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Цифры

36 профессоров и 136 молодых участников из 28 стран

из них 50 – Россия, 20 – Италия, 18 – Украина

32 лекции, 47 докладов, 18 постеров

50% теория 50% эксперимент
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Тематика: вопросы к обсуждению

1. Flavour mixing: quarks vs leptons? where is fundamental explanation?

2. Bound states: where are instantons? do elementary particles with higher
spin exists? why there is no fundamental bosons in the same mass range like

fermions?

3. Symmetry breaking: why CPT broken explicitly, not spontaneously?
where is supersymmetry broken?
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Majorana Fermions in Particle Physics, Solid 
State and Quantum Information Theory 
     
 

Michael Duff 

25 June 2015, EMFCSC Erice 
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M Duff: Majorana Fermions in Particle Physics, Solid State Physics and
Quantum Information Theory

‚ Майорановские частицы в HEP: смешивание нейтрино, seesaw и т.д.

‚ Майорановские квазичастицы в топологических сверхпроводниках
(Majorana Zero Modes (MZM))
‚ Удовлетворяют неабелевой статистике ñ перестановка двух
квазичастиц приводит к новому состоянию (см. arXiv:1403.4976
[cond-mat] )

‚ Легко могут быть топологически разделены и являются
кандидатами на роль кубитов в квантовых компьютерах
(два MZM = 1 фермион ñ 2 состояния (0 или 1) = 1 кубит)



Spinoza Institute, Center for Extreme Matter and Emergent Phenomena,

Science Faculty, Utrecht University, Leuvenlaan 4, POBox 80.195, 3808TD, Utrecht

New physics is needed to understand black holes

or

Renormalization of the gravitational force

in analogy with the electroweak theory

Gerard ’t Hooft

Erice, School of Subnuclear Physics June 26, 27 2015
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Программа действий

‚ Исходный лагранжиан

Lpgµν ,Aµ, ψ, φq “
1

16πG
?
´gpR ´ 2Λq ` Lmatter

‚ Перейдем к новым переменнным:
gµνpxq “ ω2

pxqĝµνpxq ñ Lpω, ĝµν ,Aµ, ψ, φq

‚ Добавим для ĝµν кинетическое слагаемое (конформно инвариантное)

Lkin
„

a

´ĝ CµναβCµναβ

‚ Теория перенормируема +

‚ В ней есть дух => нарушение унитарности –

‚ Детерминистичная квантовая механика [’t Hooft, Found.Phys. 44
(2014) 406-425]



LHCb highlights

Guy Wilkinson, University of Oxford and CERN, June 2015

• Flavour physics
- a topic of intrinsic interest
- a tool for indirect discovery  

• LHCb overview

• Selected recent results
- Rare decays & FCNCs 
- CPV & unitarity triangle tests
- Spectroscopy & exotics

• Run 2 and the voyage beyond

The cyclops pursuing Acis on Mt Etna



LHCb highlights

Flavour changing neutral currents (FCNC):

‚ Отношение ширин Bs Ñ µ`µ´ и B0
Ñ µ`µ´ укладывается в СМ

‚ FB-asymmetry в распадах B0
Ñ K˚µ`µ´ AFB и Bs Ñ φµ`µ´ тоже

укладывается в СМ, хотя некоторые наблюдаемые (P5?) расходятся с
предсказаниями СМ (открытый вопрос: вильсоновские
коэффициенты)

‚ CKM измерение (треугольник), все ок

‚ CPV – ok

RUN2:

‚ Большой апгрейд детектора

‚ Уже все работает



Greg Landsberg 
Brown University 
53rd Erice School 
June 29, 2015

HIGHLIGHTS FROM CMS



Drawing by  
Sergio Cittolin 

Roadmap at the LHC 
to the Higgs Boson 

and Beyond  

53rd Ettore Majorana International 
School of Subnuclear Physics 

EMFCSC, Erice, 24 June – 3 July 2015 

Peter Jenni, Freiburg and CERN 

The plan: 
 
Short history of the LHC 
The experiments 
Testing/Commissioning the detectors 
Comments on computing 
The physics landscape 
Some physics results 
 Standard Model 
 Higgs 
 Beyond the SM searches 
Outlook 
 
(Note that I will use often examples from 
ATLAS, but the ~same applies for CMS! 
 
Also, the emphasis is sometimes not on 
the most up-to-date plots, rather on best 
illustrations to make a given point) 



The HiLumi LHC Design Study is included in the High Luminosity LHC project and is partly funded by the European 
Commission within the Framework Programme 7 Capacities Specific Programme, Grant Agreement 284404.  

The High 
Luminosity LHC 
Project 

Lucio Rossi - CERN 
 

53rd Course of International School of Subnuclear physics 
E. Majorana Center – ERICE, 26 June 2015 



Quantum Universe

V. Mukhanov 
ASC, LMU, München 







Planck Highlights

Alain Riazuelo

Institut d’astrophysique de Paris

(and weakly bounded member of the Planck collaboration)

riazuelo AT iap.fr

Erice, 29 June 2015

Prev Next FS Quit



 
 h. fritzsch 



«ETTORE MAJORANA» FOUNDATION AND CENTRE FOR 
SCIENTIFIC CULTURE!

INTERNATIONAL SCHOOL OF SUBNUCLEAR PHYSICS

A.#Be&ni#Padova#University#and#INFN#Jun830815# 1#

 Neutrinos

Measuring the unexpected

53rd Course: The Future of our Physics including new Frontiers

A.  Bettini 
G. Galilei Physics and Astronomy Dept. Padua University. Italy

 INFN 
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Интересные

‚ Yaroslav Klopot, “Axial anomaly, vector meson dominance and
mixing”

‚ A. Behring, “Heavy flavor contributions to deep-inelastic scattering
at 3-loop order”

‚ Mykola Savitskyi, “First studies towards top-quark pair differential
cross section measurement in the dilepton channel at

?
s “ 13 TeV

with the CMS detector”
‚ Emanuele Messina, “Vacuum stability and new physics”



Redberry: fearures & performance
Redberry is more than 10 times faster for tensor algebra than other CASs:

Figure 2: Comparison of Redberry performance with Mathematica xAct, Cadabra and Maple 18. For each point we measured time needed to
simplify expression with ∼ 200 tensor monomials; filled markers correspond to the case with no symmetries specified, blank – with fully (anti)
symmetric tensors.

•Basic things: algebraic manipulations, substitu-
tions, functions and dozens of simplifications
•Symmetries: arbitrary permutational symmetries

and antisymmetries of tensors

•Feynman diagrams: spinors, Dirac & SU(N)
matrices and many related functionality
•Programming language: ability to write pro-

gramms and implement custom functionality

Tensor computer algebra in theoretical physics
Introducing new system: Redberry

D A Bolotin (1) & S V Poslavsky (2)

IBCh RAS, Moscow & IHEP, Protvino
(1) bolotin.dmitriy@gmail.com, (2) stvlpos@mail.ru

Problem
• assume all T are symmetric:

A = Tabmj Tdefi Tabc Tcdj Tinm Tefn (1a)
B = Tmnij Tebfa Tmic Tadb Tdne Tfcj (1b)
C = Tabmj Tdefi Tabc Tcef Tinm Tdjn (1c)

how to check whether A = B or A = C or C = B ?
• take a substitution:

Tabcd Taeb Tecj → Xdj

how to apply it to (1a-1c) ?
• let tensors have sophisticated symmetries, e.g. (R is Riemann):

RabcdRefdcR
ef
ab + Rrc

dfRab
rcRfd

ba = 0

how to automate simplification of such expressions ?

Graph-theoretical approach
Main idea: contractions of indices form a graph of multipliers
(similar to Penrose graphical notation).

Figure 1: Graph representa-
tion of expressions (1a), (1b)
(left) and (1c) (right). These
graphs immediately shows that
(1a) = (1b) 6= (1c).

Computer algebra & Computational graph theory

Equality test ←→ Graph Isomorphism

Find symmetries ←→ Graph Automorphism

Substitutions
(pattern matching)

←→ Subgraph Isomorphism

• Although Graph Isomorphism is NP-hard, there are very fast algo-
rithms for all practical cases [2]

• Another approach for handling tensorial expressions (see [3]; used in
Cadabra and Mathematica xAct) uses algorithm for enumeration of dou-
ble cosets in permutation groups, which is NP-complete

Under the hood: permutation groups algorithms

What algorithms are implemented to manage tensorial expressions:

• bases and strong generating sets

• setwise stabilizers, centralizers, normalizers

• coset representatives enumeration

• subgroups intersection

• and many more...

Example: symmetries, substitutions, simplifications

//Weyl tensor symmetries
addSymmetries 'W_abcd', [[0,2],[1,3]].p, -[[0,1]].p
//Define a substitution
subs = 'W_mnpq = (2*W_mnpq - W_mqnp + W_mpnq)/3'.t
expr = '''Wˆp_qˆr_s*W_pˆt_rˆu*W_tvˆqw*W_uˆvs_w

- Wˆp_qˆr_s*W_pˆqtu*W_rvtw*Wˆsv_uˆw
- W_mnˆab*Wˆn_pbˆc*Wˆms_cd*W_sˆpd_a
+ W_mnˆab*Wˆps_ba*Wˆm_pˆc_d*Wˆn_sˆd_c/4'''.t

println( (subs & Expand) >> expr )

B 0

Example: scalar-graviton scattering

// graviton propagator & scalar-graviton vertex
D = 'D_mnab[p_a]:= (g_ma*g_nb + g_mb*g_na - g_mn*g_ab)
/(2*p_i*pˆi)'.t

V = 'V_mn[p_a, k_a]:= p_m*k_n + p_n*k_m - g_mn*(p_a -
k_a)*(pˆa - kˆa)/2'.t

// matrix element
M = 'V_ab[p_a,k_a]*Dˆabcd[p_a - k_a]*V_cd[q_a,r_a]'.t
ms = setMandelstam([p_a:'m',q_a:'m',k_a:'m',r_a:'m'])
M <<= ExpandAll[EliminateMetrics] & 'dˆi_i = D'.t & ms
println Factor >> M

B -(1/8)*t**(-1)*(-8*D*m**2*t-4*s**2-4*t**2-16*m

**4+16*u*m**2+t**2*D**2+16*s*m**2-4*u**2+2*D*t**2)

Example: Dirac & SU(N) algebra

defineMatrices 'G_a', 'G5', Matrix1.matrix
expr = 'Tr[pˆa*pˆb*G_a*G_b*G_c*G_d*(1+G5)]'.t
println DiracTrace >> expr

B 4*pˆb*p_b*g_cd

//take a trace in 4-d dimensions
tr = DiracTrace[[Dimension: '4-d', TraceOfOne: 4]]
expr = 'Tr[pˆc*pˆb*G_a*G_b*G_c*Gˆa]'.t
println tr >> expr

B 4*(4-d)*pˆb*p_b*g_cd

Technical details

• Programming language: Java, Groovy (for user interface)

• 132 914 lines and ~6 Mb of source code covered with 1.5k of tests

• Runs on all operating systems (Linux, OS X, Windows)

• Free and open source
•Many real-world problems had been solved using Redberry

See full documentation and examples at
http://redberry.cc

One loop counterterms in curved spacetime
Redberry implements algorithm [4] for one-loop counterterms calculation
for general operators:

D(2)
i
j = K(µν)

i
j∇µ∇ν + Sµi

j∇µ + Wi
j

D(4)
i
j = K(µναβ)

i
j∇µ∇ν∇α∇β + W (µν)

i
j∇µ∇ν + Mi

j

E.g. for vector field operator defined by

S ∼
∫
d4x
√−g Cα

(
δαβ∇µ∇µ − λ∇α∇β + Pαβ

)
Cβ

addSymmetries 'R_abcd', [[0,2],[1,3]].p, -[[0,1]].p
setSymmetric 'R_ab', 'P_ab'
iK = 'iK_aˆb = d_aˆb + g*n_a*nˆb'.t //propagator
K = 'Kˆmn_iˆj = gˆmn*d_iˆj - 2*la*(gˆmj*d_jˆn + gˆnj*
d_iˆm)'.t

W = 'Wˆj_i = Pˆj_i + la/2*Rˆj_i'.t
S = 'Sˆrˆj_i = 0'.t
F = 'F_mnab = R_mnab'.t //curvature
div = oneloopdiv2(iK, K, S, W, F)
div <<= Collect['R', 'P', Factor]
println div

Gives (λ = γ/(1 + γ)):

Γ
(1)
∞ =

1

16π(d− 4)

∫
d4x
√−g

(
1

120
(−32 + 5γ2 + 10γ)RεµR

εµ+

+
1

240
R2(28 + 5γ2 + 20γ) +

1

24
(γ2 + 12 + 6γ)PβαP

αβ+

+
1

12
γ(4 + γ)RνεP

νε +
1

48
γ2P 2 +

1

24
R(γ2 + 4 + 2γ)P

)

Equations with tensors
How to find propagator in a complicated theory? How to find tensor projec-
tor onto some subspace? Both problems require solving tensorial equations
and Redberry automates such calculations. E.g., sum over polarisations for
spin-2 is determined by:

Jabcd p
a = 0, Jabc

c = 0, JabcdJ
abcd = 5

addSymmetries 'J_abcd', [[0,1]].p, [[0,2], [1,3]].p
eq1 = 'J_abcd * pˆa = 0'.t; eq2 = 'J_abcˆc = 0'.t
eq3 = 'J_abcd * Jˆabcd = 5'.t
rules = 'dˆn_n = 4'.t & 'p_a*pˆa = m**2'.t
opts = [Transformations: rules,

ExternalSolver : [Solver: 'Mathematica',
Path : '/usr/bin']]

println Reduce([eq1,eq2,eq3], ['J_abcd'], opts)

Gives (Jab = −gab + papb/m
2):

Jabcd = ± ((JacJbd + JadJbc)/2− JabJcd/3)
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