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2012:	  the	  conquest	  of	  	  	  
a	  new	  energy	  scale	  in	  physics	  

•  ~1900	  	  	  ATOMIC	  SCALE	  	  	  10	  -‐8	  	  cm.	  	  	  	  	  	  	  1/(αme)	  
•  ~1970	  	  	  STRONG	  SCALE	  	  	  10	  -‐13	  cm.	  	  	  	  Me	  -‐2Π/αsb	  

• ~2010	  	  	  WEAK	  SCALE	  	  10	  -‐17	  cm.	  TeV-‐1	  
FUNDAMENTAL	  OR	  DERIVED	  SCALE?	  

EX.	  	  EXTRA-‐DIMENSIONS	  
or	  
TeV	  STRING	  THEORY	  

EX.:	  TECHNICOLOR	  or	  
	  SUSY	  with	  ELW	  RAD.	  BREAKING	  	  

NEW	  PARTICLES	  AT	  THE	  TEV	  SCALE?	  



HIGGS	  MECHANISM	  

HIGGS	  MECHANISM?	  



MICRO MACRO 
PARTICLE PHYSICS COSMOLOGY 

GWS STANDARD MODEL    HOT BIG BANG 
STANDARD MODEL 

HAPPY MARRIAGE  
Ex: NUCLEOSYNTHESIS 

BUT ALSO POINTS OF  
FRICTION 

- COSMIC MATTER-ANTIMATTER ASYMMETRY 
- INFLATION 
- DARK MATTER + DARK ENERGY 

“OBSERVATIONAL” EVIDENCE FOR NEW PHYSICS BEYOND 
THE (PARTICLE PHYSICS) STANDARD MODEL 



The	  Energy	  Scale	  from	  the	  
“ObservaOonal”	  New	  Physics	  	  	  	  	  	  	  	  	  	  	  	  	  

	  	  	  	  	  	  	  	  	  	  neutrino	  masses	  
	  	  	  	  	  	  	  	  	  	  	  dark	  maTer	  
	  	  	  	  	  	  	  	  	  	  	  baryogenesis	  
	  	  	  	  	  	  	  	  	  	  	  inflaOon	  	  

NO NEED FOR THE 
NP SCALE TO BE 
CLOSE TO THE 
ELW. SCALE 

         The Energy Scale from the 
         “Theoretical” New Physics 

               Stabilization of the electroweak symmetry breaking 
at MW calls for an ULTRAVIOLET COMPLETION of the SM 
already at the TeV scale            +  
          CORRECT GRAND UNIFICATION “CALLS” FOR NEW PARTICLES 
AT THE ELW. SCALE 

	  	  



3	  WAYS	  TO	  IMPLEMENT	  	  
THE	  HIGGS	  MECHANISM	  

•  NO	  HIGGS	  PARTICLE:	  HIGGSLESS	  MODEL	  (almost)	  killed	  by	  
LHC	  (unlikely	  the	  observed	  scalar	  is	  an	  “impostor”,	  however	  
not	  impossible	  –	  ex.	  dilaton,	  radion.	  Possibility	  of	  mixing	  of	  
an	  “authenOc”	  Higgs	  with	  the	  “impostor”…)	  

•  COMPOSITE	  HIGGS:	  PSEUDO-‐GOLDSTONE	  BOSON	  	  

•  ELEMENTARY	  HIGGS	  
	  	  	  	  A)	  FINE-‐TUNED	  (unnatural	  Higgs	  –	  anthropic	  road,	  high-‐
scale	  fundamental	  theory	  taking	  care	  of	  it,	  …)	  
	  	  	  	  B)	  NATURAL	  	  (protecQon	  mechanism:	  low-‐energy	  SUSY;	  
inexistence	  of	  the	  scale	  hierarchy	  problem:	  extra	  
dimensions,	  warped	  space,	  …)	  
	  	  



EWSB:	  WITH	  OR	  WITHOUT	  A	  HIGGS	  BOSON	  

R.	  CONTINO	  	  PLANCK2012	  

CAN	  LHC	  TELL	  US	  WHAT	  NATURE	  
HAS	  CHOSEN	  TO	  BREAK	  THE	  ELW	  
SYMMETRY?	  	  	  



a light higgs (or 
something 
mimicking it) is 
definitely favored 

the big desert between 
the TeV and the GUT 
scales only if the higgs 
is a narrow band 
between 130 and 180 

Ellis, Espinosa, Giudice, 
Hoecker, Riotto 

LEP,	  SLC,	  TEVATRON	  
	  	  	  	  	  	  	  	  	  	  	  LEGACY	  	  



OUR	  “VIRTUAL”	  ENCOUNTER	  WITH	  THE	  HIGGS	  
BOSON	  (OR	  “SOMETHING”	  MIMICKING	  IT)	  



C.	  PAUS,	  HPC,	  KYOTO,	  NOV.	  15	  2012	  



K.	  EINSWEILER,	  HPC,	  KYOTO,	  NOV.	  2012	  



C.	  PAUS,	  HPC,	  ‘12	  



Twin Peaks in ATLAS? 

ΔM = 3.0 +1.1 
–1.0 GeV 

M = 125.2 ± 0.3 ± 0.6 GeV 
CMS ZZ* signal has same mass as ATLAS γγ 

M = 126.2 ± 0.6 ± 0.2 GeV 



I.HINCHLIFFE,	  H-‐D	  FEST,	  2013	  	  



ITS	  COUPLINGS:	  	  IMPOSTOR,	  	  
A	  HIGGS	  OR	  THE	  (SM)	  HIGGS	  

•  Strictly	  sOcking	  to	  the	  data,	  we	  cannot	  exclude	  the	  logical	  
possibility	  that	  the	  observed	  parOcle	  is	  not	  connected	  to	  
EWSB	  (however,	  Subtle	  is	  the	  Lord,	  but	  malicious	  He	  is	  not	  …)	  

	  

•  The	  	  “a”	  vs.	  “the”	  dispute	  decided	  by	  5	  numbers:	  	  	  

?	  

BARBIERI,	  
ICHEP2012	  



1	  step	  -‐	  go	  from	  5	  to	  2:	  cV	  and	  cF	  
•  If	  EW	  symmetry	  breaking	  via	  the	  Higgs	  
mechanism:	  H	  couplings	  to	  W	  and	  Z	  in	  a	  well-‐
defined	  raOo	  protected	  by	  a	  custodial	  symmetry	  
à	  cV	  

•  The	  couplings	  to	  all	  the	  fermions	  are	  assumed	  to	  
scale	  with	  a	  common	  factor	  cF	  

•  Then:	  all	  tree-‐level	  Higgs	  couplings	  can	  be	  
expressed	  in	  terms	  of	  only	  2	  param.,	  cV	  and	  cF	  

•  If	  the	  loop-‐induced	  couplings	  Hgg	  and	  Hγγ	  
receive	  contribuOons	  only	  from	  SM	  parOcles	  and	  
there	  is	  no	  H	  invisible	  decay,	  then	  all	  parQal	  
widths	  scale	  either	  as	  cV2	  or	  cF2	  at	  LO,	  with	  the	  
only	  excepQon	  of	  Γγγ	  scaling	  as	  |αcW+βct|2	  



SM	  Higgs	  

In	  agreement	  with	  
the	  SM	  within	  95%CL	  
	  
	  
Some	  tension	  to	  be	  addressed	  
with	  more	  data	  and	  more	  
channels	  at	  disposal	  



HOW	  TO	  GO	  NON-‐STANDARD	  
•  H	  	  MIXES	  WITH	  OTHER	  SCALARS	  (	  e.g.	  2HDM,	  MSSM,	  NMSSM,	  

…)	  à	  all	  couplings	  possibly	  affected	  
•  H	  IS	  NOT	  AN	  ELEMENTARY	  PARTICLE	  à	  all	  couplings	  
possibly	  affected	  

•  H	  DECAYS	  INTO	  STATES	  THAT	  HAVE	  BEEN	  MISSED	  (e.g.,	  into	  
invisible	  parOcles	  which	  do	  not	  interact	  or	  interact	  very	  weakly	  
in	  the	  detector,	  into	  indiscernible	  parOcles	  which	  cannot	  be	  
disOnguished	  against	  the	  large	  background)	  H	  à	  inv	  

•  LOOPS	  IN	  H	  PRODUCTION	  (ex.	  g	  fusion)	  OR	  IN	  H	  DECAYS	  (ex.	  
Hàgg,	  Hà	  γγ)	  ARE	  MODIFIED	  BECAUSE	  OF	  NEW	  VIRTUAL	  
PARTICLES	  RUNNING	  INSIDE	  THEM	  à	  cg	  and	  cγ	  affected	  

	   IF	  there	  is	  TeV	  NEW	  PHYSICS	  à	  not	  difficult	  to	  get	  
variaQons	  of	  O(1)	  w.r.t.	  the	  SM	  expectaQons	  on	  the	  
above	  5	  Higgs	  couplings	  	  



What is it ? 
•  Does it have spin 0 or 2? 

–  Spin 2 seems unlikely, but needs experimental checks 

•  Is it scalar or pseudoscalar? 
–  Pseudoscalar disfavoured by experiment 

•  Is it elementary or composite? 
–  No significant deviations from Standard Model 

•  Does it couple to particle masses? 
–  Some prima facie evidence that it does 

•  Quantum (loop) corrections? 
–  γγ coupling > Standard Model? 

•  What are its self-couplings? Wait for HL-LHC …? 

J.	  ELLIS	  in	  Dine-‐
Haber	  Fest,	  2013	  



Assuming	  that	  
the	  stat.	  errors	  
scale	  with	  the	  
luminosity,	  whilst	  
the	  syst.	  and	  
theor.	  errors	  
remain	  the	  same	  	  

	  	  	  	  	  	  	  	  	  	  	  HOW	  PRECISE	  CAN	  WE	  BE	  ON	  AN	  	  
SM-‐LIKE	  HIGGS	  PRODUCTION	  ×	  BR	  at	  the	  LHC?	  

MH	  fixed	  at	  
125	  GeV	  

WG	  ContribuOon	  
to	  the	  	  
Open	  Symposium	  
of	  the	  EU	  Strategy	  	  
	  P.	  Anger	  et	  al.	  



ULTIMATE	  CAPABILITIES	  OF	  LHC	  FOR	  MODEL-‐INDEPENDENT	  
MEASUREMENTS	  OF	  THE	  HIGGS	  BOSON	  COUPLIGS	  	  

at	  14	  TeV	  with	  300	  t-‐1	  

Band	  of	  5%	  deviaQon	  from	  
the	  SM	  higgs	  couplings	  

PESKIN	  2012	  



LC	  at	  √s	  =	  250	  GeV:	  a	  HIGGS	  FACTORY	  

•  Expected	  O(105)	  Higgs	  bosons	  for	  ~	  250	  t-‐1	  

•  Accuracies	  on	  Higgs	  couplings	  for	  MH	  =	  125	  GeV	  
(on	  individual	  couplings	  and	  not	  only	  on	  
products	  of	  producOon	  cross	  secOon	  ×	  BR)	  	  

•  	  	  
	  
PRECISION	  ON	  THE	  MEASUREMENT	  OF	  MH	  :	  	  	  0.03%	  	  

Probing	  addiQonal	  non-‐SM-‐like	  Higgs	  bosons:	  	  the	  125	  GeV	  Higgs	  
could	  be	  the	  second	  lightest	  Higgs	  in	  the	  spectrum	  à	  lighter	  Higgs	  (maybe	  below	  the	  
LEP	  limit	  for	  a	  SM-‐like	  Higgs)	  with	  reduced	  couplings	  to	  gauge	  bosons	  	  

Baer	  et	  al.,	  ILC	  Detailed	  Baseline	  Design	  report	  2012	  



HLC	  	  =	  ILC	  at	  250	  GeV	  with	  250	  t-‐1	  	  
ILC	  =	  ILC	  at	  500	  GeV	  with	  500	  k-‐1	  	  
ILCTeV	  =	  ILC	  at	  	  1	  TeV	  	  with	  1000	  t-‐1	  

PESKIN	  2012	  



e+e- Collider Summary	


ICFA Higgs Factory Workshop 
Fermilab, Nov. 2012 



STRONG	  
JAPANESE	  
INTEREST,	  BOTH	  
FROM	  THE	  
SCIENTIFIC	  AND	  
THE	  POLITICAL	  
COMMUNITIES,	  	  
IN	  REALIZING	  
THE	  ILC	  	  



HOW	  MUCH	  PRECISION	  IS	  NEEDED?	  

M.	  Peskin,	  TheoreQcal	  Summary	  Lecture	  for	  Higgs	  HunQng	  2012	  
	  



RED:	  several	  Higgses	  
are	  discovered	  at	  LHC	  

DARKBLUE:	  excluded	  by	  
BR	  (b	  àsγ)	  constraint	  

LIGHTBLUE:	  at	  
least	  one	  stop	  has	  
mass	  <	  1	  TeV	  

GREEN:	  both	  top	  
squarks	  are	  heavier	  
than	  1.5	  TeV	  

GUPTA,	  RZEHAK,	  
WELLS	  	  	  	  	  2012	  



COPING	  WITH	  A	  HIGGS	  
MASS	  OF	  125	  GEV?	   2012	  

POSSIBLE	  TO	  HAVE	  	  A	  LIGHT	  
STOP	  IF	  ONE	  MOVES	  FROM	  
THE	  MSSM	  TO	  THE	  

NMSSM	  
WITH	  ONE	  
ADDITIONAL	  SINGLET	  	  

Possible	  for	  the	  MSSM	  to	  have	  a	  light	  Higgs	  of	  
mass=125	  GeV,	  but	  need	  for	  not	  so	  light	  stop	  	  

the	  two	  players	  to	  
raise	  the	  Higgs	  mass	  



IS	  LOW-‐ENERGY	  SUSY	  STILL	  ALIVE?	  

ICHEP	  2012	  

	  	  	  	  	  	  	  	  	  	  	  Stop	  and	  sboxom	  	  
not	  so	  stringently	  constrained	  



NATURAL	  SUSY	  

Barbieri,	  ICHEP2012	  

LOW-‐ENERGY	  SUSY	  to	  cope	  with	  the	  gauge	  hierarchy	  
problem:	  only	  the	  SUSY	  parQcles	  involved	  in	  the	  cancellaQon	  of	  
the	  quadraQc	  div.	  to	  the	  Higgs	  mass	  have	  to	  remain	  “light”	  	  



HunQng	  for	  a	  light	  s-‐top	  

Mstop	  <	  mt	  +	  mχ	  



LOW-‐ENERGY	  NEW	  PHYSICS	  	  
and	  the	  DILEMMA:	  	  

NATURAL	  or	  FINE-‐TUNED	  HIGGS	  
•  Higgs	  mass	  PROTECTION	  through	  SYMMETRIES:	  SUSY,	  

Higgs	  as	  a	  Pseudo	  Goldstone	  boson	  
•  New	  STRONG	  INTERACTION	  near	  the	  TeV	  scale	  (+	  

Higgs	  as	  a	  PGB)	  
•  TeV	  UV	  saturaQon	  (liTle-‐large	  hierarchies	  idenOfied)	  :	  

extra-‐dimensions	  around	  the	  corner	  
•  Randall-‐Sundrum	  path:	  warped	  space-‐Qme	  	  
•  Fine-‐tuning	  (for	  the	  Higgs	  mass,	  for	  the	  cosmological	  

constant)	  is	  a	  ficQQous	  problem:	  anthropic	  
(environmental)	  	  selecQon,	  mulQverse,	  10500	  vacua	  of	  
String	  theories,	  …	  	  	  

	  



TOP	  and	  HIGGS	  MASSES	  decide	  on	  the	  
VACUUM	  STABILITY	  of	  our	  UNIVERSE	  

DEGRASSI	  et	  al	  	  2012	  



LIVING	  DANGEREOUSLY	  IN	  A	  “PROBABLE”	  
METASTABLE	  UNIVERSE	  

BEZRUKOV,	  KALMIKOV,	  KNIEHL,	  SHAPOSHNIKOV	  2012;	  	  
	  DEGRASSI,	  DI	  VITA,	  ELIAS-‐MIRO’,	  ESPINOSA,	  GIUDICE,	  ISIDORI,	  STRUMIA	  2012	  
FIRST	  COMPLETE	  ANALYSIS	  NNLO	  OF	  THE	  SM	  HIGGS	  POTENTIAL	  	  



ON	  THE	  IMPORTANCE	  OF	  PRECISELY	  
MEASURING	  	  HIGGS	  and	  TOP	  MASSES	  	  

DEGRASSI	  ET	  AL	  

INTRINSIC	  DIFFICULTY	  TO	  “DEFINE”	  WHAT	  THE	  TOP	  MASS	  IS	  
AT	  A	  HADRON	  COLLIDER	  WITH	  UNCERTAINTY	  ≤	  1	  GeV	  



Some	  thoughts	  on	  this	  part:	  
Higgs	  and	  beyond	  

•  Reminder:	  we	  got	  a	  piece	  (a	  very	  important	  one,	  but	  just	  a	  piece)	  of	  a	  
large	  mosaic	  sQll	  unknown	  –	  let’s	  not	  hurry	  to	  draw	  conclusions	  (in	  
parOcular	  on	  the	  absence	  of	  “visible”	  new	  physics	  at	  the	  TeV	  scale	  …)	  

•  	  There	  seems	  to	  be	  no	  enQrely	  “natural”	  theory	  to	  account	  for	  the	  
naturalness	  (i.e.	  gauge	  hierarchy)	  problem	  in	  the	  ELW	  symmetry	  
breaking.	  .	  Already	  known	  from	  LEP,	  now	  more	  and	  more	  evident	  

•  VIRTUALITY	  vs.	  REALITY?	  	  (i.e.,	  look	  for	  NP	  through	  its	  virtual	  effects	  –	  
ex.	  deviaOons	  in	  the	  Higgs	  couplings	  –	  or	  	  through	  the	  producOon	  and	  
detecOon	  of	  its	  new	  parOcles).	  	  At	  this	  moment	  the	  “virtual	  path”	  
seems	  axracQve;	  however,	  one	  has	  to	  recognize	  also	  the	  limits	  of	  the	  
virtual	  path:	  i)	  the	  barrier	  of	  the	  theoreQcal	  uncertainQes;	  ii)	  the	  
difficult	  interpretaOon	  of	  potenOal	  discrepancies	  with	  the	  SM	  
expectaOons.	  	  

At	  the	  end	  we	  badly	  need	  “reality”	  to	  say	  that	  we	  “know”	  something.	  	  



NEUBERT	  SUSY2012	  



FCNC	  and	  GENERIC	  FLAVOURED	  NEW	  PHYSICS	  





the	  (almost	  complete)	  CKM	  triumph	  



 THE FLAVOUR  PROBLEMS 

 What is the rationale hiding 
behind the spectrum of fermion 
masses and mixing angles   
(our “Balmer lines” problem) 

 
              LACK OF A 

FLAVOUR “THEORY” 
( new flavour – horizontal  

symmetry, radiatively induced 
lighter fermion masses,  
dynamical or geometrical 
determination of the Yukawa 
couplings, …?) 

 
 
 

    Flavour changing neutral 
current (FCNC) processes are 
suppressed. 

  
     In the SM two nice 

mechanisms are at work: the 
GIM mechanism and the 
structure of the CKM mixing 
matrix. 

 
    How to cope with such delicate 

suppression if the there is new 
physics at the electroweak 
scale?  

 FERMION MASSES FCNC 



TARANTINO	  ICHEP2012	  



LHCb	  and	  	  CPV	  in	  the	  Bs	  	  decays	  



2011 

2012 
ATLAS, CMS and LHCb results 
combined: 
BPH-12-009, ATLAS-CONF-2012-061, 
LHCb‐CONF-2012-017 

David	  Straub:	  arXiv:1205.6094	  





DIRECT CPV IN D0 → π+π–, K+K- 

2011:  LHCb, 620 pb-1 first evidence (3.5 σ) of CPV in charm	  

2012: fom CDF,  9.6 fb-1, + LHCb + BELLE 

This	  result	  demands	  an	  enhancement	  of	  the	  suppressed	  CKM	  
amplitudes	  of	  the	  SM	  of	  a	  factor	  approx.	  5	  –	  10	  Isidori,	  Kamenik,	  LigeO,	  
Perez	  	  2011	  	  
But	  the	  charm	  quark	  is	  TOO	  HEAVY	  to	  apply	  the	  ChPT,	  while,	  at	  the	  same	  Ome,	  it	  

is	  TOO	  LIGHT	  to	  trust	  the	  Heavy	  Quark	  EffecOve	  approach	  :	  HENCE	  IT	  IS	  NOT	  
IMPOSSIBLE	  THAT	  THE	  SM	  IS	  ONCE	  AGAIN	  FINDING	  A	  WAYOUT	  TO	  

SURVIVE!	  Golden,	  Grinstein	  1989;	  Brod,	  Kagan,	  Zupan	  2011	  
ON	  THE	  OTHER	  IT	  REMAINS	  POSSIBLE	  THAT	  NEW	  PHYSICS	  IS	  SHOWING	  UP…	  Giudice,	  
Isidori,	  Paradisi	  2012;	  	  	  Barbieri,	  BuTazzo,	  Sala	  e	  Straub	  2012	  	  
	  POSSIBLE	  SURPRISES	  FROM	  THE	  KAON	  TOO	  à	  NA62	  ?	  



TARANTINO	  	  ICHEP2012	  



M.	  PASSERA	  2012	  



M.	  PASSERA	  2012	  



THE	  EDM	  CHALLENGE	  

FOR	  ANY	  NEW	  PHYSICS	  AT	  THE	  TEV	  SCALE	  WITH	  
NEW	  SOURCES	  OF	  CP	  VIOLATION	  à	  NEED	  FOR	  
FINE-‐TUNING	  TO	  PASS	  THE	  EDM	  TESTS	  OR	  
SOME	  DYNAMICS	  TO	  SUPPRESS	  THE	  CPV	  IN	  
FLAVOR	  CONSERVING	  EDMS	  	  



LFV and NEW PHYSICS 

•  Flavor in the HADRONIC SECTOR:  
   CKM paradigm  
•  Flavor in the LEPTONIC SECTOR:  
   - Neutrino masses and (large) mixings 
   - Extreme smallness of LFV in  the charged 

lepton sector of the SM with massive 
neutrinos: 
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Non-‐diagonality	  of	  the	  slepton	  mass	  matrix	  in	  the	  basis	  
of	  diagonal	  lepton	  mass	  matrix	  depends	  on	  the	  unitary	  
matrix	  U	  which	  diagonalizes	  (fν+	  fν)	  

~	  

SUSY	  SEESAW:	  Flavor	  universal	  SUSY	  breaking	  and	  yet	  
large	  lepton	  flavor	  violaWon	  

	  BorzumaO,	  A.	  M.	  1986	  	  	  (a|er	  discussions	  with	  	  
W.	  Marciano	  and	  A.	  Sanda)	  



L.	  Calibbi,	  NuFact	  2012	  

Thorough	  analysis	  of	  LFV	  in	  these	  3	  kinds	  of	  Seesaw	  in	  the	  SUSY	  context	  	  
M.	  HIRSCH,	  F.	  JOAQUIM,	  A.	  VICENTE	  	  arXiv:	  1207.6635	  [hep-‐ph]	  	  	  



How	  Large	  LFV	  in	  SUSY	  SEESAW?	  

•  1)	  Size	  of	  the	  Dirac	  neutrino	  couplings	  fν	  
	  
•  2)	  Size	  of	  the	  diagonalizing	  matrix	  U	  
	  
	  	  	  	  	  	  	  	  	  In	  	  MSSM	  seesaw	  or	  in	  SUSY	  SU(5)	  (Moroi):	  not	  possible	  to	  correlate	  the	  

neutrino	  Yukawa	  	  couplings	  to	  know	  Yukawas;	  	  
	  
	  	  	  	  	  	  	  	  	  In	  SUSY	  SO(10)	  	  (	  A.M.,	  VempaO,	  Vives)	  at	  least	  one	  neutrino	  	  
	  	  	  	  	  	  	  	  	  Dirac	  Yukawa	  coupling	  has	  to	  be	  of	  the	  order	  of	  the	  top	  Yukawa	  	  	  coupling	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

one	  large	  of	  O(1)	  fν	  
	  
	  U	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  two	  “extreme”	  cases:	  	  
	  
	  	  	  a)	  U	  with	  	  “small”	  entries	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  U	  =	  CKM;	  
	  	  	  b)	  U	  with	  “large”	  entries	  with	  the	  excepOon	  of	  the	  13	  entry	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  U	  =	  PMNS	  matrix	  responsible	  for	  the	  diagonalizaOon	  of	  the	  

neutrino	  mass	  matrix	  



THE	  STRONG	  ENHANCEMENT	  OF	  
LFV	  IN	  SUSY	  SEESAW	  MODELS	  CAN	  

OCCUR	  	  
EVEN	  IF	  THE	  MECHANISM	  
RESPONSIBLE	  FOR	  SUSY	  
BREAKING	  IS	  ABSOLUTELY	  	  

FLAVOR	  BLIND	  



IMPACT	  OF	  	  

on	  SUSY	  GUTs	  where	  neutrinos	  get	  mass	  
through	  the	  SEE-‐SAW	  	  MECHANISM	  
L.	  Calibbi,	  D.	  Chowdhury,A.M.,	  K.M.	  Patel	  and	  S.K.	  
VempaQ	  	  arXiv:1207.7227v1	  [hep-‐ph]	  
	  
	  

	  HIGGS	  

LFV	  LIMITS	  

θ13	  



τ	  à	  μγ	  vs.	  μ	  à	  eγ	  sensiQviQes	  

Tanβ	  =	  40	  



μ	  –	  e	  conversion	  vs	  μ	  à	  eγ	  
Tanβ	  =	  10	   Tanβ	  =	  40	  



Some	  thoughts	  on	  the	  “flavor	  path”	  
to	  TeV	  New	  Physics	  

•  Out	  of	  the	  3	  tradiQonal	  theoreQcal	  shortcomings	  of	  the	  SM:	  i)	  lack	  of	  true	  
unificaOon;	  ii)	  gauge	  hierarchy;	  iii)	  no	  explanaOon	  for	  the	  fermion	  masses	  
and	  mixings	  (flavor	  quesOon	  within	  the	  SM)	  ,	  this	  laTer	  issue	  is	  the	  one	  
with	  the	  least	  progress	  in	  the	  last	  decades	  (we	  sOll	  completely	  lack	  a	  
flavor	  theory	  –	  unfortunately	  the	  (very)	  good	  knowledge	  of	  the	  CKM	  
structure	  has	  not	  helped	  us	  much	  in	  this	  direcOon	  

•  Today	  quesOon:	  with	  all	  the	  exisOng	  constraints,	  how	  can	  it	  be	  that	  NP	  
shows	  up	  only	  in	  very	  specific	  “corners”	  that	  we	  have	  not	  experimentally	  
probed	  yet?	  The	  lack	  of	  a	  flavor	  theory	  tells	  us	  that	  what	  we	  consider	  
unlikely	  “coincidences”	  may	  be	  just	  a	  fruit	  of	  such	  ignorance	  (	  think	  of	  
finding	  ρ	  =	  1	  without	  knowing	  the	  ELW	  gauge	  theory)	  	  

•  In	  my	  view,	  in	  this	  moment	  of	  relevance	  of	  the	  “virtuality”	  as	  a	  gate	  to	  

access	  NP,	  the	  flavor	  path	  remains	  imporatnt:	  SLOW	  DECOUPLING	  
OF	  NEW	  PHYSICS	  IN	  VIRTUAL	  EFFECTS	  W.R.T.	  
PHYSICAL	  PRODUCTS	  	  



ν	  :	  WHERE	  WE	  STAND	  AND	  WHERE	  WE’RE	  HEADING	  TO	  

ACCORDING	  TO	  MY	  PERSONAL	  TASTE	  



CALABRESE,	  ARCHIDIACONA,	  MELCHIORRI,	  	  RATRA	  	  2012	  

WITH	  ONLY	  3	  
NEUTRINO	  SPECIES	  

PHYSICAL	  ENERGY	  
DENSITY	  IN	  REL.	  
PARTICLES	  TODAY	  

ATAKAMA	  COSMOLOGY	  
TELESCOPE	  AND	  SOUTH	  
POLE	  TELESCOPE	  USE	  	  	  

HINTS	  FROM	  COSMOLOGY	  IN	  FAVOR	  OF	  	  >	  3	  ν	  SPECIES?	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  “DARK	  RADIATION”	  

NEW	  RELEVANT	  
DATA	  FROM	  
PLANCK	  EXPECTED	  
IN	  APRIL	  



Limit	  on	  the	  SUM	  of	  the	  ν	  masses	  
from	  COSMOLOGY	  

Bounds	  presented	  at	  
ICHEP	  2012	  



Double	  beta	  decay:	  status	  

〈Mββ〉	  (eV)	  

In	  1998,	  when	  neutrino	  flavour	  oscillaOons	  were	  discovered,	  the	  «	  old-‐generaOon	  »	  Heidelberg-‐
Moscow	  experiment	  (76Ge,	  Ge	  diodes)	  was	  leading	  in	  terms	  of	  sensiOvity.	  	  
Today,	  it	  is	  sOll	  the	  most	  sensiOve	  experiment	  	  in	  0ν-‐DBD	  	  	  	  	  	  	  	  	  	  	  Difficult	  subject,	  slow	  
progresses	  

New	  searches,	  with	  different	  
techniques,	  have	  similar	  
sensiOviOes	  

Klapdor’s	  claim	   T01/2	  =	  (2.23+0.44−0.31)	  ×	  1025	  y	  -‐	  	  〈Mββ〉	  	  =	  (0.30+0.02−0.03)	  eV	  

CUORICINO	  
bolometers	  

NEMO3	  
Tracking+calorimeter	  

KamLAND-‐Zen	  
Large	  mass	  scinOllator	  

«	  Medium	  
GeneraOon	  »	  

«	  New	  
GeneraOon	  »	  

〈Mββ〉	  <	  0.3	  –	  0.6	  eV	  
Similar	  sensiOvity	  

GIULIANI	  IFAE2012	  



DM: the most impressive evidence at the 
“quantitative” and “qualitative” levels of 

New Physics beyond SM   
•  QUANTITATIVE:  Taking into account the latest WMAP 

data which in combination with LSS data provide stringent 
bounds on ΩDM and   ΩB                                EVIDENCE 
FOR NON-BARYONIC DM AT MORE THAN 10 
STANDARD DEVIATIONS!! THE SM DOES NOT 
PROVIDE ANY CANDIDATE FOR SUCH NON-
BARYONIC DM 

 
•  QUALITATIVE: it is NOT enough to provide a mass to 

neutrinos to obtain a valid DM candidate; LSS formation 
requires DM to be COLD             NEW PARTICLES NOT 
INCLUDED IN THE SPECTRUM OF THE 
FUNDAMENTAL BUILDING BLOCKS OF THE SM !  

     



THE DM ROAD TO NEW 
PHYSICS BEYOND THE SM:  
IS DM A PARTICLE OF 
THE NEW PHYSICS AT 
THE ELECTROWEAK 

ENERGY SCALE ?  





CONNECTION DM – ELW. SCALE 
THE WIMP MIRACLE :STABLE ELW. SCALE WIMPs  

1) ENLARGEMENT 
OF THE SM 

SUSY            EXTRA DIM.           LITTLE HIGGS.
    (xµ, θ)                (xµ, ji)                  SM part + new part 

Anticomm.          New bosonic               to cancel Λ2 
Coord.                      Coord.                   at 1-Loop 

2) SELECTION 
RULE  
DISCRETE SYMM. 

STABLE NEW 
PART. 

R-PARITY LSP       KK-PARITY LKP     T-PARITY LTP 

Neutralino spin 1/2              spin1                    spin0 

3) FIND REGION (S) 
PARAM. SPACE 
WHERE THE “L” NEW 
PART. IS NEUTRAL + 
ΩL h2  OK 

   * But abandoning gaugino-masss unif.       Possible to have mLSP down to 7 GeV 

mLSP 

~100 - 200 
GeV * 

 mLKP  

~600 - 800 

GeV 

 mLTP  

~400 - 800 

GeV 

Bottino, Donato, Fornengo, Scopel 



DM COMPLEMENTARITY: efficient 
annihilation in the early Universe implies 

today 



Relevant to 
intensify the efforts 
here: ex. 
asymmetric DM 
with DM particles 
of mass~ baryon 
mass given that 
ρDM not much 
different from ρB 

Kolb SUSY2012 



POSITRON EXCESS:  
FERMI confirms and extends PAMELA 

results 



LIMITS ON THE WIMP-PROTON SPIN-DEPENDENT 
SCATTERING CROSS SECTION from searches for  
WIMPs ANNIHILATING TO NEUTRINOS IN THE SUN    



INDIRECT DETECTION  
IN GAMMA RAYS  

LIMITS ON CONTINUUM GAMMA RAY 
FLUXES  



DM INDIRECT SEARCHES: 
another surprise  

After the PAMELA positron 
excess, this is the source 
of excitement for the DM 
searchers through 
detection of gamma-
lines emitted from DM 
annihilation … but so 
many signals of this kind 
have come and gone 
away… 
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A	  summary	  (oversimplified…)	  
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Alessandro	  De	  Angelis	  



INTERPLAY	  BETWEEN	  	  
DIRECT	  AND	  LHC	  DM	  SEARCHES	  

ARCADI,	  CATENA,	  ULLIO	  	  1211.5159	  

MISSING	  ENERGY	  DISTRIBUTION	  FOR	  THE	  EVENTS	  INCLUDING	  3	  LEPTONS	  IN	  
THE	  FINAL	  STATE	  FOR	  THE	  BENCHMARK	  POINT	  xen1	  FOR	  A	  RUN	  OF	  LHC	  AT	  7	  
TeV	  and	  a	  LUMINOSITY	  of	  4.7	  t-‐1	  	  	  	  	  



Some	  final	  consideraOons	  
•  This	  is	  indeed	  an	  exciQng	  moment	  in	  all	  the	  three	  fronQers	  

of	  High	  Energy,	  High	  Intensity	  and	  AstroparQcle	  physics	  
•  The	  celebrated	  dilemma:	  is	  there	  new	  physics	  to	  stabilize	  the	  

ELW	  symmetry	  breaking	  scale	  (i.e.	  TeV	  NP)	  	  or	  is	  there	  the	  
big	  desert?	  Becomes	  more	  arOculated:	  

i)  TeV	  NP	  physics	  (	  testable	  	  -‐	  along	  the	  “real”	  path,	  i.e.	  
observing	  its	  new	  parQcles,	  or	  at	  least	  some	  of	  them)	  ;	  

	  
	  ii)	  more	  and	  more	  unnatural	  NP	  related	  to	  the	  ELW	  breaking	  
(	  more	  chances	  in	  a	  near	  future	  for	  the	  “virtual	  path”);	  
	  	  
	  iii)	  no	  need	  to	  stabilize	  the	  ELW	  scale,	  big	  desert	  or	  possibly	  
some	  remnant	  at	  lower	  energies	  (tests	  of	  the	  validity	  of	  the	  
SM	  up	  to	  very	  large	  scales,	  for	  instance	  its	  vacuum	  stability)?	  	  	  
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