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PROGRAMME AND LECTURERS

CELEBRATION
THE TRIUMPH OF ETTORE MAJORANA
IN SOLID STATE PHYSICS
= MLJ. DUFF. Imperial College London, UK
IN SUPERGRAVITY
*S.FERRARA, CERN, Geneva, CH: LNF-INFN, Frascati, IT; UCLA. Los Angeles, CA, US

OPENING SESSION

The Future of our Physics
+ A.ZICHICH N, Geneva, CH; University of Bologna & INFN,

THE NEW FRONTIERS

New Physics is needed o understand Black Holes

= G. 't HOOFT, Utrecht University, NL

The CMB multipoles need String Theory with Supersymmerry Breaking.

= A.SAGNOTTI, Scuola Normale Superiore, Pisa, I

Quantum Universe: Theory ve. Observarians

< S. MUKHANOV, Sommerfeld Center for Theoretical Physics and Max.
Planck Institute, Munich,

Classicalization and Selfcompletion of Gravity

< G.DVALI. Sommerfeld Center for Theoretical Physics, Munich, DE;
New York University. NY. US.

Pagtial Supersymmetry Breaking and Born.Infeld Act

"CERN, Geneva. CH: UNF-INEN. Fraseati, IT5 UCLA., Los

Spin two equals spin one squared
< M.J. DUFF, Imperial College London, UK.
How 0 Compute the Absolute Masses of Neutrinos

¢, Muenchen, DE;

Cosmology and Fundamental Physics.
- P.FERREIRA, University of Oxford, UK
- on technology R&D: From past o future.

= H. WENNINGER, CERN, Geneva, CH
Roadmap at the LHC t0 the Higgs boson and beyond
« P_JENNI. CERN. Geneva. CH: Albert-Ludwigs-University Freibur. DE.
The EEE Project of the Enrico Fermi Centre, Rome, IT
- L. CIFARELLL, INFN & University of Bologna, IT
Neutrino Physics in Ching

EN, Institute of High Energy Physics, CAS, Beijing, CN

Laest resulss from Ice Cube
ZEN, University of Wisconsin-Madison, W1, USA

HIGHLIGHTS FROM
* 5. BERTOLUCCL CERN, Geneva, CH
LHCh

 G. WILKINSON, University of Oxford, UK

i

ALICE
= P.GIUBELLINO, CERN, Geneva, CH; University of Turin
cms

* G.LANDSBERG. Brown University. Providence, 1. US; CERN. Geneva. CH

ATLAS
* P.JENNI. CERN, Geneva, CH; Albert- Ludwigs-University Freiburg, DE
INFN
- F.FERRONI, INFN, Rome, ltaly
Sl i e
ROSSI. CERN, Geneva, i1
BNL and RHIC
 MJ. TANNENBAUM, Brookhaven National Laboratory, Upton, NY, US

Ams
- S.SCHAEL. I. Physikalisches Institut B, RWTH, Aachen, DE
Canfranc Underground Lab. ES

+ A BETTINI, INFN & Padoa University, IT.

Planck Satellite: Latest Data and Proof of Inflation
+ A_RIAZUELO, Institute &’ Astrophysique de Paris, FR

CLOSING REMARKS
 G.'CHOOFT, Utrecht University. NL




TEN PROBLEMS OPEN FOR COMPETITION

THE FIRST GROUP: MIXINGS

« Is there an explanation for the flavour mixing mechanisms?
* Why do these mechanisms produce results that differ substantially in the
uark and in the lepton sectors?
'hy does the mixing of states not exist in any other fundamental
mrel action?

THE SECOND GROUP: ELEMENTARY AND COMPOSITE STATES
 What is the role of instantons in the Apeu‘mm of hadrons in QCD? Where
are the scalar hadronic states in QCD? Are there scalar states in the
l tonic system?
'hy are there only fundamental particles with the minimum quark or
lept(m quantum numbers? Do elementary particles with  higher,
composite quantum numbers exist?

o Is there a fundamental reason why elementary fermions exist (quarks
and leptons) but not elementary scalars in the same mass range?
* Do we really need sterile neutrinos? If yes, why? If not, why?

THE THIRD GROUP: SYMMETRY BREAKINGS

o Why are the global discrete symmetries (C, P, CP, T) explicitly and not
spontaneously broken, as it seems to be the case toda:

* To what extent can we be confi denr that the Supersymmetry breaking
threshold is not at the Planck Scale?
(If this were the case it would be impossible to find at LHC any evidence
Jor Supersymmetry).

* R. BALDINI FERROLI, INFN-LNF, Frascati, IT; Institute of
High Energy Physics, CAS, Beijing, CN

* G. BENEDEK, Milano-Bicocca University, Milan, IT

* C.A. DOMINGUEZ, University of Cape Town, ZA

* M. GELL-MANN, Santa Fe Institute, New Mexico, US

«D. HAIDT, DESY . Hamburg, DE

* P.W. HIGGS, University of Edinburgh, UK

INVITED SCIENTISTS

* M. KAUR, Panjab University, Chandigarh, IN

¢ C. KORTHALS-ALTES, CNRS-Luminy, Marseille, FR
* P. MINKOWSKI, University of Bern, CH

* V.A. PETROV, [HEP, Protvino, RU

*S.RAGAZZI, INFN-GSNL, L’Aquila, IT

* M. SPIRO, IN2P3, CNRS, Paris, FR
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TemaTtunka: Bonpockl K 0bCyXAeHUto

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?



Jlekuunwn



Imperial College
London

Majorana Fermions in Particle Physics, Solid
State and Quantum Information Theory

Michael Duff

25 June 2015, EMFCSC Erice



M Duff: Majorana Fermions in Particle Physics, Solid State Physics and
Quantum Information Theory

o MaiiopaHoBckue qactuubl B8 HEP: cmewwnBanne HeliTpuHo, seesaw un T.4.

e MaliopaHoBCKMe KBAa3MHACTULbl B TOMOJOMMHECKNX CBEPXMPOBOAHMKAX
(Majorana Zero Modes (MZM))

e VpoBneTBopsitoT HeabeseBoii CTaTUCTUKE = MepPecTaHOBKa ABYX
KBa314acTuL, NPUBOANT K HOBOMY cocTosiHuto (cm. arXiv:1403.4976
[cond-mat] )

e Jlerko MoryT BbITb TONONOrMHECKU pa3feneHbl U ABASIOTCA
KaHAMAATaMmn Ha poJib KYOUTOB B KBAaHTOBbLIX KOMMbIOTEPAX
(aBa MZM = 1 cbepmunon = 2 coctositusi (0 unu 1) = 1 kybur)



%% Physics Utrecht
EMME®

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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LHCb highlights

* 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

Guy Wilkinson, University of Oxford and CERN, June 2015



LHCb highlights

Flavour changing neutral currents (FCNC):
o OtHouwenune wuput Bs — p ™ n B® — u ™ yknagsisaetcs 8 CM

e FB-asymmetry B pacnagax B® — K*ut = Apg v Bs — out ™ toxe
yknagbiaetcsi B CM, xots HekoTopblie Habatogaemsbie (P57) pacxogstes ¢
npeackazaunsamu CM (oTKpbITbIfi BONpoc: BUbCOHOBCKUE

KO3(hpuLMEHTbI)
o CKM unsmepetue (TpeyronbHuk), Bce ok
e CPV - ok
RUN2:

e Bosbwoii anrpeiig getektopa

e Ve Bce pabortaer



HIGHLIGHTS

Greg Landsberg =K 4 ; .
Brown University RGO £ » j

June 29, 2015



‘| The plan:
Short history of the LHC
The experiments
Testing/Commissioning the detectors
Comments on computing
| The physics landscape
21 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)

Roadmap at the LHC
to the Higgs Boson
and Beyond

T K3 33 j}é’f*'\

534 Ettore Majorana International
School of Subnuclear Physics

EMFCSC, Erice, 24 June — 3 July 2015
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High The High
Luminosity | Luminosity LHC
LHC :

Project

Lucio Rossi - CERN

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

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

INTERNATIONAL SCHOOL OF SUBNUCLEAR PHYSICS

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

Measuring the unexpected

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

Jun-30-15 A. Bettini Padova University and INFN
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NHTepecHble

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 4/s = 13 TeV
with the CMS detector”

Emanuele Messina, “Vacuum stability and new physics”



Tensor computer algebra in theoretical physics
Introducing new system: Redberry

D A Bolotin ) & S V Poslavsky %/
IBCh RAS, Moscow & IHEP, Protvino

1 2 supos@milru

Problem | | Eampte: cymmeries, substutions,smpttcatons

| [ i 5009 i

One loop counterterms in curved spacetime

- assume all 7 are symmetrc: rror sy

.m, (10,21, 10,301 7,

e e

A=1y, Tyun e I
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Traceotons: 41
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for gencral operator:

K0 I9,9, 4 5199, 4 W
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E. forvector field operator defined by
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e K
How 0 pply it 0 (12
1ot tensors hav sopisicated symmeties, .. (7 s Riemann): Redberry: fearures & performance
R R b Red By Ry = 0 - —
" E Redberry is more than 10 times faster for tensor algebra than other CASs:
how 0 automate simplifiation of such exprssions ?
o R 4 e e
Graph-theoretical approach w wf e o Gt v gl
Main ides: contractions of indices form a graph of multipliers | w Gives (0 = /(1 + 7))
(similar to Penrose graphical mrm!wu! E w
R ¥ ¥ W
Figure I: Graph representa g 0%
s consions s, 1) £ H
(left) and (1¢) (rig ' ===
arph .mm.,m) st ] 3
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. e Equations with tensors
.M—.—.
" - -
Computer algebra & Computational graph theory N 4 - ry Eg. P for
puter alge P rapl y “Average ndice namber e
ualiy st S Pl : onpion o iy s v Mofmai 1 ol e 1, For o i v s s .
Equality test < Graph Isomorphism simpiy expe led markers comespond o thecase with o symmetis speified, bl - with fully (an) aea" =0, T =0, Dy
Find symmetries «— Graph Automorphism Symmetric tensors.
o : : acasymmecrios e e tn, by
SUBSHUONS G orphiom +Basic things: algcbraic manipulation, substit « Feynman diagrams: spinors, Dirac & SUN) h < e
(pattern matching) tons. functions and dozens of implifications  matrices and many related functionaliy
" . ies: arbitrar ymmetries o language: bty to write pro- cicn
Mo G i o AP, thre s vy ft and antisymmetries of tensors, gramms and implement custom petntin (5 abea o)

« Another approach for handiing tensoria expressions (see [3]; used in

B e oo o [ E—rrm

Technical details

Java, Groowy (fo use ntefuce)

abip 2]

e T T

What lgorithms s implemented to mansge tensoralexpressions:

panaart (m..mmm., .

prisein Fectes 5>

o= 01/ st ee 1)+
Seieanmoriicasaum

- cose representatives numeration

- subgroups intersceton

132 914 ines and -6 Mb of source code covered with 15K ofests
« Runs onalloperating systems (Linus, 05 X, Windows)
« Free and open source

Gives (U + pam

"

Tt = % (ac i + o2 = Ja o3
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