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NA62	  @	  CERN:	  	  
misura	  del	  decadimento	  raro	  	  

K+	  	  	  	  	  π+	  ν	  ν	  	  

The	  penguin	  diagrams	  



NA62	  Collabora&on	  
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..at the 
heart of 

LHC  

NA62 



NA62	  Goal	  

	  	  Previsione	  teorica*:	  	  	  	  	  	  	  	  	  	  	  	  BR(K+	  →	  π + νν)	  =	  8.4	  ±	  1.0	  	  ×	  10−11	  	  	  	  	  
 

	  Misura	  sperimentale:	  	  	  	  	  	  	  	  	  BR(K+→  π+νν)  =	  1.73	  	  	  	  	  	  	  	  ×	  10-‐10	  	  	  
                                                                                        	  (E787/949):	  	  	  	  	  (7	  events)	  

+1.15	  
	  	  	  	  -‐1.05	  	  

•  Ultra	  rare	  FCNC:	  s	  !	  d	  transiDon,	  hard	  GIM	  suppression	  

•  TheoreDcally	  clean	  (no	  hadronic	  uncertainDes) 

K+→π+νν  

NA62	  aims	  to	  measure	  to	  10%	  or	  be]er	  	  à	  
more	  than	  	  100	  	  K+→π+νν events	  before	  LS2	  	  

*[Buras, 1503.02693] 

DeviaDon	  from	  SM	  predicDons	  would	  signal	  New	  Physics!	  
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NA62	  Apparatus	  
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•  X/X0<0.5% per stazione ;   
•  sensori p-in-p ;   
•  pixel size 300x300 µm2 ;  

•  σ(θK)	  ~16 µrad ; 
•  σ(pK)	  ~0.2 GeV/c ;  
•  σ (t)~ 200 ps/stazione (~150 ps 

per una  traccia)  

Lo	  spe]rometro	  del	  fascio:	  il	  Gigatracker	  

Specifiche GTK: 
•  Montato nel tubo a vuoto del fascio;  

•  Sostenere rate alto e non uniforme 
(~1.5 MHz/mm2 al centro, 0.8-1.0 GHz);  

•  Minimizzare scattering multiplo e 
interazioni adroniche; 

GTK: 3 stazioni di Si-pixel per definire tempo, 
direzione e momento di tutte le particelle del fascio  

CERN,	  Ferrara,	  Louvain-‐la-‐Neuve,	  Torino	  
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Gigatracker:	  components	  overview	  

•  Carrier	  
	  
•  Assembly	  
(Chip	  +	  
Sensor)	  	  

	  
•  Cooling	  
Plate	  
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Trigger:	  L0	  fully	  commissioned	  
Torino-‐only	  	  project	  (PhD	  Dario	  Soldi),	  in	  use	  since	  2014	  
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10	  MHz	  
x	  

7	  sources	  

1	  MHz	  
to	  PC	  farm	  	  

and	  detectors	  

2014	  
	  

Commissioning	  
Pilot	  run	  	  

2015	  
	  

First	  Run	  with	  
complete	  
system	  

2016	  
	  

First	  year	  of	  
Physics	  Run	  



	  	  	  	  	  Trigger	  L0:	  R/O	  

	  Trigger	  System	  
•  L0TP	  in	  FPGA-‐based	  board	  (and	  PC-‐based	  

flavours	  in	  the	  Ferrara	  development	  board)	  
•  TDCB-‐based	  trigger	  primi&ves	  generated	  

from	  LAV,	  MUV1-‐2/3,	  RICH,	  CHOD	  ,	  NHOD,	  
LKr-‐L0	  system	  also	  deployed	  

Torino	  
board	  
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L0	  –	  2016	  Data	  Analisi	  

✦ 10 MHz input rate 
✦ 1 MHz output rate 
✦ 7 different sources 
✦ Detectors Time realignment up to 100 ps 
✦ 8 different trigger masks in parallel 
✦ Control sample to measure trigger eff. online 
✦ Pulsers to calibrate Calorimeters 
✦ choke/error system to monitor detector status 
✦ 1 ms maximum latency 
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preliminary 

preliminary 
preliminary 

µν
π+π0

3π 3π

π+π0	  RICH	  only	   	  RICH	  &	  
not	  MUV3	  

	  RICH	  only	  

	  vetoing	  
muons	  



Analisi	  

•  15	  	  <	  pπ	  	  <	  35	  GeV/c	  to	  suppress	  K+!µ+ν
•  K+!π+π0 selected	  using	  LKr	  
•  ResoluDon	  close	  to	  design	  
•  Background	  rejecDon	  aimed:	  104	  -‐	  105,	  measured	  in	  2015:	  103	  
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Analisi	  

•  Goal:	  107	  muon	  rejecDon	  
to	  reduce	  K+!µ+ν

•  15	  	  <	  pπ	  	  <	  35	  GeV/c:	  best	  
RICH	  performance	  

•  Pure	  sample	  of	  pion	  and	  
muon	  selected	  using	  
kinemaDcs	  

•  RICH:	  102	  µ+	  rejecDon	  for	  
80%	  	  π+ efficiency	  

•  Calorimeter:	  104-‐106	  µ+	  	  
rejecDon	  for	  90-‐40%	  	  π+ 
efficiency	  (cut)	  
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Conclusions	  

•  K+!	  π+ ν ν	  	  is	  a	  key	  channel	  to	  search	  for	  New	  Physics	  	  
•  NA62	  aims	  to	  measure	  the	  branching	  raDo	  with	  a	  10%	  precision	  
•  NA62	  commissioned	  and	  tested	  up	  to	  nominal	  beam	  intensity	  	  
•  Data	  taking	  has	  started	  	  
•  Preliminary	  study	  of	  the	  quality	  of	  the	  data	  taken	  in	  2015	  at	  low	  

intensity	  	  shows:	  	  
•  &ming	  performance	  close	  to	  design	  	  
•  m2

m	  resolu&on	  close	  to	  design	  	  
•  bkg	  rejecDon	  promising	  	  
•  π/µ separaDon	  from	  RICH	  close	  to	  design	  	  
•  separaDon	  from	  calorimeters	  promising	  	  
•  π0	  rejec&on	  promising	  (limited	  by	  staDsDcs)	  	  

•  More	  data	  are	  being	  taken	  at	  the	  moment	  
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Anagrafica	  2016-‐2017	  

Situazione	  2016	  (4.5	  FTE)+(2.2)*:	  
	  R.Arcidiacono	  (20%)	  
	  C.Biino:	  (30%)	  

	   	  S.Garbolino	  (50%)	  	  
	  F.Marche]o	  (70%)	  
	  E.Menicheo	  (100%)	  
	  M.Rolo	  (0%)	  	  
	  D.Soldi	  (100%)	  	  

	  
	  P.Trapani	  (20%)	  
	  B.Bloch	  (100%)*	  
	  P.Jarron	  (100%)* 	  	  

Situazione	  2017	  (4.8	  FTE)+(2.2)*:	  
	  R.Arcidiacono	  (20%)	  
	  C.Biino	  (40%)	  
	  M.Bore]o	  (100%)	  
	  A.Filippi	  (30%)	  
	  F.Marche]o	  (70%)	  
	  E.Menicheo	  (100%)	  
	  E.Migliore	  (20%)	  
	  M.Rolo	  (0%)	  	  
	  D.Soldi	  (100%)	  	  

	  
	  P.Trapani	  (20%)	  
	  B.Bloch	  (100%)*	  
	  P.Jarron	  (100%)* 	  	  
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NA62	  -‐	  Richieste	  2017	  

NB: inizio presa dati 04.2017 
 
Richiesta preventiva:  
a)  Officina Meccanica/Lab. 

Tecnologico:  
•  3 m.u. costruzione di 

componenti meccanici  
•  3 m.u. montaggio 

rivelatori GTK 
(prevalentemente al 
CERN) 

 
b) Lab. elettronica: 3 m.u. 
test wafer su probe station 
(al CERN) 



SPARE 



Analisi	  of	  Beam	  Background	  

Candidate	  SelecDon	  
•  Single	  downstream	  track	  
•  Energy	  deposits	  in	  Calorimeters	  
•  Beam	  track:	  NOT	  Kaon	  
	  
	  
Timing	  
•  Kaon	  ID	  	  <100	  ps	  
•  Beam	  Track	  	  <200	  ps	  
•  Downstream	  Track	  	  <200	  ps	  
•  Calorimeters	  ~	  1-‐2	  ns	  
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Terasic Stratix 
Development Board 

(4 GbE links only): 1 in Fe  PC card 

La	  scheda	  modificata	  ha	  8	  ingressi	  GbE.	  	  L0	  ha	  bisogno	  di	  
7	  ingressi	  (sono	  	  i	  7	  rivelatori	  	  usa&	  per	  formare	  L0:	  Chod	  ,	  

LKr,	  MUV1-‐2/3,	  LAV,	  Rich,	  NHOD)	  +	  1	  output	  	  	  

 schedina 
da infilare 

qui 

RICH 
L0 trig LKr 
L0 trig MUV 

L0 trig LAV 
L0 trig 

LTU PC 

FPGA 

SPS 

GbE interf. 

GbE interf. 

GbE interf. 

GbE interf. 
PC

I-e
xp

r. 

PC card 
PC solution 

L0 trigger primitives 
XOFF 
L0 trigger 
L0 data 

Trigger:	  L0	  fully	  commissioned	  
Torino-‐only	  	  project	  (PhD	  Dario	  Soldi),	  in	  use	  since	  2014	  

Ferrara	  project:	  	  
only	  backup/development	   

L0	  	  (hardware):	  	  10	  →	  1	  MHz	  
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Trigger	  L0:	  R/O	  

 optical fibers dal chip 

 trigger L0 

1 scheda R/O per ciascun chip       30 schede 

	  Trigger	  System	  
•  L0TP	  in	  both	  FPGA-‐based	  (and	  PC-‐based	  

flavours	  in	  the	  Ferrara	  development)	  
•  TDCB-‐based	  trigger	  primi&ves	  generated	  

from	  LAV,	  MUV1-‐2/3,	  RICH,	  CHOD	  ,	  NHOD,	  
LKr-‐L0	  system	  also	  deployed	  

Torino	  

Consiglio	  di	  Sezione	   NA62	   C.	  Biino	  –	  30	  Giugno	  2016	  



Cinema&ca:	  Segnale	  e	  Fondo	  

! Calorimetry	  to	  veto	  extra	  par&cles	  
! Very	  light	  trackers	  to	  reconstruct	  the	  K+	  
and	  the	  π+	  momenta	  

!  Full	  par&cle	  iden&fica&on	  

 	  Definizione	  regione	  
segnale	  
 	  K+→	  π+π0  ci	  obbliga	  a	  

dividerla	  in	  due	  par&	  
(Regione	  I	  and	  Regione	  II)	  
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	  NA62-‐	  il	  layout	  del	  rivelatore	  

CMS Physics Run I Outline C. Biino – WIN’11 

O(100)  evt  K+→π+νν ~  10% fondo 

~ 1013  K+ 
decad. 

  in 2 anni 

Riduzione del fondo usando: 
Ricostruzione cinematica 
 Particle id  
Rivelatori di veto 
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	  NA62	  -‐	  cinema&ca	  
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Soldered  
fluid  

connectors 

Thermal  
Interface 

Il Gigatracker: montaggio  

Mounting 
to  Carrier 

Board 

Installation 
GTK 
Positi
on 

TDCpix 
Thickness 
(micron) 

Cooling Plate 

1 250 P10  
2 100 New production 
3 100 New production 
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ASIC per il readout dei pixel in tecnologia 
CMOS(IBM) 0.13µm 

End-of-Column TDC; preampli-discri nell’area del 
pixel e TDC alla fine della colonna: 1 TDC per n pixel  

Ogni stazione è una matrice di 
18000 Si-pixel (300x300 µm2) di 

spessore pari a 200 µm letta 
mediante 10 chip ASIC bump-

bonded alla matrice 

Il Gigatracker 

a)  ASIC chip from IBM 

b)   Bump-bonding tender by IZM 

Consiglio	  di	  Sezione	   NA62	   C.	  Biino	  –	  30	  Giugno	  2016	  



Consiglio di Sezione NA62 C. Biino – 3 Luglio 2013 

Il Gigatracker 
Impegno di Torino: Front end per il GigaTracKer (GTK) 

 con Ferrara, CERN, UCL (Louvain-la-Neuve,Be) 
Stima costo rivelatore: ~ 3 MCHF (INFN: 40%, CERN: 40%, Louvain: 20%) 

Meccanica stazione che opera nel vuoto 

Rivelatore (60x27) mm2 

C6 F14 

30 µm 

70 µm 

200 µm 50 µm 

 
be

am
 

               rivelatore 

Micro-channel cooling 
 

Sketch del rivelatore 

Baseline design: 150 parallel cooling channels 
     (200 µm × 70 µm, C6F14)   
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GTK-‐	  Micro-‐channel	  assembly	  plates:	  the	  delivery	  of	  assembly	  plates	  
from	  LETI	  is	  proceeding	  as	  expected	  

Cooling	  plant:	  the	  construcDon	  of	  the	  cooling	  staDon	  is	  proceeding	  as	  planned.	  The	  company	  	  
(Delta-‐Ti	  ImpianD,	  Italia)	  has	  completed	  the	  design	  phase,	  and	  beginning	  the	  staDon's	  assembly;	  
expected	  at	  CERN	  in	  August.	  

Il Gigatracker: microcooling 
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NA62	  –	  Gigatracker	  

CERN,	  Ferrara,	  Louvain-‐la-‐Neuve,	  Torino	  

•  The	  ASIC	  chip,TDCpix,	  has	  been	  fully	  characterized	  
•  Bump-‐bonding	  with	  100	  microns	  TDCpix	  thickness	  

achieved	  	  
•  Carrier	  boards	  designed	  and	  fabricated	  
•  Micro-‐channel	  cooling	  achieved	  
•  Mechanical	  integra&on	  
•  Cooling	  plant	  constructed,	  installed	  and	  commissioned	  
•  DAQ	  cards	  installed	  and	  tested	  
•  In	  GTK	  	  Data	  acquired	  in	  with	  the	  other	  NA62	  detectors	  
•  2	  full	  sta&ons	  of	  Gigatracker	  installed,	  third	  expected	  

end	  of	  July	  (need	  spares)	  
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NA62	  –	  Gigatracker	  

Consiglio	  di	  Sezione	   NA62	   C.	  Biino	  –	  2	  Luglio	  2015	  

Installed	  in	  K12	  beam	  	  
	  on	  November	  6	  

GTK3	  –	  GTK1	  	  
Before	  any	  correc&on	  

Ater	  correc&on	  	  
Time	  resolu&on~	  260	  ps	  /sta&on	  

In	  line	  with	  expecta&ons	  for	  HV=	  200	  V	  	  	  

Tests	  on	  several	  single-‐chip	  
assemblies	  confirms	  that	  the	  
ASIC	  chip	  is	  fully	  func&onal	  
and	  that	  the	  bump-‐bonding	  
efficiency	  is	  be]er	  that	  99%.	  	  



Il Gigatracker status: ASIC tests 

•  The	  ASIC	  tests	  show	  that	  
the	  chip	  is	  working	  as	  
expected.	  	  

•  GTK	  carrier	  board	  
designed	  and	  ordered	  

•  The	  chip	  thinning	  and	  
bump	  bonding	  has	  been	  
successfully	  tested	  on	  
dummy	  chips.	  	  

The remaining work is on a tight 
time plan, but the most difficult 
technical issues  have been mastered 

Equivalent Noise Charge 

ENC ≈ 170 e- 

=> σt ≈ 50 ps RMS  
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	  NA62	  –	  veto	  per	  i	  fotoni	  
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Trigger	  &	  DAQ	  

Trigger:	  
L0	  	  (hardware):	  	  10	  →	  1	  MHz	  
L1/L2	  	  (somware):	  1	  MHz	  →	  20	  KHz	  
DAQ:	  20	  KHz	  	  
L0	  trigger	  for	  :	  
Single	  charged	  parDcle	  topology	  
Energy	  in	  hadron	  calorimeter	  /	  no	  
muons	  
No	  photons	  

L0	  Trigger	  commissioned.	  
DAQ	  commissioned	  at	  full	  intensity.	  
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