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Out-line Q

» Short theoretical introduction to K—»>nvv
 The P326 experiment:

Measurement technique
‘Beam

«Kaon identification
*Spectrometer

*Pion identification

*Photon vetoes

*Muon veto

*Other Physics opportunities

 Measurementof N((K—ev)/T(K— pv)
 Conclusions
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Rare Kaon Decays aﬁnd CKM matrix
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a1 K—nvv decay is sensitive to V4

s |V, | determination independent on B°-B? mixing
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a Theoretically the cleanest processes in K and B physics
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@ Standard Model predictions

a3 BR(K*>ntv) = (1.6x105) | V4, |4 [on?+(p_-p)*] — (8.0 £1.1)x10™1
2 BR(K;—nvv) =~ (7.6x10F) | V4 | *n? — (3.0 +0.6)x101
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P326

Setting the bar for future Kaon experiments é

d
+1.30

@ Present (E787/949): BR(K*—>ntvv) =1.47 45 x10710

Current
constraint on

| @ o plane

I= 42

1

T III|I]I|

0.8
0.6 _
100 events 02f
Mean: of

E787/949 v -

= i2[=

100 events
v Mean: SM

1
08—

06—

04—

02—

iE

-1

o

i -1 -05

2/6/2007 Mauro Piccini 4



P326

S d
v oIV

[3o]  [18d]

Constraining new physics

3.0x BsM

1.8 x By,

5

a 3 & Z 3

m (1] (1] N ' o m

» S x x > * )
/////V/////V///// A R NN,

3 ,,,,7/ m :

/,,,

RN

Excluded area
Grossman-Nir bound

MSSM-A |

, ,,ﬁ

/7/////////////// N

,,ﬂ,,ﬂ,/

///AU%V/VV/V/M//V //M/M//&/F

MFV-EFT.(-)

®» v % 4

= € 8§ =

- -
01X

58 8.0 102 124 14.6 168 19.0 21.2 23.4 25.6 27.8

+ + 11
BE > vIx 10 £ Mescia (CKM2006)

Mauro Piccini

2/6/2007



P326

Proposal to Measure the Rare Decay K*—>ntvv é
at the CERN SPS (NA48/3 — P326) .

Locatedm the same hall of NA48

CERN SPSC-2005-013 & SPSC-P-326

CERN, Dubna, Ferrara,
Florence, Frascati, Mainz,
Merced, Moscow, Naples,

Perugia, Protvino, Pisa,

Rome, Saclay,
San Luis Potosi,
Sofia, Turin

Schedule

Presented at CERN SPSC in September 2005

R&D endorsed by CERN Research Board on December 2005
Test beams in October - November 2006

Test beam for RICH in 2007

Aims to complete the R&D by the end of 2007

Start of data taking 2011
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P326

CERN Accelerators
(not to scale)

— RO{CNS
——————— mnlipralons:
_—

nautnines fo Gran Sasso ()

LHC: Large Hadron Collider
SPS: Super Proton Synchrotron
AD: Antiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (T)

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring Rudelil LY, P Division, CERN, 620956
CNGS: Cern Neutrinos to Gran Sasso e gl aas L R YN

0, Mangluski, F§ Div, CERM, 23,0501
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P326

NA48/3 guidance principles Q

~80 K*— ttvv events

s BR(SM) = 8x101!
@ Signal acceptance 10%
a K decays ~10%3

Kaon decay in flight technique
Intense proton beam from SPS
High energy K (Px =75 GeV/c)
Cerenkov counter for kaon ID

E E E B

Low Level of background

1 Kinematics

@ Kaon: Beam Tracker
Pion: Spectrometer

@ Calorimeter for y/u detection
_ @ RICH (n/p separation)
@ Vetoes & Particle ID @ Spectrometer for charged particle rejection

2/6/2007 Mauro Piccini 8



Backgrounds

Kinematically constrained

Arbitrary Units
Arbitrary Units
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|
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P326

Not kinematically constrained

m2._. GeV?c*

miss

92% of total background ‘

0.15 045

0.1 015
m2._ GeV?¥c*

8% of total background

» Allows us to define a signal region
» K*—>n*nl forces us to split it into

two parts (Region I and Region II)

» Span across the signal region
» Rejection must rely on veotes
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P-326 Layout
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Achromat

The Beam Q

CEDAR Achromat

I|_||_| \‘,_---ﬁﬂn_—i__ B/

I 2k I ([ DECAY
o L e T T ~| VOLUME
i Leld | T INLIRIRND (~100 m)
[ ; ful i_____]l 1L | |K*decay rate:

| | T “” J \ .l ~11 MHz

: g || 1L

! tnap N

I Gigatracker

Secondary beam

P Kaon =75 GeV (AP/P =1%)

Fraction of kaons ~ 6%

Beam acceptance =15 pstr (x30 NA48/2)
Area @ beam tracker =16 cm?
Integrated average rate = 800 MHz
Kaon decays / year = 4.8 x 10

Primary beam

@ P proton =400 GeV/c

s Proton/pulse 3x10'?
(x3 NA48/2)

@ Duty cycle 4.8/16.8 s
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P326

Kaon ID g

» Cerenkov counter on the beam

Cedar N(He) versus W(H,) Comparison

Requirements ] Cedar-N, He
1007 00/2;9 ¢ ¢ ¢ K. 7-fold
@ Tag the kaon to keep thebeam | / / Codar-W. ¥,
background under control _ /° °
3 Good time resolution 2ol /e
@ Minimal material budget g / Cedar-W. H,
:3‘9- 40 - °
w 4
Existing detector: CEDAR 20 n’, 7-fold
Filled with H, instead of Ne ¢ Cedar-N. He
0 . . * / 0 ¢
0 1 2 3 4 5
R&D program Diaphragm aperture [mm]

@ November 2006: test of a not modified CEDAR
detector on the H8 beam line @ CERN
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P326

Beam tracker Q

b Si pixel stations across the 2"4 achromat: size 36 mm (X)x 48 mm (Y)

» Rate: 800 MHz (charged particles) ~50MHz/cm?

- |

Requirements

Good space resolution not to
spoil the downstream tracker
resolution

Low X/X, not to spoil the beam

Excellent time resolution
needed for K+/mt+ association:
o(t)~200 ps per station

40 —

35:_+ ................ ......
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100

51

ob b o e
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. o(Py)/Py ~ 0.4%
300x300 um pixels (GEGS 16 urad

200 Si um sensor+ 100 Si pum chip

Complex readout chip bump-bonded
on the sensor (0.13 pm CMOS
technology)

R&D program

First sensor prototypes
Radiation tests started
Chip design under study

Cooling and technical
implementation design in progress

Mauro Piccini 13
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P326

Spectrometer A

b 6 chambers with 4 double layers of straw tubes each (J 9.6 mm)
» Rate: ~45 KHz per tube (max 0.5 MHz) (p+n)

Requirements
Operate in vacuum,
* Low XX X/Xy~0.1% per view
@ Good space :
resolu’a%n 130 pm per hit
1 Redundant P 2 magnets 360 & 270
measurement MeV/c Pt kick
a Veto for 5 cm radius beam
charged hole displaced in the
particles bending plane
according to the 75
GeV/c beam path
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P326

Spectrometer

Tube characteristics R&D program
a  Tube of mylar (36 pm) @ Tests on gas leakage
@ D=1cm,L=21m @ Tests on tube expansion in
@ Gas CF,-CO,-1s0CH;, vacuum
@ Prototype under construction
at Dubna (2007).
: 1 vfew Atmosphere end-plate Straw support plates Vacuum end-plate

3 views

4 views

2/6/2007
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48-channel prototype @

Straw:

Material:
Al mylar: h=36 pm,
Al thickness: 0.075 ym at both sides
Diameter
(9.80 + 0.05) mm
Length
(2300.0 + 1.0) mm
Al skin resistance

(35.0 £ 0.5) Ohm/straw
Wave resistance

250 Ohm
Signal attenuation
15%
Straw wire: Gas mixture:
4% gold-plated tungsten, D=30 pm CF,-CO,-isoC,H,, (10:80:10%)
tension - (80%8)g drift time — 200 ns
wire location accuracy < 20 pm gas gain - 2x104
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A P, GeV/c (Spectrometer 2)

P326

Kinematics reconstruction Q
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Two almost independent
measurements of the
downstream track momentum

m? . resolution ~1.1x10-% GeV?/c*
main contribution from ®_, measurement
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P326

RICH (1)

Requirements I

Layout of the P326 Pion RICH

photomultipliers

>3c pion/muon separation @ 35 GeV/c -

Time resolution 100 ps teiovligh mirrors
N\=> , l
VS /

Velocity spectrometer (redundancy)

beam pipe
18 m tube filled with Ne @ 1 atm
(13 GeV/c threshold for pions) 18 m radiator lenght
T o 1.0 atm of Ne .
B 0 ﬂff%;zig mirrors
q‘i 30 ;;” = e IPthDHﬂ]ltiplierS not in scale!
5 =g Optics and photo detector
| p%lm[ - T a2 tilted mirrors (17 m focal lenght)
SIS e @ 2000 PMT (covered surface ~1 m?)
= mirror qualit - . .
> pefocal jﬁe@;g = Pixel size 18 mm
: @ Single anode PMTs matrix on the focal
plane with compact hex packing

1

p-(CeV) _
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RICH (I) A

R&D program (2007) F (©

Build a full scale (longitudinal) prototype
One mirror: =17 m, 1 cm thick
Vessel in stainless steel

32 PMT Hamamatsu in 8 spots
Test on SPS K12 (NA48) beamline

Check Cherenkov angle resolution
Check number of photoelectrons
Check time resolution

2006 test in the CEDAR framework

2/6/2007 Mauro Piccini 19



P326

Photon vetoes layout ()
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» Large angle: 13 ANTISs (10 < acceptance < 50 mrad)
» Medium angle: NA48 LKr (1 < acceptance <10 mrad)
» Small angle:  IRC1,2 SAC (acceptance <1 mrad)
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Large angle veto

» 13 ring em calorimeter placed in vacuum
» Rate ~4 MHz (n)+~0.5 MHz (y) (OR of 13)

Requirements

4 10 inefficiency for E, in 0.05,1
GeV

a 107 inefficiency for E>1 GeV

R&D program

@ Lead scintillator tiles read out by WLS
fibers

@ Inefficiency measurement at the e- beam of
LNF in progress.

@ Qut-gassing studies performed at CERN
proved that the scintillator can be placed in
the same vacuum of the decay region.

@ Structure with lead and scintillating fibers
@ Prototype under construction at LNF

@ Test planned on the y-tagged beam facility at
LNF

2/6/2007 Mauro Piccini
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P326

Frascati (LNF) ()

d
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N

The new prototype

@
®_0_90
e 0.0_90
) 000..

Mauro Piccini
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Medium angle veto: the NA48 'Q

LKr calorimeter

b Existing NA48 electromagnetic calorimeter at liquid Kripton

» Rate ~7 MHz (1) + ~4 MHz (y)+~3 MHz (r)

Requirements

10 inefficiency for E, in 1,5 GeV
1107 inefficiency for E>5 GeV

R&D program

@ Inefficiency @ E, > 10 GeV measured
with data using K*—>n*n’ events:

Result: n < 107 (preliminary)

@ Test with a photon tagged beam at
CERN in October 2006 to measure the
inefficiency at energies <10 GeV

s Consolidation of the readout in progress

2/6/2007 Mauro Piccini
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P326

The 2006 test run for LKr Q)

@ Bremsstrahlung photon produced using electron from CERN SPS
@ NA48 setup to detect the photons on the LKr

Kevlar Magnet

window J‘( Calorimeter
vacuum -

PR /—'
______________________________ T IV _\_/\/_\MA e mmmmmdccco--
Electron beam Y Energy deposition in LKr

(25 GeV/c) || > o ’

'/ \ \ >/ / O & electron
Bremsstrahlung Drift s

chambers 5 .F /
&

Run from 2-16 October

> 2x108 electron collected

10 sensitivity at E <10 GeV

Electron momentum 25 GeV/c
Minimum e-y separation @ LKr 13 cm

(=] - N w B 12 =z) ~ o ©0
[T T[T [T T[T [TT T[T I [T TTT T TT

E E E E =

-100 -50 0 50 100

X LKr cm
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Small angle veto Q

» Calorimeter shashlyk placed on the beam axis

Requirements

@10 inefficiency (high energy photons)

R&D program

@ Prototype built by Dubna &
Sofia groups

@  Lead plane + fibers, 18 X/X,

@ Tested on 15-16 October with

the 25 GeV SPS electron beam
using the NA48 setup
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P326

Muon Veto (MAMUD)

b Sampling calorimeter + Magnet for beam deflection
» Rate: ~7 MHz (n)+ ~3 MHz ()

R

Requirements

7

A »

a 107 inefficiency p detection
@ em/hadronic clusters separation ol
@ Sensitivity to the MIPs

PP T TT I TSI TSIy
PP T TT I TSI TSIy

Et

@ Deviate the beam out from the SAC

Extruded Scintillators IRON

Surizce contows: BMOD
1.66G00TE-000

R&D program

@ Started in Protvino

I_ 1.05631 7E-010 . {

2/6/2007 Mauro Piccini
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Analysis: signal acceptance Q

5000

4500

Simulation of the P-326 apparatus

4000 Region | Region Il

3500

3000

Region I and II 2500
» Momentum range: 15 <P_<35 GeV/c |,
» Against muons
» RICH operational reasons
¥ Plenty of energy in photon vetoes

1500
1000

500

[

| 1 1 1 1 1 1
0.02 0.04 006 008 01 012 0.14
mZ,__ GeVc*

old——

STTTT
ML

0
-0.

Acceptance (60 m fiducial volume): "
Region I: 4% To be reduced because of
Region II: 13% losses due dead time,

Total: 17% reconstruction inefficiencies...

» Acceptance ~ 10% is achievable

2/6/2007 Mauro Piccini 27



P326

Analysis: background rejectiongéd

Events/year Total RegionI | Region II o
Signal (acc=17%) 65 16 49
K*—>n*rd 2.7 1.7 1.0
K*—p*v 1.2 1.1 <0.1
Kf—e'n'n v ~2 negligible ~2
Other 3 - track decays ~1 negligible ~1
K*—>n'nly 1.3 negligible 1.3
Kf*—>utvy 0.5 0.2 0.2
Kt—e*(u*) ny, negligible - -
others

Total bckg. 9 3.0 6

» S/B ~ 8 (Region I ~5, Region II ~9)
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P326

Other Physics Opportunities Q

a P-326 Kaon Flux ~100 times NA48/2 Kaon Flux
a Other physics opportunities can be addressed:

Cusp - like effects:
K*—ninletv
Lepton — flavour violation:
Ko/K o K —>riure, Kr—npter
Search for new low mass particles:
Kr—>ntnX
K*—n*n'P (pseudoscalar sGoldstino)
Study rare n* & ¥ decays
Improve greatly on rare radiative kaon decays

And possibly, given the quality of the detector, topics

in hadron spectroscopy
2/6/2007 Mauro Piccini 29



P326

Measurement of the ratio Q
Ry=l(K—ev)/T(K—>uv)

Standard Model prediction: R, (SM) =(2.472 £ 0.001) x10°°
Masiero, Paradisi, Petronzio, Phys. Rev. D74 (2006) 011701:

Variations of the order of 1% with respect to R,(SM) may be present
from contributions by lepton flavour violations by virtual SUSY effects.
= violation of p — e Universality

Max. effect (consistent with present knowledge of SUSY parameters): - 3.2%

World average (PDG): R, = (2.44 £ 0.11) x 10
from three experiments: 1972 (112 evts); 1975 (534 evts); 1976 (404 evts)
From the analysis of NA48/2 2003 data ( ~ 4000 events ):

R, =(2.416 £ 0.043 + 0.024) x 10~
(~ 4000 evts) presented at HEP2005, Lisbon

+ 4000 events from 2004 (publication under preparation)
2/6/2007 Mauro Piccini 30



P326

PROPOSED RUNNING é
CONDITIONS FOR 2007

Long run: 120 days at 60% efficiency (includes scheduled SPS stops)
75 GeV Kt beam, Ap/p = 1.8% (r.m.s.), 1.5 x 10"? protons per spill

Increased MNP33 p- kick (120 — 263 MeV/c)
= improved momentum and M,? resolution

Use horizontal TRIM3 to deflect beams opposite to MNP33 deflection
(needed to keep beams into vacuum tube)

Expected SPS fixed-target cycle in 2007 with LNGS operation:
39.6 s cycle with one spill of 9.6 s flat-top / cycle
= ~ 1.6 x 10° useful spills in the proposed run

From simple scaling of the 2004 special run with saturated trigger
(96,000 per spill) expect ~150,000 good K_, events

Stat error 0.28%

Expected total error 0.34 %
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P326

Missing Mass Resolution

0.06
0,05

DATA 2004: EU-““
K., candidates Eg:gg
and a K, sample  <J0.01
P.=60GeV/ic = o

Dipole Pt kick 120 meV/c 4y,

0.06
0.05
~0.04
(&)
%0.03
% 0.02
~.0.01
= 0
-0.01
-0.02

2/6/2007

A"
. 0.06 ¢
= a)| 0.05 F b)
. Ku2 ppod TR 2004 MC :
 Joo2E equal samples of
: sl 0,01
% B 0 Ke2 and Kuz
= Ke2 001 E ker
e L L b b 10,02 Eeliv o Lo bvra e B
20 30 40 50 20 30 40 50
p (Gev/c) p (Gev/¢c)
= c)
=5 Ku2
= Ke2 |equal samples of
:l' | | | | | | | | | | | | | | | | | | | | | | | |
20 30 40 50 60 Kez and K,
p (GeV/c) Dipole Pt kick: 263 MeV/c
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Conclusions Q

P-326 experiment: Search of new Physics from the K'—»>n"vv
decay (measurement of |V 4| with a ~10% of accurancy)

R&D program for the most part of detectors started

We propose an experiment able to reach a ~107? sensitivity
per event at an existing machine and employing the

infrastructures of an existing experiment.
[CERN-SPSC-P-326, 11/06/2005]

New Physics run in 2007 to measure Ry=l'(K—ev)/l(K—pv)
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SPARES SLIDES
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Expected momentum distributions ‘Q
for 150000 K_, decays

Selected decay vertex interval: 12m<z<102 m
(z=0 corresponds to downstream edge of collimator)

4000
3000
2000
1000 o Ku_z
u :I N N N T N A A R A L_._|--—1"'|r_r_|r:_| I R N R
20 30 40 o0 60

p (Gev/c)

~ 64000 events with p < 35 GeV/c (~43%) are background free;
for p > 35 GeV/c the average K ,, background is ~ 15% of the K, signal
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For p <25 GeVic K., and K, events are well separated in M,*

= can measure muon E /p distribution at p <25 GeV/c

10 %

| Entries 1102354

10°

E 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
0 0.25 0.5 0.75 1
E/p

Muon fraction giving 0.95<E/p <1.05=5x10°
(not precise and momentum dependence unknown)
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