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The	  LHC	  was	  supposed	  	  to	  discover	  the	  DM	  parHcle(s)	  	  	  	  



A.D.	  2014	  …remaining	  hopes	  	  

A.D.	  2017	  	  …forlorn	  hopes?	  	  
new	  methods	  (ideas)	  of	  DM	  searches	  badly	  needed	  	  	  



The	  guiding	  puzzle	  for	  new	  ideas	  	  

•  	  Why	  the	  dark	  energy,	  dark	  maTer	  and	  
visible	  maTer	  are	  “almost”	  equally	  
abundant?	  
•   Does	  it	  tell	  us	  that	  the	  dark	  maTer	  has	  	  
similar	  properHes	  as	  the	  normal	  maTer	  
(dark	  atoms,	  dark	  molecules,	  dark	  
nuclei…)	  but	  “refuses”	  to	  communicate	  
with	  normal	  maTer?	  	  



The	  example	  of	  dark	  nuclei	  
(last	  week	  	  seminar	  of	  Robert	  Lasenby	  at	  CERN)	  	  	  



The	  example	  of	  dark	  nuclei	  R.Lasenby	  	  	  

The	  distribuHon	  of	  k	  (number	  of	  dark	  nucleons	  in	  dark	  nuclei)	  
evolves	  with	  the	  age	  of	  the	  universe	  up	  to	  a	  certain	  limit	  	  -‐	  

further	  evoluHon	  possible	  only	  in	  dark	  stars	  	  	  



The	  dark	  maTer	  messengers	  

•  	  	  “Higgs”	  portal	  	  messenger(s)	  (to	  be	  elucidated	  	  	  
	  	  	  	  	  	  	  	  at	  the	  LHC?)	  
	  	  	  	  	  	  	  	  	  	  	  	  (superconducHng	  and	  dark	  maTer	  media)	  

•  	  	  	  	  Neutrino	  portal	  (Jacques)	  

•  	  	  	  	  Dark	  photon	  messenger	  (discussed	  below)	  
	  	  	  	  	  	  	  	  	  	  	  	  (Z/γ	  mixing	  in	  the	  SM	  and	  photon/dark	  photon	  mixing)	  
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Dark	  Gauge	  Forces	  	  	  

RejecHon	  regions	  of	  SLAC	  	  
Experiments	  in	  the	  80-‐Hes	  
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Dark	  Gauge	  Forces	  	  	  

The	  yellow	  region	  is	  the	  	  
DAMA/LIBRA	  signal	  region	  



How	  to	  extend	  the	  rejecHon	  region?	  
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Experimental	  search	  for	  A’ 	  	  

e+ 

e- e- A’ 

Need to generate 10 19 cascades  … Monte-Carlo methods useless 
Approximate calculation methods fail in reaching the requisite precision  
 
 
                                       …dedicated precision measurement method obligatory  

Canonical procedure:  
 
Measure Ne+e-,at angle 0 o  (low mass),  calculate (Monte Carlo) Nback, 
If Ne+e-,> Nback discovery, otherwise rejection limits…  
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Dedicated,	  precision	  searches	  	  	  

Run 1:   dump thickness d=d1, length l=l1 ,  γbeam = γ0 , B spectr = B  

NA ~ exp{-l/cτγ) 
NBack ~ exp{-d/X0) 

N0 N1 
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Dedicated,	  precision	  searches	  	  	  

Run 1:   dump thickness d=d1, length l=l1 ,  γbeam = γ0 , B spectr = B  

NA ~ exp{-l/cτγ) 
NBack ~ exp{-d/X0) 

N0 

N0 

N1 

N2 

Run 2:   dump thickness d=d1, length l=l2 +,  γbeam = γ0 , B spectr = B  

 if (N2<N1)-discovery 
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Dedicated,	  precision	  searches	  	  	  

Run 1:   dump thickness d=d1, length l=l1 ,  γbeam = γ0 , B spectr = B  

NA ~ exp{-l/cτγ) 
NBack ~ exp{-d/X0) 

N0 

N0 

N1 

N2 

Run 2:   dump thickness d=d1, length l=l2 +,  γbeam = γ0 , B spectr = B  

 if (N2<N1)-discovery 

N0 N3 measure  (N1-N3) /(N1-N2) 
A’ absorbtion cross-section 

Run 3:   dump thickness d=d2, length l=l2 +,  γbeam = γ0 , B spectr = B  
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Dedicated,	  precision	  searches	  	  	  

Run 1:   dump thickness d=d1, length l=l1 ,  γbeam = γ0 , B spectr = B  

NA ~ exp{-l/cτγ) 
NB ~ exp{-d/X0) 

N0 

N0 

N1 

N2 

Run 2:   dump thickness d=d1, length l=l2 +,  γbeam = γ0 , B spectr = B  

 if (N2<N1)-discovery 

N0 N3 measure  N3/(N1-N2) 
A’ absorbtion cross-section 

Run 3:   dump thickness d=d2, length l=l2 +,  γbeam = γ0 , B spectr = B  

Repeat Run 1-3: for B  ---> -B   and γbeam = 2γ0  
 to verify the hypothesis of a decay of a neutral particle   



The	  APEX	  experiment	  at	  JLAB	  



The	  HPS	  experiment	  at	  JLAB	  



New	  CERN	  experiment	  being	  
considered	  	  



New	  CERN	  experiment	  being	  
considered	  	  



Mail	  points	  in	  my	  	  evaluaHon	  of	  the	  
CERN	  proposal	  	  	  	  

•  	  	  Pion	  and	  Kaon	  admixture	  of	  the	  CERN	  electron	  beam	  
(secondary	  K0s)	  –	  required	  purity	  of	  the	  beam	  below	  
10-‐4-‐	  10-‐5	  h/e	  

	  	  	  	  	  	  	  	  	  	  	  	  
•  	  The	  integrated	  charge	  deposited	  (present	  CERN	  beam	  –	  

Ne	  	  ~	  2	  x	  1012	  e/month	  	  

•  photoproducHon	  of	  rho	  mesons	  in	  electromagneHc	  
cascades	  (Veto	  efficiency	  must	  be	  higher	  than	  0.999)	  

	  	  	  	  	  	  	  	  	  
	  	  	  	  	  



Prospects	  	  



AcceleraHon,	  storage	  and	  physics	  
opportuniHes	  of	  of	  parHally	  
stripped	  ions	  in	  CERN's	  	  LHC	  	  
(MWK	  –	  …in	  preparaHon	  )	  

SecHon	  on:	  	  
Dark	  MaTer	  messengers	  searches	  	  

…	  new	  ideas:	  	  



Direct	  producHon	  of	  dark	  
photons	  via	  Primakoff	  process	  

Profit	  from	  a	  factor	  106-‐108	  increase	  of	  
the	  gamma	  beam	  intensity	  in	  the	  range	  
with	  respect	  to	  all	  previous	  sources	  	  

	  

XDM	  
A’	  



EXAMPLE:	  	  
interacHon	  of	  the	  extracted	  gamma	  beam	  with	  the	  photons	  
stocked	  in	  the	  cavity	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

ECM	  ~	  0.1	  MeV	  	  

L	  ~	  1032	  cm-‐2	  s-‐1	  	  

γ	  

LHC	  

FEL	  

γ	  

γγ	  collider	  (A’-‐	  FACTORY)	  	  

	  Direct	  produc3on	  of	  dark	  
photons	  in	  the	  large	  span	  of	  the	  
masses	  ~(0.1-‐	  130	  000)	  MeV.	  	  
	  
Interac3on	  of	  gamma	  beam	  
with	  (1)	  laser	  photons,	  (2)	  
another	  gamma	  beam	  …	  or	  (3)	  
the	  energy	  boosted	  gamma	  
beam	  formed	  by	  the	  inverse	  
Compton	  process	  


