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Open Questions 1n Particle
Physics
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Landmarks 1n Particle Physics

1996 :
> 2007 :

Electron discovered by

Nucleus discovered by

Quarks proposed by

Experimental evidence for quarks at

Neutral weak interactions discovered at

Carrier particles of the weak and electromagnetic

forces discovered at
Discovery of the last — top — quark at

CERN will explore why particles weigh
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The Standard Model of Particle

Physics

osed by Abdus Sa-l.am,
Glashow & Weinberg
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Open Qu%stions beyond the

Standard Model

What 1s the origin of particle masses?
due to a Higgs boson? ATLAS, CMS @ LHC

Why so many types of matter particles?

LHCb (@ LHC
Unification of the fundamental forces?

at very high energy ~ 1016 GeV
ATLAS, CMS

h f ity?
Quantum theory of gravity ATLAS. CMS
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| Some particles have mass, some do not
B

e .."m._:.

[{ Newton:
Weight proportional to Mass

|| Einstein:
Energy related to Mass

' Neither explained origin of Mass

N g

Are masses due to Higgs boson? g
: " . - o 3 ::ﬁ-.u.'.". S i




[llustration of the Higgs Idea e
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Kl & The excitation crosses the room = the Higgs boson
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And Supersymmetry (Susy)?

e e

» Unifies matter and force particles
.|* Links fermions and bosons
Exclusion principle vs laser coherence

| Relates particles of different spins
0O - % - 1 - 32 - 2

Higgs - Electron - Photon - Gravitino - Graviton

* Helps fix masses, unify fundamental forces

E! * Could provide astrophysical dark matter
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. Approved by Fabiola Gianotti
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i 1 [t enables the gauge couplings to unify
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Other Reasons to like Susy
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It stabilizes the Higgs potential for low masses
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Astronomers say
:' that most of the
|| matter in the
Universe 1s
invisible
Dark Matter

We shall look for
them with the
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Constraints on Supersymmetry
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| * Density of dark matter

- SN |

= selectron, chargino > 100 GeV

squarks, gluino > 250 GeV
e Indirect constraints
Higgs > 114 GeV,b ->s vy

» Absence of sparticles at LEP, Tevatron
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A Membe States of CERN
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& The Large Hadron Collider (LHC)
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Primary targets:

| *Origin of mass

E " 7 *Nature of Dark Matter

4 Total energy over 14,000 proton masses f* o *Primordial Plasma
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{ J Overall Vlew of the Large Hadron Colhder (LHC)
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| The General-Purpose LHC Detectors
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The LHC Physics Haystack(s)

=« Cross sections for heavy particles
LN :m. ~1/(1 TeV)?
——*ll « Most have small couplings ~ o2

Interesting cross sections

3

"Hz « Compare with total cross section
b E ~ 1/(100 MeV)?
= + Fraction ~ 1/1,000,000,000,000

Need ~ 1,000 events for signal

etz

| RS < B+ Compare needle

; ~ 1/100,000,000 m?

|+ Haystack ~ 100 m3

e Must look in ~ 100,000 haystacks

s

- Good tracking essential: need to tag b quarks and t leptons &
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Huge Statistics thanks to High Energy and Luminosity

""j[f +| Event rates in ATLAS or CMS atL =103 cm?s’!
. Process Events per year | Total statistics collected
at previous machines by 2007
W— ev 108 10*LEP / 107 Tevatron
Z— ee 107 107 LEP
C[t_ ) 107 104 Tevatron
bb 1012 - 1013 10° Belle/BaBar ?
H ;=130 GeV 10° >
gg)m=1TeV 104 -—-
Black holes 103 ---
m>3 TeV
(Mp=3 TeV, n=4)

" mass reach for discovery of new particles up to m ~ 5 TeV

2 e 1
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A la recherche du

Higes perdu ... Higgs Production at the

alpp —-H+X)
Vs =14 TeV
m, = 175 GeV
CTEQ4M

108

=
FEY
events for 10° pb~?

.,
-------

M. Spira et al. Sea TR 102

NLO QCD T,

025 |

o L 1 1
0 100 200 300 400 500 600

0 200 400 600 800 1000

Combining direct, .
Indirect information [ -




A Simulated Higgs Event in CMS
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| Supersymmetry Searches at LHC
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"Typical’ supersymmetric §
B Event at the LHC '
I

B Can cover most ﬁx \ NG ROy
poss1b111t1'es for B X W hey
S astrophysical 8 *
& dark matter




| Supersymmetric Benchmark Studies
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Summary of LHC THE WORLD
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SCapabllltIGS me== gluino squarks === gleptons ~ w——y H

Post-WMAP Benchmarks
and Other

| 5 - LHC - LCO05TeV
I > 30 - 30 =
I Accelerators | S205000,. . | 2t
B 10 [ 10 f— I
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5
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F S 20k 20 5 _ l.
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to discover
SUPCTSymMINetry . CLIC 3 TeV ok CLIC 5 TeV
1f 1t 1s relevant 30 3 = 5_
to the mass problem = 20
0 II L 0 o R i
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I Dirac predicted the existence of antimatter:

SAMmMeE Mmass

opposite internal properties:
electric charge, ...
Discovered in cosmic rays
Studied usmg accelerators

H i
el

| Matter and antlrnatter not qulte equal and opp0s1te WHY?

e

|||' . ™~ » ."T- i'
i 1

P T T '|

Why does the Universe mainly contam matter, not antimatter?

r#'il .-l'll'.l

Experiments on B particles at LHC will look for answers | -
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“Typical’
Heavy-lon
collision at

the LHC

8000 particles
in the central
detector ?

a r_u.r_‘l‘_"_'"-

Cand

| Need good 0 "J e
i v tracking!
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The Role of Semiconductor
Detectors
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Silicon TOB ——— 11

b - Wy ok
i, 5

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

3 disks TID 9 disks TEC

The region below 20 cm is instrumented
with Silicon Pixel Vertex systems
4 107 pixels

Shaping time

@ Vertex location
"= B physics
S T tagging




‘!..l—' T — F;

| B & t Tagging

by Di-jet bb, E; = 100 GeV
. Typica
I
i.i
i ¥ J'.
N e - , Lvi-2 T-jet axis
| B T A n i A

piX@lS to oS .2/ L | signal cone R
identify —
SN primary
vertices

® Ef' =50 GeV/c ?

03E O Elf' =100 GeVic 2 P
0.2F o c jets 3
C —8—
0.1F —O0— == '
C light g/g mistagging rate below 1%
1) T TN T T T I T T B
n —
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Importance of B tagging for New Physics

o H

-t -

Sparticle cascade decays

SM Higgs
Branching ratios and total decay width

— o — —

--------------------------

1000

L
500

-

Gluino/squark production event topology
allowing sparticle mass reconstruction

3 isolated lepto
+ 2 b-jets
+ 4 jets

+ E;mss

TEi.

Such cascade decays allow to reconstruct
sleptons, neutralinos, squarks, gluinos...

in favorable cases with %level mass F_
resolutions &
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-, Examples of Physics with B Tagging

H° — bb in ttH
ttH — €v b jj b bb
! E, (et) > 15 GeV
|
I 35 T T
o CMS I
L] -
S 251 L =301 A
Q =
g 20 - MH 100 GeV _
2 15} |
C
[4}]
o 10 -
Total background
5
[ [ [ | [
0 50 100 150 200 250 300
m. 0, 1) GeV

events/4GeV

w
o
o

| " PH 0.3749E+10 +  0.1518E+09 |
P2 170.9 + 0.3120
CMS 10fb™ P3 3387. + 94.23 7
P4 -93.01 + 1.180 |
P5 1184 + 0.9232E-02
P6 -0.4145E-02 + 0.2962E-04 |
[ top,,,+bg P7 0.4421E-05 + 0.5726E-07
Bl top,, (me_)'f"'r)

background

ff2Z°

22" -
f—Z'w*

fi—w"

gq—tbh(+q’)
gh—tW

200

300 400

mtop(GeV)




agging, no B tagging |
e U
A,H— 717 — two jets + X

T & B tagging
L L B B
A H —j’TT—)tWOjetS-l-X__
m, = 500 GeV/c?
tang = 30 B

o
()
-
T T T

m, = 500 GeV/c?
tang = 30

with b tagging

with E™ cut

X
1 T T 1

e i TV

Events for 60 fb™' / 30 GeV/c?
oa
|

P
1 1 1

™ G
(- (]
L | L | | L | T T | L | L
|

Events for 60 fb™' / 30 Gev/c?
.
L

o

800 1000

1200 200 400 00 800 1000 1200 |

m,, (GeV/c?) _ m,, (GeV/c%)







CERN: Wfléfe t}_l_e Wdrld-Wide
Web was born

Invented to enable physicists around world to share data: next, the Grid §
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CERN’s World-Wide Web beéomes the GRID
yo- = o e

c:' A

A

8§ The Problem:
§ - Data-taking rate:

- Data storage:

The Strate gV transparent user access to data, programs and

computing power anywhere in the world
{ Other applications: Environmental science, human genome, ...




LCG. LHC Computing Grid (LCGQG)
1

L
—

.."'.-Jli

 Grid deployment project aimed at installing a functioning
Grid to help the LHC experiments collect and analyse the data
coming from the detectors

* Integrate thousands of computers at dozens of participating
institutes worldwide into a global computing resource

 Rely on software being developed 1in advanced grid
technology projects, in Europe and elsewhere
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| The LHC will Probe
2 New Dimensions of_ghysics

. ¥+ A new dimension in energy: ~ TeV
| ' Origin of mass ?

' |* New dimensions of space ?
s More familiar ‘bosonic’ dimensions ?
| Supersymmetric ‘quantum’ dimensions ?
|* New dimension of time
~ 10712 sec after Big Bang

Primordial soup ?

... and semiconductor
detectors will play

Dark matter ? an essential role
Origin of matter ?

T T oy o
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All the different Periodic Table 2
TR e Iva wa via vis | HE
3 q 1 5 3 7 3 q 10
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nuclei
contain

structure

we study
at CERN




The Fundamental Forces of Naturé

THE WORLD

Electromagnetism:

Strong Nuclear Force:

holds nucle1 together §§

Weak Nuclear Force:

' r— .- -:"'.'l:'-.
Uiy e

Taid o
kne
bk
1 . |

gives radioactivity

.-'-“ together

- they make
" the Sun

~| shine
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... and New Opportunities for

£ other Explorations
3, [T L3 "IN
' |» Dense hadronic matter s

relativistic heavy-ion collisions ’\\\;.h__

quark-gluon plasma?

* Matter-antimatter asymmetry




Elementary Higgs or Composite?

: .‘;_‘._-':-. = .;.j
| Eilgzs teldl * Fermion-antifermion
<O[H|0>=/=0 condensate
* Quantum loop problems [/« Just like QCD, BCS
| .| superconductivity

| N o iuiolfg ¥+ Top-antitop condensate?
= . needed m, > 200 GeV

e & New force?

op| gavge higes inconsistent with
A~1TeVwith| precision electroweak data?

higgs

op|  gauge




