Experimental "@'
Particle Physics

Abstract

I’ll review a few important results established over the 4 past decades mainly from
Experiments at Particle Colliders.

«  First lecture: past discoveries of, then, new particles
« Second lecture: precision measurements and indirect constraints
«  Third lecture: direct searches for new particles
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Outline

I. Introduction
«  Lecture Reading Grid
«  Trigger
«  Lepton versus Hadron Colliders
I1. Direct production of new particles — Part 1: past discoveries: « how we
established our Mendeleev’s table »
»  Electroweak Vector Bosons: W, Z
« Heavy quarks: c, b
[11. Precision measurements: « how we test our models and constrain new physics
through virtual effects »
« Wmassat LEPII & DO Run 1A
«  Top mass at the TEVATRON Run i
« Indirect constraints on the mass of the SM Higgs boson
IV. Direct production of new particles — Part 2: possible future discoveries: or
« how we could enlarge our Mendeleev’s table »
«  Search for the SM Higgs boson (LEP II, TEVATRON Run II)
«  Search for RPC SUSY (LHC)
V. Conclusions and Prospects
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|. Introduction

1. Lecture Reading Grid

A. The theoretical context
« What is known at the time of the experiment?
« What are the stakes of the experiment?
B. The experimental setup
« Particle accelerator
« Particle detectors
C. The Data Analysis
« Trigger
«  Offline selection
e Uncertainties
* Results
D. Conclusions:
« Backto A. or what we learnt from the experiment?

NB: All units in h=c=1
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. Problem:
. evts from processes

2. Trigoger

« Find a needle in a haystack »

collected w/ their unbiased cross

sections would lead to a saturation of

the DAQ capabilities for collecting N S
uniteresting bkgd evts E o
epe- .. 10" & Tevatron LHC
«  the DAQ capabilities are limited w0 |
anyway. In nominal LHC conditions p+p w0 £ .
collisions occur at 40 MHz and only o' ¢ -
0(200 Hz) are actually written to tape. OE o -
Even wo/ DAQ limitations, writting = b P
40 MHz would yield unmanageably huge © ;¢ TN
datasets o b N
10 E - -
«  Solution: 107 | //
- impose online cuts to reject o e T /
bkgd evts in real time and to write only CET S
. 107 E g (M, = 500 Gev) 4 -
filtered evts to tape PN o s
0.1 1 10
Vs ([TeV)
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Lepton vs Hadron Colliders
« Ingeneral e*e" colliders are thought of as precision measurements machines

whereas hadron colliders as discovery machines
« Inaless diplomatic way some evoke e+e- colliders as clean machines in

opposition to

Beam Remnants
Event Kinematics
Trigger

Jet Energy Calibration

hownhE
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ete- Colliders

L_epton vs Hadron Colliders

1. Beam Remnants

p+p/pbar Colliders

 None: direct collisions of elementary « Spectator partons are not involved in the

particles

Aug 11th 2010

hard scattering (nor in a 292 scattering)
they constitute the beam remnants

« Beam remnants are part of the underlying
event (UE)

Outgoing Parton

Underlying Event

Final-State

Radiation | Cou rtesy R. Field

Outgoing Parton
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_epton vs Hadron Colliders

2. Event Kinematics (1)

ete- Colliders

o Full initial state (IS) infos known:

« Known center-of-mass energy of the
ete- collision: \/s (ontop ofthe3 p
components)

« => More constraints applicable on the
final state (FS) using the full (E, p)
conservation laws

 Usual kinematical variables: E, 0, ¢

Aug 11th 2010

p+p/pbar Colliders

« Full IS infos of the 2 colliding hadrons
are known,... BUT

* One misses the IS p,, therefore one also
misses the center-of-mass energy of the
partons hard scattering: ./§

« => can only exploit the momentum
conservation in the transverse plane (p,,p,)

» Usual kinematical variables: pr, n, ¢

where pseudo-rapidity is defined as
n~-Log(f/2)
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_epton vs Hadron Colliders
2. Event Kinematics (2)

e*e” Colliders p+p/pbar Colliders
« Missing energy: EmiSS — \E — Emeas * Transverse Missing Momentum:
« Missing mointentum:t t  Improperly called Transverse
0] 0o PR .
gs: Py BPy R 0 Missing Energy, denoted: ET
tot « actually calculated as:
pz o O
;Where e ) \/g 4 B Nyisib e | \
pz__pz_ beam 9 px__z ,px
n — i=1
| tot _ ,tot _ P = Ner
e FS: px ~ py ~ visible i
tot py - py
P, = 0 \ i= J
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_epton vs Hadron Colliders

3. Trigoer

ete- Colliders

« Except for yy physics, most of the high
pT physics analyses rely on the+« Energy
Trigger » ot €

/4
/4

e
« Definition: event is kept and copied to
tape is the total energy in the calorimeter is
larger than a given threshold

CD| O O

« For high p; physics this trigger:
« has a relatively fast turn-on

* Is very simple and efficient

p+p/pbar Colliders

» QCD background o is larger than that of
Interesting process:

« Example of SM process:
Socp > 10°X 6 e

« Example of NP process:
Socp > 10° X 614150)

* Online selection based on features
differing from that of bulk QCD:

* charged leptons, photons, large mET,...
« special topologies

« Examples: mu4j20 or j70 _xE70
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_epton vs Hadron Colliders

4. Jet Enerqgy Calibration (1)

ete- Colliders

« EM Scale:
Z—>ee

 JES:

p+p/pbar Colliders
 EM Scale: Z—>ee
*E e = Epe (140)
© MM ~ Mtree [1+(oy+oy)/2]

« JES:

Use the Z->qqgbar mass peak to correct the _
jet energies so as to retrieve the dijet Use y+jets events to transport the EM scale to

invariant mass MPV at the previously well the Jets by imposing the p balance between the

measured Z mass: 91.18 GeV

Aug 11th 2010

EM object and the recoiling hadronic system
(in general, reduce this system to a single jet <=
Ad cut)
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| epton vs Hadron Colliders A
4. Jet Enerqgy Calibration (2) /

p+p/pbar Colliders

calorimeter jets Master formula:
calo
(Ex —O)

Calorimeter shower

P Ecor —

particle jets

. O jet energy offset

hadromzaﬂon

Ry Jet response
. S out-of-cone showering
* Note: S=1 for k-type algos

out of cone

parton jets partons

:: jet
+ Decays, interactions in F?;' ) IQje'[ | S
;' material & magnetic field
: :~' o response n uniformization

!'|underlying event

proton proton
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| epton vs Hadron Colliders ‘ ;
4. Jet Energy Calibration (3) /

p+p/pbar Colliders

n « Select dijets events:
- well balanced in p+
* pbut that lie in different parts of the calorimeters
 Equalize the jets response
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_epton vs Hadron Colliders
4. Jet Enerqgy Calibration (4)

p+p/pbar Colliders

Missing E+ Projection Fraction Method: y+jet

Particle Level Detector Level
.
7 LY (tag)
hadronic )
recoil jet (probe)

pl'_::}’ + fj}_:had — 0 pT:-;’ + R}radﬁfjrad — _ET
EI " Pr,
Rhad = 1 + — 2 -
pT:-;'
For back -to-back events : R, = R, ,
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1. Direct Production of New Particles
- Part 1: Past Discoveries -

or « How we established our Mendeleev’s table »

Discovery of the Electroweak Vector Bosons: W and Z
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Discovery of the Electroweak Vector Bosons: W and Z (1) A

« Wearein 1983 at the UAL and UAZ2 experiments of the CERN SPS collider

A. The theoretical context
« SMis already in place
« reminder: SU(2), x U(1), gauge group structure proposed to (partly) unify

EM and weak interactions (y plus 3 new bosons: W+, W-, Z%)
« S.L. Glashow, Nucl. Phys. 22 (1961) 579
« A. Salam, Proc. 8th Nobel Symposium (ed. N. Svartholm) (Almgvist and
Wiksell, Stockholm, 1968), p. 367
« S.Weinberg, Phys. Rev. Lett. 29 (1967) 1264

« This theoretical model was really taken seriously essentially because of the:
« proof of the renormalizability of spontaneously broken gauge theories by G.
t’Hooft and M. Veltman
‘t Hooft, G., Nuclear Physics B 33,173 and B 35 (1971) 167
« discovery of the EW neutral currents in the Gargamelle bubble chamber
experiment at CERN
Hasert, F. J., et al., Physics Letters 46B (1973) 138
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Discovery of the Electroweak Vector Bosons: W and Z (2) %
/

. " Indirect hints of the W and Z masses:
° v+e—>v+e scattering in the Fermi 4-fermions interactions

has a bad UV behaviour that requires a NP to fix it at some high E
Refs: E. Fermi, Nuovo Cim.11 (1934) 1-19 and Z. Phys. 88(1934) 161-177

«  Early 1980’s, at PETRA e*e- collisions at Vs ~30-40 GeV:
* In v scatterings, charged and neutral currents interpreted in Glashow-
Weinberg-Salam model
=>sin20,,~0.23 => M,,~77.8 GeV and M,~88.7 GeV
* Inthe late 1970s and early 1980s the forward-backward angular

asymmetry, due to y*/Z interference, in e*e- — p*u- also indicated
m, < 100 GeV

«  The stakes of this experiment were huge: discovering the W and Z would have
been a magistral proof of the EW theory
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Discovery of the Electroweak Vector Bosons: W and Z (3) %
/

B. The experimental setup
« Accelerator:
« the CERN SPS accelerator:
« launched in 1976
e 7 kmin circumference
« 1317 conventional (room t°) magnets, including 744 dipoles
«  Used the PS (26 GeV) as an injector
« Initially p beam of up to 400 GeV sent onto a fixed target
«  Other beams: e*, e, pbar, S, or O nuclei
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Discovery of the Electroweak Vector Bosons: W and Z (4) %
/

2. The experimental setup
« Accelerator:

«  Happy mariage between 2 key features:
«  Proposal to run SPS in p+pbar collider mode by C. Rubbia,
P. MciIntyre and D. Cline in 1976
This alone could provide sufficient CoM E to produce W/Z, yet
one needed a sufficient intensity in the pbar beam
« Intense p and pbar beams had been developed in the meantime
Especially the Antiproton Accumulator (AA) by F. Bonaudi,
S. Van der Meer and B. Pope
«  First p+pbar collision in 1981, at £=10%°> cm~?s!

X raised to ~103%cm-2s! over the next year
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Discovery of the Electroweak Vector Bosons: W and Z (5) %
/

SPS as a collider:
» Large unknown: beam-beam effects

« 1st ppbar collisions: july 9t 1981, ~3 years after the project approval!
« CoM Energy: 540/630 GeV X
e £=10%28 cm2st Remember:

Exp int. £ by end 1981: ~100 nb-1
P 4 Js=2mE, —— s =2E,
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Discovery of the Electroweak Vector Bosons: W and Z (6)
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2 Big Detectors: UAL & UA2

» these are not symmetry groups, but rather prototypes of large scale multipurpose detectors

UAL UA2
» Spokesman: C. Rubbia

Discovery of the Electroweak Vector Bosons: W and Z (7) %
/

« Spokesman: P. Darriulat

* Collaboration @ start-up: - Collaboration @ start-up:

» ~130 Persons « 60 Persons

12 Institutes « 6 Institutes
* R&D and construction: 1978-1981 « Cost: 10 M CHE
* Dim & weight: ~10m x 6m x 6m, ~2000T

» Most complex detector at the time:

« 15t Electronic Bubble Chamber »

- Cost: 30 M CHF (10% for ECAL)
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Discovery of the Electroweak Vector Bosons: W and Z (8)

UAl

« Central tracker:
LxD=53mx28m

UA2

» General features: only central rapidities
covered, simplified design optimized for electron
detection

e drift chbers w/ 6176 wires vert. & horiz. e Central tracker:

* 6,.4=100-300 pm

« drift and proportional chambers + PS

« B-field: 7kG =0.7 T ( _|_ to the beam)  B-field:

e Calorimeters:

« EM: 27 X,, Pb/Fe + scintillators

« HAD: 4.5,
«9,,,=0.2°
« Muon Spectrometer:
« 800m? of drift chambers
* 6=300 um

Aug 11th 2010

» central: none => no charged particle g
measurement (expect for W->ev at
max. W asymmetry)

e forward: toroids

« Calorimeters:
* Fe/Pb + scintillators
« AO X Ap =10° x 15°

* Depths: 3 (central: 40°-140°) and 2
(forward: 20°-40° + Cplt)

*0,,,=20°

* Muon Spectrometer: none!
S. Muanza, CPPM Marseille, CNRS-IN2P3 22



UA1 Detector UAZ2 Detector
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Discovery of the Electroweak Vector Bosons: W and Z (10) %
/

Production Mechanisms

W and Z are produced through the Drell-Yan process
I.e.. EW hadroproduction of lepton pairs

Ref: S. D. Drell and T. M. Yan, Phys. Rev. Letters 25, 316 (1970)

Higher order QCD corrections may produce additional jets
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Discovery of the Electroweak Vector Bosons: W and Z (11) %
/

Event Selection
- Trigger: aka « Online Selection » -

UAL, W-ev,  Require an EM cluster w/:
Analysis 1984 *«0>5°
* pr>10 GeV

jsadt ~0.136 pb"

- Offline Selection (1) -

* Preselection cut:
 Require an electron candidate wr/:
e pr > 15 GeV
e yield: 1.5x10° events
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Discovery of the Electroweak Vector Bosons: W and Z (12) %
/

Event Selection
- Offline Selection (2) -

» Selection cuts: Electron ID
 Require a matching track w/:
* pr > 7 GeV (central)
e yield: ~10% events

* E,ca (e candidate) < 0.6 GeV
* yield: 346 events
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Discovery of the Electroweak Vector Bosons: W and Z (13) %
/

Event Selection
- Offline Selection (3) -

» Selection cuts: Dijet Rejection
* Reject event if:
* 1 jet lies within |A¢|<30° wrt electron candidate
* yield: 55 events

* mE; > 15 GeV
* yield: 52 events

« well contained EM showers
* yield: 46 events
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Discovery of the Electroweak Vector Bosons: W and Z (14) %
/

Event Selection
- Offline Selection (4) -

» Expected remaining background:
* less than 0.5 events from W>t(2> v +(x%)+v )+v.
« 2 events from W>t(>e"+v +v )+v.

* Systematic uncertainties:
« ECAL intercalibration:
* 4% dispersion
- finally a negliglible impact on m,,,
» absolute EM scale (Z—>e*e):
* 3%
* Integrated luminosity:
* 15%
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Discovery of the Electroweak Vector Bosons: W and Z (15) %
/

Results

« Mass:
 from p;(e) fit: M, =80.5+/- 0.5 GeV
e from m+(e,v,) fit: M, = 80.3 + 0.4 -1.3 GeV
« comparison with very first mass measurements:

{UAl: M, =80+5GeV

10 (see Refs 1983a)
UA2: M, =80" GeV

« Cross Section:
* 6 X BR(W—->ev,) =0.53 +/- 0.08 (stat) +/- 0.09 (syst) nb
e theory: 0.39 nb (ISAJET)
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Discovery of the Electroweak Vector Bosons: W and Z (16) %
/

Events/4LGeV

pr(e)

I I T

- UA1 — W—ev

= X =2y
43 Events

al  Electron E, (GeV)

 Selection cuts:
e All cuts

mET
I ) 1 T T
16 UA1 —
6B W~ v

> EVENTS
(La] 12 + ~
-
~N
wv
—_
z s .
>
w

L _

0 1 i I ]

0 20 40

» Selection cuts:
 Require an electron candidate w/:
* p; > 15 GeV
* Dijet rejection

30



Discovery of the Electroweak Vector Bosons: W and Z (17)

T b)
10 UA 1 — W—eav
::i ——= X —sevv
_ > 43 Events
« Selection cuts: S
 All cuts > ‘
0
36 L 52 60 68 76 84
M; (GeV/c?)
— . . . _ T [ 1 1 | [ 1 ]
m, =2 p, (€)-E, - (1—cos Ag) ’
ES > 30 GeV UA1

~, EY > 30 GeV

~N

E 26 Events

* Selection cuts: I . ,-k_/ — Wesev
« All cuts -é f/’ \\ ‘ -—— X—sevv
* Tighter pT’s e ! N
|
/
0 ! I | l X Pl 1
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How do we know it’s a S=1 particle?

. Jacob’s formula:

(cos6) - (hel,, (hel ;)

S(S+1)

Ref: M. Jacob, Nuovo Cimento 9 (1958) 826

. 0*: decay angle of the electron in the W rest frame, for example
« <hel;,;>: helicity of the IS: (u+dbar) system
*  <hel; >: helicity of the FS: (e+v,) system

«  for V-Acouplings: <hel; ;> = <hel;,>=-1
« and if vector bosons have S=1
«  0Oneexpects: <cos0™>=0.5
UAI1 measurement: <cos6*> = 0.5+/-0.1
«  for S=0 particles, one would have expected: <cos6*> =0
«  for S>1 particles, one would have expected: <cos6*> <=1/6
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Discovery of the Electroweak Vector Bosons: W and Z (18) %
/

How do we know it’s S=1 particle with V-A couplings?

il UA 1 f
/
Acceptance corrected
I
*,2
1+cos@7) - » Selection cuts:
-  Require an electron candidate w/:
« 20 /
@ ! * p; > 15 GeV
2 ! * Dijet rejection
= /
= /
/
10 |-
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Discovery of the Electroweak Vector Bosons: W and Z (19) %
/

L0
al
30
20

10

First Level Cuts
152 Events

«—

Odn

UALl: Z—>ete

. Selection cuts:
———a) Require 2 electron candidates w/:
. pr > 25 GeV

bl

L= 5 T - =

]

Second Level Cuts
4 Events /
N
oh 1

Number of events /~ & GeVV

t)

L=J =] £~ o~
I

Final Cuts
L Events

/

b) 1 matching tracks w/ pT > 7 GeV
low HCAL leakage < 0.8 GeV
c) 2" matching track w/ pT > 7 GeV
UAL+UA2: Z>ete & putur
| UA1 + UA2
[] m (e*e”)

m (u W)

’h

0 50

Uncorrected invariant mass cluster pair {GeV/c?)

First UA1 mass measurement:;

100 150

MZ =955 +/- 2.5 GeV

(see Ref 1983D)
Aug 11th 2010
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dN/dm (events / 4 Gev/c?)
o

2 M N 1
\ %

0 rl | 1 &w
0 20 40 60 80 100

Invariant mass of "L~ pairs



Discovery of the Electroweak Vector Bosons: W and Z (20) %
/

UALl: W—->ev candidate
MET

electrons

UA1: Z->e'*e candidate
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C. Rubbia and S. Van der Meer
shared the 1984 Physics Nobel Prize

End note:

« Adage ». Some particles discovered in the past later become « Standard

Candles »
« Nowadays the EW vector bosons are the main calibration processes:
« le: Z2>e*e,, Z2>qq, Z=>bb used to set the absolute EM scale, the JES
and to calibrate the b-tagging at e*e- colliders
« le: Z->e*e used to set the absolute EM scale at hadron colliders
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Discovery of the charm quark
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Theoretical Context:

GIM mechanism:
« Mechanism to suppress FCNC at tree level:
» Strong hypothesis: postulates the existence of a 4™ quark (not observed at the time)

« Explains the rarity of certain decay processes:
P 4 P R(KY > utu) _7><10_9~10_8

BR(K* — u'v,) 064

* Ref: S. L. Glashow, J. lliopoulos and L. Maiani, Phys. Rev. D 2, 1285 (1970)

matter particles guage particles
T N 4 N
1st gen. 2nd gen. Snd gen. Strong Force
Q
U
A Gluon
K ( Electro—Magnetic Force
strange bottom @
L frotorn
: W | (w ’
5,_ e neutring | uneutring | t peutrine LS R
0l @ | @ | @ @ w (2
N
electron muorn F2=074 W bosons 7 bosan
\_ v

~

scalar particle(s)

Higgs ,
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Accelerator:
« BNL:

Dipole magnets

« 30 GeV proton beam from AGS - fixed berylium target
« 2 x 102 p / pulse, focused onto 3 x 6 mm2 spot size

Detector:
* BNL:
» double arm spectrometer:
» scintillators
» multiwire proportional chambers
» lead-glass and shower counters M
« hydrogen Cerenkov counters

Wire chambers

f
a) Plan view \#‘\f!@\

Cerenkov counters

lead-glass & shower counters

Aug 11th 2010 S. Muanza, CPPM Marseille, CNRS-IN2P3
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fesss

ag bl

Analysis:

« needed rejection factor against hadron pairs > 108

B0 i
242 Eve nts-ll

70 SPECTROMETER

g0 b (] =10% current

EVENTS ¥ 25 MaV
n
O
1§
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Accelerator:
« SLAC:
» e+e- Energy Scan
» e+e- collisions from SPEAR
« 2.6 <sqrt(s) <8 GeV
* spot size: (0.1 x 0.01 x 5) cm3

S. Muanza, CPPM Marseille, CNRS-IN2P3

40



g’

Interpretation:
« J/¥ is a resonance made from a bound state of c+cbar, called charmonium

Sam C.C. Ting and Burton Richter shared the 1976 Physics Nobel Prize

« BNL: J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P.
Goldhagen, J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C.
Ting, Sau Lan Wu, Phys. Rev. Lett. 33 (1974) 1404

* SLAC: J.-E. Augustin et al., Phys. Rev. Lett. 33 (1974) 1406
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Discovery of the bottom gquark
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Accelerator:

« At FNAL (aka « FERMILAB »), 1977
* sqrt(s)=400 GeV p+N collisions

Detector:
« scintillator-based trigger
» shield against hadron using 30 feet of Be

» multiwire proportional chambers, scintillators, gas-filled Cerenkov counters Drift chambers
Cerenkov counters | Iron
Solid Absorber
Iron \
Magnet
Iro zing
Wall Magne
Target Box
Beryllium
Absorber
Target
Tungsten
Beam
Dump

KEI&c’tfonic\—/’
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Analysis
* Trigger:

e di-muon events
« Offline:

1 month of data taking

- dataset: 7000 events w/ M, >4 GeV
« about 800 events on top of a D-Y continuum

» negliglible background

Aug 11th 2010
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dimgyly-o (omt/GeV/nuckeon)

a)

P NUCLEUS ~= g o <ANY TG

- p.}l‘

ol il i

f
» Increased statistics (30k evts) enabled g

to resolve the bump into 3 separate

peaks: Y,Y’,Y”

* Interpretation: 1S, 2S and 3S of a b+bbar
bound states, called bottomium

Yield —

i/
Y

M

82 86 90 94 98 102 106 11O I14
Mass (GeV)
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L. Lederman shared the 1988 Physics Nobel Prize with M. Scwartz
and J. Steinberger for their discovery of the v,
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I11. Precision Measurements

or « how we test our models and constrain NP through virtual effects »

l.a. W Massat LEP I
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LEP: Large Electron Positron (Collider) at CERN

« LEP I:
« 1989-1993
« Z Physics: sgrt(s) scanning around M,
» Statistics: 18M Z->f+fbar events produced
« LEP II:
 1996-2000
* Bi-boson and searches: 161 < sqgrt(s) < 209 GeV
« 80k W*W- events produced

- % >
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4 Multipurpose Experiments: ADLO

» Vertex
Detector
Forward Chamber A Barrel Muon Chambers
Forward RICH Barrel Hadron Calorimeter
Inner Track
Chamber Forward Chamber B Scintillators
Forward EM Calorimeter 4 Superconducting Coil
Time Projection Forward Hadron Calorimeter High Density Projection Chamber
Chamber

Forward Hodoscope Outer Detector
Forward Muon Chambers
Electromagnetic Barrel RICH

Calorimeter Surround Muon (Jumbcr‘sr

Small Angle Tile Calorimeter

Superconducting drupol
Magnet Coil S

Very Small Angle Tagger

Hadron \

Calorimeter

\ Beam tape
Muon Detection

Chambers Veutex Detector

Inner Detector

-y, DELPHI wilkooen. .

- Luminosity
Monitors

Fig. 1 - The ALEPH Detector

L3
Magnet Yoke

L3

Magnet Pole

Magnet Coil

Muon Chambers

| 1. MUON-END CAP 6.MUON BARREL

1 5 2. HADRON CALORIMETER 7.VERTEX DETECTOR
3.JET CHAMBER 8.LEAD GLASS
4.MAGNET COIL 9. PRESAMPLER

AND
: -OF - OR
yb/L3 5. FORWARD DETECTOR TIME-OF-FLIGHT DETECT!(
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W pairs production and decay at LEP

LEP 1 LEP 2
104—; .
= 103—; .
; 10 2— e'e >y Z—aqq(y) \____\h_é
%’ 10 W Backgrounds !
o,
" 50 e 130 170 210 250 WW= Ivlv e s BR ~ 10%
Vs [GeV]
Efficiency Purity WWo> qqlv BR ~ 44%
v Iv 70% 90%
aqlv 85% 90%
qaad 85%  80% WWos 440 ﬂ< BR ~ 46%
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Methodology
Two main steps in measuring W mass:

1. Reconstruct event-by-event mass of W’s
2. Fit mass distribution = extract M,

But, limited resolutions for jet energy measurements ( 6¢/E ~ 12% ), neutrinos
unobserved,...

— Use kinematic fits

Aug 11th 2010 S. Muanza, CPPM Marseille, CNRS-IN2P3
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Mass Reconstruction:
 Kinematic fitting:

° Etot:\/g

° ﬁtotzo

e M =M
w w

=> significant improvement of the
resolution

Caveat:
* |S y radiation will change sqrt(s) to sqrt(s’
» theoretical modeling: ~0.5%

Aug 11th 2010 S. Muanza, CPPM
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Events / GeV

~Events /| GeV

L3

150

—
=]
g

50 80 70 80 an 100 110
Mass [GeV]
1501 d) gaqq L3
1 o Datarnm
1 = Datamg
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1—MCom,
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Systematic Uncertainties

fﬂ_ T
\
Main Sources: — L
~ K K
« QED/EW radiative effects —
« Detector Modeling T
 Hadronisation Modeling /< o
 Background Modeling /"rc T
- Final State Interaction T
B
Colour Bose-

Reconnection  Einstein Detector

Data modeled using MC,;
Disagreements = Systematic error
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Combined LEP W Mass ?

Combined Preliminary LEP W mass:
M,y = 80.376 £ 0.025 (stat) + 0.022 (syst) GeV
M,y = 80.376 £ 0.033 GeV

Systematics on W mass:

Source qqlv qqqq combined
Hadronisation 13 19 14
QED(ISR/FSR) 8 5 7
Detector 10 8 10
Colour Reconnection 0 35 9
Bose-Einstein Correlation 0 / 2
Channel waht LEP Beam Energy 9 9 10
qqlv :76%  Other 3 11 4
)C(ngq 1_ 2220/‘? Total Systematics 21 44 29
| Statistical 30 40 o5
Total 36 59 33

Aug 11th 2010 S. Muanza, CPPM Marsgille, CNRS-IN2P3 (MeV) | 54



Combined LEP W Mass

M,, (ADLO) = 80.376 0.033 GeV

ALEFH

COFAL

LEF

10 71

L3 ——

__._

80440 £0.051

80.270 +0.055
80.416 £ 0.053
i fdof = 49/ 41
80.376 £ 0.033

51
Mlad_
0.0274830.00034

lingarlky added to

M,=171.442.1 Gev

1

I}

[GeV]

30.6

NB: It took about five years after LEP
shut down to get final W mass results
from all the four experiments

Aug 11th 2010
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1.b. W Mass at TEVATRON Run |1 §
DO Run lla analysis /

* Dataset:
.+ 2002-2006, | |%dt =1 b
« 500k W—->ev, events produced
» 18.7k Z—>ee events used to set EM scale (7/0<M_.<110 GeV)

 Analysis:
e Single EM triggers
« Offline event selection:

pT { f|Z 12%(539\/ .1 matchmg track

. Isolatlon

« EMF>80%
 Background:

e W=21t(2ev,v)v. (1.6%); QCD (1.5%); Z->ee (0.9%)
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Fit the 3 following distributions using MC templates af

10000 20000 20000
> - 1 —Dat > - i —Dat 2 - % —Datg
3 (a) DO, 1b —Data @ (b) DO, 1 fb I 2 [(c) DO. 1fb “EASTMC
hed M Background| EmBackground, C mBackground
o 19001 y2ldof = 48/49 o 150001~ y2idof = 39/31 o 15000( yHdof = 32/31
] t th -
t t t C
S 5000 210000 £ 10000
1] 1] C w C
le J C le ol C ol
2500 ‘ k 5000 | { \I\F 5000 K\I\\
._— " . - :_—'— . e " . . L
= ot = o ' : i
o " W 'T. l}j L 1 0fH i ¥ ‘1.} HHT 'T bt '+..T|ul| T il +'+1 TH”IH'p'hﬂh
28 nnl ] '41*” _2:' T”" "T ”1'1 Ih HTTH‘FH”T" 28 " +| [ T'TH Tuf 4H‘rj ‘ :‘ IS
I
51'.'I 70 80 90 _ 100 25 30 35 40 45 50 E55 60 25 30 35 40 45 50 55 60
m, (GeV) p; (GeV) E. (GeV)
Correlations:

*83% a) & b); 82% a) & ¢); 68% b) & ¢)
M,, =80.401 £0.021(stat) =+ 0.038 (syst ) GeV

M., =80.401 +0.043 GeV

Ref: V.M. Abazov et al., DO Collaboration, Phys. Rev. Lett. 103, 141801 (2009), arXiv.orq:0908.0766
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http://arxiv.org/abs/0908.0766
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Mass of the Top Quark

(* preliminary)
167.4 £11.4 +10.3+4.9)
168.4 £12.8 +12.33.6)
1706 + 3.8 (x2.2+3.1)
174.7 + 3.8 2.9+2.4)

1761+ 7.4 (+51+5.3)

180.1+£ 5.3 *3.9+3.6)
173.0+ 1.2 *0.7+1.1)

173.7 £ 1.8 +08+1.6)

July 2010
CDF-I dilepton ¢
. @
Dé-I| dilepton
. *
CDF-II dilepton *
. . ——
Dé-Il dilepton *
_ @
CDF-I lepton+jets
3 i @
Dé-I lepton+jets
] -@-
CDF-Il lepton+jets *
. . -0
Dé-ll lepton+jets *
CDF-I alljets
i -
CDF-II alljets
@
CDF-II track
@-

Tevatron combination *

L 4

186.0 £11.5 (+10.0+5.7)

1748 + 2.5 +1.7+1.9)

175.3 + 6.9 (+62+3.0)

173.3+ 1.1 *06+0.9)
(+ stat + syst)

x2/dof = 6.1/10 (81%)

150 160 170 180
my,, (GeV/c?)

190 200

58



i

F Indirect Constraints on H Mass "ﬁ

* Standard Model predicts relation between the parameters: W boson mass(M,,)
and Fermi constant(G;), fine structure constant(c.), Z boson mass (M)

5 o :electrong-2 0.004 ppm
EF 1__13’ G (1 _ &r) Gr : muon life-time 9 ppm
M: GF‘\/? ) M, : LEP 1 lineshape 23 ppm

Ar = —-Ao + Ar,

/ l weak

2 M

: M,
(running of o) Wy W ZW ZW  ZW Z/W

* Precision measurements require higher order terms in the theory and help
constraint the unknown pieces
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Precision EW .

> 220 I T ' 1 | | |
v
<
2 200 —
g
o [ —
2 1m0 \\// s, i S
B =~ = S Y
160 |
Top quark mass was “predicted” | 4! :
by EW corrections prior to direct |
discovery 120 - / :
| / 4
100 E .
I = ‘
®i 3= :
B |
0 S 2
’ | I - A - |
199% 1992 19%4 1996 1998 2000
Year
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g’

W-Boson Mass [GeV] Top-Quark Mass MGeVN
TEVATRON +o— 80.420 £ 0.031 | CDF - 173.0A1.2
LEP2 —&r 80.376 £ 0.033 | DY = 1742 A 1.7
Average 80.399 + 0.023 | Average 173.3 A 1.10

¥'/DoF:0.9/1 y2IDoF: 6.1/10
+
LEP1/SLD —A 80.363 + 0.032
LEP1/SLD/m,/T - 1792+ 12
LEP1/SLD/m, -4 80.365 + 0.020 wew - 83
80 80.2 80.4 80.6 160 170 180 190
mW [GeV] July 2010 mt MGeVN July 2010

Aug 11th 2010
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Aug 11th 2010

July 2010 m,_ . =158 GeV

6 .

i (5) ¥ i
5 - s Alhag = } 1l

i 1 —0.02758+0.00035 | :

“ i - 0.02749+0.00012 f i *
4 «=+ incl. low Q° data : -
3 = —
2 - -
1 — -
0 Excluded Preliminary

30 100

m, [GeV]

S. Muanza, CPPM Marseille, CNRS-IN2P3
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V. Direct Production of New Particles

Aug 11th 2010

1. SM Higgs Search at LEP 11
2. Latest Result from TEVATRON Run I

S. Muanza, CPPM Marseille, CNRS-IN2P3

63



Theoretical Aspects %
/

D = [¢O) — 1scalar neutral particle H

Mass Generation

- Gauge Bosons

¢ =5

* m, = g-v
2cos6,,

o
m7:O

» Charged Fermions:
AV

_ J2

» Higgs Boson:

e My, = 24V

® m; =
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LEP II CO”ider CERN Accelerators

Located at CERN (R=4.2 km) ALEPH /_\ oPAL

LEFP

4 Experiments: ALEPH,
DELPHI,
L3,
OPAL

» DELPHI

 LIL: 600 MeV
* EPA
« PS: 3.5 GeV

» SPS: 22 GeV A N Nt |
« LEP Sos u@*'
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Collided ete-
LEP I (1989-1995)
LEP Il (1996-2000)

At, =22 us

j Ldt = 2.465 fb*
Js >189 GeV (apLo)

Aug 11th 2010

LEP Il Collider

L3 Integrated Luminosity

Js (GeV) j Ldt (pb™)
130 0.1
136 5.8
161 10.8
172 10.2
183 555
189 176.4
192 29.8
196 84.1
200 83.3
202 37.1
202-206 145.3
206-209 72.0

S. Muanza, CPPM Marseille, CNRS-IN2P3
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L3 Detector

Hegqnet Yo ke

Hegnet Ceoll

Hegnet Pola
Mucn Cham bara

=
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L3 Detector %
/

Particle/Object ID
uon .

A 559 5-25%. 35%
p
(Central, EndCap, Forward)

Calorimeter :

0
Cem _ 28% o 0 1o, o 0-0008

E JE

0
Tger _ 95% D0.05

E JE

Tracking -
o(ro)= 7150 um (SMD/TEC)
Magnetic Field : o(sz) =14/320 gm (SMD/TEC)

B=051T (SOL) 1 _ .02 7E0)

B=1.20T (TOR) Pr
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Analyses: Higgs Boson Production

Production Mechanisms Signal Cross Section

Higgsstrahlung diagram

¥
i
H ﬂ ‘
.
i
¢
"

§ = 206 6 GeV

Fusion diagram | — Total cross section

-2 — nggsst.rahlun g

— T
100 110 120 130
M, [GeV]
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Analyses: Higgs Boson Decays %
/

Higgs Boson Branching Fractions Z Boson Branching Fractions

BR(Z — qg) = 69.9%

2 BR(Z — i) = 20.0%

Branching ratio

| ________________________ H%zz ________________________ LBR(Z N g K ) — 101%

. T . . ] 1

100 105 110 115 120 125 130
M, [GeV]

Aug 11th 2010 S. Muanza, CPPM Marseille, CNRS-IN2P3
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Analyses: Higgs Boson Decays

Signal Topologies (82%)

4-jet missing energy

(m, =115 GeV)

taus
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—>0.05

Aug 11th 2010

Analyses: Higgs Boson Decays

Neo(M=115 GeV)

200 < +/s < 209GeV

Channel DATA B S

Hqq 12 94 1.8
Hvi 5 3.3 0.66
He"e” 0 0.38 0.14
Het oo 0 0.26 0.11
Hr 1 0.14 0.03
g 0 0.84 0.15

Total

18 143 2.9

S. Muanza, CPPM Marseille, CNRS-IN2P3
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< Analyses:

preliminary

10
] ® e'e se'e qq
10 3. © e —~aa
— ] ©ee —up(y
O
=2
=
S 10 >4
()
@
7]
bt |
810 -
O 1
®e e'e SWW L
13 ete” >ZZ ;/"T.r—
. ete ->W"Wy |/. | _L____;___'___
1
11 ® e'e —>vyy |
10 H - e'e —-HZ
] my, =115 GeV h

80 100 120 140 160 180 200

Aug 11th 2010

Vs (GeV)

SM Backgrounds %
/

AN

Main Backgrounds

e'e >W'W~

e'e 77

e'e” —>qq()
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Analyses: Search Strategy %
/

Loose Preselection
(Topology)
/ Tight Preselection \

(NN or Likelihood)

/) T~ N

Final Discriminant

Main variable: Constrained Kinematic
B-tagging Fits (5C or 4C)

Signal Estimator
Confidence Levels
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Number of events

Analyses: B-Tagging

4 ©
10 © O data
3 bMo
10 3 1 <MO)
E e T uds (MC)
0
10 ‘.‘ -.' -'f .f -f “ 'f > -f Vf ‘: -f V.‘ -_ -. 3 :
| LSS SN .
0 1 2 3 4 5 6 7 3
-lolog Pcvcnt
| pem———————
Ty -g-ﬁ'ﬁ' A b purity (DATA)
4% ﬁgﬂ- O b efficiency (DATA
A Lu O b purity (MC)
0.6 T ¥ befficiency (MC)
' o A c efficiency (MC)
3 # ® uds efficiency (MC

L3 Implementation

g f
NN combination of:

*Non-isolated muon tagging,
*Non-isolated electron tagging,
*Decay length (high IP tracks),
*Explicit 2Ny vertex reco.,...

~—
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Analyses: Higgs Boson %
Mass Reconstruction ’

Use Kinematic fits
» Aim: Improve the mass resolution
» Method: do the HZ kinematic hypothesis
» Take advantage of:
« Momentum conservation (3C)
* Energy conservation (1C)
» Mass constraint (1C)

e'e” > HZ
) b ;
H—>bb(r7z7) My =MygorM .-
< _ —— 4
Z > ff Mz =Mg
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. 4] Channel

Analyses

1Z > qd()
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Analyses: 4] Channel

d)

e
)
|

Events / 0.05

e
-
i

i e RN
S AN \ LRRRRRRANN
T 1 1 I 1 1 1 I Ll |l ' ' T 1 1 T

0O 02 04 06 08 1
L

HZ
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Analyses: 2J+E ... Channel
103 ay ¢ Data 1 b)
: 77 + WW '
| Other background
........ HZ, _)qu\—, 10 —

(signal X 30)

Events / 0.25
Events / 1.3 GeV

T l l\
100
Reconstructed Higgs mass [GeV]
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|

g’

02 04 06 038

I

0

10 %

T
120

ol
100
Missing mass [GeV]
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80

60
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Neural network output
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Channel
‘m_. =99.4Ge
m .. =106.6GeV
m;° =115.0GeV
btag(jet ,) = 0.61
\btag(jet ,) =0.95

Analyses: 2J+E

Mmiss

nost significant Hvv candidate

A\

: /
R { .
\ mass=5.5 GeV

/

J

y | 3
o 7.3ulnll' to prim

1.4mm to p l'i!n;:“"'%?’i;i’

o R
SR N

e
el -
o ~
/”- B \. N,

e NN N\,

o~ \ '\.‘\ 2
N \
SN

Y

N,

measured H mass=114 GeV

- W - - ~~ - T
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Analyses: 2J+E ... Channel

miss

Transverse Imbalance : .0140 Longitudinal Imbalance : -.0063
Thrust: 9785 Major : .0827 Minor : .0530

Event DAQ Time : 1016 222503

Aug 11th 2010 83
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Analyses: 2]+E

xxxxxxxxxxxxx

xxxxxxx

mISS

Channel

xxxxxxx

xxxxxxx

i;hlm
' e

L)

m

B
"
Transverse Ilmbalance : .0140 Longitudinal Imbalance : -.00B63
Thrust: 9785 Major : .0827 Minor : 0530

Event DAQ Time :

1016 222503
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L3 Detector ‘@v
/

Bl =

Hadron Calorimeter Barrel
EGAP (1996)

| = 38° ,449_: 42°

SLUM Hadron Calorimeter m\ l.ilm i
\ = Endcaps HC1 74
. N
S ; [ Z cham})er :
| E : ;22 TEC T

N [] He3 HC2
e = £
g [1El = &
g / VLI
RB24 i;t;\;elegl:l;;: Lead —Scintillating Fibers
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Analyses: “Lepton” Channel %
/

1 a ¢ Data . - -
i ) Q- b) ........ HZ — qqee, qquu
10- 17 + Zee | (signal X 30)
- 1 "] Other background " : Slena
8 7.5; ........ H.Z s qqee, qq”u (50 6__
o ] (signhal X 30) ~ 14
2 5] Z 4
5 7 ! =
n ] 5 [ L'-L
2.5 24 |59t ¢ L
| LAdf L Tuly
0= o T - (o I e L St —_
80 90 100 90 100 110 12(
Dilepton mass [GeV] Reconstructed Higgs mass [GeV]
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Analyses: “Lepton” Channel

_ ¢ ) - -~
i C) ........ HZ — qqﬁcfc - ) H/Z — Tqu
' (signal x 30) - (signal x 30)
2_
> B 2
1 D)
D) O -
O - (@\|
S <
2 - 2
b ~Nd -
=
§ 1~ * * ? g 14 I-o-l_c & ® ® 09
0d 8a) - -1 ......
L= L, WS N \"\{ I HR -._L-l—.
% .: . 8 5 N \ \\ D \ \\. S\\ R NN \\\\\ :S\\
0 INNPERIRN FSRCPAL m\f%’té‘\l?’»:‘:’;&\’\:;\ Y N AN AN NN

90 100 110 12( 90 100 110 12(
Reconstructed Higgs mass [GeV] Reconstructed Higgs mass [GeV]
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tOt

Analyses: Limits Derivation

Statistical Estimator

(¢ : product of Poisson probabilities)

((datal|S + B)

—2-Ln
((data|B)

LnQ =—

Nblns
dn- Ln(1+ Sy

=1 |

Stot

.directly related to the signal (integrate d) cross section
—  the highest It is the more observed candadites one needs

Si . S .
W, = Ln(1+E). related to the (local) _ ratio

—

Aug 11th 2010

gi

the highest It is the more "'signal — like" is the candidate

S. Muanza, CPPM Marseille, CNRS-IN2P3
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Analyses: L3 Search Results

L3

@4
5
&
1" — Observed
- Background - +16 band
- 10-_ ---------- SignaJ+back§groﬁ°r“1d +26 band
— L I e
95 100 105 110 115 12 95 100 105 110 115 12
m, [GeV] m, [GeV]
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Analyses: L3 Search Results

L3

— Observed
1 === Background M flo band
= 10__ ............ Signa]-tbﬁckground 20 band
. \s“\\‘ | T l T
105 110 115 12(
m, [GeV]
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Confidence Levels

Systematics uncertainties are accounted

Analyses: Limits Derivation

for by varying (gaussian distr.) S and B
In the MC trials

(1-CLg) : measures resp. the
Incompatibility between
the observed events and
the S (B) hypothesis (resp.

/ discovery CL)

Probability density

observed

background

-20

© CL¢= CLg,s / Clg

-2 1n(Q)

CL¢ < 5% (S hypothesis excluded at 95% CL)

Discovery: 1-CLg < 2.7x10-3 (3c: signal "hint")

1-CLg < 5.7x107 (5c: actual signal discovery)
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Analyses: L3 Search Results

EJ

b)
— Observed
10 { — Observed 2 *loband 10 '2__ Yy Dackground
: -=-+ Background +20 band ;112'4
: I 2 +loband
" 3| @ L3 2 +26 band
—r r r1 r r r r 1 1 r1 T171
os 1o 15 o1 19 1o 115 12
m, [GeV] m,, [GeV]
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Analyses: L3 Search Results %
/

Systematic Uncertainties

LEP Analyses
Theory AE... =30 MeV Topological cuts: O(1%)
Ac/c=0(1%) Lumi- B-tagging: 3-5%
umi: 1% gging. L
MC Stat.: 2% (S)
8% (B)

 Overall systematics:
« Signal: 4%
 Background: 8-10%
* + (/g background (populates the high mass region for 4j and 2j+E
channels)
 Uncertainty on Nexp(background): 6-15%
» Uncertainty on Nexp(signal): 3-6%
(Both for m close or beyond HZ kinematic limit)

MmIsS
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Analyses: LEP Search Results

10°
= 2 - 3
E ~ LEP mH:llﬁ.ﬁ beV/c ] l_fll:lsen-e;i E LEP mH:Hj_ﬁ GeV/c~ ®  Cbserved
H Y4 s 00 mmmees cted for . '
E 10 * "1.'1“'" Eﬁl?gmun t e, Eﬁlkegfﬁdﬁn L
& Expected for] my “].? "!:!1_. ----------- Expected for
R AT sign.al N -'ﬁ._‘i signal+hackar.
I I = -8
) _ ’ LR ;:5 1‘
.................. m *u.
£ 45
10 ;e
1 b ".r"l-.gli
P | tee
10
3 N -1 [
10 - 10
2 45 1 05 0 05 1 15 2 2 L5 1 05 0 05 1 L5
log,(5/B) log,(5/B)
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Analyses: LEP Search Results

Most Significant Candidates

\.‘E
f

Rank Expt Ecy, Channel Weight
My (GeV) | @115 Gev
1 ALEPH |206.7 4 114.3 1.73
2 ALEPH |206.7 4 112.9 1.21
3 ALEPH [206.5 4 110.0 0.64
4 L3 206.4 |2j+E... |115.0 [0.53
5 OPAL |206.6 4 110.7 0.53
§) DELPHI |206.7 4 114.3 0.49

Aug 11th 2010
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Analyses: LEP Search Results

& ~ = = -
§< C e Expected for backgrmu nd “J}LEPH 2025 L DELPHI .
_% 0.25 - - Exbn?ccktgtinﬁ:# signal (m=115.6 GeV/c™) ..% E
& £ 2 [
= 0.2 | 3 [ g
= - 'Eﬂ.jj — i
0.i5 & - S0k
& B : . 3 H
- 0.1 F PN
0.1 [ C ; r
- 0.05 F r :
G. Gj __ E K "
ok O 5050 s 10 15
15 15 2 1n(0)
-2 n(Q) . ]
= ‘E 0.3 |- OPAL -
5 C
20 ¥ -
&y .bﬂ.l’j -
= = -
= -% 0.2
g Sous b
S 0.45
AL R :
0.4
0.05
0 cillert] ot
-15 -10 -5 0 5 10 15
-2 nfQ) -2 InfQ)
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2 In(Q)
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2 In(Q)
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-10

Analyses: LEP Search Results

—— Observed
------ Expectad ba::k:%[crund :
-+=+-- Expected signal + backgroun

. -
III|IIIIIII|III|III|IIII-III|IIIIIII|III

20 F

100 102 104 106 108 110 112 114 116 118 120

m (GeV/c®)

L3 E

— Ubserved - ]
------ Expected background .- —_

-+ Expected signal + bacL_ggrE:rund

III|IIIIIII|III|IIllh'lrlllllllllllllllll-

100 102 104 106 108 110 112 114 116 118 120
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m(GeV/c)

-2 In(Q)

-5

-10

25

20

15

10 -

-10

g DELPHIL

— (bserved £ ]
------ Expectad ba::k:%[crund —
--=+-- Expected signal + backgm]lhd ]

III|IIIIIII|III|III|III]III|IIIIIII|III

100 102 104 106 108 110 112 114 116 118 IEH

i

—— Cbserved - ]
------ Expected background -
---+-- Expectad signal + backgrtund ]

r -
III|III|III|III|III|II|'I|III|III|III|III

100 102 104 106 108 110 112 114 116 118 120

m(GeV/c’)
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Analyses: LEP Search Results %

a 25 S N — II — | — I — | . II g E| TT | TTT | TTT | TT T T TT | TTT | TTT | TT I:
] = - i
X 2 LEP Hvv S 0 f LEP Hqq
o : " sk '
55 L 5|
K 10
fﬂ — C
- 5 F
S ¢ -
E 0 :_ _______________________________
0 :_ """""""""" - = E e Ubsen::iibm: 4 ]
C - g ] - - === Expect oln =
_5 :_ ______ gz;:é?:c‘liback%[mnd il _: 2 E s Exgected stg k%[+ I:uackgr::rund ]
o Expected signal +backgfcr|1nd : _10 tlovalana by TN e
_Iﬂ _|| 1 || ||I|| 1 |||| | 11 || 14" |I|| 1 || ||I|| 1 |||| IGG IGE 1G4 IGE fﬂs jfﬂ 112 114 116-{18 IEG
100 102 104 106 108 110 112 114 116 118 IEI‘J 55 e
----- o _I LI LI LINLILI I LI L I LI II LI | LI | LI | LI I T I_
a 25 _l L | TTT I TTT | TTT | TT || TT II TTT | TTT I TTT | TT I_ % E IEP H Z
) ] = 20 - TTHTTL
E LEP Hee+Hpyp - N :
% : I5 ¢ :
15 =
10 ] ;
5 [ 3
0 - o ] S Observed -.-""r---- .
St N : b e
S SR ound .- 7 e
2 [ Eigxted signal k%[+ haf'kgmund ] 10 - ST KP'WI SLEI +I gimun I I I ]
B 4 Y S S N S o AU PR W PN S ] fﬂﬂ102104106108110112114116118120

IGE] 102 104 106 IGS HG H2 114116 118 IEG

2
mH(Gerc ) m(GeV/ic")
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Analyses: LEP Search Results

o e
N2 S— Expectad for background LEP
_% S Exéjn%c&iinﬁhsigna im=115.6 GeVicT)
.%0.12 —
E
£
E A
a1
igj _III IIIIIIIIIIIa1:I IIIIIIIIlIII_
O3S s s 20 - LEP E
2Q) 5 b
10
5 F
]
- ——— Observad e
I e Expected background e -
N Expected signal + background ™. ]
jﬂ :I ] 'I"i";"l"l FIE:SITISIIEIHJ?.lI-liPIIﬂLFErI??T:.d.I Pl |'.i| bl |:
U100 102 104 106 108 110 112 114 116 118 120
m (GeV/c’)
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s Analyses: LEP Search Results
n
~ 30
9] - S ~
= .- 2]
> \$=200-210 Gev —>0.5 rec 109 G V % 12 - \5=200-210 GeV 2 >1.0
O s [ m > € O '
H B
“ e
3 ~ 10
* LEP loose < . ;
§ 20 | 5 LEP medium
= | background é 8 | background j
15 |- [ hZ Signal B hZ Signal ]
(m,=115 GeV) 6 (m,=115 GeV) I
10 - all =109 GeY al - oV
: md= 1857 30 4 cnd:ﬂ:.l 8“"”5 '
| bgd=1881 2343 bgd=60.32 +.89
| sgl= 1L4 7.3 sgl= 575 1.8
5 F + 2 I
H L Vs=200-210 GeV i + -
%% 20 40 60 80 100 120 L E € > 2.0 0 20 40 60 80 100 120
Reconstructed Mass m,, [Gercz] 7 B Reconstructed Mass m,, [GeWcZ]
S— 6
2 * LEP tight
=
g L
= 5T | background
4 M hZ Signal +
(m,=115 GeV)
3 — -
all = 109 GeV
[ nd=22 4
2 - bge=2016 L35 ad
[ egl= 200 Lo
l -
0 i I
0 20 40 60 80 100 120

Reconstructed Mass m,, [GeWcz]
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Conclusions %
/

 L3: No signal observed (despite the interesting candidate)
* LImIt: (o0 5112 0GeV
mo® >112.4GeV

» LEP: Interesting excess observed 2.1c
« Compatible with a background fluctuation
« "Compatible” with a 115 GeV signal
* The case Is still open!!!
e Limit:  |[m%* >114.1GeV

<
me® >115.4GeV

.
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Prospects at %
TEVATRON Run |1 /

combined CDF /D0 thresholds

2

130 fp"

10 fb™!

LA
0} — 3 oo
| L =% oy
80 100 120 40 10 1BO 200
Higgs mass (GeV/c?)
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integroted luminosity/expt. (fb™")
=]




BR(H)
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Prospects at
TEVATRON Run 11

g’

e 1 =
| | | | |
50 500 1000

My [GeV]
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Al

Latest TEVATRON
Run Il Combination
Tevatron Run II Preliminary, <L>=59fb"
"""""""""""" . | ' T

% | LEP Exclusmn Tevatron
= 10 i . | Exclusmn
E s | s e
j Eﬁgﬁgﬁcteﬁ
& . Oy
e |
un
(=)

100 110 120 1

30 140 150 160 170 180 190 200
m,(GeV/c’)

EJ
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3. SUSY Searches
« SUSY Models
o ATLAS Sensitivity
« SUSY Measurements




SUSY Models %
-Basics of the MSSM- !

Minimal SUSY Extension of the SM

. N=1 SUSY oM Particles— SUSY Particles

« Minimal field content (2 Higgs doublets)

. Para.m etrerjlrosr:e _than 100 new wo/ specific SUSY quarks: q (] SquarKS:q
g o |5 | 1l
Gl-JTg:;auge couplings _ Q\UOHS: : { [’.j\tlil]';?'.‘ S ;
L SRV soRbreakdng ferme satvebomn V| T e T 4
~ Reparity: Rp=(-1) 72 o i charged }*|if;|gan'u:|ﬁ bk
:gEIJISr\I?Toozflrt':iCctllé)sndc:efc2;1J tSoY apsigglcelzeliSP HIQQSIH ;70,,40,H : y o : L
- In general LSP: lightest neutralino neurahigsno h A, | £ higso
S cenerio e sgnatre | [l | T b
peto: [ty
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SUSY Models
-Basics of mMSUGRA-

» The most widely studied model is mMSUGRA.:

common scalar mass at GUT scale
common gaugino mass at GUT scale

common trilinear coupling at GUT scale
supersymmetric Higgs mass term (u®,®,)
ratio of the vev’s of the neutral Higgs fields at the EW scale

200

-
[
=
=

co
=
=

masses [GeV]

@ =

= =

= =
IIIIIIIIIIIlIIIlIIIIIII

400

200

ﬂ||||||:.|K1\|||||||||||||||||||||||||||| 0

m [GeV]
Too R

600 L

500

400 LY A0

By §

200 F

1]
100 L b ——

A typical MSUGRAspectrum

t2

g, dp
tp. ey,

ba

¥

H*

L ——— T2
I — <9

in

1

0 2 43X 8 10

12 14

16 18

log, (Q/GeV)
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“Radiative EWSB”

S. Muanza, CPPM Marseille, CNRS-IN2P3 A neutralino LSP

M(x+) ~ M(x%) ~ 2M(x’)
M(g) ~3M(x+)

A light Higgs
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arge tanp, u>0

jét 7.71, m(top)=175 GeV

SUSY Models
-of Cosmological Interest-

P _n light 7 1000 ~
r , el 3
* in equilibrium w/ LSP E
- y ! 00
Tt * heavy bino LSP :
P .
!  bino LSP
7z * light 7:
+ (g-2) ok, FCNC risky
;?10 0F :
500 E
%1 5 b ‘ H, A pOles 3
A° -
am - large tanp — 1
X i b b
7 W * heavy bino LSP
» small p
X
* higgsino light LSP
7 W* * heavy 7t 0

Aug 11th 2010
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SUSY Models
- ATLAS Benchmarks -

Point m, (GeV) | my, (GeV) | A, (GeV) | tanp SIGN(1) | oo/ oo (pb)
Coannihilation (SU1) 70 350 0 10 +1 10.86/ 8.15
Focus Point (SU2) 3550 300 0 10 +1 7.18/ 5.17
Bulk (SU3) 100 300 -300 6 +1 27.68/ 20.85
Low Mass (SU4) 200 160 -400 10 +1 402.19/294.46
Funnel (SU6) 320 375 0 50 +1 6.07/ 4.47
Coannihilation (SU8.1) | 210 360 0 40 +1 8.70/ 6.48
Bulk (SU9) 300 425 20 20 +1 3.28/ 2.46

A 4

b—>sy: favours m>0 (in mMSUGRA)

Cross sections:

e 52 =14 TeV
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SUSY Models
- ATLAS Benchmarks -

Particle | SU1 SU2 SuU3 SU4 SU6 sus.1 SU9
SaL> 762.7 3563.7 633.9 416.0 868.8 799.1 954.3
<Qr> 734.5 3575.2 611.3 405.6 841.2 772.8 922.2
t; 573.0 2131.1 424.1 206.0 641.6 603.7 725.0
61 697.9 2924.8 575.2 358.5 716.8 690.3 868.1
e 255.1 3547.5 230.5 231.9 411.9 325.4 417.2
er 154.1 3547.5 155.5 212.9 351.1 253.4 340.9
Ve 238.3 3546.3 217.0 217.9 401.9 315.3 407.9
T,* 146.5 3519.6 150.0 200.5 181.3 151.9 320.2
;T 237.6 3532.3 216.3 215.5 358.3 297.0 401.1
'gv 832.3 856.6 717.5 413.4 894.7 856.5 999.3
Yt 262.1 149.2 218.3 113.2 288.3 274.3 326.0
;(20 263.6 160.4 218.6 113.5 288.0 274.0 325.4
%" 137.0 103.4 117.9 59.8 149.6 142.5 173.3
t 175.0 175.0 175.0 175.0 175.0 175.0 175.0
ho 115.8 119.0 114.8 114.0 116.9 116.7 114.5
HO 516.0 3529.7 512.9 370.5 388.9 430.5 632.8
A0 512.4 3506.6 511.3 368.2 386.5 427.7 628.6
ig 11th 201P21.9 3530.6 |MdahzZa, cCPPM BiaB&Ille, CNRANNZ23 440.2 6389 111




CERN Accelerator Complex

| ' " sps ~ S
mnz o m W re=Ltrinos
|y

ATLAS CNGS
. e - = _ S S50
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e BOOSTER

- / East Anza
LINKC 2 ’ [

Leir
lans _.r [ 2005 78 m} |

Foplproton)  kion  k neutrons ¢ plantiproton) » neutrinos ¢ electron

BTN
D . |"|'-.]||]|'

=+ protonfantiproton conversion

LHC Large Hadron Collider  S5PS Super Proton Synchratron PSS Proton Synchrotron
AD  Antiproton Decelerator CTF3  Clic Test Facility
CNGS Cern Meutrinos to Gran 5assa 150L0E s« Jli pe Separator Online DEvice
LEIR Low Energy lon Ring LINAC LINear ACcelerator n-ToF Meutrons Time OF Flight
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ATLAS Sensitivity
- Events Online Selection -

g’

Common fetaures

- Trigger efficiencies (£=2x1033 cm-2s-1)
* Full detector simulation (GEANT 4)

- Detector misalignment

- NO: Multiple p-p interactions + pile-up

- Improved BKGD estimations:

- « data-driven » methods

113
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ATLAS Sensitivity
- Events Online Selection -

Fermilab SSC
i
| T T T i
-, Search Topologies
B Opot E710 210 DOlog
UMB _
r e e * Ol+4j+mE+
. = “bb 7
Ginen mf- i g0 .
I O P  01+(2/3)j+mE+
o £"0.00Y8 ~ . '.-§
c 5 i
g T 97 | e L+jets+mE;
o £
Q. 1u.b- Q
1 U:ﬂ 3 -
- EP028V8 = o & | *2l+jetstmE; (OS, SS)
Q 1
© % ]
& [ ow-tn~ 5 | *3l+jetstmE;
1 nbf- 2
© Y 8
t : # e 3l+mE
[~ M m200GaY ~~_ ! e T
U L | 4 W
S O,I ) 10 ° t+X
SUE"‘pb— m =17V i
B 108 e b+X
7 Higgy i
L SR g =
SUS\ mH.-.-S()OGeV - X : |
| 1 | i
0001 001 01 10 10 100
“Needle in a /s TeV

Haystaoled v <. wiwdnza, CPPM Marseille, CNRS-IN2P3

Triggers for point SU3

* J70_XE70:
« 1j w/ p; > 70 GeV AND
* mME; > 70 GeV

« 1LEP:
*lpw/p;r>20GeVOR
* 1lisol. e w/ p; > 20 GeV

«2 LEP:

« 2pw/ py > 10 GeV OR

2 isol. e w/ p; > 15 GeV

114
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ATLAS Sensitivity
- Events Offline Selection -

Cuts: | Event yields for 1 fb?
o Jots: Topology: 4j+mET incl.
' Process Nexp (%)
| Nj - SU3 3349 | 12.3
¢ pT(jl)> 100 GeV .
* p+(.) > 50 GeV Bkgd 708 )

» Missing Transverse Energy & Effective Mass:

- ME; > 100 GeV

T IR L I I U
o]
« ME;/Mg > 20% (Mg =H+mE7) = S 158 g
- JB SU3
« M, > 800 GeV > ik —, Siee
0 ¢t - A
* Topological cuts: o -0 y ;J
o
) . | B QoD
Transverse sphericity > 0.2 ~ 102E - + Di-boson
* Ad(j; , 3,ME7) > 0.2 rad [ - ATLAS
> i :
* Veto on isolated e/p O 1ok 5 2g =
BKGD systematics $ J i -?-'n}_‘
ee L '1—: |_'|’_|__E||||||| I [ 1 IS
* QCD multijet: 50% 0 500 1000 1500 2000 2500 3000 3500 4000
Aug 11th 2610bar, V+jets, VV: 20% | S. Muanza, CPPM Marsei Hecive Mass [Gel]




ATLAS Sensitivity
- Events Offline Selection -

Event yields for 1 fb!

Cuts:
* Isolated Leptons: Process | Neg &(%)
: +4)+ incl.
Ny > 0 Topology: 1lep+4j+mE incl SU3 3636 | 13
* pr(lep)> 20 GeV lap=e or p Bkgd  |416 |-
* reject add’l leptons w/ p1 > 10 GeV
. : T [T | T
Jets: 2 7 ATLAS
“N,>3 A0 0 SU3 E
_ > — all BG ]
° pT(Jl)> 100 GeV tﬂj’ B . tl: i
- = -" W =
« p+(i,) > 50 GeV 9 10¢ = -
. : _ N B QCD -
«M T E & Effective Mass: | - [ . ]
ISSING | ransverse Energy ective Iviass » | + Di-boson
« mE; > 100 GeV T 'E E
' o | 40 ]
e ME{/M, > 20% (M., =H+mE-) o [ ﬁy 1
« M, > 800 GeV 107 T ”T' E
* m(I,mE5) > 100 GeV i Z
- Ll | | | |. | | | ) - | I - — | J -] |. Ll L
« Topological cuts: 10°0"" 500 1000 1500 2000 2500 3000 8500 4000
Aug 11thTFgaesverse sphericity > 0.2 s Muanza, CPPM Effective Mass {GeV]




ATLAS Sensitivity
- Reach in mSUGRA Parameter Space -
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SUSY Measurements
- Kinematical Edges & Thresholds -

 Possible observables:

- T | L I xALngH 4011745
- ; 2 ; Prob 0.679
 mass differences (edges), 2 5oE i Endpoint 99,66+ 1,399
— E Norm.  -0.3882 0.02563
* o, % 40:_ Smearing 2273+ 1.33_9
O C u
* BR, I 30F -
o - =
) 2 - ]
* Spin,... B 200 &
L = 2
* Here: 10 =
:{n 4 ]
» Choose some exclusive decay chains and 0=
ONLY infer mass differences 10E
_ 11 | 11 1 | | I | | 11 1 T—
0 140 160 180 200
m(ll) [GeV]
—
X1
X’ E_ >
""" 2
}\ : max mZ mfo
) _ 1
M., =M 1- 2 1- 2
X2 m:, m-=
X2 ¢

—

~ =0 -4 m ~0 + o—
G~ XZ Q(Q” L Q) — XI ere 4 Meas.: mma=99.7 +/- 1.4(stat) +/- 0.3(syst) GeV

MC truth: m,"=100.2 GeV .
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SUSY Measurements
- Kinematical Edges &Thresholds -

_ | #?/ndf 9.727 /6
e F | Endpoint  265.4+17.4
- 25:— H Slope 0.2114+ D.0766
= - .
Threshold: m(llg)_min S 151 ATLAS = -
Q - m
E 100 + E
Meas.: 265 +/- 17(stat) +/- 15(syst) +/- 7(JES) GeV - s * ﬁf + H + + J%
of N r—|_|+++ 4] Iil L
MC Truth: 249 GeV : n |:H UL Y 7~ ]
-5 : —
0 100 200 300 400 500 600 700 800
m(llq) [GeV]
- %*/ ndf 2.3/10
o SO T T T Endpoint 516.7 + 30.1
g a ISIc:-pe -0.1563+ 0.0424
S 400 bek_p0 26.37 + 19.96
o)) C bek_p1 -0.04149 £ 0.03387
Edge: m(llg)_max S 30F * + m | =
o - _
@ ot ATLAS -
Meas.: 517 +/- 30(stat) +/- 10(syst) +/- 13(JES) GeV 2 "L * ]
w10k -
MC Truth: 501 GeV . J_LI-LJLH i
b
| | 1 1 _

(| 1 1 | | | | | | i 111 1 | 111 1 | I |
100 200 300 400 500 600 700 800
Aug 11th 2010 S. Muanza, CPPM M m(llg) [GeV]
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SUSY Measurements
- Fitting mSUGRA -

«  Fitting SUSY Particles Mass from edges/thresholds measurements

max max 2
B Zn: [meas, ™ —theory. (m;.z10 Mo, My, Mg )]
X = 2

i—1 O,

* n: nber of measured endpoints

Observable | measure! MC truth
» meas: endpoint fit value
Mo 88 +/- 60 +/- 2 118
* ;. endpoint fit uncertainty m, 189 +/- 60 +/- 2 219
« theory;: endpoint theoretical value Mg 614 +/- 91 +/- 11 634
m-. 122 +/- 61 +/- 2 155
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SUSY Measurements
- Fitting mSUGRA -
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