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LHC Performance

15 July : switch to |13 bunch operation, 9x10'° protons/bunch
8 colliding pairs for ATLAS, CMS and LHCb.
Stored energy : 660 kJ.
Peak luminosity : 1.6x103° cm=2s~! for fill 1233 on Sunday.

Longest fill : 19 hours.
Timeseries Chart hetween 2010.07-18 10:00:00 and 2010-07-19 08:00:00 (LOCAL_TIME)
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Bunch trains coming in August
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LHC 2010 RUN (3.5 TeV/beam) LHC 2010 RUN (3.5 TeV/beam)
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ALICE: Charged Mu|tlp|ICIt)'
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(a) CMSVs = 0.9TeV (b) CMSVs = 2.36TeV (¢) CMS\s = 7TeV

PYTHIA cluster size too small



anti-k) jets, R=0.4
_[ L di=17 nb", Vs=7 TeV
| systematic Uncertainties
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begin to confront D@ surprise at 100 pb~!

LHCb Preliminary KK LHCb MC
EVT: 49700980 ‘ @ 1 fb'1/

RUN: 70684

-0.04-0.03-0.02-0.01 O 0.01 .
asl




CTEQ6L1: gg Parton Luminosities
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Ratio to Tevatron

CTEQ6L1: ud Parton Luminosities
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Ratio to 2 TeV

CTEQOL1: qq

qq — jets
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Ratio to 14 TeV

CTEQ6L1: gg Parton Luminosities

10

/ TeV requires 6% L as |4 TeV
Bl |0 TeV requires 2.3 L as 14 TeV
) “‘
1074

1072

V5 [TeV]

gg — tt

R.9
R2
R4
R6
R7
R10




Ratio to 14 TeV

CTEQ6L1: ud Parton Luminosities
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Prospects for early discoveries

(exceed Tevatron reach at few hundred pb~')

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



Possible Evolution of LHC Luminosity
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Collider Run Il Integrated Luminosity
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DO Elastic Scattering

DJ Run Il Preliminary, L=30 nb’

—— DO (1.96 TeV)
— UA4 (0.546 TeV)

1294
tl (GeV?)




DO t’ Search

DO Run Il preliminary 4.3 fb”

> 296 GeV,95% CL
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Signal Fraction

CDF Z’ Search (dimuons)

CDF Run II Preliminary, 4.6 fb
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July 2010 (* preliminary)

—_————
CDF-I dilepton 167.4 £11.4 (+103+4.9)

—_—————
D@-| dilepton 168.4 £12.8 (+12.3+3.6)

—— OMy = +10 Om;

CDF-II dilepton * 170.6 £ 3.8 (t22+3.1)

- =
D@-II dilepton * 174.7 £ 3.8 (z2¢

l—l_._l— t
CDF-I lepton+jets 176.1+ 7.4 (5.1+53) BUt Wh at IS
: —y—
D@-| lepton+jets 180.1£ 5.3 (+39+3.8) m eas u red 7

CDF-Il lepton+jets * 173.0+1.2 zo6£1.1)

-9
D@-II lepton+jets * 173.7 £ 1.8 (zos8+1.6)

*
CDF-I alljets 186.0 +£11.5 (+10.0+5.7)

CDF-II alljets 174.8+ 25 (+1.7+1.9)
CDF-Il track 175.3+ 6.9 (+6.2+3.0)
Tevatron combination * 173.3+ 1.1 (t06+0.09)

{+ stat + systl

¥Z/dof = 6.1/10 (81%)

160 170 180 190
My, (GeV/c?)




Tevatron Running beyond 201 |?

+3 years = |6 fb~' at 2 TeV

Physics Advisory Committee Meets 27 August
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Produced number of events

10

10

10

10

10

10

10

10

10

10

10

Tevatron (16fb  @2TeV) vs LHC (1fb '@7TeV)

7 ,
L2 H120 o Z(TeV)
a 1200 t(s) ©
ZH W'H 8 o ; 5
e H180 :
0 o o 92
MCFM




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

o (Not exhaustively studied at Tevatron)
o Long-range correlations?

o High density of p, =5 to 10 GeV partons
~» hot spots, thermalization, ...7

o Multiple-parton interactions, perhaps correlated
g(qgq) in impact-parameter space, ...

o 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?



An Informative Event Display

(Avoid pathological attachment to blind analysis!)

(yn7pnx7pny)
y (or n)

(yla 07 O)

(yl y Plas ply)

(unwrapped LEGO plot for particles)
Bjorken, SLAC-PUB-0974 (1971)
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| would like to see in 2010-201 |

Modest dedicated runs at steps in energy

to survey the nature of particle production:
0.9,2,3.5,5 7TeV

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)

Pointlike (r < 107'® m) and

Interactions: SU(3). ® SU(2). ® U(1)y gauge symmetries






logio(Msusy) = 19.00




Can LHC See Change in Evolution?

Sensitive to new colored particles

SM: 7/21t
13 -
g2 S T -
11 —
10
2.5 3.0 3.5 4.0

log(Q [GeV])
(sharp threshold illustrated) .. also for sin® Oy



Electroweak Theory

EW Symmetry is hidden; how?
Something like H couples toW, Z
No evidence yet on fermions
WWV 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)



Electroweak theory unlikely to be complete

Higgs interactions vanish

quantum
_ corrections
disfavor

excluded by direct searches

mectroweak symmetry not hidden

O | | | | | | | | | | | | | | |
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Desired Scalar
output loops

0.04




Dead or Alive!?

Unstable

Metastable




Precision Measurements Test the Theory ...

Measurement Fit  IQ™Meas_Qft|gmeas

0.02758 + 0.00035 0.02768
91.1875 £ 0.0021 91.1874
2.4952 + 0.0023  2.4959
41.540 = 0.037 41.478
20.767 = 0.025 20.742
0.01714 = 0.00095 0.01645

0.21629 + 0.00066 0.21579
01720 = 0:0030% RO 1723

0.0992 = 0.0016  0.1038

0.0707 = 0.0035  0.0742

0.923 = 0.020 0.935

0.670 = 0.027 0.668

A(SLD) 0.1513 £ 0.0021  0.1481

m, [GeV] 80.399+0.023  80.379
I, [GeV] 2.098 = 0.048 2.092
m, [GeV] A 1732

LEP EWWG

August 2009




... and determine unknown parameters

24946 = 2.7 MeV
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m , = 60 — 1000 GeV
4=0.123 = 0.006
.......
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... and determine unknown parameters

Y

Standard decay modes

1-- Indirect lower bound

80.376 + 0.033

5
Aafna)f
0.02758+0.00035
linearly added to

M, = 171.422.1 GeV

T
M,, [GeV]

2005




Where the (standard) Higgs boson might be

|III

€0 %50
|

Theory uncertainty
—— Fit including theory errors
---- Fit excluding theory errors
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O charged leptons
A up quarks
¥V down quarks
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Veltman: Higgs boson knows something we don’t know!






OPERA Vp —s V1 Candidate
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Neutrinos - 6.5E20 POT Antineutrinos - 5.66E20 POT

0.6 E ™~ Data (stat err.)
gl /) v, fromu*”
/] v, from K;"
_ /) v, from K
P LSND Region ° misid
r ) a—> Ny
0.4 B dirt
3 3 other

Constr. Syst. Error

Events / MeV
Events/MeV

0.3

0.2

=

08 1 12 1415 3.
2 : : : : { [ 4 1.4 3.0
ECE (GeV) EJ" (GeV)

Neutrinos: Excess of electrons (y’s?) below 475 MeV
No excess in the LSND region
Antineutrinos: Small excess below 475 MeV
Excess of events (>20) in LSND region

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




Neutrino Questions

Normal or inverted spectrum?

Value of 0,3?

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!?



We can trust Nature ...

“It is a part of probability that many

improbable things will happen.”
— George Eliot (after Aristotle), Daniel Deronda

Susan Kayser



V.| comparisons

Latest combined fit to data,lattice B — sr/v  (2.95+0.31) %10 ”
2710

Inclusive, PDG2010 average: b—=ulv (4.37x0.39)x 10~ )

Difference 1s 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 iput

inclusive result uses m,, non-perturbative extrapolations and
perturbative corrections

Predictions from
CKM fits: UTFit 3.48+0.16 (ICHEP 2008)
CKMFitter 3.5110-15, (Beauty 2009)




@ CP Violation clearly
established,
consistent with SM
(some ,tensions®) =

@ Significant constraint
on the apex of the
unitarity triangle, but .
statistics limited R | 5

- IIII|II[I|IIII|I[II|III1|IIEI|IIII

® Need more precision to look for (or establish) New Physics
@ Full data sample of Belle (770 M BB events) being analysed
@ Next big steps: LHCDb (hopefully soon), SuperB Factories (2014)

Super-Belle funded, look for beam April |,2014!

C. Kiesling, 22nd Rencontres de Blois, Chateau de Blois, July 16-20, 2010 34



Supernova Cosmology Project
Kowalski, et al., Ap.J. (2008)

Union 08
SN Ia
compilation




CMB Temperature Spectrum, ca. 2010

WMAP 7yr § -
ACBAR %
QuUaD %

Fs

100 500 1000 1500 2000
Multipole Moment (/)




Neutrinos
10%

Photons
15%

Atoms

12%
13.7 BILLION YEARS AGO

(Universe 380,000 years old)




lanck one-year all-sky suruey Eecsa (c) ESA, HFI and LFI consortia,
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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.
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ACDM 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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LIGO/VIRGO Gravity VWaves
possible sources :

* Supernova; <10 -20
* coalescence of binary compact system ; <10-18

* other burst sources (e.g. magnetars) ; 29

* fast spinning deformed neutron stars ; < [U S

SOMeE SOUrces are rare :
Supernovae: = 1/( 100 y * galaxy)
coalescence: = 1/(1000 y * galaxy)

|| =5L/L




In our future! Gravitational waves
as diagnostics for astrophysical phenomena

43"

GRB07020

00"44" 00"40" 00"38"
RA (2000)



Perspective axonometrique sur le site
Axonometric view on the site

studioMilou architecture

Centre International de Rencontre Scientifique Interdisciplinaire
International Centre for Interdisciplinary Science Education

QUI NHON - VIETNAM

Jully 2010




The way we are living,
timorous or bold,
will have been our life.




Un tres grand merci ...
a tous les participants,
aux gentils organisateurs,
a nos amies sauvetrices du secretariat,
au personnel du Chateau de Blois,

a Kim etVan

A trés bientét !

Special thanks to Liz Simmons & Boris Kayser
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