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Physics Motivationy
* 2 4 * 2 2

,| ( ) Re ( ( ) ) |
( ( )) (1 ) ts td t t cs cd c c c uV V X m V V P m P

B K k
λ δ

π νν γ+ + + +
→ = + Δ ×

In Standard Model:

5( ( )) (1 )EMB K kπ νν γ
λ+→ = + Δ ×

λ= Cabibbo Angle

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

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

• Long Distance
– |ΔE|< 1% [Mescia, Smith ’07]|ΔE|  1% [Mescia, Smith 07]
– δPc,u    +6%  [Isidori, Mescia, Smith ’05]

•The SM Prediction error is dominatedThe SM Prediction error is dominated
by the uncertainty on  the CKM elements

•The theory error can still be reduced
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SM Prediction vs ExperimentSM Prediction vs. Experiment
As reported by J. Brod, CKM ’08

10( ( )) (0.85 0.07) 10THB K π νν γ+ + −→ = ± ×
For m =(1286 ± 13) MeV [Kühn et al ’07]For mc=(1286 ± 13) MeV    [Kühn et al. 07]

1.15 10
1 05( ( )) (1.73 ) 10EXPB K π νν γ+ + + −→ = ×1.05( ( )) ( )γ −

[E787, E949 ’08]

0 0 11( ) (2.76 0.40) 10TH
LB K π νν −→ = ± ×

And, for comparison: 

0 0 8( ) 6.8 10     90% CLEXP
LB K π νν −→ ≤ × [E391a ’08]
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Kaons and CKM triangleKaons and CKM triangle

Cristopher Smith @ CKM ‘08
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K → π νν & New Physics     
F MesciaF. Mescia
CKM 2006
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Proposed Detector LayoutProposed Detector Layout
K+→π+ ν ν

SPS primary p: 400 GeV/c
Unsepared beam:
• 75 GeV/c

800 MH• 800 MHz 
• π/K/p (~6% K+)

K+ π+

νν

ν

~11 MHz of K+ decays

•Sensitivity is  NOT limited by protons flux
•Needs ~same amount of protons on target as NA48
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Principles of NA62/P 326Principles of NA62/P-326
• High momentum kaon beam to improve the rejection of the  

0 ind ced backgro ndsπ0 induced backgrounds
• Decay in-flight to avoid the scattering and the backgrounds 

introduced by the stopping target

The experimental technique exploits:

1. Precise timing to associate the outgoing π+ to the correct 
incoming parent particle (K+)

2. Kinematical Rejection of two- and three-body backgrounds
( )3. Vetoes (γ and μ)

4. Particle Identification (K/π, π/μ)

To achieve the required background suppression, these 
techniques will be combined together minimising the 

correlations 
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1 Precise Timing1. Precise Timing 
RICH (rate ~ 10 MHz)

p

π+Gigatracker (rate ~ 1 GHz)

K+

π+

π+

π+ ν

~120 m 

Unseparated beam, in-flight decay: 

How do you associate the parent kaon to the daughter pion in a ~1 GHz beam ?

ν

How do you associate the parent kaon to the daughter pion  in a 1 GHz beam ?

K+ : Gigatracker (pixel detector) with very good time resolution (~ 100 ps) 
π+ : RICH (Neon, 1 atm) read out by Photomultipliers
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2 Kinematic Rejection2. Kinematic Rejection
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Decay BR

~92% of 
Kaon decays
are kinematically 

t i tK+→μ+ν (Kμ2) 0.64

K+→ π+π0 (Kπ2) 0.21

constraint

K+→ π+π+π-

K+→ π+π0π0 0.07
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3 Vetoes3.  Vetoes  

Ph t t t j t K 0• Photon vetoes to reject K+→ π+π0 

P(K+) = 75 GeV/c
R i i P( +) < 35 G V/Requiring P(π+)  < 35 GeV/c 
P(π0) > 40 GeV/c           It can hardly be
missed in the calorimetersmissed in the calorimeters

Signature: π+

•Incoming high momentum K+

•Outgoing low momentum π+
K+

• Muon Veto to reject K+→ μ+ν
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4 Particle Identification4. Particle Identification
• K+ Positive identification (CEDAR)K Positive identification (CEDAR) 
• π/μ separation  (RICH)

/ ti (E/P)• π/e separation (E/P)
Decay BR π

K+→π0e+ν (Ke3) 0.051

K+ 0 + (K ) 0 034

π
K+ → μ+ π0 ν

K+→π0μ+ν (Kμ3) 0.034

K+→μ+ν γγ (Kμ2γγ)) 6.2×10-3

K+→ π+π−e+ν (Ke4) 4.1×10-5

K+→π+π−μ+ν ( Kμ4) 1.4×10-5
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P-326/NA62 Sensitivity
Decay Mode Events

Si l K+ + [ fl 12 55 /

P-326/NA62 Sensitivity  

Signal: K+→π+νν [ flux = 4.8×1012

decay/year]
55 evt/year

K+→π+π0 [ηπ0 = 2×10-8 (3.5×10-8) ] 4.3% (7.5%)

K+→μ+ν 2.2%

K+→e+π+π−ν ≤3%

Other 3 – track decays ≤1.5%

K+→π+π0γ ~2%

K+→μ+νγ ~0.7%

K+→e+(μ+) π0ν, others negligible

E t d b k d ≤13 5% (≤17%)Expected background ≤13.5% (≤17%)

Definition of “year” and running efficiencies based on NA48 experience
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Gigatracker (GTK)Gigatracker (GTK) 
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GTK  Station

Requirements:
Track and time each beam particle
Time resolution: 200 ps / station

Si sensor 
pixel matrix

Time resolution:  200 ps / station
Material Budget: < 0.5 % X0 / station
Pattern: 300 x 300 μm2

R-O 
chip

h i l t

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



GTK sensors
• a batch of 20 wafers (→ 20 sensors)  has been ordered to FBK-Trento,Italy

• wafer layout is ready• wafer layout is ready

• bump details (dimensions and position) defined

• wafers to be processed before the end of 2008• wafers to be processed before  the end of 2008

Wafer layout
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GTK: Bump Bonding
• Development of the processes with VTT (Finland)• Development of the processes with VTT (Finland)
1. Bump-bonding of the final chip to the sensor: standard 

techniquetechnique
2. Bump-bonding of the prototype: how to bond a diced 

chip to a sensor ?chip to a sensor ?

This is a technical problem related to the lack of 
room on diced chips for galvanic contacts forroom on diced chips for galvanic contacts for 
electroplating and thus it is impossible to apply the 
standard bump-bonding technique.p g q

Two solutions are however available:

2) Au stud bumps practical only for ~100 pixels:

ff ( )

1) Reverse rework: most promising and preferred solution
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GTK: Cooling

Baseline solution: two half-cylinders of

Power to be dissipated: 2W/cm2 → 32 W Target chip temperature < 5 0C

COOLING FLUID : NITROGEN K °C

Baseline solution: two half cylinders of 

carbon fibre enclosing the sensor+chip

Delivery temperature Ti 100 -173

Wall temperature Tw 275,6 2,6

dT T = (Tw – Ti) 175,6 175,6

Tm Tm = (Tw+Ti)/2 187,8 -85,2

NITROGEN PROPERTIES @ Tm and atmospheric 
pressure 

Specific weight (Kg/m^3) ρ 1,79

Specific heat (J/KgK) Cp 1041

Thermal conductivity  
(W/mK)

λ 0,024

Kinematic viscosity  
(m^2/s)

ν 1,34E-05
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GTK: R/O PrototypesGTK: R/O Prototypes
On-Pixel TDC Option

End-of-Column Option
Details of EOC Option
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GTK Prototypes: Engineering ReviewGTK Prototypes: Engineering Review

The Review identified crucial points 
on both the On-Pixel TDC and
End-Of-Column TDC options

• all the building blocks are ready
• no flaws have been spotted

f th h k t b f d• some further checks to be performed 
• layout underway for both options
• submission moved to Jan. 20th 2009
• delivery expected by middle of March 2009
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Straw TrackerStraw Tracker 
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~2 5 m

Motivation
Current Setup 

Hevacuum 

~2.5 m

ν
π+

LKrKevlar
Window

K+ ν
Beam Pipe

~120 m
The Straw Trackers operated in vacuum will enable us to:
•Remove the multiple scattering due to the Kevlar Window•Remove the multiple scattering due to the Kevlar Window
•Remove the acceptance limitations due to the beam-pipe
•Remove the helium between the chambers

Straw Tracker Setup:
vacuum ν

π+
RICH

K+ ν
π+

Straw 
Trackers
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Straw Prototype: Beam Test 2007Straw Prototype: Beam Test 2007
Residuals

RMS=104 μm
σ = 45 μm

full length Strawfull length StrawRMS=100μm
σ = 43 μm

full length Strawfull length Straw
Prototype: 2.1 mPrototype: 2.1 m

cm
RMS=122 μm
σ = 45μm

RUN 20629, muons
cm

RUN 20650 pions
cm

0.03

Graph

Resolution (cm) RUN 20650, pions

0.015

0.02

0.025

0.03 Resolution (cm)

2200V
Thr=6 fC, pions

RUN 20694, kaons
cm

CO (80%) CF (10%) I b (10%)0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.450

0.005

0.01

0.015

2300V
2400V
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CO2 (80%)  CF4 (10%)  Isob. (10%)0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

Drift Distance (cm)



Straw Beam test 2008Straw Beam test 2008
• The goal was to compare two candidates for 

the FE chips and operate the chamber with a 
fl bl inew non-flammable gas mixture

• Same straw prototype as in 2007 was 
equipped with two types of FE: CARIOCA and q pp yp
ASDQ. Test boards were prepared in August 
at CERN, for these two chips

• The straw prototype was ready to take data as• The straw prototype was ready to take data as 
planned on October 2. Unfortunately the beam 
was stopped on October 6 owing to the LHC 
i id tincident

• Nevertheless, we managed to take a few 
points with muons: 2.4 kV, 2.5 kV,  2.6 kV ( two p , , (
Thr settings) and 2.7 kV 
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Full Straw Chamber designFull Straw Chamber design

O-rings

Ring for sealing
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FEM calculations of the chamberFEM calculations of the chamber

The model contains all the loading 
details: Pressure difference, 
pretension, fixation points to the 
vacuum tube etc.

We have a model to study global 
deformations and details e.g. stress 
concentration around the holes.

We are working on a model to 
study the deformation of individual y
straws.

25 mm thickness looks ok
Basis for tenderBasis for tender

Stress Level 
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Prototypes of the gas manifold, straw Prototypes of the gas manifold, straw yp gyp g
connectivity and webconnectivity and web

The design of the web(16 channels)Q ti th t ill b The design of the web(16 channels) 
is finished and a prototype  is 
launched in the. 4– 6 weeks for 
production

Questions that will be 
addressed are:
Type of glue production
Gluing procedure
Tooling and access 
Leak tightnessLeak tightness
Electrical connection to 
the straws (web)
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Straw PlansStraw PlansStraw PlansStraw Plans

• Complete the detailed study on the straw material and its• Complete the detailed study on the straw material and its 
mechanics

• Detailed FEM analysis of the structure and the straw
• Finalise the layout of the mechanical structure
• Plan and build a new sector prototype:

V if h i l t f th t ( d i ) M– Verify mechanical support of the straws (and wire) . Measure 
final straw deformation and wire off-set

– Final straw layout
– New connectivity
– Finalise electronics 

• Build a full-scale engineering prototypeBuild a full scale engineering prototype 
• Aging component validation
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Large Angle Photon Vetoes (LAV)Large Angle Photon Vetoes  (LAV)
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Main 2008 ActivitiesMain 2008 Activities 

Activities during the past year focused on• Activities during the past year focused on 
engineering the solution to use the OPAL barrel 
Lead glass for a “All-in-vacuum design”

• In particular it was shown that 
– The blocks and photomultipliers can work in vacuum
– The outgassing is tolerableThe outgassing is tolerable 
– The design for installation in ECN3 is viable

• A major setback due to the floods in a storage area 
is being recoveredis being recovered

• Prototypes were beam tested
• The order for a full size ring was made (functional g (

prototype)
• The Read-out electronics was defined

November 5, 2008 SPSC 89 29



The floodThe flood
– In April, because of heavy rain, dirty waterIn April, because of heavy rain, dirty water 

flooded the storage area in BB5
• Half of the lead glass blocks were touched on  g

part of their surface
– The CERN insurance is providing support 

for cleaning, recovery and validation of 
those blocks

Th b t 1800 bl k t b d• There are about 1800 blocks to be recovered 
• The cleaning rate is 30/week

The blocks are cleaned cabled and tested in a• The blocks are cleaned, cabled and tested in a 
dark box with a LED pulser
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OPAL Lead Glass Recovery Procedure

•½ of blocks touched by flood 
water

•Some blocks (~9%) were Careful recovery procedure•Some blocks  (~9%) were 
broken by the thermal shock

•Other blocks require polishing

Careful recovery procedure 
underway to make sure that all the 
needed (2496 blocks) will be 
available
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Large Angle Photon Vetoes

OPAL LEAD GLASS  BEING PROCESSED
FOR USE IN NA62 i B ildi 904FOR USE IN NA62 in Building 904
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A prototype at BTF - Frascati
25 blocks 

e- 471 MeV

σE/E = 9.7%

Energy Resolution

Beam Tagged InefficiencyBeam 
Incidence

Tagged 
Events

Inefficiency

Central 22 703 4.4+7.6
-2.8x 10-5

Cluster time Resolution

σTime = 560 ps
2.8

On edge 9 711 1.03+1.75
-0.65 x 10-4
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LAV Mechanical DesignLAV Mechanical Design
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A LAV prototype tested at CERN
20 blocks installed in the NA62 

vacuum tube

Muons and kaons from 2/10 to 6/10

Validation of the operation in vacuum, 
cabling and support mechanicscabling and support mechanics

Preliminary 
time 
resolution 
with kaons

σt = 1.02 ns
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Engineering for Installation in ECN3Engineering for Installation in ECN3 
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LAV Mechanical Design
HANDLING

LEAD GLASSES

MechanicsMechanics 
For the first 
full ring wasfull ring was 
ordered

CABLING
MAN HOLE

LNF SPAS
November 5, 2008 SPSC 89 37SUPPORTS

LNF-SPAS
C.Capoccia



RICH
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The RICH Detector

Neon Gas at atmospheric pressureNeon Gas at atmospheric pressure

Mirror Mosaic
2×1000 PMT

(hex packing 18 mm side)
(17 m Focal Length)

( p g )

Beam Pipe
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RICH Simulation: particles separation

p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

( )2 2 2 2
maxrec cm p ϑ ϑ= − Momentum from

the magnetic spectrometer
p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

( )maxrec cp the magnetic spectrometer
p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

p = 15 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 25 GeV/c

mrec
2 (GeV2/c4)

e μ π

p = 35 GeV/c

mrec
2 (GeV2/c4)

e μ π

Momentum (GeV/c)

μ surv.prob. in e sample
e loss

Momentum (GeV/c)

μ surv.prob. in π sample
π loss

Muon suppression in π sample (15<p<35 GeV/c): 1.3×10−3
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RICH-100 prototype:p yp
2007 Test Beam

CERN
96 PMT 
Hamamatsu R7400 CERN

ECN3 Cavern
K12 beam line

Hamamatsu R7400

(NA48-NA62)
17 m long
60 cm wide
vessel,
filled with 
Neon at atm.
pressure

200 GeV/c negative hadron beam 
17 m focal, 50 cm wide,

November 5, 2008 SPSC 89 41
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17 m focal, 50 cm wide, 
2.5 cm thick glass mirror 
by MARCON



RICH-100: 2007 Test Beam results
DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

Δθc≈ 50 μrad

DATA
MC

N.of Events

Ring Center X (mm)

DATA
MC

N.of Events

Ring Center Y (mm)

DATA
MC(All)
MC(π-)
MC(p)
MC(K-)

Rfit (mm)

N.of Events

c μ
(biased by PM geometry)

NHits ≈ 17 ΔtEvent ≈ 70 ps
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The RICH 400 prototypeThe RICH-400 prototype

PM d h d• PM endcap changed
• 414 PM (20% of final 

detector)detector)
• Validate π−μ separation 

in 15<p<35 GeV/cin 15<p<35 GeV/c
• Improve PM cooling

Test scheduled: Oct 19 – Nov 12, 2008
Postponed to 2009 (LHC incident)
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RICH-400

PM holder
PM endcap

PM holder

Electronics and coolingTrigger
counters
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RICH: SummaryRICH: Summary

A d di RICH i d d f NA62• A very demanding RICH is needed for NA62
• A valuable project has been developed
• A prototype has been tested in 2007
• An improved prototype will be tested in 2009An improved prototype will be tested in 2009
• About two years needed from “green light” 

PMT d ti > 100/ thPMT production > 100/month
Mirror production > 1/month
Vessel procurement, services and 
installation: two years
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Fast Muon Detector
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MUD Prototype from INR/ProtvinoMUD Prototype from INR/Protvino
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R.M.S.~1.8 ns

C6

Counters map. Cuts are 
due to trigger configuration
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TDAQQ
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TDC Board V2 (Pisa)
• Reminder: 128 HPTDC channels/board• Reminder: 128 HPTDC channels/board
• Design in Pisa, Layout (10 layers) at CERN, PCB and mounting in Italy 
• 18 PCB produced, 6 boards mounted and tested, firmware development

Clock jitter 
performance 
slightly 
improved
< 30ps

No more 
drandom 

glitches which 
degraded the 
jitter



TELL1 fully equipped with TDCs
FULL RICH-400 READOUT (512 ch)

26/07/07 51A



Smart PCI receiver (Roma 2)

12 layers board with 4x 2.5 Gbps 
links, DDR2 memory, FPGA, PCI 
4x
Can be used for:
- LKr readout
- Central L0 processor
- TELL1 data receiver

Optical IN: 4 x 16 bit @ 75-156 MHz (1.2-2.5 gbit/s)

Prototype mounted, to be tested

p @ ( g )
Copper IN: 2-4 x 48 bit @ 66-133 MHz (3.1-6.3 

gbit/s) depending on cable length o
OUT: PCI-E 4 x 16 bit @ 125 MHz (2.0 Gbit/s)

November 5, 2008 SPSC 89 52



TELL1-based TDAQ for
RICH, MUD, STRAWS, 
VETO, CEDAR, GTK(?)

Issues: the delay in the approval is starting to- Issues: the delay in the approval is starting to 
raise problems for the use of LHC-based 
solutions:

- Need to secure the chips (HPTDC, TTC, TELL1), 
otherwise need to restart from scratch
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Beam Request 2009q
1.      East Hall T9

• two weeks from mid September
• two weeks from mid October  

Purpose: Test of the Gigatracker prototype with beam particles 

2. North Area P0 

• We need compensation for the time lost in 2008 due to the LHC 
incident (four weeks). Two weeks will be devoted to the test of the 
RICH 400 prototype and should be scheduled as soon asRICH-400 prototype and should be scheduled as soon as 
possible. The other two weeks can be scheduled with more flexibility 
and a typical good time would be mid-June mid-July.

• In addition we request two weeks as late as possible in 2009 to 
h fi f ll AV i d h Gi k i htest the first full LAV station and to test the Gigatracker prototype with 

the 75 GeV/c secondary beam 
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SummarySummary
• The physics case remains very strong
• The proposed sensitivity is confirmed• The proposed sensitivity is confirmed 
• Significant technical progress was reported while -at the same 

time- a major physics result based on 2007 data is being 
preparedprepared 

• We have recovered from a setback (Floods in BB5 building) 
• The Gigatracker prototypes were fully funded
• Detailed plans are being made for the construction of the main• Detailed plans are being made for the construction of the main 

detectors (further progress depends on recommendation) 
• Collaboration-wise, major steps forward were made:

A draft MoU is proving helpful as a base for negotiation– A draft MoU is proving helpful as a base for negotiation
– New groups are joining (e.g. Louvain) 
– A major partner (INFN) has approved the experiment at the 

Scientific Committee level 
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SPARES
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Detector Status (I)  
S CDetector Function Status Current 

Collaboration

CEDAR •Event by event K+ identification (50 
MHz)

•CEDAR Exists 
T b difi d f H

Birmingham
MHz) •To be  modified for H2

•Needs New Front end 
•Needs New Read – out 

GTK •Gigatracker for beam tracking 
•Three Stations of Si μpixels 300 x 
300 μm

200 t ti ti l ti

•Sensor qualified after   
irradiation
•Prototype R/O chips in 
0 13 μm CMOS to be

CERN
Ferrara
Louvain

•~200 ps per station time resolution
•0.5 % radiation length per station
•800 MHz beam 

0.13 μm CMOS to be 
submitted
• 8 x 8   pixel array  to be 
beam tested in 2009

Torino 

LAV •12 Ring Calorimeters for photon 
detection 

•Beam tested prototype 
with OPAL lead glass 
recovered from floods
•First full station being

Frascati 
Pisa
Roma 1 
N lFirst full station being 

builts
Naples 

STRAW •4 Large (6 m2) straw tracker stations 
to track ~10 MHz particles from kaon 
d

•Front-End Technology 
under study 

CERN
Dubna
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Detector Status (II)
Detector Function Status CurrentDetector Function Status Current 

Collaboration

RICH •Pion muon separation up to 35 
GeV/c 

•Full length 
prototype (96 PMT)  

CERN
Florence

•Fast timing of the outgoing 
charged track 

p yp ( )
tested   Oct-Nov  
’07
•Timing 
demonstrated

Florence
Merced
Perugia
San Luis Potosidemonstrated

•400 PMT 
ready2008

George Mason

LKR NA48 Liquid Krypton •Validated as veto CERN
Calorimeter for forward photon. 
20 tons of liquid krypton. 
Available!

•Cryogenics was 
consolidated
•First update of 
electronics

Pisa 
Roma II 

electronics 

MUD •Muon Detector based on the 
NA48 Hadron Calorimeter + iron 
and a fast veto plane for 
t i i

•Prototype tested 
in 2008

Protvino
INR
Stanford

triggering
George Mason

IRC/SAC •Intermediate Ring and Small 
Angle Calorimeter to detect 

h t t ll l

•Shashlik  
prototype (SAC) 
t t d i 2006

Sofia
INR
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photons at small angle tested in 2006 



Estimated Cost (MCHF)* 
BEAM 0.6 
CEDAR 0.5
GTK 2.9
RICH 3.0
STRAW 2.1
VETOES 5.4 
LKR 1 7LKR 1.7
MUD 1.7 
TDAQ 3 3TDAQ 3.3
GRID/COMP 2.5
COMMON INFRA. + VAC 2.4COMMON INFRA.  VAC 2.4

TOT 26.1
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Proposed CERN Contribution*Proposed CERN Contribution
System (MCHF)
Beam Line 0.6
Gigatracker 1.3
Straw 0.6
LKR 1.7
RICH 0.6
Infrastructure 0.9
TDAQ 0.5
Total 6.2Total 6.2

*As of DRAFT MOU 1.3   April, 2008 
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Constraints on the ρ η plane

Highlight
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Experimental Status: New measurementExperimental Status: New measurement 
of the K+ → π+ νν branching ratio (BNL E949)
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KL→π0νν  Long Time ProspectsL g p

Picture adapted from KAMI proposal

E391A J-PARC

CERN

SPSProject X

KLOD

SPSProject X

CERN i titi if th E391A t h i i t bli h d
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CERN is competitive if the E391A technique is established



K+ → π+ννFuga

(“4.4” events)
BR(exp) = 2 x BR(SM)

Today

??
Tomorrow

100 events
Mean=SM

Tomorrow
(2012?)

100 events
Mean=E787/949
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Mean=E787/949



Missing Mass ResolutionMissing Mass Resolution

G. Ruggiero

Effect of 
non-gaussian
t iltails 

Norm. to K flux

Non-gaussian tails can be induced, for instance, by the wrong association
between the incoming kaon and the pion               

~100 ps time resolution In Gigatracker is required
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100 ps time resolution In Gigatracker  is required 



LAV PMT operation in vacuum
One PMT base operated in vacuum seen through an infrared cameraOne PMT base operated in vacuum seen through an infrared camera. 
All components stay within their temperature operating range for typical
HV settings 
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HAC: New (front) vs. Old  scintillators test.

New tile Old tiles

Clean strong attenuation in old tiles as well as significantly lower efficiency
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A setA set--up to measure the straw tensionup to measure the straw tension
This method was developed to study the straw 
straightness under tension and pressureg p
An IR light sensitive sensor gives a voltage proportional 
to the reflected IR light from the LED

Tension ∝ w×f2Tension ∝ w×f2

where w is the 
weight per unit g p
length and f the 
frequency 

To be used in the QC of 
the chamber production
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Deformation of the straw as a function of Deformation of the straw as a function of 
pressure for different prepressure for different pre--tensiontension

Deflection and Frequency Vs Tension and pressure 
(1.85m straw) Vertical weld

Negative 
Poisson’s ratio! 

hi h lt i20
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m

Abs def 
1230mb which results in a 

loss of tension 
when pressurized10
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Abs def 
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Abs def 
1980mb
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εx=-υ×εy0

5

10

0

1

2

D
ef

le
ct

io Abs def 
980mb

0 500 1000 1500
Load in gramms
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Straw straightness with 50Straw straightness with 50 μμm precisionm precisionStraw straightness with 50 Straw straightness with 50 μμm precisionm precision
LabVIEW program panel of edge detection

EdgeEdge
parameter

line profilep

To be used in the QC of 
the chamber production
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LAV Conclusions

– The operation in vacuum has been p
validated

– Work is going on for the definition of theWork is going on for the definition of the 
readout electronics

• Expect to have protoypes for few channels in• Expect to have protoypes for few channels in 
November

– We are ready to proceed with the– We are ready to proceed with the 
construction of the entire set of rings

• Basic points defined only adjustments needed• Basic points defined, only adjustments needed 
to the design
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