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NA62:Ultra-rare K Decays

• The contribution to
these  processes due to the 
Standard Theory is strongly 
suppressed (<10-10) and  calculable 
with excellent precision (~%)

• They are very sensitive to possible 
contributions from  New Physics 

So called

“Penguin” 

graphs

nnK

“Standard”

Penguin

Possible  “Super-

Symmetric” Penguin

http://images.google.ch/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/c/c5/Penguin_diagram.JPG&imgrefurl=http://commons.wikimedia.org/wiki/File:Penguin_diagram.JPG&usg=__rimcMIO6euyq1YUjiRPeEvW5giM=&h=546&w=399&sz=105&hl=en&start=19&um=1&tbnid=RY8rvGkHbahrjM:&tbnh=133&tbnw=97&prev=/images?q=penguin+diagram&hl=en&sa=N&um=1


NA62: Measurement the Rare Decay
K+  + n n at the CERN SPS 

• Aim to perform a 10% measurement of the 
Branching Ratio at the SM Sensitivity

• Current Status: 
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Techniques for K+
+ nn 

“Stopped”
– Work in Kaon frame

– High Kaon purity 

(Electro-Magneto-static 

Separators)

– Compact Detectors

“In-Flight”
– Decays in vacuum (no 

scattering, no interactions)

– RF separated or 

Unseparated beams

– Extended decay regions

November 124, 2009
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Exp Machine Status Meas. or UL 90% CL Notes

Argonne COMP < 5.7 x 10-5  Stopped; HL Bubble Chamber 

Bevatron COMP < 5.6 x 10-7 Stopped; Spark Chambers

KEK COMP <1.4 x 10-7 Stopped; +
 m+

 e+

E787 AGS COMP (1.57+1.75
-0.82 ) x 10-10 Stopped

E949 AGS COMP (1.73+1.15
-1.05 ) x 10-10 Stopped; PPN1+PPN2   

CKM MI CANC In-Flight; Separated; RICH vel. sp.

NA62 SPS CONS In-Flight; Unseparated

P996 FNAL PROP Stopped; Tevatron as stretcher ring?
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Collaboration News 

• Negotiations for new Membership:

– Comenius University (Bratislava)

• DRAFT MoU (v3.2) 

• Current number of participants: 191  

• Current Number of Institutions : 25

• Technical Co-ordinator: Ferdinand Hahn

• GLIMOS: Valeri Falaleev  
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NA62 @ CERN-SPS 
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GTK

ANTI

STRAW

LKR

RICH

MUV

Vacuum tank not shown

CEDAR



NA62 Beam

August 20, 2009 "Extreme Beam" Series 8

SPS primary p: 400 GeV/c 

Unsepared beam:

• 75 GeV/c

• 750 MHz  

• /K/p (~6% K+)

•Sensitivity is  NOT limited by protons flux but by beam (GigaTracKer (GTK)

•Similar amount of protons on target as NA48 (~5 1012 / pulse) 

13.2 m 9.6 m

6
0

 m
m

GTK2

GTK3GTK1

2nd achromat



CEDAR  

• 50 MHz kaons 

• 100 photons/kaon

• Simulated (FLUKA) mean dose: 
26 G/y

• H2 instead of Nitrogen

• New Optics, photodetectors and 

electronics

• Photo detector baseline: 

Photube Hamamatsu R7400
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Differential Cherenkov Counter for positive Kaon 
Identification



CEDAR – Choice of Photodetectors

• Comparison of PMT 
and SiPM using 
PicoQuant laser

– 405 nm

– FWHM 50 ps

– Rep up to 80 MHz
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Hamamatsu R7400-U3



GigaTracKer (GTK)

• Si m-pixel detector with 
excellent time resolution

• Received first sensor wafers 
from FBK

• Performed Marked Survey  
for bump bonding of sensor 
to R/O chips

• Completed Price Inquiry for 
bump-bonding of the 
prototypes

• Testing Prototype R/O chips
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• Tracking and timing of all incoming part ~750 MHz 

First GTK wafer (FBK)

Photo by M. Fiorini



GTK R/O Prototypes
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INFN Design: One TDC / pixel  CERN  Design: End of Column TDC   

Both Designs in 130 nm IBM CMOS

•Prototypes delivered in July, 2009

See reports at the latest IEEE NSS  (Orlando, FA, US)
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M. Noy 



LAV “Post-card”
• 12 LAV stations mounted along 120 

meter decay region 6 meters apart
• 4 different types:

– 160, 240 blocks; 5 layers in vacuum
– 240 blocks; 4 layers in vacuum
– 256 blocks; 4 layers in air

• Angular coverage 7-50 mrad
• Inefficiency < 10-4 from few hundred 

MeV to 35 GeV
• Building blocks: OPAL calorimeter lead 

glass blocks, for a total of 2500 crystals
• 2007 efficiency measurements with 

electron beams: 
1-e<10-4 for 200 MeV<E<500 MeV

LAV slides adapted from A. Antonelli INFN-LNF

A1-A11 Vacuum



LAV ANTI-A1

• In summer 2009 the first 
station A1 was built at LNF and 
shipped to CERN. It is now 
mounted on the blue tube

• A test beam run with the 
complete system including 
prototype front-end 
electronics (FEE) was 
performed at the end of 
October 2009



LAV 2009 test beam 
• Entire veto with HV ON, use nominal values 

from equalization with cosmic rays
• 80 channels instrumented for readout: 16 per 

layer, summing up to 5 half-rings
• Dual readout: (active spitting)

Clamping + discriminator board output  HPTDC 
Analog output  QDC (80 ch’s)

• Trigger with logical OR of signals from first half-
ring (low-threshold discriminator)

• Dedicated DAQ, SPS signals used

Instrumented 



Time over threshold TOT

•Reconstruct TOT 
from closest pair 
of leading-edge/ 
trailing-edge hits 
from TDC

•Same  
dependence for 
each channel

Muon run, 7 mV threshold
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Equalization performances
Offline cosmic-ray calibration gives a MIP 4 pC

•muon run

•Select straight 

muons using 

isolation cuts

•Reconstruct the 

charge from the 

time over 

threshold



Time resolution

• 2 GeV electrons run 

•Time differences

between two

nearby blocks 

• Slewing correction 

• Q obtained from 

time over threshold

Very preliminary

st singleblock=1.1/sqrt(2)=0.5 ns

After slewing correction



LAV Future work

Comprehensively revising LAV design 

based on our experience in constructing 

and testing ANTI-1. 

Schedule is very tight: Must build and 

commission 11 LAV modules in 2-2.5 

years

The complete set of designs will be 

ready by the beginning of 2010

All construction tools have been 

optimized to make this schedule feasible 

The front end electronics design will be 

frozen by the end of the year.

Gluing Wrapping Banana



RICH requirement

• Muon suppression at % level on top of MUV 
suppression

• Track time at 100 ps level to suppress wrong 
combination with Gigatracker

• Charged trigger option

21

Decay region
Spectrometer

RICHSlides adapted from M. Lenti (INFN Florence)



23/11/2009: meeting with 
CERN referee
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RICH
-m 3s separation 15-35 GeV/c

• Neon at 1 atm ( thr.: 12 GeV/c)

• 2000 PMT

• 18 mm pixel

• 100 ps

17 m

Beam Pipe

Mirrors

PMT: Hamamatsu R7400 U03



2009 prototype test 
beam

• 12.5.-27.6.2009: test beam

• 1 mirror with f=17m, 50 cm wide

• 414 PMT + full electronics chain

23/11/2009: meeting with 
CERN referee

23M.Lenti



2009 test beam

23/11/2009: meeting with 
CERN referee

M.Lenti 24

N. of hits

per event

at 35 GeV/c

20 GeV/c: 3 positrons and 1 pion events

35 GeV/c: PM illumination



15 GeV/c

25 GeV/c

+ m+

e+
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RICH Test, June 2009, Preliminary

PM=Hamamtsu R7400-03

FE= preampl+Nino card

R/O=TELL1 fully equipped with 

HPTDCs (1 card = 512 channels)

60 ps  b=1



Prototype: muon suppression

23/11/2009: meeting with 
CERN referee

M.Lenti 26

Mirror in 

(0,0)



RICH Schedule

• Mirror procurement: end of 2010

• Mirror Support structure: beginning 2011

• PMT procurement: 90% (w/o spares) end of
2010

• FE, DAQ, HV: 2011

• Vessel: 2011

• Gas system: 2011

• RICH commissioning: beginning 2012

23/11/2009: meeting with 
CERN referee

M.Lenti 27



STRAW tracker 
 4 chambers

 4 views in each chamber

 448 (4x112) straws in each 
view

 Total 7168 straws

 Straw material:

 50 nm Cu, 20 nm Au on 36 

mm of Mylar

 Operate in vacuum, 2.1m long and Di

=9.8mm

 Precise tracking (<130 μm) 

 Straw rate: up to 0.5 MHz 

 Non-flammable gas mixture. :

– Base line: CO2 (90%)+CF4 (5%)+Isobutane 

(5%)

– Alternative: Ar/CO2

23/11/2009 SPSC, Hans Danielsson

Slides  adapted from H. Danielsson



64 Straw technology Prototype 

23/11/2009 SPSC, Hans Danielsson 29

•The straws are installed in vertical 

position

•Pretension is 1.5 kg

•Spacer validated over 2.1 m.



Straw straightness

23/11/2009SPSC, Hans Danielsson 30

Nominal



23/11/2009SPSC, Hans Danielsson
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Straw rate capability study (Beam 

test 2009)

Gas mixtures:

- CO2/isoC4H10/CF4  (90:5:5) - base line

- Ar/CO2 (70:30)

Gas gains: 

- G=5x10**4 (Th=6 fC)  

- G=2x10**5 (Th=10 fC)

Pion beam size:

- FWHM ~ 4 mm
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Straw rate vs pion beam rate

Th=10 fC  Gas gain 
G=2.5x10**5

The analysis 

is going on!



23/11/2009

STRAW Plans for 2010

• React on conclusions from the straw review (23/11/2009)

• Terminate the analysis of the 2009 test beam

• Terminate the detailed study on the straw material and 
conclude at end of this year

• Detailed FEM analysis of the straw frame

• Finalize the layout of the straw frame

• Build a full-scale chamber

• Restart straw production in May 2010

• Test the 64-straw prototype and measure its performance in 
the beam in May 2010

• Aging component validation started and will continue in 2010

32SPSC, Hans Danielsson
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Slides from R. Wanke 
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M. Sozzi, Pisa 
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M. Sozzi
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M. Sozzi 



ECN3 Installation Planning
Preliminary  (by Ferdinand Hahn)

23/11/2009 - FH 39Interaction with SPSC Referees
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E. Marinova

First test of LKR C++ Reconstruction 

(Fortran) (C++)

E/P



RK: Lepton Universality Test
with K+l+n Decays at CERN NA62

First NA62 Result*

November 24, 2009 44

New Result presented by Evgueni Goudzovski @ KAON09

* New Collaboration practicing with single-track final states with old setup

SM
BSM



Ke2: 40% of data set

45

NA62 estimated total Ke2 sample:
~120K K+ & ~15K K– candidates.

Proposal (CERN-SPSC-2006-033):
150K candidates

Log scale

Ke2 candidates

102

101

103

104

51,089 K+e+n candidates,
99.2% electron ID efficiency,

B/(S+B) = (8.00.2)%

November 24, 2009 



Km2: 40% of data set

46

15.56m candidates
with low background

B/(S+B) = 0.25%

The only significant
background source
is the beam halo.

Km2 candidates

(Km2 trigger is
pre-scaled by D=150)

November 24, 2009 



Event Counting

47

Source B/(S+B)

Km2 (6.280.17)%

Km2 (me) (0.230.01)%

Ke2g (SD+) (1.020.15)%

Beam halo (0.450.04)%

Ke3 0.03%

K2 0.03%

Total (8.030.23)%

Background summary

Record Ke2 sample:
51,089 candidates

with low background
B/(S+B) = (8.00.2)%

Statistics in momentum bins

x5
x5

x25

November 24, 2009 



Preliminary result (40% data set)

Source RK105

Statistical 0.012

Km2 0.004

Beam halo 0.001

Ke2g (SD+) 0.004

Electron ID 0.001

IB simulation 0.007

Acceptance 0.002

Trigger timing 0.007

Total 0.016

48

(0.64% precision)

Uncertainties

RK = (2.500 0.012stat 0.011syst)  10–5

RK = (2.500 0.016)  10–5
(New result!)

Independent measurements
in track momentum bins

SM

November 24, 2009 



Comparison to world data

World average RK105 Precision

March 2009 2.4670.024 0.97%

June 2009 2.4980.014 0.56%

49

March 2009 June 2009

November 24,  2009

With the full NA62 data sample of 2007/08, 
the precision is expected to be improved to 
better than KR/RK=0.5%.
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Recent NA48/2 Results 

• NA48/2 data (2003-2004):
– Completion of the cusp analyses

– Form factors and  scattering  from Ke4 (full sample)

– Direct Emission from K+/-+/-0g

– Measurement of  K+/-+/-gg

– Measurement of  K+/-+/-e+e-

– Measurement of K+/-+/-m+m-

Slides adapted from presentations by V. Kekelidze and R. Wanke 
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The “cusp” analysis: Final Result

∼ 6 ×107 K± → π± π0 π0 decays 
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NA48/2 cusp analysis is completed

a
0
m

+
= 0.2206±0.0052(exp)±0.0064(theor.)

is in good agreement with both  Ke4 analysis using ChPT link: 

and the prediction of ChPT: (a
0
-a

2
)m

+
= 0.265 +/- 0.004

a
2

m
+

= -0.0444 +/- 0.001

The largest source of experimental error is the uncertainty (PDG) 

of    Br(K → 00) / Br(K → 00) can be reduced using the huge N48/2 

statistics

.

Complete analyses are done both for Cabibbo-Isidori and Bern-Bonn theoretical 

calculations, taking into account electromagnetic correction.

Final result with ChPT link between a0 and a2 :

(a0-a2) = 0.263  0.003(experiment)  0.005(theory)



Recent “Cusp” papers:

1.  “Determination of the S-wave  scattering lengths from a study of  

K → 00 decays” 

published in The European Physical Journal C (2009)

http://www.springerlink.com/openurl.asp?genre=article&id=doi:10.1140/epjc/s1

0052-009-1171-3

DOI 10.1140/epjc/s10052-009-1171-3

2. “Empirical parameterization of the K → 00 decay 

Dalitz plot”

(to be submitted)
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Back x 5
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NA62 Physics Handbook
CERN, December 10-11, 2009

Advisory Committee:
Gerhard Buchalla

Andrzej Buras

Nicola Cabibbo

Vincenzo Cirigliano

Gerhard Ecker

Jonathan R. Ellis

Jean-Marc Gérard 

Gino Isidori

Marc Knecht

Heinrich Leutwyler

Bill Marciano

Helmut Neufeld 

Antonio Pich 

Jorge Portoles 

Eduardo de Rafael 

Chris Sachrajda 

Lalit Sehgal Kaons @ CERN SPS, Topics:

•Rare Decays

•Radiative Decays

•Forbidden Decays & LFV tests

•(Semi)-Leptonic Decays

•Hadronic decays,  phases

Program Committee:
Johan Bijnens

Augusto Ceccucci 

Patrizia Cenci

Gilberto Colangelo

Giancarlo D‟Ambrosio

Martin Gorbahn

Ulrich Haisch

Federico Mescia

Matthew Moulson

Paride Paradisi

Christopher Smith  

Secretariat: veronique.wedlake@cern.ch http://na62pb.ph.tum.de/
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SPARE 
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NA62 Experimental Method 
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~92% of 

Kaon decays

are kinematically 

constrained

Signature:

•Incoming high momentum (75 GeV/c) K+

•Outgoing low momentum (< 35 GeV/c) +

•For K2 P(0) > 40 GeV/c deposited in calorimeters 

•PID: CEDAR (/K), RICH (/m), MUV (m), E/P (e/)
K+

+

K+  m+ 0 n
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Decay Mode Events

Signal: K++nn [ flux = 4.8×1012

decay/year]
55 evt/year

K++0 [h0 = 2×10-8 (3.5×10-8) ] 4.3% (7.5%)

K+m+n 2.2%

K+e++-n 3%

Other 3 – track decays 1.5%

K++0g ~2%

K+m+ng ~0.7%

K+e+(m+) 0n, others negligible

Expected background 13.5% (17%)

NA62 Sensitivity  

Definition of “year” and running efficiencies based on NA48 experience:

~100 days/year; 60% overall efficiency



Isidori‟s FCNC Matrix
b  s (~l2) b  d   (~l3) s d   (~l5)

DF=2 Box L > 100 TeV

from   DMBs

ACP(Bds yf)

L > 2x103 TeV

from ACP(Bd yK)

L > 2x104 TeV

from eK

DF=1 4-quark Box

Gluon Penguin L > 80 TeV

from B(B  Xsg)

L > 103 TeV

from e'/eK

g Penguin L > 150 TeV

from B(B  Xsg)

Z0 Penguin L > 20 TeV
From B(B Xsl +l-)                                  

B( K  nn)
B( KL   l +l -)

H0 Penguin B(Bs  mm ) B(Bd  mm )
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Present Bounds on L assuming 

O(1) Flavor-changing couplings

Corners where Sizable Non-standard 

Effects could hide
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SM Prediction: K+→ + n n

• NLO QCD [Buchalla, Buras „94], [Misiak, Urban ‟99], [Buchalla, Buras ‟99]

• Charm

– NNLO QCD[Buras, Gorbahn, Haisch, Nierste ‟06]

– EW Corrections to Pc  [Brod, Gorbahn ‟08]

• Long Distance

– |DE|< 1% [Mescia, Smith ‟07]

– Pc,u    +6%  [Isidori, Mescia, Smith ‟05]

* 2 4 * 2 2

,

5

| ( ) Re ( ( ) ) |
( ( )) (1 )

ts td t t cs cd c c c u

EM

V V X m V V P m P
B K k

l 
 nn g

l

+ +

+

+ +
  + D 

•The SM Branching Ratio prediction  is   precise and 

the intrinsic theory error is small

•The parametric error (70%) will be further reduced

M. Gorbahn
1010)07.085.0()(( -++  gnnKBr



Kaon Rare Decays and NP 
(courtesy of  Christopher Smith) 
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Straw frame and
chamber design

23/11/2009 SPSC, Hans Danielsson 69

350 mm

965 mm



Installation of First LAV Station
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•The first of the twelve Large Angle

Vetoes was installed on August 6, 2009

•These lead-glass blocks were formerly

used in the OPAL Experiment at LEP 



LAV Front-End requirements
• FEE time resolution (~500 ps)

• Energy resolution ≈ 10%/√E

• Max rate ≈ MHz/ch (real rate/block < 100 
KHz)

• Able to manage very large signals ≈10V

• Measure energy 20 MeV – 20 GeV in a 
single block

• Measure Time Over Threshold to 
evaluate charge

• Use custom TDC cards for the readout 
(HPTDC)

• Use Tell1 as TDC motherboard



Vessel: view from the top

23/11/2009: meeting with 
CERN referee

M.Lenti 72

• Limited from access shaft to the experimental area

• 4 sections of increasing diameter (about 4 m in the upstream part)

• Sections length: 3.7m, 3.7m, 4.8m, 4.8m

• beam pipe passing through

• vessel axis tilted by 2.4 mrad to follow beam path

beam

PMT

PMT

Mirrors



Mirrors

23/11/2009: meeting with 
CERN referee

M.Lenti 73

• 18 hexagonal mirrors, 2 semihexagonal

• 17 m focal length, 700 mm wide, 25 mm thick

• half pointing to the left, half to the right (beam pipe shadow)

• All mirrors in order



Kl2 and l2 decays in the SM

74

Radiative correction (few %)
due to the IB part of the

radiative Keng process,
by definition included into RK

Standard Model:
• excellent sub-permille accuracy of RP due to
cancellation of hadronic uncertainties in the ratio;
• strong helicity suppression of the electronic
channel enhances sensitivity to non-SM effects.

RK
SM = (2.4770.001)10–5

R
SM = (12.3520.001)10–5

SM uncertainties well below 10–3

V. Cirigliano and I. Rosell,
Phys. Lett. 99 (2007) 231801

Helicity suppression (V–A couplings):
enhances sensitivity to non-SM effects

November 24, 2009 



RK beyond the SM

75

Possible scenario in MSSM:
charged Higgs mediated SUSY LVF
contribution with emission of  neutrino
can be strongly enhanced.

A. Masiero, P. Paradisi and R. Petronzio,
PRD74 (2006) 011701 and JHEP 0811 (2008) 042

A few percent effect in large (not extreme)
tanb regime with massive charged Higgs. 

Example:
(D13=510–4, tanb=40, MH=500 GeV/c2)
lead to RK

LVF = RK
SM(1+0.013).

NB: analogous SUSY effect in pion decay
is suppressed by a factor (m/MK)4  610–3

SUSY limits from
KLOE and NA48/2
combined results:
RK=(2.4570.032)10–5

November 24, 2009 
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• S-wave scattering lengths (ax, a++, a+–, a+0, a00) 

expressed as linear combinations of a0 and a2

• isospin symmetry breaking - following J. Gasser

• for example, ax = (1+e/3)(a0–a2)/3, where

e=(m+
2–m0

2)/m+
2=0.065 - isospin breaking 

parameter

• all rescattering processes at one- & two-loop level

• radiative corrections missing: (a0– a2) precision ~5%

b) irreducible 3 scattering

Two-loop diagrams:

c) reducible 3 scattering

a) 2 scattering

N. Cabibbo and G. Isidori (“CI”), 

JHEP 503 (2005) 21

A
rb

it
ra

ry
 s

c
a

le

No rescattering

amplitude
Subleading

effect

M2(00), (GeV/c2)2

Cusp point

Leading effect

Prediction of the

two-loop theory

One-loop diagrams:



• Non-relativistic Lagrangian for effective fields; expanding in 
another small parameters.
• Valid in the whole decay region.
• Another (in comparison with CI) part of amplitude  is 
absorbed in the polinomial terms (so another correlations).
• At two loops, algebraically different formulae for amplitude
• FORTRAN code written by authors

G. Colangelo, J. Gasser, B. Kubis, A. Rusetsky (Bern-Bonn group: “BB”)
Phys.Lett. B638 (2006) 187-194

Theory: effective fields



a0, a2, measured in NA48/2 experiment:

 from the fits of cusp in three-pion decay of charged kaon

 from form-factors of K
e4  

(see “rare decays”)

ChPT link

final results from NA48/2 both for  independent (a
0
, a

2
) & using ChPT link


