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Geneza

Czerwiec  2006-‐‑  Rada  CERN  przyjęła  dokument  „European  Strategy  for  Particle  
Physics”  (ESPP  2006)
W  tym  dokumencie  przewidziano  uaktualnienie  w  2011.
Rada  CERNu  postanowiła  przesunąć  termin  uaktualnienia  o  2  lata.  Prace  rozpoczęły  się  w  
2011  od  powołania  European  Strategy  Group  (ESG  ,  A.  Zalewska/  J.  Królikowski)  i                                  
ES  Preparatory  Group  (ESPG,  A.F.  Żarnecki  z  Polski).
•Szereg  zebrań  roboczych,
•CERN  Council  Open  Symposium  on  European  Strategy  for  Particle  Physics,  Kraków,  
wrzesień  2012  (seminaria  A.  F.  Żarneckiego  i  E.  Rondio,  październik  2012),
•Physics  Briefing  Book  to  ESG,
•Warsztaty  w  Erice  ,  styczeń  2013
•  CERN  Council  European  Strategy  session  March  2013



Recall the Council Document!
•  The Strategy Update shall in particular aim at:!
–  enhancing the visibility of existing European particle physics 

programmes; !
–  increasing collaboration among Europe's particle physics 

laboratories, institutes and universities;!
–  promoting a coordinated European participation in global 

projects and in regional projects outside Europe;!
–  encouraging knowledge transfer to other disciplines, industry, 

and society. !
•  The proposal shall include a review of the implementation 

of the 2006 Strategy, as well as of the structures and 
procedures currently in place with regard to the Strategy. !

T. Nakada (European Strategy)! ESG Drafting Session, Erice, January 21-25, 2013! 2!

Cele, które stawia sobie dokument...



Erice:ESG recommendation for the
High Energy Frontier colliders

Europe+ World: LHC and its upgrades
US+ World: LBNE
Japan + World: ILC 250--->500--->1000 GeV

Obecnie nie ma co liczyć na fundusze na 
nowe projekty! Może będzie lepiej po 2020?



Strategia europejska udziału w projektach 
globalnych

Na  rynku:
• pp:  LHC,  HL-‐‑LHC  (14  TeV,  5.1034/cm2.s),  HE-‐‑LHC  (26-‐‑33  TeV)

• Higgs  factories  e+e-‐‑  (liniowe  i  kołowe),  SAPHIRE  (γγ),  Zderzacz  Mionowy

• Nowe  źródła  neutrin

• Zderzacz  Mionowy

Wielkie  projekty  globalne  o  różnej  skali  trudności  i  
kosztów.

M.  in.  będą  zapewne  wymagały  daleko  idących  zmian  w  prawie

krajów-‐‑  gospodarzy.

Potrzeba  ustalenia  ram  udziału  Europy  w  projektach  
globalnych:



Standard Model Physics at the LHC
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The big picture
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overall, the SM works at 7 and 8 TeV centre-of-mass energy...
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QCD rules at the LHC
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! !

...and CMS!

! !

The power of perturbative QCD – jet production

 at the LHC

the standard model rules at ATLAS...

! !New: LHC data
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We have searched.... 
eg. exclusions plots shown at Moriond QCD 2012....



Yoshi Kuno, posumowanie Flavour Physics w 
Erice

10

Summary

! There has been substantial recent progress in flavour physics since 
2006.
! B factories (both Belle and BaBar), high PT physics (CDF, D0, 

ATLAS and CMS) and LHCb
! NA62 for kaons, and MEG for muon CLFV.

! The success of the SM in flavour physics excludes new physics 
sources in ther flavour breaking sector at the TeV energy scale.

! With high intensity/luminosity facilities, future experiments would 
find deviations from the SM, and hints for new physics.
! The key approach is to push forward the precision in the 

cleanest observables. 
! Flavour physics is complementary to high-energy/high-PT physics, 

and also complementary amongst themselves. 
! Flavour physics is required to understand new physics beyond the 

SM.



JKr: Krótkie prywatne podsumowanie

Brak sygnałów Nowej Fizyki (BSM) jest deprymujący. 
Może potrzebujemy trochę więcej danych (10× ?, 100×, 
do 2021?, do 2030?)

 Jeżeli do 2021 nie odkryjemy sygnałów NF pozostaje 
„tylko” fizyka precyzyjnych pomiarów Higgsa, 
macierzy PMNS, macierzy CKM i fizyka zapachu, oraz 
badanie QCD (w tym HI).

Jest to fizyka trudna ale pewna (uda nam się zwiększyć 
dokładność), pod warunkiem dostępności następnej 
generacji akceleratorów. Czy zdobędziemy na to 
finansowanie?

Obecnie dyskutowane strategie opierają się właśnie na 
jej realizacji.



Zderzacze pp-LHC
Fabryki Higgsa

Laboratorium Spontanicznego Łamania Symetrii 
poprzez fizykę zapachu
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Chapter 3

Physics of Flavour and
Symmetries

Relevant talks at the Open Symposium were given by G. Isidori and F. Teubert, who
also made contributions to this chapter.

3.1 Theory of Flavour Physics and Symmetries

One way to understand most particle physics phenomena is to use a simple effective
theory which is composed of a gauge symmetry term and a symmetry-breaking term, as
follows:

Leff = Lgauge + Lsym.break. . (3.1)

The first term is highly symmetric and can be predictable with high accuracy, while the
second term, which encodes the flavour structure of the model, represents the connection
to our natural world which is not fully symmetric. Flavour physics programs are aimed
at understanding the second term. The evidence of a Higgs-like boson would suggest
that the symmetry-breaking sector might have a minimal structure, and many of the
particle physics problems could be included in the Higgs potential given by

V (Φ) = −µ2Φ†Φ + λ(Φ†Φ)2 + Y ijΨi
LΨj

RΦ +
gij

Λ
Ψi

LΨjT
L ΦΦT , (3.2)

where Φ and Ψ are the Higgs and the fermions, respectively, and Y ij is the Yukawa
coupling. The last term represents the effective dimension-five neutrino mass term and
Λ is its new physics scale. These third and fourth terms are responsible for masses and
flavour mixing of both quarks and leptons.

The two key open questions concerning the “origin of flavour” in flavour physics
are (1) what determines the observed pattern of masses and mixing angles of quarks
and leptons? and (2) which sources of flavour symmetry breaking are accessible at low
energies? Owing to the lack of theoretical guidance, even with the precise measurements
of the quark mixing parameters it is difficult to address the first question so far. The
second question is being studied by a series of high-precision measurements of flavour-
changing processes.

In the quark sector, almost all measurements show overall agreement with the Cabibbo-
Kobayashi-Maskawa (CKM) picture—a remarkable success of the model. On the other
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Flavour Physics

Effective Lagrangian in 
the Standard Model (SM)
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flavour structure

Origin of flavour
(1) what determines the observed pattern of masses and mixing 

angle of quarks and leptons ?
(2) which sources of flavour symmetry breaking are accessible at low 

energy ?

Ques.(1) is difficult to address owing to the lack of theoretical guidance.
Ques. (2) can be answered by a series of high-precision measurements 

search for new physics



pp Collider- Time scale
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Parton luminosities 8/7 and 14/7 TeV
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Parton luminosities
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LHC do 2021?
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The Higgs: 
Mass knowledge 100 MeV 
Quantum numbers determination @> 5
CP nature clarified (5 exclusion of CP-violating state) 
Signal strenght SM compatibility 5-10% 
Deviations from SM couplings 5-15% 

Physics @ LHC: design performance 

Erice 21/1/2013 European Strategy Drafting Session 6 

14 TeV, L=1034 cm-2s-1and 300 fb-1  2021 

CAVEAT: all the extrapolations (including HL-LHC) are based on: 
t  
t  
quoted results are per experiment 
ATLAS and CMS results are consistent 

EXOTIC objects esclusion lmits: 
 

     will be probed to 6.5 TeV 

SUSY searches exclusion limits: 
generic squarks and gluinos up to 2.7 TeV  
direct stop/sbottom production up to 1.2 TeV.  
EWKinos up to about 800 GeV. 



Higgs do 2021? symulacje CMS
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The Boson, SM? 

Erice 21/1/2013 European Strategy Drafting Session 7 
= 0.88±0.21 

HCP 

Present systematic  
errors unchanged 

Present systematic  
errors scaled with 
statistics, th errors/2 

DEC 



HE-LHC do 2031, symulacje ATLAS
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Physics @ LHC: high luminosity 

Erice 21/1/2013 European Strategy Drafting Session 8 

H( ) 

Profit from statistics:  
rare H production channels 
rare H decay channels 
H couplings  
Higgs self coupling (HH detection) 
VBS: dynamics of EWSB (is it SM?) 
New physics with suppressed  

     couplings 

ttH( ) 

HL- 14 TeV, L=5x1034 cm-2s-1 and 3000 fb-1  2030 



HE-LHC do 2030, symulacje ATLAS

19

High Lumi: precision 

Erice 21/1/2013 European Strategy Drafting Session 9 

Solid region: 
errors without 
current theoretical 
systematics 



HE-LHC do 2030, symulacje ATLAS

20

Vector Boson Scattering 

Erice 21/1/2013 European Strategy Drafting Session 10 

v 

Is unitarity in longitudinal Vector Boson Scattering 
restored as expected by a SM Higgs? 
e. g. In composite Higgs models resonances in 
M(VV) may appear... 

Improved sensitivity with 3000 fb-1 

for 3 different models (ATLAS).  

Kluczowe dla zrozumienia m.in. samooddziaływania higgsów



Podsumowanie z Krakowa 
High Energy Frontier

21

Summary of Krakow session 

Erice 21/1/2013 European Strategy Drafting Session 19 



Podsumowanie HE Frontier Erice

22

Accelerators for the TeV scale 

Erice 21/1/2013 European Strategy Drafting Session 2 

Technical aspects in chapter 8 
eh colliders in chapter 5 

 and  colliders similar  
     physics program as e+e- colliders 

pp colliders 

e+e- colliders 



Fabryki Higgsa



Higgs factories on the market
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Beyond HE-LHC
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„QCD” colliders



„QCD” accelerators, including LHeC

28

! !



Neutrino physics and 
the US program



No LB neutrino expt. in Europe
Erice: Paula Errola for Finland:!"#$%&'()*
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Latest news from the US
Erice: Mel Shochet

31

Energy Frontier
• LHC is the US focus

– Involvement is planned in both detector & accelerator upgrades
– To get the needed funding:

• HL-LHC needs strong endorsement from ESG
• It would help if there were words about the importance or need 

of US technology, e.g. NbSn magnets. 

• ILC in Japan
– DOE wants to be supportive.
– Current schedule is difficult because of the overlap with HL-LHC 

and LBNE.
– Will be considered by the next HEPAP P5 subpanel following this 

summer’s community-wide Snowmass meeting.

January 21, 2013 European Strategy Group 3

Cosmic Frontier

• Dark matter, dark energy, and cosmic rays are integral 
parts of the US particle physics program. 
– dark matter technology down-select after next round of 

experiments
– dark energy:  DES, LSST
– cosmic rays:  Fermi, Veritas, HAWK

January 21, 2013 European Strategy Group 4



US news contd.

32

Intensity Frontier

• US strategy is to have the world-leading program at the 
intensity frontier. 

• Proton source
• Beam power from the Main Injector has been doubled to 700 

kW for NO A
• 8 GeV power is also being increased for the short-baseline 

and µ programs
• In the longer term, Project X

– another x3 from Main Injector to LBNE
– another x10 at lower energy (for , µ, and K)

January 21, 2013 European Strategy Group 5

• LBNE is central to the US Intensity Frontier plan. 
– FNAL Sanford Underground Research Facility (SURF) is a 

near optimal baseline (1300 km)
– 700 kW 2 MW
– phased plan
– Phase 1

• 10 kt LAr detector at the surface
• CD1 achieved in the past month

– approves conceptual design
– releases the funding to complete the design

• beamline construction to start in 2015
• full experimental facility completion early in the next decade 

– Significant opportunity for new collaborators to expand the 
scientific scope. 

“We welcome the opportunity to develop a full partnership on 
LBNE with our European colleagues.”

January 21, 2013 European Strategy Group 6

Approximate costs in European accounting 
(from Jim Strait, LBNE Project Manager)

• Putting the detector underground                         55 MEuros
• Doubling the detector mass to 20 kt 55 MEuros

January 21, 2013 European Strategy Group 7


