Commissioning and

preliminary performance
of the MEG Il drift chambqr

Marco Chiappini (INFN Pisa, speaker)

C I Gianluigi Chiarello (INFN Pisa)
VCI2022

VIENNA 22 February 2022

CONFERENCE ON
INSTRUMENTATION

I Link to the presentation on IndicIJ

INFN

Istituto Nazionale di Fisica Nucleare



https://indico.cern.ch/event/1044975/contributions/4663641/

Outline

U Introduction to MEG Il experiment

0 Construction and Commissioning of the ME
Cylindrical Drift CHamber (CDCH)
Performance and new design concept i i
Mechanics and electronics - 1/
Final working point T Y
Integration into the experimental
apparatus
Investigations on wire breakages
Investigations on anomalous currents
Conditioning with beam
U Preliminary performance with the first physig

o o Po o o o Do

g N 3D view of
ata N the MEG Il

) _ ~ experimental
U Conclusions and prospects apparatus



Introduction




CLFVand © Q decay

European Physics Journal C
(2016) 76:434

U Lepton Flavour ViolatidiLFV)processes U In this context theVIEG experimenepresents the state of the art in the
experimentally observefdr neutral leptons search for the CLFV © Q7 decay
A Neutrino oscillations © A Final resultexploiting thefull statisticsollected during the 2069013
U LFV focharged lepton§CLFY. 0 © & ??27? data taking period daul Scherrer InstitgPSI, Switzerland)
U If found© definitive evidence dflew Physics A 6 ©°00Qr) & pmn wr#3 38 world best upper limit
{ 3 Standard p deca
g et ) 3‘,; H y v‘:\ ’-’u
SIGNAL/ N % ' [ Michel decay j i &' J
¥ . : : : e (v \c&_/ Vi 3¢
4. Kinematic variabl v. Radiative Muon BACKGROUNDS _ ”J< )
€ 0,0,0 ,— Decay (RMD) From RMD. \Y\ \ e
) - | | i O uva&@- A6  Annihilationin-Flight bl
U ¢y A']SA‘ continuous beam stopped in a i O va- A6 or bremsstrahlung Accidental
portt I-thick polyvinyl toluene targép v slant angle) i — puymJd i O uva@- Ac
0 Most intense, DC muon beam in the world at PSI 0 & e, 0 O v Ac
Y pm(U iU — pymJd
U ' decay at rest2-body kinematics 0 o i AO
iU O O uv@- A6
u — pymJ U 600 ° YYOYd YOY— i DOMINANTh highrate environments
G o mO i 600 pmPBLO 1/23



https://link.springer.com/article/10.1140/epjc/s10052-016-4271-x
https://iopscience.iop.org/article/10.1088/0370-1298/63/5/311

— 56 Discovery

90%:iC.L. MEG 2011

BR(u— ey)

— 3¢ Discovery

The MEG Il experiment - e

90%C. 5 MEG 2013

Liquid xenon photon detector -

COBRA 250 X N o

superconducting magnet @ (v ! 107 T

Irs SiPMs on thg entrance face S

+ PMTs on the other faces I MEG Il godh 3 yearsl___

U FUII deS|qn paper 10—14|\|\\\H||||H|\m\\|\||\|\HHHHHH

LYSO crystals + U Full commissioning paper R oy AR A

plastic scintillators
: U Increasing thé stopping rate

U  Improving the detectors figures of mefi
A ¢ factor than MEG

Tag lowenerg
Q from

AIF/RMD
to reduce
background

Pixelated timing counter

(PTO) L\ ~d
Muon stopping target o¥ Plastic scintillators

Cylindrical drift chamber

Radiative decay counter (CDCH) @
(RDC) [Cm_

2/23



https://link.springer.com/article/10.1140/epjc/s10052-018-5845-6
https://www.mdpi.com/2218-1997/7/12/466
https://www.mdpi.com/2073-8994/13/9/1591

Drift CHamber (CDCH)

A Design and assem
A Commissioning

The MEG I Cylindrilal

ly



https://www.sciencedirect.com/science/article/pii/S0168900218314967?via%3Dihub
https://iopscience.iop.org/article/10.1088/1748-0221/15/06/C06056

Drift chamber I ISOChrOﬂeSI
wo_rking principle

Detector performance "% =as%=]t

Up-Stream side (USH | . —p B DownStream side (DS

[ns]

The measurec
drift time is
converted
into a position
measurement
through
dedicated
spacetime
relations

" [em]

I °H m Variable MEG | MEG I
YO (keV) 380 100

Y—, Yo (mrad) 9.48.7|7.25.0

U Lowmass single volume detectwith high granularitfilled withHe:iGH,,90:10 gas mixture [, <= 2412|1808
A+ additivego improve the operational stability:5% isopropyl alcohol + 0.5% Oxygen Yo Yo (at target, mm)| 2.4, 1. o

A 9 concentric layeref 192 drift cells defined by 11904 wires R R (%) | 65R45 | 69R89
A Small cells few mm wi¥e 2 O O dzLJ- Widrécell fc@nted) nedp the stopping target 0 Currently most updated reconstructi
A High density of sensitive elemerP4 hits more than MEG drift chamber (DCH) algorithms with full MC simulations
U Total radiation lengtp® p ™ 8 :lessthary p m @ of MEG DCH &¢1150 um of Silicon U Still margin of improvements
A MCS minimizatioand] background reductiofbremsstrahlung and Annihilatidn-Flight)
U Singlehit resolution(measured on prototypes, p ¢l

U Extremely high wires densiil2 wires/cm) © the classical technique with wires anchored to endplates with feedthroughs is hard to imp
A CDCH is the first drift chamber ever designed and built in a modular way 3/23
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U Anode wires20f m Auplated W

U Cathode wires40/50f m Agplated Al
A 40 m ground mesh between layers

U Guard wires50t m Agplated Al

U Fieldto-Sense wire ratio 5:1

anode G50
layer
Wires are soldered at both ends on RI

the pads of 2 PCBwire-PCBs) which
arethen mounted on CDCH endplatgs cathode c40
U Wiring inside a cleanroom layer
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0 Modular assembl
inside a cleanroo

U Final stack of wi
PCB$n one secto

U PEEK spacers
adjustment after
CMM geometry
measurements

Anode tails where FE boards are
plugged: HV + signals

2011 -thick oneside
aluminized Mylar foll
at inner radius

To separate the inner
beam + target volumqg
filled with pure He
from the wires volume
filled with He:lsoB
90:10 mixture

U External CF structure
A Structural + gas tightness function

U CDCH mechanics proved to be stable (at um I¢vel)

and adequate to sustain a full MEG Il run

N Aluminuminner

extensiondo
connect CDCH
to the MEG I
beam line
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k| l Sensors are place
i
b

i e i inside the endcaps

decoupling for monitoring
capacitors a ~

phase at PSI

a
FE electronicTzzr
the commissioning

H

516 FE board ' 'd N\ U FE electronics cooling system
u oards per side | Sl embedded in the board holders
A 8 differential channelto read out signal from 8 cells / 5333‘ngnt1 oL A Power consumption for eac
A Double amplification stageith low noise and distortion channel: 40 mA at 2.2 V

e e = A Heat dissipation capacity
o To be sensitive to the single ionization cluster ang TOP y granted by & KW chiller
improve the drift distance measurementuster VIEW e

o . system 300 W/endplate
e fiming techniqug : | U Dry air flushing inside the endca
- Signal regd out from both (.:DCH sides Output connector to avoid water condensation on
U HV supplied from the US side and HV stage on electronics and dangerous

the bottom side temperature gradlents 6/23
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HV working point

0 o Layer 1
c r ¥2 ! ndf 17.48/8 l ¥2/ ndf 13.17/8 _ O
ol Const  0.02872 + 0.009916 c Const  0.02287 + 0.005519 (Z )
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U Garfield simulations on single electron gain

A Gas mixture He:lsobutane 90:10 and P = 970 mbar (typical at PSI)
U Working poin® HV forgasgai® v p 1t

A To be sensitive to the single ionization cluster

1480V 1470V 1460V 1450V 1440V 1430V 1420V 1410V 1400V

Expectedjain variation vs.
longitudinal coordinate given

the CDCH hyperbolic shape
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HV tuning by 10 V/layer to
compensate for the variable cell
'dimensions with radius and

as a function of the layer

Average HV Working Po{ilv/P)
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Working Iength

. anode-cathode distance [mm]vs. HV ® 60g
i ’ . | ® 75qg ;
: ' " 909 .- el Some pictures fro
! Pl ® 1059 § | | &2 8 the commissioning
BEREEE o 1209 | SEEEERY phase at PSI L
T I LI ] I : E{S}g » CDCH temporarily sealed with CF + Al tape » 216 FE cards mounted
| * T 1 » Nitrogen flux on the US side
ELECTROSTATIC STABILITY  CpeH . . 1] Final CDCH length experimentall
resp: 290 mr) f | o found through systematic HV tests
— ' — HV map working point (US endplate) different lengths/wires elongations
ELECTROSTATIC INSTABI‘TI'Y L1 L meewernap
e e w w e e e e 13141516 o e W E [ I““" u Tests perforr_nec_l in 2019 and
KV KV KV KV 200 2020 at PSI inside a cleanroom
. 1 0 CDCH length adjusted through
Cell inefficiency 1o +10 v pym | e geometry survey campaigns with
2 mong 3wires experimentally measured| - A L9S(§3,OOEV) a i a laser tracke(20t I accuracy)
prototype in the : Neg"g'tb'e ;.rQ "8 . 3 toL1(1480v) B W ™ U Final length set to +5.2 mm of
MEG lab at INFN Piga refnsolr;;)'\?vgrsenmg -1oo- e . wires eloongation o
in resolutions | I“”‘ A 65% of the elastic limit
U Tests with high ;
statistics full MC ~30%65" 200 S0g 0 q00 " Zo0 300 1% 8/23
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1104

Y ;{ | | U CDCH inside the experimental arga
N\ _ sl U Insertion raithrough the inner
L volumeto slide CDCH inside the

COBRA magnet

CDCH locked in """

the final position ¥ “‘m

hanged to COBR

Integration into the MEG Il apparatus

i

HV + signal cablimpmpleted for
the possible 2 read out

Gas inlet/outleiconnected to the
MEG Il gas system i
Dry air + cooling circuiconnected S
T + RH sensocennected

Some pictures fro
the commissioning
phase at PSI

Beam line completion is the |
last operation (not shown here)
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Investigations on wire
breakages




Wire breakages

U During assembly at Pisa and the final lengthening operations at PSI
we experienced thereaking of aluminum wires in the chamber
A Mainly the40i [ cathodeswere affected
A Afew50t[ cathodes and guards
U 107 broken wires in total during CDCH(lif¢ at Pisa)
A 97 broken 4Q 1 cathodes (90%)
U Consequent delay in construction and commissioning
U Studies of the effect of a missing cathode on isochrones returned a
negligible impact ol® reconstruction(cathode wires redundancy)

g F | :
‘; 100— . . :
Breaking point from DS endplate (31/07/2020) I Old pIotsI Layers with broken wires (31/07/2020) ) l = - Br_oken wire T -
. = | — : : — 2 - integral .
S 5- 3 °F nEE i £ 80 | |
° [ PSI broken wires: 56 Mean 74.6 © C brOKen wires 56 Older by - = [~ Spectrum for —
i | “E construction| 2 | | 40 pm wires i | | .
- . 12— : 5 60 I
L Pisa broken wires: 14 Mean 53.46 - =] L i l _
3_ ‘ 10:_ E - _|
L - Z B 1
- Total:70 Mean 70.31 sl GO [ %
z E i ]
6 : ’E‘E _ . - % _
- ; L | ) EENS -
1 4 m i | B % N
% 20 a0 80 80 100 120 140 160 180 200 1 2 3 4 5 6 7 8 9 10 11 0 ! ! !

[em] layers 2 4 6 8

| Wires length p wA | I | Outer Iayerﬂ | Inner Iayerﬂ Delta | (mm)
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roken iy

B
wire ’
{

ires extraction |zrrb

Mﬂ'!ff,o;‘ to »

Commercial camera

U Each broken wire piece can randomly put to ground
big portion of the chamber
U They must be removed from the chamber
A Very delicate and timeonsuming operation
U We developed a safe procedure to extract the
broken wires from inside CDCH
A Exploiting the:adial projective geometry
given by the stereo wire configuration

Example of extraction with
a broken wire hooked by a
stainless steel rod

» Precision mount with fine axes control

> w

the chamber (few mm spac
Hook the wire piece as clos
as possible to the wirBCB
Extract the wire segment

Enter with a small tool insid{
&

Pull it perpendicularly in thej §
radial direction to break it aty §&

the soldering pad

» 2 cameras for stereo view

One of the
worst case...




Investlgatlons on wire breakages

Breakings due to corrosion of

40 T T T T T T

]

i , .
Optical | h' : ]h the aluminum wire core L'j: - Offset com patible with -
microscope W 't's_ i Two hypotheses g 3SCzeroriobroken wires :
. corrosion 1. Galvanic process between £ 3ppwithoutexposureto..... P ]
residuals Al and Ag coating = - humidity 4 u
2. Al corrosion by CI g 25; -+ ]
i Both implywater as catalyst £ 20f E
A Air moisture - - :
condensation inside £ 15; l g
cracks in the Ag coati § 10— ! =
even at low Relative = _f/ :
Humidity (RH) levels . 4 :
p || g4 g | ©
Al oxide or hydroxide - ot Ny v
) Average exposure time for LG at 60% humidity (days)
deposits __ U Found a good linear correlation
Al between number of broken wires
EDX and exposure time to humidity
U The only way tstop the corrosion
Element [ Weight%e  Atomic is to keep thawires in an inert
ok |mss s atmosphere
= e U No more broken wires due to
0 CITrace% St qurosi_on since CD(?H flushed
j"\ Mé _ e with Nitrogen or Helium
e IS DN NG R o ———————— once sealed 12/23
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Investigations on
anomalous currents




Bad event in 201¢€

nnnnn

|

U This cathode was broken by the contact wit

(el el el e

Layer 7 sector 8
1200pA for 10 minutes
Due to awire breaking

Butthe safety control (firmware
of the HV module did not work
A Now bug solved + extra
(software) safety system

5T Tons9 - 50 = 0

During investigations we fourche broken
cathode wirgogether with alew mm anode
wire segmenpointing to it

A Both show burn marks the final portion
A No breaking due to corrosion ‘

the anode short segment left inside by mista
A It was not spotted during commissionirg
A Probably it broke during the first
attempts to remove broken wires

i 2
Burn confirmednce

extracted the broken "
cathode wire

A AT A4 -4 B =y

I

A‘./' Col
I U [
| [ !
/ T T Y
I AR T T ]
IV | L
[ T
i N ST
iy f.A f
I AT 1] 7 )
= [ ¥ Il [}
T | ] I
| [T ki
‘]\vl W T g W /AI
LEKA i | A
] M ]‘ |||
Lin 1
A

U Thisbad event occurred during the MicHel data taking withu* beam

U Everything was good up to this moment

U After we experienced anomalously high currents is several sectors/laye!
A Here an example for layer 2 at the HV working point + beam O
A The problem has been investigated
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Investigations on hlgh currents
A“a —

'l // .
Wi e
‘\_ W’\

L
endplate 'i‘

5 =
= ~\'! !J- ; —

- ‘“ TN

—— o,

Dark room
U Fixed

point-like
lights

P‘ T ———

filled with the standard He:IsoB 90:10 gas mixture to spot the discha
We sawcoronalikedischarges in correspondence of 6 whitish regions
Gas mixture optimizationifferent additives to the standard mixtute
test the CDCH stabiligndtry to recover the normal operation

A Up to 5% Cgand 10% synthetic air (80% Nitrogen + 20% Oxyg?F)

A 20004000 ppmofkh o F mmE: wSfl GAQBS | dz
A 1-1.5% Isopropyl alcohol
A From 500 ppm to 2% of,0
o Also in combination with & and Isopropyl alcohol
Oxygen proved to be effective in reducing high currgaiésma cleanirid)

Isopropyl alcohol crucial to keep stable the current level

One of the
discharge region

Accelerated agein
tests on prototype :
returned no issue

or discharges
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Conditioning withu* beam

CDCH - LS CURRENT

I LS5 current I U Good current level stability in the whole
CDCH at a beam intensity d® 307 p*/s

U Currents see the proton beam variation

U The measured currents translated in
accumulated charge/cm agree with the

RSaA3adYyY Fnom [/ keSSl

150 uA

U Example of conditioning peri
with current discharges

U HV up to WP+40V to speed u
the G, cleaning

LO2 analyzer U Current gas additives setting: 1.5% isoP + 0.59
U CNRBY HnanHn YSIFadaNBYSyila
. — significative gain reduction due tg O =3
U We are very sensitive to the A We measured a limited efficiency decreas
Isopropyl alcohol concentration when Q was at 1%
U We experienced that-1.5% '

iISOP concentration is crucial t 1
keep the stability 10 0.8% 5 50/1 M ‘ - ‘ H
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CDCH currents vs! peam intensity

CDCH - L9 CURRENT

Current [uA]

» 5P107
v 4P107 /s
U CDCH currents followed reasonably well the beam x 3PR107 /s
intensity up to intensities never reached before ; wis
U The proportionality to the {rate is good - m
FSH41 slits scan comparison - CDCH -
2P107
35 ; —& WS
® Layer9:125 ® Layer5:38 4 Layer1:40 P ° -
: . ' u CuS;;ghﬂEgﬂ()Cor;gg{IZ3 OOfUOOIIOi;\;u\ltZIi]Zéﬂogea:’;:ovIZ}]?gﬁSIt 06 Nov 21, 23:00:00 08 Nov 21, 23:00:00 10 Nov 21, 23:00:00
: ® A A .. . y - .. y .
25— - N L R U Gas gain is also sensitive to the variations of the atmospheric pressure
L ' ] v A A YO ” yl’)
20:_ '. ] ‘ 2 . . . 0O Q—G
- ¥ 4 = . . .
15— . LA 4 w—  Normalized currents.atmospheric pressure variation
- . Lt 108 totally in agreement o
10:_. B T T e e 1.055— ' O . yL')
L A = — -
S SR B B o P °T
5— | | | = =
- ! 1A02:— Q 9]
: 1 1 1 I 1 1 1 | 1 | 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 IX1 06 1 }
20 40 60 80 100 120 140 .-




Start of the physics
data taking
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Signal occupancy and Waveforms

XY MC Hit

‘IQO

10

~10 X%

-20
S | - g o : Projection to the
Ig n a -30 (o0 T T C—Shape Lxe acce ptan
+ =30 -20 —10 0 10 L
e X [cm]
YZ MC Hit

Projection to the
Gshape LXe acceptan

f

[mVv]

o 8 8 8

g A mp S oan gl g A g 5
A A VATARE A |

500 760

u In MEG all the signal WF is recorded

are applied

U Then a finenalysis is made offlite get thehit information
A Timing, signal amplitude, signal integral, position
U Coherent noise subtraction225 MHz digital lowass filter
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2020 vs. 2021 readout

00—

£
g
200

100

—-100

-200

144P2
DAQ channel

_______________ 5 ________________________ _______________________ 2 ___________ ,‘/

T 11
N =N
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3 FE gairﬁ configurations tes‘;ted:g

. gain x4'chesef_best SNR | .

_3(1%

00 =200 -100 0O
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x10°
400

—350
=300
—250

200
150
100
50
0

100 200 300

00—

x10°

£
E
200

100

0

Damaged FE
board

First year with the
full 2/3 read out
1152P2

—-100

—200

DAQ channels

—140

—120

—100

80

60

40

20

—30050 2200 ~100

Fix at the next
maintenance period

0

2 HV cables accidentally disconne
inside the endcap C[‘iilm]

0

100 200 300
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Detector occupancy and signal amplitude

| Occupancy vs. wire numbgr | Occupancy vs. layer numbgr
us
Layers
with
different
colors
u Good
Sectors with uniformity
different between
colors layers
U 10V scalin
DS of the HV
works well
Layers
with
different
Outer Inner Outer Inner colors

layer layer layer layer

Scaling by radius as expected
with Michel € events
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