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Something new and special happened (?) 

Press in December 



 
 
Guido Martinelli 
 

Un Modello Standard ?  
 

No almeno due !! 

Il Modello Standard delle Particelle 
Elementari 

 

Il modello Standard della Cosmologia  



F. Gianotti, G8 HORCs, 18/5/2009 

Big Bang 
quantum fluctuations 

Principal ingredients :  1) Universe evolution  

Today 
13.7 Billion Years 

1028 cm 

Inflation 

afterglow light  
pattern 380.000 yrs 

dark ages 

1st stars 
400 million yrs 

WMAP 

Development of galaxies 
 planets etc. 

Dark Energy 
Accelerated expansion 



F. Gianotti, G8 HORCs, 18/5/2009 

Principal ingredients: 2) Particles  and Interactions (Force carriers 
and antiparticles) 

16 degrees 
of freedom 
x 
3 generations 
 
WHY 3 ??? 



Le ragioni per andare oltre i Modelli 
Standard: 

 
 EVIDENZA ``SPERIMENTALE” 

1.  Le masse dei Neutrini 
2.  La Materia Oscura (DM), Energia Oscura (DE), 

Inflazione 
3.  L’Asimmetria Materia-Antimateria 

EVIDENZA ``TEORICA” 
1.  Instabilita` dello SM (delle particelle) 
2.  Incapacita` di rispondere a questioni 

``fondamentali” come gerarchia e unificazione   
3.  La fisica del sapore (sia quark che leptoni) 



F. Gianotti, G8 HORCs, 18/5/2009 

HIGH PRIORITY FOR  
EXPs AND THs 

EFFORTS TO GO 
BEYOND THE 

PARTICLE PHYSICS  
and COSMOLOGY 

STANDARD MODEL 



Nel seguito la discussione sara`  
Incentrata su: 

 
 La Rottura della Simmetria Elettrodebole 

(The Energy Frontier) 
 

La fisica del Sapore e la Violazione di CP 
(The Intensity Frontier) 

 
La natura della Materia Oscura 

(The Cosmic Frontier) 
 



L’evidenza sperimentale suggerisce l’esistenza di 
nuovi gradi di liberta` (particelle) alla scala del 
TeV 
A LHC osserveremo qualcosa oltre l’Higgs? 
Sett’10 
Quello che troveremo potra` indicarci soluzioni di 
problemi fondamentali come la materia oscura,  le 
generazioni dei fermioni e le loro proprieta` , la 
violazione di CP e l ’asimmetria materia-
antimateria?  
O saranno gli esperimenti di fisica del sapore e di 
astrofisica  a chiarire la natura delle particelle 
scoperte a LHC? 



LO STANDARD ``STANDARD MODEL” 

1.  Quasi un secolo per svilupparlo	


2.  Verificato a livelli di precisione senza precedenti	


3.  In accordo (anche troppo) con tutti i dati  disponibili	


	

      La Particella di HIGGS, definita la ``ruota di scorta del 

Modello Standard” da Guido Altarelli e` l’unico  
elemento mancante  ovverosia	



     Il meccanismo della rottura  della simmetria 
elettrodebole (EW) e` il portale per il settori ancora 
ignoti della nuova fisica	



Settore di 	


Gauge 	


SU(3)×SU(2)×U(1)	



Sapore	

 Masse dei Neutrini	


(Majorana)	



Settore della 	


Rottura della 

Simmetria 
Elettrodebole	





Qualche relazione utile 
 

Il valore di aspettazione sul vuoto (vev)  del 
campo di Higgs e` misurato dalla costante di 
Fermi ( Barbieri 4π v ≈ 3 TeV) 
 
 
 
L’accoppiamento dell’Higgs 
alle particelle e` determinato 
dalla loro massa   

Dato che v e` noto,  l’unico parametro libero e` la massa 
dell’Higgs MH oppure l’auto-accoppiamento  λ 
LA MASSA DELL’HIGGS NON DERIVA DALLA 
ROTTURA DI ALCUNA SIMMETRIA 









INFN Roma I 11/06/2001 

By J. Ellis and Collaborators (via A. Djouadi) 



t’Hooft, Maiani 

C. Grojean 2010 



In tutti gli esempi espliciti, a meno di cancellazioni casuali, nuovi 
fenomeni devono avvenire a scale dell’ordine di Λ ~ 3-5 Mhiggs 
 

Quale Fisica Nuova?? 



Cosa sappiamo veramente dello SM?  Che le interazioni 
elettrodeboli sono  governate da una simmetria locale di 
gauge  

R. Contino 





Cosa sappiamo veramente dello SM?  Che la simmetria e` 
rotta spontaneamente - il meccanismo di Higgs e` all’opera- 

lo spettro di massa corrisponde a una ridotta simmetria  
residua  -> U(1)em, ma  

L’esistenza del meccanismo di Higgs 
 NON IMPLICA L’ESISTENZA DELL’HIGGS 



Possiamo rendere esplicita la rottura della simmetria 
introducendo dei bosoni di Nambu-Goldstone 
che corrispondono alle polarizzazioni longitudinali dei  
mesoni massicci W w Z 



La teoria con solo i bosoni di Nambu-Goldstone  ha bisogno di 
altri gradi di liberta` che ne garantisca l’unitarieta` 
(perturbativa) un po` come la teoria di Fermi ha bisogno 
dell’introduzione dei bosoni vettoriali 
 



Elementare, Watson !!	


uno scalare elementare e` 	


innaturale in assenza di una 	


simmetria che protegga 	


la sua massa	


	


	


	


                	



In the limit g1=0 



Georgi+Kaplan 1980    …. Agashe Contino & Pomarol  2005 



SM Higgs 















FINE TUNING IS FINE TUNING !  
 

SM Higgs: fine tuning dei parametri per evitare che la sua 
massa sia dell’ordine della scala piu` alta (GUT o PLANCK)  

 

MSSM Higgs: fine tuning per evitare i limiti di LEP e 
Tevatron sulle masse delle particelle supersimmetriche 

 

Fine tuning per evitare i limiti imposti  dalle misure di 
precisione in modelli tipo little Higgs o composite Higgs 

(inclusi quelli in extra-dimensions) 







A Popular Choice:  

SUPERSYMMETRY 





Extra Space Dimensions (trying to solve the 
Hierarchy Problem): 

GRAVITY BECOMES STRONG  
@ TeV Scale !! 





Nel seguito la discussione sara`  
Incentrata su: 

 
 La Rottura della Simmetria Elettrodebole 

(The Energy Frontier) 
 

La fisica del Sapore e la Violazione di CP 
(The Intensity Frontier) 

 
La natura della Materia Oscura 

(The Cosmic Frontier) 
 



MASSE DEI FERMIONI 

le masse dei fermioni variano per più	


di 10 ordini di grandezza !!	





Luciano Maiani 

anche se ci limitiamo	


ai quark abbiamo 	


un problema	



m top/me = 
3 ×105 -> 

Y top/Ye ˜ 
105  

MISTERI 



Lquarks    =   Lkinetic + Lgauge + LYukawa	



Nel Modello Standard, la matrice di massa dei quark, 
dalla quale originano la matrice di CKM e la violazione 
di CP, e` determinata dall’accoppiamento del bosone 
di Higgs ai fermioni.  

CP invariante 
CP e rottura della 
simmetria sono 
strettamente correlati 

EWSB ha simmetrie 
accidentali Viola le simmetrie 

accidentali 



2 Simmetrie Accidentali: 
 
Assenza di FCNC a livello albero (soppressione 
di GIM delle FCNC negli effetti quantistici @loops) 
 
Nessuna violazione di CP  @livello albero  
 
LA FISICA DEL SAPORE E` 
 ESTREMAMENTE  
SENSIBILE ALLA NUOVA FISICA 



Le masse dei quark sono generate dalla 
rottura della simmetria 

Charge -1/3 

Charge +2/3 

Lyukawa ≡   ∑i,k=1,N
 [ Yi,k (qi

L HC ) Uk
R 	



                                           + Xi,k (qi
L H ) Dk

R + h.c. ]	


∑i,k=1,N

 [ mu
i,k (ui

L uk
R

 ) 	



           + md
i,k (di

L dk
R) + h.c. ]	



Diagonalizatione della Matrice di Massa	


Lmass ≡ mup (uL uR + uR uL ) + mch(cL cR + cR cL ) + mtop(tL tR + tR tL ) 	





N(N-1)/2           angles           and        (N-1)(N-2) /2     phases	


	



N=3      3 angles + 1 phase      KM  
the phase generates complex couplings i.e.  CP 
violation;   
6 masses +3 angles +1 phase = 10 parameters 

Vud Vus Vub

Vcd Vcs Vcb

Vtb Vts Vtb



CP Violation is natural with three quark	


generations (Kobayashi-Maskawa)	



With three generations all CP	


phenomena are related to the same	



unique parameter ( δ )	



 NO Flavour Changing Neutral Currents (FCNC) 
at Tree Level 	



(FCNC processes are good candidates for observing 
NEW PHYSICS)	





Vud Vus Vub 

Vcd Vcs Vcb 

Vtd Vts Vtb 
 

 

Quark masses & 
Generation  
Mixing 

Neutron 
Proton 

νe 

e- 

down 
up 

W 

| Vud | 	



| Vud | = 0.9735(8)	


| Vus | = 0.2196(23)	


| Vcd | = 0.224(16)	


| Vcs | = 0.970(9)(70)	


| Vcb | = 0.0406(8)	


| Vub | = 0.00409(25)	


| Vtb | = 0.99(29)	


            (0.999)	



β-decays 



  1 - 1/2 λ2          λ A λ3(ρ - i η)   

      - λ    1 - 1/2 λ2     A λ2

    A λ3   ×
  (1- ρ - i η)

     -A λ2         1

+ O(λ4) 

The Wolfenstein Parametrization  

λ ~ 0.2   A ~ 0.8     
η ~ 0.2   ρ ~ 0.3  

Sin θ12 = λ 
Sin θ23 = A λ2 

Sin θ13 = A λ3(ρ-i η) 
Vtd	



Vub	





a1 

a2 

a3 

b1 

b2 

b3 

d1 

e1 

c3 

The Bjorken-Jarlskog Unitarity Triangle 
| Vij | is invariant under	



phase rotations	


a1 = V11 V12

* = Vud Vus
*	



a2 = V21 V22
*    a3

 = V31 V32
*  

a1 + a2 + a3 = 0 
(b1 + b2 + b3 = 0 etc.)  

a1 
a2 a3 

α β 

γ 
Only the orientation depends 
on the phase convention 
 



 STRONG CP VIOLATION 	


 Lθ  =   θ Gµνa Ga

µν                      Ga
µν = εµνρσ Ga

ρσ 	



Lθ  ~   θ  Ea · Ba	


	

This term violates CP and gives a contribution to the 

electric dipole moment of the neutron 

en   <  6.3 10-26 e cm	



    θ  < 10-9    which is quite unnatural !! 



In 1967 Andrei Sakharov  sottolineo` che bisognava soddisfare  
quattro condizioni per ottenere un universo dotato di asimmetria 
materia-antimateria da uno stato iniziale simmetrico (dominato dalla 
radiazione): 

1) Baryon  number  violation     Δ B  ≠  0      (GUT  ??) 
e+   +  d    →    X    →    u    +     u              (Δ (B-L)  = 0 ) 

Lepton number violation is possible but not necessary and could be zero 
because of the presence of a large number of antineutrinos 

2) Charge symmetry  violation        C  
Γ( e+  +  d   →   X   →   u    +    u ) ≠ Γ( e-  +  d   →   X   →   u    +     u ) 

3)  CP  violation: the number of left handed up quarks produced by X 
must be different from the number of right handed up antiquarks  

 

Asimmetria Materia-Antimateria e CP 

da riprendere nel seguito se il tempo lo permette 



 
4)  The universe was not in equilibrium when this happened, otherwise if 
Γ( e+  +  d   →   u    +    u )       >    Γ( e-  +  d    →   u    +     u ) then 

Γ( u    +    u    →  e+  +  d )       >    Γ( u    +     u  →  e-  +  d ) 



Le ragioni per andare oltre lo SM: 
1)   Trovare la ragione per lo spettro di massa della 

``materia” fermionica (spiegare la correlazione 
tra masse e accoppiamenti  deboli) 

2) Risolvere il problema della Strong CP violation  
3) Nel Modello Standard non c’e` abbastanza CP 

per spiegare  quantitativamente l’Asimmetria 
materia-antimateria e abbiamo bisogno di nuove 
sorgenti di CP 

 
un intrigante possibilita` per risolvere questi 
problemi: 

     l’intera materia dell’universo (e dunque la 
violazione di CP) ha origine dallo stesso 
meccanismo responsabile per la piccolezza della 
massa dei neutrini 



For details see: 
UTfit Collaboration 

http://www.utfit.org 

Fisica del Sapore e CP nello SM 



sin 2β  is measured directly  from B       J/ψ Ks	


decays at Babar & Belle	


	


	


	


                Γ(Bd

0       J/ψ Ks , t) - Γ(Bd
0       J/ψ Ks , t) 	

AJ/ψ Ks =	



Γ(Bd
0       J/ψ Ks , t) + Γ(Bd

0       J/ψ Ks , t)	



AJ/ψ Ks = sin 2β   sin (Δmd t) 	





DIFFERENT LEVELS OF THEORETICAL 
UNCERTAINTIES (STRONG INTERACTIONS) 

1)  First class  quantities, with reduced or  negligible  theor. 
uncertainties 	



2) Second class  quantities, with theoretical errors of O(10%) 
or  less that can be	



     reliably estimated	


	



3) Third class  quantities, for which theoretical predictions 
are model dependent (BBNS, charming, etc.) 	



In case of discrepacies we cannot 	


tell whether is new physics or	


we must blame the model	





K0
 - K0

   mixing 

Unitary 
Triangle 
   SM 

B0
d,s - B0

d,s  mixing Bd Asymmetry 

2005	



semileptonic decays	





Classical Quantities used in the  
Standard UT Analysis 

before	


only a lower bound	



Inclusive vs Exclusive	


Opportunity for lattice QCD	


see later	



Vub/Vcb εK Δmd Δmd/Δms 

levels @ 
68% (95%) CL 

f+,F 

BK 

fBBB 1/2 ξ 



New Quantities used in the  
 UT Analysis  

sin 2β cos 2β α γ sin (2β + γ) 

B→J/Ψ K0 B→J/Ψ K*0 B→ππ,ρρ B→D(*)K B→D(*)π,Dρ 



THE 
CKM 



Global Fit within the SM SM Fit 

CKM matrix is the dominant source of flavour mixing and CP violation 

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1
a

`

_

)a+`sin(2

sm6
dm6

dm6

K¡

cbV
ubV

)ioABR(B

postLP11
SM fit

l
-1 -0.5 0 0.5 1

d

-1

-0.5

0

0.5

1

In the 
hadronic 
sector,  the 
SM CKM  
pattern 
represents 
the 
principal 
part of the 
flavour 
structure 
and of  CP 
violation  

Consistence on an 
over constrained fit 

of the CKM parameters 

 ρ = 0.132 ± 0.020  

 η = 0.353 ± 0.014  

 α = (88 ±  3)0  
sin2β = 0.695 ± 0.025 

β = (22 ±1)0  
γ = (69 ±  3)0  

 



Vincenzo Vagnoni ICHEP 06, Moscow, 28th July 2006 

The UT-angles fit does not depend on 
theoretical calculations (treatement of 

errors is not an issue) 

η = 0.340± 0.016 
  

η = 0.404 ± 0.039 
  

ANGLES VS LATTICE  2011	



ρ = 0.129 ± 0.027 
  

Still imperfect 
agreement in η due 
to sin2β and Vub 
tension 

Comparable accuracy 
due to the precise sin2β 
value and  substantial 
improvement due to the 
new Δms measurement 

Crucial to improve 
measurements of the 
angles, in particular γ 
(tree level NP-free 
determination) 

UT-angles	

 UT-lattice	



ρ = 0.155 ± 0.038 
  



SM predictions 
of Δms 

SM expectation 
Δms = (18.3 ± 1.3 ) ps-1 

agreement between the predicted values 
 and the measurements at better than : 

6σ  

5σ  3σ  

4σ  

1σ  

2σ  

Legenda 

Δms 

10 

Prediction “era” Monitoring “era” 

Exp 
Δms = (17.77 ± 0.12  ) ps-1 



Theoretical predictions of Sin 2 β 
in the years 

  
predictions 	


exist since '95	



experiments	



sin 2 βUTA = 0.65  ± 0.12 
Prediction 1995 from  
Ciuchini,Franco,G.M.,Reina,Silvestrini 



Compatibility plots	


They are a procedure to ``measure” the agreement of a single 
measurement  with the indirect determination from the fit	



αexp = (91 ±  6)0 
 

 
γ exp = (76 ±  11)0  
 



Vub incl = 4.40± 0.31 10-3 	



Vub excl = 3.26± 0.30 10-3 	


Vcb incl = 41.7± 0.7 10-3 	



Vcb excl = 39.5± 1.0 10-3 	







VUB PUZZLE 

Inclusive: uses non perturbative parameters most 	


not from lattice QCD (fitted from the lepton spectrum)	



Exclusive: uses non perturbative	


 form factors 	


from LQCD and QCDSR	





Vcb & Vub	



Vub (excl) = (3.26 ±  0.30) 10-3 	



Vub (inc) = (4.40 ±  0.31) 10-3 	



Vub (com) = (3.83 ±  0.57) 10-3 	



~2σ  difference 	



Vcb (excl) = (39.5 ±  1.0) 10-3 	



Vcb (inc) = (41.7 ±  0.7) 10-3 	



Vcb (com) = (41.0 ±  1.0) 10-3 	



2.4% uncertainty	



AFTER EPS-HEP2011	



15% uncertainty	





sin2β(excl) = 0.706 ± 0.041   
0.8 σ from direct measurement 

sin2β(incl) = 0.791 ± 0.041   
2.6 σ from direct measurement 

no   B  →  τν    





Prediction Measurement  σ 

γ	

 (69 ±3)° (79 ±10)° 0.9 

α	

 (85 ± 4)° (91 ± 6)° 0.7  

sin2β	

 0.795±0.051 0.667±0.021 2.3 

Vub [103] 3.63±0.15 3.83 ±0.57 0.3 

Br(Bàll ) 10-9 3.55 ±0.28 18 ±11 +1.3 

ΒK [103] 0.88 ±0.09 0.731 ±0.036 1.4 

Br(Bàτ ν) 10-4 0.83±0.08 1.64±0.34 2.3 

Δms (ps-1) 19.1±1.5 17.70±0.08 1.0 

Summary Table of the Pulls 



What for a ``standardissimo” CKM  
which agrees so well with the 
experimental observations?  

New Physics  at the EW 
scale is “flavor blind”   
-> MINIMAL FLAVOR 
VIOLATION, namely flavour 
originates only from the 
Yukawa couplings of the SM 

New Physics introduces new 
sources of flavour, the 
contribution of which, at 
most < 20 % , should be 
found in the present data, 
e.g. in the asymmetries of  
Bs decays 



…. beyond	


 the Standard Model 



Only tree level processes Vub/Vcb and B-> DK(*) 

CP VIOLATION  
 PROVEN IN THE 
SM !! 
 
degeneracy of γ 
broken by ASL 
 





In general the mixing mass matrix of the SQuarks 
(SMM) is not diagonal in flavour space analogously 
to the quark case We may either   
Diagonalize the SMM 

z , γ , g	



Qj
L	

qj

L	



FCNC 

or Rotate by the same 	


matrices	


 the SUSY partners of 	


the u- and d- like quarks	


(Qj

L )´ = Uij
L Qj

L	


Uj

L	

Ui
L	

 dk

L	



 g	





In the latter case the Squark Mass 
Matrix is not diagonal 

(m2
Q )ij = m2

average 1ij + Δmij
2      δij = Δmij

2 / m2
average	





New local four-fermion operators are generated 
Q1 = (bL

A γµ dL
A) (bL

Bγµ dL
B)    SM	



Q2 = (bR
A  dL

A) (bR
B dL

B) 	


Q3 = (bR

A dL
B) (bR

B dL
A) 	



Q4 = (bR
A dL

A) (bL
B dR

B) 	


Q5 = (bR

A dL
B) (bL

B dR
A) 	



+ those obtained by  L  ↔ R	


	



Similarly for the s 
quark     e.g.	


(sR

A  dL
A) (sR

B dL
B) 	



 	





Bs mixing , a road to New Physics (NP) ? 

The Standard Model contribution 
to  CP violation in Bs mixing is  
well predicted and rather small    

The phase of the mixing amplitudes can be extracted 
from  Bs ->J/Ψ φ with a relatively small th. 

uncertainty. A phase very different from 0.04  implies 
NP in  Bs mixing  

2009	





Main Ingredients and General Parametrizations   

Neutral Kaon Mixing  

Fit simultaneously  CKM and NP parameters 
(generalized Utfit)	





Bd and Bs mixing 

Cq
Pen and φq

Pen parametrize possible NP contributions to	


 Γq

12 from b -> s penguins  



Physical observables 



Experimental measurements  





ρ , η	

 Cd	

 ϕd	

  Cs	

 ϕs	

 CεK	


γ  (DΚ)	

 X 
Vub/Vcb  X             

Δmd  X X                                          
ACP (J/Ψ Κ)	

 X             X                     

ACP (Dπ(ρ),DKπ)	

 X             X                     
ASL X X 

α (ρρ,ρπ,ππ)	

 X X 

ACH X X X X 
τ(Βs), ΔΓs/Γs X X 

Δms X 
ASL(Bs)	

 X X 

ACP (J/Ψ φ)	

 ~X X 
εK X X 

Tree 
processes 

1↔3 
 family 

2↔3 
 family 

1↔2  
familiy 

0

                               ( , , , ..)

( / , ) sin(2 2 )           ( , , )

                                 ( , , )

| | | |                       

d d

d d

d d

EXP SM
d B d B

CP B B

EXP SM
B B

EXP SM
K K

m C m f C QCD

A J K f

f

Cε

ρ η

β φ ρ η φ

α α φ ρ η φ

ε ε

Δ = Δ

Ψ = +

= −

=       ( , , , ..)

                              ( , , , ..)

( / , ) sin(2 2 )           ( , , )

...

s

s s

EXP SM
s B s Bs

CP s B B

f C QCD
m C m f C QCD

A J f

ερ η

ρ η

φ β φ ρ η φ

Δ = Δ

Ψ = −

ΔF=2	

NP model independent Fit	



Parametrizing NP physics in ΔF=2 processes 	



2 2 2

2

NP SM
i B B

SM
B

A Ae
A

Δ = Δ =

Δ =

+
=qC döCBqe2iφBq 



 η = 0.353 ± 0.014  

 ρ = 0.132 ± 0.020  

 η = 0.392 ± 0.054  

 ρ = 0.129 ± 0.040  

SM analysis NP-ΔF=2 analysis 

ρ,η fit quite precisely in NP-ΔF=2 analysis and  
consistent with the one obtained on the SM analysis 

[error increases] 
(main contributors tree-level γ and Vub) 

5 new free parameters	


    Cs,ϕs     Bs mixing	


      Cd,ϕd     Bd mixing	


      CεK          K mixing	



Today :  	


fit is  overcontrained 	



Possible to fit 7 free parameters 	


   (ρ, η, Cd,ϕd  ,Cs,ϕs, CεK) 

Please consider these numbers when you want to get CKM parameters 
in the  

 
presence of NP in ΔF=2 amplitudes (all sectors 1-2,1-3,2-3) 







Effective Theory Analysis ΔF=2 

2( )
( )

j
j

j

jC
LF F

C
L

= ⇒Λ =
Λ

Λ
Λ

L is loop factor and should be :  
L=1 tree/strong int. NP 
L=α2

s or α2
W for stron/weak perturb. NP 

C(Λ) coefficients are extracted from data 

F1=FSM=(VtqVtb*)2 

Fj=1=0 MFV 

|Fj | =FSM
 

arbitrary phases NMFV 

|Fj | =1 
 arbitrary phases 

Flavour generic 

Effective Hamiltonian in the mixing amplitudes 



From Kaon sector @ 95% [TeV] 

Scenario Strong/tree αs loop αW loop 

MFV 

NMFV 107 11 3.2 

Generic ~470000 ~47000 ~14000 

From Bd&Bs sector @ 95% [TeV] 

Scenario Strong/tree αs loop αW loop 

MFV 

NMFV 8 0.8 0.25 

Generic 3300 330 100 

Main contribution to present lower bound on NP scale come from 
ΔΦ=2 chirality-flipping operators ( Q4) which are RG enhanced 



1)  CKM matrix is the dominant source of flavour mixing and CP 
violation   σ(ρ)~15%   &  σ(η) ~4% 

 
2) There are tensions that should be understood : sin2β, εK ,  

Br(Bàτ ν)  
	


3)  Estraction of SM predictions with different possibilities: 

inclusive vs exclusive, tensions pull Vub in opposite 
directions; better if we give up B ->  τ ν  

 
 4) The suggestion of a large Bs mixing  phase has not survived  to 

LHCb measurements.  	



CONCLUSIONS	





b è s &  τ èµγ in SUSY GUTS 
     

3

of these o⇥-diagonal elements [18]. So we may assume
that these GUT scale values are approximately equal to
their values at the electroweak scale. Hence it is a fair
approximation to assume that (m2

D̃
)ij ⌥ (m2

L̃
)ij at the

electroweak scale. Then the (⌅d
ij)RR ⇤ (m2

D̃
)ij/m2

q̃ con-
tributions to FCNC and (⌅l

ij)LL ⇤ (m2
L̃
)ij/m2

l̃
contribu-

tions to LFV are clearly correlated. We may explicitly
write the rate of li ⌃ lj⇤ in the very suggestive form [19],

BR(li ⌃ lj⇤) ⌥ �3

G2
F

m4
q̃

M8
S

|(⌅d
ij)RR|2 tan2 ⇥ (25)

where mq̃ is the average squark mass and MS is the typ-
ical SUSY scale.

We also need to consider the RGE e⇥ects of the CKM
mixings in the left-handed down squark matrices. These
e⇥ects can be approximated as,

(⌅d
ij)LL ⇧ �

1
8⌃2

Y 2
t V �

tiVtj
(3m2

0 + A2
0)

m2
q̃

ln
M�

MW
(26)

Here m0 is the universal scalar mass, A0 the universal A-
term and M� is the scale at which the flavour blind soft
SUSY breaking is communicated. These e⇥ects may be
quite important in the ⌅d

LL⌅
d
RR contribution to eq. (13)

due to the typically large value of a4 ⇧ �100 a1. We
shall take a minimal approach and assume M� to be the
GUT scale ⌅ 2 ⇥ 1014 GeV, in which case the mass in-
sertions are of the order, (⌅d

23)LL ⌅ ⇧2 and (⌅d
13)LL ⌅ ⇧3.

Larger values of M� will lead to an even more restricted
parameter space for (⌅d

13,23)RR.
If we assume that the second term of eq. (13) domi-

nates then we may derive the relation,
����
Rs

Rd

����
2

⇧
����
as
4

ad
4

����
2 ����

(⌅d
23)LL

(⌅d
13)LL

����
2 ����

(⌅d
23)RR

(⌅d
13)RR

����
2

⇧ ⇧2 BR( ⌃ µ⇤)
BR( ⌃ e⇤)

(27)

here we have made use of the ratio, |as
4|/|ad

4| ⇧ V 2
td/V 2

ts ⇧
⇧2, as derived in appendix A. This relation di⇥ers from
that derived in [19] where it was assumed that, as

4/ad
4 = 1.

In appendix A we show the full form of the functions
a1 and a4 where it is shown that the correct ratio is
|as

4|/|ad
4| ⇧ V 2

td/V 2
ts ⇧ ⇧2. As a result the allowed param-

eter space for the mass insertion (⌅d
13)RR is suppressed

relative to (⌅d
23)RR by a factor ⇧2 as shown above.

IV. NUMERICAL RESULTS AND DISCUSSION

In this section we shall show the results of numerical
calculations of our generic SUSY analysis of the allowed
parameter space for the mass insertions (⌅d

13,23)RR. We
then make use of this allowed parameter space to study
the correlation of FCNCs and LFV rates.

For the numerical analysis we fixed the values of
tan⇥ = 10, MS = m0 = M1/2 = mq̃ = (300, 500) GeV,

A0 = 0 and the ratio x ⇤ m2
g̃/m2

q̃ = 1. Taking these val-
ues we scan over (⌅d

23,13)RR and require fits to the values
of ⌥q and ⌦NP

q as described in the previous section.

FIG. 1: Allowed parameter space for the mass insertion
(⇥d

23)RR, with mq̃ = 300(blue/pink) and 500(red/green) GeV
respectively. Red/Blue points are constrained by the mea-
surement of �Ms while green/pink points have the extra con-
straint from the measurement of ⌅s both at the 95% C.L. Solid
black lines show the respective constraints for each value of
m0 from bounds on ⇤ � µ� from Belle [24].

In fig. 1 we show the allowed parameter space for the
mass insertion (⌅d

23)RR as dictated by the constraints im-
posed from �Ms(red/blue) and ⌦s(green/pink). The al-
lowed regions form rings in the complex (⌅d

23)RR plane
with wedges cut into it corresponding to allowed regions
from the measurement of ⌦s. It is clear therefore that
the recent measurements of ⌦s substantially restrict the
allowed parameter space and provide important informa-
tion. In the SUSY-GUT scenario the same mass insertion
also contributes to the LFV decay  ⌃ µ⇤, the resulting
bounds from which can be seen by the solid black line
shown in fig 1. The two black lines correspond to the
values m0 = 300, 500 GeV and clearly exclude consider-
able regions of the (⌅d

23)RR parameter space. In fact one
of the two allowed regions is strongly disfavoured in the
SUSY-GUT scenario.

Fig. 2 shows the respective allowed parameter space of
the mass insertion (⌅d

13)RR constrained by the measure-
ments of �Md and ⌦d. For (⌅d

13)RR we can see that the
measurement of ⌦d has reduced the allowed parameter
space to a small slice in the complex (⌅d

13)RR plane. In-
creasing the size of mq̃ leads to an increase in the allowed
parameter space due to a suppression of the functions
a1,4 ⌅ 1/m2

q̃.
From these allowed regions of parameter space we can

plot the corresponding allowed regions of the rq � �q

parameter space. These are shown in fig. 3 and fig. 4.
Without the restrictions from the CP phases ⌦d,s the al-
lowed regions of parameter space form loops in the rq��q

plane. The constraints from the CP phases represent
slices as shown in [8, 12]. The accurate measurement of
⌦d leaves the allowed region of parameter space as a thin

5

bounds. Therefore the present bounds have no impact
on the allowed parameter space.

FIG. 5: Predictions for BR(⇥ � µ�) from constraints on Bs

mixing. The red points conform to the �Ms constraint while
green points show the additional constraint from ⇤s, both at
95% C.L. The present experimental bound is shown by the
solid black horizontal line.

The ratio of the branching fraction of ⇧ ⇤ µ� and
⇧ ⇤ e� is less dependent on the SUSY parameter space
and so it is interesting to consider the allowed size of
this ratio. Using the parameter space of (⇥d

13)RR and
(⇥d

23)RR allowed by the constraints of ⌅d,s and ⌃NP
d,s we can

make predictions for the ratio BR(⇧ ⇤ µ�)/BR(⇧ ⇤ e�).
Fig. 7 shows the resulting plot of BR(⇧ ⇤ µ�)/BR(⇧ ⇤
e�) plotted against the prediction for the NP CP phase
⌃NP

s . We can see that the numerical results show this ra-
tio ranging from 0.01 up to tens of thousands. Applying
the constraints from the CP phases ⌃d,s implies that this
ratio must lie in the region � 10. This large ratio is again
due to the suppression of the (⇥d

13)RR allowed parameter
space due to the smallness of the mass di�erence in the
Bd system as opposed to the larger mass di�erence in
the Bs system. Here our results disagree with those pre-
sented in [19] due to their erroneous assumption of the
ratio as

i /ad
i = 1.

Let us now look at a specific example of a simple
SUSY GUT. The example we pick is an SO(10) inspired
model as introduced in [20, 26]. In this model there are
two Higgs representations one for the up/neutrino and
down/charged lepton Yukawa couplings separately. The
neutrino Yukawa coupling is then related to the up quark
Yakawa, where two limiting cases are possible; (i) Y� has
CKM like mixing, (ii) Y� has MNS like mixing. It is
assumed that SO(10) breaks to SU(5) at the scale M10

and further breaks to the SM gauge group at the scale
MGUT. Assuming that the flavour blind SUSY breaking
occurs at the scale M� = M10 = 1017 GeV, then the mass

FIG. 6: Predictions for BR(⇥ � e�) from constraints on Bd

mixing.

insertions can be written as,

(⇥d
ij)RR ⌅ � 3

8⇤2
y2

t V �
j3Vi3 ln

M10

MGUT
(28)

(⇥l
ij)LL ⌅ � 3

8⇤2
y2

t V �
j3Vi3ln

M10

MR
(29)

where the matrix V is VCKM and UMNS for case (i) and
(ii) respectively. The scale MR ⇥ 1015 GeV is the scale of
the right-handed neutrinos. Case (i) produces relatively
small LFV rates with (⇥l

23)LL ⇥ 0.008 and (⇥d
23)RR ⇥

0.003. The present bound on the rate of ⇧ ⇤ µ� leads
to the weak bound m0 � 200 GeV. Alternatively the
contribution to Bs mixing is also very small, for m0 �
200 GeV we have too small a value |Rs| ⇥ 0.2. Case
(ii) produces large LFV rates with (⇥l

23)LL ⇥ 0.25 and
(⇥d

23)RR ⇥ 0.08. Here the present bound on the rate of
⇧ ⇤ µ� leads to the strong bound m0 � 1000 GeV. Here
again the contribution to Bs mixing is very small, for
m0 � 1000 GeV we once again have too small a value
|Rs| ⇥ 0.2.

FIG. 7: BR(⇥ � µ�)/BR(⇥ � e�) from constraints on Bs

and Bd mixing. Red points are from the �Md,s constraint
only, green points are for both �Md,s and ⇤d,s constraints.

ΔMs   msq=500 GeV     	



Φs   	



Limits from Belle and Babar  < 
4.5 & 6.8  10-8    	







We can consider simultaneously LFV, g-2 
e EDM,e.g. Isidori, Mescia, Paradisi, Temes in MSSM 



FCNC in rare K decays 



Nel seguito la discussione sara`  
Incentrata su: 

 
 La Rottura della Simmetria Elettrodebole 

(The Energy Frontier) 
 

La fisica del Sapore e la Violazione di CP 
(The Intensity Frontier) 

 
La natura della Materia Oscura 

(The Cosmic Frontier) 
 



2 osservazioni speimentali rimangono non spiegate nello SM e 
nello SM cosmologico 



F. Gianotti, G8 HORCs, 18/5/2009 

In termini di energia, lo straordinario progresso  
osservazionale  ha individuato solo il 4% del 

contenuto dell’universo 

La Materia Oscura (Dark Matter-DM) stabilita a 
10 deviazioni standard  



F. Gianotti, G8 HORCs, 18/5/2009 



F. Gianotti, G8 HORCs, 18/5/2009 



NOW: 

E` la DM una particella 
della Nuova Fisica (NP) 
che ci aspettiamo 
alla scala della rottura 
della simmetria  
elettrodebole? 



WIMP (weakly interacting massive particles) 
E` questa la soluzione ? 
Alcune delle proposte avanzate: 

Tipo Spin Scala di 
Massa (appr.) 

Assione 0 µeV-meV 
Higgs doub. 
inerte 

0 50 GeV 

Neutrino 
Sterile 

1/2 keV 

Neutralino 1/2 10 
GeV-10TeV 

Kaluza-Klein 1 TeV 



I neutrini massicci sono 
gli unici candidati 
possibili per spiegare la 
DM nello SM 

Tuttavia, essendo molto 
leggeri, e 
disaccopiandosi a 
un’energia di circa 1 
MeV , continuano a 
diffondersi come 
particelle 
ultrarelativistiche  
nell’universo 
influenzando le 
fluttuazioni della 
densita` e limitando la 
formazione di 
protostrutture 

G.Fogli et al., Phys. Rev. Phys.Rev.D75:053001,2007.   



INCONTRI CON GLI STUDENTI 

Molto leggeri &  con 
accoppiamenti (quasi-) solo 
gravitazionali, stabili su scala 
cosmologica 
 
Meccanismo di produzione 
dipende dalla cosmologia 
dell’universo primordiale 
e.g. scalare com massa           
m ~ meV con accoppiamenti      
~ 1/Mpl  

Candidati per la DM: due possibilita` principali 



Candidati per la DM: due possibilita` principali 

accoppiamenti apprezzabili alle 
particelle dello SM + una 
simmetria per garantirne la 
stabilita` 
Ωh2 ∝ 1 / <σann v>  
<σann v> ~  0.1 pb  
σ ~  α2 /m2 
m ~  100 GeV 

Una coincidenza davvero speciale: i parametri della 
fisica delle particelle e quelli della cosmologia  
cospirano per fornirci possibili candidati di DM alla 
scala EW; molto generale non dipende dai dettagli 
dell’evoluzione iniziale  dell’universo ma solo Trh> m/25 



Nuove simmerie alla scala del TeV e Materia oscura  

per risolvere i problemi 
della rottura della 
simmetria EW con un 
Higgs elementare 

E` necessario introdurre  
nuovi gradi di liberta` 
(nuova fisica) alla scala 
del TeV 

Tensione con le misure di 
precisione dello SM & 
con  la fisica del sapore  
(little hierarchy) 

Indroduciamo dunque una 
simmetria (R-parita`, KK 
parita`  etc. 

A causa di questa nuova 
simmetria la particella 
piu` leggera prevista dai 
nuovi gradi di liberta` e` 
stabile 

Ecco dunque un 
candidato naturale 
per la DM !! 







LHC non fornira` tutte le risposte per risolvere il 
problema della  DM. E` necessario:  

1)  combinare la misura delle proprieta` delle nuove particelle in 
laboratorio con la rivelazione della DM nella galassia (dai suoi prodotti 
di annichilazione) 

2)   riuscire a fare la connessione con le particelle scoperte a LHC 

Interagendo cosi` debolmente,la maggior parte dei wimps passano 
attraverso la terra.   I pochissimi che  collidono con i nuclei, perdono 
una parte di energia cinetica che possiamo osservare misurando il 
rinculo dei nuclei colpiti  

 
 
Per una densita` di DM di ρ =0.3 GeV cm-3 

ci aspettiamo <1 evento/100Kg/giorno se la sezione d’urto e` 
10-7pb 













The LHC has entered new territory 
 
The CMS and ATLAS experiment are searching for new 
physics. No clear sign of new physics yet in the first 1-2 fb-1  
at 7 TeV 
 
Exclusion at 95% CL for Higgs masses above 130 GeV. 
Some tantalizing excesses seen at lower mass, to be 
studied/confirmed with more data in 2012 
 
8 TeV collision CM energy in 2012,which would settle the 
the SM Higg 



Is the present picture showing a  
Model Standardissimo ? 

An evidence, an evidence, my kingdom for an evidence  
From Shakespeare's Richard III  



3 roads to  
New Physics     

By  gm for antonio  
masiero 2010 


