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Ayb6Ha (LPP and LNP),

~ 250 physicists Mocxsa (INR, LPI, State @ Bonn (LSkP

|, University), TTporsu+o & PI), Erlangen, Freiburg,
frqm 24 Institutions Warsawa (NCBJ), CERN Mainz, Minchen Tu
of 13:Counifies - == s Warsawa (TU)
Bl - : : Warsawa (U)

SA (UIUC,
Praha (CU/CTUV) LRI (s
Liberec (TU)

Brno (ISI-ASCR) Fh . .

Calcutta (Matriviani) Lisboa/Aveiro . .

— Torino (University, INFN),
aipei (A3) Tel Aviv  Trieste (University, INFN)

Yamagata

Experiments with muon beam: Experiments with hadron beams:
COMPASS - | (2002 - 2011)

Spin structure, Gluon polarization Pion polarizability
Flavor decomposition Diffractive and Central production
Transversity Light meson spectroscopy
Transverse Momentum-dependent PDF Baryon spectroscopy

COMPASS - Il (2012 - 2017) ...
DVCS and HEMP Pion and Kaon polarizabilities
Unpolarized SIDIS and TMDs Drell-Yan studies

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 2
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TARGET AND SPECTROMETER ks i

Polarized (p, d) target

CJBEAM,

apta Splittart .¥ ™ l COMPASS
' Tax Hadron "~ 3He-%He Dilution
| .\ TU K 1Y apsorber Szmper refrigerator (T~50mK) &
PS -
/ T8
Protons Decay e
50m 850m 400m 50m
160 or 190 GeV/c p*(or W), 4 - 108 wspill, P, ~ 80% : ‘ D j
190 GeVic p, T, T, K e Various targets used
first GEMs and Micromegas used in a HEP Experiment Small DAQ: 40 kB, 30 kHz, O(PB)
Large Angle ‘
Target Angle \ Spectrometer ‘. S— ,
region Spectrometer T~ SM2 4 Tm / , /]
1Tm _ 0y | I t] [ :
. sMm1 .x Ve | | A - § -
f | | i ——— |
ICH 3 = | P.Abbonetal, Nucl. Instr.
2 N s _——pnrl .---. and Meth. A567 (2006) 114

. new: pixel GEMs
(not in scale)
Novosibirsk, 26/02/2014 - INSTR 2014




Is a large gaseous RICH

with two kind of photon detectors

providing:
Al vessel

hadron PID from 3 to 60 GeV/c

MWPC’s + Csl

acceptance: H: 500 mrad V: 400 mrad

trigger rates: up to ~50 KHz
beam rates up to ~108 Hz

material in the beam region: 1.2% Xo
material in the acceptance: 22% Xo

W g

detector designed in 1996
in operation since 2002
upgraded in 2006

radiator
gas: C4Fqg

total investment;: ~4 M€

beam pipe
-

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 4

a new upgrade is foreseen in 2016



incorming |porticle e

SIDE
VIEW
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Beam pip CAS
uy
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preorning puiﬁl.ﬂ#_ —

[ i
Beam pipe <~ oac

RADIATOR

(C4Fio )
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W the vessel and the mirror support wall F
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21 m?, 116 mirrors _ _
radius: 6.6 m measurement of mirror alignment

angular regulation screws via laser autocollimation



140 180 180 200 220

240 )\(nm)iﬁﬂ

initial alignment accuracy: ~100 urad

surveying accuracy: ~ 60 uyrad

alignment instability: 1 mrad (first year)

alignment instability: ~ 100 urad after 2002

alignment check -2 surveyors inside 2
opening the vessel: contamination, dust,
risky operations, work load, expenses.

Novosibirsk, 26/02/2014 = INSTR 2014
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L7

T“* A

- AM: mirror alignment moni NN
N S !

at corners W\ B AR = L 4 , X

with LED’s NNt N

photogrammetric
calibration of
cameras 2>
measurement of
absolute mirror tilt




Old: 150 um thick stainless steel pipe:

0.85 % X, for orthogonal Crossmg for orthogonal
=" S crossing

200 nm Al coating (by Sheldahl) | suspension +
winding by Lamina (6 pm glue) gas connection +
window holding

\ , - ‘ \ " Suspension and tenS|on|ng system
= 1 x 7 wires ss rope 30 um diam.
1 microflange and 1

weight =159
Novosibirsk, 26/02/2014 - INSTR 2014
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Transparency

—— transparency 18/08/2009

scattering: ©On, 02: 2.63,

stable gas composition:

97.5% CaF10, 2.5% N2

C2H4: 0, other alkenes:
0.76, CéHé: 0, nC4H1O0:
0.32, fudge facter: 1.014

transparency for 187 cm, Rayleigh

H20:
0, C2H2:

0, C3HS:

0,

on-line filters with separate functions:

-Cu catalyst, ~ 40°C for O,

-5A molecular sieve, ~ 10°C for H,O

150

160 170

1
I L\l T L)

1380 190 200 210
Wavelength (nm)

220

)
INFN

kL~

Istituto Nazionale
di Fisica Nucleare
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A

@ Problems with the radiator gas e

Buying CaFio0is non trivial (out of market for years)

It comes dirty (very dirty sometimes): pre-cleaning is a must
(dedicated system, unavoidable losses, expert manpower)

Inserting it into the vessel (and recovering it) is delicate,
losses ~ 2%, incomplete (97.5% maximum)

Critical circulation system with feedback to keep Ap < 0.1 mbar challenged by weather
CaF10 leaks out (50 I/day): refill is needed

It integrates contaminants: some can be accepted (N2, Ar), others need
continuous filtering out (O2, H20) ; the filters have limited capacitance
(significant contaminations fill them quickly); regeneration takes several days

Monitoring the transparency is a must (dedicated system, expert
manpower, significant gas consumption for each measurement)

Thermal gradients problem: = fast circulation (20 m3/h) implemented in 2009

Accidents can become disasters: emergency intervention to be granted in short time:
EXPERT ON CALL 24 h/day, 7 days/week for 7 months/year: heavy load on experts

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 15



In the family of gaseous detectors, o
with a glorious tradition

1908: FIRST WIRE COUNTER 1968: MULTIWIRE PROPORTIONAL CHAMBER
USED BY RUTHERFORD IN THE STUDY OF NATURAL RADIOACTIVITY

Firing Tube

E. Rutherford and H. Geiger,
Proc. Royal Soc. A81 (1908) 141

1928: GEIGER COUNTER
SINGLE ELECTRON SENSITIVITY

G. Charpak, Proc. Int. Symp. Nuclear Electronics
(Versailles 10-13 Sept 1968)

Fio 2-mm stee) ball sdldeved
ta "24 brass wirg

UK Science Museum

Icu;quz,r do = - T —_a-a..T—r
WoRL i : ; =
= P ne - =
! =3
NN =
lincar E
Brass amplifier =

Walther Bothe
Nobel Prize in
1954 for the
“coincidence
method”

scalg
p nchey

1 F
cenbirneters

H. Geiger and W. Muller,
Phys. Zeits. 29 (1928) 839

George
Charpak

Novosibirsk, 26/02/2014 2 INSTR 2014 ‘ —  Santiard 16
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@ Gaseous photon detectors use

PHOTOELECTRIC ABSORPTION::

gas photoionization photoelectric effect
gas volume: photosensor (TMAE or TEA) gas volume: CH,
+ carrier (CH, or C,Hy)
o o
Cherenkov photon o
Townsend — Townsend
pﬁflqnt_gdeCtmn el L. avalanche

5

® Cherenkov
@ photon

\.

ALAA

A

el
L thin layer (300 - 500 nm) of
anode wires cathode pad plane Csl on the cathode pad plane
«: Tom Ypsilantis
the past and the present

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 17


http://en.wikipedia.org/wiki/File:Einstein_patentoffice.jpg

» RICH with gaseous PD's NN

the first generation: photoconverting vapours

WO
- / - o ol
. i - :ﬂmﬁ E [—ﬁ]' 1"' , ——— .
Ciars Feadimlod ] i : i
|G Fag My M) ! !f/ f R\ T [ L | efancnmu 1 ; t ”
Mepiane 'I/ o JE'"‘" /f/”f?f et NULTISTED PROPORTIONAL -
i Fio cag “fj i { [1:{1n Ao 1:/:;/ WIRE CHAMBER ELB:?;;J
Kl ._....k..‘- ....... ;ﬁ-..a_.q._.. :J [ mm'ummﬂg
I - A a3 e LEEE e A 2 e |
_ YL [ PLAN VIEW E 605
77 ot ™ E605
Ligquad Radiatar” {
(T Fra) B —

TMAE(Tetrakis-Dimethylamine-Etherne) EA (Tri-Ethyl-Amine)

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 18



1992, F. Piuz et al. Development of large area
advanced fast-RICH detector for particle
identification at LHC operated with heavy ions

TO ACHIEVE HIGH Csl QE:

Substrate preparation:
Cu clad PCB coated b)éNi (7

cleaning in ultrasonic

pum) and Au(0.5 um

Slow deposition of 300 nm Csl film:
1 nm/s (by thermal evaporation or e-gun) at a vacuum

0.45 ] | |
0.4 —%— PC32 (1997) -
\ = PC3s (2002)
0.35 o =— W.I.S.-RD-26 ref. | —
Ry o -0 TUM-HADES
- AN
-
W g.25 =
o ~5
o g "\
0.15 T N
“w
0.1 -i.;\\
0.05 e

150 160 170 180 190 200 210 220
wavelaength [nm]

Fig. 1. The QE of Csl PCs produced at CERN for ALICE and
at TUM for HADES, compared to that measured at the W.I.5.
on small samples (reference for RID-26). PC32 1s one of the four
PCs equipping the ALICE-RICH prototype used in STAR at

BNL. A. Di Mauro, NIM A 525 (2004) 173,
Novosibirsk, 26/02/2014 - INSTR 2014

of ~ 10" mbar, monitoring of residual gas composition
Thermal treatment:

after deposition at 60 °C for 8 h
Careful Handling:

measurement of PC response, encapsulation under dry Ar,
mounting by glove-box.

: ), surface
ath, outgassing at 60 °C for 1 day

Schematic structure of the COMPASS Photon Detector:

Smm

l i

.....................

.....................

——» Quartz Window

Collection Wires
(0.1 mm, 2mm pitch)

Cathode Wires

(50 mm, 2Zmm pitch)

Anode Wires
(20 mm, 4mm pitch)

—3 Pad Cathode Plane
(8xE¥mm pitch)

Fulvio TESSAROTTO
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RICH with gaseous PD's

the second generation: MWPC's + CsI

| N e———— ! | ALICE- HMPID
nitrogen e L= ‘ "'i\\ E
isobutane radiator g !‘{‘ ‘:";: ‘ = §%, IQ T
Kipid ’l 5 .‘ : 'f —
TIC NA44

COMPASS

A SO|Id State photocathode exposed to a gaseous
atmosphere in an effective PD: a success !

INEEEEERENEIR
EMC —

CcT8

'l j'n:'c i l

. - e reemmr— e TG %7, ¢
% = R === L =
I - i I
{0. b ey -ﬁﬁm & 1 . iifl:fr
A2 I-.--------l-l ’ -
STAR HADES
Fulvio TESSAROTTO 20
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COMPASS: 8 MWPC's with CsI NN

‘ ~ Istituto Nazionale
di Fisica Nucleare

built in 1999 - 2000,
after prototypes tests
(RD26 development)

Novosibirsk, 26/02/2014 INSTR 2014 Fulvio TESSAROTTO
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Good' performance in low gain configuration

photons / ring (= 1, complete ring in
acceptance) : 14

Oppn (B=1) 1 1.2 mrad

Gring (B=1) : 0.6 mrad

20 - K separation @ 43 GeV/c

PID efficiency ~ 95% for 6, > 30 mrad

except for the very forward region

| 1 I 1
20 10 20 30 40

p (GeV/c)

After a long fight for increasing electrical stability at high m.i.p. rates and
systematic studies at the CERN GIF we came to the same conclusion as
Ypsilantis and Seguinot:

J. Seqguinot et al., NIM A 371 (1996), 64:
CslI-MWPC with 0.5 mm gap to minimize ion collection time, fast front-end electronics (20 ns int. time):
stable operation is not possible at 10° gain because of photon feedback, space charge and sparks

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 23



limits of MWPC's with CsI

1) MWPCs with Csl photocathodes in COMPASS:
beam off: stable operation up to > 2300 V
beam on: stable operation only up to ~2000 V 6| © 92inRu2001.1.dat
- - . 10 E®gdinRuUZuU T .2 dat
(in spill=> ph. flux: 0 - 50 kHz/cm? , mip flux: ~1 kHz/cm?) e gaiRu2001.3.dat
Whenever a severe discharge happens, recovery takes ~1 day -
2) Photocathode aging:
- our information from accidental contamination
- very detailed study by Alice team

PD Absolute GAIN

"« gainRu1998.1.dat
[ ® gainRu2000.6.dat

Gain

1600 1800 2000 2200 2400 2600
cluster amplitude distribution: Voltage
|

effective gain ~ 10%
pe detection efficiency ~ 70%

slo —0.1087/

| IIIIIIIII IIIIIIII| IIIIIIH]_

| Iﬂlnﬂnlnnn |
20 40 60 30 100

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO 24




THE EXPERIMENTAL ENVIRONMENT
huge uncorrelated background related
to the memory of the MWPCs + read-out

Accelerated ageing test
H. HoedIlmoser et al., NIM A 574 (2007) 28.

0.2 mC/cm?2

1 mC/cm?2

-50 0
x [mm]

-180 300720

Novosibirsk, 26/02/2014 - INSTR 2014
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Upper Chambers

overlap of
event images
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12 outer Csl cathodes: change
electronics (use APV25-S1)

4 central Csl cathodes: remove
and insert frames with MAPMTs
and lense telescopes

field lens

A AT AT AT AT AT AT AT AT A A

Same mechanics
as Csl photo-
cathode frame

Novosibirsk, 26/02/2014 = INSTR 2014
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MAPMT’s have:
wide wavelength range
time resolution <1 nsec _
short detection system memory (MAPMT + read-out)
adequate for high rate operation
robustness
high efficiency for single photon detection

CAF10; (n-1)106

- C4F10 refractive index

(n-1)*10~6
[N
ol
o
o

- MAPMT’s range

1200 .

0 100

200

300 400 500 600 700 800

lambda (nm)

Novosibirsk, 26/02/2014 = INSTR 2014

field lens

challenges:

large ratio of the collection and photocathode
areas with minimal image distortion

- ratio = 7.3 €-> critical LENS SYSTEM design
UV range €-> fused silica LENSES

couple to a read-out system able to guarantee
efficiency, high rate operation and to preserve
time resolution

Fulvio TESSAROTTO 27
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FE cards plugged
directly here

2 E e
|

— T T ———

home made
voltage
divider

PMT in
soft iron box

protects
against
B < 200 6

and guarantees
good alignment

16 anodes
UV extended

Quantum efficiency (%)

1[:.:' | | | | | |
—HAOOZ —HADO14 — SMO002
—Er00e: —SMODOE1 — BEr0113 |
z.-_'.‘.-_—|=—
"W—é\
L S -
Eord =
il
7 fy
f W
] Y
Sy
L1
1
|
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o1 | effective QE including ﬂ 1
window losses i
. __ 1t
(collection efficiency not ik
included) —i
E[:l] 1 aa ad s s 5 s sy by oy sy Ly ay n ny sl sy ||h |1|||||
200 300 400 500 600 700 80

ETa00-02-A116 Spectral Response Characteristics
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Analogue read-out electronics: MAD4 preamplifier Digital read-out electronics: DREISAM card

A S * 64 channels per card, compact solution lete digitalisati
to=1MHz/ch | compilete digitalisation
e bl o further development by INFN - optical data transfer (40 MByte/s) - trF\)e detegtor
. single photon PMT signal = 1 pC (at 900 V) TORINO: CMAD in 2007 . hlgh rates per channel 10 MHz @ 100 kHz trigger rate
- clear separation signal / noise up to 5 MHz / channel * time resolution <120 ps
* based on dead time free F1-TDC Connector to MAD4

§1nn S T T
§' -
MAD4 card £ | ' Wm‘( ;
I £ §F1-TDCs 1o : E
& ., [ input signal:
§ | “100fC

4 cm

=1 i

>
o

F1

20

Universitit Freibur
Fakultét fur Physik _

f
v scuce®BPbruce
0 1 1 1
3 2 a
10

1 10
Background rate (MHz)
read-out PCs

/4

144 DREISAM
Cards (DC)

576 PMTs
(4 per DC)

T | 144 optical fibres 9 COMPASS read-out
1152 MAD4 cards interfaces (CATCH)

& 144 roof boards




mean signal amplitude versus rate/pixel
pulsed light source synchronous to trigger +
random background from lamp

- measured for single photoelectron

1M'II.IIIIIIIIIII'I W

=1
=
=k

LI I'!‘IIIII I:' IIIIIII lll.Hlll

:Mﬂ-

10 fC threshold

N
SERLTN LAY
b it

operate with single photoelectron 0 20 40 G0 80 100
rates up to 5SMHz/pixel Threshold (fC)

=
a

cross-talk rate
=
ia

=
=
=
||||;|-|
—

" Working HV

| ——|
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number of photons and resolutions

20000 [ . 80000
g [ estimated
F [}
B0000 £ photoelectron / ur
70000 [ detection time g
— _ resolution: S
; ~320 ps } o
50000 [~ L
- MIU?I — e A I
apoon £
- VS
3 /
o 2
- S J |
10000 ,,)‘: """"
ﬂl L IIII L |‘VA‘ Il 1 L i It L L i1 i i 1l " i i " 1 1L J
- 20 o i W 40 000005 0.0010 00015  0.0020
Time {na) n-1
35000 1400
MAPMT MIVPC
2 =
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S E
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3500 300
2 2
= s
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n) 90 70
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number of photons per ring
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time resolution is useful for correctly assigning hits to rings

0 4 8 12 16 20 24 28 32 36 40 44 48

0




PID from the likelihood function

PID relies on a Likelihood function, built from all the photons
associated to the particle

no reference to a reconstructed ring

L. =T]

al SM(Q]'sqo_])_l_b(e_p@])

Computed for

)
INFN

‘ " Istituto Nazionale
di Fisica Nucleare

5 mass hypothesis M =e, i, 7,K, p,

+ background hypothesis (no signal

1 Sy +B
MWPC MAPMT
— T —T
Hit Pseundo-pad
coardinaies coordinates )
o
<
S
Cluster =
[«B)
coardinaies =
S
Photon (U'V) Photon (UV+FS) s
reconsiruction reconstriction =
—
=
Phaoten likelihood =
©
PID( O phaton” =
(&7
o
&
: =
Ring L
recognifion 5
=
— =
Ring y° PID Ec g)
(Gmra) 'E o
W~
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mom = 19.6 GeV/c
GO = 49.17T mrad
Ou = 48.8 mrad

20 30 40. 50. cO.
®HYPOTHES\S ( mra d)

R I - e Tt
I e i T
C ® 0.9
= .
E 45.6

| I I | I I | I I | I ' I | I I J
O 10 20 30 40 50 60

Particle momentum (GeV /c)
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ﬁ RICH PID information
in the D° analysis
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M. Alexeev et al, 2014 JINST 9 P01006

Principle: .
Extract the mean number of detected ;- e
photons per particle from the data | [E o o e
collected during six years of R I RN
COMPASS data taking T )8 ?’“ﬁi " F
6 consecutive years of COMPASS data taking : ,, 10
MAPMTs
up to 15 days of data taking per sample
identical cuts applied to the reconstructed . i o
particle trajectories (track quality) . Tre B
YEAR BEAM BEAM MOMENTUM
(GeV/c)
2006 mu 160
2007 mu 1601 'RATES IN THE EXTERNAL DETECTORS
2008| h (pion) 190} | during SPS spills:
2009| h (pion) 190 .
2010 U 160 Photoelectrons < 10 Hz / cm
2011 mu 200 MIPs <10 Hz / cm?
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only identified n’s

20

only rings fully contained in a single cathode “ l
count N, (detected photons) of each ring 15 : H
(background cannot be disentangled at this stage) “+*+++ | 1
1 mrad wide 0, bins > N=<N, > 10 ﬂ#:u | }
Cherenkov photons : Poisson distribution .-#"; +|
- detected photons : Poisson distribution . " ]
at least 1 detected photon DEW corrected L
>measured N is biased, corrected 0 10 20 30 40 50
uine=1)= "~ s (202
et Z 2N 142206
measured: p’ . N2 32404 A
p solving numerically the equation R A bR Ry | i -
FIT THE DISTRIBUTION: x/NDFO0.6(0.875) 4

N(Q{j’h) = P0- sr'r.-zt’:){;h —+ p ]'alf'h\l‘ﬂ' ..........................
I : o T

Frank and Tamm
distribution

Background (flat

distribution assumed)
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Fit quality, consistency and stability

20 cathode n. 1
Z N 142206
Np 32404
1 +TNDF 0.6 (0.873)
10 -meme e e e ﬂ
- *}

Tard T N N N
5165630 40 50

By
cathode n. 5
- 20
N 155+02
N 23x01
15

% "N'DE‘ 1T A

cathode n. @

1 1 1 1 1
10 20 30 40 i{IB

Ch

N 14702
Nz20+01

TPNDE TS @ 010)

el

+

. 1

B 165050 a0 S0
Ecn
20 cathode n. 13
<N 120206

Ng27 03
1S'j:?-ﬁﬁﬁ'h'.'s"{éfisﬁﬁ'"'""}'1{
10 i

F e PRI 1 1 1
L VI U R T 11 50

Ch

cathode . 2 . cathoden. 3 cathode n_ 4
z a3 z03 z Xy 150203 zgiszos
IESEETE No11+02 ESEETE
13 | NDF 1.1 (03505 :.q} ’ 13 TADE 1T (030 A 13 [ NDF 110375 + i
1| E—— -|PH - h 1| E—
d|--‘.‘..\‘.-‘.-‘,“"’_ 1 1 1 1 1 1 n 1 1 1 1
&16"3% 30 40 30 G165 30 40 50 B™6"56 306 40 30
20 cathode n. 8
=
) NS 12133;3013
- - - o ) ) R
distributions
- j_
and fits (>25 mrad) e
% 1650 30 40 )
Ch
2006 data
cathoden. 12
=z a0
AT
13 | MDF 26 (0o00y |
use N(Gz, = 55.2 mrad)  sfommpetl)
for extrapolation
VI TR TV TR slnﬁm
5 cathoden. 14 20 cathode n. 13 20 cathoden. 16
= 83+0.2 Z 65203 - 13905
bNSZl:I:CI"' JEiTzol 1jNSlS:|:CI3

PR R Or S A [*MNDF I 04s

¢ INDF 180 033}+ ’

I 1 1 1 ‘W 1 1 L
20 30 40 SUG U ) jﬂg

Ch Ch

1630565050
ﬁﬂl

)
INFN
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eare

4_
NDF = 18
3_
2 i 1 22 theoretical
LALLM |
%10 30" 36 30 50 60 70 80"
x?

—->estimated

systematic error:

0.7 X Oy 4

Fit results stable versus:
fit range variations

different ring
selection:

at least 2, 3 photons
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results

Frank and
Tamm

background
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MEAN OVER 11 CATHODES

(statistical & systematic
errors)

cathoden. 1 cathoden 2 cathode n. 3 cathode n_ 4
= 20 = 20 = 20
15 5
- _:H__::‘__:___.___ 10F--
1 I I I 1 1 I & § :ﬂ-:._&_.m._ﬁ W
0 20062007 2008 2009 20102011 GEODﬁ 2007 2008 2009 20102011 0 20062007 2008 2009 20102011 GEODG 2007 2008 2009 20102011
vear year vear vear
cathode n. 5 cathoden &
= 20
15
10} e P S ———
N(6, = 55.2 mrad)
—e—a6—g o
o "DIOISZD-ID? 7CIIDB ""EIICIS‘ZDIICI'?OIII o ’OIGG "DIO'FZD-IDS 7CIID’9 "‘{IIDZDII 1
T Vs year s
cathode n. 9 1 1 cathode n. 12
. (statistical errors) 220
15_...._..’.'.'.1‘.:?..._.. S, 5
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s sH
i I I 1 1 o (B""Q_'_‘H—-—'- D
20062007 2008 2009 20102011 20062007 2008 2009 20102011
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cathede n. 13 cathode n. 14 cathode n. 15 cathode n. 16
=20 = 20 = 20
15 15f-- 5
) e r".\\‘__. )
] b L LR CL ot I | ooty 3t
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vear year year vear

Too few photons:
not used in the following

- 20
15

e
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TS e ==

2006 2007 2008
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2010 2011
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~ 20 Errors enlarged to get 50%
: . [ probability for the linear fit
<N>vs year is compatible -
with no Csl QE variation 15 ; :
__ _______________ . }-- —ttime
max Csl QE variation 10:_
rate : 2.3 % / year [ constant fit
[1 “COMPASS year” : S
~6 months of data taking] 0:' | __mmeen]
2006 2007 3968
For the 3 most critical cathodes: year

<N> corrected for
lower HV (-20V)

max Csl QE variation rate : 5.2 % / year

Estimated systematic error of the measurement: 2 % /year

The Csl QE decrease is modest
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Exclusive meson production channels have low cross-section
Precision measurements require not just high efficiency but also very stable response

MWPC + Csl operate at low gain =» depend on p, T, threshold and background stability
but we need precise comparison of data with different background levels

Reduction of systematics from photon detectors = larger gain and faster signals

PMTs not adequate because of large angular acceptance = only small demagnification
factor of optical system allowed (large distortions); 5 m?2 of PMTs not affordable.

MPGD-based Photon Detectors are the best option

A dedicated R&D project to develop THGEM-based PDs started 6 years ago and
rececently achieved positive conclusions

The R&D status and progress will be presented by Stefano Levorato on Friday

We have decided to replace COMPASS RICH-1 MWPC’s with the new detectors

Novosibirsk, 26/02/2014 - INSTR 2014 Fulvio TESSAROTTO
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L 1 2016 COMPASS RICH-1 upgrade

,5(0 Foreseen for 2016-2017

Al vessel

% UV mirror
S wall
. y H‘"“-

]
b
PMTS
.-. ‘.-‘ .-1'::-!‘

r MWPC’s + Csl| —>TGEMS + Csl

¥ .

2 . | piPe  radiator
: gas: C,Fq,
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The THGEM+Micromegas version




"y  The THGEM+Micromegas version

‘.
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Lo  The THGEM+Micromegas version

LN
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The THGEM+Micromegas version

¢

—by
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"y  The THGEM+Micromegas version

£,
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"y  The THGEM+Micromegas version
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= A strong physics case

. An outstanding project leader

: A dedicated, highly motivated team

: A constant support from the Institutes and the Experiment

8 The enthusiastic contribution from many colleagues:

P. Abbon¥, M. Alexeev®', H. Angerer ', R. Birsa °, P. Bordalo #?, F. Bradamante®™, A. Bressan ", M. Chiosso |,
P. Ciliberti ", M. Colantoni ™, T. Dafni X, S. Dalla Torre ®*, E. Delagnes ¥, O. Denisov™, H. Deschamps ¥,
V. Diaz? N. Dibiase', V. Duic™, W. Eyrich¢, A. Ferrero!, M. Finger’, M. Finger Jr.J, H. Fischer ¢,

S. Gerassimov', M. Giorgi ", B. Gobbo®, R. Hagemann®, D. von Harrach", F.H. Heinsius®, R. Joosten®,
B. Ketzer', V.N. Kolosov <3, K. Kénigsmann®, I. Konorov!, D. Kramer !, F. Kunne¥, A. Lehmann ¢,

S. Levorato”, A. Maggiora™, A. Magnon®, A. Mann', A. Martin", G. Menon °, A. Mutter ¢, O. Nihle?,

F. Nerling®, D. Neyret X, D. Panzieri?, S. Paul’, G. Pesaro™, C. Pizzolotto 9, . Polak *°, P. Rebourgeard ¥,
F. Robinet X, E. Rocco!, P. Schiavon ™, C. Schill ¢, P. Schoenmeier 9, W. Schréder¥, L. Silva g, M. Slunecka’,

F. Sozzi™, L. Steigerd, M. Sulcf, M. Svec’, S. Takekawa™, F. Tessarotto °, A. Teufel 9, H. Wollny©
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To work safely inside our “confined space”

COMPASS RICH is a CONFINED SPACE: authorized people
only can enter .

- authorization requires a formation course and a medical
certification: for the first time CERN asked for the latter

to be done by the institute.

- a scaffolding had to be mounted inside the RICH

(the old one does not conform to the new rules).

We managed to provide:

1) formation: general confined space course from CERN

2) formation: specific course on risks inside COMPASS RICH
3) definition and agreement on the medical protocol

4) medical exams and production of medical certificates

4) detailed definition of the activity and formalization of the specific procedures.

5) opening of the RICH with Fire Brigades, GLIMOS, Supervisor, TSO, CERN confined space responsible, etc.
6) authorization to enter by radiation protection personnel, formed, checked and authorized for entrance

7) special formation course and authorization for us to mount a borrowed scaffolding
(it can only be mounted by authorized personnel, but they were not authorized for confined space ...)
8) mounting of the scaffolding by ourselves
6) formation and authorization to enter for the responsible of the scaffolding to check our mounting and
authorize using it
7)...8)...9)...10) ...
EVERYBODY (CERN Medical Service, TIS, GLIMOS, ...) have been extraordinarily collaborative...
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Few morrths after the end of the run a?

di Fisica Nucleare

TR

g

/
7\

accidental exposure to T
air of one CsI cathodei

accurﬁulated
highest photon flux region charge:~ 1 mC/pad
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» SCHEDULE OF ASSEMBLING e

Preliminary studies up to October 2004

Project design November 2004 — March 2005

Material procurement and constructions April 2005 - March 2006
Assembly April-May 2006
Ready for bearn June 2006 9%




When the detector was ready ...

OMPA




— '-'""‘:" -

It was May 18, 2006. A beautiful sunny d‘ay in Geneva.
At 11:45 the detector was ready for craning.

Suddenly a bang was heard.
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In few seconds the protections were removed and that’s what was seen: |nNen
C th Flaton Micjenrs
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The repair started on the same day

Spares of all pieces, including the large quartz windows were available
The accident was carefully studied and understood in detail (20 mbar overpressure)
One month later, in time for the start of the run, the repaired detector was installed
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OPTICS QUALITY CONTROL

o

Istituto Nazionale
WIT I ' I ‘./ di Fisica Nucleare

Pupil Hartmasn masl OpTiCG' I I TheOI’etlca|
N ;‘o; farallel i system Image centroide eforence
laser '9 _ “ under
L] ¥ test
632 nm | 1/ |
: n =L focus | BEE &
- — i . ‘D ‘ |D
=S E | Ele o
L E;EEE ’iJ ’D ‘D l EJ‘Q ’ ‘El-;;.
1. the principle ssg. U folerance S
Hartmann ' G (= center points +/- 0.1 mm)

Slate (CCD camera)

576 TELESCOPES:

A) ~70% within 50 um tolerance
B) ~20% within 100 pum tolerance
C) ~10% within 150 um tolerances
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h6568_led360nm_950Vascii Sun Sep 1110:54:28 2003

out of 620 MAPMTs ——— = ——
less than 10 MAPMTs not fully ’ | i i
satisfactory, mainly due to the
dark current requirement:

| dark < 2 nA/ch after % h in dark

l

SM0055

SM0052 ]

il 1

SM0053 J |l individual ADC
spectra for each

channel, voltage,

wavelenght —)(

[ CopoiPMichanelz § | c?/nat oowrers§
PROTOCOL - 2 h/ MAPMT _—T— _
[=% - ope 0.007774+ 0.0004047
S ] e e
. Visual Inspection (Pixel grid o.k.) £ b .measured @ 360 nm. .. .. .
. Noise rates and dark current : :
. Scope Image stored 4 __ e e i
™ Signalshape'unifomiw'gain 35_. ., ..........
= measuring ADC distribution @ L o -
several \oltages o 5 gain vs HV for each
- Quantum emciency 1 g_ . ................. ....... MAPMT ano d e
= measurement with blue LED and ok N o i E—— |
UV LED High Voltage
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K-t iamns
8000— A= p'IT_ K9§1T+
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~ 20
Rings with al least
br P 123 photons
R

10F

o > 20

02006 2007 2008 2009 2010 2011 L5

year
10F

Fit ranges: &
= 25-45 mrad (25— 40 mard) %2006 2007 2008 2009 2010 2011
=  20-40 mrad (20 - 35 mard) oo
o 15 =35 mrad (15— 30 mard)
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POTENTIAL SOURCES OF SYSTEMATIC EFFECTS
- different beams (u, h) and beam momentum

= different background and secondary multiplicities

- sighal and background contributions are separated in the analysis
" HV fixed, -20V (over 2kV) in 2010, 2011: small effect ~ 2.3% N decrease

. . . range of the relevant r.m.s. / (number of
- d Ifferen ces In param eters . souree parameter detected photons) (%)
- : setting of the electronic (1750 + 150)
T, P, electronics threshold o e 07
. . temperature at the detector
2 systematic effect estimated renn on data camole) | (3025 degrees 10
SmosPherc ressre (Mean (o5 4 5) mbar os

" procedure self-correcting for the
variation of the refractive index
(P, T, residual N, content)
= n-1=(1422 - 1537) * 106
- gas transparency:
=2 negligible variations
(constant monitoring)

RICH2013, Hayama 1-6/12/2013 Experience with Csl photocathoges



