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Isidori’s FCNC Matrix
b àààà s (~lll l 2222)))) b àààà d   (~lll l 3333)))) s àààà d   (~lll l 5555))))

DF=2 Box L > 100 TeV
from   DMBs
ACP(Bdsàààà yfyfyfyf )

L > 2x103 TeV
from ACP(Bd à y K)

L > 2x104 TeV
from eK

DF=1 4-quark Box

Gluon Penguin L > 80 TeV
from B(B à Xsg)

L > 103 TeV
from e'/eK

gPenguin L > 150 TeV
from B(B à Xsg)

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

B( K àààà p p p p nnnnnnnn)
B( KL àààà p p p p l l l l ++++l l l l ----)

H0 Penguin B(Bs àààà mmmmmmmm) B(Bd àààà mmmmmmmm)
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Present Bounds on L L L L assuming 
O(1) Flavor-changing couplings

Corners where Sizable Non-standard 
Effects could hide
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Cristopher Smith @ CKM ‘08

K �  pnnpnnpnnpnn : Theoretically Pristine         
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SM Prediction: K++++�  pppp++++ n nn nn nn n

• NLO QCD [Buchalla, Buras ‘94], [Misiak, Urban ’99], [Buchalla, Buras ’99]
• Charm

– NNLO QCD[Buras, Gorbahn, Haisch, Nierste ’06]
– EW Corrections to P c  [Brod, Gorbahn ’08]

• Long Distance

– |DDDDE|< 1% [Mescia, Smith ’07]
– ddddPc,u    +6%  [Isidori, Mescia, Smith ’05]
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•The SM Branching Ratio prediction  is   precise and  
the intrinsic theory error is small
•The parametric error (70%) will be further reduced

M. Gorbahn
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Kaon Rare Decays and NP 
(courtesy of  Christopher Smith) 
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Extreme Physics 
• The physics is compelling

• A strong experimental effort has taken place over 
many years: many original ideas were born at 
Fermilab  

• In my opinion, dedicated and ingenuous 
experiments are justified by the physics case and 
required for decisive progress

• To study precisely Branching Ratios of 10 -10 or 
smaller very intense, “extreme”, sources of 
Kaons are required

• And such Kaon sources require large proton 
complex (BNL, FNAL, CERN, JPARC,…) 
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Charged Beams for K+àààà pppp+ nn nn nn 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
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Exp Machine Status Meas. or UL 90% CL Notes

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

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

KEK CO <1.4 x 10-7 Stopped; p+ à m+ à e+

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

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

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

NA62 SPS AP In-Flight; Unseparated



NA62 @ CERN-SPS 
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GTK

ANTI

STRAW

LKR

RICH

MUV

Vacuum tank not shown

CEDAR



Protons / Useful Kaon & Purity  

P0 
(GeV) 

Proton 
/ s

K
(MHz)

Decays
(MHz)

Duty
Factor

Decays
/ 200 d

p/ K decay
(105)

E949 21.5 3 1013 6.5 1.3 0.41 1.4  1013 210

CKM 120 5 1012 30 5.1 0.33 2.9  1013 10

NA62 400 1 1012 45 4.5 0.30 2.3  1013 2.2 
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K pppp p K%  

E949 3-4 1 -- ~75

CKM 2 1 -- ~60

NA62 1 12 4 ~6
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NA48®®®® NA62

The CERN proton 
Complex is unique

The SPS is needed
as LHC proton
injector only part-time

For the remainder 
of the time it can
provide 400 GeV/c
protons  for fast or slow 
extraction

NA62: 

Bern ITP, Birmingham, 
Bristol, CERN, Dubna,Fairfax, 

Ferrara, Florence, Frascati,
Glasgow, IHEP Protvino, 

INR Moscow,
Liverpool, Louvain,

Mainz, Merced, Naples,
Perugia, Pisa,

Rome I, Rome II,

San Luis Potosí,
SLAC,Sofia,TRIUMF,Turin
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Principles of NA62
• K+ Decay in-flight to avoid the scattering and the 

backgrounds introduced by the stopping target
àààà long decay region

• High momentum to improve the background rejection 
àààà unseparated hadron beam 

1. Precise timing to associate the decay to the correct incoming 
parent particle (K+) in a ~800 MHz beam
àààà Beam tracker with ssss t~100  (GTK)  

2.       Kinematical Rejection
àààà low mass tracking (GTK + STRAW in vacuum tank)

3.      Vetoes ( ggggand mmmm) 
àààà ANTI ( OPAL lead glass) + NA48 LKR
àààà MUV 

4.      Particle Identification
àààà K/p p p p (CEDAR) 
àààà pppp/mmmm (RICH) 



NA62 “Extreme” Beam ….
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SPS primary p: 400 GeV/c 
Unsepared beam:
• 75 GeV/c
• 750 MHz  
• pppp/K/p (~6% K +)

•Sensitivity is  NOT limited by protons flux but by beam (Giga)tracker ( GTK)
•Similar amount of protons on target as NA48 (~5 10 12 / pulse) 
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…and NA62 “Extreme” Tracker
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Requirements:
Track and time each beam particle
Time resolution:  200 ps / station
Material Budget: < 0.5 % X 0 /station
Sensor: 200 mmmmm Si
Pattern: 300 x 300 mmmmm2

Two options for Read-Out: 
•On-Pixel TDC 
•End-of-Column TDC 

R-O 
chip

Si sensor 
pixel 
matrix

mechanical support



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
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Background Rejection
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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) pppp+

•For � p2p2p2p2 P(pppp0000) > 40 GeV/c: it can hardly be missed
•PID: CEDAR (pppp/K), RICH (p/mp/mp/mp/m), MUV (mmmm), E/P (e/pppp)

K++++

pppp+

K+ ®®®® mmmm++++ pppp0000 nnnn
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NA62 Sensitivity  

Definition of “year” and running efficiencies based o n NA48 experience:
~100 days/year; 60% overall efficiency
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New Straw Tracker

Old Chambers 

Hevacuum 

~120 m

vacuum

~2.5 m

K++++

nnnn

nnnn
pppp++++

K++++

nnnn

nnnn
pppp++++

•The Straw Tracker is essential to study ultra-rare- decays in flight

The Straw Trackers operated in vacuum will enable u s to:
•Remove the multiple scattering due to the Kevlar Wi ndow
•Remove the acceptance limitations due to the beam-p ipe
•Remove the helium between the chambers

New Spectrometer 

LKr

RICH

Kevlar
Window

Beam Pipe

Straw 
Trackers
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NA62 Kinematic resolution 
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m2
miss (GeV/c2)2

Kinematical Rejection  
� +®p +p� selected on 2007 data using LKr information only

Look at the tails in the m2
miss reconstructed with the NA48 DCH 

Data vs. NA48MC: reproducibility of non-gaussian tails within 2x

m2
miss (GeV/c2)2

NA48: Data vs. MC 
Resolution with STRAW 
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STRAW Prototype

36 36 mmmmmmmmm thick m thick mylarmylar
Ultrasound weldUltrasound weld
full length Strawfull length Straw
Prototype: 2.1 m longPrototype: 2.1 m long
Operated in VacuumOperated in Vacuum
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STRAW Prototype: Beam Test STRAW Prototype: Beam Test 

RUN 20629, muons

Residuals
RMS=104 � m
� = 45 � m

cm

RMS=100� m
� = 43 � m

RUN 20650, pions
cm

RMS=122 � m
� = 45� m

RUN 20694, kaons
cm

CO2 (80%)  CF4 (10%)  Isob. (10%)0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
0

0.005

0.01

0.015

0.02

0.025

0.03

Graph

Resolution (cm)

2200V
2300V
2400V

Thr=6 fC, pions

Drift Distance (cm)
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LKr ggggDetection Efficiency  
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pppp++++ track and lower energy ggggare used to
predict the position of the other gggg

LKr ineff. per gggg (Egggg > 10 GeV): 

hhhhhhhh +���$�+���$� ,,������������������

� + ® p + p0 selected kinematically

Measured from 2004 NA48/2 data



Installation of ANTI-A1
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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 



RICH-400 Test beam 2009

•Full length RICH Prototype
•400 Hamamatsu R7400 tubes
•17 m focal length glass mirror 
•Pure Neon STP
•Beam tested June 2009 
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15 GeV/c

25 GeV/c

p+ 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  bbbb=1
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Timescale  

2009 2010 2011 2012

K12 

CEDAR

GTK

LAV

STRAW

RICH

LKR

MUV

TDAQ

PMT Procurement: 100 / month

Prototype Test Eng 1 Eng 2/Prod
Low

 intensity run (no G
T

K
)

H
igh  intensity run (G

T
K

)

Production of Mechanics & Assembly

TELL1/TTC Proc. 
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New Result presented by Evgueni Goudzovski @ KAON09

,ne mn

m+e+,s

W+
+

K

u

* New Collaboration familiarizing with single-track fi nal states in old setup

SM
BSM
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Comparison to world dataComparison to world data
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NA62 Status 
• New Result RK=(2.500 � 0.016) ´́́́ 10–5 . The full 2007-2008 data 

will allow one to test the SM to  < 0.5% 
• The K++++ àààà pppp+ + + + n n n n n n n n proposal was approved by the CERN Research 

Board  (December 5, 2008)
• It is part of the Medium Term Plan (MTP) approved by the CERN 

Council in June
• With 2 (+1) years of data taking at the SPS, NA62 a ims at a 

~10% measure of the (SM) BR(K ++++ àààà pppp+ + + + n n)  n n)  n n)  n n)  
• It is compatible with the operation of the LHC 
• With ~50 times the kaon flux of NA48/2 , the physics menu 

promises to be rich
• Once the GTK technique is mastered, higher intensit ies and 

“factory mode” data taking could be envisaged 
• In the longer term (SPS upgrade for sLHC) one looks forward to 

study also ultra-rare K0
L decays  
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