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A	
  novel	
  method	
  for	
  an	
  absolute	
  luminosity	
  measurement	
  
at	
  LHCb	
  using	
  beam-­‐gas	
  imaging	
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Single	
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  density	
  func@on	
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  pair	
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For	
  single	
  Gaussian	
  ρ1,	
  ρ2	
  :	
  

Overlap	
  integral:	
  
no	
  crossing	
  angle,	
  head-­‐on	
  

Correc@on	
  for	
  crossing	
  angle	
  Φ	
  
(≈0.85)	
  

Correc@on	
  for	
  offset	
  beams	
  
(≈1	
  ideally)	
  

Cross	
  term	
  for	
  angle	
  with	
  offset	
  
(≈1	
  ideally)	
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geometry	
  and	
  beam	
  proximity	
  permits	
  to	
  detect	
  
beam-­‐gas	
  ver@ces	
  over	
  a	
  large	
  Z	
  range	
  
With	
  high	
  precision	
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Luminosity	
  

Beam	
  parameters	
  are	
  measured	
  
using	
  interac@ons	
  between	
  beam	
  
and	
  residual	
  gas	
  

VELO	
  	
   inject	
  gas	
  in	
  beam	
  vacuum	
  
vacuum	
  is	
  degraded:	
  from	
  ≈	
  10-­‐9	
  mbar	
  to	
  ≈	
  10-­‐7	
  mbar	
  

SMOG	
  

1	
  

P	
  ≈	
  3	
  bar	
  
(absolute)	
  

Conductance	
  
C	
  ≈	
  1×10-­‐8	
  l/s	
  

Flow	
  Q=P·∙C	
  
≈	
  3×10-­‐5	
  mbar	
  l/s	
  

S	
  ≈	
  250	
  l/s	
  

end	
  pressure	
  
P=Q/S	
  
≈	
  1.2×10-­‐7	
  mbar	
  

2	
   3	
  

4	
  

5	
  

open	
  valve	
  GV302	
  
VELO	
  pressure	
  
Stabilize	
  to	
  
≈	
  1.2×10-­‐7	
  mbar	
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Beam	
  2	
  Beam	
  1	
  

Precision	
  EW	
  measurements	
  are	
  only	
  
possible	
  together	
  with	
  a	
  precision	
  
luminosity	
  measurement	
  

Shape	
  and	
  posi@on	
  of	
  beam	
  spot	
  is	
  fully	
  
predicted	
  by	
  single	
  beam	
  parameters	
  

beam-­‐gas	
  slices	
  

beam-­‐spot	
  

ResoluHon	
  

DeconvoluHon	
  

LHCb	
  
preliminary	
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∑

Vertex	
  resolu@on	
  
(e.g.	
  15μm	
  for	
  20	
  tracks)	
  

Resolu@on	
  
distribu@on	
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dx = σNTr1

2 +σNTr 2

2 = f (NTr1,NTr2)

depends	
  on:	
  
• Z	
  posi@on	
  of	
  vertex	
  
• Number	
  of	
  tracks	
  
• Beam	
  gas	
  or	
  beam	
  beam	
  events	
  

Split	
  vertex	
  method	
  	
  

Extract	
  true	
  beam	
  shape:	
  measured	
  beam	
  
width	
  is	
  a	
  convolu@on	
  of	
  true	
  beam	
  widths	
  with	
  
the	
  resolu@on	
  

Global	
  fit	
  

-­‐ Fit	
  single	
  beams	
  and	
  beam	
  spot	
  in	
  one	
  global	
  fit	
  
-­‐ Fiied	
  parameters	
  are:	
  beam	
  double	
  Gaussian	
  sigmas,	
  weights,	
  posi@on,	
  angle	
  

• High	
  accuracy	
  of	
  beam	
  gas	
  method	
  possible	
  in	
  2012	
  with	
  gas	
  injec@ons	
  (SMOG)	
  
• No	
  gas	
  injec@on	
  in	
  2011	
  but	
  beam	
  gas	
  method	
  s@ll	
  possible	
  with	
  less	
  accuracy	
  
• Beam	
  gas	
  method	
  has	
  poten@al	
  to	
  equal	
  or	
  surpass	
  classical	
  van	
  der	
  Meer	
  method	
  

Addi@onal	
  beam	
  gas	
  measurements:	
  
• Measure	
  single	
  bunch	
  rela@ve	
  intensity	
  in	
  a	
  sta@s@cal	
  way	
  (independent	
  of	
  LHC	
  devices)	
  
• Measure	
  charges	
  outside	
  nominal	
  filled	
  LHC	
  bunches	
  
(so-­‐called	
  “ghost	
  charges”,	
  not	
  seen	
  by	
  LHC	
  instrument)	
  
• Measure	
  beam	
  size	
  evolu@on	
  over	
  @me	
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Fit	
  σ2z1+σ2z2	
  directly	
  with	
  a	
  single	
  
amplitude	
  as	
  free	
  parameter	
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Conclusion	
  

Interac@on	
  between	
  beam	
  
and	
  residual	
  gas	
  molecule	
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