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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?	
  



2013:	
  the	
  thiumph	
  of	
  the	
  	
  STANDARD	
  
•  PARTICLE	
  STANDARD	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MODEL	
  
	
  
	
  

•  COSMOLOGY	
  STANDARD	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MODEL	
  

ΛCDM	
  +	
  “SIMPLE”	
  INFLATION	
  	
  



HIGGS	
  MECHANISM	
  

HIGGS	
  MECHANISM?	
  



Higgs	
  Mass	
  measurements	
  
	
  	
  	
  	
  	
  	
  	
  	
  ATLAS	
  +	
  CMS	
  	
  ZZ*	
  and	
  γγ	
  final	
  states	
  

The	
  values	
  of	
  the	
  TOP	
  and	
  HIGGS	
  masses	
  
are	
  crucial	
  to	
  establish	
  the	
  stability	
  of	
  the	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ELECTROWEAK	
  VACUUM	
  



STABILITY	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  INSTABILITY	
  	
  	
  

ON	
  THE	
  IMPORTANCE	
  OF	
  PRECISELY	
  
MEASURING	
  	
  HIGGS	
  and	
  TOP	
  MASSES	
  	
  



Vacuum Instability in the Standard Model  
•  Very sensitive to mt as well as MH 

 
•  Instability scale: 

mt = 173.3 ± 1.0 GeV è log10(Λ/GeV) = 11.1 ± 1.3 

Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio & Strumia, arXiv:1307.3536	



World 
average 

New CMS 

New D0 

Melnikov, Meyer	



New ATLAS 

J.	
  Ellis,	
  	
  LP	
  2015	
  



Are	
  the	
  SMs	
  really	
  STANDARD?	
  
	
  	
  	
  	
  	
  	
  	
  	
  G-­‐W-­‐S	
  	
  SM	
  
	
  
•  All	
  the	
  experimental	
  results	
  

of	
  both	
  high-­‐energy	
  parDcle	
  
physics	
  and	
  high-­‐intensity	
  
flavor	
  physics	
  are	
  
surprisingly	
  (and	
  
embarrassingly	
  )	
  in	
  very	
  
good	
  agreement	
  with	
  the	
  
predicVons	
  of	
  the	
  GSW	
  SM	
  	
  

	
  
•  Only	
  (possible)	
  excepVon:	
  

the	
  anomalous	
  magneDc	
  
moment	
  of	
  the	
  muon	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ΛCDM	
  	
  SM	
  
	
  
•  All	
  the	
  cosmic	
  observaDons	
  

are	
  in	
  agreement	
  with	
  	
  the	
  
~25%	
  CDM,	
  ~70%	
  
cosmological	
  constant	
  Λ	
  ,	
  ~5%	
  
ordinary	
  ma[er	
  	
  of	
  the	
  ΛCDM	
  	
  
SM	
  

	
  	
  
•  (Possible)	
  excepVon:	
  troubles	
  

with	
  pure	
  Cold	
  DM	
  from	
  
absence	
  proto-­‐galaxies,	
  non-­‐
existence	
  of	
  spikes	
  in	
  DM	
  
density	
  at	
  the	
  centre	
  of	
  the	
  
galaxies	
  



T.	
  VOLANSKY	
  at	
  this	
  meeDng	
  







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	
  	
  



MICRO MACRO 
GWS STANDARD MODEL    HOT BIG BANG 

STANDARD MODEL 

NUCLEOYINTHESIS 

BUT ALSO FRICTION POINTS 

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

OBSERVATIONAL EVIDENCE OF NEW PHYSICS 

                BEYOND THE STANDARD  

UNIVERSE	
  EXPANSION	
  +	
  
WEAK	
  INTERACTIONS	
  
	
  	
  1	
  sec.	
  aher	
  BB	
  

NUMBER	
  OF	
  BARYONS	
  and	
  OF	
  
NEUTRINO	
  SPECIES	
  à	
  
CONFIRMED	
  FROM	
  CMB	
  350000	
  
YEARS	
  AFTER	
  BB	
  



The	
  Energy	
  Scale	
  from	
  the	
  
“ObservaVonal”	
  New	
  Physics	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  neutrino	
  masses	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dark	
  ma[er	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  baryogenesis	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  inflaVon	
  	
  

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 

	
  	
  
	
  



A. Wulzer,  BSM  What Next  2015 



A. Wulzer, BSM What Next 2015   



•  QCD predictions successful over many orders 
of magnitude 

•  αs runs beyond the TeV scale: into a GUT? 
•  Consistent with world average 

J.	
  Ellis,	
  LP	
  2015	
  



LOW-ENERGY SUSY AND 
UNIFICATION  

SUSY PARTICLES AT  
THE TEV SCALE ! 



THE	
  “COMPREHENSION”	
  OF	
  THE	
  ELECTROWEAK	
  SCALE	
  

μ	
  ~	
  102	
  GeV	
  	
  

To	
  comprehend	
  (i.e.	
  stabilize)	
  the	
  elw.	
  scale	
  need	
  
NEW	
  PHYSICS	
  (NP)	
  to	
  be	
  operaDve	
  at	
  a	
  scale	
  	
  	
  	
  	
  

ONLY	
  FOR	
  SCALARS;	
  SM	
  FERMIONS	
  AND	
  
GAUGE	
  BOSON	
  MASSES	
  ARE	
  PROTECTED	
  BY	
  
THE	
  SU(2)	
  ×	
  U(1)	
  SYMMETRY	
  !	
  



Naturalness	
  	
  	
  	
  	
  	
  	
  or	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Un-­‐naturalness?	
  	
  
•  New	
  SYMMETRY	
  giving	
  rise	
  to	
  

a	
  cut-­‐off	
  at	
  
	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Low-­‐energy	
  	
  SuperSymmetry	
  
	
  
•  Space-­‐Dme	
  modificaDon	
  
(extra-­‐dim.,	
  warped	
  
space)	
  

	
  
•  COMPOSITE	
  HIGGS	
  :	
  the	
  Higgs	
  

is	
  a	
  pseudo-­‐Goldstone	
  boson	
  
(pion-­‐like)	
  à	
  new	
  interacVon	
  
gedng	
  strong	
  at	
  a	
  scale	
  	
  

•  The	
  scale	
  at	
  which	
  the	
  
electroweak	
  symmetry	
  is	
  
spontaneously	
  broken	
  by	
  
<H>	
  results	
  from	
  
COSMOLOGICAL	
  
EVOLUTION	
  

•  H	
  is	
  a	
  fundamental	
  
(elementary)	
  parDcle	
  à	
  
we	
  live	
  in	
  a	
  universe	
  
where	
  the	
  fine-­‐tuning	
  at	
  
M	
  arises	
  (anthropic	
  
soluDon,	
  mulDverse,	
  
Landscape	
  of	
  string	
  
theory)	
  



Current	
  bound	
  ζ	
  <	
  0.12	
  à	
  
already	
  some	
  tuning	
  on	
  the	
  
composite	
  models	
  to	
  look	
  like	
  
SM	
  	
   Discover 12 TeV 

squark, 
16 TeV gluino @ 5σ 



The	
  BIG	
  and	
  the	
  SMALL-­‐	
  dim[m]	
  ≠	
  0	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  what	
  is	
  the	
  value	
  of	
  the	
  
energy	
  of	
  its	
  vacuum,	
  i.e.	
  the	
  SM	
  vacuum	
  energy?	
  	
  
à	
  Vo	
  =	
  μ2	
  <H>2	
  +	
  λ	
  <H>4	
  	
  ~	
  (100	
  GeV)2	
  

observed	
  vacuum	
  energy,	
  i.e.	
  dark	
  energy	
  
acceleraVng	
  the	
  expansion	
  of	
  the	
  Universe	
  O(10-­‐3	
  eV)	
  
•  V	
  defined	
  up	
  to	
  a	
  constant	
  à	
  choose	
  such	
  constant	
  
to	
  cancel	
  the	
  O	
  (100	
  GeV)2	
  	
  contribuVon	
  

•  10-­‐3	
  eV	
  	
  	
  	
  	
  102	
  GeV	
  	
  	
  	
  	
  1016	
  GeV	
  	
  	
  	
  1019	
  GeV	
  	
  	
  
-­‐  Why	
  so	
  different	
  mass	
  scales	
  ?	
  	
  	
  
-­‐	
  How	
  to	
  guarantee	
  their	
  separaVon	
  à	
  symmetry	
  vs.	
  
mulVverse	
  	
  
	
  

	
  



The	
  BIG	
  and	
  the	
  SMALL	
  –	
  dim[m]=0	
  
•  ht	
  –	
  he	
  	
  	
  flavour	
  issue	
  
•  LSM	
  no	
  symmetry	
  prevents	
  to	
  add	
  a	
  term	
  violaVng	
  
CP	
  in	
  the	
  strong	
  interacDons	
  whose	
  size	
  depends	
  
on	
  a	
  dimensionless	
  parameter	
  θ	
  	
  à	
  the	
  bound	
  on	
  
the	
  neutron	
  EDM	
  à	
  θ	
  <10-­‐10	
  

•  The	
  θ	
  –	
  problem	
  :	
  the	
  symmetry	
  soluVon	
  



A)	
  MulVmessenger	
  astronomy,	
  	
  
B)	
  neutrino	
  properVes,	
  	
  

C)	
  dark	
  side	
  of	
  the	
  Universe	
  and	
  CMB	
  
•  A)	
  	
  Photon,	
  cosmic	
  ray,	
  neutrino	
  ,	
  gravitaDonal	
  
astronomies	
  (some	
  in	
  their	
  maturity,	
  some	
  in	
  their	
  
youth,	
  some	
  just	
  baby	
  or	
  even	
  	
  sVll	
  to	
  be	
  born	
  

•  B)	
  neutrino	
  mass	
  and	
  its	
  relaVon	
  to	
  the	
  global	
  
symmetry	
  of	
  the	
  SM,	
  Lepton	
  number	
  (Dirac	
  vs.	
  
Majorana	
  natur	
  of	
  the	
  neutrinos);	
  	
  measuring	
  the	
  full	
  
neutrino	
  mass	
  parameters	
  (neutrino	
  mass	
  hierarchy,	
  
CP	
  violaVon)	
  

•  C)	
  Dark	
  Ma2er;	
  Dark	
  Energy	
  and	
  their	
  role	
  in	
  the	
  
evoluDon	
  of	
  the	
  Universe	
  (	
  primordial	
  inflaVon,	
  elw.	
  
Phase	
  transiVon,	
  quark-­‐hadron	
  phase	
  transiVon,	
  
nucleosynthesis,	
  ma[er-­‐anVma[er	
  cosmic	
  
asymmetry)	
  	
  	
  



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

ENERGY SCALE ?  

  DM and ELW. SYMMETRY BREAKING 



TEN COMMANDMENTS TO BE A “GOOD” 
DM CANDIDATE  

•  TO MATCH THE APPROPRIATE RELIC DENSITY 

•  TO BE COLD 

•  TO BE NEUTRAL 

•  TO BE CONSISTENT WITH BBN 

•  TO LEAVE STELLAR EVOLUTION UNCHANGED 

•  TO BE COMPATIBLE WITH CONSTRAINTS ON SELF – INTERACTIONS 

•  TO BE CONSISTENT WITH DIRECT DM SEARCHES 

•  TO BE COMPATIBLE WITH GAMMA – RAY CONSTRAINTS 

•  TO BE COMPATIBLE WITH OTHER ASTROPHYSICAL BOUNDS 

•  “TO BE PROBED EXPERIMENTALLY” 

BERTONE, A.M., TAOSO 



Weak couplings 

MASS OF THE DM PARTICLE 

DM INTERACTIONS   
WITH ORDINARY MATTER 



THE “WIMP MIRACLE” 

Many possibilities for DM candidates, but WIMPs are really 
special: peculiar coincidence between particle physics 
and cosmology parameters to provide a VIABLE DM 
CANDIDATE AT THE ELW. SCALE 

Bergstrom 



	
  
WIMPS	
  (Weakly	
  InteracDng	
  

Massive	
  ParDcles)	
  

#χ~#γ	
   	
  mχ	
  	
  
#χ	
  	
  exp(-­‐mχ/T)	
   #χ	
  does	
  not	
  change	
  any	
  more	
  

Tdecoupl.	
  typically	
  ~	
  	
  mχ	
  /20	
  	
  

χ	
  

Ω	
  χ	
  depends	
  on	
  parVcle	
  physics	
  (σannih.)	
  and	
  “cosmological”	
  quanVVes	
  (H,	
  T0,	
  …	
  
χ	
  

Ωχ	
  h2_	
  	
  	
  

	
  
~	
   10-­‐3	
  

<(σannih.)	
  V	
  χ	
  >	
  	
  	
  TeV2	
  

~	
  α2	
  /	
  M2χ	
  
	
  

From	
  	
  	
  T0	
  MPlanck	
  

Ωχh2	
  	
  in	
  the	
  range	
  10-­‐2	
  	
  -­‐10-­‐1	
  to	
  be	
  cosmologically	
  interesVng	
  (for	
  DM)	
  

	
  mχ	
  ~	
  102	
  -­‐	
  103	
  GeV	
  (weak	
  interacVon)	
  	
  	
  	
  	
  	
  	
  Ωχh2	
  ~	
  10-­‐2	
  	
  -­‐10-­‐1	
  !!!	
  	
  

THERMAL	
  RELICS	
  (WIMP	
  in	
  thermodyn.equilibrium	
  with	
  the	
  

	
   	
   	
   	
   	
  plasma	
  unVl	
  Tdecoupl)	
  	
  	
  

COSMO	
  –	
  PARTICLE	
  	
  

CONSPIRACY	
  



T.	
  VOLANSKY	
  	
  
at	
  this	
  meeDng	
  



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 

mLSP 

~100 - 200 
GeV  

 mLKP  

~600 - 800 

GeV 

 mLTP  

~400 - 800 

GeV 



T.	
  VOLANSKY	
  at	
  this	
  meeVng	
  





SUSY & DM : a successful marriage 
•  Supersymmetrizing the SM does not lead necessarily to 

a stable SUSY particle to be a DM candidate.  
•  However, the mere SUSY version of the SM is known to 

lead to a too fast p-decay. Hence, necessarily, the SUSY 
version of the SM has to be supplemented with some 
additional ( ad hoc?) symmetry to prevent the p-
decay catastrophe.  

•  Certainly the simplest and maybe also the most 
attractive solution is to impose the discrete R-parity 
symmetry  

•  MSSM + R PARITY                  LIGHTEST SUSY 
PARTICLE  (LSP) IS STABLE .  

•   The LSP can constitute an interesting DM candidate in 
several interesting realizations of the MSSM ( i.e., with 
different SUSY breaking mechanisms including gravity, 
gaugino, gauge, anomaly mediations, and in various 
regions of the parameter space). 



DESPERATELY SEEKING (SUSY) 
WIMPS 



G. BERTONE, at this meeting 



BERTONE 



M. CIRELLI at this meeting 



M. CIRELLI at this meeting 















M. CIRELLI at this meeting 





Salek at this meeting 





G. BERTONE, at this meeting 



Info to extract from the 
 direct searches 

Kahn, McCullough, Fox  2014  



INTERACTION RATE FOR ELASTIC SCATTERING 
 after integrating over WIMP velocity distribution 

Examples of SUSY 
predictions 



L. BAUDIS 





IMPRESSIVE EFFORT TO LOOK FOR 
WIMPS WORLDWIDE 

WHITE: BOLOMETERS 
ORANGE: NOBLE LIQUIDS 



N. FORNENGO,  
What Next DM WG  2015 





What do we learn in case of detection? 
(assuming the newly discovered particles are 

THE DM  
             Effect of including  
  the astrophysical uncertainties   



Hewett, Rizzo et al	


125k models pMSSM  under scrutiny	





Alessandro	
  De	
  Angelis	
   60	
  Hewe2,	
  Rizzo	
  et	
  al.	
  2013	
  

pMSSM	
  models	
  



Challenges	
  for	
  next	
  DM,	
  ββ	
  fronDers;	
  
Challenges	
  for	
  LNGS	
  

•  A2ack	
  and	
  cover	
  the	
  IH	
  region	
  à	
  1-­‐ton	
  
neutrinoless	
  ββ	
  	
  	
  

•  WIMPS	
  DM	
  :	
  Reach	
  the	
  neutrino	
  background	
  
à	
  n-­‐ton	
  exps.	
  	
  n=	
  20,	
  50	
  ?	
  

	
  
LNGS	
  à	
  largest	
  ultra	
  low-­‐background	
  facility	
  …	
  
	
  



Overall,	
  in	
  the	
  next	
  few	
  years	
  the	
  APPEC	
  agencies	
  
will	
  need	
  to	
  take	
  a	
  decision	
  on	
  	
  
	
  
a)  the	
  construcDon	
  of	
  the	
  phase	
  1.5	
  of	
  KM3Net,	
  	
  
	
  
b)  	
  a	
  major	
  investment	
  as	
  a	
  contribuDon	
  to	
  a	
  neutrino	
  long	
  

baseline	
  program	
  in	
  US	
  or	
  Japan,	
  	
  
	
  
c)  	
  a	
  European-­‐led	
  dark	
  ma2er	
  mulD-­‐ton	
  experiment	
  	
  

d)  a	
  ton-­‐scale	
  neutrino	
  mass	
  detector	
  (double	
  beta	
  decay	
  
technique)	
  	
  

e)  	
  a	
  major	
  contribuDon	
  on	
  ground	
  and/or	
  space	
  to	
  the	
  
cosmology	
  program	
  probing	
  the	
  param.	
  of	
  inflaDon.	
  	
  	
  	
  	
  



The	
  Energy	
  Scale	
  from	
  the	
  
“ObservaVonal”	
  New	
  Physics	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  neutrino	
  masses	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dark	
  ma[er	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  baryogenesis	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  inflaVon	
  	
  

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 

	
  	
  
	
  



Linking	
  neutrino	
  masses,	
  ma2er-­‐
anDma2er-­‐asymmetry	
  and	
  DM	
  

T.	
  Volansky	
  at	
  
this	
  meeVng	
  



T.	
  Volansky	
  



See	
  also,	
  Weakly	
  InteracDng	
  
Sub-­‐eV	
  ParDcles,	
  WISPs	
  	
  by	
  
Redondo	
  at	
  this	
  meeVng	
  





T.	
  Volansky	
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Nuclear	
  recoils	
  
from	
  neutrons	
  

Electron	
  recoils	
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  β’s	
  and	
  γ’s	
  

Thermal	
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  Thermal	
  
bath	
  

Phonon	
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• Phonon	
  signal	
  (single	
  crystal):	
  	
  
measures	
  energy	
  deposiVon	
  

•  IonizaVon/scinVllaVon	
  signal:	
  
quenched	
  for	
  nuclear	
  recoils	
  	
  
(lower	
  signal	
  efficiency)	
  

• CombinaVon:	
  
efficient	
  rejecVon	
  of	
  electron	
  recoil	
  
background	
  

Ph
on

on
	
  si
gn
al
	
  

Ch
ar
ge
	
  si
gn
al
	
  

Electron	
  recoil	
  (ER)	
   Nuclear	
  recoil	
  (NR)	
  

Cryogenic	
  Dark	
  Ma[er	
  DetecVon	
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DAMA	
  

DAMA	
  

LUX	
  2013
	
  

DEAP	
  

CDMS	
  II	
  	
  2015	
  

DAMIC	
  2012	
  

SuperCDMS	
  LT	
  2014	
  

Solar	
  Neutrinos	
  

Atmospheric	
  Neutrinos	
  

Si	
  iZIP	
  

Ge	
  iZIP	
  

LZ	
  

SuperCDMS	
  at	
  SNOLAB	
  Goal	
  SensiVvity	
  





Ben Kilminster  
at this meeting 





















 Hunting for ���
GRAVITATIONAL WAVES: ���
DISCOVERY AND ASTRONOMY	



108	
  ly	
  

Enhanced	
  LIGO/Virgo+	
  
2009	
  

Virgo/LIGO	
  

Credit:	
  R.Powell,	
  B.Berger	
  

Adv.	
  Virgo/Adv.	
  LIGO	
  
2014	
  

	
  GOAL:	
  	
  	
  	
  	
  
sensiVvity	
  10x	
  be[er	
  à	
  	
  
look	
  10x	
  further	
  à	
  	
  
DetecDon	
  rate	
  1000x	
  larger	
  

2nd	
  generaDon	
  detectors:	
  	
  
Advanced	
  Virgo,	
  Advanced	
  LIGO	
  

NS-­‐NS	
  detectable	
  as	
  far	
  as	
  300	
  Mpc	
  	
  
BH-­‐BH	
  detectable	
  at	
  cosmological	
  distances	
  

10s	
  to	
  100s	
  of	
  events/year	
  expected!	
  

Advanced LIGO has already started taking data, 	


Adv Virgo is going to start in a few months – 	


the 2 collaborations are working together	



LISA Pathfinder is going 
to be launched in a few 
hours from now …	





much	
  depends	
  on	
  the	
  next	
  5	
  years	
  …	
  
•  LHC14	
  (high	
  energy:	
  ATLAS,	
  CMS;	
  flavor:	
  LHCb;	
  quark-­‐
hadron	
  phase	
  transiVon:	
  ALICE)	
  

•  Flavor:	
  NA62;	
  upgraded	
  MEG,	
  Mu-­‐e;	
  BELLEII;	
  EDMs;	
  g-­‐2	
  
•  DM	
  1-­‐ton	
  exps.	
  à	
  10-­‐10	
  –	
  10-­‐11	
  pb,	
  new	
  prospects	
  in	
  the	
  
low-­‐mass	
  DM	
  	
  

•  Neutrinoless	
  double	
  β	
  	
  	
  à	
  ν	
  mass	
  degenerate	
  region;	
  enter	
  
IH	
  region	
  

•  SBN	
  à	
  sterile	
  ν	
  ?	
  
•  GravitaDonal	
  waves	
  à	
  discovery	
  
•  DE:	
  BOSS	
  àDESI;	
  DES	
  à	
  LSST	
  
•  CMB:	
  final	
  PLANCK;	
  B-­‐modes	
  of	
  the	
  polariz.+	
  black-­‐body	
  
spectrum	
  :	
  EU	
  exps.	
  QUBIC,	
  LSPE,	
  QIJOTE	
  +	
  many	
  others	
  on	
  
ground	
  and	
  balloons	
  	
  in	
  US,	
  Japan	
  



The	
  importance	
  of	
  being	
  
SMALL	
  

My	
  recommendaVon:	
  beware	
  the	
  temptaVon	
  of	
  
going	
  ONLY	
  for	
  LARGE	
  enterprises	
  
	
  
The	
  protecVve	
  shield	
  of	
  large,	
  Big	
  Science:	
  too	
  
big	
  to	
  fail!	
  
	
  
Richness	
  of	
  small,	
  “unorthodox”	
  projects	
  based	
  
more	
  on	
  clever	
  ideas	
  than	
  on	
  muscular,	
  
managerial	
  strength!	
  
	
  



• By the end of the 20th century … 
we have a comprehensive, 
fundamental theory of all 
observed forces of nature which 
has been tested and might    be 
valid from the Planck length 
scale [10-33 cm.] to the edge of 
the universe [10+28 cm.] 	



    D. Gross 2007	


BUT	
  …	
  



Certainly	
  the	
  two	
  Standard	
  Models	
  are	
  	
  an	
  
extraordinary	
  step	
  forward	
  in	
  our	
  
knowledge	
  of	
  the	
  Universe:	
  	
  	
  
but,	
  beware,	
  Nature	
  is	
  rich	
  of	
  “unknown	
  unknown”	
  
à	
  aher	
  all	
  Physics	
  had	
  already	
  produced	
  a	
  
“comprehensive,	
  fundamental	
  theory	
  of	
  all	
  observed	
  
forces	
  of	
  nature”	
  at	
  the	
  end	
  of	
  the	
  XIX	
  century…	
  
	
  

Maybe	
  the	
  Dark	
  Ma2er	
  problem	
  could	
  be	
  
our	
  black-­‐body	
  and	
  photoelectric	
  problems	
  of	
  the	
  
beginning	
  of	
  the	
  XXI	
  century	
  


