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A Desigrnaand assembly
A Commissioning
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The measuret
drift time is
converted
into a position

—lisof Measurement

o through
ISO
0

dedicated
spacetime
relations
I °H m Variable MEG | MEG I
YO (keV) 380 100
Y—, Yo (mrad) 9.4,8.7|7.25.0
Y&y Yo (at target, mm)| 2.4,1.2| 1.8,0.8

"N Amplification in avalanche in the
28 proximity of the anode (high E fielg

" [em]

U Lowmass single volume detectwith high granularityfiled withHe:iGH,, 90:10 gas mixture
A+ additivedo improve the operational stability:5% isopropy! alcohol + 0.5% Oxygen

A 9 concentric layeref 192 drift cells defined by 11904 wires R R (%) | 65RP45 | 6989
A Small cells few mm wiYe 2 O O dzLJ- Wideécell fc@ntef) neab the stopping target 0 Currently most updated reconstruct
A High density of sensitive elemeri®4 hits more than MEG drift chamber (DCH) algorithms with full MC simulations
U Total radiation lengtp® p 11 8 :lessthary p m @ of MEG DCH &t150 pum of Silicon 0 Still margin of improvements
A MCS minimizatioand/ background reductiofbremsstrahlung and Annihilation-Flight)
U Singlehit resolution(measured on prototypgs, p ¢l

U Extremely high wires densi{¥2 wires/cm)© the classical technique with wires anchored to endplates with feedthroughs is hard to impl
A CDCH is the first drift chamber ever designed and built in a modular way 3/16
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U Anode wires20f m Auplated W
U Cathode wire40/50f m Agplated Al
A 40 m ground mesh between layers
U Guard wires50t m Agplated Al
U Fieldto-Sense wire ratio 5:1
“node C50 C50 C50
layer A 50 A 20
the pads of 2 PCHBaire-PCBs) whic
argf[her.l m.ounted on CDCH endplatg cathode - 10 40 . 10
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https://iopscience.iop.org/article/10.1088/1748-0221/12/07/C07022

inside a cleanroo
U Final stack of wi
PCBin one secto
U PEEK spacers
adjustment after
CMM geometry
measurements

U Modular assembly |

—_— — _

Anode tails where FE boards are

plugged: HV + signals

Cathode talils:
' ground
- e M

20t 1 -thick oneside
aluminized Mylar foil
at inner radius

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

N Aluminuminner
| extensiongo
connect CDCH
to the MEG Il
beam line

. N
=
\~ *

- |
HV cables mmfis:

U External CF structure
A Structural + gas tightness function ‘
U CDCH mechanics proved to be stable (at um Igvel)

and adequate to sustain a full MEG Il run 5/16




SEensors are place

AR EE i i inside the endcap

decoupling '
capacitors _} i

]
input X
INFN Legc Several Tand R

for monitoring

H

gain stages o389

916 FE board ’ q ' | N i FE electronics cooling system
U oards per side | | ORI embedded in the board holders
A 8 differential channelto read out signal from 8 cells 1 comptiant. <311 A Power consumption for eac
A D_ouble amp_llflcatlon stagrith low noise and distortion 5 channel: 40 mA at 2.2 VV
A High bandwidtrof nearly 400 MHz Lo o A Heat dissipation capacity
o0 To be sensitive to the single ionization cluster and TOP NV granted by d kW chiller
![mprovte thhe _drlft distance measuremeniyster VIEW s 3QG_FE-H system 300 W/endplate
o Iming techniqug _ 11 %) i Dry air flushing inside the endcaps
" al\?nal relgddofut frorrrll both C_:dDCH sides Output connector to avoid water condensation on
u supplied from the US side and HV stage on electronics and dangerous

the bottom side temperature gradients 6/16
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A Gas mixture He:lsobutane 90:10 and

P =970 mbar (typical at PSI)
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A To be sensitive to the single ionizatidoster

Average HV Working Po{iw/P)

as a function of the layer

1480 V

1470 V

1460 V

1450 V

HV tuning by 10 V/layer to
compensate for the variable cel
dlmensmns with radlus and

1440V 1430V

nce [mm]
~

N
L]

2 mlong 3wires
prototype in the

MEG lab at INFN Pipa

* | ELECTROSTATICSTABILITY  &pcH

mean: 2.59 mm
std: 0.02 mm

.. anode-cathode distance [mm]vs. HY — e &60g

754
90g

105g
120g
135g
150g

L)

ELECTROSTATICINSTAB.&TY L1

HV map workmg pomt (US endplate)

100l /

100,

I1 45(

140C

ol +10Vscaling 138¢

130C

125C

120C

1420 V

30%j

—200 —1 00

1410 V

1 11 | 1l L
100 200 _ 300 '

[mm]

1400 V

HY [V]

I l 1700 1800 1900 2000 2100
1 3 1415 1 6
kV kV kV kV

Final CDCH length experimentall
found through systematic HV tests
different lengths/wires elongation

U Tests performed in 2019 and
2020 at PSI inside a cleanroom

U CDCH length adjusted through
geometry survey campaigns witl
a laser trackef20f 1 accuracy)

U Finallength set to +5.2 mm of
wires elongation

A 65% of the elastic limit

7116
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Itegratuan Into:the MEG ibapparatus

/ 1 U CDCH inside the experimental arga U HV + signal cablircpmpleted for
#| U Insertion raithrough the inner the possible 2 read out

| volumeto slide CDCH inside the U Gas inlet/outletconnected to the
COBRA magnet MEG Il gas system

0 Dry air + cooling circuiconnected
T + RH sensocennected

CDCH locked in
the final position §
hanged to COBR

,
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S | Some pictures fro
‘ the commissioning
phase at PSI

Beam I|ne completlon is the
last operation (not shown here)
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https://iopscience.iop.org/article/10.1088/1748-0221/16/12/T12003

Breaking point
with corrosion §

L1 L — ; N\ ‘
| Broken Hi ‘
W wire 140
e 'yr ‘\ -

Setup for broken wires extraction
» Precision mount with fine axes control
» 2 cameras for stereo view

& R
Breaking of 107 Al wires (90% 40 um wire) in presence of humidity
All broken wires successfully remoaadeliminated other

possible damaged wires by extra stretching QieRiagain

CDCH at the working length)

No more broken wires due to corrosion since CDCH kept in inert
atmosphergflushed with Nitrogen or Helium once sealed)

U Anomalously high current
In several sectors/layers
during the data taking

U Probably triggered by an

accidental anodeathode

short circuit

U One of the discharge region
photographed in a dark room

i CDCH closed with a transparent
plexiglas shell and HV test with t
standard He:lsoB 90:10 gas mixt

Coronalikedischarges in corresponden
of 6 whitish regions
Problem cured with additives in the gas
mixture

Oxygen proved to be effective in reduci
high currentgplasma cleanir®)
Isopropyl alcohol crucial to keep stable
current level



https://link.springer.com/article/10.1134/S1063778819090059

Conditioningwithu* beam

150 pA

U Example of conditioning peri
with current discharges

U HV upto WP+40V to speed
the O, cleaning

U We are very sensitive to the
isopropyl alcohol concentrati

U We experienced that-1.5%
iISOP concentration is crucial t
keep the stability

CDCH - LS CURRENT

i

| L5 current I

321 Aug 21, 000000
GasSystem - Analyzers

10 Sept 21, 000000

Good current level stability in the whole
CDCH at a beam intensity dR30” pu*/s
Currents see the proton beam variation
The measured currents translated in
accumulated charge/cm agree with the
RSaA3adyY Fnom [/ keSSt

+_
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294

19

| (OX analyzerl

0.8%

31 Aug 21, 000000

Current gas additives setting: 1.5% isoP + 0.59
CNBY HAOHDN
significative gain reduction due tg O
A We measured a limited efficiency decreas
when Q was at 1%

YSI adz2NBYSy i

Ol

10 Sept 21, 000000

DL | s
T 20 Sept 21, 000000 10/16




CDCH currents Vs peamiintensity

Current [uA]

U CDCH currents followed reasonably well the beam

intensity up to intensities never reached before

U The proportionality to the jrate is good
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U Currents correctly follow the beam intensity
U Gas gain is also sensitive to the variations of the atmospheric pressure

Yo . Qi/_u
"O 0

— Normalized currents.atmospheric pressure variatior]

— totally in agreement
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XY MC Hit

Projection to the
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—30 0 A Timing, signal amplitude, signal integral, position
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Fix at the next 2 HV cables accidentally dlsconnecﬁi.lm] are applied
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Occupancy,isighalamplitudeand gas ga
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Reconstructed hit positiomandsresolution

3
g 4 Hit-track residuagjives a I
£ 250 measurement of how
200 misalignments, singleit
- Preliminarydata resolution and other
T | 150 | analysis and continuods systematics (B field)
. developments ongoing . . . * | combine to determine the
I 100 _ reconstruction performance
O sense wire
50 e field wire
0, ~230pm im0~ 190 um [ Detector HW alignment only
0 A o i Wire positions only base
X [mm] e /\ on geometry survey
| e L ) VS First version of SW alignmel
U Wiresagtobe
- 1000} implemented
U New TXY tables recentl
~10000 500 0 500 000 —10000 =500 0 500 1000 intrOdLK:Ed) callbratim
Orye ~ 140 pm [~ 1] After correcting the drift time
epl” of CDCH hits using the corre
el A propagation time from the hi
AR to pTC
U Trackbased SW
1000 alignment under
0 100 200 0 100 200 development 14/16
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Tracking and Mementum resoiution

Preliminary
0- s Double turn track ir data analysis
i “U 20 the XY plane from and continuous
—Sp & : Michel & events developments
10~ 9 10; Target —— I 3R107 s | : — ongoing -
B o : " - — #entries , : =
o & Straight 0 ‘ : |
: track from ; & 7 o = 153 keV
_20- Cosmic Ray -10¢ @k
- events with 20l _J 3
-25 B field OFF ™ BT
| | CTEna IR IR | - "

0.045 0.050 ’ ' Energy (GeV)

PDF(p) = [PREzorP) PAcceptance(p)]
S ResolutioBoypLsaUssIARP)

05 10 15 20 25 30 % 2071070 10 20 S0

m Variable DATA PRELIMINA

YO (keV) F150
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Full track trajectory from a Michel event C6) 15/16




Conclusionsrand prospects ===

t

a

U Thenew drift chamber CDCH of the MEG Il experirhastbeen presented
A Full azimuthal coverageound the stopping target
A Extremely low material budgehinimization of MCS aridbackground
A High granularityl 728 drift cells few mmwidefflRF 'y OY I OGA @S NE IRX

o Improve angular and momentum resolutions of thekinematic variables

A Stereo desigrronceptmodular constructioplight and reliable mechanics

U Despite theCOVIELY situationwe were able to perform the020 and 2021 commissioning

of all the MEG Il subdetectand theexperiment recently started the physics data taking

A Somepreliminary results from 2021 dakave been presented | E
A Data analysis and continuous developments ongoing I S S —

U Problems along the path ; 2023 20;24 2025 2026

anching r

A Corrosion and breakage of 107 aluminum wingzresence of humidity I R 2R R R 7
0 Especially 40m wires(90%) proved to be prone to corrosion 0 20 40 60 80 100
o Problem fully cured by keeping CDCH in dry atmosphere DAQ week

A Anomalously high currents experienced
o Probably triggered bgn accidental anodeathode short circuiduring the 2019 engineering run
0 CDCH operation recovered by using addii@e5% Q+ 1.5% Isopropy! alcohob the standard HeéC,H;,90:10 gas mixture

U Beyond © Q7 :the X(17) boson search
A Atomki collaboration (2016¢xcess in the angular distribution of the Internal Pair Creation (IPCYin(the*e)®Be nuclear reaction
A Possible interpretation with mew physics boson mediataith mass expected around 17 Mg@NC b OF b Q © Pete
A MEG Il has all the ingredients (CW accelerator + Spectrometer) to repeat the meas@refinstdata analysis is ongoing 16/16
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Gas DetectorsPosterssession/(iMay -

U Analysis.and:study of the problems on the wires:used in'the MEG CDCH &
construction of the new drift chamber
A Gianluigi Chiarello’(INFN Pisa)

U A new calibration tool for the: MEGII spectrometer
A Hicham Benmansour (INFN Pisa/PSI)

U A monitoring chamber for high precision measurements of the drift velocity
gas detectors
A Federica Cuna (INFN Lecce)
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