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Moscow

• Fouded: 1147
• Inhabitants: 10.5 Mpersons
• Area: 1,081 km2

• Population-density: 9,722 prs/ m2

• Moscow-Wolga-Channel: 128 km
• Highway-ring: 109 km
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Definition

ITEP := Institute for Theoretical and Experimental Physics

„A multiprofile center for research and education“ (Homepage):
• theoretical physics
• mathematical physics
• astrophysics (cosmology)
• neutrino physics
• high energy physics
• nuclear physics
• plasma physics
• solid-state physics
• nanotechnologies
• reactor and accelerator technologies
• medical physics
• computer science
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Definition

• 1973: first school (for Russians)
• 1994: first international school
• 1998: Moscow Government became a General Sponsor of the School
• Since 2006: Proceedings are published by "Yadernaya Fizika" 

("Physics of Atomic Nuclei"). 

� ITEP School 2010 = 13th International Moscow School of Physics
= 38th ITEP Winter School of Physics

Main topics of the School are:
• Flavor physics
• Perturbative and non-perturbative QCD 
• Beyond the SM
• Physics at LHC and ILC 
• Neutrino physics
• Cosmology and Astrophysics

� School language: English
� ca. 80 Russians and 20 internationals 
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Program

BlinnikovHewettSat., 20

studentsRubakovBlinnikovMizyukSki-eventHewettFri., 19

bonfirestudentsRubakovMizyukKistenevHewettThu., 18

concertRubakovHewettZakharovZakharovLindnerWed., 17

studentsZakharovLindnerLindnerRubakovPakhlovTue., 16

TipuninCostantiniLindnerPakhlovPakhlovTitovMon., 15

TipuninCostantiniTitovTitovGolutvinFroidevauxSun., 14

GolutvinGolutvinFroidevauxSat., 13

21.00 –

22.00

18.15 –19.1517.00 –18.0015.30 –

16.30

10.30 –

11.30

9.00 –
10.00

Theorists say, there had been too many experimental lectures…
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Lecturers

Heide Costantini
(INFN Geneve)

Sergei Bilinnikov
(ITEP, IPMU)

Joanne Hewett
(SLAC)

Andrei Golutvin
(ITEP,LHCb
spokesman)

Daniel Froidevaux
(CERN, ATLAS)

Manfred Lindner
(MPI)

P. Pakhlov
(ITEP)

Valerii A.
Rubakov

Maxim Titov
(Tevatron)

Tipunin
ZakharovRoman Mizyuk

Kistenev
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BSM

J. Hewett – SLAC



Global Flavor SymmetriesGlobal Flavor SymmetriesGlobal Flavor SymmetriesGlobal Flavor Symmetries
SM matter SM matter SM matter SM matter secretlysecretlysecretlysecretly has a large symmetry:has a large symmetry:has a large symmetry:has a large symmetry:

Q1

u1
d1
L1
e1
.
. 2
.
. 3

U(45)U(45)U(45)U(45) Rotate 45 fermions into Rotate 45 fermions into Rotate 45 fermions into Rotate 45 fermions into 
each othereach othereach othereach other

U(3)U(3)U(3)U(3)QQQQ x U(3)x U(3)x U(3)x U(3)uuuu x U(3)x U(3)x U(3)x U(3)dddd x U(3)x U(3)x U(3)x U(3)LLLL x U(3)x U(3)x U(3)x U(3)eeee

U(1)U(1)U(1)U(1)BBBB
Baryon NumberBaryon NumberBaryon NumberBaryon Number

U(1)U(1)U(1)U(1)eeee x U(1)x U(1)x U(1)x U(1)µµµµ x U(1)x U(1)x U(1)x U(1)ττττ

Explicitly broken by gauging 3x2x1Explicitly broken by gauging 3x2x1Explicitly broken by gauging 3x2x1Explicitly broken by gauging 3x2x1
Rotate among Rotate among Rotate among Rotate among 
generationsgenerationsgenerationsgenerations

Explicitly Explicitly Explicitly Explicitly 
broken by broken by broken by broken by 
quark quark quark quark YukawasYukawasYukawasYukawas
+ CKM+ CKM+ CKM+ CKM

Explicitly broken by Explicitly broken by Explicitly broken by Explicitly broken by 
charged lepton charged lepton charged lepton charged lepton 
YukawasYukawasYukawasYukawas

U(1)U(1)U(1)U(1)L              L              L              L              ((((DiracDiracDiracDirac))))

(or nothing)     (or nothing)     (or nothing)     (or nothing)     ((((MajoranaMajoranaMajoranaMajorana))))

Explicitly broken Explicitly broken Explicitly broken Explicitly broken 
by neutrino by neutrino by neutrino by neutrino 
massesmassesmassesmasses

Lepton Lepton Lepton Lepton 
NumberNumberNumberNumber



Grand UnificationGrand UnificationGrand UnificationGrand Unification

16

Gauge coupling unification indicates forces arise fromGauge coupling unification indicates forces arise fromGauge coupling unification indicates forces arise fromGauge coupling unification indicates forces arise from
single entitysingle entitysingle entitysingle entity



SupersymmetrySupersymmetrySupersymmetrySupersymmetry:  Recap:  Recap:  Recap:  Recap

•Symmetry between fermions and bosonsSymmetry between fermions and bosonsSymmetry between fermions and bosonsSymmetry between fermions and bosons
•Predicts that every particle has a Predicts that every particle has a Predicts that every particle has a Predicts that every particle has a superpartnersuperpartnersuperpartnersuperpartner ofofofof
equal massequal massequal massequal mass ( ( ( ( ⇒⇒⇒⇒ SUSY is broken: many competing models!)SUSY is broken: many competing models!)SUSY is broken: many competing models!)SUSY is broken: many competing models!)

•Suppresses quantum effectsSuppresses quantum effectsSuppresses quantum effectsSuppresses quantum effects
•Can make quantum mechanics consistent withCan make quantum mechanics consistent withCan make quantum mechanics consistent withCan make quantum mechanics consistent with
gravity gravity gravity gravity (with other ingredients)(with other ingredients)(with other ingredients)(with other ingredients)



MMMMinimal inimal inimal inimal SSSSupersymmetricupersymmetricupersymmetricupersymmetric SSSStandard tandard tandard tandard MMMModelodelodelodel

Conserved multiplicative quantum number Conserved multiplicative quantum number Conserved multiplicative quantum number Conserved multiplicative quantum number (R(R(R(R----parity)parity)parity)parity)
•SuperpartnersSuperpartnersSuperpartnersSuperpartners are produced in pairsare produced in pairsare produced in pairsare produced in pairs
•Heavier Heavier Heavier Heavier SuperpartnersSuperpartnersSuperpartnersSuperpartners decay to the Lightestdecay to the Lightestdecay to the Lightestdecay to the Lightest
•Lightest Lightest Lightest Lightest SuperpartnerSuperpartnerSuperpartnerSuperpartner is stableis stableis stableis stable

ColliderColliderColliderCollider signatures dependent on this assumptionsignatures dependent on this assumptionsignatures dependent on this assumptionsignatures dependent on this assumption
and on model of SUSY breakingand on model of SUSY breakingand on model of SUSY breakingand on model of SUSY breaking



SUSY BreakingSUSY BreakingSUSY BreakingSUSY Breaking

SUSY is not an exact symmetrySUSY is not an exact symmetrySUSY is not an exact symmetrySUSY is not an exact symmetry

We donWe donWe donWe don’’’’t know how SUSY is broken, but SUSY breaking t know how SUSY is broken, but SUSY breaking t know how SUSY is broken, but SUSY breaking t know how SUSY is broken, but SUSY breaking 
effects can be parameterized in the effects can be parameterized in the effects can be parameterized in the effects can be parameterized in the LagrangianLagrangianLagrangianLagrangian



Gravity Mediated SUSY Breaking Gravity Mediated SUSY Breaking Gravity Mediated SUSY Breaking Gravity Mediated SUSY Breaking 
((((mSUGRAmSUGRAmSUGRAmSUGRA))))



LHC LHC LHC LHC mSUGRAmSUGRAmSUGRAmSUGRA Discovery Reach (14 Discovery Reach (14 Discovery Reach (14 Discovery Reach (14 
TeVTeVTeVTeV))))



The ATLAS SUSY analyses: The ATLAS SUSY analyses: The ATLAS SUSY analyses: The ATLAS SUSY analyses: 

• 2,3,42,3,42,3,42,3,4----jet +METjet +METjet +METjet +MET

• 1l, 1l, 1l, 1l, ≥4444----jet +MET jet +MET jet +MET jet +MET 

• Same Sign Same Sign Same Sign Same Sign DiDiDiDi----Lepton Lepton Lepton Lepton     

• Opposite Sign Opposite Sign Opposite Sign Opposite Sign DiDiDiDi----Lepton Lepton Lepton Lepton 

• TrileptonsTrileptonsTrileptonsTrileptons + (0,1)+ (0,1)+ (0,1)+ (0,1)----j +METj +METj +METj +MET

• ττττ ++++≥ 4j +MET 4j +MET 4j +MET 4j +MET 

• ≥4j w/  4j w/  4j w/  4j w/  ≥ 2btags + MET2btags + MET2btags + MET2btags + MET

• Stable particle searchStable particle searchStable particle searchStable particle search



Some Results From 70k Some Results From 70k Some Results From 70k Some Results From 70k pMSSMpMSSMpMSSMpMSSM ModelsModelsModelsModels

* * * * 

* * * * ττττ ID & reconstruction in PGS is a bit too optimistic & needs to bID & reconstruction in PGS is a bit too optimistic & needs to bID & reconstruction in PGS is a bit too optimistic & needs to bID & reconstruction in PGS is a bit too optimistic & needs to be e e e 

reaccessedreaccessedreaccessedreaccessed Conley, Gainer, JLH, Le, Rizzo In progressConley, Gainer, JLH, Le, Rizzo In progressConley, Gainer, JLH, Le, Rizzo In progressConley, Gainer, JLH, Le, Rizzo In progress



ILC Studies ILC Studies ILC Studies ILC Studies superpartnerssuperpartnerssuperpartnerssuperpartners individually via individually via individually via individually via eeee++++eeee----→→→→ SSSSSSSS

DeterminesDeterminesDeterminesDetermines
•Quantum numbers (spin!)Quantum numbers (spin!)Quantum numbers (spin!)Quantum numbers (spin!)
•SupersymmetricSupersymmetricSupersymmetricSupersymmetric relation relation relation relation 
of couplingsof couplingsof couplingsof couplings

γγγγ

= e= e= e= e
γγγγ~~~~

~~~~ = 2e= 2e= 2e= 2e

----

Proof that it Proof that it Proof that it Proof that it ISISISIS
SupersymmetrySupersymmetrySupersymmetrySupersymmetry!!!!

SupersymmetrySupersymmetrySupersymmetrySupersymmetry at the ILCat the ILCat the ILCat the ILC

MMMM1111 ((((GeVGeVGeVGeV))))
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SelectronSelectronSelectronSelectron pair productionpair productionpair productionpair production

2% accuracy in 2% accuracy in 2% accuracy in 2% accuracy in 
determination of determination of determination of determination of 
SupersymmetricSupersymmetricSupersymmetricSupersymmetric
coupling strengthcoupling strengthcoupling strengthcoupling strength



• Parameter determination
• DM candidates (WIMPs)
• ILC + LHC



Relic Density DeterminationsRelic Density DeterminationsRelic Density DeterminationsRelic Density Determinations



SupersymmetrySupersymmetrySupersymmetrySupersymmetry SummarySummarySummarySummary

• SUSY solves many questions:SUSY solves many questions:SUSY solves many questions:SUSY solves many questions:

– Gauge hierarchyGauge hierarchyGauge hierarchyGauge hierarchy

– EWSBEWSBEWSBEWSB

– Gauge coupling unificationGauge coupling unificationGauge coupling unificationGauge coupling unification

– Dark Matter candidateDark Matter candidateDark Matter candidateDark Matter candidate

• SUSY has some issues:SUSY has some issues:SUSY has some issues:SUSY has some issues:

– 120 free parameters120 free parameters120 free parameters120 free parameters

– In most natural case, we would have discovered it alreadyIn most natural case, we would have discovered it alreadyIn most natural case, we would have discovered it alreadyIn most natural case, we would have discovered it already

– Has problems fitting indirect DM search data (PAMELA, Has problems fitting indirect DM search data (PAMELA, Has problems fitting indirect DM search data (PAMELA, Has problems fitting indirect DM search data (PAMELA, 
Fermi)Fermi)Fermi)Fermi)

• LHC will tell us if SUSY is relevant to the weak scale LHC will tell us if SUSY is relevant to the weak scale LHC will tell us if SUSY is relevant to the weak scale LHC will tell us if SUSY is relevant to the weak scale 
or not! (If the signal isnor not! (If the signal isnor not! (If the signal isnor not! (If the signal isn’’’’t missedt missedt missedt missed………….).).).)



Extra Dimensions TaxonomyExtra Dimensions TaxonomyExtra Dimensions TaxonomyExtra Dimensions Taxonomy

LargeLargeLargeLarge TeVTeVTeVTeV SmallSmallSmallSmall

FlatFlatFlatFlat CurvedCurvedCurvedCurved

UEDsUEDsUEDsUEDs RS ModelsRS ModelsRS ModelsRS Models GUT ModelsGUT ModelsGUT ModelsGUT ModelsADD ModelsADD ModelsADD ModelsADD Models



Extra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualize

3333----dimensional shadow of a rotating hypercubedimensional shadow of a rotating hypercubedimensional shadow of a rotating hypercubedimensional shadow of a rotating hypercube

2222----dimensional shadow of a dimensional shadow of a dimensional shadow of a dimensional shadow of a 
rotating cuberotating cuberotating cuberotating cube

•One picture:  shadows of higher dimensionalOne picture:  shadows of higher dimensionalOne picture:  shadows of higher dimensionalOne picture:  shadows of higher dimensional
objectsobjectsobjectsobjects



Extra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualizeExtra dimensions can be difficult to visualize

• Another picture:Another picture:Another picture:Another picture: extra dimensions are too smallextra dimensions are too smallextra dimensions are too smallextra dimensions are too small

for us to observe  for us to observe  for us to observe  for us to observe  ⇒⇒⇒⇒ they arethey arethey arethey are

‘‘‘‘curled upcurled upcurled upcurled up’’’’ and compactand compactand compactand compact

The tightrope walker only The tightrope walker only The tightrope walker only The tightrope walker only 
sees one dimension:  back sees one dimension:  back sees one dimension:  back sees one dimension:  back 
& forth.& forth.& forth.& forth.

The ants see two The ants see two The ants see two The ants see two 
dimensions:  back & forth dimensions:  back & forth dimensions:  back & forth dimensions:  back & forth 
and around the circleand around the circleand around the circleand around the circle



The The The The BraneworldBraneworldBraneworldBraneworld ScenarioScenarioScenarioScenario

• Yet another pictureYet another pictureYet another pictureYet another picture

• We are trapped on a We are trapped on a We are trapped on a We are trapped on a 
3333----dimensional spatialdimensional spatialdimensional spatialdimensional spatial
membrane and cannot movemembrane and cannot movemembrane and cannot movemembrane and cannot move
in the extra dimensionsin the extra dimensionsin the extra dimensionsin the extra dimensions

• Gravity spreads out andGravity spreads out andGravity spreads out andGravity spreads out and
moves in the extra spacemoves in the extra spacemoves in the extra spacemoves in the extra space

• The extra dimensions canThe extra dimensions canThe extra dimensions canThe extra dimensions can
be either very small orbe either very small orbe either very small orbe either very small or
very largevery largevery largevery large



What are extra dimensions good for?What are extra dimensions good for?What are extra dimensions good for?What are extra dimensions good for?

• Can unify the forcesCan unify the forcesCan unify the forcesCan unify the forces

• Can explain why gravity is weak (solve hierarchy Can explain why gravity is weak (solve hierarchy Can explain why gravity is weak (solve hierarchy Can explain why gravity is weak (solve hierarchy 
problem)problem)problem)problem)

• Can break the electroweak forceCan break the electroweak forceCan break the electroweak forceCan break the electroweak force

• Contain Dark Matter Candidates Contain Dark Matter Candidates Contain Dark Matter Candidates Contain Dark Matter Candidates 

• Can generate neutrino massesCan generate neutrino massesCan generate neutrino massesCan generate neutrino masses

……………………

Extra dimensions can do everything SUSY can do!Extra dimensions can do everything SUSY can do!Extra dimensions can do everything SUSY can do!Extra dimensions can do everything SUSY can do!



• Kaluza-Klein model
• Large extra dimensions
• Searches for extra dimensions
• Linearized quantum gravity
• Graviton emission at LHC
• Black hole formation factor at LHC
• Several higgs scenarios
• …..

Most likely scenario @ LHC �





Cosmological distance ladder





Friedmann-Robertson-Walker



Wikipedioa:

“Die Friedmann-Gleichungen beschreiben theoretisch die 

Entwicklung des Universums. Konkreter machen sie je nach

Energiegehalt des Universums Voraussagen über dessen

Expansion oder Kontraktion.“







S  M
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Other issues

• Lots of models about universe development
• Cosmological parameters
• Thermodynamic considerations
• Spectral classification
• Evolution of stars (HRD � knee…)



Neutrino Telescopes
Heide Costantini

INFN-Genova (Italy) 

Lecture 1    

Scientific motivation

Detection principles of neutrino telescopes

The ANTARES detector as an example project

Lecture 2
The ANTARES detector operation

Existing results
Other neutrino telescope projects (Baikal, IceCube)

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 



The Cosmic Ray (CR) Spectrum

Spectrum: E-2.7

At almost all energies

More than 10 orders of magnitude

The CR 

sources are 

still unkown

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 

Satellites

Air shower Arrays



Potential neutrino sources

GALACTIC

Pulsars

Microquasars

EXTRAGALACTIC

GRBs

AGNs

Supernova remnants

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 



Neutrino Interactions in Matter
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Astronomic sources and universe transparent to neutrinos
Earth transparent up to 100 TeV

Need massive detector

Probability of interaction ~ 10-5 / km water at 100 TeV

Interaction length of neutrinos vs energy 

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 



ANTARES: the detector• 12 lines of 75 PMTs

• 25 storeys / line

• 3 PMTs / storey
• 900 PMTs

60 m

350 m

100 m

14 m

Submarine links

Junction
Box

40 km to
shore

Anchor/line socket

Completed in 2008

Buoy
Storey

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 



Bioluminescence + 40K

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 

Cold winter…



Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 



Conclusions

• Neutrinos are extremely interesting probes to detect cosmic sources in the faraway 

Universe

•Recent developments in constructing neutrino telescopes in Ice and Water have 

demonstrated the feasibility of those instruments

•A lot of exciting physics analysis is ahead: point source searches, multi-messenger 

astronomy….

Heide Costantini –INFN Genova 38th ITEP WINTER SCHOOL 

Confession that one cannot win a flower pot with Antares…



Lecture 1
• Introduction to ATLAS/CMS experiments at the LHC: 

historical perspective and physics goals
• Experimental environment and main design choices

• Lecture 2
• Expected performances of ATLAS and CMS detectors

• Lecture 3
• Experience collected with cosmics (2008-2009), first 

data with collisions (end 2009) and expectations for 
early physics



Key Questions of Particle Physics

• origin of mass/matter or
origin of electroweak symmetry breaking 

• unification of forces

• fundamental symmetry of forces and matter

• unification of quantum physics 
and general relativity 

• number of space/time dimensions 

• what is dark matter 

• what is dark energy



•LEP

Natural Width     0.01          1        10            100   GeV

•

At the LHC the search for the SM Higgs boson provides 
an excellent benchmark for detector performance

LEP200: mH > 114.4 GeV

Physics Requirements



ATLAS/CMS: from design to reality

• Active sensors and mechanics account each only for ~ 10% of material budget

• Need to bring 70 kW power into tracker and to remove similar amount of heat

• Very distributed set of heat sources and power-hungry electronics inside volume: 

this has led to complex layout of services, most of which were not at all understood 

at the time of the TDRs

Amount of material in ATLAS and CMS inner trackers

LEP 

detectors

Weight: 4.5 tons Weight: 3.7 tons



ATLAS/CMS: from design to reality

Performance of CMS tracker is undoubtedly superior to that of ATLAS in terms 

of momentum resolution. Vertexing and b-tagging performances are similar.

However, impact of material and B-field already visible on efficiencies.



ATLAS/CMS: from design to reality
Actual performance expected in real detector quite different!!

Photons at 100 GeV

ATLAS: 1-1.5% 

energy resol. (all γγγγ)

CMS: 0.8% 

energy resol. 

(εεεεγγγγ ~ 70%)

Electrons at 50 GeV

ATLAS: 1.5-2.5% 

energy resol. 

(use EM calo only)

CMS: ~ 2.0%  

energy resol. 

(combine EM calo

and tracker)

ATLAS

ATLAS

All γγγγ



ATLAS/CMS: from design to reality

Huge effort in test-beams to measure performance of overall 

calorimetry with single particles and tune MC tools: not completed!



ATLAS/CMS: from design to reality

CMS muon performance driven by tracker: better than ATLAS at ηηηη ~ 0

ATLAS muon stand-alone performance excellent over whole ηηηη range

2(+4)



First top quarks seen outside Fermilab:

top-pair cross-section through semileptonic channel
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Student Sessions



Matthias Stein – Weighting Method for CMS-HCAL Upgrade22.03.2010 65Matthias Stein – Summary of ITEP Winter School 65

Skiing
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Bonfire
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Curiosities

• The way they spread the food…
� “Take what you get!”
� “Survival of the fittest!”

• The modern technique…

• Strange opening hours 
of the swimming pool
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Sights
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Two Major

accomplishments 
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My Diploma…
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My Diploma…
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My Doctor’s Degree…
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We had a good time…


