
o i | % 1t production cr'o(ss S%C‘I’lon at LHC:
. G'm(Er] > 100 GeV) ~833 pb
10
- Tt production cross-section
o % at Tevatron:
10 E- th(El’M> v$/4) 6.7 pb
10" fp M = 150 GoV)
i Foi-ma(MH: - | .2 t+ events per second !
i B > 8 millions t+ events expected per year
0.1
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Cius /| e =
[é/ TOP at the LHC is important ]Ll/

« ATLAS and CMS goals in TOP sector are 1dentical : a good knowledge of detectors
— So the road to full detector commissioning pass through the TOP physics
— So first ..

Q@  Top rediscovery : Commissioning in 2009

e Light and bJet => Jet Energy Scale
e  Qverall jet calibration
e b Tag efficiency

e  Precise measurements in the top sector : EW probing in 2010 and over

e Precise top parameters measurements
o Constraints in the SM and beyond

e New physics search... As soon as detectors are well understood.
e both in the production and decay sectors : tthar-> X, X->ttbar, ttharX

o Large coupling with the Higgs
o Top quark will be background to many new processes

35
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TOP at the LHC is important ]L'/

ATLAS and CMS goals in TOP sector are 1dentical : a good knowledge of detectors
— So the road to full detector commissioning pass through the TOP physics
— So first ..

Top rediscovery : Commissioning in 2009

Light and bJet => Jet Energy Scale
Overall jet calibration
b Tag efficiency

Precise measurements in the top sector : EW probing in 2010 and over

e Precise top parameters measurements
o Constraints in the SM and beyond

New physics search... As soon as detectors are well understood.

e both in the production and decay sectors : tthar-> X, X->ttbar, ttharX
o Large coupling with the Higgs
o Top quark will be background to many new processes

We could get top signal with ~ 10 - 100 pb-!
35 - oftt) to ~13% and M,,, to 1% with 1fb-!
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CMS Early top studies : 100 pb- -[/l/

Focus on semileptonic channel :

BR (ti—~WbWb—(lvb)(bjj)) ~30 % Compute invariant mass of 3 jets
Easy to trigger thanks to isolated lepton (e or ) with highest Zp.:
Clean topology : tand t central and back-to-back

ATLAS preliminary

Typical event selection:

Signal with ~100 pb-1

: no b-tag ! 3
3Jets pr>40 GeV | | l ::_ ..... Top combinatorics
4th jet pr >40 or o /AT
80/ : -
20 GeV ook : W+ jets
4 T hee
2094754 .““’“ -..5 . $° 2 4
Isolated lepton ol bt i, .’.*;‘f’.‘f".‘.’p'.‘n.-«;t..
100 150 200 250 300 _ 350

m(3jet) (GeV)

pT>20 GeV

If 2 b-jets requested :
/| BKG <2% : mainly W/Z+jets, WW, WZ, ZZ
| E.Miss > 20 GeV Efficiency 1-2%

36
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CMS

Top Quark pair production (10 Pb'1)m

« CMS muon channel selection:

— 1muon pt>30 GeV, letal<2.1 (loose)

— Isolation E(calo,iso)<1GeV and dR(mu-jet)>0.3
— at least 4 jets; letal<2.4, Et>65,40,40,40 GeV

— no b-tagging

For 10pb! : 128/90 signal/background

* Pseudo data
B 1 (signal)
E20 1t (other)
T WelJets
B Z+Jets
B QcD

CMS Preliminary @ 10pb™

60 -

Entries

0 100 200 300
M™ [GeV/c?]

Entries

CMS Preliminary @ 10pb™

* Pseudo data
B T (signal)

Entries

10°

10°

10

7 1t (other)
[ W+Jets
B Z+Jets
I QCD

2 3 3 =95

Jet Multiplicity

CMS Preliminary @ 10pb™

* Pseudo data
B tf (signal)

30_-

0
100 200 300

L tt (other)
0 W+Jets
B Z+Jets

B QCD

400 500

M3 [GeV/c?]
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2 Brief motivation for beyond SM searches [,L’

e However successful the Standard Model (SM) has been so far (it
well describes all current experimental data), i1t 1s at the same time
plagued by instabilities (divergent loop corrections at high energy).

e So different ideas have been proposed to cure these limits, so
called “beyond the SM” models :
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CMS Brief motivation for beyond SM searches ]LL

e However successful the Standard Model (SM) has been so far (it
well describes all current experimental data), i1t 1s at the same time
plagued by instabilities (divergent loop corrections at high energy).

e So different ideas have been proposed to cure these limits, so
called “beyond the SM” models :

Supersymmetry
Introduction of superpartners to the SM particles solves some of these
divergences. SUSY symmetry breaking scale needs to be of the order of 1

TeV.

31
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CMS//

= Brief motivation for beyond SM searches ]LL

e However successful the Standard Model (SM) has been so far (it
well describes all current experimental data), i1t 1s at the same time
plagued by instabilities (divergent loop corrections at high energy).

e So different ideas have been proposed to cure these limits, so
called “beyond the SM” models :

Supersymmetry
Introduction of superpartners to the SM particles solves some of these
divergences. SUSY symmetry breaking scale needs to be of the order of 1

TeV.

Introduces a set of heavier vector bosons and top-antitop quarks that
provide a limited cancellation and push the divergences up to 10 TeV

31
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CMS

;

Brief motivation for beyond SM searches L“

e However successful the Standard Model (SM) has been so far (it
well describes all current experimental data), 1t 1s at the same time
plagued by instabilities (divergent loop corrections at high energy).

e So different ideas have been proposed to cure these limits, so
called “beyond the SM” models :

Supersymmetry
Introduction of superpartners to the SM particles solves some of these
divergences. SUSY symmetry breaking scale needs to be of the order of 1

TeV.

Little Higgs
Introduces a set of heavier vector bosons and top-antitop quarks that
provide a limited cancellation and push the divergences up to 10 TeV

Extra dimensions
Has the SM 1nteractions confined to four dimensions and gravity occupying
the extra dimensions
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CMS . . : .
di-object signature search ml/
. . . . >1o°""I'"'I""I""l“"'l"
Search for final states with just two physic objects gm‘ ; i

like leptons, jets, Ex™iss, }‘i::' W —oey =
predicted by various models 8 bk  iptmeEnut000
4k e

10
definition of signature allows generic searches!w: l CMS PAS EXO-08-004

102 | il _
- di-lepton w0k
models: GUT, extra dimensions,... o e S
4000 5000

CMS Preliminary
- di-jets: contact interactions = large rate at high pT

q*, Z’ = heavy mass resonances

-di-photons: Important cross-check to rule out spin-1 hypothesis
(i.e. RS graviton instead of a Z')

- lepton+ E1™Miss : signature of new heavy W-like bosons (LR model)

- jet+ Er™iss; signature: 1 high pr central jet + Et™iss ~back to back
mono-jet final states proposed by extra dimension models ADD
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CMS

Di-lepton resonance (Z.’)

__

SSM Z’ (carbon copy of Z)
Zy: arises in Es and SO(10) GUT theories

Z’ — eelup: (CMS, ATLAS) | CMS PAS EX0-08-004

e very clean signature

e various methods developed to evaluate:
efficiencies, background, uncertainties

search strategies are in good shape

Z' — v (ATLAS): | ATLAS: CERN-Open-2008-020
e studied: hadron-lepton final state for m(Z’)=600 GeV
e event selection: hadronic tau + charged | + Ey™iss

e direct mass reconstruction not possible
* use mys instead

m,;, = \/ 1-7' |+ 13’11 + E;{uss

significance : =3.4 at1fb’

VB + B2

0B: background uncertainties
37
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Extra Dimensions: Z’

Events/10GeV/fb—1

—
o

Entries per 50 GeV/c*
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[
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1 ~70 pb~*

1.5 ~300 pb~*

2 ~15b*

@h lumi 100 fb-1: extend range to 3.5-4.5 TeV‘
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More exotic searches

| |

3-object searches:
2 leptons + jets: WR, lepto-quarks (LQ)
studied decay modes: LQ — e\u g
Wr — e\u N
N: heavy majorana neutrino

something even more spectacular:
signature: - 2 high rapidity high pT “tag” jets

- no jets between the two “tag” jets

signature: lots of leptons(1-4) +2 b-jets

Black holes: decay via Hawking radiation

signature: large number of decay products
= |large transverse momentum sum

b’b’->WWWWhbb: a fourth generation quark

"o 10" F a3

10
10°

A
>
03]
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o
o
(QV
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2]
—
c
()
>
L

10°
4

102E

Vector boson resonances (high luminosity search):

g 4 -
. - ¢ ord
A W LS
q ©ON g
WR’ *  twojets
p
q
(As T T - BHne2 1
1o° Black holes Caon g
.
..... ey &

e
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ATLAS: CERN-Open-2008-020
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6000 7000 800C
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Standard particles

Fermions <« Bosons

R-parity can be conserved mi :V\-—"\-\y @
W

or not!
Rp — _1B+ L+ 2s Quarks @ oo @ rorco partcis Squarks o Sleptons W E':?L'c:cc
Solves the hierarchy problem Possibly a dark matter Unifies gauge couplings
Yp y gaug
f candidate, if Ry conserved hep-ph/9709356
” '//' \\ :P j\;‘;\. v v ’ v
\\,‘ L / 40 -
S 0 b .
d - . 20 ” SIS
I ]
H \\ /l 10 b
‘,'l' “““ t"‘Y“l“lA-!‘I‘O.I‘
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What’s Nice about SUSY?

Introduces symmetry between
bosons and fermions

Unifications of forces possible
— SUSY changes runnning of couplings

Dark matter candidate exists:
— The lightest neutral gaugino

— Consistent with cosmology data
No fine-tuning required

— Radiative corrections to Higgs acquire
SUSY corrections

« Cancellation of fermion and sfermion
loops

Also consistent with precision
measurements of My and M,

— But may change relationship between
My, Mo, @and My,

44

ML

1/
' cwithout SUSY .

-with SUSY
/0,

Olllll'llllllllllrlll
0) 10° 10" 10"

Wechselwirkungsenergie in GeV
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2 SUSY signatures in CMS .LL

Event topologies of SUSY:

B multiple jets, often energetic
B + possibly some lepton,

B + missing E;

F multileptons + missing ET
ELarge missing energy
+2 LSPs

*Many neutrinos
In a word

Spectacular!
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@ SUSY signatures in CMS ml/

Event topologies of SUSY: g— 1 G, — 73 4+ u Cjets E_=1196GeV)
E multiple jets, often energetic LI R T
E + possibly some lepton, 2 Ml o ol I s
B + missing E Lot T

B multileptons + missing ET TR Wty L Ep =20 Gev

ELarge missing energy
+2 LSPs
*Many neutrinos

In a word

Spectacular!

AN . = 1266 GeV
kg

¢m 7 =450 GeV

1
m-~ =410 GeV

XO

2
m~_ =214 GeV

Z‘O

1

mh = 119 GeV

#

/ | g .
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i :
|
2
%
v

4
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Higgs hunting |/

H—o>ZZ—eeup
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* In the basic theory => Particles are massless

e One suppose that there exist in the Univers a specific
Field

e All particles interacting with that field are getting their
mass. It’s value is related to the strength of the
interaction.

e The quantum of that Field is the Higgs boson
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cms Higgs mass: theoretical constraints ml/

41
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Z Higgs mass: theoretical constraints [l/

~ Problem: Higgs mass 1s free parameter

41
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Problem: Higgs mass 1s free parameter

Theoretical constraints

41
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fé Higgs mass: theoretical constraints .LI/

Problem: Higgs mass 1s free parameter

Theoretical constraints
Unitarity (no probabilities > 1)

41
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CM

= Higgs mass: theoretical constraints ]Ll/

SRR

Problem: Higgs mass 1s free parameter

Theoretical constraints
Unitarity (no probabilities > 1)

Triviality
(Higgs self coupling remains finite)

41
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CmS Higgs mass: theoretical constraints m

~ Problem: Higgs mass 1s free parameter

M: =20 L.

~ Theoretical constraints
= Unitarity (no probabilities > 1)

600
M, <700-800 GeV =
)
©  Trviality 0
(Higgs self coupling remains finite) E::::: 400
2

M,f, - 4ty
3In(A/v)

= Stability (of vacuum)

4
4m,,

2.2
Jt VvV

M; > In(A/v)

41

v =246 GeV

800

200

10° 10° 10° 1012 10" 10'8

A [GeV]
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ct search @ LEP excludes My <114.4 GeV @ 95% C.L.
¢ SM global fit gives the first indication on where to look !

m = 144 GeV T T T T I

6
| ' b4 | t { —LEP1 and SLD
5 Al = i W W 80.5 1 — LEP2 and Tevatron (prel.)
— 0.02758+0.00035 2 ; )
y ~=== 0.02749+0.00012 b 68% CL
4 - -+ incl. low Q% data - ;
1 D
= 3- | ©, 80.4-
J 2;
2 - —
| H
1E 1 - v; 80.3
%4493
0 Excluded \.= Preliminary
30 100 300 150 D 200

With 2007 Tevatron Combined

m,, [GeV] M, = 170.9 + 1.8 GeV/c?

M, [GeV ]
top

¢ The most probable value from SM global fit : 76 igi GeV
Upper bound (95% C.L) : <144 GeV (182 GeV if LEP limit included)

March 2" 2008 :: Low Mass Higgs Search :: Kohei Yorita (U. of Chicago) :: p6/18
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Z Recent results from Tevatron mfl/

« |n order two achieve maximal sensitivity CDF and DY combined
Tevatron Run Il Preliminary, L=0.9-4.2 fb’

LEP Limit | Jk  Tevatrdn
| v Exelusion

Ex pected

o EXpaeIer TN e e

------HQG Expected-

' a ' [
..-..+..--..-....-.:..._...-V.._..L.-...-..--..-}(

95% CL Limit/SM
o

................
ANAAA L XY

 emssscsniswncc=tR NSRSttt Gt Sut s s T L R cw e s

m_ =115 GeV: |
Exp: 2.4 1
Obs. 2.6

m =165 GeV:
Exp: 1:1
Obs. 0.81

owa, LX)
A (.'). Y

""""
\/

| A XXi arichs 200
'—L"I""I""I" lllllllLJll]IIllllll Ll Lo

100 110 120 130 140 150 160 170 180 190 200

m (GeV/c
H_,H_)

Dominated by WH/ZH analyses H-WW analyses

« Excluding significant re idly adding more Data
m Bjorn Penning, Combined upper SM Higgs Limits at the Tevatron 14
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. Low Mass Higgs Signals at LHC

0

ATLAS, 100 tb-!

Events / 2 GeV

10000

108 120 135
m., (GeV)

= Main observation channels:

= H—>vyy
= ggH->qqrrt
= ttH—>ttbb

= Total S/NB=4.2
* my=115 GeV/c?

52

CMS, 30 tb-!

VBF H->7xv
o o 5 E= Signal (135GeVic? ;
=~ EW/QCD 2t+jets 1
8 g tthar W+jets
f FI N | Fit to Signal
— I N Fitto Ziy* (= 21)
g B ——— Fit to tthar W+jets ]
S 3__ —— Sum of fits
7 =
= 0
= 2~ =
B AN
1:— ?_ \ —
ol LB Lﬂg—;:‘: ——— ~
0 50 100 150 200 250
M., [GeV/c’]
H->yy | ttH->ttbb | qgH->0q Tt
S (115) | 150 15 10
B 3900 45 10
SWB 2.4 2.2 2.7
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3 1€ePD1C
2 ! CMS30 fo'WHiags | 3 . mee o o amt Ae B g
c ° (ee 99 O 1o MH-Z">4 ATLAS Preliminary -
= U channeh:ltt 0 - Bz -
2 5 M = 200GeV S | Hz 10 fb-? :
2 4 1Zbb 8 .
= o § I M= 150GeV :
k- 3 Y4 w r (all channels) .
6— —
of before cuts i )
1 af :
0100 150 200 250 300 :
4 lepton invariant mass (GeV) e[
E¥E i
%ig_.mggs IL:S.be" f20°130 140 150 160 170 180 190 200 210 220
3 18 M(4l) (GeV
- :23.-22 CMS (4]) (GeV)
5 1azl It at 50 significance
3 12 EZD (eepy channel; Background negligible
5 ®after all cuts (= 200GeY after all selections
i except for ZZ
s %' 50 "i00 150 200 250 300 350 400
< 4 lepton invariant mass (GeV)
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B Combining channels m

CMS Preliminary

T Y | SEAN N S S A

z i - - - -
0" .l 1:_“;—*‘:{)_‘ | = The statistical combination of the results of the
3 i : CMS analyses (HZZ, HWW) @ 1fb! shows that a
o —— WW I SM Higgs in the mass range 140-230 GeV can be
.(% Combined excluded
14
" MRS BRI 0. VIR WO & Y 0 TR —
= The ATLAS and CMS combination of all the main
analysis results shows that with 5fb-' a High Mass
Higgs 140-450 GeV can be discovered with 5
01 act b o s o A o b A s A a o L s o 4o s o Lo ) . Signiﬁcance
significance
7 ‘ - SRR :
9 - N R A CMS l
i, W L W |
3 i 10 ,O ‘|. I ||
. Bwop X ]
8 O F ,
8 " %1 L‘ r1"1
6 § i A f || || .
5 3‘ | \Al II‘ 'Ix --’/,4 . ___/ i
4 g L \l “' 0 —e— H-=yy cuts -
3 = : Vfo —=— H—yy opt
2 s 1 *J e —+ H—=ZZ -4 o
4 4 EREE v H=WW-—2I2vy ]
[ I I 1 |
o 120 140 160 180 200 220 240 260 280 300 100 200 300 400 500 690 18
Cristina Botta — EPS-HEP2009 m,, [GeV] M,,GeV/c
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Z Ultimate sensitivity

z o — 5 discovery | A
= N BB K1 9 P8 (1111 NS SO O OOt S O S 4
I oo [Ldt= 6 1l
T | e
- --5--- ---!-- - 5-- -m - -5---- ?--- E----
R :::E. —." - A =
TV [ . I
IR S T i P P
D | | B
| \ e T i et A
.-....rﬁl.. e SEtCEE .'*"- I | ..h..-....,_.l_.l._...-..... (P IS I NS R I
; -=I 1 .r i i H . H H H H H H
; UI "' .I#F | H H H H H H H H
. =z N ; ; ; ; ; P
a7 e i i i i
0 e ) ATLAS + CMS
- _-i__-.-i ....................... ;:——-.-——-.-——-.-_i—-.-——-.-—-.J.——-.-——-i-——-.-—i—-.-——i..-——-i.-——-l. —_—
| ! |

100 200 300 400 S0 600 700 SO0 G000
iy, (GeVic’)

- With 6 fb-! of LHC data will know if Higgs boson exists
— in 2-4 years already (hopefully)!
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Conclusions
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Z Conclusions m,l/

Q@ The LHC project was conceived & designed to probe the physics of the TeV-scale.
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Q The LHC project was conceived & designed to probe the physics of the TeV-scale.
Q@ Ifindeed new physics is at the TeV-scale, CMS (and ATLAS) should find it.

@ The early phase of data taking will be crucial

» Determine the efficiency of L1 triggers
» Understand the HLT trigger

= Improve our understanding of the SM processes
= Search for new physics
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Q@ The LHC project was conceived & designed to probe the physics of the TeV-scale.
Q@ Ifindeed new physics is at the TeV-scale, CMS (and ATLAS) should find it.

@ The early phase of data taking will be crucial

» Determine the efficiency of L1 triggers
» Understand the HLT trigger

= Improve our understanding of the SM processes
= Search for new physics

@ Atlas and CMS are getting ready for that phase
Q@ Only experiments reveal/confirm Nature’s inner secrets.

Data from LHC could change our perception of how nature operates at
the most fundamental level.

With the first year of data

 Even if modest, many Standard model studies will be performed

 There are open windows into BSM

 The list presented here is not complete, many other subjects will be studied

* But essential: put everything in place to get reliable results quickly when more luminosity will
be available.
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