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Historique



Jean-Eugène Robert-Houdin (1805–1871)

Magie et physique amusante (1877)



Denis Papin (1647–1714)

La marmite de Papin (1769) : BCSM





15 July : switch to 13 bunch operation, 9x1010 protons/bunch
8 colliding pairs for ATLAS, CMS and LHCb.
Stored energy : 660 kJ.
Peak luminosity : 1.6x1030 cm–2s–1 for fill 1233 on Sunday.
Longest fill : 19 hours.

LHC Performance

Bunch trains coming in August



LHC Luminosity Evolution
> 350 nb–1 delivered



• In pp at LHC

‣ Evolution with √s

CHARGED PARTICLES 
MULTIPLICITY

11

✓Well described by power 
law scaling 

✓Significantly larger increase 
from 0.9 to 7 TeV (in |η| <1) 
than in any MC model

✓Favorable for QGP studies

+ 23.3%± 0.4 -0.7 +1.1

+ 57.6%± 0.4 -1.8 +3.6

arXiv:1004.3514[hep-ex]
jeudi 15 juillet 2010

ALICE: Charged Multiplicity



Two particle correlations 

26 

Two particle angular correlations 

Effective cluster size 
PYTHIA 

CMS DATA 

Short range correlations  
Cluster size not described by eg PYTHIA  

CMS: Two-particle Correlations

PYTHIA cluster size too small
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LHCb Sequential Decay

begin to confront DØ surprise at 100 pb–1
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Parton Luminosities

arXiv: 0908.3660
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Parton Luminosities
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Prospects for early discoveries

(exceed Tevatron reach at few hundred pb–1)

Not so plausible: diquark resonance
Not so implausible: 4th generation quark



Possible Evolution of LHC Luminosity
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Tevatron Luminosity Evolution
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δMH = +10 δmt

But what is 
measured?



Tevatron Running beyond 2011?

+3 years ➟ 16 fb–1 at 2 TeV

Physics Advisory Committee Meets 27 August



Figure 1: Higgs Boson sensitivity with projected improvements per experiment.

Analyzable Lum/Expt 115 GeV 130 GeV 145 GeV

5 fb
−1

2.2 σ 1.7 σ 1.9 σ
10 fb

−1
3.1 σ 2.5 σ 2.7 σ

15 fb
−1

3.8 σ 3.0 σ 3.2 σ
20 fb

−1
4.4 σ 3.5 σ 3.7 σ

Table 2: Sensitivity to the Standard Model Higgs Boson combining all modes. The low

mass ≤ 130 GeV mode is principally qq̄ → (W, Z)+(h→ bb̄); the higher mass ≥ 130 GeV

mode is principally gg → h→ WW ∗
.

It is important to note that the lower mass range of the Higgs is favored by the

global SM fits. The low mass range will have to be explored fully to understand the

mechanism of electroweak symmetry breaking. With Run III, the Tevatron can provide

the sensitivity to exclude or discover a low-mass Standard Model Higgs boson at the 3-

σ level across the full mass region below WW threshold. Such an exclusion would have

deep and revolutionary implications both theoretically and in planning future facilities, in

particular the parameters of the next lepton-collider. This is a capability complementary

to the power of the LHC at higher masses. The Tevatron will remain the facility with

the largest sensitivity in this crucial region for many years. The h → bb̄ mode may be

observable at the LHC, but only with > 30 fb
−1

. Without direct observation of a h→ bb̄

15

Tevatron Higgs-Boson Search Projection

CDF x2



Figure 5: Comparison of Tevatron Run III and LHC at 1 fb
−1

and 7 TeV in the cms.

and ATLAS/CMS will push heavy particle searches beyond 1 TeV due to the higher center

of mass energy of the LHC.

As for the Higgs boson at the LHC operating at 14 TeV, based on the current LHC

projection is, 2σ exclusion of the full mass range down to Mh ≈ 115 GeV requires 1.5

fb
−1

per experiment. Discovery of the Higgs for Mh ≈ 115 GeV requires ∼ 10 fb
−1

per

experiment at 14 TeV [21]. At 14 TeV the Higgs reach is dominated by the decay into

γγ. Detailed predictions are not yet available for 7 TeV, but the Higgs production gluon

fusion cross section is 3.5 times smaller at 7 TeV than at 14 TeV. The Tevatron, however,

will remain the only facility to have a chance to see the Standard Model Higgs through

about 2014. In addition, as noted in the text, discovery of the h→ bb̄ mode at the LHC

will require 30 fb
−1

. Hence the Tevatron results in this channel will be unchallenged until

the end of 2015.

Selecting these most exciting areas of studies, the Tevatron program will continue to

be competitive on the forefront of physics research well beyond 2011.

5 Conclusions

The Tevatron program is still operating at the pinnacle of its performance. The accelera-

tor is delivering luminosity at record levels and the experiment collaborations continue to

make good use of the data – publishing in excess of 100 papers/year and training many

21



We do not know what the
new wave of exploration will find

Look broadly!

Object of initial studies is not merely
to tune PYTHIA parameters

(no physical significance) 



Isn’t “Soft” Particle Production Settled Knowledge?

Diffractive scattering + short-range order

(Not exhaustively studied at Tevatron)

Long-range correlations?

High density of pz = 5 to 10 GeV partons
❀ hot spots, thermalization, . . . ?

Multiple-parton interactions, perhaps correlated
q(qq) in impact-parameter space, . . .

PYTHIA tunes miss 2.36-TeV data (ATLAS & CMS)

Few percent of minimum-bias events (
√

s � 1 TeV)
might display an unusual event structure

We should look! How?

Chris Quigg (FNAL) Learning to See . . . LPC · 6.4.2010 4 / 20



An Informative Event Display

(Avoid pathological attachment to blind analysis!)

y (or η)

px

py

(yn, 0, 0)

(y1, p1x, p1y)

(y1, 0, 0)

(yn, pnx, pny)

•
•

•
•

•
•

•

(unwrapped LEGO plot for particles)

Bjorken, SLAC-PUB-0974 (1971)
Chris Quigg (FNAL) Learning to See . . . LPC · 6.4.2010 5 / 20
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CDF Run II Preliminary   

Local p⊥, Q 
compensation

–1
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CDF Run II Preliminary   

p⊥ imbalance
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CDF Run II Preliminary   

Hot spot?

charge 
separation
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CDF Run II Preliminary   

Hot spot?

Rapidity gap



I would like to see in 2010-2011

Modest dedicated runs at steps in energy
to survey the nature of particle production:

0.9, 2, 3.5, 5, 7 TeV

Lightly triggered

Engineering value, but also
a chance to discover candidate new physics

that might become the object of
dedicated study in the future.



Our Picture of Matter (the revolution just past)

Interactions: SU(3)c ⊗ SU(2)L ⊗ U(1)Y gauge symmetries
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Pointlike (r ≤ 10−18 m) quarks and leptons



Evolution of the strong coupling “constant”
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Different running of U(1)Y, SU(2)L, SU(3)c

gives possibility of coupling constant unification

SU(3)c

SU(2)L

U(1)
60

40

20

0 5 10 15

log10(MSUSY) =

log10 (E[GeV])

1/
α

i

α−1 = 5
3α−1
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2



Can LHC See Change in Evolution?
Sensitive to new colored particles

2.5 3.0 3.5 4.0
log(Q [GeV])

10

11

12

13

14

1/
s

SM: 7/2

MSSM: 3/2

(sharp threshold illustrated) . . . also for sin2
θW

Chris Quigg (FNAL) Potential Discoveries at the LHC LAL, Orsay · 7–13.11.2009 102 / 155



Electroweak Theory

EW Symmetry is hidden; how?
Something like H couples to W, Z

No evidence yet on fermions

WW scattering: something on TeV scale

Weak coupling or strong dynamics?

Does agent that hides EW symmetry
also give masses to fermions?

Could put in masses by hand (temporarily)
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Hierarchy Problem suggests new physics on TeV scale

Desired
output

Scalar
loops

Top
quark
loops

Gauge
boson
loops

Tuned
input
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–0.5

0
0.04 0.209
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–1.84

0.5

1.0
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QuiggFig16.pdf   6/16/09   1:28:48 PM



Dead or Alive?
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Precision Measurements Test the Theory …

LE
P 

EW
W

G

Measurement Fit |Omeas Ofit|/ meas

0 1 2 3

0 1 2 3

had(mZ)(5) 0.02758 ± 0.00035 0.02768
mZ GeVmZ GeV 91.1875  0.0021 91.1874

Z GeVZ GeV 2.4952  0.0023 2.4959

had nb0 41.540  0.037 41.478
RlRl 20.767  0.025 20.742
AfbA0,l 0.01714  0.00095 0.01645
Al(P )Al(P ) 0.1465  0.0032 0.1481
RbRb 0.21629  0.00066 0.21579
RcRc 0.1721  0.0030 0.1723
AfbA0,b 0.0992  0.0016 0.1038
AfbA0,c 0.0707  0.0035 0.0742
AbAb 0.923  0.020 0.935
AcAc 0.670  0.027 0.668
Al(SLD)Al(SLD) 0.1513  0.0021 0.1481
sin2

effsin2 lept(Qfb) 0.2324  0.0012 0.2314
mW GeVmW GeV 80.399  0.023 80.379

W GeVW GeV 2.098  0.048 2.092
mt GeVmt GeV 173.1  1.3 173.2

August 2009



… and determine unknown parameters

201020052000
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… and determine unknown parameters
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Mass of the W Boson (preliminary)

Mt = 171.4#2.1 GeV

linearly added to
  0.02758#0.00035

(5)
had=

Experiment MW   !GeV"
ALEPH 80.440 # 0.051
DELPHI 80.336 # 0.067
L3 80.270 # 0.055
OPAL 80.416 # 0.053

2 / dof  =  49 / 41
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Where the (standard) Higgs boson might be



Normal Inverted

Absolute Neutrino Masses Unknown

KATRIN (3H decay) goal: 0.2 eV 
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Quark family patterns: generations

Veltman: Higgs boson knows something we don’t know!



0

10

20

30

40

50

60

70

80

90

100

1
0
0

9
0

8
0

7
0

6
0

5
0

4
0

3
0

2
0

1
0

0

1
0
0

9
0

8
0

7
0

6
0

5
0

4
0

3
0

2
0

1
0

0

ta
u

m
u

e

Neutrino family patterns (uncertainties)

ν1

ν2
ν3



1

2

35

6

7

8
daughter

!1

!2

1000 µm

1

2
3

4 parent

5

68
daughter

!1

100 µm

6

7
1

4

5
3

2 8 daughter

CS

!1
!2

2m
m

10mm

Figure 1: Display of the τ− candidate event. Top left: view transverse to the neutrino
direction. Top right: same view zoomed on the vertices. Bottom: longitudinal view.
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OPERA νμ ⟶ ντ Candidate



MINOS νμ Oscillations



MiniBooNE Results

28

LSND Region

Neutrinos - 6.5E20 POT

Neutrinos: Excess of electrons (γʼs?) below 475 MeV
No excess in the LSND region

Antineutrinos - 5.66E20 POT

LSND Region

Antineutrinos: Small excess below 475 MeV 
Excess of events (>2σ) in LSND region

R. Van de Water  Nu2010

MiniBooNE Status

Something is not understood: beam? detector response?
nuclear physics? standard model? new ν physics?



Neutrino Questions

Normal or inverted spectrum?
Value of θ13?

Are neutrinos their own antiparticles?
How many mass eigenstates?

Sterile neutrinos?
Electromagnetic properties of neutrinos?

CP violation in neutrino interactions?
Nonstandard neutrino interactions?

Origin of neutrino mass?
More surprises?
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We can trust Nature …

“It is a part of probability that many
improbable things will happen.”

— George Eliot (after Aristotle), Daniel Deronda



J.M. Roney - non-CP Heavy Flavour 14 

! 

Vub  comparisons

Difference is a problem and perhaps should be identified as an 

unattributed uncertainty 

•!work of  multiple experiments, multiple theoretical groups. 

•!exclusive result relies on non-perturbative normalization input 

•!inclusive result uses mb, non-perturbative extrapolations and 

perturbative corrections 

  

! 

B"#!$ (2.95± 0.31) %10-3

b" u!$ (4.37± 0.39) %10-3
& 
' 
( 
2.7)

Latest combined fit to data,lattice 

Inclusive, PDG2010 average: 

UTFit 3.48±0.16 (ICHEP 2008) 

CKMFitter 3.51±0.15
0.16 (Beauty 2009) 

Predictions from 

CKM fits: 

RH currents? Buras/Gemmler/Isidori 1007.1993
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Composition of the Universe



CMB Temperature Spectrum, ca. 2010



Composition Now and Then (WMAP)





SCDM

ΛCDM2 FERMILAB–Pub–04/368–T

parameter through the deceleration parameter,

q ≡ −
1

H2

R̈

R
=

Λ

3H2
−

4πGN

3H2
(ρ + 3p) , (2)

where p is the isotropic pressure. If we define Λ =
4πGNρΛ and introduce the equation of state wi = pi/ρi

for any component of the universe, we can recast the de-
celeration parameter as

q = 1
2

∑

i Ωi(1 + 3wi) = 1
2 (Ωtot + 3

∑

i Ωiwi) . (3)

The equation of state of pressureless matter is wm = 0,
and that of radiation is wr = 1

3 . We see by inspection of
Eq. (2) that wΛ = −1.

The ΛCDM proposal is parsimonious in its introduc-
tion of a single parameter, ΩΛ, but offers no explanation
for the peculiar circumstance that ΩΛ ≈ Ωm at the cur-
rent epoch—and no other—in the history of the universe.
It is interesting to probe the range of interpretations that
reproduce the observed features of the universe.

We investigate here the possibility that the physical
characteristics of the vacuum energy vary with time,
specifically with the number of e-foldings of the scale fac-
tor, with an equation of state

wv(a) = − cos(ln a) (4)

that matches the inference that wv0 ≈ −1 in the current
universe.3 We assign the vacuum energy a weight Ωv0 =
0.7, in line with observations, and take Ωm0 = 0.3 and
Ωr0 = 4.63 × 10−5. The present-day expansion rate is
H0 = 100 h km s−1 Mpc−1, with h = 0.71+0.04

−0.03 [17].
Because over one period the equation of state (4) aver-

ages to zero (the equation of state of pressureless matter),
the cosmic coincidence problem is resolved. We plot in
Figure 1 the normalized energy densities of matter, ra-
diation, and vacuum energy as functions of the scale pa-
rameter a. These are given in terms of the normalized
densities now as ρm/ρc0 = Ωm0/a3, ρr/ρc0 = Ωr0/a4,
and ρv/ρc0 = g(a)Ωv0/a3, where

g(a) = e
3
∫

1

a

da′ w(a′)/a′

= e3 sin(ln a) . (5)

Looking back in time to the epoch of big-bang nucle-
osynthesis at a ≈ 10−10, and forward to a = 10+10, we
see that the vacuum energy density crosses the matter
density every π e-foldings of the scale factor. These reg-
ular crossings stand in sharp contrast to the ΛCDM cos-
mology, in which Λv ≈ Λm only in the current epoch.
Periodically dominant dark energy is in the spirit of
Refs. [18, 19].

3 Equations of state involving cos(ln a) have been explored, to a
different end, in Ref. [16].

FIG. 1: Lower panel: Evolution of the matter (thin cyan),
radiation (magenta, steepest line), and vacuum (thick blue)
energy densities in the undulant universe, normalized to the
critical density ρi/ρc0, versus the scale factor a(t). Upper
panel: Equation of state, Eqn. (4), of the undulant vacuum.

The Hubble parameter is now given by

H(a) = H0

√

Ωm

a3
+

g(a)Ωv

a3
+

Ωr

a4
, (6)

and the current age of the universe, t0 =
∫ 1
0 da/H(a)a, is

13.04 Gyr, to be compared with 13.46 Gyr in the ΛCDM
model. Both values are in good agreement with the age of
(12.9 ± 2.9) Gyr inferred from globular clusters [20]. By
calculating the time to reach a given scale factor, we can
determine the history and future of the universe. During
the radiation dominated era, which corresponds to a <

∼
10−5, a(t) ∝ t1/2; when matter dominates, a(t) ∝ t2/3.

We show the results for three cosmologies in Figure 2.
The dashed (red) line corresponds to the “standard cold
dark matter” (SCDM) cosmology that was canonical be-
fore the discovery of the accelerating universe. The thin
solid (black) line shows the ΛCDM cosmology, in which
the present epoch marks the beginning of a final infla-
tionary period that leads to an empty universe in which
matter is a negligible component. The heavy (blue) line
shows the prediction of Eqn. (4). In the recent past, the
periodic equation of state matches the behavior of the
ΛCDM cosmology, but in the future it undulates about
the SCDM prediction.

The expansion of the undulant universe is character-
ized by alternating periods of acceleration and deceler-
ation shown by the deceleration parameter in Figure 3.
For scale factors a between 0.1 and 1, the periodic equa-

Accelerating expansion has remarkable implications



a ∝ t1/2

a ∝ t2/3

SCDM

ΛCDM

Accelerating expansion has remarkable implications
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Wouldn’t it be wonderful …
to study dark energy over a range in redshifts

E-ELT Proposal to measure dz/dt



Dark Matter

We know it is there (almost certainly)
We begin to know where it is

We know what it is not
We don’t know how many species

Passive detection· Indirect detection· Colliders

Is there a signal?
If yes, is it background?

If no, prove you are sensitive.



COSMOS
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Exclusion limit

15

Sensitivity ! CDMS
Increasing tension with DAMA
Do not see evidence for low mass seen by CoGeNT

Nuclear recoil 
region

* 50% nuclear recoil 

11 days preliminary run (not blind)
Very few events in fiducial region
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ΛCDM is not a coherent theoretical framework,
but a collection of ideas and inventions.

Not (yet) principle-based.

Remain skeptical
Test foundations

Look for deviations
and more coherent ideas.



“Conventional” Astrophysics: Black Hole at Galactic Center
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Th. S. Bauer (Nikhef) – GW  – Blois XXII 

possible sources : 

•!    Supernova ; 

•!    coalescence of binary compact system ; 

•!    other burst sources  (e.g. magnetars) ; 

•!    fast spinning deformed neutron stars ; 

< 10 - 20 

< 10 - 18 

< 10 - 27 

  some sources are rare :  

         Supernovae:  ! 1/(  100 y * galaxy) 

         coalescence:  ! 1/(1000 y * galaxy) 

   ?? 

cw 

 = "L / L  

(galactic) 

LIGO/VIRGO Gravity Waves



Th. S. Bauer (Nikhef) – GW  – Blois XXII 

Results :  “GRB 070201 Event” 

•! Intense short (0.15 s) hard GRB; 

•! seen by 5 satellites 

•! position coincides with M31 (0.8 Mpc); 

•! only 2 detectors (LIGO) online  

•! analyze 3 minutes around trigger; 

•! understand background (few hrs 

around event) 

•! take mass and orbital possibilities 

into account 

LIGO Analysis 

In our future? Gravitational waves
as diagnostics for astrophysical phenomena

GRB070201





The way we are living,
timorous or bold,

will have been our life.

— Seamus Heaney
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Un très grand merci …

à tous les participants,

aux gentils organisateurs,

à nos amies sauvetrices du secretariat,

au personnel du Château de Blois,

à Kim et Van

À très bientôt !

Special thanks to Liz Simmons & Boris Kayser


