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Golden K modes for new-physics search

FCNC processes dominated by Z
penguin and box diagrams

Can give direct information on
CKM matrix elements:

No long distance contributions fron
processes with intermediate y’s

Hadronic matrix elements can be
obtained from BR’s of leading K
decays

K; — nt’vv is nearly pure CPV
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K, » n'y >99% 1% 3 x 101
K* = atvy 88% 3% 8 x 101
K, -» n'ete 38% 15% 3.5 x 10"
K, = a%tu- 28% 30% 1.5 x 101"
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SM prediction for K — mvv

S 14 d

% %
SM prediction [Buras et al., Mescia and Smith, Brod and Gorbahn|
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BROKY — ntui) = rs [(IA X(u)) " (Re X () 4 oA PC(X)) ] = 8.5(7) x10-1
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BR(K; — 7'vir) = kg ( S ¢ (zt)) 2.6(4)x10°"", where .+, = m?/m?, and \,
A

Loops favor top contribution w o d

Hadronic matrix elements from BR(Ke3) via isospin rotation:
302 BR(KT — n'efv)

/\8
272 sin? Oy

Kyt = TK+

non-parametric error ~7% for K*, 3% for K,
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SM prediction for K — mvv

Deviations from SM by more than 10% quite possible in many NP models
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Experimental methods for K™ — mvv

K*—ntn®

Main backgrounds to K* — w+vv:
K* — v with t ID for n

Kf—-mtntn

need excellent PID, especially u/n

arbitrary scale

K+ — mun%(y) with y’s lost

need excellent y vetoes

for 2 b()dy — " o e  wmes 0005 o4 ods
M miss2 [GeVZ]
To reach 102, PID & vetoes also reject unclosed bkg (K;, K, ...)

Stopped K* Decay in flight
Kinematics K+ atrest Must track K+
Photon vetoes Low-energy photons High-energy photons

Range Advanced Cerenkov counters
PID :

m-u-e decay chain Muon detectors
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Final results from E787/E949 (2008)

Combined results, from E787 (1995-8 runs) & E949 (12-weeks run in 2001)
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The in-flight approach: NA62 (@ CERN

Improve intensity of
existing NA48
beamline by x50

400 GeV SPS

primary proton
beam, producing

unseparated 75-
GeV K* beam:

~800 MHz beam

6% are K%, i.e.,
~50 MHz

~ 35 MHz decay
in a 60-m

fiducial volume
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NAG62 guiding principles

Support a high-rate environment
high-resolution timing
Kinematic rejection by cutting on missing mass at decay
fast tracking to measure incoming K momentum
high resolution tracking to measure daughter particle momenta
Rejection of K, 5 4, K¢z 3 4, ... background, PID for all charged particles
positive, non-destructive ID for incoming kaon
ID for outgoing daughter pions, muons, electrons
ID for outgoing muons
Rejection of modes with n'’s and/or (possibly radiative) photons
Hermetic, high-efficiency y vetoing from 0 out to 50 mrad angles

Redundancy of information
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The in-flight approach: NA62 (@ CERN

K12

—

beamline

Dipole spectrometer, p =270 MeV
4 straw-tracker stations in vacuum

I T
> Straw Chambers

RICH u/m 1D
mA M‘EZ@ 1 atm Ne
) Large angle photon vetoes
“ OPAL lead glass HAC

: _ A - M RICH MUV
Beam tracking: " TN
Si pixels, 3 stations
Target TAX XOmatZ
’l = = C2 Cs \A C7 +
| . L 0 e===f K~75GeV
L | N
- | VACUUM
Achromat1 I | :
Differential Cerenkov | : |
for K*-ID oo
(GIGATRACKER
ANTIO ||

‘ I '-» Iron

T T I l T T

0 50

T | T T I |
100

150

Forward veto
NA48 LKr
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lidentification of K's in the beam - CEDAR

Aim to identify 6% of K’s in a 800-MHz
momentum-selected p/t/K beam

Upgrade existing differential Cerenkov
counter, to meet stringent requests:

1. excellent time resolution, O(100 ps)

2. sustain rates of O(MHz/mm?) in a
single-y counting operation

3. Sustain dose ~26 G/Y === ==

——— e — ——— —
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Positive identification of K's in the beam

Conceptual mechanical design, revision of optics

Built-in 2 halves for
installation around
beam pipe

Hydrogen filled
. beam pipe

Spider support structure for 8 sets of: mirror,
Winston cone, PMT, removable electronic pods
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Positive identification of K's in the beam

Revise gas and photo-detectors 3 Target TAX A

Use H, instead of Nitrogen ﬂlg_f B: @:Eicﬂz ________ (ri_
Hamamatsu R7400P PMT is one of the : U R e T d
good options for purpose: - Achromat 1

Repetition rate up to 80 MHz
Peak efficiency 18% for 405 nm ¥y’s
FE design:

NINO ASIC chip (discriminator +
stretcher, output LVDS)

HPTDC on board of Telll (used for
LHCD, see later for details)

The wanted 50 MHz bandwidth is seen to
be achieved in read out

Ellipsoidal mirror

Quartz window
PMT plane
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Fast tracking before decay volume — GTK

Aim to measure time, coordinates, and momentum of bgom"
Cs
individual particles in a 800 MHz beam T e

3 silicon p-pixel stations, <0.5% X, each - ﬁ;—l‘m:a

Other demanding constraints: M
100 wm space resolution < Dorll L ..
Sp/p ~ 0.2%, i.e., Op ~ 150 MeV —1 5
da/or ~ 12 urad

Structure: 6TK2 dipoles
18000 300%300 wm? pixels, sensitive area of 60%27 mm?

E
6Tkt £ I 6TK3
O WO

Technological challenge:
<1% hit mismatch @ 800 MHz -> 200 ps time resolution
read out able to sustain rates up to 150 KHz/pixel
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GI1K technology and read out

Have to read out with dead time

<100 ns, with a charge/pixel varying
between 0.8 fC (5000 e-) to 10 fC 4
(60000 e-)

have to correct for slewing effects

Silicon sensor wafer from FBK

maintain noise < 200 e-

operate with reasonable power
consumption, < 2 W/cm? Phon D

R&D almost completed

2 read out prototypes developed & compared, both with FE circuits
in 130-nm IBM CMOS technology

For details, see Report by J. Kaplon et al., IEEE NSS conference, Orlando, FA, USA
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Tracking of decay products — Straw tracker

Measure coordinates and momentum of charged particles f_‘l “
originating from decay region
op/p < 0.5% Kubj,m Hxtosoe el
Dipole p kick ~ 270 MeV | vacuum
hit space resolution < 130 um Oy
| ,\\YI‘IH "

Minimize multiple scattering

no flanges
no acceptance limitation from beam pipe

Operation in a 10 mbar vacuum
4 straw tube stations, 4 views/station, 4 layers/view

u,v planes

2.1 m long, 9.8mm in diameter

Particle rate up to 0.5 MHz |
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PID for decay products: RICH detector

u rejection of 0.5% on top of MUV vl__‘l ||
Time measured @100 ps, to match w GTK
n/u > 3 o separation for p in 15—35 GeV
Ring-imaging Cerenkov (RICH)
volume 17 m long, 3 m diameter
filled with 1 atm Ne

18-mm pixels, for a total of
thr.: 12 GeV/c

Beam Pipe

The NA62 experiment —T. Spadaro— CKM 2010, University of Warwick, 9 September 2010 16



The RICH performance

Test prototype in 2009, ~400 PMT’s instrumented
Full readout chain mounted:
Hamamatsu R7400U-03
FE, preamplifier + NINO card
RO, Telll (like LHCDb) equipped with 512 ch’s HPTDC on board

70000 80000
(R radiw 051 | ' L T _radie_1041
sonool Enuivs 565049 O Ertrics 604520
Mean 0.1765 fAcan 0.1818
B3 001965 20000 RMS 0003048
oo~ 15 GeV/c e* :
50000}
VUG [~ L
c 40000
30000 :
- 20000}~ 25 GeV/c ]'
20000~ + F '.
T+ H’ J 20000 _ .
100001~ £y J 10000 | . ||
: . . J \ . o | J “
el | R R B ot S| P o8 0 e e L Foly uadas Ll ot
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The RICH performance

Muon rejection better than 1% throughout the interesting p range,
with an overall it loss of few per mils

1 Integl ate d_(Q-m—_Q-o.O.S.).A_= + % * 1 Loss

_ * 1 Contamination
10" |
102 & P P

LA : -

107 +

i 3 l
104 | 1 1 1 1 ;T‘ 1 1 [ | L1 | 1 1 1 1 | ] 1

15 20 25 30 35

Momentum [GeV/c]
Requirements satisfied, pion time resolution < 100 ps for 15 <p <35 GeV

The NA62 experiment —T. Spadaro— CKM 2010, University of Warwick, 9 September 2010 18



Photon vetoing in NA62

Have to reject Kt — n*n’ @ the level of 10-12
Need i rejection of O(10-3) for y’s from K decay in fiducial volume (~60 m)

A composite system:

Very small angle, below 2 mrad
A new compact calorimeter
Inefficiency required <10 for y’s above 6 GeV
Small angle, 1 to ~8 mrad:
Re-use NA48 LKr calorimeter, o,/E = 0.032/VE[GeV] + 0.09/E[GeV] + 0.0042
Inefficiency measured <10-, for y’s above 6 GeV
Large angle, ~8 to 50 mrad:
A new veto system (LAYV system)
Inefficiency required < ~10- for 100 MeV < E, <25 GeV

Able to operate in a vacuum of 10-° mbar

The NA62 experiment —T. Spadaro— CKM 2010, University of Warwick, 9 September 2010 19



Large angle veto — the technology chosen

‘“.4..-

— ' 10000 SF4 lead crystals available:

‘ *

é * Used in the OPAL e.m. calorimeter
| OPALIEND GLASS BEING PRoE sse»
FOR USEIN NA62 !n * We re-use part of the barrel
B « 8 different crystal shapes
* Instrumented with R2238 Hamamatsu PMT’s
* p=5.6 g/cm?3, X,=1.5cm, R,,=2.6 cm

: : Eppeas < 50 MeV
a | i Assumes no false tags
- H 68.27% FC ClLs
Lead glass detectlon efﬁmency e + _ A |
10 g i) : : T .3 :
measured 1n test beams and = ‘ : ; I ;
compared with scintillator-tile and % |® Fiber/KLOE ‘ '
Ny ., ) 10 Em Tile/CKM |~
fibers ““spaghett1” calorimeters: " | A PbGIOPAL | |
Figure satisfies requests e IS TR ETTHS FETIS ETEE
100 200 300 400 500 600
beam [MeV]
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Large angle veto layout and geometry

Rearrange crystals in staggered layers (rings)
Install rings inside existing vacuum vessel (so called “blue tube”)

12 stations of increasing diameter to cover hermetically the range 0 = 7-50 mrad
3 different sizes of vacuum vessels (last downstream station operated in air)

4 to S layers/station for a total depth of 29 to 37 X, particles traverse > 20 X,

32 to 48 crystals/layer
A total of ~ 2500 blocks
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LAYV front-end electronics — requirements

Wide dynamic range: sensitivity to 20 MeV<E <20 GeV (1IMIP ~ 80MeV):
« Have to operate existing R2238 Hamamatsu PMT’s at 10° gain
* With ~ 0.3 pe/MeV, 1IMIP ~ 4.5 pC, corresponding to a 20 mV / 50Q2 peak
* A 20 GeV release corresponds to 10 V / 50€2 signal peak

Veto detector basic requirements:
* modest energy resolution, = 10% at 1 GeV
* good time resolution, ~ 0.5 ns (intrinsic lead-glass + PMT = 1 ns)
* able to sustain = 1 MHz rate (real single lead glass rate > 100 kHz)
* able to safely handle signals with >10 V at peak

Additional requirements:
* simple & cost-effective electronics
* easy to scale & integrate with common TDAQ infrastructure
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LAYV front-end electronics — chosen design

1. Use time-over-threshold discriminator, multiple adjustable thresholds:

Clamp, split into 2, amplificate, and discriminate (2 thresholds);
Produce LVDS output, to TDC.

Power EE—'>
supply CANOpen

Triggerin |:

Amplifier
Clamping & splitter Discriminator

T"EE"\/“E Y | LVDS out Lowthr
i LVDS out High thr.

Analogin
Pre-amplifier stage

Final prototype board, 8 channels, tested — passing now to construction phase

@ Test

Analo in
Tl
g

[T

~ out
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LAYV front-end electronics — chosen design

1. Use time-over-threshold discriminator, multiple adjustable thresholds:

2. Standard TDAQ infrastructure (based on TELL1 boards)

TELL1 DAQ interface board,
designed for the LHCDb experiment

4 PreProcessor FPGA
(1 for each TDC)

1 AMD credit card PC
1 SyncLink FPGA
4 Gigabit Ethernet

Up to 4x128 channels of TDC

or 4x16 channels of FADC at 40MHz,
10bit

Data through-put up to 4 Gbit
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LAV readout scheme

LAV information might be used for level 0
trigger decision

Primitives defined by FPGA
programming

LVDS

Time-over-Threshold

Analog
signhals

ard PC

FEE board
Level 0
TDC boards primitives
4x128 channels —> Data to
— readout PC

TELL1 4x1 Gbit Ethernet
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LAV front-end electronics — standalone tests

Cosmic ray test: parametrize charge
reconstructed by QDC’s as a function of ToT

Few % resolution on Q with simple algorithms
(possibly implemented in FPGA for trigger)
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LAV installation into the vacuum tank

Each station is
positioned by
crane, exploiting
conical rods

2. On free side,

mount a sliding
connection ring

3. Blue tube
segment moved

by crane

4. Final positioning
by means of
conical rods
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LAV installation and vacuum tests

First LAYV station installed at CERN in 2009 allowed for many tests:

1. Long term vacuum & out-gassing tests

Leaks excluded above the 101" mbar1/s
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LAV performance

First LAYV station installed at CERN in 2009 allowed for many tests:

2. Long term HYV tests
3. Tests for the integration with decay tube

4. Tests with muon & electron beams with E =2, 4, 6 GeV

o e . ip Energy in block (MeV)
Threshold Optlmlzatl()n mllqoo 200 300 400

e099sc0ccccccccccsne )22. /r;d'f ------ Tt
P1 5.0889
P2 33.908

Energy scale deduced from gain measured during
calibration

Compare: 7mV, 10 mV, 15 mV, 25 mV thresholds
* Can safely put low threshold at > MIP

* Higher values used for the 2"! threshold, for
slewing corrections

Fraction of events with >1 ToT hit

QDC counts
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LAV performance

First LAYV station installed at CERN in 2009 allowed for many tests:

4. Tests with muon & electron beams with E =2, 4, 6 GeV

Time resolution 3000
- Os(corr) =0.743(4,,,) ns

16000 [~

- O, (raw) = 1.497(7,,,,) ns
blocks 0 |

10000 |-

* Analysis of 4-GeV electron data

* Time difference between 2 subsequent o
* Slewing correction 1/Q, using 2 thresholds
* Q evaluated from time over threshold, no
use of QDC is made

* After slewing correction, o, = 500 ps / block

2000 |

8000 |-
6000 |-

4000 |-

Time difference, dt (ns)
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Muon vetoes (MUYV)

Muon vetoes downstream LKr electromagnetic calorimeter
Redundant information with respect to RICH sub-detector

MUV1 build anew
MUV?2 by reuse of NA48 front module hadron calorimeter
MUV3 after 80cm thick iron wall, fast response for trigger decision

LKr cryostat _#Tw

[

)
A MUV3
LKr MUV  MUV2 80em i .y
iron i
Magnet
LI
- 161 cm -
- - - - - L - -
220 cn g9 cim 89 vin 80 cm
| 1] 1] L] L) L] L)
20m 2im 22m Am 2Mm 209m 2% m 2M/'m
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Irigger and data acquisition — an overview

Telll-based TDC’s

s ‘*" \Ji . @ @
possibly for all sub- RICH MUV~ CEDAR| STRAWS  LKR | LAV I
detectors except T T I 1 T I .
K| —1 MHz _ 2.5K
LKr and GTK 200
Lo CTP ]
1 MHz O(<1ms) ' 1 MHz
All systems running [ pc PC PC Pc || PC PC PC PC || PC
T T ¥ T T T T T ¥
on a coherent 40 GOF swich

MHz clock optically — | § J J | l 13113111

distributed through
the TTC system

IPC| |PC] |PC] |PC| |PC PC| [PC| |PCl |PC| |[PC |PC| |PC| |PC

¥
{ s LO trigger _ —
PR imitives | ‘ ‘c-| ‘ C‘ ‘pc\ ‘pc\:{) CDR
p—y Dra?agei;.)r mitives : __CDR O(KHz)

et C |/ —| 7| < 07
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NAG62 expected sensitivity

Decay Mode Events
Signal: K* — sttvv [ flux = 4.8%x10'? decay/year] 55 evt/year
K*—=mtn? [n,,=2x10% (3.5%10°%) ] 4.3% (7.5%)
K* — ptv 2.2%
K*— etn*nv <3%
Other 3 — track decays <1.5%
K* — mtnly ~2%
K* — utvy ~0.7%
K*— e*(u*) nt'v, others negligible
Expected background <13.5% (=17%)

Aim to obtain O(~10%) signal acceptance with <10% background

year & running efficiency from NA48 story: ~100 days/year, 60% data taking efficiency
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NAG62 past and future

In 2007-2008, NA62 “phase 1”:

* Runs with original NA48/2 detector, beam carefully tuned for the
measurement of Ry = I'(K,)/T'(K ,,) at few per mil (see C. Lazzeroni talk, WGI)

* Data acquired useful for high-statistics studies of KI3 form factor slopes,
needed for Vus extraction (see M. Veltri Talk, WGI)

* In parallel, R&D studies for new sub-detectors started

* December 2008, approval by CERN research board

In 2009-2010, NA62 “phase 2”:

* Collaboration consolidated: at present 191 participants from 25 institutes

* Main beam tests for advanced prototypes (RICH, GTK) or parts of single
sub-detectors (LAV)

In 2011-2012, construction and commissioning

In 2013, first physics run
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Conclusions — an exciting and near future...

Precision physics complementary to high-energy approach for NP search

The SM prediction for BR(K* = m"vv) is theoretically robust at ~5% level

The present knowledge of BR leaves room for possible NP contributions:
K" - wt"vv is a probe of unique sensitivity for NP BSM

NA62 @ CERN will measure BR(K* 2 st*vv) @ 10% in 2 years (BR~10-19)
Ultra-rare decays: need fast tracking, very efficient vetoing, PID, redundancy

Intermediate goals of first physics run, thanks to x50 increase in K flux:
lepton universality test sensitive to NP: measure R, at the per mil level
refine studies of strong interaction at low energies

push semileptonic K decay studies to state-of-the-art
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... but (as usual) a lot of tough work on the way

= = -
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