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e+e- collider 
Physics	  opportuniGes	  with	  an	  e+e-‐	  collider	  with	  c.o.m.	  
energy	  tunable	  within	  [∼	  0.5,	  ∼	  3.0]	  GeV	  	  

  exoGcs	  (dark	  forces)	  

  the	  hadronic	  contribuGon	  to	  muon	  anomalous	  
magneGc	  moment	  aµ	


  the	  hadronic	  contribuGon	  to	  αem	  

  spectroscopy	  and	  γγ	  physics	  



e+e- collider 

see	  also	  Eur.	  Phys.	  J.	  C	  50	  (2007)	  729	  



aµ	  

one	  of	  the	  most	  (if	  not	  the	  most)	  significant	  low-‐energy	  constraint	  
on	  a	  wide	  class	  of	  new-‐physics	  models	  

HLO HHO 
(LbL) 



QED	  &	  Weak	  →	  precisely	  known	  	  

Had	  →	  large	  uncertainty	  (significant	  work	  ongoing)	  	  

aµ	  



Experimental result → E821 @ BNL (1997- 2001) 

(0.54	  ppm	  !)	  	  

aµ	  



NB	  -‐	  the	  discrepancy	  is	  large	  
compared	  to	  Weak	  contribuGon	  

EXP	   TH	  

new	  physics	  ?	  

SUSY	  

aµ	  



HLO	  (VP)	   HHO (LbL) 

theoreGcal	  error	  (5	  ÷	  6)	  x	  10-‐10	  dominated	  by	  hadronic	  
contribuGons	  (HLO	  and	  LbL)	  

∼ 0.6 %  ∼ 40 % 

↓ ↓ 

aµ: hadronic contribution  



hadronic	  contribuGon	  to	  vacuum	  polarizaGon	  

not	  calculable	  at	  low	  q2	  …	  opGcal	  theorem	  

aµ: hadronic contribution  



↓ 

makes	  important	  low	  
energy	  contribuGon	  	  

aµ: hadronic contribution  



experimental	  errors	  on	  σ had	  translate	  into	  theoreGcal	  
uncertainty	  of	  aµ

HLO	  	  

region	  <	  3	  GeV	  exhausts	  dispersion	  integral	  

contribuGons	   error2	  

~ 40 % 

~ 50 % 
~ 75 % 

aµ: hadronic contribution  



e+e-‐	  data:	  present	  situaGon	  

~ 1% ~ (3 - 5)% δσ had ~ (7 - 15)% ~ 6% 

aµ: hadronic contribution  



this	  means:	  
0.7	  %	  now	  

6	  %	  now	  

4.0 2.5 2.5 1.6 
↓ ↓ ↓ ↓ 

new	  meas.	  
e+e-‐	  →	  had.	  

new	  (g	  -‐	  2)	  
meas.	  @	  FNAL	  

γγ-physics  

(if	  28.7	  will	  remain	  the	  same)	
(7 - 8) σ 	


aµ: hadronic contribution  



fine-‐structrure	  constant	  at	  the	  scale	  MZ	  plays	  a	  crucial	  role	  
in	  basic	  EW	  radiaGve	  correcGons	  to	  SM	  

→	  perturbaGon	  theory:	  known	  up	  to	  3-‐loop	  

→ dispersion	  relaGon:	  
   
   

(u, d, s, c, b 
quarks only) 

αem: hadronic contribution  



αem: hadronic contribution  

current	  data:	  

i.e. 

high-‐energy	  region	  is	  not	  a	  problem:	  error	  reducGon	  by	  theory;	  
the	  key	  problem	  is	  the	  E	  <	  2.5	  GeV	  region	  

∼	  one	  order	  of	  magnitude	  worse	  than	  that	  of	  MZ	  and	  Gµ →	  
limiGng	  factor	  in	  calculaGon	  of	  precise	  SM	  predicGons	  





	  σ had measurement 

at	  low	  energies	  (≲	  2	  GeV)	  only	  measurements	  of	  exclusive	  chs.	  
are	  feasible	  →	  two	  approaches:	  

 	  RadiaGve	  return	  (KLOE,	  BABAR,	  BELLE)	  
• 	  runs	  at	  fixed-‐energy	  machines	  (meson	  factories)	  
• 	  use	  iniGal	  state	  radiaGon	  (ISR)	  to	  access	  lower	  energies	  

• 	  data	  as	  by-‐product	  of	  standard	  physics	  program	  
• 	  requires	  precise	  theoreGcal	  calculaGon	  of	  radiator	  funcGon	  
• 	  luminosity	  and	  beam	  energy	  enter	  only	  once	  for	  all	  energy	  points	  

= 	   x	  

measured	  X-‐secGon	   resulGng	  X-‐secGon	   radiator	  funcGon	  



	  σ	  had	  measurement	  

 	  Energy	  scan	  (CMD2,	  SND)	  
• 	  energy	  of	  colliding	  beams	  is	  tuned	  to	  desidered	  value	  	  
• 	  “direct”	  measurement	  of	  X-‐secGons	  
• 	  needs	  dedicated	  accelerator/physics	  program	  
• 	  needs	  to	  measure	  luminosity	  and	  beam	  energy	  for	  every	  data	  point	  

o  energy scan: 20 pb-1/point @ L = 1032 cm-2s-1,  
25 MeV bin → 1 year data-taking 

staGsGcally	  beuer	  than	  a	  O(1	  ab-‐1)	  @	  B-‐factories	  



	  σ	  had	  measurement	  

Exclusive	  vs	  inclusive	  measurements	  

most	  recent	  incl.	  meas.:	  MEA	  
and	  B-‐anGB	  →	  Lint	  =	  200	  nb-‐1	  

(1	  hour	  @	  1032	  cm-‐2	  s-‐1):	  error	  
=	  10%	  (stat.)	  +	  15%	  (sys.)	  

new	  BaBar	  data	  is	  improving	  a	  
lot	  this	  region,	  however	  sGll	  
remains	  the	  quesGon	  on	  the	  
completeness	  of	  excl.	  data	  vs	  
systemaGcs	  of	  old	  incl.	  meas.	  



 Spectroscopy and γγ-physics 

InteresGng	  open	  issues	  in	  low-‐energy	  spectroscopy	  (4q	  states,	  
glueballs,	  …)	  which	  would	  strongly	  benefit	  from	  high-‐precision	  
measurements	  of	  	  	  

e+e-‐	  → γ* → X	   & e+e-‐	  → e+e- γ*γ*→ e+e- X	  

γγ-physics  



γγ-physics 

Hadronic	  LbL	  contribuGon	  to	  aµ  → largely	  dominated	  by	  term	  	  

• 	  	  → TransiGon	  Form	  Factor	  	  

uncertainty	  due	  to	  our	  ignorance	  about	   (q2	  <	  0.5	  GeV2)	  

NB	  –	  γγ-‐physics	  program	  can	  also	  be	  carried	  out	  at	  an	  (same	  
luminosity)	  e-‐e-‐	  collider	  → no	  bckg	  from	  annihalaGon	  channel	  

also	  O(%)-‐level	  measurements	  of	  Γ	  (PS	  →	  γγ)	  are	  necessary	  to	  
constrain	  F(0,	  0)	  (→ Venanzoni’s	  talk) 

what	  we	  really	  miss	  is	  the	  funcGon	  	  



Dark Forces 

Recent	  astrophysical	  puzzles:	  

  the	  positron	  excess	  observed	  by	  the	  PAMELA	  satellite	  within	  a	  
kpc,	  without	  observing	  an	  excess	  of	  anGprotons	  

 	  the	  511	  keV	  line	  from	  the	  galacGc	  core	  observed	  by	  INTEGRAL	  
  the	  annual	  modulaGon	  observed	  by	  the	  DAMA/LIBRA	  together	  

with	  the	  absence	  of	  a	  similar	  signal	  from	  silicon	  based	  detectors	  
  the	  low	  energy	  spectrum	  of	  nuclear	  recoil	  events	  observed	  by	  

CoGent	  	  	  	  	  	  	  	  

and	  the	  long-‐standing	  Dark	  Mauer	  problem	  →	  construcGon	  of	  
various	  exoGc	  extensions	  of	  the	  SM	  characterized	  by	  

• 	  new	  light	  states	  (vectors	  &	  scalars	  w/	  masses	  ∈	  (0.1,	  1)	  GeV)	  
• 	  weakly	  coupled	  to	  γ,	  or	  directly	  coupled	  to	  µ	  and/or	  e	  	  

(more	  details	  in	  Venanzoni’s	  talk)	  



Dark Forces 

precision	  differenGal	  measurements	  of	  

o 	  	  	  e+e-‐	  →	  e+e-‐	  +	  γ	


o 	  and/or	  	  e+e-‐	  →	  µ+µ-‐	  +	  γ   	


o 	  and/or	  e+e-‐	  →	  Emiss	  +	  γ	


at	  low	  energies	  are	  the	  best	  way	  to	  constrain	  (or	  find	  evidencies	  
of	  …)	  such	  model	  

NB – different option: fixed target experiment, e.g.  

(see	  Venanzoni’s	  talk)	  



e+e- collider: conclusion 
There	  is	  a	  rich	  physics	  program	  both	  below	  and	  above	  1	  GeV:	  

  Low-‐energy	  program	  (0.6	  ÷	  1.4)	  GeV	  is	  really	  unique	  →	  NO	  
compeGGon	  from	  other	  faciliGes	  

  High-‐energy	  region	  (1.4	  ÷	  3.0)	  GeV	  is	  sGll	  poorly	  known:	  
fracGonal	  accuracy	  of	  σhad∼	  6%	  →	  reducGon	  to	  2%	  would	  
have	  strong	  impact	  on	  precision	  tests	  of	  SM	  via	  aµ	  and	  
αem	  (MZ)	  	  

  InteresGng	  γγ-‐physics	  program	  →	  improvement	  in	  accuracy	  
of	  LbL	  contribuGon	  to	  aµ	  +	  spectroscopy	  

  Searches	  for	  an	  hidden	  “parallel”	  world	  with	  potenGal	  
manifestaGons	  at	  ∼	  1	  GeV	  



e+e- collider: conclusion 
This	  physics	  program,	  to	  be	  completed	  in	  a	  reasonable	  Gme	  
(2-‐3	  years	  of	  data-‐taking),	  requires	  a	  collider	  with:	  

 	  	  Luminosity	  ∼	  (2	  –	  3)	  x	  1032	  cm-‐2	  s-‐1	  	  

 	  	  variable	  energy	  in	  the	  range	  

and,	  for	  σ had	  measurement,	  	  

(in	  steps	  of	  ∼25	  MeV)	  



e-e- collider 
Physics	  opportuniGes	  with	  an	  e-‐e-‐	  collider	  have	  also	  been	  explored	   

  γγ	  physics	  →	  as	  for	  e+e-‐	  but	  w/out	  the	  bckg	  associated	  to	  
the	  annihilaGon	  channel	  

  weak	  mixing	  angle	  θW	  →	  Moller	  scauering:	  γ-‐Z0	  interference	  
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e-e- collider 
measurement	  of	  parity	  violaGng	  asymmetry	  

(subscripts	  denote	  iniGal	  
e-‐e-‐	  states’	  polarizaGon)	  

IRIDE	  



e-e- collider 
required	  accuracy: σ (sin2	  θW	  ) ≤ 4 x 10-3

	  	  

at	  least	  100	  {-‐1	  in	  the	  µ-‐region	  covered	  by	  IRIDE	  (!!) 	  
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  vacuum	  polarizaGon	  →	  possibility	  to	  obtain	  aµ
had	  from	  t-‐

channel	  diagram	  in	  Moller	  scauering	  	  	  

…	  but	  the	  measurement	  of	  sin2	  θW	  	  can	  also	  be	  done	  with	  
an	  e-‐	  beam	  against	  a	  fixed	  target	  (e.g.,	  Qweak	  @	  JLAB,	  P2	  
@	  Mainz),	  were	  effecGve	  luminosity	  compensate	  for	  the	  
low	  asimmetry	  	  (see	  Venanzoni’s	  talk)	  

Z

�
fhad	  

(M.	  Passera,	  L.	  32,	  G.	  Venanzoni	  	  
in	  progress)	  

e-e- collider 


