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Theore7cal	
  introduc7on	
  to	
  the	
  K	
  →	
  πνν	
  rare	
  decays	
  

NA62	
  experiment	
  at	
  the	
  CERN	
  SpS

Aim	
  and	
  strategy	
  for	
  the	
  BR(K+	
  →	
  π+νν)	
  measurement	
  	
  

Detector	
  overview	
  

Results	
  with	
  2016	
  data	
  

Prospects



Stringent	
  test	
  of	
  the	
  SM	
  and	
  possible	
  evidence	
  for	
  New	
  Physics
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Z-penguin W-box

Is	
  characterized	
  by	
  a	
  theore7cal	
  cleanness	
  in	
  the	
  SM	
  predic7on	
  of	
  the	
  BR(K+	
  →	
  π+νν):	
  
loops	
  and	
  radia7ve	
  correc7ons	
  are	
  under	
  control.

Excellent	
  laboratory	
  
complementary	
  to	
  LHC

Highly	
  suppressed	
  &
Very	
  well	
  predicted	
  

SM	
  theore<cal	
  framework
The	
  K+	
  →	
  π+νν	
  decay	
  is	
  extremely	
  suppressed	
  	
  	
  
Flavor-­‐changing	
  neutral	
  current	
  quark	
  transi<on	
  s→dνν	
  .	
  
Forbidden	
  at	
  tree	
  level,	
  dominated	
  by	
  short-­‐distance	
  dynamics	
  (GIM	
  mechanism)
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BR(K+ ! ⇡+⌫⌫̄)
exp

= (17.3+11.5
�10.5)⇥ 10�11

Only	
  measurement	
  obtained	
  by	
  E787	
  and	
  E949	
  experiments	
  at	
  BNL	
  with	
  stopped	
  
kaon	
  decays	
  (7	
  candidates)

Current	
  theore<cal	
  predic<on:	
  

A.J.	
  Buras,	
  D.Bu`azzo,	
  J.	
  
Girrbach-­‐Noe	
  and	
  R.Knegjens	
  	
  	
  	
  
arXiv:1503.02693

Experimental	
  status:	
  

Neutral	
  decay	
  KL	
  →π0νν	
  has	
  never	
  been	
  measured

Main	
  contribu7on	
  to	
  the	
  errors	
  comes	
  from	
  the	
  uncertain7es	
  on	
  the	
  SM	
  input	
  parameters	
  	
  
Intrinsic	
  theore7cal	
  uncertain7es	
  (1-­‐3%)	
  slightly	
  larger	
  for	
  the	
  charged	
  channel	
  because	
  of	
  
the	
  correc7ons	
  from	
  lighter-­‐quark	
  contribu7ons

Past	
  measurement	
  and	
  predic<on	
  

Gap	
  between	
  theore7cal	
  precision	
  and	
  large	
  experimental	
  error	
  mo7vates	
  a	
  strong	
  
experimental	
  effort.	
  Significant	
  new	
  constraints	
  can	
  be	
  obtained.

BR(K+→π+νν)SM	
  =	
  (8.4	
  ±	
  1.0)	
  x	
  10-­‐11

BR(KL→π0νν)SM	
  =	
  (3.4	
  ±	
  0.6)	
  x	
  10-­‐11



ρ 

−η 

Connec<on	
  with	
  Flavor	
  Physics
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Measurement	
  of	
  BR	
  of	
  charged	
  (K+	
  →	
  π+νν)	
  and	
  
neutral	
  (KL	
  →	
  π0νν)	
  modes	
  can	
  determine	
  the	
  
unitarity	
  triangle	
  independently	
  from	
  B	
  inputs

δ(BR)/BR	
  =	
  10%	
  would	
  lead	
  to	
  	
  
δ(|Vtd|)/|Vtd|	
  =	
  7%

BR(K+ → π+νν)	
  to	
  ±10%	
  
BR(KL → π0νν)	
  to	
  15%

Example	
  of	
  CKM	
  constraints:
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Simplified	
  Z,	
  Z’	
  models	
  	
  [Buras,	
  Bu`azzo,Knegjens,	
  JHEP	
  1511	
  (2015)	
  166]	
  	
  

Li]lest	
  Higgs	
  with	
  T-­‐parity	
  [Blanke,	
  Buras,	
  Recksiegel,	
  EPJ	
  C76	
  (2016)	
  no.4	
  182]	
  

Custodial	
  Randall-­‐Sundrum	
  [Blanke,	
  Buras,	
  Duling,	
  Gemmler,	
  Gori,	
  JHEP	
  0903	
  (2009)	
  108]	
  	
  

MSSM	
  non-­‐MFV	
  [Tanimoto,	
  Yamamoto,	
  PTEP	
  2016	
  (2016)	
  no.12,	
  123B02;	
  Blazek,	
  Matak,	
  

IntlJModPhys.A	
  29	
  (2014),	
  1450162;	
  Isidori	
  et	
  al.	
  JHEP	
  0608	
  (2006)	
  064]	
  

LFU	
  viola<on	
  models	
  [Isidori	
  et.	
  al.,	
  Eur.	
  Phys.	
  J.	
  C	
  (2017)	
  77]	
  

Constraints	
  from	
  exis<ng	
  measurements	
  (correla7ons	
  model	
  dependent)

New	
  Physics	
  from	
  K→πνν	
  decays

Randall-­‐Sundrum

LFU	
  viola7on
Z’	
  (5	
  TeV)	
  in	
  constrained	
  MFV	
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K → πνν	
  is	
  uniquely	
  sensi7ve	
  to	
  high	
  mass	
  scales.

BR(K+ → π+νν) × 1011

B
R

(K
L →

 π
0 ν
ν)

 ×
 1

01
1

Buras et al., JHEP 1411
mZ′ = 500 TeV

NP	
  may	
  simply	
  occur	
  at	
  a	
  higher	
  mass	
  scale
→	
  Null	
  results	
  from	
  direct	
  searches	
  at	
  LHC	
  so	
  far
Indirect	
  probes	
  to	
  explore	
  high	
  mass	
  scales	
  become	
  very	
  interes<ng!

Es:	
  Tree-­‐level	
  flavor	
  changing	
  Zʹ′	
  LH+RH	
  couplings

Some	
  fine-­‐tuning	
  around	
  
constraint	
  from	
  εK	
  
K	
  →	
  πνν	
  sensi7ve	
  to	
  mass	
  
scales	
  up	
  to	
  2000	
  TeV	
  (up	
  to	
  
tens	
  of	
  TeV	
  even	
  if	
  LH	
  
couplings	
  only)	
  
Order	
  of	
  magnitude	
  higher	
  
than	
  for	
  B	
  decays

New	
  Physics	
  from	
  K→πνν	
  decays



In	
  the	
  North	
  Area	
  the	
  SpS	
  
extrac7on	
  line	
  is	
  providing	
  
a	
  secondary	
  charged	
  
hadron	
  beam

The	
  CERN-­‐SPS	
  secondary	
  beam	
  line	
  already	
  used	
  for	
  the	
  NA48	
  experiment	
  	
  
can	
  deliver	
  the	
  required	
  K+	
  intensity

8

Kaon	
  at	
  CERN	
  SPS

400	
  GeV/c	
  primary	
  proton	
  
beam	
  
3	
  x	
  1012	
  protons/pulse	
  
40	
  cm	
  beryllium	
  target	
  
75	
  GeV/c	
  unseparated	
  
hadrons	
  beam:	
  π+,	
  K+	
  (6%),	
  
protons	
  (Δp/p	
  ±	
  1%)	
  
4.8	
  x	
  1012	
  K+	
  decays/year
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NA62	
  Experiment
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NA62	
  Apparatus

Each	
  detector	
  sends	
  ∼	
  10	
  MHz	
  of	
  raw	
  input	
  data	
  to	
  the	
  Level	
  0	
  trigger	
  (FPGA)	
  that	
  selects	
  1	
  MHz	
  	
  
of	
  events.	
  L1	
  and	
  L2	
  triggers	
  (sozware)	
  guarantee	
  a	
  maximum	
  of	
  10	
  kHz	
  of	
  acquisi7on	
  rate.	
  

270	
  m	
  long	
  downstream	
  of	
  the	
  beryllium	
  target.	
  	
  
Useful	
  K+	
  decays	
  are	
  detected	
  in	
  a	
  65	
  m	
  long	
  fiducial	
  volume.

Approximately	
  
cylindrical	
  shape	
  
around	
  the	
  beam	
  
axis	
  for	
  the	
  main	
  
detectors.	
  	
  
Diameter	
  varies	
  
from	
  20	
  to	
  400	
  cm.	
  

K+



Design	
  criteria:	
  	
  kaon	
  intensity,	
  signal	
  acceptance,	
  background	
  suppression

Kaons	
  with	
  high	
  momentum.	
  	
  
Decay	
  in	
  flight	
  technique.	
  	
  
Signal	
  signature:	
  K+	
  track	
  +	
  π+	
  track

PK+

Pπ+

Pν

θKπ

Pν
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O(100	
  ps)	
  Timing	
  between	
  sub-­‐detectors	
  

O(104)	
  Background	
  suppression	
  from	
  kinema7cs	
  	
  

O(107)	
  μ-­‐suppression	
  (K+→μ+ν)	
  

O(107)	
  𝛾-­‐suppression	
  (from	
  K+→π+π0,	
  π0→𝛾𝛾)

NA62	
  Goal

Decay BR Main Rejection Tools

K+ ! µ+⌫µ(�) 63% µ-ID + kinematics

K+ ! ⇡+⇡0
(�) 21% �-veto + kinematics

K+ ! ⇡+⇡+⇡�
6% multi-track + kinematics

K+ ! ⇡+⇡0⇡0
2% �-veto + kinematics

K+ ! ⇡0e+⌫e 5% e-ID + �-veto
K+ ! ⇡0µ+⌫µ 3% µ-ID + �-veto

Backgrounds

Keystones



Main  
background 
contributions

Most	
  discrimina7ng	
  variable:	
  
m2miss	
  =	
  (PK+	
  -­‐	
  Pπ+)2

Where	
  the	
  daughter	
  charged	
  par2cle	
  
is	
  assumed	
  to	
  be	
  a	
  pion

2	
  signal	
  regions,	
  on	
  each	
  side	
  of	
  the	
  K+	
  →π+π0	
  
peak	
  (to	
  eliminate	
  92%	
  of	
  the	
  K+	
  width)

Analysis	
  Strategy
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Theore7cal	
  m2miss	
  distribu7on	
  for	
  signal	
  and	
  
backgrounds	
  of	
  the	
  main	
  K+	
  decay	
  modes:	
  
(signal	
  is	
  mul7plied	
  by	
  a	
  factor	
  1010).

K+	
  →π+π0	
  ,	
  K+	
  →µ+𝛎	
  non	
  gaussian	
  resolu7on	
  
and	
  radia7ve	
  tails	
  
K+	
  →π+π+π-­‐	
  non	
  gaussian	
  resolu7on	
  tails	
  
decays	
  with	
  neutrino	
  in	
  final	
  state

Main	
  background	
  sources:	
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NA62	
  Timescale

2016:	
  	
  40%	
  of	
  nominal	
  intensity:	
  13	
  x	
  1011	
  proton	
  on	
  target	
  	
  	
  ∼	
  1	
  x	
  1011	
  K+	
  decays	
  useful	
  for	
  πνν	
  
2017:	
  	
  60%	
  of	
  nominal	
  intensity:	
  20	
  x	
  1011	
  proton	
  on	
  target	
  	
  	
  >	
  3	
  x	
  1012	
  K+	
  decays	
  collected

2019-­‐2020	
  	
  
LS2	
  Long	
  
shutdown	
  2

2014	
  	
  
Pilot	
  Run	
  

2015	
  	
  
Commissioning	
  

2017	
  	
  
Physics	
  Run	
  

2016	
  	
  
Commissioning	
  +	
  
Physics	
  Run

2018	
  	
  
Physics	
  Run	
  	
  
(ongoing)

beam	
  
fluctua2ons	
  
reduced

2017	
  
Luminosity	
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NA62:	
  Beam	
  ID	
  &	
  Tracking

GTK1 GTK2 GTK3

CHANTI

KTAG

Differen7al	
  Čerenkov	
  counter	
  blind	
  to	
  all	
  par7cles	
  but	
  kaons	
  of	
  appropriate	
  	
  	
  	
  	
  	
  	
  	
  
momentum	
  (75	
  GeV,	
  K+	
  rate:~45MHz).	
  σt	
  ~70	
  ps,	
  efficiency	
  >	
  99%.	
  	
  
Steel	
  vessel,	
  4.5	
  m	
  long,	
  filled	
  with	
  compressed	
  nitrogen.	
  
GigaTracKer	
  Spectrometer	
  for	
  K+	
  momentum	
  and	
  7ming	
  measurement.	
  
σt	
  ~100	
  ps,	
  σdx,dy	
  ≈	
  0.016	
  mrad,	
  ΔP/P	
  <	
  0.4%.	
  
750	
  MHz	
  beam	
  environment.	
  3	
  sta2ons	
  of	
  18000	
  silicon	
  pixels	
  (140	
  KHz/pixel).	
  	
  
Charged	
  par7cle	
  veto	
  to	
  reduce	
  the	
  background	
  induced	
  by	
  inelas7c	
  interac7ons.	
  
6	
  sta2ons	
  of	
  X-­‐Y	
  plas2c	
  scin2llator	
  bars	
  coupled	
  with	
  op2cal	
  fibers.	
  Efficiency	
  >	
  99%.	
  

KTAG:	
  	
  

GTK:	
  	
  

CHANTI:

Beam	
  ID	
  &	
  Tracking	
  

Hadron 
Beam 
750 MHz

Target
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NA62:	
  Secondary	
  ID	
  &	
  Tracking

Spectrometer	
  with	
  STRAW	
  tubes	
  for	
  secondary	
  par7cle	
  momentum	
  measurement.	
  
4	
  chambers	
  (4	
  layers	
  <	
  0.5	
  X0)	
  in	
  vacuum,	
  7168	
  STRAW	
  tubes.	
  Magnet	
  provides	
  a	
  
270	
  MeV/c	
  momentum	
  kick	
  in	
  the	
  horizontal	
  plane.	
  σt	
  ~	
  6	
  ns,	
  σdx,dy	
  ~130	
  μm.	
  	
  
Charged	
  Hodoscope	
  of	
  plas2c	
  scin2llator	
  to	
  provide	
  fast	
  signal	
  of	
  the	
  beam.	
  
Old	
  CHOD	
  σt	
  ~	
  250	
  ns,	
  CHOD	
  σt	
  ~	
  1	
  ns	
  
Ring	
  Imaging	
  Cherenkov	
  detector	
  for	
  the	
  secondary	
  par7cle	
  iden7fica7on.	
  
17	
  m	
  long	
  tank.	
  Neon	
  gas	
  (1	
  atm).	
  Downstream:	
  mosaic	
  of	
  20	
  spherical	
  mirrors.	
  
Upstream:	
  ∼2000	
  PMTs.	
  	
  μ/π	
  separa*on	
  ∼	
  10-­‐2,	
  σt	
  of	
  a	
  ring	
  <	
  100	
  ps

STRAW:	
  	
  

CHOD:	
  
	
  	
  
RICH:

STRAW CHAMBERS

MAGNET
CHOD

Old CHOD (NA48)

RICH

Secondary	
  par<cle	
  ID	
  &	
  Tracking	
  

0 m 100 m 165 m 255 m
Fiducial decay region
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NA62:	
  Photon	
  Veto	
  System

Large	
  Angle	
  Veto.	
  12	
  sta7ons	
  to	
  veto	
  𝛾	
  with	
  angles	
  8.5	
  <θ	
  <50	
  mrad.	
  
4	
  or	
  5	
  rings	
  of	
  lead	
  glass	
  crystals	
  read	
  out	
  by	
  PMTs.	
  First	
  11	
  sta2ons	
  are	
  in	
  vacuum.	
  	
  
σt	
  ~	
  1	
  ns,	
  10-­‐3	
  to	
  10-­‐5	
  inefficiency	
  (on	
  𝛾	
  down	
  to	
  150	
  MeV).	
  
Inner	
  Ring	
  Calorimeter	
  and	
  Small	
  Angle	
  Calorimeter.	
  To	
  veto	
  𝛾	
  with	
  angles	
  <1	
  mrad.	
  
Shashlik	
  calorimeters.	
  Lead	
  and	
  plas2c	
  scin2llator	
  plates.	
  σt	
  <	
  1	
  ns,	
  10-­‐4	
  inefficiency.	
  	
  
NA48	
  LKr	
  Calorimeter:	
  to	
  veto	
  𝛾	
  with	
  angles	
  1	
  <θ	
  <8.5	
  mrad	
  and	
  for	
  PID.	
  
Ioniza2on	
  chamber	
  +	
  liquid	
  Krypton,	
  2x2	
  cm2	
  cells.	
  σt~500	
  ps	
  (Eclusters	
  >	
  3	
  GeV),	
  σt~1	
  ns	
  
(hadronic	
  and	
  MIP	
  clusters),	
  σdx,dy	
  ~1	
  mm,	
  10-­‐5	
  inefficiency	
  (E𝛾	
  >	
  10	
  GeV).	
  

LAV:	
  	
  

IRC/SAC:	
  
	
  	
  
LKr:

IRC

SAC

LAVs LKr

Photon	
  Veto



17

NA62:	
  Muon	
  Veto	
  System

Efficient	
  fast	
  Muon	
  Veto	
  (reduc7on	
  factor	
  >	
  10)	
  used	
  in	
  the	
  hardware	
  trigger	
  level.	
  
Placed	
  aeer	
  an	
  iron	
  wall.	
  1	
  plane	
  of	
  148	
  5cm	
  thick	
  scin2llator	
  2les.	
  Muon	
  Rate:	
  10	
  MHz.	
  
σt	
  ~500	
  ps,	
  efficiency	
  ~99.5%	
  
Hadronic	
  calorimeters	
  for	
  the	
  μ/π	
  separa7on.	
  
2	
  modules	
  of	
  iron-­‐scin2llator	
  plate	
  sandwiches.	
  Readout	
  with	
  LKr	
  electronics.	
  
Cluster	
  reco	
  at	
  ~20	
  ns	
  from	
  Ttrack,	
  and	
  at	
  ±150	
  mm	
  from	
  the	
  expected	
  impact	
  point

MUV3:	
  	
  

MUV1/2:	
  	
  

MUV 3

MUV 2MUV 1

IRON

Muon	
  Veto



2016	
  Data
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Signal	
  selec7on	
  tuned	
  on	
  MC,	
  10%	
  PNN	
  data,	
  control	
  data

First	
  data	
  declared	
  good	
  for	
  πνν.	
  4	
  weeks	
  of	
  Data	
  taking.	
  <	
  60’000	
  good	
  spills

Trigger	
  streams

Offline	
  Analysis

Bad	
  data	
  based	
  on	
  detector	
  performances	
  iden7fied	
  on	
  spill	
  by	
  spill	
  basis	
  	
  

Blind	
  analysis	
  procedure:	
  signal	
  and	
  control	
  regions	
  kept	
  masked	
  for	
  the	
  whole	
  analysis

PNN	
  Trigger	
  
Hardware	
  L0:	
  RICH,	
  CHOD,	
  MUV3	
  (Veto),	
  LKr	
  
(E	
  <	
  20	
  GeV).	
  	
  	
  
Sozware	
  L1:	
  KTAG,	
  LAV	
  (Veto),	
  STRAW	
  
(momentum	
  <	
  50	
  GeV/c).

Control	
  Trigger	
  
Hardware	
  L0:	
  CHOD	
  

Data	
  Sample	
   K+	
  →	
  π+π0,	
  K+	
  →	
  μ+ν,	
  K+	
  →	
  π+π+π−	
  samples	
  
for	
  background	
  es7ma7on

The	
  analysis	
  is	
  mostly	
  cut	
  based



Analysis	
  steps
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Selec7on	
  

Evalua7on	
  of	
  the	
  single	
  event	
  sensi7vity	
  

Background	
  es7ma7on	
  and	
  valida7on	
  

Un-­‐blinding	
  of	
  signal	
  regions	
  and	
  interpreta7on	
  of	
  the	
  results	
  



Selec7on	
  

Evalua7on	
  of	
  the	
  single	
  event	
  sensi7vity	
  

Background	
  es7ma7on	
  and	
  valida7on	
  

Un-­‐blinding	
  of	
  signal	
  regions	
  and	
  interpreta7on	
  of	
  the	
  results	
  

Analysis	
  steps
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-­‐ K+	
  decays	
  with	
  a	
  single	
  charged	
  par7cle	
  in	
  final	
  state	
  

-­‐ Par7cle	
  ID:	
  π+	
  	
  

-­‐ Photon	
  &	
  Mul7ple	
  charged	
  par7cle	
  rejec7on	
  

-­‐ Kinema7c	
  Selec7on	
  of	
  Signal	
  Regions
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K+-­‐π+	
  matching

! 
0 

CHANTI KTAG 
STRAW 

VACUUM 

K+	
  →	
  π+	
  π+	
  π-­‐	
  control	
  sample

σ	
  ≈	
  110	
  ps

K+	
  →	
  π+	
  π+	
  π-­‐	
  control	
  sample

σ	
  ≈	
  1.4	
  mm -­‐	
  No	
  ac7vity	
  in	
  CHANTI	
  
-­‐	
  110	
  	
  <	
  Zvertex	
  <	
  165	
  m	
  
-­‐	
  15	
  <	
  Pπ+	
  <	
  35	
  GeV/c	
  	
  
(to	
  leave	
  at	
  least	
  40	
  GeV	
  
of	
  missing	
  energy)

KTAG	
  –GTK	
  –RICH	
  7me	
  matching:	
  
	
  	
  	
  	
  Kaon	
  decay	
  7me	
  (tdecay)	
  
GTK	
  –STRAW	
  Spectrometer	
  spa7al	
  matching	
  (CDA)	
  
75%	
  K+	
  reconstruc7on	
  and	
  ID	
  efficiency	
  
<1%	
  K+	
  mis-­‐tag	
  if	
  K+	
  track	
  present,	
  dependent	
  on	
  beam	
  intensity	
  



K+	
  →	
  π+π0	
  

K+	
  →	
  π+	
  π+	
  π-­‐

K+	
  →	
  μ+ν

Kinema<cs
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Control	
  data

m2miss	
  	
  ≡	
  m2miss	
  (GTK,	
  STRAW)	
  =	
  (PK	
  -	
  Pπ)2	
  	
  with	
  mπ	
  hypothesis

Region	
  2	
  (R2)

Region	
  1	
  (R1)
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Signal	
  regions

3	
  different	
  ways	
  to	
  compute	
  m2miss	
  	
  =	
  (PK-­‐Pπ)2:	
  
-­‐	
  m2miss	
  	
  ≡	
  m2miss	
  (GTK,	
  STRAW)	
  

-­‐	
  m2miss	
  (RICH)	
  ≡	
  m2miss	
  (GTK,	
  RICH)	
  

-­‐	
  m2miss	
  (beam)	
  ≡	
  m2miss	
  (beam,	
  STRAW)

Addi2onal	
  power	
  for	
  background	
  suppression

K+	
  →	
  𝜋+𝜈𝜈	
  MC

K+	
  →	
  𝜇+𝜈	
  
control	
  data

K+	
  →	
  𝜋+𝜋0	
  

control	
  data



π+	
  Par<cle	
  iden<fica<on

24

in	
  Calorimeters

in	
  RICH

μ+

μ+

π+

π+

Electromagne7c	
  calo	
  (LKr),	
  	
  
Hadronic	
  calo	
  (MUV1,2)	
  
Scin7llator	
  pads	
  (MUV3)

MUV3+BDT	
  classifier	
  using:	
  energy,	
  
energy	
  sharing,	
  clusters	
  shape

0.6	
  ·∙	
  10−5	
  𝜇+	
  efficiency	
  vs	
  77%	
  𝜋+	
  efficiency

Track	
  driven	
  Likelihood	
  par2cle	
  ID	
  
discriminant	
  
Par2cle	
  mass	
  using	
  track	
  momentum	
  
Momentum	
  measurement	
  under	
  mass	
  
hypothesis	
  (velocity	
  -­‐	
  spectrometer)

2.5	
  ·∙	
  10−3	
  𝜇+	
  efficiency	
  vs	
  75%	
  𝜋+	
  efficiency
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Photon	
  rejec<on
Timing	
  coincidence	
  of	
  signals	
  in	
  LKr,	
  LAV,	
  SAV	
  not	
  associated	
  to	
  π+	
  and	
  tdecay	
  
Not	
  coincidences	
  of	
  signals	
  in	
  LKr	
  and	
  hodoscopes	
  not	
  associated	
  to	
  π+,	
  in	
  7me	
  with	
  tdecay	
  
Typical	
  7ming	
  coincidences:	
  ±3	
  ÷	
  ±5	
  ns;	
  energy	
  dependent	
  7me	
  cut	
  in	
  LKr

Control	
  data	
  (downscaled	
  400) PNN	
  data

Before	
  rejec7on Azer	
  rejec7on

Frac7on	
  of	
  surviving	
  K+	
  →	
  π+π0	
  (15	
  –	
  35	
  GeV	
  momentum	
  range)	
  :	
  ~2.5	
  ·∙	
  10−8	
  
High	
  suppression	
  of	
  K+	
  →	
  π+π+π-­‐,	
  K+	
  →	
  π+π-­‐e+ν	
  with	
  Mul7-­‐Charge	
  cuts
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MC	
  Signal	
  a}er	
  selec<on

3%

1%

R2

R1

Signal	
  acceptance	
  :	
  4%
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Data	
  a}er	
  selec<on

R2

R1

π+	
  π0	
  
control	
  
region

π+	
  π0	
  
region

π+	
  π0	
  
control	
  
region

μ+	
  𝞶	
  
region

μ+	
  𝞶	
  	
  
control	
  
region

π+	
  π+	
  π-­‐	
  
region



Analysis	
  steps
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Selec7on	
  

Evalua7on	
  of	
  the	
  single	
  event	
  sensi7vity	
  

Background	
  es7ma7on	
  and	
  valida7on	
  

Un-­‐blinding	
  of	
  signal	
  regions	
  and	
  interpreta7on	
  of	
  the	
  results	
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Single	
  Event	
  Sensi<vity	
  (SES)

NK =
N⇡⇡ ·D

A⇡⇡ ·BR⇡⇡
<latexit sha1_base64="RI6lirfRaA8YqLn0onjHnWz3454=">AAACL3icbZDLSgNBEEV7fMb4irp00xgEV2FGBAURfC0EIagYE8iEoaZTiY09D7prBBnmY/wEv8KtrsSF4ta/cBKDaOKlF5dTVVTX9WMlDdn2qzU2PjE5NV2YKc7OzS8slpaWr0yUaIE1EalIN3wwqGSINZKksBFrhMBXWPdvjnr1+i1qI6Pwku5ibAXQDWVHCqAceaXdqnfK97jb0SDSqpe6scxf5op2RPw4Sw+G0OHFD8i8Utmu2H3xUeMMTJkNdOaV3tx2JJIAQxIKjGk6dkytFDRJoTAruonBGMQNdLGZ2xACNK20f2TG1xMDFPEYNZeK9yH+nkghMOYu8PPOAOjaDNd68L9aM6HOTiuVYZwQhqK3iKTC/iIjtMzTQ96WGomg93PkMuQCNBChlhyEyGGSx1nM83CGrx81V5sVx64451vl/cNBMgW2ytbYBnPYNttnJ+yM1Zhg9+yRPbFn68F6sd6tj+/WMWsws8L+yPr8AvJSqdE=</latexit><latexit sha1_base64="RI6lirfRaA8YqLn0onjHnWz3454=">AAACL3icbZDLSgNBEEV7fMb4irp00xgEV2FGBAURfC0EIagYE8iEoaZTiY09D7prBBnmY/wEv8KtrsSF4ta/cBKDaOKlF5dTVVTX9WMlDdn2qzU2PjE5NV2YKc7OzS8slpaWr0yUaIE1EalIN3wwqGSINZKksBFrhMBXWPdvjnr1+i1qI6Pwku5ibAXQDWVHCqAceaXdqnfK97jb0SDSqpe6scxf5op2RPw4Sw+G0OHFD8i8Utmu2H3xUeMMTJkNdOaV3tx2JJIAQxIKjGk6dkytFDRJoTAruonBGMQNdLGZ2xACNK20f2TG1xMDFPEYNZeK9yH+nkghMOYu8PPOAOjaDNd68L9aM6HOTiuVYZwQhqK3iKTC/iIjtMzTQ96WGomg93PkMuQCNBChlhyEyGGSx1nM83CGrx81V5sVx64451vl/cNBMgW2ytbYBnPYNttnJ+yM1Zhg9+yRPbFn68F6sd6tj+/WMWsws8L+yPr8AvJSqdE=</latexit><latexit sha1_base64="RI6lirfRaA8YqLn0onjHnWz3454=">AAACL3icbZDLSgNBEEV7fMb4irp00xgEV2FGBAURfC0EIagYE8iEoaZTiY09D7prBBnmY/wEv8KtrsSF4ta/cBKDaOKlF5dTVVTX9WMlDdn2qzU2PjE5NV2YKc7OzS8slpaWr0yUaIE1EalIN3wwqGSINZKksBFrhMBXWPdvjnr1+i1qI6Pwku5ibAXQDWVHCqAceaXdqnfK97jb0SDSqpe6scxf5op2RPw4Sw+G0OHFD8i8Utmu2H3xUeMMTJkNdOaV3tx2JJIAQxIKjGk6dkytFDRJoTAruonBGMQNdLGZ2xACNK20f2TG1xMDFPEYNZeK9yH+nkghMOYu8PPOAOjaDNd68L9aM6HOTiuVYZwQhqK3iKTC/iIjtMzTQ96WGomg93PkMuQCNBChlhyEyGGSx1nM83CGrx81V5sVx64451vl/cNBMgW2ytbYBnPYNttnJ+yM1Zhg9+yRPbFn68F6sd6tj+/WMWsws8L+yPr8AvJSqdE=</latexit><latexit sha1_base64="RI6lirfRaA8YqLn0onjHnWz3454=">AAACL3icbZDLSgNBEEV7fMb4irp00xgEV2FGBAURfC0EIagYE8iEoaZTiY09D7prBBnmY/wEv8KtrsSF4ta/cBKDaOKlF5dTVVTX9WMlDdn2qzU2PjE5NV2YKc7OzS8slpaWr0yUaIE1EalIN3wwqGSINZKksBFrhMBXWPdvjnr1+i1qI6Pwku5ibAXQDWVHCqAceaXdqnfK97jb0SDSqpe6scxf5op2RPw4Sw+G0OHFD8i8Utmu2H3xUeMMTJkNdOaV3tx2JJIAQxIKjGk6dkytFDRJoTAruonBGMQNdLGZ2xACNK20f2TG1xMDFPEYNZeK9yH+nkghMOYu8PPOAOjaDNd68L9aM6HOTiuVYZwQhqK3iKTC/iIjtMzTQ96WGomg93PkMuQCNBChlhyEyGGSx1nM83CGrx81V5sVx64451vl/cNBMgW2ytbYBnPYNttnJ+yM1Zhg9+yRPbFn68F6sd6tj+/WMWsws8L+yPr8AvJSqdE=</latexit>

Normaliza7on:	
  K+	
  →	
  π+π0	
  from	
  control	
  data.	
  	
  
Same	
  π+νν	
  selec7on	
  with	
  𝛾,	
  mul7plicity	
  rejec7on	
  not	
  applied;	
  mmiss2	
  cuts	
  modified

j	
  =	
  π+	
  momentum	
  binSES =
1

NK
P

j(A
j
⇡⌫⌫ · ✏JRV · ✏jtrig)

<latexit sha1_base64="NR4M9WgwikpHy9NZenSyr2YQezw="></latexit><latexit sha1_base64="NR4M9WgwikpHy9NZenSyr2YQezw="></latexit><latexit sha1_base64="NR4M9WgwikpHy9NZenSyr2YQezw="></latexit><latexit sha1_base64="NR4M9WgwikpHy9NZenSyr2YQezw="></latexit>

signal	
  
acceptance

number	
  of	
  
K+	
  decays

random	
  veto	
  
efficiency

trigger	
  
efficiency

Nππ	
  =	
  number	
  of	
  K+	
  →	
  π+π0	
  (∼6	
  x	
  106)	
  

Aππ	
  =	
  normaliza7on	
  acceptance	
  (∼0.1	
  from	
  MC)	
  
D	
  =	
  control	
  trigger	
  downscaling	
  (400)	
  

NK = (1.21± 0.02syst)⇥ 1011
<latexit sha1_base64="eofnkBrY1oKdB7ilAl5XKbZAeI0=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQEcJOEPQiBL0IgkQwD0jiMjvpxCGzD2Z6hbDkI/wEv8KrnryJ1xz8FycxB43WqajqprrLj5U06LpjJ7OwuLS8kl3Nra1vbG7lt3fqJkq0gJqIVKSbPjegZAg1lKigGWvgga+g4Q8uJn7jAbSRUXiLwxg6Ae+HsicFRyt5+aNr74qe0SIrlRltxwF1S27ZS83Q4OiQtlEGYChz71LGRl6+YN0p6F/CZqRAZqh6+c92NxJJACEKxY1pMTfGTso1SqFglGsnBmIuBrwPLUtDbsM66fSpET1IDMeIxqCpVHQqws+NlAfGDAPfTgYc7828NxH/81oJ9k47qQzjBCEUkyCUCqZBRmhp2wLalRoQ+eRyoDKkgmuOCFpSLoQVE1tfzvbB5r//S+rlEnNL7Oa4UDmfNZMle2SfFAkjJ6RCLkmV1Iggj+SZvJBX58l5c96dj+/RjDPb2SW/4Iy/ADiNn6A=</latexit><latexit sha1_base64="eofnkBrY1oKdB7ilAl5XKbZAeI0=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQEcJOEPQiBL0IgkQwD0jiMjvpxCGzD2Z6hbDkI/wEv8KrnryJ1xz8FycxB43WqajqprrLj5U06LpjJ7OwuLS8kl3Nra1vbG7lt3fqJkq0gJqIVKSbPjegZAg1lKigGWvgga+g4Q8uJn7jAbSRUXiLwxg6Ae+HsicFRyt5+aNr74qe0SIrlRltxwF1S27ZS83Q4OiQtlEGYChz71LGRl6+YN0p6F/CZqRAZqh6+c92NxJJACEKxY1pMTfGTso1SqFglGsnBmIuBrwPLUtDbsM66fSpET1IDMeIxqCpVHQqws+NlAfGDAPfTgYc7828NxH/81oJ9k47qQzjBCEUkyCUCqZBRmhp2wLalRoQ+eRyoDKkgmuOCFpSLoQVE1tfzvbB5r//S+rlEnNL7Oa4UDmfNZMle2SfFAkjJ6RCLkmV1Iggj+SZvJBX58l5c96dj+/RjDPb2SW/4Iy/ADiNn6A=</latexit><latexit sha1_base64="eofnkBrY1oKdB7ilAl5XKbZAeI0=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQEcJOEPQiBL0IgkQwD0jiMjvpxCGzD2Z6hbDkI/wEv8KrnryJ1xz8FycxB43WqajqprrLj5U06LpjJ7OwuLS8kl3Nra1vbG7lt3fqJkq0gJqIVKSbPjegZAg1lKigGWvgga+g4Q8uJn7jAbSRUXiLwxg6Ae+HsicFRyt5+aNr74qe0SIrlRltxwF1S27ZS83Q4OiQtlEGYChz71LGRl6+YN0p6F/CZqRAZqh6+c92NxJJACEKxY1pMTfGTso1SqFglGsnBmIuBrwPLUtDbsM66fSpET1IDMeIxqCpVHQqws+NlAfGDAPfTgYc7828NxH/81oJ9k47qQzjBCEUkyCUCqZBRmhp2wLalRoQ+eRyoDKkgmuOCFpSLoQVE1tfzvbB5r//S+rlEnNL7Oa4UDmfNZMle2SfFAkjJ6RCLkmV1Iggj+SZvJBX58l5c96dj+/RjDPb2SW/4Iy/ADiNn6A=</latexit><latexit sha1_base64="eofnkBrY1oKdB7ilAl5XKbZAeI0=">AAACH3icbVDLSgNBEJyNrxhfUY9eBoMQEcJOEPQiBL0IgkQwD0jiMjvpxCGzD2Z6hbDkI/wEv8KrnryJ1xz8FycxB43WqajqprrLj5U06LpjJ7OwuLS8kl3Nra1vbG7lt3fqJkq0gJqIVKSbPjegZAg1lKigGWvgga+g4Q8uJn7jAbSRUXiLwxg6Ae+HsicFRyt5+aNr74qe0SIrlRltxwF1S27ZS83Q4OiQtlEGYChz71LGRl6+YN0p6F/CZqRAZqh6+c92NxJJACEKxY1pMTfGTso1SqFglGsnBmIuBrwPLUtDbsM66fSpET1IDMeIxqCpVHQqws+NlAfGDAPfTgYc7828NxH/81oJ9k47qQzjBCEUkyCUCqZBRmhp2wLalRoQ+eRyoDKkgmuOCFpSLoQVE1tfzvbB5r//S+rlEnNL7Oa4UDmfNZMle2SfFAkjJ6RCLkmV1Iggj+SZvJBX58l5c96dj+/RjDPb2SW/4Iy/ADiNn6A=</latexit>

systema2c	
  uncertainty:	
  	
  
-­‐	
  discrepancies	
  in	
  data/MC	
  	
  
-­‐	
  varia2on	
  of	
  the	
  measured	
  K+	
  	
  flux	
  as	
  a	
  func2on	
  of	
  Pπ+	
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Signal	
  Acceptance	
  &	
  Trigger	
  Efficiency

Signal	
  acceptance	
  (∼	
  4%)

PNN	
  Trigger	
  efficiency

Computed	
  with	
  MC	
  
Par7cle	
  ID	
  and	
  losses	
  due	
  to	
  π+	
  interac7on	
  
in	
  the	
  detector	
  material	
  included	
  (main	
  
sources	
  of	
  systema7c	
  error)	
  

Everything	
  is	
  computed	
  separately	
  
in	
  4	
  bins	
  of	
  Pπ+,	
  5	
  GeV/c	
  wide

Computed	
  using	
  control	
  data	
  and	
  	
  
	
  	
  	
  	
  	
  K+	
  →	
  π+π0	
  control	
  sample	
  
L0	
  efficiency	
  ∼	
  90%,	
  weakly	
  dependent	
  on	
  
Pπ+,	
  	
  losses	
  due	
  mainly	
  to	
  LKr	
  and	
  MUV3	
  
veto	
  condi7ons	
  
L1	
  efficiency	
  >	
  97%
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Single	
  Event	
  Sensi<vity	
  (SES)
Random	
  veto

Number of K+
decays N

K

= (1.21± 0.02)⇥ 10

10

Acceptance K+ ! ⇡+⌫⌫̄ A
⇡⌫⌫

= 4.0± 0.1
PNN trigger e�ciency ✏

trig

= 0.87± 0.2
Random Veto ✏

RV

= 0.76± 0.04
SES (3.15± 0.01

stat

± 0.24
syst

) · 10�10

Expected SM K+ ! ⇡+⌫⌫̄ 0.267± 0.001
stat

± 0.020
syst

± 0.032
ext

<latexit sha1_base64="SLoR7jda3/+7oZUgwxcg9VByTkA="></latexit><latexit sha1_base64="SLoR7jda3/+7oZUgwxcg9VByTkA="></latexit><latexit sha1_base64="SLoR7jda3/+7oZUgwxcg9VByTkA="></latexit><latexit sha1_base64="SLoR7jda3/+7oZUgwxcg9VByTkA="></latexit>

Single	
  event	
  sensi7vity	
  

Signal	
  efficiency	
  losses	
  due	
  to	
  random	
  
ac7vity	
  in	
  the	
  veto	
  detectors	
  
Es7mated	
  on	
  data	
  using	
  a	
  K+	
  →	
  μ+𝞶	
  
sample	
  (ra7o	
  of	
  events	
  selected	
  before	
  
and	
  azer	
  the	
  𝛾	
  and	
  mul7plicity	
  cuts)	
  
is	
  flat	
  as	
  a	
  func7on	
  of	
  Pπ+,	
  but	
  depends	
  on	
  
the	
  instantaneous	
  intensity

Error	
  on	
  the	
  
SM	
  BR



Selec7on	
  

Evalua7on	
  of	
  the	
  single	
  event	
  sensi7vity	
  

Background	
  es7ma7on	
  and	
  valida7on	
  

Un-­‐blinding	
  of	
  signal	
  regions	
  and	
  interpreta7on	
  of	
  the	
  results	
  

Analysis	
  steps

32



Background	
  es<ma<on

33

Expected	
  background	
  
events	
  in	
  region	
  1/2 π+	
  momentum	
  bin

bkg	
  events	
  azer	
  
π𝞶𝞶	
  selec7on

Frac7on	
  of	
  events	
  
in	
  region	
  1/2

Nexp

bkg

(R1/R2) =
X

j

⇥
N(bkg)

j

· fkin

j

(R1/R2)
⇤

<latexit sha1_base64="PauuREHySEMAdYJC1qBRNV8SHBQ="></latexit><latexit sha1_base64="PauuREHySEMAdYJC1qBRNV8SHBQ="></latexit><latexit sha1_base64="PauuREHySEMAdYJC1qBRNV8SHBQ="></latexit><latexit sha1_base64="PauuREHySEMAdYJC1qBRNV8SHBQ="></latexit>

Calculated	
  for	
  the	
  main	
  background	
  decays:	
  	
  
K+→π+π0(𝛾),	
  K+→μ+𝞶(𝛾),	
  	
  K+→π+π+π-­‐,	
  K+→π+π-­‐e+𝞶	
  
under	
  the	
  assump7on	
  that	
  par7cle	
  iden7fica7on,	
  𝛾	
  and	
  mul7plicity	
  rejec7on	
  are	
  independent	
  
from	
  the	
  cuts	
  on	
  m2miss

fkin
j

<latexit sha1_base64="DEa7LeWsijnfjhrxZ4TuO/+gxuI=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg+UmOh82YQjd2frbo0UWf4KWqjoEC0fQ8G/YJsUkDDVaGZXOztBJIVF1/10SkvLK6tr5fXKxubW9k51d69tw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnM/c4jGCtCfYPTCHzFxlqMBGeYSbejwcNdMhE6HVRrbt0tQBeJNyM1MkNzUP3qD0MeK9DIJbO257kR+gkzKLiEtNKPLUSMT9gYehnVTIH1kyJwSo9iyzCkERgqJC1E+L2RMGXtVAXZpGJ4b+e9XPzP68U4OvcToaMYQfP8EAoJxSHLjciaADoUBhBZnhyo0JQzwxDBCMo4z8Q4q6aS9eHNf79I2id1z61716e1xsWsmTI5IIfkmHjkjDTIFWmSFuFEkSfyTF6c1Hl13pz3n9GSM9vZJ3/gfHwD5TyVIA==</latexit><latexit sha1_base64="DEa7LeWsijnfjhrxZ4TuO/+gxuI=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg+UmOh82YQjd2frbo0UWf4KWqjoEC0fQ8G/YJsUkDDVaGZXOztBJIVF1/10SkvLK6tr5fXKxubW9k51d69tw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnM/c4jGCtCfYPTCHzFxlqMBGeYSbejwcNdMhE6HVRrbt0tQBeJNyM1MkNzUP3qD0MeK9DIJbO257kR+gkzKLiEtNKPLUSMT9gYehnVTIH1kyJwSo9iyzCkERgqJC1E+L2RMGXtVAXZpGJ4b+e9XPzP68U4OvcToaMYQfP8EAoJxSHLjciaADoUBhBZnhyo0JQzwxDBCMo4z8Q4q6aS9eHNf79I2id1z61716e1xsWsmTI5IIfkmHjkjDTIFWmSFuFEkSfyTF6c1Hl13pz3n9GSM9vZJ3/gfHwD5TyVIA==</latexit><latexit sha1_base64="DEa7LeWsijnfjhrxZ4TuO/+gxuI=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg+UmOh82YQjd2frbo0UWf4KWqjoEC0fQ8G/YJsUkDDVaGZXOztBJIVF1/10SkvLK6tr5fXKxubW9k51d69tw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnM/c4jGCtCfYPTCHzFxlqMBGeYSbejwcNdMhE6HVRrbt0tQBeJNyM1MkNzUP3qD0MeK9DIJbO257kR+gkzKLiEtNKPLUSMT9gYehnVTIH1kyJwSo9iyzCkERgqJC1E+L2RMGXtVAXZpGJ4b+e9XPzP68U4OvcToaMYQfP8EAoJxSHLjciaADoUBhBZnhyo0JQzwxDBCMo4z8Q4q6aS9eHNf79I2id1z61716e1xsWsmTI5IIfkmHjkjDTIFWmSFuFEkSfyTF6c1Hl13pz3n9GSM9vZJ3/gfHwD5TyVIA==</latexit><latexit sha1_base64="DEa7LeWsijnfjhrxZ4TuO/+gxuI=">AAAB+3icbVC7TsNAEDyHVwivACXNiQiJKrIREpQRNJRBIg+UmOh82YQjd2frbo0UWf4KWqjoEC0fQ8G/YJsUkDDVaGZXOztBJIVF1/10SkvLK6tr5fXKxubW9k51d69tw9hwaPFQhqYbMAtSaGihQAndyABTgYROMLnM/c4jGCtCfYPTCHzFxlqMBGeYSbejwcNdMhE6HVRrbt0tQBeJNyM1MkNzUP3qD0MeK9DIJbO257kR+gkzKLiEtNKPLUSMT9gYehnVTIH1kyJwSo9iyzCkERgqJC1E+L2RMGXtVAXZpGJ4b+e9XPzP68U4OvcToaMYQfP8EAoJxSHLjciaADoUBhBZnhyo0JQzwxDBCMo4z8Q4q6aS9eHNf79I2id1z61716e1xsWsmTI5IIfkmHjkjDTIFWmSFuFEkSfyTF6c1Hl13pz3n9GSM9vZJ3/gfHwD5TyVIA==</latexit>

Frac7on	
  of	
  background	
  events	
  entering	
  signal	
  regions	
  through	
  the	
  
reconstructed	
  tails	
  of	
  the	
  corresponding	
  m2miss	
  	
  peak	
  
is	
  modeled	
  on	
  control	
  samples	
  selected	
  on	
  data	
  and	
  eventually	
  corrected	
  for	
  
biases	
  induced	
  by	
  selec7on	
  criteria	
  using	
  MC	
  simula7on	
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K+→π+π0(𝛾)	
  background

Data	
  control	
  sample	
  of	
  K+	
  →π+π0	
  selected	
  
tagging	
  the	
  π0	
  with	
  the	
  two	
  𝛾‘s	
  in	
  the	
  LKr

The	
  π0	
  tagging	
  suppresses	
  almost	
  completely	
  
the	
  radia2ve	
  part	
  

MC	
  sample	
  of	
  K+	
  →π+π0	
  (𝛾)	
  selected	
  as	
  π𝞶𝞶	
  
without	
  applying	
  𝛾	
  and	
  mul<plicity	
  rejec<on	
  

π0	
  𝛾	
  rejec7on	
  of	
  the	
  radia7ve	
  tail	
  in	
  R2	
  es7mated	
  from	
  MC:	
  
	
  	
  	
  	
  single	
  photon	
  detec7on	
  efficiency	
  applied	
  to	
  each	
  of	
  the	
  3	
  photons	
  in	
  the	
  final	
  state	
  
	
  	
  	
  	
  ×	
  30	
  than	
  single	
  𝜋0	
  rejec7on

MC	
  sample	
  of	
  K+	
  →π+π0	
  (𝛾)	
  selected	
  as	
  in	
  data	
  

The	
  radia7ve	
  part	
  accounts	
  for	
  about	
  13%	
  of	
  the	
  total	
  background	
  and	
  dominates	
  
the	
  systema7c	
  uncertainty

R1 R2
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K+→π+π0(𝛾)	
  background

Nexpected

⇡⇡(�) = 0.064± 0.007
stat

± 0.006
syst

<latexit sha1_base64="uf7TxQ8bKRZQUz6CPje/zuo84P8="></latexit><latexit sha1_base64="uf7TxQ8bKRZQUz6CPje/zuo84P8="></latexit><latexit sha1_base64="uf7TxQ8bKRZQUz6CPje/zuo84P8="></latexit><latexit sha1_base64="uf7TxQ8bKRZQUz6CPje/zuo84P8="></latexit>

⇡+⇡0 ⇡+⇡0(�)
R1 0.022± 0.004stat ± 0.002syst 0
R2 0.037± 0.006stat ± 0.003syst 0.005± 0.005syst

<latexit sha1_base64="+qryr/axoOdOWApVCdc8Tp3lZvs="></latexit><latexit sha1_base64="+qryr/axoOdOWApVCdc8Tp3lZvs="></latexit><latexit sha1_base64="+qryr/axoOdOWApVCdc8Tp3lZvs="></latexit><latexit sha1_base64="+qryr/axoOdOWApVCdc8Tp3lZvs="></latexit>

Expected	
  K+→π+π0(𝛾)	
  
background	
  in	
  	
  Pπ+	
  	
  bins	
  
compared	
  to	
  the	
  expected	
  
number	
  of	
  SM	
  K+→π+νν	
  	
  events

Residual	
  PNN	
  trigger	
  π+π0	
  

events	
  gather	
  at	
  low	
  Pπ+
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K+→μ+𝞶(𝛾)	
  background

Data	
  control	
  sample	
  of	
  K+	
  → μ+𝞶(𝛾)	
  selected	
  
tagging	
  μ+	
  in	
  MUV3	
  

MC	
  sample	
  of	
  K+	
  → μ+𝞶(𝛾)	
  selected	
  as	
  in	
  data	
  

MC	
  sample	
  of	
  K+	
  → μ+𝞶(𝛾)	
  selected	
  as	
  π𝞶𝞶	
  (𝛾	
  
veto,	
  mul<plicity	
  rejec<on)	
  without	
  muon-­‐ID	
  
(to	
  test	
  the	
  effect	
  of	
  the	
  μ-­‐ID	
  on	
  the	
  tails)	
  

The	
  radia2ve	
  contribu2on	
  is	
  included	
  in	
  the	
  
measured	
  tails

RICH	
  poten7ally	
  correlates	
  par7cle	
  ID	
  and	
  kinema7cs	
  if	
  events	
  enter	
  in	
  signal	
  region	
  
because	
  of	
  momentum	
  mis-­‐measurement	
  is	
  STRAW	
  
The	
  effect	
  on	
  background	
  is	
  es7mated	
  on	
  data	
  comparing	
  RICH	
  performances	
  
measured	
  on	
  K+	
  → μ+𝞶(𝛾)	
  events	
  in	
  μ+𝞶	
  peak	
  and	
  signal	
  region

R1 R2
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K+→μ+𝞶(𝛾)	
  background

Expected	
  K+→	
  μ+ν(𝛾)	
  
background	
  in	
  	
  Pπ+	
  	
  bins	
  
compared	
  to	
  the	
  expected	
  
number	
  of	
  SM	
  K+→π+νν	
  	
  events

The	
  background	
  depends	
  on	
  Pπ+	
  as	
  
both	
  tails	
  and	
  par7cle	
  ID	
  steeply	
  
increase	
  at	
  higher	
  momentum	
  
because	
  of	
  kinema7cs	
  and	
  RICH	
  
performances	
  

µ+⌫
R1 0.019± 0.003stat ± 0.003syst
R2 0.0012± 0.0002stat ± 0.0006syst

<latexit sha1_base64="Jtqf85hVPGZqLX+RI7vOIplHALA="></latexit><latexit sha1_base64="Jtqf85hVPGZqLX+RI7vOIplHALA="></latexit><latexit sha1_base64="Jtqf85hVPGZqLX+RI7vOIplHALA="></latexit><latexit sha1_base64="Jtqf85hVPGZqLX+RI7vOIplHALA="></latexit>

Nexpected

µ⌫(�) = 0.020± 0.003
stat

± 0.003
syst

<latexit sha1_base64="RL4RAKbrRhMdeyf2U0nDZaWDYKs="></latexit><latexit sha1_base64="RL4RAKbrRhMdeyf2U0nDZaWDYKs="></latexit><latexit sha1_base64="RL4RAKbrRhMdeyf2U0nDZaWDYKs="></latexit><latexit sha1_base64="RL4RAKbrRhMdeyf2U0nDZaWDYKs="></latexit>
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Background	
  es<ma<on	
  valida<on
Valida<on:	
  event	
  expected	
  in	
  the	
  control	
  regions

⇡+⇡0

CR1 0.52± 0.08stat ± 0.03syst
CR2 0.94± 0.14stat ± 0.05syst

<latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="QVJMYML8VmDJGRQMINe0liOyxZA=">AAAB73icbVC7TsNAEFyHVzCvQEtzIkKiimwaKJFoKINEEqTEitaXTTjl/NDdGimy8gO0VHSIli+i4F+wTSQgYarRzK52dsJUK8ue9+HU1tY3Nrfq2+7Orru3f9A47NokM5I6MtGJuQ/RklYxdVixpvvUEEahpl44vS793iMZq5L4jmcpBRFOYjVWErmQ2sNG02t5FcQq8RekCQsMG5+DUSKziGKWGq3t+17KQY6GldQ0dweZpRTlFCfUL2iMEdkgr2LOxWlmkRORkhFKi0qk3xs5RtbOorCYjJAf7LJXiv95/YzHl0Gu4jRjimV5iJWm6pCVRhX/kxgpQ8xYJiehYiHRIDMZJVDKQsyKQtyiDn/5+VXSPW/5Xsu//ekF6nAMJ3AGPlzAFdxAGzogYQRP8OxY58V5dd6+B2vOYuMI/sB5/wKm5I+H</latexit><latexit sha1_base64="GCc4vuO/P3BrLVwbTULnD/Pvmyg="></latexit><latexit sha1_base64="GCc4vuO/P3BrLVwbTULnD/Pvmyg="></latexit><latexit sha1_base64="uJm5N2OLhAkUN9MvFqjIoLI+hi4="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit><latexit sha1_base64="CFsldRu0fNulD0Q5+DUxdr/XMTw="></latexit>

µ+⌫
CR 1.02± 0.16stat

<latexit sha1_base64="zWGDZoxPRsFsOWx8mIBbRNFz0Uc="></latexit><latexit sha1_base64="zWGDZoxPRsFsOWx8mIBbRNFz0Uc="></latexit><latexit sha1_base64="zWGDZoxPRsFsOWx8mIBbRNFz0Uc="></latexit><latexit sha1_base64="zWGDZoxPRsFsOWx8mIBbRNFz0Uc="></latexit>

Events	
  
observed	
  
in	
  CR:	
  2

Events	
  
observed	
  
in	
  CR2:	
  1

Events	
  
observed	
  
in	
  CR1:	
  0
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K+→π+π+π-­‐	
  background

Data	
  control	
  sample	
  of	
  K+	
  →π+π+π-­‐	
  selected	
  
tagging	
  π+π-­‐	
  pair

MC	
  sample	
  of	
  K+	
  →π+π+π-­‐selected	
  as	
  in	
  data	
  

Mul7plicity	
  rejec7on	
  and	
  kinema7cs	
  cuts	
  
turn	
  out	
  to	
  be	
  very	
  effec7ve	
  against	
  	
  
K+	
  →π+π+π-­‐	
  decays	
  (one	
  order	
  of	
  
magnitude	
  lower	
  than	
  the	
  other	
  two)

Nexpected

⇡⇡⇡

= 0.002± 0.001
stat

± 0.002
syst

<latexit sha1_base64="c3VtKRhC9hOpYMDhFUCFHzFZt2o="></latexit><latexit sha1_base64="c3VtKRhC9hOpYMDhFUCFHzFZt2o="></latexit><latexit sha1_base64="c3VtKRhC9hOpYMDhFUCFHzFZt2o="></latexit><latexit sha1_base64="c3VtKRhC9hOpYMDhFUCFHzFZt2o="></latexit>

Kinema7c	
  rejec7on	
  factor	
  corrected	
  for	
  biases	
  induced	
  by	
  the	
  control	
  sample	
  selec7on	
  using	
  MC

fkin(R2)  10�4
<latexit sha1_base64="sQhpUYOgKUrKNZt4SiQZ9XYhj/Q=">AAACC3icbVC7TsNAEDzzDOFloKCgOREhhYLIjiJBGUFDGRB5SHnpfNmEU85n626NFFn+BL6CFio6RMtHUPAv2CEFJEw1mtnV7owXSmHQcT6tpeWV1bX13EZ+c2t7Z9fe22+YINIc6jyQgW55zIAUCuooUEIr1MB8T0LTG19lfvMBtBGBusNJCF2fjZQYCs4wlfr24bAXj4VKirflU9qRQF2nF59Vkr5dcErOFHSRuDNSIDPU+vZXZxDwyAeFXDJj2q4TYjdmGgWXkOQ7kYGQ8TEbQTulivlguvE0QEJPIsMwoCFoKiSdivB7I2a+MRPfSyd9hvdm3svE/7x2hMOLbixUGCEonh1CkYbMDhmuRdoM0IHQgMiyz4EKRTnTDBG0oIzzVIzSqvJpH+58+kXSKJdcp+TeVArVy1kzOXJEjkmRuOScVMk1qZE64SQhT+SZvFiP1qv1Zr3/jC5Zs50D8gfWxzc9Dplu</latexit><latexit sha1_base64="sQhpUYOgKUrKNZt4SiQZ9XYhj/Q=">AAACC3icbVC7TsNAEDzzDOFloKCgOREhhYLIjiJBGUFDGRB5SHnpfNmEU85n626NFFn+BL6CFio6RMtHUPAv2CEFJEw1mtnV7owXSmHQcT6tpeWV1bX13EZ+c2t7Z9fe22+YINIc6jyQgW55zIAUCuooUEIr1MB8T0LTG19lfvMBtBGBusNJCF2fjZQYCs4wlfr24bAXj4VKirflU9qRQF2nF59Vkr5dcErOFHSRuDNSIDPU+vZXZxDwyAeFXDJj2q4TYjdmGgWXkOQ7kYGQ8TEbQTulivlguvE0QEJPIsMwoCFoKiSdivB7I2a+MRPfSyd9hvdm3svE/7x2hMOLbixUGCEonh1CkYbMDhmuRdoM0IHQgMiyz4EKRTnTDBG0oIzzVIzSqvJpH+58+kXSKJdcp+TeVArVy1kzOXJEjkmRuOScVMk1qZE64SQhT+SZvFiP1qv1Zr3/jC5Zs50D8gfWxzc9Dplu</latexit><latexit sha1_base64="sQhpUYOgKUrKNZt4SiQZ9XYhj/Q=">AAACC3icbVC7TsNAEDzzDOFloKCgOREhhYLIjiJBGUFDGRB5SHnpfNmEU85n626NFFn+BL6CFio6RMtHUPAv2CEFJEw1mtnV7owXSmHQcT6tpeWV1bX13EZ+c2t7Z9fe22+YINIc6jyQgW55zIAUCuooUEIr1MB8T0LTG19lfvMBtBGBusNJCF2fjZQYCs4wlfr24bAXj4VKirflU9qRQF2nF59Vkr5dcErOFHSRuDNSIDPU+vZXZxDwyAeFXDJj2q4TYjdmGgWXkOQ7kYGQ8TEbQTulivlguvE0QEJPIsMwoCFoKiSdivB7I2a+MRPfSyd9hvdm3svE/7x2hMOLbixUGCEonh1CkYbMDhmuRdoM0IHQgMiyz4EKRTnTDBG0oIzzVIzSqvJpH+58+kXSKJdcp+TeVArVy1kzOXJEjkmRuOScVMk1qZE64SQhT+SZvFiP1qv1Zr3/jC5Zs50D8gfWxzc9Dplu</latexit><latexit sha1_base64="sQhpUYOgKUrKNZt4SiQZ9XYhj/Q=">AAACC3icbVC7TsNAEDzzDOFloKCgOREhhYLIjiJBGUFDGRB5SHnpfNmEU85n626NFFn+BL6CFio6RMtHUPAv2CEFJEw1mtnV7owXSmHQcT6tpeWV1bX13EZ+c2t7Z9fe22+YINIc6jyQgW55zIAUCuooUEIr1MB8T0LTG19lfvMBtBGBusNJCF2fjZQYCs4wlfr24bAXj4VKirflU9qRQF2nF59Vkr5dcErOFHSRuDNSIDPU+vZXZxDwyAeFXDJj2q4TYjdmGgWXkOQ7kYGQ8TEbQTulivlguvE0QEJPIsMwoCFoKiSdivB7I2a+MRPfSyd9hvdm3svE/7x2hMOLbixUGCEonh1CkYbMDhmuRdoM0IHQgMiyz4EKRTnTDBG0oIzzVIzSqvJpH+58+kXSKJdcp+TeVArVy1kzOXJEjkmRuOScVMk1qZE64SQhT+SZvFiP1qv1Zr3/jC5Zs50D8gfWxzc9Dplu</latexit>
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K+→π+π-­‐e+𝞶	
  background

Nexpected

⇡⇡e⌫

= 0.018+0.024
�0.017 |

stat

±0.009
syst

<latexit sha1_base64="nJULdzBF4c1dRHRaHYiIJAQNrUU="></latexit><latexit sha1_base64="nJULdzBF4c1dRHRaHYiIJAQNrUU="></latexit><latexit sha1_base64="nJULdzBF4c1dRHRaHYiIJAQNrUU="></latexit><latexit sha1_base64="nJULdzBF4c1dRHRaHYiIJAQNrUU="></latexit>

Expected	
  in	
  signal	
  region	
  2	
  
Branching	
  ra7o	
  4.25	
  ×	
  10−5	
  	
  
Kinema7cs	
  is	
  strongly	
  correlated	
  with	
  topology:	
  different	
  method	
  
	
  Background	
  es7mated	
  using	
  MC	
  (~4	
  ×	
  108	
  events	
  generated)	
  
	
  Validated	
  using	
  different	
  control	
  samples	
  K+	
  →	
  π+π−e+ν	
  -­‐	
  enriched	
  
The	
  sta7s7cs	
  of	
  the	
  MC	
  sample	
  is	
  the	
  limi7ng	
  factor	
  of	
  the	
  final	
  es7ma7on	
  

K+	
  →	
  π+π−e+ν	
  -­‐	
  
enriched	
  
valida7on	
  sample

R2

R1
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Upstream	
  background
CHANTI 

GTK1 

GTK2 GTK3 

Decay 
Volume 

Dipole 

Achromat 

Beam Line 
π+	
  from	
  a	
  decay	
  upstream	
  of	
  the	
  decay	
  region	
  
matching	
  a	
  π+	
  from	
  the	
  beam	
  
π+	
  	
  from	
  beam	
  par7cle	
  interac7ons	
  in	
  GTK	
  
matching	
  a	
  K+	
  
π+	
  	
  from	
  interac7on	
  of	
  a	
  K+	
  with	
  material	
  in	
  the	
  
beam	
  (prompt	
  par7cle	
  or	
  decay	
  product)

Box$cut$
Dipole$

Collimator$

CHANTI$
acceptance$

PNN#data#

π𝞶𝞶-­‐like	
  data	
  sample	
  enriched	
  for	
  
upstream	
  events:	
  posi7on	
  of	
  π+	
  at	
  the	
  
entrance	
  of	
  the	
  decay	
  region

The	
  posi7on	
  of	
  the	
  π+	
  indicates	
  their	
  origin	
  
upstream	
  or	
  via	
  interac7ons	
  in	
  GTK	
  sta7ons	
  
and	
  drive	
  the	
  choice	
  of	
  a	
  geometrical	
  cut	
  
covering	
  the	
  central	
  aperture	
  of	
  the	
  dipole

mm, mm|Ytrack| > 500
<latexit sha1_base64="xTLRwolxFWeWghUB+YLhUDGi0Q8=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwEggpF0FAGiTxQYlnnyyaccn7obo2InPR8BS1UdIiW36DgX7CNC0iYajSzq9kdL5JCo2V9GguLS8srq6W18vrG5ta2uVNp6TBWHJo8lKHqeEyDFAE0UaCETqSA+Z6Etje6zPz2PSgtwuAGxxE4PhsGYiA4w1Ryzcrk1k1QMT6aTug5PbEs6ppVq2bloPPELkiVFGi45levH/LYhwC5ZFp3bStCJ2EKBZcwLfdiDVGawIbQTWnAfNBOkt8+pQexZhjSCBQVkuYi/N5ImK/12PfSSZ/hnZ71MvE/rxvj4MxJRBDFCAHPglBIyIM0VyItBWhfKEBk2eVARUA5UwwRlKCM81SM05bKaR/27PfzpHVUs62afX1crV8UzZTIHtknh8Qmp6ROrkiDNAknD+SJPJMX49F4Nd6M95/RBaPY2SV/YHx8Azerl9Q=</latexit><latexit sha1_base64="xTLRwolxFWeWghUB+YLhUDGi0Q8=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwEggpF0FAGiTxQYlnnyyaccn7obo2InPR8BS1UdIiW36DgX7CNC0iYajSzq9kdL5JCo2V9GguLS8srq6W18vrG5ta2uVNp6TBWHJo8lKHqeEyDFAE0UaCETqSA+Z6Etje6zPz2PSgtwuAGxxE4PhsGYiA4w1Ryzcrk1k1QMT6aTug5PbEs6ppVq2bloPPELkiVFGi45levH/LYhwC5ZFp3bStCJ2EKBZcwLfdiDVGawIbQTWnAfNBOkt8+pQexZhjSCBQVkuYi/N5ImK/12PfSSZ/hnZ71MvE/rxvj4MxJRBDFCAHPglBIyIM0VyItBWhfKEBk2eVARUA5UwwRlKCM81SM05bKaR/27PfzpHVUs62afX1crV8UzZTIHtknh8Qmp6ROrkiDNAknD+SJPJMX49F4Nd6M95/RBaPY2SV/YHx8Azerl9Q=</latexit><latexit sha1_base64="xTLRwolxFWeWghUB+YLhUDGi0Q8=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwEggpF0FAGiTxQYlnnyyaccn7obo2InPR8BS1UdIiW36DgX7CNC0iYajSzq9kdL5JCo2V9GguLS8srq6W18vrG5ta2uVNp6TBWHJo8lKHqeEyDFAE0UaCETqSA+Z6Etje6zPz2PSgtwuAGxxE4PhsGYiA4w1Ryzcrk1k1QMT6aTug5PbEs6ppVq2bloPPELkiVFGi45levH/LYhwC5ZFp3bStCJ2EKBZcwLfdiDVGawIbQTWnAfNBOkt8+pQexZhjSCBQVkuYi/N5ImK/12PfSSZ/hnZ71MvE/rxvj4MxJRBDFCAHPglBIyIM0VyItBWhfKEBk2eVARUA5UwwRlKCM81SM05bKaR/27PfzpHVUs62afX1crV8UzZTIHtknh8Qmp6ROrkiDNAknD+SJPJMX49F4Nd6M95/RBaPY2SV/YHx8Azerl9Q=</latexit><latexit sha1_base64="xTLRwolxFWeWghUB+YLhUDGi0Q8=">AAACBnicbVC7TsNAEDzzDOFlQklzIkKiimwEggpF0FAGiTxQYlnnyyaccn7obo2InPR8BS1UdIiW36DgX7CNC0iYajSzq9kdL5JCo2V9GguLS8srq6W18vrG5ta2uVNp6TBWHJo8lKHqeEyDFAE0UaCETqSA+Z6Etje6zPz2PSgtwuAGxxE4PhsGYiA4w1Ryzcrk1k1QMT6aTug5PbEs6ppVq2bloPPELkiVFGi45levH/LYhwC5ZFp3bStCJ2EKBZcwLfdiDVGawIbQTWnAfNBOkt8+pQexZhjSCBQVkuYi/N5ImK/12PfSSZ/hnZ71MvE/rxvj4MxJRBDFCAHPglBIyIM0VyItBWhfKEBk2eVARUA5UwwRlKCM81SM05bKaR/27PfzpHVUs62afX1crV8UzZTIHtknh8Qmp6ROrkiDNAknD+SJPJMX49F4Nd6M95/RBaPY2SV/YHx8Azerl9Q=</latexit>

|Xtrack| > 100
<latexit sha1_base64="GJ4I4vkhf5iD1IfoLuXrQWjPtm4=">AAACBnicbVC7TsNAEDzzDOEVQklzIkKiis4ICSoUQUMZJPKQEss6XzbhlPNDd2tE5KTnK2ihokO0/AYF/4JtXEDCVKOZXc3ueJGSBhn7tJaWV1bX1ksb5c2t7Z3dyl61bcJYC2iJUIW663EDSgbQQokKupEG7nsKOt74KvM796CNDINbnETg+HwUyKEUHFPJrVSnXTdBzcV4NqUX1GaMupUaq7McdJHYBamRAk238tUfhCL2IUChuDE9m0XoJFyjFApm5X5sIEoT+Ah6KQ24D8ZJ8ttn9Cg2HEMagaZS0VyE3xsJ942Z+F466XO8M/NeJv7n9WIcnjuJDKIYIRBZEEoFeZARWqalAB1IDYg8uxyoDKjgmiOClpQLkYpx2lI57cOe/36RtE/qNqvbN6e1xmXRTIkckENyTGxyRhrkmjRJiwjyQJ7IM3mxHq1X6816/xldsoqdffIH1sc3L8SXzw==</latexit><latexit sha1_base64="GJ4I4vkhf5iD1IfoLuXrQWjPtm4=">AAACBnicbVC7TsNAEDzzDOEVQklzIkKiis4ICSoUQUMZJPKQEss6XzbhlPNDd2tE5KTnK2ihokO0/AYF/4JtXEDCVKOZXc3ueJGSBhn7tJaWV1bX1ksb5c2t7Z3dyl61bcJYC2iJUIW663EDSgbQQokKupEG7nsKOt74KvM796CNDINbnETg+HwUyKEUHFPJrVSnXTdBzcV4NqUX1GaMupUaq7McdJHYBamRAk238tUfhCL2IUChuDE9m0XoJFyjFApm5X5sIEoT+Ah6KQ24D8ZJ8ttn9Cg2HEMagaZS0VyE3xsJ942Z+F466XO8M/NeJv7n9WIcnjuJDKIYIRBZEEoFeZARWqalAB1IDYg8uxyoDKjgmiOClpQLkYpx2lI57cOe/36RtE/qNqvbN6e1xmXRTIkckENyTGxyRhrkmjRJiwjyQJ7IM3mxHq1X6816/xldsoqdffIH1sc3L8SXzw==</latexit><latexit sha1_base64="GJ4I4vkhf5iD1IfoLuXrQWjPtm4=">AAACBnicbVC7TsNAEDzzDOEVQklzIkKiis4ICSoUQUMZJPKQEss6XzbhlPNDd2tE5KTnK2ihokO0/AYF/4JtXEDCVKOZXc3ueJGSBhn7tJaWV1bX1ksb5c2t7Z3dyl61bcJYC2iJUIW663EDSgbQQokKupEG7nsKOt74KvM796CNDINbnETg+HwUyKEUHFPJrVSnXTdBzcV4NqUX1GaMupUaq7McdJHYBamRAk238tUfhCL2IUChuDE9m0XoJFyjFApm5X5sIEoT+Ah6KQ24D8ZJ8ttn9Cg2HEMagaZS0VyE3xsJ942Z+F466XO8M/NeJv7n9WIcnjuJDKIYIRBZEEoFeZARWqalAB1IDYg8uxyoDKjgmiOClpQLkYpx2lI57cOe/36RtE/qNqvbN6e1xmXRTIkckENyTGxyRhrkmjRJiwjyQJ7IM3mxHq1X6816/xldsoqdffIH1sc3L8SXzw==</latexit><latexit sha1_base64="GJ4I4vkhf5iD1IfoLuXrQWjPtm4=">AAACBnicbVC7TsNAEDzzDOEVQklzIkKiis4ICSoUQUMZJPKQEss6XzbhlPNDd2tE5KTnK2ihokO0/AYF/4JtXEDCVKOZXc3ueJGSBhn7tJaWV1bX1ksb5c2t7Z3dyl61bcJYC2iJUIW663EDSgbQQokKupEG7nsKOt74KvM796CNDINbnETg+HwUyKEUHFPJrVSnXTdBzcV4NqUX1GaMupUaq7McdJHYBamRAk238tUfhCL2IUChuDE9m0XoJFyjFApm5X5sIEoT+Ah6KQ24D8ZJ8ttn9Cg2HEMagaZS0VyE3xsJ942Z+F466XO8M/NeJv7n9WIcnjuJDKIYIRBZEEoFeZARWqalAB1IDYg8uxyoDKjgmiOClpQLkYpx2lI57cOe/36RtE/qNqvbN6e1xmXRTIkckENyTGxyRhrkmjRJiwjyQJ7IM3mxHq1X6816/xldsoqdffIH1sc3L8SXzw==</latexit>
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Upstream	
  background
PNN#data# Distribu7on	
  of	
  the	
  7me	
  coincidence	
  between	
  

KTAG-­‐RICH	
  and	
  GTK-­‐KTAG.	
  
	
  	
  Suggest	
  an	
  accidental	
  source	
  for	
  these	
  events	
  

Cut2%

Cu
t1
%

In%box%Out%of%%
box%

Ba
d%

m
at
ch
in
g%

Go
od

%
m
at
ch
in
g%

B 

C D 

A 

Signal%%
region%

Cut	
  1:	
  K+	
  -­‐	
  π+	
  	
  matching	
  
Cut	
  2:	
  box	
  cut	
  

Bifurca<on	
  technique	
  is	
  adopted

The	
  combina7ons	
  of	
  Cut1	
  and	
  Cut2	
  defines	
  4	
  samples:

If	
  all	
  the	
  samples	
  contain	
  the	
  same	
  type	
  of	
  
events	
  and	
  Cut1	
  and	
  Cut2	
  are	
  independent:

Procedure	
  validated	
  using	
  different	
  
sets	
  of	
  values	
  for	
  Cut1	
  –	
  Cut2	
  

A
exp

= B · C/D
<latexit sha1_base64="tyJ6PYYAN/kkeRHAvddK4NKSOOk=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUQUbIUGDFBIKyiCRh5RY1vmyCaecH7pbIyIrX8BX0EJFh2j5Cgr+BdukgISpRjO72tnxIik0WtanUVhYXFpeKa6W1tY3NrfM7Z2WDmPFoclDGaqOxzRIEUATBUroRAqY70loe6N65rfvQWkRBrc4jsDx2TAQA8EZppJr7l26CTxEE3pBa7TH+yHS+vGVa5atipWDzhN7SspkioZrfvX6IY99CJBLpnXXtiJ0EqZQcAmTUi/WEDE+YkPopjRgPmgnyeNP6GGsGYY0AkWFpLkIvzcS5ms99r100md4p2e9TPzP68Y4OHcSEUQxQsCzQygk5Ic0VyLtBWhfKEBkWXKgIqCcKYYISlDGeSrGaVGltA979vt50jqp2FbFvjktV2vTZopknxyQI2KTM1Il16RBmoSThDyRZ/JiPBqvxpvx/jNaMKY7u+QPjI9vxH+Yog==</latexit><latexit sha1_base64="tyJ6PYYAN/kkeRHAvddK4NKSOOk=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUQUbIUGDFBIKyiCRh5RY1vmyCaecH7pbIyIrX8BX0EJFh2j5Cgr+BdukgISpRjO72tnxIik0WtanUVhYXFpeKa6W1tY3NrfM7Z2WDmPFoclDGaqOxzRIEUATBUroRAqY70loe6N65rfvQWkRBrc4jsDx2TAQA8EZppJr7l26CTxEE3pBa7TH+yHS+vGVa5atipWDzhN7SspkioZrfvX6IY99CJBLpnXXtiJ0EqZQcAmTUi/WEDE+YkPopjRgPmgnyeNP6GGsGYY0AkWFpLkIvzcS5ms99r100md4p2e9TPzP68Y4OHcSEUQxQsCzQygk5Ic0VyLtBWhfKEBkWXKgIqCcKYYISlDGeSrGaVGltA979vt50jqp2FbFvjktV2vTZopknxyQI2KTM1Il16RBmoSThDyRZ/JiPBqvxpvx/jNaMKY7u+QPjI9vxH+Yog==</latexit><latexit sha1_base64="tyJ6PYYAN/kkeRHAvddK4NKSOOk=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUQUbIUGDFBIKyiCRh5RY1vmyCaecH7pbIyIrX8BX0EJFh2j5Cgr+BdukgISpRjO72tnxIik0WtanUVhYXFpeKa6W1tY3NrfM7Z2WDmPFoclDGaqOxzRIEUATBUroRAqY70loe6N65rfvQWkRBrc4jsDx2TAQA8EZppJr7l26CTxEE3pBa7TH+yHS+vGVa5atipWDzhN7SspkioZrfvX6IY99CJBLpnXXtiJ0EqZQcAmTUi/WEDE+YkPopjRgPmgnyeNP6GGsGYY0AkWFpLkIvzcS5ms99r100md4p2e9TPzP68Y4OHcSEUQxQsCzQygk5Ic0VyLtBWhfKEBkWXKgIqCcKYYISlDGeSrGaVGltA979vt50jqp2FbFvjktV2vTZopknxyQI2KTM1Il16RBmoSThDyRZ/JiPBqvxpvx/jNaMKY7u+QPjI9vxH+Yog==</latexit><latexit sha1_base64="tyJ6PYYAN/kkeRHAvddK4NKSOOk=">AAACCXicbVC7TsNAEDyHVwgvA6KiOREhUQUbIUGDFBIKyiCRh5RY1vmyCaecH7pbIyIrX8BX0EJFh2j5Cgr+BdukgISpRjO72tnxIik0WtanUVhYXFpeKa6W1tY3NrfM7Z2WDmPFoclDGaqOxzRIEUATBUroRAqY70loe6N65rfvQWkRBrc4jsDx2TAQA8EZppJr7l26CTxEE3pBa7TH+yHS+vGVa5atipWDzhN7SspkioZrfvX6IY99CJBLpnXXtiJ0EqZQcAmTUi/WEDE+YkPopjRgPmgnyeNP6GGsGYY0AkWFpLkIvzcS5ms99r100md4p2e9TPzP68Y4OHcSEUQxQsCzQygk5Ic0VyLtBWhfKEBkWXKgIqCcKYYISlDGeSrGaVGltA979vt50jqp2FbFvjktV2vTZopknxyQI2KTM1Il16RBmoSThDyRZ/JiPBqvxpvx/jNaMKY7u+QPjI9vxH+Yog==</latexit>

(sta7s7cs	
  limit	
  the	
  accuracy)

Nexp

upstream

= 0.050+0.090
�0.030 |

stat

<latexit sha1_base64="Yx5QyST6nHMFBPV5SX1ahLjpn8s="></latexit><latexit sha1_base64="Yx5QyST6nHMFBPV5SX1ahLjpn8s="></latexit><latexit sha1_base64="Yx5QyST6nHMFBPV5SX1ahLjpn8s="></latexit><latexit sha1_base64="Yx5QyST6nHMFBPV5SX1ahLjpn8s="></latexit>
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*	
  The	
  upstream	
  background	
  is	
  relevant.	
  In	
  2016	
  data	
  analysis	
  7ght	
  geometrical	
  cuts	
  are	
  
employed	
  to	
  keep	
  it	
  under	
  control	
  causing	
  up	
  to	
  30-­‐40%	
  signal	
  acceptance	
  reduc7on

*

In	
  the	
  final	
  part	
  of	
  2017	
  data-­‐taking	
  a	
  copper	
  plug	
  was	
  inserted	
  in	
  to	
  the	
  last	
  dipole	
  
(corresponding	
  to	
  the	
  aperture	
  of	
  the	
  final	
  collimator)	
  to	
  mi7gate	
  this	
  issue	
  
The	
  installa7on	
  of	
  a	
  new	
  final	
  collimator	
  which	
  extends	
  further	
  transversally	
  that	
  will	
  
improve	
  our	
  immunity	
  to	
  upstream	
  interac7on	
  is	
  foreseen	
  in	
  mid	
  June	
  2018
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Selec7on	
  

Evalua7on	
  of	
  the	
  single	
  event	
  sensi7vity	
  

Background	
  es7ma7on	
  and	
  valida7on	
  

Un-­‐blinding	
  of	
  signal	
  regions	
  and	
  interpreta7on	
  of	
  the	
  results	
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1	
  event	
  in	
  R2
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1	
  event	
  in	
  R2

Likelihood	
  value	
  
under	
  different	
  
mass	
  hypothesis

Pπ+	
  =	
  15.3	
  GeV
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BR(K+ ! ⇡+⌫⌫̄) < 11⇥ 10�10 @90%CL

BR(K+ ! ⇡+⌫⌫̄) < 14⇥ 10�10 @95%CL
<latexit sha1_base64="QLFC22hMNObSkWlF5ylutyif+6k="></latexit><latexit sha1_base64="QLFC22hMNObSkWlF5ylutyif+6k="></latexit><latexit sha1_base64="QLFC22hMNObSkWlF5ylutyif+6k="></latexit><latexit sha1_base64="QLFC22hMNObSkWlF5ylutyif+6k="></latexit>

BR(K+ ! ⇡+⌫⌫̄)SM = (0.84± 0.10)⇥ 10�10
<latexit sha1_base64="Ofrte/SfyVnnFN/eH7rgwdvA3Mw="></latexit><latexit sha1_base64="Ofrte/SfyVnnFN/eH7rgwdvA3Mw="></latexit><latexit sha1_base64="Ofrte/SfyVnnFN/eH7rgwdvA3Mw="></latexit><latexit sha1_base64="Ofrte/SfyVnnFN/eH7rgwdvA3Mw="></latexit>

BR(K+ ! ⇡+⌫⌫̄)
exp

= (1.73+1.15
�1.05)⇥ 10�10

<latexit sha1_base64="i/Z7NX9MFp+QkNb/rAQ8qbF7cjM="></latexit><latexit sha1_base64="i/Z7NX9MFp+QkNb/rAQ8qbF7cjM="></latexit><latexit sha1_base64="i/Z7NX9MFp+QkNb/rAQ8qbF7cjM="></latexit><latexit sha1_base64="i/Z7NX9MFp+QkNb/rAQ8qbF7cjM="></latexit>

Event Observed 1
SES (3.15± 0.01

stat

± 0.24
syst

· 10�10)
Expected Background 0.15± 0.09

stat

± 0.01
syst

Expected SM K+ ! ⇡+⌫⌫̄ 0.267± 0.001
stat

± 0.020
syst

± 0.032
ext

<latexit sha1_base64="XTWkds/XBhpSu1T7S+bXV3zUQIk="></latexit><latexit sha1_base64="XTWkds/XBhpSu1T7S+bXV3zUQIk="></latexit><latexit sha1_base64="XTWkds/XBhpSu1T7S+bXV3zUQIk="></latexit><latexit sha1_base64="XTWkds/XBhpSu1T7S+bXV3zUQIk="></latexit>

BNL	
  E949/E787	
  Kaon	
  Decay	
  at	
  Rest

Pre
lim

ina
ry

Present	
  result	
  is	
  from	
  cut	
  based	
  analysis	
  
Full	
  probability	
  based	
  analysis	
  is	
  under	
  development
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Running	
  a}er	
  2018	
  to	
  be	
  approved	
  
-­‐ condi7on	
  for	
  ul7mate	
  sensi7vity	
  under	
  evalua7on	
  

The	
  new	
  NA62	
  decay	
  in	
  flight	
  technique	
  to	
  measure	
  BR(K+	
  →	
  π+νν)	
  works!	
  
-­‐ 1	
  event	
  observed	
  in	
  2016	
  data	
  
-­‐ BR(K+	
  →	
  π+νν)	
  <	
  14	
  x	
  10-­‐10	
  @	
  95%	
  CL

Processing	
  of	
  the	
  2017	
  data	
  is	
  on-­‐going	
  	
  
-­‐ 20	
  7mes	
  more	
  than	
  the	
  present	
  sta7s7cs	
  
-­‐ upstream	
  background	
  reduc7on	
  expected	
  
-­‐ improvements	
  on	
  reconstruc7on	
  efficiency

2018	
  data	
  taking	
  on	
  going	
  	
  
-­‐ 218	
  days	
  including	
  stops	
  
-­‐ studies	
  to	
  improve	
  signal	
  acceptance	
  on	
  going	
  (MVA	
  approach)

20	
  SM	
  events	
  expected	
  before	
  LS2
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Thank	
  you	
  for	
  the	
  a`en7on	
  from	
  the	
  NA62	
  Collabora7on!	
  

28	
  ins7tu7ons,	
  ~200	
  par7cipants,

Birmingham,	
  Bra7slava,	
  Bristol,	
  
Bucharest,	
  CERN,	
  Dubna(JINR),	
  Fairfax,	
  
Ferrara,	
  Florence,	
  Frasca7,	
  Glasgow,	
  
Lancaster,	
  Liverpool,	
  Louvain-­‐la-­‐Neuve,	
  
Mainz,	
  Moscow(INR),	
  Naples,	
  Perugia,	
  
Pisa,	
  Prague,	
  Protvino(IHEP),	
  Rome	
  I,	
  
Rome	
  II,	
  San	
  Luis	
  Potosi,	
  Sofia,	
  TRIUMF,	
  
Turin,	
  Vancouver(UBC)	
  	
  


