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LHC in BBC News
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LHC in New York Times
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LHC in Science
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LHC in Nature
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The Standard Model
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Why the LHC ?
• The Standard Model of Particle Physics has 

made great achievement over last 30 years, 
but it is incomplete and has many unsolved 
questions.

• Why particles have mass?
Higgs mechanism ? 
If Higgs boson exists, 
the LHC will be able 
to make it detectable.
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Supersymmetry (SUSY) ?
SUSY is a symmetry that relates fermions and bosons, all known
particles have SUSY partners that differ by half a unit of spin.
If SUSY exists close to the TeV energy scale, some light SUSY
particles should be found at the LHC. SUSY helps to solve the
grand unification of forces.
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Dark Matter in the Universe ?
We only understand about 5% of matter in the Universe.
About 25% dark matter and 70% dark energy are unknown.
The lightest SUSY particle (LSP) is a promising candidate 
of dark matter, which is accessible at LHC if the mass of 
LSP less than about 1 TeV.
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High Energy Simulate Big Bang  
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Extra Dimensions – Graviton ?

Much recent theoretical interest 
in models with extra dimensions 

New physics may appear at the 
TeV scale, accessible at the LHC  

Event signature with graviton: 

Jets or Photons with large ET
miss
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The 11 Greatest Unanswered Questions of 
Physics (Discover, 2002) -6 are LHC related

1. What is dark matter ?
2. What is dark energy ?
3. How were the heavy elements from 

iron to uranium made ?
4. Do neutrinos have mass ?
5. Where do ultrahigh-energy particles

come from ?
6. Is a new theory of light and matter needed

to explain what happens at very high 
energies and temperatures ?

7.   Are there new state of matter at ultrahigh
temperate and dentisity ?

8.   Are protons unstable ?
9. What is gravity ?
10. Are there additional dimensions ?
11. How did the universe begin ?
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Why the LHC ?

• The LHC has good chance to answer some of 
these questions, however the history has shown 
that the greatest advances in science are often 
unexpected. 

• The LHC will change our view of the Universe.
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Why Need High Energy ? 
• Particle physics have focused on the inner space frontier,
pursuing the questions of the construction of matter
and the fundamental forces at the smallest scale accessible.

De Broglie wavelength of particles

Smaller distance
Higher energy
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The LHC Experiment at CERN
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LHC at CERN

4.5 km 
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The LHC at CERN
Linac: 50 MeV
PSB: 1.4 GeV
PS: 28 GeV
SPS: 450 GeV
LHC: 7 TeV
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Why Hadron (pp) Collider ?

Synchrotron Radiation:

Electron-Position Collider: clean signature

CERN LEP ：R=4.5km, Ebeam ~ 100 GeV
CERN LHC：R=4.5km, Ebeam ~ 7000 GeV
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LHC Key Components

2 × 8
RF cavities 

Magnets: 9300
Dipole:     1232
B(max):    8.33 Tesla
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LHC Magnets

1. Dipoles for bending the beams
2. Quadrupoles for strong focusing in the IP (223 T/m)

LHC:  E = 7 TeV, ρ = 2.8 km  B = 8.3 T

Technology constraint. Dipole magnetic field B
Bt <2 T for iron magnets
Bt <13 T for Nb-Ti superconducting magnets (10 T)
Bt <25 T for Nb3Sn superconducting magnets (16-17 T)

][][3.0][ mTBGeVE ρ××=
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The Descent of the Last Dipole
On April 26, 2007, the last superconducting magnet (1232 in total,
15m, 34 tones) for the LHC descended into the accelerator tunnel. 
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LHC: the coldest place in the universe 

First LHC sector 7-8 (3.3km) reaches 1.9K on May 5, 2007
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An Inner Triplet Fails the Test
March 27, 2007, a Fermilab-built quadrupole magnet, one
of an “inner triplet” of three focusing magnets, failed a
high-pressure test at Point 5 in the tunnel of the LHC.

Q1 Quadrupole Magnet – CERN 
and Fermilab agreed to repair to the 
structures that hold the cold mass 
(blue) in place within the cryostat 
(orange) in each magnet of the triplet 
on either side of the LHC's four
interaction points. The Q1 magnet of 
each triplet is the magnet closest to 
the interaction point (IP). 

Inner Triplet at 
point-5
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LHC Delayed
Nov.07 May 08
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Beam pipe 
close ?
Beam 
injection ?

Sector 
cooling

Powering 
tests

Verbal 
communicati
on

LHC Installation and Commissioning Committee 
Summary of meeting 2007-04 held on 27th April 2007 - DRAFT 
 
 

http://lhc.web.cern.ch/lhc/Installation_Commissioning.htm
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Collisions at LHC

Proton-Proton (2835 x 2835 
bunches)

Protons/bunch 1011

Beam energy 7 TeV
Luminosity 1034 cm-2 s-1

Crossing rate 40 MHz
Collisions ≈ 107 - 109 Hz
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Collaboration of ATLAS/CMS
• ATLAS(35 countries, 162 institutes)

– IHEP, USTC, Nanjing U., Shandong U.
– CERN, Fermilab, ANL, BNL, LBNL
– Harvard University
– Yale University
– MIT
– Stanford University, SLAC
– University of California, Berkeley
– Cambridge University
– Oxford University
– University of Chicago
– University of Columbia
– University of Michigan
– University of Pennsylvania
– University of Wisconsin
– University of Washington
– SUNY, Stony Brook
– Duke University
– DESY, MPI, Humboldt University
– ……

• CMS(38 countries, 181 institutes)
– IHEP, USTC, Peking U., SIC
– CERN，Fermilab, LLNL, DESY
– MIT
– California Institute of Technology
– Princeton University
– Cornell University
– Swiss Federal Institute of Technology
– University of Zurich
– University of Wisconsin
– Johns Hopkins University
– University of Maryland
– UC, Los Angeles
– UC, Santa Barbara
– Rice University
– Brown University
– RWTH
– Rutherford Appleton Laboratory
– …...
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The ATLAS Collaboration

35 Countries, 162 Institutes, ~ 1800 Researchers
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The ATLAS Collaboration
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ATLAS – Point 1
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ATLAS  Detector
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CMS Detector
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How to Detect Particles ?
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Challenge for Tracking H ZZ 4μ

Big Challenge to Detector 
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Challenge to the Detector 

EM Calorimeters

excellent electron/photon identification

Good E resolution (e.g., H→γγ)

Precision Muon Spectrometer

Fast response for trigger

Good p resolution (e.g., A/Z’ → μμ,   H -> 4μ)

Inner Detector

Good impact parameter res.

(e.g., H → bb)

Hadron Calorimeters

Good jet and ET miss performance

(e.g., H →ττ)

LHC detectors must have:

• fast response, otherwise too large pile-up.
Typical response time 20-50 ns
- integrate over 1-2 bunch crossings 
- pile-up of  25-50 minimum bias events
→ very challenging readout electronics 

• high granularity to minimize probability that 
pile-up particles be in the same detector 
element as interesting object        
→ large number of electronic channels,  high 
cost

• high radiation resistant e.g. in forward 
calorimeters:   up to 1017 n / cm2  in 10 years of  
LHC operation

• good PID (particle identification)

• good E, P resolution
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Inner detector
• Si pixels and strips
• Transition Radiation Detector
(e/π separation)

• σ/pT ~ 0.05% pT(GeV)⊕0.1%;   
• |η| < 2.5, B=2 T(central solenoid)

Hadron Calorimeter
• Fe/scintillator (central), Cu/W-LAr (fwd)
• σ/E ~ 50%/√E(GeV)⊕3%
• |η|<3

Muon Detector
• air-core toroids,     
MDT+RPC+TGC

• σ/pT ~ 2-7 %
• |η| < 2.7, |η|<2.5

EM Calorimetry
• Pb-LAr
• σ/E ~ 10%/√E(GeV)⊕1%
• |η|<3.2, |η| < 2.5 (fine granularity)

Length : ~ 46 m 
Radius  : ~ 12 m 
Weight : ~ 7000 tons
Channels: ~ 108

Lcable:  ~ 3000 km
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Average deformation since release (Sept) = 24.3 mm (expected  
27 mm, still ~20% of muon spectrometer weight to go)
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Toroid System - 4 T

Barrel Toroid parameters

25.3 m length 
20.1 m outer diameter 
8 coils
1.08 GJ stored energy
370 tons cold mass
830 tons weight
4 T on superconductor
56 km Al/NbTi/Cu conductor
20.5 kA nominal current
4.7 K working point

End-Cap Toroid

5.0 m axial length 
10.7 m outer diameter 
2x8 coils
2x0.25 GJ stored energy
2x160 tons cold mass
2x240 tons weight
4 T on superconductor
2x13 km Al/NbTi/Cu conductor
20.5 kA nominal current
4.7 K working point
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ATLAS Pixel detector integration (barrel, end-caps and beam pipe)

The barrel TRT+SCT are installed since long
The integrated and tested TRT+SCT 
end-caps are ready for installation, in
fact EC-A was installed in May…

The Pixels plus beam pipe was installed
in June

The critical issue is the relocation of the 
heaters of the evaporative cooling system

Inner Detector status



42

End-cap TRT+SCT side A was lowered into the detector on 24th May 2007 
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ATLAS side A (with the calorimeter end-cap partially inserted, the LAr end-cap is filled with LAr)

Calorimeter status

Critical for the calorimeters are: 
- The (low voltage) power supply 
delivery/rework schedules for 
the LAr and the Tile Calorimeters
- Instabilities in the Tile Calorimeter 
‘drawers’ need interventions
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Muon barrel chamber installation is
nearing completion (~ 99% done)

End-cap muon installation is now
progressing in parallel on both sides (60% done)

Critical is the late delivery of power supplies 
from CAEN for the whole muon system, last ones
will only be available in April 2008 

First complete MDT Big Wheel Barrel muon stations 

Muon system status
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ATLAS Detector – UMich Group
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The first End-Cap Toroid was transported 
from Hall 191 to the outside test station in 
front of Hall 180 where it was mechanically 
cold tested at LN temperature (excellent results)

The integration of the second ECT went also
well, and the tests just ended now in Hall 191

ECT-C installation to follow in early July

End-Cap Toroids
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ATLAS main control room

The control room is operational and used during the
cosmic ray commissioning runs integrating gradually
more and more detector components

Cosmic ray data is collected through segments of the 
full final Event Building and DAQ system



50

H

L

T

D
A
T
A
F
L
O
W

40 MHz

75 kHz

~2 kHz

~ 200 Hz

120 GB/s

~ 300 MB/s

~2+4 GB/s

Event Building N/work
Dataflow Manager
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I

RoI data = 1-2%

RoI
requests

Trigger, DAQ and Detector Control
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LHC Discovery Potential



52

Higgs Production at LHC

Having available four production mechanisms
is a key for measurements of Higgs parameters
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Properties of the Higgs Boson
The decay properties of the Higgs boson  are fixed,
if the mass is known: 

W+,  Z,  t,  b,  c, τ+,..........., g

W-,  Z,   t, b,  c, τ- ,.........., g

H

Higgs Boson: 

• It couples to particles 
proportional to their masses

• decays preferentially in the 
heaviest particles kinematically 
allowed
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BR and Discovery Channels
m(H) > 2 mZ

H → ZZ → 4l
qqH → ZZ → ll νν *
qqH → ZZ → ll jj *
qqH → WW→ lνjj *
* for mH > 300 GeV

forward jet tag

Low mass region: m(H) < 2 mZ
H → γγ,  
H → bb
H → ττ,  via VBF
H → ZZ* → 4l
H → WW* → lνlν or lνjj, via VBF

-
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Tevatron Discovery Potential for LMH  

For 10 fb-1

• 95% CL exclusion of a  SM 
Higgs boson is possible over 
the full  mass range  (MH <185 
GeV)

• 3σ evidence for MH < 130 GeV
and 155 GeV < MH < 175 GeV

For 30 fb-1

• 3σ evidence for the SM Higgs 
boson is possible over the full  
mass range  (MH < 185 GeV) 

Discovery in a single channel 
is not possible at Tevatron

It’s extremely important to search for Higgs at LHC in 
mass region 114 < mH < 300 GeV.
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Direct H → γγ
Background

dominated by smooth  γγ pairs 

• Irreducible 
gg→γγ, qq→γγ, qg→qγ→qγγγ

Signal significance: 
2.8~4.3σ for 100fb–1

q
q

γ
γ

q
g

γ
γπ0q
γ

γ

γ
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VBF for Heavy Higgs

h → ZZ → l+l- l+l-

Golden Channel200 GeV < Mh < 600 GeV
Discovery in h → ZZ → l+l- l+l-
- Background smaller than signal
- Higgs width larger than exp. 

resolution (Mh > 300 GeV)
Confirmation in h → ZZ → l+l-jj
channel

Mh > 600 GeV
4 lepton channel h → ZZ → l+l- νν
statistically limited

h → ZZ → l+l- jj , h → WW → l νjj
has significantly larger BR than 4l
channel
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LMH Search: WH, H → bb 
-

Expected WH, H→bb signal and 
background rates for L=30 fb-1

mH (GeV) 80 100 120
WH, H→bb 650

540
3400
2500
500

12500
Total bkgd 19440 16235 10820
S/√B (syst.) 3.0 1.9 1.7

250
WZ, Z→bb

416
545
3650
3700
740

220
Wbb 2000

tt→WWbb 3700
tb,tbq 740

7600Wbj, Wjj 4160

-

MH = 120 GeV,   100 fb-1

Difficult at LHC
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LMH Searches: ttH → ttbb
• Complicated final state
• Trigger W1→lν and W2→qq
• Require excellent b-tagging, and both t’s

are fully reconstructed

• Crucial to know the shape of the residual 
bkg from ttjj

mH(GeV) 80 100 120

ttH →ttbb 81/140

7/13

17/35

121/247

Total bkg 145/295 150/278 127/257

6.7/8.2

40/62

ttZ

61/107

8/13

12/15

130/250

2/5

Wjjjjjj 5/10

ttjj 120/240

5.0/6.4S/√B 3.6/3.9

Expected ttH signal and bkg
rates for L=30/100 fb-1

_

No K Factors

bkgd

-

-

- - -
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VBF H ττ, WW



61

qq H  → qq τ τ
→ qq  ℓνν ℓνν
→ qq  ℓνν hν

VBF H → τ τ

Decay modes visible for a SM 
Higgs boson in VBF 

large boost (high-PT Higgs)
- collinear approximation: assume 
neutrinos go in the direction of the 
visible decay products

- Higgs mass can be reconstructed

Main background: 
Z jj,  Z → ττ
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H WW
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LHC can probe entire set 
of ”allowed” Higgs mass 
values (100  GeV–1 TeV) 
at least 2 channels for 
most of range

Signal significance: ATLAS

k≡σNLO/σLO 
1.1-1.9 for signal. 
Unknown in many case for bkg
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MSSM Higgs Bosons 

SUSY: 5  Higgs particles  H, h, A, H+, H-

determined by two SUSY model parameters:   mA, tanβ

One of the Higgs bosons is light:     mh < 135 GeV    

The others will most likely be heavy !    
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LHC Discovery Potential for 
MSSM Higgs Bosons

• mSUSY = 1 TeV, mtop = 175 GeV/c2

•
•Two or more Higgs can be 

observed over  most  of  the 
parameter space → disentangle 
SM / MSSM

5σ discovery in mA – tan β plane

• Plane fully covered at  low  L  (30 fb-1)
• Main channels : h→gg, tth(h→bb), A/H→μμ, ττ , H± →τν
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LHC discovery potential for SUSY Higgs bosons

4 Higgs observable
3 Higgs observable
2 Higgs observable
1 Higgs observableh,A,H,H±

h,A,H,H±

h,H±

h  (SM -like) 

h,H±

h,A,H

H,H±

h,H,H±

h,H

5σ contours

Here only SM-like h 
observable  if SUSY 
particles neglected. 

Parameter space is fully covered → in a SUSY world, Higgs 
bosons will be discovered  at the LHC
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Supersymmetry
Extends the Standard Model by predicting a new symmetry
Spin ½ matter particles (fermions)  ⇔ Spin 1 force carriers (bosons)

SM particles SUSY particles

New Quantum number: R-parity: =  +1  SM particles
-1  SUSY particles 
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SUSY particles are produced in pairs

Lightest Supersymmetric Particle (LSP) is stable.
In most models LSP is also weakly interacting:       
LSP ≡ χ0

1  (lightest neutralino)

- LSP is a good candidate for cold dark matter

- LSP behaves like a ν → it escapes detection

- very lager ET
miss (typical SUSY signature)

Consequences of R-parity conservation
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Quick Search for SUSY Particles
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Charginos and Neutralinos

Xlll 0
1

0
11

0
2

~~~~ χχχχ ±±± → m

Search for Charginos and Neutralinos:  
Multilepton + ET

miss  

produced via electroweak processes 
(associated production)
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SUSY Discovery Potential
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Probe Extra Dimensions ?
Much recent theoretical interest in models with extra 

dimensions (Explain the weakness of gravity or hierarchy 
problem by extra dimensions)

New physics can appear at the TeV scale, i.e. accessible at 
the LHC  

Example:   Search for direct Graviton

Ggqq,qGqg,gGgg →→→

γ→ Gqq

Jets or Photons with large ET
miss
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Search for Gravitons
Jet + ET

miss search

Main backgrounds:
jet+Z(→νν), 
jet+W→jet+(e,μ,τ)ν

δδπ +− = 21 8 DN MRG
δ :  # extra dimensions 
MD = scale of gravitation
R   = radius (extension)

MD
max = 9.1,  7.0,   6.0 TeV

δ = 2,  3, 4
Extension:       10-5,   10-10,  10-12 m
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Mini Black Holes at LHC
• The smallest mass of classical black hole is ~ 

plack mass, 2×10−8 kg or 1.1×1016 TeV, it is far 
higher than LHC can reach 14 TeV.

• Some string theorists have suggested that the 
multiple dimensions postulated by string theory 
might make the effective strength of gravity many 
orders of magnitude stronger at small distances 
(very high energies). This might effectively lower 
the Planck energy, and perhaps make black-hole-
like descriptions valuable even at lower masses.
LHC may produce mini black holes.
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Mini Black Holes at LHC
• MBH = 2*1030 kg (Sun) 

– tev ~ 1067 years

• MBH ~ few TeV (LHC)
– tev ~ 10-26 s
– Micro black holes are 

unstable & evaporated 
right after their creation.  

Hawking Radiation
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Mini Black Holes at LHC
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Micro Black Holes at LHC
PRL, vol. 87, Issue 16, id. 161602 
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Extra Dimensions – New Frontier ?

LHC will address this question.

An extra-dimensional form: 
the Calabi-Yau space. 
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The LHC era is coming !

The LHC may have 
revolutionary discovery
that will change the view 
of the time, space, matter, 
energy and the Universe !
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Backup Slides
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Many important milestones have been passed in the construction, pre-
assembly, integration and installation of the ATLAS detector components 

Very major software, computing and physics preparation activities are 
underway as well, using the Worldwide LHC 
Computing Grid (WLCG) for distributed computing resources.

Commissioning and planning for the early physics phases 
have started strongly

ATLAS expects to remain at the energy frontier of HEP for the 
next 10 – 15 years, and the Collaboration has already set in 
place a coherent organization to evaluate and plan for future 
upgrades in order to exploit future LHC machine high-luminosity 
upgrades

The ATLAS Experiment Getting Ready for LHC Physics at LHC
(P. Jenni, CERN) 
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US HEP 10-Year Roadmap
http://www.science.doe.gov/hep/P5RoadmapfinalOctober2006.pdf

Energy Frontier – TeV Physics

http://www.science.doe.gov/hep/P5RoadmapfinalOctober2006.pdf
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Why do we think about extensions of the SM? 

SM is consistent with all experimental data so far
Many open questions in the SM 
- Hierarchy problem:  MW (100 GeV) → MPlanck (1019 GeV) 
- Unification of couplings
- Flavour / family problem 
- …..
Gravity is not incorporated yet in the SM

Calling for a more fundamental theory of which the SM is a low 
energy approximation  → New Physics 

Candidates: Supersymmetry, Extra Dimension, Technicolor…….
All predict new physics at the TeV scale → LHC
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Search for Supersymmetry

If  SUSY exists at the electroweak scale, a 
discovery at the LHC should be possible (easy?)

Squarks and Gluinos are strongly produced 
- They decay through cascades to the lightest 

SUSYparticle (LSP)
- final states is combination of jets, leptons and
large missing energy

1. Look for deviations from the SM, e.g. 
Multijet +  ET

miss signature

2.  Establish the SUSY mass scale use inclusive  variables, e.g.
effective mass distribution

3.  Determine model parameters (difficult)
Strategy: select particular decay chains and use kinematics to 
determine mass combinations   
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Diboson as Background

ZZ

H



86

WW/WZ Analysis Based on BDT

• PP WW lν lν
– Simple Cuts, S/BG ~ 1.1
– ANN, Signal/BG ~ 2 - 3
– BDT, Signal/BG ~ 4 - 6

• PP WZ lν ll
– Simple Cuts, S/BG ~ 2.5
– ANN, Signal/BG ~ 5 - 10
– BDT, Signal/BG ~ 10 - 24

Ref:     H.J. Yang’s talk on WW/WZ analysis based on  
BDT at ATLAS Trigger & Physics Week on June 7, 2007

http://indico.cern.ch/getFile.py/access?contribId=0&amp;resId=0&amp;materialId=slides&amp;confId=16202
http://indico.cern.ch/getFile.py/access?contribId=0&amp;resId=0&amp;materialId=slides&amp;confId=16202
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Motivations of diboson studies

• Measure dibson production σ and TGCs

• Explore none-Abelian SU(2)¥U(1) gauge structure of
SM and test the central part of the SM

• Probe new physics if production cross section, or 
TGCs deviate from SM prediction → complementary 
to direct search for new physics

• Understand the backgrounds of many important
physics analyses
Search for Higgs, SUSY, graviton and study of ttbar
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Diboson at hadron colliders

V3

'q

q V1

V2

q

q

q’

V2

V1
q

q

q’
V2

V1

• LO Feynman diagram, V1, V2, V3 = Z, W, γ →WW, ZW, ZZ, Wγ.
• Only s channel has three boson vertex
• Diboson final states have predictable σproduction and manifest 

the gauge boson coupling

SM: 
• Pure neutral vertexes ZZZ, ZZ γ are forbidden

(Z/γ carry no charge and weak isospin that needed for 
gauge bosons couple) 

• Only charged couplings WWγ, WWZ are allowed 
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Study of WZ, WW and ZZ
• s-channel dominates, σ(SM) = 57.7 pb
• Sensitive only to WWZ coupling
• Clean signal eee, eeμ, μμe, μμμ
• 3 isolated high pT leptons with large ET(miss)

q

q’
W

W

Z
l+

l-

l
ν

'q

q
±W

W m

Z/γ

ν
l

ν
l

• σ(SM) = 127.5 pb
• Sensitive to WWZ and WWγ
• Clean signal ee, μμ, eμ

• 2 isolated high pT leptons with opposite 
charge and large missing ET

• s channel suppressed by O(10-4)
• Only t-channel at tree level, σ(SM) = 16.8 pb
• 4 isolated high pT leptons from the Z pair 

decays
• Clean signal eeee, eeμμ, μμμμ, almost bkg free

l+
l-

l’+
l’-

q

qbar

q’

t-channel

s-channel

s-channel
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Triple Gauge Boson Couplings
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• Characterized by an effective 
Lagrangian, parameterized in 
terms of coupling parameters 
for new physics

• C, P and CP symmetry conservation, 5 free parameters:
- λγ ,λZ: grow with s, big advantage for LHC
- Δκγ = κγ−1, Δg1

Z = g1
Z-1, ΔκZ = κZ-1: grow with√s

• Tree level SM: λγ = λZ = Δκγ = Δg1
Z = ΔκZ = 0
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Anomalous Coupling & Form Factor

• TGCs manifest in 
- cross section enhancement
- high pT(V=Z,W,γ)
- production angle 

22
0

)/1(
)(

FFs
asa

Λ+
=

• Cross section increase for coupling with non-SM values,
yielding large cross section at high energies that    
violating tree level unitarity Ø form factor scale

s: subprocess CM energy. Λ: form factor scale
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LHC Expectations for the TGCs
High CM energy Ø larger s
High luminosity Ø high statistics
High sensitivity Ø Expected to be ~×10
improvement on LEP/Tevatron

-0.0035 < λγ < +0.0035
-0.0073 < λZ < +0.0073
-0.075 < Δκγ < +0.076
-0.11 < ΔκZ < +0.12

-0.86 < Δg1
Z < +0.011

Predictions for TGCs at 95% C.L. for L=30 fb-1 (inc syst)
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Motivations 

• Measure dibson production σ and TGCs

• Explore none-Abelian SU(2)μU(1) gauge structure of
SM and test the central part of the SM

• Probe new physics if production cross section, or 
TGCs deviate from SM prediction → complementary 
to direct search for new physics

• Understand the backgrounds of many important
physics analyses
Search for Higgs, SUSY, graviton and study of ttbar
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LHC low-β triplet – warm assembly

Q1
115kN

Q3
94kN

Inner Triplet at 
point-5

From L Evans
SPC 7-May-07
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Fix Points

MQXA MQXB MQXAMQXB

Q3 Q2A Q1

DFBX

Q2B

38490

MQXBLBX

D1

External heat 
exchanger (HX)

Fixed Point 
HX-Cold Mass

FP Cold Mass-
Vacuum Vessel

Fixed Point Triplet-
Tunnel Floor

Tie Rods Linking 
Vacuum Vessels

Jacks (longitudinal)

Internal heat 
exchanger

From L Evans
SPC 7-May-07
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Inner Triplet Review

Internal piping and anchoring to cold 
masses (helium vessels)

– Weak points located in the anchoring to cold 
masses. To be reinforced on Q1, Q3 and DFBX. 
Can be done in-situ

From L Evans
SPC 7-May-07
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Inner Detector 

0.8×108 channels

6×106 channels

4×105 channels
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Central Tracker
Silicon tracker:
• All four barrel cylinders are complete
• Test show 99.7% of all channels fully 
functional

• All end-cap disk finished

Pixel:
• Corrosion leaks in the barrel cooling 

tubes (now under control, repair ongoing)
• Broken low-mass cables for the barrel 

services (repair/replacement strategy 
being put into place)

• All efforts are made to have the full system 
ready for installation in time for May 2007

TRT
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Cosmics in the barrel TRT plus SCT 
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LAr and Tile Calorimeters
Tile barrel

Tile extended barrel

LAr forward calorimeter (FCAL)

LAr hadronic 
end-cap (HEC)

LAr EM end-cap
(EMEC)

LAr EM barrel

• A successful complete cold test (with LAr) was made.
• Dead channels much below 1%.
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The barrel LAr and scintillator tile calorimeters 
in the cavern position

A cosmic ray muon registered 
in the barrel Tile Calorimeter

Barrel LAr and Tile Calorimeters 

Total 448 independent sectors

All channels functioning 
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Calorimeter barrel in the center of the ATLAS detector

Started commissioning
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LAr End-Caps 

both end-caps mechanically assembled

LAr infrastructure (pedestals, crates,…) installed

gap, cryostat and minimum bias scintillators

completely installed on both ext. barrels

Dead channels well below 1%



104

End-Cap LAr and Tile Calorimeters 

The mechanical installation is finished
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Energy resolution from EM test beam
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Barrel MDTs

• A major effort is spent in the preparation and testing of the 
barrel muon stations (MDTs and RPCs for the middle and outer 
stations) before their installation in-situ
• The electronics and alignment system fabrications for all 
MDTs are on schedule

Installation of barrel
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First cosmics registered in situ for barrel chambers

In December 2005 in MDTs in June 2006 in RPCs
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