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Warm dipoles from
the Budker Institute
(Novosibirsk)
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SUPERCONDUCTING

COIL

TRACKER
Silicon
Micro-strip
Pixels

Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

CALORIMETERS ‘
W R

ECAL

Scintillating
PbWO4 crysiéls

MUON BARRE

Drift Tube
Chambersp
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Resistive Platef®

Cha bers

HCAL

Plastic scintillator/ h
brass sandwich '

Cathode Strlp Chambers
gResistive Plate Chambers
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CMS: Hadronic Calérimeters '
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' One end-cap complete, 3.

SR | Barrel complete, install
TR . electronics by June 04
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Interesting cross sections % Bread-and-butter physics

l l]34 C.I'll_g S_l rate
barn

| my= 803 GeV m WV distribution .} A
expected in
ATLAS

Am = 15 MeV

m* (GeV)

¥ i
s a - F k-

-

Susy - top

Selection :
- two b-tagged jets
= one leplon

Hi g5 | N N \ — E;™= > 20 GeV

= Lwo more jels with

|'“|| -y, | < 20 GeV
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The Role of the Higgs Boson

Massless gauge bosons, €.g. the photon
has 2 polarization states: +1, -1
Massive gauge bosons, e.g., W, Z
Need additional polarization state
with zero spin projection
Provided by scalar field
as postulated by
Minimal Standard Model has extra particle
as pointed out by : the Higgs boson
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Amim = 0.1%

300 MeV
N

events per 2 C
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m.., (GeV) m, (GeV)
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| The Higgs may be found quite quickly ... ;&_‘ - ... in several different channels |
lidi=30m" O bb)
(no K-factors) H - 7Z% - 41
ATLAS " H - WWY i
qqH — qq WW"

qqH — qq 1t
_ Total significance

® _ -1
[Ldt=10fb ATLAS

" [Ldt=30m" (no K-factors)

Signal significance
i l L I At .
Signal significang

10 ?
my (GeV)



i g ° Hlerarchy problem Why 1S mW <<mp ?
f > - (mp = 10'° GeV is scale of gravity)
4 * Alternatively, why 1s

Gy =1/ my2>> Gy = 1/mp? ?

. " * Or, why 1s

bt Vcoutomb > Viewton 7 €7 >> G m? =m?*/ mp?
~_* Set by hand? What about loop corrections?
¢ dmy; w? = O(o/m) A2

= | » Cancel boson loops < fermions

| mg? —mg?| <1 TeV?




my = 176 Q=¥
a (M) = 0.118
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net allowed
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Astronomers say '% ‘ol
that most of the &
matter in the
Universe 1s
invisible
Dark Matter

L
b - 1
I 5

We shall look for
them with the
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"Typical’ supersymmetric
Event at the LHC

LHC reach in

supersymmetric
parameter space

my, (GEV}
2
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JLdt=1, 10, 100, 300 fb'
— A =0, tanf=35,u>0
EL (300 fb")
'hlh“lf'l:‘-if:‘;[\loo fb) e
e N #2500
o ~ one year
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Lines in . . ' pe

susy space | ok - : i s Epec}llﬁc 1
allowed by ' | benchmark
accelerators,
WMAP data
LHC [ag = I0
“- goins B squearks Bl dopioss B Y

Sparticle 8 — Calculation
detectability E¥ o of relic
WMAP line f benchmark [

o point o

) _I’I* 0 5 0.0250.050.075 0.1 0.1250.150.175 0.2 0.250.25
BDEG(M)OP(W) e A 1 . Qh




And if there are large extra dimensions & gravity becomes strong at the TeV scale

- Black Hole Production at LHC?

i

Multiple jets,
Leptons from

Hawking
Radiation




Mass 4
(TeV) \

(heavy higgs) el
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Luminosity upgrade

extends the mass reach
by about 20%.

SUSY
squark/

SUSY gluino

Amim ~ 0.1% gaugino/
AT ~5-10%  scalar
Aal/o ~ 10% (tan[j=35)

SM Higgs

complete
coverage

Graviton 7’

1000 fb!

100 fb!
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Recreate the first 10 ~ seconds ... &=+ =@ : \ “Jl s - L
early universe ~ ... and probe the quark-hadron -~,____|'
= phase transition a5
quark gluon ‘_:'2,
S plasma g 16 ¢ RHIC e — |
% 250 - = ol et | *_.T
- L 1K ' —
2 ol Lattice QCD IR 2 '
§ i ] 10 + .
qé-)- .. ol
< s g 3 flavour
i il o _2ﬂav0u_r
i To = (173 +/- 15) MeV
; 2 e, ~ 0.7 GeVim®
50 r — 0 L L L L
- hadron gas atomic ] 100 200 300 400 500
L | ‘ | | "‘2‘?‘ neutron stars N
0.2 04 0.6 0.8 1 1.2 1.4

baryonic chemical potential g [GeV]
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{ Recreating Big Bang with Little Bangs

4 M B 4 d - R

Interferometry Temperature

/ 120 MeV

Smeared p Thermal masses
" chiral symmetry restoration

emperature

no y,
no J/y
Open charm, beauty

,'4 Probe possible quark-gluon plasma using hadrons, photons, leptons, Z’s and jets
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CERN -

openlab for DataGrid applications

Developing Solutions for the Data-Intensive Science of the Large Hadron Collider

the globus project”

www.globus.org

nnnnnn

Particle F‘J

Physics I"
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Certification and distribution process established
Middleware package — components from —
— European DataGrid (EDG)
— US (Globus, Condor, PPDG, GriPhyN) - the Virtual Data Toolkit
Agreement reached on principles for registration and security
RAL (Oxford, UK) to provide the initial grid operations centre
FZK (Karlsruhe, Germany) to operate the call centre

Initial service being deployed
now to 10 centres

US, Europe, Asia

Expand to other centres as
soon as the service 1s stable

Academia Sinica Taipei, BNL, CERN, CNAF, FNAL,
FZK, IN2P3 Lyon, Moscow State Univ., RAL, Univ. Tokyo
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The LHC will Probe
‘New Dimensions of Physics

CEE N &F

'« A new dimension in energy: ~ TeV
Origin of mass ?
* New dimensions of space ?
More “familiar’ bosonic dimensions ?
t Fermionic "quantum’ dimensions ?
 New dimension of time
~ 10712 sec after Big Bang

Primordial soup ?

: ~‘ Dark matter ?

Origin of matter ?

.. and new dimensions in international collaboration
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pr—WZ Il for 30 fb-!
(a) 6xBR, .. = 0.16 fb
= 0.025 fb

A techni-p resonance ?

Compositeness

Contact interaction
modifies Drell-Yan

Cross section gets a term s/( UA“) where s = m e

or Compositeness .

(pb)
- e (Tevatron limit)

‘ Q 200

Detectable if A <50 TeV A 10 TeV it ooty (b

‘III\ - 2l} Te‘\"r - .

TN 132 ey, Complimentary search: =
100 b jet angular distribution |

J Rohlf, LHC {1 p. 3

- - - e



Hard Probes of Quark-Gluon Plasma

Look for quarkonium suppression ...

x 1

—

JLUUE o

F ntries 20 My 105

e from ¢ to TV
+ ® high statistics
+ e low background
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compare with open charm production
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3000

6000
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2000
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Events! 2 ey

200 e e b b b b b L
1.78 1.5 1.82 1.84 1.86 1.86 1.9 1.92 1.94 1.96
Invariant Mass [GeV]

1.78 1.8 1.821.841.861.88 1.9 1.921.941.96

Invariant Mass [GeV]
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/. Production in Heavy-Ion Collisions

X - A

| Look for Z production at large p - [ /ﬂx .
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a \ iy

e &

» - '_"\,‘ .
;l.' . ... and absence of jet

. N+ & onopposite side ...
“L?"M P
) --_.-/ x 25 N cent
' “:""- Yield (0-10%) / Ny, PHENIX PRELIMINARY
gl !,,,....\ o [ Yield (60-92%) / Ny, Au+Au S =200 GeV

o« (p+p )2
» T[u

Binary-scaled Central/Peripheral Yield

3
p; (GeV/c)

... due to parton absorption in
quark-gluon plasma ?




Probing CP Violation at the LHC

Within the Standard Model ...

2002

Vgl
MVl ™

Possible signature of new physics ? &
@y \ Zi@K s



Sample LHCb
Sensitivities

U BERERRRELL """“Iw"
x

02% purity

Increase in

: 1 statistics
Using : |

Cerenkov e

5.05 51 515 52 5325 53 535 54 545 55 »
GeVic? B -

B’—n'm mass spectrum :
_&

B —

o Sensitivity on v depends on:
[ LHCh 1 LHeh ] « amplitude ratio
" WB, DK without RICH {1200 | g o p with RICH * strong phase difference
& 000 - _ OB bx ] .y
:.i - 4 1oon r 7 * _".I‘IL‘
c ,
B0 I 1
ﬁ F 1 #aa r .
] 1 : For Am, = 20 ps™!
= a0 ]
g L 4
2 1
400 =
s _ o
| o(y) = O(10°)
. | 1 200 |
Measuring v [l _
DS.2 33 54 5.5 56 5.7 05.2 53 54 35 5.6 37
[nvariant mass [Ge‘l.,",-"f'z] [nvariant mass Ge‘u’c

-‘-:f Vil Y









A la recherche du

Higgs perdu ...

o(pp —H+X)
Vs =14 TeV
m, = 175 GeV
........ b CTEQ4M
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events for 10% pb~’

W, Z bramsstrahlung

g
*******
qqqqqqqq

M. Spira et al. QQ-GE—-HbE ............ B P P :
NLO QD e

102

I 1
100 200 300 400 500 600

.. : HO
Combining direct,

Indirect information

WW, 22 fusion M, (GeV)



Nb. of Observable Particles

LHC almost
"guaranteed’

to discover
supersymmetry

if 1t 1s relevant

to the mass problem

BDEG(M)OP(W)

mm=  oluino

_— b
&0 @ @ <@
TTTTTT

mess - squarks

LHC

LBGICJHMAEFKD

LC 1.0 TeV

'l LIL LIL.L-L LILIL i LI

LBGICJHMAEFKD

CLIC3 TeV

n

LLLLL‘LLL

LBGICJHMAEFKD

mmm=  sleptons

Post-WMAP Benchmarks

30
20
10

0

20
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_X

LC 0.5 TeV

LBGICJHMAEFKD

g LHC+L.C 1 TeV

tfinn LILI IL LILIL.L LI '

LBGICJHMAEFKD
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