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Outline

NA48     NA62

..at the heart of LHC 
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 principle of the measurement

 analysis status
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Kaon and Physics beyond the SM

New physics effects in 
Flavour Physics

MFV: helicity suppressed 
observables are sensible 
to SUSY with large tanβ: 
B→ll, B→lν, K→lν

Non-MFV: FCNC decays 
with high suppression in 
the standard model and 
clean theoretical prediction

The B decays are 
suppressed 
(Vub<<Vus) while the 
K→eν is 1.5·10-5

The K→πνν has a 
very clean SM 
prediction and has a 
λ5 suppression

[G.Isidori Capri, Flavianet 2008]

Itʼs time for a precision 
measurement in Ke2 and 
K→πνν!!!

NA62-I 
(2007/08)

NA62-II 
(2011-12)

Lepton universality 
in Kaon decays

O(100) events 
measurement of BR
(K→πνν)
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NA62-I
RK with Kl2 decays
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Ke2: RK and LFV

 The hadronic uncertainties cancel in the ratio Ke2/Kµ2 (no fK)

 For this reason the SM prediction is very accurate dRK/RK~0.04%

 The only difference between electron and muon channel is due to the 

   V-A coupling 

 A small correction has to be included due to the IB part of the 

  radiative decay

= (2.477±0.001)·10-5 [V.Cirigliano, I.Rosell JHEP 0710:005(2007)]

2

• SM prediction: excellent sub-permille accuracy
  due to cancellation of hadronic uncertainties.

• Measurements of RK and R! have long been 
  considered as tests of lepton universality.

• Recently understood: helicity suppression of
  RK might enhance sensitivity to non-SM
  effects to an experimentally accessible level.

RRKK=K=Ke2e2/K/Kµµ22  in the SMin the SM

RK
SM = (2.477±0.001)"10–5

R!
SM = (12.352±0.001)"10–5

Phys. Lett. 99 (2007) 231801

Helicity suppression: f~10–5

Observable sensitive to lepton flavour violation and its SM expectation:

Radiative correction (few %)
due to K+#e+$% (IB) process,
by definition included into RK

(similarly, R! in the pion sector)
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Rk Beyond Standard Model

In MSSM and large tanß scenario, a charged Higgs 
mediate a SUSY LFV contribution to the branching 
ratio  with emission of ντ.

Sizeable effects are predicted for reasonable SUSY parameters.:

Δ 13 = 5·10-4, tanβ = 40, mH = 500 GeV  =>  RK
LVF ≅ RK

SM (1 + 0.013)

Analogous effects in Pion decays are suppressed  of a factor  (mπ/mK)4 ~ 6·10-3

A.Masiero,	
  P.Paradisi,	
  R.Petronzio,	
  

PRD76	
  (2006)	
  011701	
  and	
  JHEP	
  0811(2008)	
  042

3

RRKK=K=Ke2e2/K/Kµµ22 beyond the SM beyond the SM

2HDM – one-loop level
Dominant contribution to !RK: H

± mediated
LFV (rather than LFC) with emission of "#
! RK enhancement can be experimentally accessible

Up to ~1% effect in large (but not extreme)
tan$ regime with a massive H± 

Analogous SUSY effect
in pion decay is suppressed

by a factor (M%/MK)
4 & 6'10–3

2HDM – tree level
Kl2 can proceed via exchange of
charged Higgs H± instead of W±

! Does not affect the ratio RK

PRD 74 (2006) 011701,
JHEP 0811 (2008) 042(including SUSY)

Example:
(!13=5'10–4, tan$=40, MH=500 GeV/c2)
lead to RK

MSSM = RK
SM(1+0.013).

(see also PRD76 (007) 095017) 

Large effects in B decays
due to (MB/MK)

4~104:

Bµ"/B#" ! ~50% enhancement;

Be"/B#" ! enhanced by
~one order of magnitude.

Out of reach: BrSM(Be")&10–11
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Rk Experimental Status

-> The PDG08 value is based on 3 measurements 
in 70s

RK = (2.45 ± 0.11) · 10-5 (4.5% error)

-> Preliminary results by KLOE and NA48/2
RK = (2.457 ± 0.032) · 10-5 (1.3% error)

-> Final result by KLOE (LaThuile09)
RK = (2.493 ± 0.025 ± 0.019) · 10-5

(1.3% with ~13.8k Ke2 candidates, 16% 
background) 

World average
RK = (2.468 ± 0.025) · 10-5 (1% error)
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Ke2 @ NA62-I (2007-2008)

K+

K−

BM

2x1011 ppp

75±2 GeV/c   K momentum

0.6x106   K/spill

K+/K- similar 
acceptance

  Goal: collect ~150000 signal events, below 0.5% precision on RK

 Higher beam momentum wrt NA48/2 runs (and higher momentum kick in the

   spectrometer magnet)

 Simultaneus Ke2 and Kµ2 collection (both for K+ and K-)

 about 80% K+ due to the fact that K- are affected by a larger halo background
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NA62-I: Apparatus

Magnetic spectrometer
-> 4 view / DCH -> high efficiency
-> σp/p = 1.0% + 0.044%·p [GeV/c]
Hodoscope
-> Fast trigger
-> σt = 150ps

K l

ν
K l

ν

Electromagnetic calorimeter
-> ~10 m3 liquid krypton (~27 X0)
-> High granularity, quasi-homogeneous
-> σE/E = 3.2%/√E + 9%/E + 0.42% [GeV]
-> σx,y ~1 mm (@ 20 GeV)
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Measurement Strategy

Ke2 and Kμ2 candidates collected simultaneously:
-> Many systematic effects reduced, 
-> Measurement independent to the Kaon flux.

Particle identification with E/p (LKr and spectrometer)

MC simulations used to limited extent:
-> Acceptance correction (only for geometry),
-> Simulation of “catastrophic” bremsstrahlung by muons.

Analysis in 10 track momentum bins. 

fe · A(Ke2) · ε(Ke2) fLKR

RK =
N(Ke2) - NB(Ke2)

N(Kµ2) - NB(Kµ2)

fm · A(Kμ2) · ε(Kμ2)1
D

1

Signal
events

Background
Events

(Main source of 
systematic errors)

Particle
ID efficiency

Geometrical
acceptance

Trigger
Efficiency 
(>99.9%)

Global LKr
readout eff 

(0.998)

Kμ2

downscaling
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NA62-I: Triggers

K±

Minimum Bias Hardware Trigger:
-> Kμ2 condition: 1TRK Q1

-> Ke2 condition: 1TRK Q1 ELKr

Software Trigger:
-> PDCH < 90 GeV/c
-> ELKr/PDCH > 0.6 (Ke2 only)
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Signals Selection

Common reconstruction:
-> 1 Reconstructed Track,
-> Geometrical acceptance cuts,
-> Limit on LKr extra energy deposition,
-> Track momentum 15 GeV/c < p < 65 GeV/c
-> Decay vertex defined as closest approach of 
track & nominal Kaon axis.

Kinematical separation => Excellent Ke2/Kμ2 
separation at p<25 GeV/c:

-> Missing mass M2 = (pK - pl)2

-> PK : Average measured with K3π decays

Particle Identification => Muon suppression ~10-6

-> E/p = (LKr energy deposit/track momentum)
 0.95<E/p<1.10 for electrons,
 E/p<0.85          for muons.

6

KKe2e2  vs vs KKµµ22  selectionselection

Kinematic separation

missing mass
Log scale

…poor separation at high p

: average measured with K3! decays

electron mass hypothesis
Missing mass vs lepton momentum

! Sufficient Ke2/Kµ2 separation at ptrack<25GeV/c

Separation by particle ID

E/p = (LKr energy deposit/track momentum).
0.95<E/p<1.10 for electrons,
E/p<0.85 for muons.

! Powerful µ± suppression in e± sample: f~106 

Large common part (topological similarity)

• one reconstructed track;
• geometrical acceptance cuts;
• K decay vertex: closest approach
  of track & nominal kaon axis;
• veto extra LKr energy deposition clusters;
• track momentum: 15GeV/c<p<65GeV/c.

Kµ2 (data)

Ke2

(data)
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Electron Mass Hypothesis

Signals Selection

Common reconstruction:
-> 1 Reconstructed Track,
-> Geometrical acceptance cuts,
-> Limit on LKr extra energy deposition,
-> Track momentum 15 GeV/c < p < 65 GeV/c
-> Decay vertex defined as closest approach of 
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Backgrounds (Muons)

The main background is due to “catastrophic” muon 
Bremsstrahlung events (E/pmuon>0.95) . 
The expected probability is P(μ->e)~3x10-6 (and 
momentum dependent), that corresponds to:

P(μ->e)/RK~10% 

This impose a direct P(μ->e) measure to validate 
theoretical models in a specific E region.
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Backgrounds (Muons)

Solution: a ~10Xo deep lead wall, in order to have a 
pure muon sample (electron contamination <10-7), 
was installed for 50% of running time and on about 
20% of HOD area.
This wall allowed to measure P(μ->e) and a very 
good Data/MC agreement has been found.

(6.28±0.17)%
A new special run has been scheduled in 2008 to 
collect a muon sample twice than 2007.

The main background is due to “catastrophic” muon 
Bremsstrahlung events (E/pmuon>0.95) . 
The expected probability is P(μ->e)~3x10-6 (and 
momentum dependent), that corresponds to:

P(μ->e)/RK~10% 

This impose a direct P(μ->e) measure to validate 
theoretical models in a specific Eγ region.
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Backgrounds (Muons)

MC validation Used for Background 
subtraction

Solution: a ~10Xo deep lead wall, in order to have a 
pure muon sample (electron contamination <10-7), 
was installed for 50% of running time and on about 
20% of HOD area.
This wall allowed to measure P(μ->e) and a very 
good Data/MC agreement has been found.

(6.28±0.17)%
A new special run has been scheduled in 2008 to 
collect a muon sample twice than 2007.

Analysis region

The main background is due to “catastrophic” muon 
Bremsstrahlung events (E/pmuon>0.95) . 
The expected probability is P(μ->e)~3x10-6 (and 
momentum dependent), that corresponds to:

P(μ->e)/RK~10% 

This impose a direct P(μ->e) measure to validate 
theoretical models in a specific Eγ region.
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Other backgrounds
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Ke2: 40% of data set

The present statistic gives 59963 Ke2 candidates
           events and B/(S+B)=(8.8±0.3)%.

NA62 estimate total Ke2 events: ~130k K+ & ~20k K-.
In NA62 proposal the goal was fixed at ~150k (CERN-SPSC-2006-033).
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Kµ2: 40% of data set

The Kμ2 main background 
is the Beam Halo.

The Kμ2 is downscaled by a 
factor of 150

18,030 M are the Kμ2 candidates 
with low background B/(S+B)
=0.38%
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RK Preliminary Result (40% data set)

RK = (2.486 ± 0.011stat ± 0.007syst) x 10-5

= (2.486 ± 0.013) x 10-5

The whole sample will decrease the statistical uncertainty down to ~0.3% 
and a total uncertainty of 0.4-0.5%
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World Comparison
March	
  2009

(2.498 ± 0.014) x 10-5

(precision 0.56%)
(2.467 ± 0.024) x 10-5

(precision 0.97%)

>NA62 Preliminary
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NA62-II

K+→π+νν experiment
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K+→π+νν : motivation (I)

 FCNC process forbidden at 
tree level

 Only one loop contributions: 
Boxes and Penguins

(0,0)

(ρ,η)

β
(1,0)

K+→π+νν

K0→π0νν
γ

α

 Cleanest way to extract Vtd and to give 
independent determination of the unitarity 
triangle

 Complementarity with B physics

 Very sensitive to New Physics

BR(Κ+→π+νν) = (8.5±0.7)x10-11       8% error
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K+→π+νν : motivation (II)

1) Short distance contributions (Wilson coefficients i.e. perturbative QCD)  
are dominant (hard GIM mechanism): Aq ∼ (mq)2/(mW)2 VqsVqd

top quark is dominant, smaller contribution from charm  negligible from up 

2) The hadronic matrix element (LD) uncertainness benefits from the Isospin 
symmetry and  well measured semileptonic K+→π0e+νe decays:

 

Effective 
coupling 
constant

1.4. K+ → π+νν̄

È da notare, inoltre, che nel caso del diagramma a box la massa del leptone

scambiato l è trascurabile rispetto alla massa del quark se l = eµ. Nel caso

del τ, invece, i suoi effetti devono essere considerati se il quark scambiato

è q = c, in quanto le masse del τ e del charm c sono confrontabili.

Per quanto concerne l’interazione forte il decadimento K+ → π0e+ν(Ke3),

la cui stima [17] di BR = 0.0498± 0.0007 ha raggiunto una precisione mol-
to elevata, fornisce lo stesso contributo in entrambi i decadimenti Ke3 e

K+ → π+νν̄ . Esso può essere enucleato da parte considerando il rapporto

tra i BR
BR(K+ → π+νν̄)
BR(K+ → π0e+ν

(1.16)

da cui

BR(K+ → π+νν̄) ∼ BR(K+ → π0e+ν)
|Gl|2

G2F|Vus|2
(1.17)

dove GF è la costante di Fermi ed il prodotto GFVus è l’equivalente di Gl
per il decadimento Ke3. Gl può essere scritta come

Gl =
αGF

2πsinθ2W
(V∗
tsVtdX(xt) +V∗

csVcdX
l
NL) (1.18)

dove θW è l’angolo di Weinberg e xt = m2t/M
2
W .

I coefficienti X contengono i principali contributi della QCD [20, 21]. Il

contributo del quark top è conosciuto in maniera precisa; la sorgente prin-

cipale di errore proviene dall’incertezza con cui è nota la massa del top. Il

contributo del quark charm pur essendo più piccolo è affetto da un erro-

re più grande. Si ottiene che il parametro Vtd è teoricamente determinato

con un errore ∼ 5 − 7% [12]. Ciò rende il canale K+ → π+νν̄ uno dei

migliori strumenti per l’esplorazione del triangolo unitario e dei possibili

gradi di libertà al di là del Modello Standard. In realtà, poichè nel canale

KL → π0νν̄ anche il contributo del quark charm è trascurabile, le predi-

zioni teoriche al riguardo sono ancora migliori, ma l’assenza di una par-

ticella carica rivelabile nello stato finale e la presenza di un pione neutro,

il cui vertice và ricostruito per mezzo dei fotoni in cui decade, rendono la

rivelazione del segnale KL → π0νν̄ più complicata.
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= 6r K+ 
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K+→π+νν : motivation (III)

[Mescia, CKM06]
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Sensitivity of new physicsSensitivity of new physics

up to 4.0MSSM

(NPB713 (2005) 103,
hep-ph/0408142)

up to 1.5EDSQ
(PRD70 (2004)
093003,
hep-ph/0407021)

0.75±0.21EEWP
(NPB697 (2004) 133,
hep-ph/0402112)

1.91MFV
(hep-ph/0310208)

0.82±0.08SM

BR(K+!"+##) $1010: selected

models

The NA62 collaboration aims to measure O(100) K+!"+## 
candidates with ~10% background in 2-3 years of data taking

• Large variations in predictions for new physics.
• A 10% precision measurement will provide a stringent SM test.
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And experimental status

BR(K+→π+νν) exp =( 1.73+1.15-1.05)x10-10

based on 7 candidates at BNL E787+E949

first experimental observation of  K+→π+νν
they  have shown that all physics background can be under control at 10-11 level !

Probability that all 7 
events are due to
background: 10-3
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Spares

17

NA62 guidance principlesNA62 guidance principles
O(100) K+!"+## events, ~10% background @BR(SM) = 8!10–11

Kaon decay in flight technique;

400 GeV proton beam from
SPS;

Unseparated high energy K+

beam (PK=75 GeV/c);

Kaon momentum: beam
tracker;

Pion momentum: spectrometer;

$K"
K+

"

#
#

Single track signature: m2
miss=(PK–P")

2

N(K decays) ~1013

Acceptance = 10% 

Kinematical rejection

Particle ID and veto

Charged track veto:
spectrometer;

Photon veto: calorimeters;

Beam kaon identification:
CEDAR;

"/µ/e separation: RICH;

in addition to kinematical rejection

Our goal is to collect O(100) K+→π+νν events

NA62 guidance principles
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K+→π+νν @ NA62-II

 Decay in flight technique

 Goal: O(100) events with S/B ~10

18

NA62 (phase II) layoutNA62 (phase II) layout

• Record K+ decay SES of ~10–12;
• Hermetic veto & redundant measurements;
• R&D finishing, subdetectors construction has started.
• Approved by the CERN research board in December 2008.

Un-separated charged beam:
75GeV/c, 750MHz, ~6% kaons
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Kinematic reconstruction

Requirements:
• low mult. scattering 
→ low mass tracker operating in vacuum
• good space resolution ( ∼100 µm )

• 

Detectors:
• GigaTracker
• Straw Chamber Spectrometer

Capitolo 1. Esperimento P326/NA62 al CERN

tali valori, inseriti nella 1.19, danno

m2X = (EK − Eπ)2 − (!PK − !Pπ)2

= (EK − Eπ)2 − (!P2K + !P2π − 2|!PK||!Pπ|cosθπK) (1.22)

per il termine in energia si ha

(EK − Eπ)2 = E2K + E2π − 2EKEπ (1.23)

che considerando la relazione impulso-energia per una particella relativi-

stica in unità naturali (c = 1)

E =

√

!P2 +m2 (1.24)

diventa

(EK − Eπ)2 = m2K +m2π + !P2K + !P2π − 2!PK!Pπ

√

(1+
m2K
!P2K

)(1+
m2π
!P2π

) (1.25)

sviluppando i termini sotto radice rispetto am2/!P2, inserendo la 1.25 nella

1.22 e sviluppando al secondo ordine il cosθπK " (1− θ2Kπ
2 ) si ottiene:

m2X = m2K(1−
|!Pπ|
|!PK|

) +m2π(1− |!PK|
|!Pπ|

) − |!PK||!Pπ|θ2πK (1.26)

Sulla base dei valori assunti da m2miss(≡ m
2
X) alcuni modi di decadimento

del mesone K sono cinematicamente “chiusi” e possono essere discrimi-

nati dal segnale con un’analisi cinematica.

Nella figura 1.5 sono riportate le distribuzioni della variabile m2miss, per

un impulso dei K+ di 75GeV/c, nell’ipotesi che la particella carica rivelata

nello stato finale sia un mesone π+. Le distribuzioni sono relative ai quei

modi di decadimento cinematicamente “chiusi” che possono essere esclu-

si effettuando tagli sull’insieme di variabilità in cui è definita la m2miss, con

una riduzione non significativa del segnale.

Da un’analisi della figura 1.5 si vede che, trascurando la risoluzione in

massa, la distribuzione di m2miss relativa al processo K
+ → π+π0 risulta

20
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Two allowed regions...

19

Kinematics and backgroundsKinematics and backgrounds

Kinematically constrained NOT kinematically constrained

92% of total background 8% of total background

 Allows us to define a signal region
 K+! "+"0 forces us to split it into 

    two parts (Region I and Region II)

 Span across the signal region
 Rejection relies on vetoes/PID

    92% of background

We can define 2 signal regions

    8% of background

Span across the signal region
     We need vetos and PID
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20

Other NA62 (phase II) goalsOther NA62 (phase II) goals

Other physics goals

• Lepton Flavour Violation:
   measurement of RK to ~0.1% precision.

• LFV in forbidden decays:
  searches for K+!"–l+l+, K+!"+l1l2.

• Heavy neutrinos (~100MeV), light
   sgoldstinos (K+!"+S, K+!"+"0P).

• Hadronic K decays and final-state ""
  interactions in K3" and Ke4 decays.

• ChPT tests with rare kaon/pion decays.

1st Physics Handbook workshop:
CERN, 10-11 December 2009

Handbook in preparation

http://indico.cern.ch/
conferenceDisplay.py?confId=65927
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Conclusions

 In the flavour sector the new physics could appear both in MFV and in 
NON-MFV processes

 The RK  precise measurement in the Ke2 decay is a very powerful tool to 
constraints new physics parameters in case of presence of LFV mediators

 The NA62-I will reach a sensitivity of 0.4% exploiting the NA48/2 detectors 
in a dedicated run

 The 0(100) events measurement of the K+→π+νν decay could be a good 
opportunity to found NP and to distinguish among NP models

 The NA62-2 is a challenging experiments aiming at O(100) events with S/
B=10

 The detectors R&D will be completed this year. The data taking should 
start in the 2011-12.
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Spares
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Backgrounds Summary

Selection criteria has been optimized individually in 
each track momentum bin. (e.g. Zvertex and Mmis

2)
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K+→π+νν @ NA62-II

400 GeV SPS 
Proton beam 
3·1012 ppp

π

ν
ν

~10MHz

~800MHz

~50MHz

75 GeV (±1%) Kaon 
beam (~6%)
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NA62-II: Straws

Requests:

 4 chambers

 good space and momentum 
resolution

 Low material budget: X/X0<0.5% 
per chamber

 operation in vacuum

 small inactive area around kaon 
beam

 4 views with staggered planes 

 Straw tubes in alluminium ultrasonic 
welded (no glue)

 measured resolution: 130µm per hit

 Prototypes tested 
on vacuum with 
hadronic beam, 
muons and 
electrons

 Readout under 
definition

 Detector in 
construction
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Particle Identification and photon VETO
Rejection factor needed: 1012 

decay R.F.
 K+→π+π0 104

 K+→µ+ν 105

Table of rejection factors 
for two body decays

high efficiency detectors:

Photon veto: for   K+→π+π0 supp.

RICH and MUON VETO  
for muon suppression

Not constrained decays (8%)
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Gigatracker

Three tracking stations to provide a precise measurement of K+ beam 
(momentum, direction and time)

main features
• low mass (multiple scattering), 
• operating in vacuum 
• severe environment: 1.5MHz/mm2, 800 MHz total rate

Solution: silicon pixel stations
• 60x27 mm2 area (beam profile)
• 300x300 µm2 pixel size 
• 200 µm thick sensor (15000 e- for a MIP)
• 10 R-O chips 100 µm thick  cmos
• 130 MHz rate/chip (max)
• 140 nm technology 
• 0.5 X/X0 /station material budget 
• 200 ps /station time resolution
• ∼14 µrad track resolution
• ∼0.15 GeV/c momentum resolution

R-O chip

carbon fiber
mechanical support

Sensor 

exploded view
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NA62-II: LAv

Requests: 

Vetos for gammas with large angle > 
50 mrad

 Efficient covering along the decay 
region

 Inefficiency below 10-4  for E>200 
MeV 

 Three technology investigated 
(lead+scintillating fibers, lead
+scintillator, lead glass)

 Opal lead glass solution

 Phototubes operating in vacuum

 13 rings along the decay region   

 Several test beam to chose the 
technology

 Module 1 is ready for test beam 
in august
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NA62-II: LAv
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NA62-II: LAv
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NA62-II: LAv
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NA62-II: Rich
Requests:

 Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

 Measure track time with 100 ps res

 Provide the main trigger for 
charged particle

 18 m long tube filled with Neon

 Mirrors with f=17 m 

 2000 single anode PMTs, 1 cm in 
diameter

 18mm “pixel” with Winston cones

 400PMTs prototype with new readout electronics tested in May 2009
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NA62-II: Rich
Requests:

 Provide π/µ separation at 5×10-3 in 
the range 15<p<35 GeV/c

 Measure track time with 100 ps res

 Provide the main trigger for 
charged particle

 18 m long tube filled with Neon

 Mirrors with f=17 m 

 2000 single anode PMTs, 1 cm in 
diameter

 18mm “pixel” with Winston cones

400PMT prototype with new readout electronics tested in May

P= 15 GeV/c P= 35 GeV/c

π µ

e π
µ

e
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NA62-II: LKr
Requests: 

 Very high efficiency on forward photons 
(1<acceptance<10mrad )

 Good time resolution

 Na48 LKr calorimeter

 The efficiency has been measured with a 
special run in 2006

  <10-6 for E>10 Gev, <10-3 for 2.5<E<5.5 GeV

 New cryogenics system and new FE 
readout already done

 New electronics to allows faster triggering 
in construction
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NA62-II: Gigatracker

R-O chip

mechanical support

Sensor 

Requests:

 Beam spectrometer: 3 stations

 Good space resolution

 Low material budget

 Very high intensity hadron beam: 800MHz

 Excellent time resolution: 200 ps

 Very thin silicon sensor and readout 
chip (200+100 µm ~ 0.5X0)

 On site bump bonded readout chip 
0.13 µm CMOS tech  

 60x27 mm2 per station

 300µmx300µm pixels 

13.2m 9.6m

60
m

m
GTK1

GTK2

GTK3

 Readout chip and sensor 
Prototypes under construction

 Test beam in 2009
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Theoretical estimations

BR(K+→π+νν) = (8.5±0.7)x10-11       8% error

BR(KL→π0νν) = (2.8±0.4)x10-11     14% error

K+BR error
 budget:

 dominated by CKM elements
 theory error can still be 
reduced 

K+ theory
error budget:

mc(mc)=1286±13 MeV

J. BROD CKM 
2008
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K+→π+νν : motivation
 FCNC process forbidden at 

tree level

 Only one loop contributions: 
Boxes and Penguins

 Top contribution is dominant: 
small coupling in CKM 
between t and d,s → λ5

 Clean theoretical 
environment: small 
contribution by 
hadronic matrix 
element and long 
distance terms

Short 
distance

Irreducible 
error

BRSM

KL→π0νν >99% 1% 3·10-11

K+→π+νν 88% <3% 8·10-11

KL→π0e+e- 38% 15% 3.5·10-1
1

KL→π0µ+µ− 28% 30% 1.5·10-1
1

(0,0)

(ρ,η)

β
(1,0)

K+→π+νν

K0→π0νν
γ

α

 Cleanest way to extract Vtd and to give 
independent determination of the unitarity 
triangle

 Complementarity with B physics

 Very sensitive to New Physics
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400 GeV/c SPS 
Proton beam 
3·1012 ppp

π

ν
ν

~10MHz

~800MHz

~50MHz

75 GeV/c (±1%) Kaon beam (not separeted ~6%)

4.8x1012 decay/year

Detector layout 

1. Kinematic rejection: GTracker, Straw Chambers Spectrometer
2. Precise Timing: Cedar, GTracker, Rich
3. Photon Vetos: ANTI 1-12,LKr cal.,SAC,IRC
4. Pid: Rich, Cedar, muon Veto
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Straw chamber spectrometer (I)

To measure momentum and direction of  K+ decay 

Requirements:
• low mass (multiple scattering), 
• operating in vacuum 
• good spatial and momentum resolution
• small inactive area around primary beam

Solution: 
four straw chambers and one magnet 256 MeV/c Pt
• 4 view/chamber XYUV
• 4 staggered layer/view (L/R ambiguity)
• 500 straws/view, 8000 grand total 
• 9.6 mm radius mylar tube
• 2.1 m long
• X/X0 ∼0.1% per view

Magnet

Straw chambers

beam
hole

1 view region 2 views region 3 views region 4 views region

πνν events: 2% 10% 50% 38%

Two “cartesian” frames 
tilted of 45°

35 m

beam
hole
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Straw chamber spectrometer (II)

Prototype test beam in vacuum 
muon tracks reconstruction

Radius (cm)

R
M

S
 (c

m
)

ultrasonic welded mylar 
• no glue no out gassing
• better load and resistance 

Gas Mixture:
CO2:IsoC4H10CF4 80:10:10
HV: 2500 V

Small gap for diameter 
expansion under vacuum
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Impact of the kinematic reconstruction
The rejection factors estimated by a Geant4 Simulation 

particle P direction

K+ 0.2% 17 µrad
π+/µ+ 0.3% 15-45 

µrad

Table of resolutions

decay R.F.

K+→π+π0 104

K+→µ+ν 105

Table of rejection factors for two body decays

Main sources of inefficiencies: 
• non Gaussian tails in the multiple scattering
• K+/π+ mismatch in the primary beam

m2
miss ( GeV2/c4)
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The Ring Image Cherencov detector (I)

Requirements:
 π/µ separation at 5×10-3 in the 

range 15<p<35 GeV/c

 track time with 100 ps res

 main trigger for charged particle

RICH
• 18 m long tube filled with Neon (1atm)
• 3 m diameter
• Mirrors with f=17 m 
• 2000 single anode PMTs, 1 cm in 
diameter
• 18mm “pixel” with Winston cones
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The Ring Image Cherencov detector (II)

first prototype test beam results:

• Nhits/event ∼ 17
• Δtevent ∼ 70 ns
• ΔQ ∼ 50 mrad (biased by PM geometry) NIM A 593, 2008

P= 15 GeV/c P= 35 GeV/c

π µ

e π
µ

e

A full length prototype (0.5 m diameter)  was tested in may
π,µ and e separation results (preliminary)

mercoledì 7 luglio 2010



P. Massarotti                 Search of new physics with kaon decays@ NA62                 Capri 52

The Photon Veto System

To obtain the required rejection factor on  K+→π+π0 a photon detectors 
system with 108 rejection factor on π0 → γγ  is required

Three different angular regions to be covered 

• LAV: Large Angle Veto: (10:50 mrad)
• LKr: Liquid Kripton calorimeter (1:10 mrad) 
• IRC and SAC <1mrad

requiring P( p+ )  <  35 GeV  we get P( p0 )> 40GeV  and high energy photons:
photons > 1 GeV hit the LKr →  high detection efficiency
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Large Angle Veto (I)

12 rings to cover the large 
 angle photons requirements:

• Inner-outer  radii: 
  60-96 to 90-140 cm
 
• Almost hermetic 

• Large area: ∼30 m2 

• Good efficiency down to 
   “low” energy (200 MeV) 
    photons
 
• Operating in vacuum

∼120m
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Large Angle Veto (II)

R&D three different technologies studied:
Tile calorimeter:
lead-plastic 
scintillator foils 
with WLS fibres 

one sector  prototype 
borrowed by CKM 
prop. exp. at FNAL

Scintillating  fibres 
embedded in lead 
foils (EMC KLOE) 

one U prototype 
build at LNF 

Lead-glass blocks 
from the LEP OPAL 
EMC 

some blocks from 
OPAL store at CERN 
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Large Angle Veto (III)

The three prototype tested at the BTF a 
LNF in Frascati: 
50 Hz single e+/e-  200-500 MeV 

all detectors fulfilled the requested 
efficiencies 

OPAL LG choice for economic reasons

mechanic to hold the blocks was 
designed
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Large Angle Veto (IV)

3606 blocks available (thanks to Tokyo-OPAL coll.)
2946  needed for the 12 stations
each station has 5 layer with a relative phase 

All the blocks have to 
be polished, tested, 
re-cabled, reinforced 
and wrapped again
Gain and PeY are 
measured by LED and 
Cosmic 

A first station 
assembled  at 
LNF (160 bloks) 
and arrived to 
CERN for the 
installation in the 
vacuum tube 
(22/709)  
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Large Angle Veto (pictures)

∼10 tons
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Kinematic reconstruction

8% Not 
Kinematically 
constrained

∼92% 
Kinematically 
constrained

Requirements:
• low mult. scattering 
→ low mass tracker operating in vacuum

• good space resolution ( ∼100 µm )

• 

two bk free regions

Detectors:
• GigaTracker
• Straw Chamber Spectrometer

63.5%

21%

6%

Capitolo 1. Esperimento P326/NA62 al CERN

tali valori, inseriti nella 1.19, danno

m2X = (EK − Eπ)2 − (!PK − !Pπ)2

= (EK − Eπ)2 − (!P2K + !P2π − 2|!PK||!Pπ|cosθπK) (1.22)

per il termine in energia si ha

(EK − Eπ)2 = E2K + E2π − 2EKEπ (1.23)

che considerando la relazione impulso-energia per una particella relativi-

stica in unità naturali (c = 1)

E =

√

!P2 +m2 (1.24)

diventa

(EK − Eπ)2 = m2K +m2π + !P2K + !P2π − 2!PK!Pπ

√

(1+
m2K
!P2K

)(1+
m2π
!P2π

) (1.25)

sviluppando i termini sotto radice rispetto am2/!P2, inserendo la 1.25 nella

1.22 e sviluppando al secondo ordine il cosθπK " (1− θ2Kπ
2 ) si ottiene:

m2X = m2K(1−
|!Pπ|
|!PK|

) +m2π(1− |!PK|
|!Pπ|

) − |!PK||!Pπ|θ2πK (1.26)

Sulla base dei valori assunti da m2miss(≡ m
2
X) alcuni modi di decadimento

del mesone K sono cinematicamente “chiusi” e possono essere discrimi-

nati dal segnale con un’analisi cinematica.

Nella figura 1.5 sono riportate le distribuzioni della variabile m2miss, per

un impulso dei K+ di 75GeV/c, nell’ipotesi che la particella carica rivelata

nello stato finale sia un mesone π+. Le distribuzioni sono relative ai quei

modi di decadimento cinematicamente “chiusi” che possono essere esclu-

si effettuando tagli sull’insieme di variabilità in cui è definita la m2miss, con

una riduzione non significativa del segnale.

Da un’analisi della figura 1.5 si vede che, trascurando la risoluzione in

massa, la distribuzione di m2miss relativa al processo K
+ → π+π0 risulta

20
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