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~ Forward

Intense proton sourcesenableus to
study processeswhich areeither
forbidden or extremely suppressed
but well predicted in the Standard
Model (SM)

A measureddeviation from the SM
prediction would point to
something new: rare processesn
muon and kaon decaysare
particularly sensitive probes

After an overview of the
experiments under construction or
planned at the intensity frontier8 8

8 8will use the NA62experiment
atthe CERN SP&jevotedto the
study of kaon raredecays to give
you someexamplesof state-of-the-
art detectors
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~ME

Calorimeter: Measure g Energy, Position
and Time through scintillation light only

Liquid Xenon has high Z and homogeneity

~900 | (3t) Xenon with 848 PMTs
(quartz window, immersed)

a
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G Liquickenon Calorlmeter

=

Vacuum
for thermal insulation




_Positron Spectrometer —

Ultra -thin (~3g/cm?) superconducting solenoid with 1.2

Homogeneous Field

high p, track constant |p| tracks
WA AR N/
O

Gradient Field
(COnstant-Bending-RAdius)

—\— N—v

WA ;%\&

=7 \




MEG recently published
the best limit (90% CL):

BR(M- e g < 2.4x 102

Phys.Rev.Lett. 107 (2011) 171801
e-Print: arXiv:1107.5547 [hepeX]
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Production Solenoid

One Tracking Plane
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Proton Beam

Transport Solenoid Tracker

Straw Tracker

Calorimeter

LYSO Calorimeter
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Rare K Decays

B

Decay BranchingRatio(3 10'°)
Theory(SM) Experiment

b e o +1152]
K*- p'ni(g) 085° 007 17373

K- p°ni 0.27° 0.04° <260 (90% CL)™

[1] J.Brod, M.Gorbahn, PRD78, arXiv:0805.4119
[2] AGS-E787/E949 PRL 101, arXiv:0808.2459
[3] M. Gorbahn, arXiv:0909.2221

[4] KEK-E391a, arXiv:0911.4789v1

AVlust bridge the existing gap between
theory and experiment
A\ measurement of BR( K *- p*nn)to 10 %
determines V4 without input from Lattice QCD!
Arhe strong suppression of the SM component (<10 -19) offers
good sensitivity to NP
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1st 2nd 3rd generation at BNL
= 7 event data sample

4th Generation Detector
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Veto
Photons and Muons

~ 50 MHz of Kaons

Hadron Beam

1t Identification

800 MHz
/ KTAG CHANQ H H
- ey n

GTK (I T H‘l\“

RICH ]\ LKR MUV
h g / STRAW
. Fiducial Region 65m  Tracker CHOD )
Y
Total Length 270m
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CERN Accelerators

(not to scale)

wl

LHC
PS is needed

C proton

or only part -time

Fixed Target

he reminder
time it can
de 400 GeV/c
ns for fast or slow
ction

ALICE ©

nautrines o Gran Sasso (1)

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

ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (1)

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Energy Ion Ring Radalf LY, PS Division, CIRN, 02.09.96 )
CNGS: Cern Neutrinos to Gran Sasso opiematared fer iy gk

D, Mangluski, PS Div, CERN, 23,0501
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"NAG62 Main Detectors =

KTAG
It positively identifies the kaons before they enter the decayregion. It must tag
approx. 50 MHz of Kaons and be asthin as possible

Gigatracker (GTK)

Silicon Pixel tracker to measuredirection and momentum on event-by-event _ e
basis. Thebeamrate is almost one GHz (hencethe detectorname8 (8 ) ke (
very thin to avoid too manyinelastcET OAOAAOET 1T O 8e%oifoA is | A I
required to time stamp eachtrack (< 200 ps / hit)

Photon Vetoes

A large system of detectorssurrounding the decaytank to suppressthe p°
background by 8 orders of magnitude!
Straw Tracker

Reconstructsthe decaychargedparticles. Toreducethe multiple scattering, this
large acceptancespectrometeris housedin the vacuum tank. The overall
thickness of the 16tracking viewsdoesnot exceeda few % X,

RICH

Pion / Muon identification up to 35 GeV/c is achievedby meansof a Ring
Imaging Cherenkov Counter (RICH). It alsoprovidesthe time referenceto
correlate the pion to the correct incoming kaon track (100 ps or better )

Muon Vetoes

To suppressthe muons at the trigger and analysis level. They consistof hadron
calorimeters made ofiron and plastic scintillator and afastveto plane
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Chromatic Mangin E
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The Differential Cherenkov Counter with P Yo

Achromatic Ring focus (CEDAR)was
developedat# %2 . EI Ofedhteypl 6 Ol
to a few MHz tagging rates

Example of a pressure scan at 75 GeV/c in H2 beam (October 2007):

Mangin mirror (negative meniscuswith
reflecting surface on therear surface) and
chromatic corrector
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Hamamatsu R7400U-03
- UV-glass bialkali, 8 dyn
- 16 mm wide (8 mmactive)
- Gain 1.5 1® @900 V
- 280 pstime jitter (FWHM)
- 185650 nm response
(420 nm peak)

- Q.E.around 20% onpeak

- PM output (1 p.e.): 240C,
peakat 200mA or -10mV (50 W)

- Risetime: 0.78ns, fall time~1.6ns
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http://sales.hamamatsu.com/obj/big_image.php?&img=/assets/img/products/ETD/Det/PMT/spectral/big/R7400U-03_s.gif

(2) 2014 layout: 64 PMTs

Spherical mirrors: R=64.6mm; optical cap lenses: F=300mm.
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Cones per row: 5+8+9+8+9+8+9+8 = 64
Example 64 PMT / spot, N,

NA62 CEDAR Meeting 1Feb2012
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Why Hydrogen in the KTAG

Gas
filling

P (bars)

Cedar-W  Hydrogen

3

Helium
10

Nitrogen
1.7

3 GTK Si

Cedar-N

Cedar-W

Lau Gatignon

Windows
(Al)

5.642 0.1+0.2mm 6.410%  0.016
[20.8]  [0.029]
6.042 2x0.3mm 18316  0.027
[32.77  [0.036]
5.642 2x0.1mm 33.016  0.036
[47.4]  [0.044]
3x0.45 ? 14.416¢  0.024
mm

Figures in [ ] include 3 GTK stations

Inel Scatt
Probabili

ty
1.2 168
[2.8]

6.5 103
[8.1]

6.4 103
[8.0]

1.6 16

2D
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Gigatracke(GTK)

Requirements
- Total rate: ~1 GHz /station phencethe name!)
- Time resolution: 200ps/ station

- Position resolution: pixel size 300mm x 300mMm
. Thickness: 0.5 % X / station

Expectedfluence: 2 x 16'1 MeVn,, / year/ cm?

Technology

- hybrid Si pixel

- Flip-chip bonding

- ASIC R/O chip 130 nm IBM CMOSwvith ToT front-end, DLL TDC
Choiceof sensor.

- Planar Si 200mm thick

. ReverseBiasVoltage as high as possible (buat least 300 Volts)



GTKLavout& Rate

13.2m

MHz / mm 2

X [mm]
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p on n sensorfrom FBK (Trento, Italy)

Flip-chip bonding by 1ZM (Berlin, Germany)



“2IAm SDectrum

Pulse height spectrum (**'Am source) height
— Entries 110809
1600— |13.9 LkeV Mean 0.03314
- '\ RMS 0.02194
1400 — : Underflow 0
s200F- | {}]17.7 kev 208 eV 59.5 keV | Overflow 0
0 Integral  1.10Be+05
1000 |— : / Skewness 0.2909
L
800 — | 26.3 keV —
- FWHM = 3.6 keV
600 |
400 [— :
— [
200— i/ \
u [ . | | | | | 1 1 | ] I 1
0 0.02 0.04 0.06 0.08 0.1
threshold at ~6 mV Pulse height [mV]

GTK Prototype pulseheight distribution (analogue output) Massimiliano Fiorini



GTKToT
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The noiseis about 180electrons/ channel A jitter 75ps @ 3fC

The Time overThreshold (ToT) front -end provides a correction for the slewing
correction



- GTK: Prototype Tinmesolution

time difference GTK1 Pixel 34 - GTK2 pixel neighbor

10?2

GTKI1 Pixel

GTK2 Pixel
10

! |IIIII|| g&alllllll

N
-4000

o
-2000

2000

l 0(
[ps]

hidiffzoomGTK1 Pixell4 GTK2 4
llllllllllll

Mean -1.318

RMS 2459
Underflow 265e+05

Overflow 265e+05

Integral AT41
Skewness -0.02535

*  ndt 135199

Prob 0.009409

lllllll 160.9 + 3.1

Mean 1549 + 33677

Sigma 2284+ 29
RMS 250 ps
RMS V2 ~ 175 ps



~GTK: Test BeamAnalysis=

| Time resolution GTK1 (c of gaussian fit) |

CERN PS T9 (1GeVic ptand p) = : Fasnzse
Time resolution better than 200 £ » -

psper hit for sensor bias voltages - SO I S A
higher than 300 V across BN RR I CHE IR M L
thewhole pixel matrix (45 pixels)

Time-walk correction and = O OO T TV IO DO TS OO

alignment procedures have been

Pixel number

validated with real data

C 350

Clear dependence of time

—_—
o
]
=
©

o time

depletion is mandatory

200

150

Time resolution dependence on sensor me |

e
resolution on sensor bias voltage &=
The operation at 300 V over

P
100

P
150

M
200

30



GTK: MicreChannelCooling
Final cross section of the cooling plate

Channels =200 x 7@m Operatingtemperature-25 C
Wall thickness = 206m

Cover thickness = 3@m

30 + 30mm Silicon = 0.0064 %, X 30 + 30 + 7@m Silicon = 0.0139 %, X
(above and below channels) (between channels)

70mm C6F14 = 0.0037 %\ 30mm epoxy = 0.0008 %,X

Acceptance

——pmm———=
. AR

10mm Pyrex = 0.0008 %, X

(removed in final production)
PaoloPetagna

Total material budget in the acceptance area = 0.043%0X
(min 0.011% Max 0.015%)



NA6Z2 Vetoes

- Photon vetoes to rejectK*- gt/

P(K*) = 75 GeVi/c 8 orders of magnitude p°
Requiring P(p*) < 35 GeV/c suppression required
P(p® > 40 GeV/c It can hardly be

missed In the calorimeters

Signature: p*
Encoming high momentum K * " ___________

Butgoing low momentum p*

- Muon Veto to reject K- n7n

37



NA62 Photonetoes .

“A Large AngleVetoes(LAV) A Lead Glas¥Cherenkov
Counters (former LEP-OPAL batrrel)

A Forward Veto A Liquid Krypton (lonization Chamber)

A Intermediate Ring Calorimeter (IRC) and Small Angle
Calorimeter (SAC)A Lead andScintillating

Fibers (shashlik) s

&

Beam ™



Liguid Krypton-Calonmeter (NA48).as Fo[Mdton
veto for NAG2

LKr ineff. per g (E,> 10 GeV):

p* track and lower energy gare use to
predict the position of the other ¢

h~7 % 10 (preliminary) g T
o L
K*- p*p°selected kinematically =100
5 - Data } |
e ol - =Co i
—K_, _ _
PP — I S —K:3 . 50¢ Photon Pion
5 e Wy g E=11 GeV sy, P=42 GeV/c
103 ............................................................................ .E‘rﬁzﬂ:al‘i:.lz A M /
102 ................................................................................................ n
101 o ..
. ; Cluster not
2, B Sl A 50 reconstructed
10-1 ................. : Eg= 22 Gev
i B Expected
10-2 H L Lo T T B pOSItIOI’\
0.05 0 0.05 0.1 015 -100—
m?(miss) GeV?/c* B | | |
-100 -50 0 50 100
LKr g Detection Efficiency was Measured Xlkr cm

from NA48 data



MAN HOLE
CABLING

— LNF-SPAS

SUPPORTS C.Capoccia

Moriond EW, 2009 A. Ceccucci 35







Handling Lead Glass Crystals requires
great care, including temperature control
during transport

30 Nov 11:23



" NA62 LAV Installation ——

Lead Glass blocks, PMTs and cabling are all placed inside the vacuum tank
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NAG es:. expected —
~ pYrejection ~ %108

06 — [ sav + miss
L |[sav+Lav
— I sAV + LKR o
~ | LKR + LAV Spasimir Balev
0.5
~ [ |LKR+LKR
- B LKR + MISS
0.4
3 60 m fiducial valume
0.3
0.2
10% mmmp 0.1-

a7
o

110 120 130 140 0

Expected background from K*Y p*0? as ’
fraction of the K*Y pn n(SM) signal as a
function of the kaon decay vertex
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~Straw Tracker in NA62 —

There are two main performance requirements for

secondary particles:

ABy. < 60 urad

From this follow the main requirements on
the straw detector:

E 3DAOEAI OA @i ped Cobrtihate @nd Y
[M180/m per space / point

E N 1 8 iafadiatioflength (X,) for each

chamber

E Installation insidethe vacuumtank (P <105

mbar) with minimum gasload for the vacuum system
(~10'mbar* I/s)

E For straws near the beam, operation in a high rate

environment (up to 500kHz/Straw)

E Possible nultiplicity veto for triggering

41



e
The NA6StrawTracker

Principle

Straw Tube

. Basicmaterial

- Ultrasound Welding,

. Qualification ( gaspermeation, tensile strenth, creep, long
time behavior, pressure test)

. Validation of components under radiation
Module design
- Frame as part of vacuunwvessel
. Spacersgeometry control
. 3ECIT Al h -Ag OAOAh &OIT O %l Ah

42



s

= .=
E Tube 2.1 meter with a diameter of 9.8 mm

E The base material is PET with thickness 3&m
PET =Poly Ethylene Terephthalate
(Hostaphan (Mitsubishi) RNK 2600)

E The foil were coated on the inside with 50 nm of Cu
and 20 nm of Au by sputtering atFraunhofer FEP

( Dresden, Germany)

E The anode wire is 30/mm in diameter and made from
gold-plated tungsten

E Gas mixture (non-flammable): a fast and a slow option
were studied: Ar (70%)+ CG, (30%) and CO,(90%) +
CF,(5%) + Isobutan(5%)

cathode ;
gas — \
VAW [\
a A
|II ?ﬁ II
anodk
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/

p — StrawPrinciple =

CLOSE to WIRE MIDDLE

CLOSE to
WALL

PARTICLE

FIRST - 3 : x )
CLUSTER WALL CLUSTER CLUSTER WALL
I | | |

Lo ]

FALLING EDGE
ALWAYS THE SAME

AMPLITUDE grmrmemmn ..........
I i (i

TIME

Z

Falling edge has the

same time for all straws

on track.

Rising edge gives the
arrival time of the first
cluster

The closer is the track
to the wall, the bigger
IS the signal (clusters
closer)

$ 60O xALO
clusters => shaping
must be chosen in
relation to gas
properties

Tracks from drift time
measurement.
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Ultrasonic welding of straws

pd pd Ve ~ s N

—1O#1 AOOEAAI 6 OOOAx xET AET C

Microscope pictures of a straw crosssection for
S\ T quality control of the weld

) -

B - Flim {1 EO-§ BT

NAG2 Ultrasonic welding
(Metalized PET)

Delicate tuning of production parameters for welding

45



@ Engineering Department

Ultra-sound weld validation

zj“otvz)“
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Straw production

Straws are handled and
transported under pressure




