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•  Ultra-‐rare	  FCNC	  process,	  forbidden	  at	  tree	  level	  
•  Small	  long-‐distance	  contribution	  
•  BR	  calculable	  with	  few	  %	  precision	  
•  Very	  sensitive	  to	  physics	  beyond	  the	  SM	  
•  Determine	  Vtd	  at	  7%	  level,	  without	  QCD	  input	  

NA62	  experiment	  motivations	  

•  If	  new	  degrees	  of	  freedom	  will	  show	  up	  at	  LHC,	  the	  
question	  will	  be:	  what	  is	  the	  symmetry	  structure?	  
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Possible	  to	  distinguish	  among	  several	  New	  Physics	  models:	  SUSY,	  
MSSM	  with	  or	  without	  new	  CP	  violation	  or	  Flavour	  violation	  sources,	  
extra-‐dimensions,	  etc.	  
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NA62	  experiment	  

Need	  
•  K	  momentum	  

•  π	  momentum	  

•  No	  other	  particle	  

•  Minimize	  interactions	  

•  Statistics	  

K+	   π+	  

ν	  

ν	  •  Collect	  ≈100	  events	  in	  2	  years	  (10%	  precision)	  
•  Keep	  background	  below	  10%	  
•  Need	  ≈1013	  K+	  decays	  

•  Kinematical	  rejection	  is	  not	  enough…	  



Kinematical	  rejection	  

104	  rejection	  power	  for	  
π+π0,	  µ+ν, 3π	

	

Sources	  of	  inefficiency:	  
•  Multiple	  scattering,	  non	  

gaussian	  tails	  
•  Kπ	  mis-‐match	  

Main	  backgrounds:	  
•  K+→µ+ν	  	  (63%),	  K+→π+π0	  (21%)	  +	  

beam	  halo	  and	  particle	  
interactions	  



Kinematical	  rejection	  

m2	  cut	  only	  



NA62	  experiment	  

Need	  
•  K	  momentum	  

•  π	  momentum	  

•  No	  other	  particle	  

•  Minimize	  interactions	  

•  Statistics	  

Use	  
•  K	  identification,	  beam	  spectrometer	  

•  π/µ	  separation,	  π	  spectrometer	  

•  Veto	  detectors	  

•  Low	  mass	  detectors	  

•  High	  intensity	  beam	  

Key	  factors	  
•  Efficiency,	  resolution	  

•  Acceptance,	  purity	  

•  High	  p,	  veto	  efficiency	  
	  
•  Spectrometers	  in	  vacuum	  

•  Time	  resolution	  

K+	   π+	  

ν	  

ν	  •  Collect	  ≈100	  events	  in	  2	  years	  (10%	  precision)	  
•  Keep	  background	  below	  10%	  
•  Need	  ≈1013	  K+	  decays:	  use	  un-‐separated	  high-‐intensity	  hadron	  beam	  

•  Kinematical	  rejection	  ≈	  10-‐4,	  Vetoes	  ≈	  10-‐5,	  Particle	  Id.	  ≈	  10-‐3	  	  
•  6%	  Kaons,	  800	  MHz	  beam,	  p=75	  GeV/c	  
•  Time	  resolution	  ≈	  100	  ps	  

p,	  π	  



In	  the	  heart	  of	  CERN:	  
•  Re-‐use	  Kaon	  beam-‐line	  from	  

SPS	  with	  50×	  intensity	  
•  Re-‐use	  liquid	  Krypton	  

calorimeter	  from	  NA48	  
•  Also	  re-‐use	  spectrometer	  

magnet,	  vacuum	  tube,	  
hadron	  calorimeter	  from	  
NA48	  



Beam	  spectrometer:	  	  
3	  Gigatracker	  stations	  

Beam	  	  
Cerenkov	  

π+	  K+	  

p,π+,µ+	  

Photon	  veto	  stations	  

13.2	  m	  

9.6	  m	  

•  Silicon	  pixel	  300	  µm×300	  µm	  
•  <	  3×0.5%	  X0	  
•  >	  99%	  efficiency	  
•  σp/p	  ≈	  0.2%	  
•  σθ ≈	  16	  µrad	  
•  σt <	  200	  ps/station	  
•  61×27	  mm2	  active	  area,	  54000	  pixels	  

Vacuum	  decay	  tube	  

Charged	  veto	  

800	  MHz	  50	  MHz	   5+5	  MHz	  



Gigatracker:	  the	  silicon	  pixel	  beam	  detector	  

See	  talk	  by	  Sara	  Garbolino	  	  
(Friday,	  July	  22nd,	  11:45,	  	  
Detector	  RD	  &	  Data	  Handling)	  



Charged	  veto	  

Veto:	  
2	  MHz	  muon	  halo	  
+	  inelastic	  interactions	  
	  
•  Extruded	  scintillator	  bars	  
•  WLS	  fibers	  readout	  +	  SiPM’s	  
•  ≈	  10	  ph.el.	  /	  MIP	  
•  σt	  <	  2	  ns	  



Magnet:	  B=0.36	  T	  
(270	  MeV/c)	  

π+	  

Straw	  tracker	  stations	  
•  σp/p	  <	  1%	  
•  σθ	  <	  60	  µrad	  
•  <	  4×0.5%	  X0	  
•  >	  99%	  hit	  efficiency	  
•  Operate	  in	  vacuum	  
•  0.5	  MHz	  in	  hottest	  area	  

RICH	  
Liquid	  	  
Krypton	  
calorimeter	  

Charged	  
Veto	  

Photon	  veto	  (LAV)	   (LAV)	  

Photon	  	  
veto	  
(SAC)	  

Beam	  
sweep
+dump	  

Vacuum	  	  
decay	  tube	  
<	  10-‐6	  mbar	   10	  m	   10	  m	   15	  m	  

(IRC)	  

(LAV)	  



Straw	  tracker	  spectrometer	  	  
•  2	  +	  2	  tracking	  stations	  
•  4	  views/station	  (u-‐v,	  x-‐y)	  

•  2.1	  m	  diameter	  acceptance	  
•  12	  cm	  beam	  hole	  	  

•  Track	  angle:	  ±3°	  
•  σ	  <	  130	  µm	  per	  view	  

•  7168	  traw	  tubes	  in	  vacuum:	  
•  30	  µm	  Au-‐plated	  wire	  
•  100	  µm	  straw	  straightness	  
•  Ar(70%)/CO2(30%)	  



Straw	  tracker	  prototype	  

Straws	  prototype	  test:	  
•  64	  straws	  
•  Final	  mechanics	  
•  Vacuum	  vessel	  
•  CARIOCA	  readout	  electronics	  
•  Pion	  beam,	  120	  GeV/c	  



Photon	  vetoes	  

5 GeV	   5 GeV	   2 GeV	   1 GeV	   0.1 GeV	  

≈	  10-‐5	  γ	  detection	  inefficiency	   ≈	  10-‐4	  inefficiency	  
Eγ	  >	  200	  MeV	  



Photon	  vetoes	  (LAV)	  

•  12	  stations	  along	  the	  decay	  tube	  
•  2500	  lead	  glass	  blocks,	  re-‐used	  from	  

OPAL	  electromagnetic	  calorimeter	  
•  11/12	  stations	  operate	  in	  vacuum	  
•  Cover	  8	  to	  50	  mrad	  

•  3	  different	  ring	  sizes,	  5	  staggered	  layers	  of	  blocks,	  ≈20	  X0)	  	  
•  5/12	  completed	  stations	  In	  about	  1	  year	  
•  Custom	  time-‐over-‐threshold	  electronics	  (double	  threshold,	  down	  to	  ≈1/5	  MIP)	  
•  σE	  ≈	  9%/sqrt(E[GeV])	  
•  σt≈	  210	  ps/sqrt(E[GeV])	  



RICH	  

•  Neon	  p=1	  atm	  (5%	  X0)	  
•  20	  mirror	  segments	  (20%	  X0)	  
	  
•  µ	  contamination	  <1%	  between	  

15	  and	  35	  GeV/c	  

•  Use	  in	  Level-‐0	  trigger	  

•  σt	  <	  100	  ps	  

Winston	  cones+quartz	  window	  
Hamamatsu	  R-‐7400-‐U03	  



RICH	  performance	  

Number	  of	  hits	  vs.	  momentum	  

Time	  resolution	  vs.	  momentum	  



Muon	  vetoes	  
3	  muon	  veto	  sections:	  
Partially	  by	  re-‐using	  hadron	  calorimeter	  from	  NA48	  
•  MUV1:	  

•  24	  planes	  (iron/scintillator+WLS)	  
•  6	  cm	  strips	  (x-‐y)	  
•  13	  ph.el./MIP	  

•  MUV2:	  
•  22	  planes	  (iron+scintillator)	  

•  MUV3:	  
•  Fast	  trigger	  signals	  
•  Scintillator	  pads	  with	  direct	  readout	  of	  light	  in	  an	  (air)	  black	  

box,	  to	  suppress	  reflections	  and	  Cerenkov	  



Trigger	  and	  DAQ	  
•  High	  trigger	  efficiency	  (>95%)	  
•  Low	  random	  veto	  (<1%)	  
•  Fully	  digital	  after	  Front-‐Ent	  
•  Level-‐0	  implemented	  in	  hardware,	  10	  MHz	  →	  1	  MHz	  	  

•  e.g.	  RICH	  minimum	  multiplicity,	  Muon	  veto,	  LKr	  ,	  photon	  veto	  
•  Level-‐1,	  at	  the	  level	  of	  sub-‐detector	  (→	  100	  KHz)	  and	  Level-‐2	  (on	  full	  event,	  
→	  few	  KHz)	  implemented	  in	  software	  

•  e.g.	  vertex	  out	  of	  fiducial	  volume	  

•  Try	  to	  use	  common	  TDAQ	  board	  	  
•  (TEL62,	  based	  on	  LHCb	  TELL1)	  	  
•  HPTDC	  mezzanine	  card	  

•  Custom	  solutions	  for	  Liquid	  Krypton	  
and	  Gigatracker	  (too	  much	  data!)	  

•  High	  data	  bandwidth	  (≈5	  GB/s)	  
•  No	  zero	  suppression	  (for	  

candidate	  events	  



RICH	   MUV	   CEDAR	   LKR	  STRAWS	   LAV	  

L0	  CTP	  

GbE	  switch	  

PC	   PC	   PC	  PC	  PC	   PC	   PC	   PC	  PC	  PC	  PC	  PC	  PC	   PC	  

PC	   PC	  PC	   PC	   CDR	  
L0	  trigger	  
Trigger	  primitives	  
Data	  

EB	  

1	  MHz	  1	  MHz	  

O(10	  MHz)	  

O(KHz)	  

1	  MHz	  

L0	  
L1/2	  

O(<1ms)	  

2K	   1K	  
200	  

8K	   13K	   2.5K	   30K	  

Trigger	  and	  DAQ	  

100K	  



The	  NA62	  measurement	  of	  RK	  

Full	  data-‐set	  new	  result	  in	  the	  talk	  by	  Evgueny	  Goudzovski	  
(Friday,	  July	  22nd,	  17:05,	  	  
Flavour	  Physics	  &	  Fundamental	  Symmetries)	  

•  Precision	  measurement	  of	  RK=	  BR(K+→e+ν)	  /	  BR(K+→µ+ν)	  

•  Dedicated	  data	  taking	  in	  2007/2008,	  ≈120000	  events,	  
with	  NA48	  detectors	  



Schedule	  



Schedule	  



Conclusions	  
• Very	  clean	  mode;	  sensitivity	  to	  New	  Physics	  also	  at	  high	  energy	  
scales:	  complementary	  to	  direct	  searches	  at	  LHC	  

	  

• NA62	  detectors	  have	  been	  carefully	  designed	  and	  validated	  (R&D,	  
tests,	  Monte	  Carlo)	  

• Now	  construction	  is	  proceeding	  steadily	  
• Also	  Gigatracker	  design	  is	  well	  advanced	  (sensor,	  readout	  chip,	  
cooling,	  etc.)	  

• Now	  refining	  TDAQ	  system	  …	  
	  

• …	  and	  getting	  ready	  to	  run:	  
• Technical	  run	  already	  at	  the	  end	  of	  year	  2012	  (without	  Gigatracker)	  
• Physics	  run	  planned	  at	  SPS	  restart	  after	  long	  shutdown	  (2014)	  	  





Liquid	  Krypton	  efficiency	  



Monte	  Carlo:	  event	  selection	  
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Cut	  on	  reconstructed	  momentum:	  15	  <	  Ptrack	  <	  35	  GeV/c	  

STRAW	  1	   STRAW	  4	   LKr	   πνν	


π+π0	


14/07/2011	  



Monte	  Carlo:	  cut	  on	  m2
miss
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π+νν	
 π+π0	


µ+ ν	   π+π0π+	


R2 R1 

14/07/2011	  



Kaon	  tagger:	  differential	  Cerenkov	  



LAV	  performance	  



LAV	  readout	  electronics	  

Time-‐over-‐threshold	  discriminator:	  
dual	  threshold	  
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Data	  flow	  



L0	  trigger	  rates	  



Data	  volume	  



IRC	  
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New	  beam	  dump	  

Cavern	  

Concrete	  
Iron	  

Carbon	  

Beam	  pipe	  

Small	  angle	  
calorimeter	  


