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NIIEZ,Q
Physics Motivations o

NA62 aim at a 10% measurement of the
BR(K*>m*vv)

Theory: BR = (0.85+0.07)x10~10
One of the cleanest channel in flavor physics...
Very hard from an exp. point of view

Present result: 1.73".x10"1%(BNL E787/E949)
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C  Kinematics
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P : beam spectrometer
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e The NA62 Layout NABZ {
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NIIEZQ
The pile-up problem o

Need to match a track (pion) seen by the straw
spectrometer (rate: 10 MHz)

with a track (kaon) seen by the beam
spectrometer (rate: 800 MHz)

Wrong matching: wrong missing mass

Measure the track time, both upstream and
downstream at 100 ps level



&Q Background 1: K*=>putv ”ﬂEZQE

K, :largest BR: 63.4%

Need ~10~!2 rejection factor

e Kinematics: 107
e Muon Veto: 10—5 — MUV

e Particle ID: 102 \
RICH
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NIIEZQ_
The RICH inside the NA62 layout




The NA62 RICH NAGZ ()

30 m—u separation (15-35 GeV/c)

e Neon at 1 atm (=« thresh.:12 GeV/c) Mirrors
e 2000 PMT

. pixel
e 100 ps

17 m

Beam Pipe

PMT: Hamamatsu R7400 UO3
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NIIEZ,Q
The RICH Vessel o

17 m long vessel in construction steel, not vacuum proof
max overpressure: 150 mbar

4 m wide (beginning), 3.4 m wide (end)

beam pipe (@ 157 mm) going through

e thin aluminium entrance and exit windows
o
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The Vessel, upstream

Jura

3.5.2010

Top view

(321 is the extreme RADIAL rather than LATERAL position)
flange with photomultipliers 5t

flange with Winston cones and quartz gas separation windows

(diam. 780)
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NIIEZQ_
The Gas System o

Vessel volume: 200 m3

Neon at slightly above atmospheric pressure
Neon density stability < 1%

Contaminants < 1%

CO, used to purge the vessel

The gas is then circulated in closed loop, and
the Neon is introduced while absorbing the
CO, in a molecular sieve filter.

At the end the vessel is valve closed



The CO2 absorber NIIEZQ

supply to
chambers Analvse

adjust.

e Two absorbtion cartridges

(24 liters) —{n
e Onein operation, onein

regeneration
e 1°regeneration phase: &

pressure lowered to few ©

mbar (very fast) op

adjust.

e 2°regeneration phase: o X

heating to 180 degree .

(slower.but hlghe.r "o

absorbtion capacity) 3

"o
remrn .fmm .
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NIIEZQ
The Mirror system o

e 20 mirror pieces
e 18 hexagonal
e 2 semi-hex + pipe hole

e 700 mm wide, 25 mm
thick glass

e 17 m focal lenght,
DO<1 mm
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NIIEZQ
The Mirror system, cont’d

25
"

e Two hole drilled
in the back

e The mirror is
hung inserting
rods in the holes

i i
T 760 760
e E.M. calorimeter \/

downstream of
the RICH...
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NIIEZQ
The Mirror System, Il o

e Two axis movement

e Piezo actuators, Mirror
outside acceptance

20 Newtons
35 mm range
70 nm resolution
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Semi-hex rgirrors
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NIIEZQ

The Photomultipliers

Hamamatsu R7400U-03
UV-glass, bialkali, 8 dyn

16 mm wide (8 mm active)
Gain 1.5 10*® @900 V

280 ps time jitter (FWHM)

185-650 nm response
(420 nm peak)

Q.E. around 20% on peak

PM output (1 p.e.): 240 fC,
peak at 200 pA or -10 mV (50 Q)

Rise time: 0.78 ns, fall time~1.6 ns
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PIETGERIER / The PMs, cont’d
Side View Bottom View
e 1000 PM packed per spot )
. . . B1y.
e Coolingis anissue R 13
e Light collection: Winston cones & ™\ % |
with aluminized mylar foil g I >
. | ?
* Quartz window to separate Neon  {; '~ | \. N
from air . i)
. . . L.-‘I =
e O-rings for light tightness and S I
thermal contact TTHRESS
Iy
\
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NAG2 H,

The PM, Il

One 1000-PM flange

Water cooling
(300 W per spot)
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More holes than PM in this picture...
3.5.2010 M.Lenti 20



NIIEZQ

Front-End and DAQ

FE+DAQ contribution < 50 ps

Time
PreAMP Tl(l)lyeeslilo] d HPTDC

W -

+ NINO ASIC (from ALICE) as /
fast discriminator operated in
Time over Threshold

e HPTDC (developed at CERN)
embedded on TELL1 —>
(from LHCb)

e Possible use of the RICH as
main charged trigger of NA62

See Poster by Collazuol, Lamanna, Sozzi
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NIIEZQ
Test Beams o

e Strong RD to validate the chosen approach

e 2007 Test Beam: RICH prototype with 96 PM
(time resolution, n.of p.e.,...)

e 2009 Test Beam: RICH prototype with 414 PM
(30 m—u separation, n.of p.e., cooling, DAQ,...)



NIIEZQ
RICH prototype o

17 m long, 0.6 m wide cylindrical vessel
17 m focal, 0.5 m wide mirror

96(2007) or 414(2009) PM

Vessel evacuated, then Neon filled

Prototype placed along the old NA48
beam line at CERN



NIIEZQ

RICH-100 Prototype
2007 Test Beam

Mirror f=17 m

n~ p=200 GeV/c (SPS)
CERN Cavern ECN3
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NAG2

RICH-100: 2007 Test Beam results

N.of Events

15000

10000

5000

©
~

©
[

©
o

probab.

Hoit

©
N

©
W

©
)

probab.

Hgt

TT 1T [ TTTT [ TTTT 1 \‘ T 1 o ‘*‘LLJ“‘“LL N ““““ “““““ 1=

: o |
Lepepecfegegeoge

90 95

Channel

11f\rv11\ oot
55 60

o

20

NHitSN

hit

N.of Events
g Mean  —0.5471E-02
1040 RMS 0.3130
103;
10%E
/‘O;7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
25 -2 -15 -1 -05 0 05 1 15 2 25
T(PM)-T(Event) (ns)
N.of Events
104k [ Mean 0.6763E-01

107
1072

10
1

] N1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
RMS of T(Event) (ns)
N. of Events
g Mean —0.17192E-02
WO‘Y’% RMS 0.1406
wozé
10 g
/‘ ;7\\\\‘\\\\‘\\\\‘\H\M”\[\H_ﬂmﬂm\\\‘\\\\ﬂﬂ_ﬂ_ﬂ\#‘\\””‘\\\\‘\\\\‘\\\\
-5 -4 -3 -2 -

0 1 2 3 4 )
T(1st half)-T(2nd half) (ns)

At . .= 70 ps

Event



RICH-100:

N.of Events
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ARICH prototype has been constructed and tested. The detector was cylindrical. 17 m long and 60cm
diameter, filled with neon gas at atmospheric pressure. A spherical mimor with 17 m focal length was
used and 96 photomultipliers were placed in the mirmor focal plane. The prototype was exposed to a
200 GeV /e momentum negative beam derived from the CERM SPS in the 2007 fall. The performances of
the detector in terms of Cherenkaov angle resclution, number of photoelectrons and time resolution are

& 008 Elsevier BV, All rights reserved.

L. Introduction

The NAB2 experiment [1] has been proposed at CERN in order
to mezsure the branching ratio of the ultra-rare decay K+ — n+we,
The main background is K= — w+v which must be suppressed by a
factor 4% 10-™ in order to have a background 1w signal ratio
smaller than 10%: this goal can be accomplished by a combination
of kinematical cuts and by plon-muon separation. According to
the MC simulation of the experiment, a kinematical suppression
of 8% 107% canbe reached. A muon rejection factor of 10-% can be
achieved exploiting the different penetration probability through
miatter of the two particles. A further 5 = 107 suppression factor
can be provided by 2 Ring Imaging CHerenkov (RICH) detedor

The momentum range over which pions and muons must be
identified by the RICH is between 15 and 35GeV/g the best
pion-muon separation is achieved when the lowest accepted
momentum is close to the Cherenkov threshold. As Tull efficlency

* Correspanding suthor. Tel: +390554572270

B | axdebresss lentid@fiingit {M Lenti )

¥ Dipartimento di Fisica dell Universits di Perugia, 105100 Perugia, ltaly.

1 Dipartimento di Figcs dellUniversits di Modens & Reggio Emilis, 14100
Madena, Raly.

? Dipartimento di Fisica dell Universicd di Firenze, 1-50125 Fireneze, laly.

“ Scila NRarmale Superiore di Pisa, 156127 Pisa, ltaly.

* Dipartimento di Fisica dell Universich di Pisa 1-56127 Pisa Italy.

E Dipartimento di Fisica dell Univesits di Urbina, 161029 Urbine, ltaly.

D168-S002(5 -1 font mutter © 2008 Hievier BV, All rights reserved.
doi: 10.1016/j.nima 2008 05.029

is achieved only at & momentum about 20% higher than the
threshold, the latter has o be 12.5 GeV/c for a plon, Le. the index
of refraction n must be such that (n— 1) = 60 > 1075, Neon gas at
roughly atmospheric pressure fulfills this requirement and also
guarantees a small dispersion [2]. On the other hand, the ting
{n— 1) implies a small number of emitted Cherenkov phatons per
unit length amd therefore a long radiator is mandatory. A 10m
long neon RICH was built and operated by the SELEX experiment
[3] and a longer one was proposed by the CKM collaboration [4].
The available space for the RICH in the NAG2 experiment setup is
about 18 m: a detector of about this size is foreseen.

In & RICH detector [5] the Cherenkov light, emitted at an angle
8. by a charged particle of velocity fic larger than the speed of light
in the crossed medium (c/n), is imaged by means of a spherical
mirror onto a ring on its focal plane. The ring radius r ks related to
the Cherenkov angle as 8 = r/f for small n (as it is the case for gas
radiators), where [ is the mirror focal length The relation between
Cherenkow angle and momentum pof a charged particle of mass m
s given by

& = @y — 22 i + ) (1)

where 8, yax = /2(n— 1) is the Cherenkov angle for § = 1. The &
resolution must be better than 80prad in order to achieve the
requested pion-muon separation.

Besides plon—muon separation, the NAE2 RICH detector must
fulfill two other very important tasks: provide the time of pion
crossing with 100 ps resolution (in order to suppress accidental

26



RICH-400:
2009 test beam

e 414 PMT + FE and DAQ,, cooling
 Pions at tunable energy

3.5.2010 M.Lenti

27



ings

fitted ri

RICH-400

20 GeV/c

HitsFit

HitsFit

reconstruct
ring...

Hard to

=

0.2 -0.15 0.1 005 -0 0.05 01 015 0.2

___
]
s & = =

=1 =1

|
S 8 35 @
s T @

=

0.2 -0.15 0.1 005 -0 0.05 01 015 0.2

___
w - wn
M T e =
=1 =1

g @ = B
s T @

positrons

pion

0.2 -0.15 0.1 -0.05 -0 0.05 0.1 015 0.2

0.2 -0.15 0.1 -0.05 -0 0.05 0.1 0.15 0.2

3

10

3

mnflnne  wnllananllnnnaflnnasllnenaflnanllannallnnd
L I T R
A — =] o — i
& o =2 = P s p= (=]



NAG2,

RICH400: performances
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NIIEZQ
RICH-400: t—u separation o

e Easy to have a good pion beam, not a muon one
* For each energy point, take two runs:
» One at the same nominal energy

» One at energyxmm/mu (pion velocity equal to muon
velocity at nominal energy)

» Compare the two distributions of the fitted
Cherenkov Rings

m 152 | 177 | 2000 | 234 [ 265 | 287 | 31.0 | 35.0
“pt | 2000 | 234 | 265 | 310 | 35.0 | 38.0 | 41.0 | 463

GeV/c
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RICH-400: results
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RICH 400: results

e Paper submitted to
NIM on April 23,
2010

3.5.2010

Pion-Muon separation with a RICH prototype for the NAG2 experiment
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Abstract
The Ne? experiment ai CERN, amed o mezsme K-

s o vF hramching fractiom OO010-145), relies om a Neon baed RICH

delecior for oy eparation, Gme mezsmement and level 0 ingger. The experimenial requiremesis for g detecior ae: a muon
contzmization m pion sampies loser than 53 10-7 in the momentum range 15-35 Ge Ve and a Gme resalution om the charged rack
betier than 100 p=. A protobype af sud a delecior was buill and esied in 209 & consists of a full kenpth &= 18 mb Ne Glled vesseld
equipped with 2 spienical maror and £14 PMis on its focal plane, locaied about 17 m upstream of the mirror. This profolype was
tesicd at CERN SPS on 2 positive hadron beam, in the requined momentum range., 1o measure e o'y separation and o confirm
the time resoiution obixined with a previous proiogrpe; the @ misdentification probability is sbout 007% and e time = solotion is

betier tham 100 p= m the whok: momentm ramge

Keywords: EICH. PIL, @ming
PACK: 7040 Ka, T930A5

1. Imtreduction n

E

The poal of e MASD experiment [1] a2 CERN s a poeci-
=om mezamement {10%) of K* — x*vF bramching fraction
(M0, which provides 2 rae possibility & kest ima swin-
genlway e Standard Mod: | (5M) dee i0 small theom Scal mn-
cerimnties on the predicted vale =

The delecior must be able in mject evenis from decay chan- |
mels that have branching Fraction wp to 10 orders of magminud: |
gk T than the signal and with similar experimental s gmatre,
mchasK™ — g*v. Inthis framewaork, MAG2 will miy onagas ,,
based RECH detecior for 2 g separation, with a p rejection fac-
par betier tham 5 oc 107 in the momentum range 1535 [i:‘r'.':.n
L O (LO) g am event me me s ment with a msmi-
tian betier thas 100 ps

The KA 6T RECH [2] isa = 18 m long sepmenied whe (2 « 4
m) filied with Ne s stmecepieric pressume and room tempera-
e, equipped with 2 egmenied mamor (17 m focal ength) &
the doemsiream e nd and abost 200 PholoMukipliers (Phs) 2
the upetmam end. The mirrons) crizntstion de fines o regions
om the focal plane inerecied by Cerenkov light, io vaid the =

©
Vareporakng miae Kow o CERMN: Aniorise Sern@orach i

Poprni nibemit.cdi 0 Nacdoor lesiamest v and M fods 0 Pirysicr Rcsarch Sactios A
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otherwise prodeced shadow of the beam pipe, placed along the
axis of the vesel The PMs e equally divided o instname ne
these two mgions, using Windon's cones |3 io enhanoe the ra-
tia between seasitive and instnemenied sz

As 3 fird sep in the development of 2 RNCH deiecior ca-
pahle of fifiling the expermmenial requiremenis, a full length
protoivpe equipped with 56 Pds (Hamamatso B-T4000 and a
spéerical miror with 17 m focal length was built in 2007 A
test beam was perfommed [4, 5], with the purpose o dheck the
time Tesoiion, e 15ght oollecton echmgqee and, ewen if bi-
amd by the small number of PMs, the (eenkov angle and the
rack angular resolutions.

An improned versiom of the prototype was built in 1N,
adding o e pevious one encugh PMs 1o oover compieie b
the acepiance region for the Cemokov light, defimed by the
momenium range, bram compasition and dmection; this oon-
figuration, with 414 PMs (Fig. 1) alloss o measue the actual
mijection fackor for g

1 Experimenial =iup

The delecior msponse was lesied wsing an hadron beam of
variahle momenium (feely ssleciable m the range 10 - 75

Agid 18 2000
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NIIEZQ_
Conclusions o

e The NA62 RICH is a far demanding object
e Strong RD validated our approach

e Very “aggressive” construction schedule:
» Nov 2011: vessel ready to be closed

» May 2012: PM installation complete
»Jul 2012: Gas filling complete

> Jul 2012: first technical run (all NA62)

» Nov 2012: first physics run (all NA62)
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