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CLFVand u™ — e y decay

European Physics Journal C
(2016) 76:434

» Lepton Flavour Violation (LFV) processes In this context the I\/IEG expenment represents the state of the art in the
experimentally observed for neutral leptons search for the CLFV u™ — ety decay
* Neutrino oscillationsv; — vy . Final results exploiting the full statistics collected during the 2009-2013
» LFV for charged leptons (CLFV): I — 1" ??7 data taking period at Paul Scherrer Institut (PSI, Switzerland)
> If found — definitive evidence of New Physics e BR(u" ->ety) <4.2x10713 (90% C.L.) world best upper limit
( N . Standard p decay )
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7 ) 4 ecay (RMD) FromRMD, 7 o
- ' ' » E, <52.8MeV Annihilation-In-Flight Vi
> 28 MeV/cy cont|r'1uous beam stopped |r; a > E,<52.8MeV or bremsstrahlung Accidental
130 pum-thick polyvinyl toluene target (15° slant angle) > 0, < 180° > E,<52.8MeV
»  Most inte8nse DC muon beam in the world at PSI: >  tey, =0s > E,<528MeV
R, ~ 107 Hz > 6y < 180°
>  uT decay at rest: 2-body kinematics >  t. = flat
ey —
» E,=E,=528MeV
» O =180° »  BKGucc < R,AE At AE;ABZ, = DOMINANT in high rate environments
> te, =05 »  BKGgyp ~ 10% X BKGcc 1/34
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LYSO crystals +
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AIF/RMD (PTC)
to reduce Muon stopping target
background

Cylindrical drift chamber

(CDCH) — Ee+

Radiative decay counter
(RDC)

Pixelated timing counter

Increasing the u* stopping rate
Improving the detectors figures of merit
X 2 factor than MEG

Plastic scintillators
tiles read out by
SiPMs
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The MEG Il Cylindrical
Dritt CHamber (CDCH)




Drift chamber n
worklng principle

I [ns]

30df@The measured
drift time is
converted
into a position
measurement
through
dedicated
space-time
relations

Detector performance

- Amplification in avalanche in the
28 proximity of the anode (high E field) |

" [em]

Currently most updated
reconstruction algorithms
with full MC simulations

» Low-mass single volume detector with high granularity filled with He:Isobutane 90:10 gas mixture )
* 9 concentric layers of 192 drift cells defined by 11904 wires e” variable MEG | MEG]I
«  Small cells few mm wide: occupancy of =1.5 MHz/cell at CDCH center near the stopping target AE, (keV) 380 100
* High density of sensitive elements: x4 hits more than MEG drift chamber (DCH) A8,, Ap, (mrad) 99 |67 67
> Total radiation length 1.5 X 1073 X,: less than 2 X 1073 X,, of MEG DCH or =150 pm of Silicon = ' '
* MCS minimization and y background reduction (bremsstrahlung and Annihilation-In-Flight) Efficiency, (%) 40 65

» Single-hit resolution (measured on prototypes): oy < 120 um
» Extremely high wires density (12 wires/cm?) — the classical technique with wires anchored to endplates with feedthroughs is hard to implement
* CDCH is the first drift chamber ever designed and built in a modular way

» CDCH design is based on the experience gathered with the KLOE drift chamber 3/34



https://iopscience.iop.org/article/10.1088/1748-0221/11/07/P07011
http://www.lnf.infn.it/kloe/index2.html

£ 2200 | cell width (z=endplate): ~ 6.7 + 8.7 mm |
> [ Cell width (z=center): = 5.8 + 7.5 mm

: - —— —t
Design and wiring o PIERN =

C increases

Stereo wires

z endplate _
geometry for Rax ~ 279.5 mm

longitudinal hit | |§ - N
localization . 30° sectors | S - h:
> Ostereo = Ly, - - G 801 _

REZZEenter ~ 242 1 mm |

sector is
6° = 8.5° as

O_'|1"|TT TITIT]

. 16 drift ‘
R increases 40| cellswide | | R,mef"fer ~ 170.2 mm
100 150 | Rman T~ 196.5 mm

. X [mm]
» Anode wires: 20 um Au-plated W

» Cathode wires: 40/50 um Ag-plated Al

* 40 um ground mesh between layers
» Guard wires: 50 um Ag-plated Al
» Field-to-Sense wire ratio 5:1

Wires are soldered at both ends on
the pads of 2 PCBs (wire-PCBs) which
are then mounted on CDCH endplates

cathode
layer

» Wiring inside a cleanroom

>SS
e fo forke
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CDCH assembly




» MOUNTING ARM 1 This operation is repeated for

/ \‘ —— the 12 sectors in one layer and
/ =~ : // for all the wires layer

Wires tray anchored :

o

Modular assembly [z | —=

FE boards plugged to anode tails

PEEK spacers to
mount the PCB at
the correct radius

with the mounting
arm and then placed
in the proper sectors

of CDCH endplates /

T
Il?ANS

PORT TRAY

» Once each wires layer is mounted a
geometry survey campaign with a
Coordinate Measuring Machine (CMM) is
performed to record the mounting position
of each wire-PCB (= 20 um accuracy)

» Thickness of the PEEK spacers adjusted to
minimize the discrepancy from the nominal
mounting radius

Adjustable
support
structure
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Sealing

San Piero a Grado
(INFN Pisa) facility

‘ —

A

» Fine geometry tuning by
adjusting the positions
of each individual spoke
by acting on the 12
turnbuckles per side

» Endplate planarity and
parallelism at a level
better than 100 um
thanks to the CMM

while CDCH slides

| IS
The shaft is fixed

1 20 um-thick aluminized
Mylar foil insertion
» To separate the inner

2 mm-thick Carbon Fiber (CF) shell
» Structural function
* Screwed to endplates to
bear the wires tension and
keep the CDCH length
» Gas mixture tightness
* Sealing of CF perimeters
and wire-PCBs stack with
special encapsulants and
adhesives

Assembly and sealing performed inside
a cleanroom with a strict monitoring of
temperature and relative humidity

target volume filled
with pure He from the
wires volume filled
with He:lsobutane
90:10 mixture

» Glued at the endplate
inner radius

At this point CDCH was locked into a handling
cage with a dumping system and transported

to PSI for the commissioning activities
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CDCH commissioning



https://iopscience.iop.org/article/10.1088/1748-0221/15/06/C06056

External mechanical structures

San Piero a Grado
(INFN Pisa) facility

Aluminum inner extensions to

Mag connect CDCH to the MEG Il beam line

(mm)
0.037
-0.010
-0.012
-0.019
-0.007 Endplate planarity check
0.009 ) : .
0.043 in the DAQ configuration

0.017 us DS
-0.020

-0.007

-0.013
-0.018

Mag
(mm)

» External CF structure
e Structural + gas tightness function
» CDCH mechanics proved to be stable and adequate
to sustain a full MEG Il run and multiple handling
operations during the maintenance periods
» Survey measurements before/after a run show
total agreement at the 10 um level

Some pictures from the
commissioning phase at PSI
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e | INFN Lecce |
INFN Lecce Several T and RH

E L sensors are placed
i
b

[ ]
F E e I eCt rO n I CS Some pictures from SRR ARRANN inside the endcaps
the commissioning decoupling " for monitoring
‘ | I capacitors n - B .

phase at PSI

ESSp—— ” NN > FE electronics cooling system
oards per siae | S embedded in the board holders
. . . ROHS‘ © o © c(‘ | %
8 differential channels to read out signal from 8 cells ' compliante o i «  Power consumption for each

*  Double amplification stage with low noise and distortion -
* High bandwidth of nearly 400 MHz —
o To be sensitive to the single ionization cluster and TOP
improve the drift distance measurement (cluster VIEW system: 300 W/endplate
timing technique) : » Dry air flushing inside the endcaps

> Signal regd out from both ,CDCH sides Output connector to avoid water condensation on
» HV supplied from the US side and HV stage on electronics and dangerous

channel: 40 mAat 2.2V
* Heat dissipation capacity
granted by a 1 kW chiller

i t t dient
the bottom side emperature graaients 8/34



https://www.sciencedirect.com/science/article/pii/S0168900215014667?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0920563214000267
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» Garfield simulations on single electron gain
*  Gas mixture He:lsobutane 90:10 and P = 970 mbar (typical at PSI)
> Working point = HV for gas gain G = 5 x 10° _ _ _ _
* To be sensitive to the single ionization cluster ,dlmensmns with radius and z

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

HV tuning by 10 V/layer to
compensate for the variable cell

Average HV Working Point (WP)
as a function of the layer
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N HV cables
ey [

Working length

..anode-cathode distance [mm]vs. HV — e 6o0g
i : | * 79 '
; : ! 909 . hd Some pictures from & ,
\ SR | ® 1059 A the commissioning
. oL o 1200 (A EIF: D phase at PS|
: | ! . ! l ! ® 135 " n Ve . . 7 - -
I A g » CDCH temporarily sealed with CF + Al tape » 216 FE cards mounted
: ® 150
| | 1o g » Nitrogen flux on the US side
* | ELECTROSTATIC STABILITY CDCH L : :
; r 1 Final CDCH length experimentally
reafs 239 m f | e, found through systematic HV tests at
== .- : e . different lengths/wires elongations
. HV map working point (US endplate)
| ELecTROSTATICINSTABILTY & 1 ¢ 3 o, _
TS e G b wo ok we mn o wo i o fp ofp v we w0 we aw o g [ s » Tests performed in 2019 and
13141516 L ..
WY 200[- 2020 at PSl inside a cleanroom
: ¢ » CDCH length adjusted through
Cell inefficienc oo M —————————— | i
I i experimentallyymeasured - /2| +10Vscaling : b Beometry survey campaigns Wit
2 m-long 3‘-Wll’eS e e of Ifrom L9 (1400 ) |- _ a laser tracker (20 um accuracy)
prototype in the €8 'g't © 'tr,] ¢ 8§ . 3 toL1(1480V) : 3 % Final length set to +5.2 mm of
MEG lab at INFN Pisa reconstruction ool R, T i : :
* 0.5% worsening 1005 4@ gy 125 wires eloongatlon . e
in resolutions | oo .. *  65% of the elastic limit
» Tests with high i :
; | | . |

statistics full MC sogli b L bl L g 10/34
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Integration into the MEG |l apparatus

21108 —
- 4 | | » CDCH inside the experimental area » HV +signal cabling completed for
RN il > Insertion rail through the inner the possible 2m read out

volume to slide CDCH inside the » Gas inlet/outlet connected to the
COBRA magnet MEG Il gas system

» Dry air + cooling circuits connected
» T+ RH sensors connected

CDCH locked in
the final position
hanged to COBRA

() E—
' Beam line completion is the
last operation (not shown here)

Some pictures from
the commissioning
phase at PS|



https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06018

Investigations on wire
breakages




Wire breakages

» During assembly at Pisa and the final lengthening operations at PSI
we experienced the breaking of aluminum wires in the chamber
* Mainly the 40 um cathodes were affected
 Afew 50 um cathodes and guards
» 107 broken wires in total during CDCH life (14 at Pisa)
* 97 broken 40 um cathodes (90%)
» Consequent delay in construction and commissioning

Broken
wire

Breaking point from DS endplate (31/07/2020) I Old plots I Layers with broken wires (31/07/2020) ) l

PS| broken wires: 56 Mean 74.6
14

4 |

12
Pisa broken wires: 14 Mean 5346

counts
(&2}

counts
o
o

Older by

construction

3 [ 10

Total: 70 Mean 70.31 8

0 20 40 60 80 100 120 140 160 180 : 2?0 1 2 3 4 5 6
cm

| Wires length = 193 cm I | Outer layers I

7 8 9

wn _ T I T I
2 100
z " | Broken wire
& < - integral
2 80 &
& - | spectrum for
= _ | 40 pm wires
5 G() | e——
= L
= B
= i
R R R }
20 __ .............................................. % .......
i 3!
B ®
10 Ialyer;1 0 I 2 I 4

| Inner layers I

8
Delta 1 (mm)
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”"'!”,U,t to »

Broken wires extraction  [zmie bl

\ \
.\ \ » Each broken wire piece can randomly put to ground
‘ big portion of the chamber
» They must be removed from the chamber
* \Very delicate and time-consuming operation
» We developed a safe procedure to extract the

‘ roken Y broken wires from inside CDCH
wire | 1\ s ) * Exploiting the radial 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
» 2 cameras for stereo view

1. Enter with a small tool inside
the chamber (few mm space)

2. Hook the wire piece as close

as possible to the wire-PCB

Extract the wire segment

4. Pull it perpendicularly in the
radial direction to break it at
the soldering pad

w

One of the
worst case...




Breakings due to corrosion of B — e —

- Offset compatible with
35 ysrorrio broken wires
30 without exposure to

Investlgatlons on wire breakages

the aluminum wire core
» Two hypotheses
1. Galvanic process between

Whitish
corrosion

even at low Relative
Humidity (RH) levels
< 40%

_j/ |

Q
-
o
k= -
£ 30f Tt T
residuals Al and Ag coating s - humidity .
2. Al corrosion by Cl E 255 & r
Both imply water as catalyst E 20F
*  Air moisture k= 155
condensation inside g F -l-
cracks in the Ag coating § 10—
Z E

o o O 8 oo o o I 5 Y o Y Y e ) o o Y o e S D o o

N

. Aloxide or hvdroxid 0 200 400 600
OxXI .e or hyaroxiae Average exposure time for LG at 60% humidity (days)
deposits ___ > Found agood linear correlation
Al between number of broken wires
EDX and exposure time to humidity
» The only way to stop the corrosion
Element | Weight%  Atomics is to keep the wires in an inert
st | =m atmosphere
wsh b o » No more broken wires due to
Traces we Lz  uy corrosion since CDCH was flushed

100 pm —————

O Cl X T.71 092 ]
ey s m with Nitrogen or Helium
LA A M ——— once sealed 14/34

F ol Scale |:|



https://arxiv.org/abs/2108.13948

54.6pm

Al(Ag) wires: CDCH vs. CDCH2 |

CDCH: 40 um (75.5%) + 50 pum (24.5%) Al(Ag) wires CDCH2: 50 um (100%) Al(Ag) wires

50 um wire samples (1 meter f
each) immersed in distilled water ,‘
» Continuous corrosion points ,’
» Breakings with no stress ;
» 40 um wire samples

completely destroyed

WA 0017 5.0kV 8.7mm x1.00k SE(UL) 08/20/2021 14:17

Bubbles indicate
corrosion points

I S S

WA 0017 15.0kV 13.8mm x4.00k SE(UL) 08/20/2021 15:35 10.0pm

Uniform and thicker Silver coating
» No final drawing process
» No cracks on the surface
Bubbles indicate 50 um wire samples (1 meter each)
7 corrosion points immersed in distilled water
/ » Just a few isolated corrosion points
» A factor of 3 better than the best CDCH

production batch 15/34

g o _ Production batch-dependent
R .. S 4 % wire surface quality
) f Final drawing process
(polish) on plated wires

it
- AN
9 N

Cracks on the surface
Weak points prone to
corrosion




Missing wire effect eltons compured with Garfel

ANSYS 3D model T as000 R IR N B T E
ANSYS 3D model _ , EE
_ : | E field = - E field ‘é‘ 40{}0;_ ........
1Y | T I R P ot A | -
= - -
.{E 7)) ]| RS-, S— Err I_;
= 1] | ] — O O ST ST _:

Purple: ANSYS all wires 50 [m]

— Black: ANSYS all wires

— Red: ANSYS Cell/4, no central

Sl

04 550 100 150 200 250 300
<:> Time [ns]

Green: Garf all wires

Blue: ANSYS Cell/2, no lateral

R FETE ST N N

I |Ideal case I

= 1600F — =
£ ook Z0OM on the e
. . . fum 200 =
> Study the effect of a missing cathode on isochrones = e reconstruction s first500s =
gl(m"- il
=

> Used Garfield and ANSYS to simulate the electric field in a 6 X 6 mm? representative drift cell [&""; e
* Single-hit resolution ay;; < 120 um :
e Difference between different curves - = 10 um
» Missing wire effect negligible

30 40 5

Time [ns]
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Investigations on
anomalous currents




Bad eventin 2019 | *

CH12Z - §0 = 41,481
CH19 - 51 = dd.02

|

» During investigations we found one broken
cathode wire together with a few mm anode
wire segment pointing to it

Both show burn marks in the final portion

* No breaking due to corrosion
» This cathode was broken by the contact with

CH34 - 55 = 37.687
CHE7 - 56 = 106,658

see{ [CH77 - 58 = 330,084
= 107.899

1200 pA for

CHES - 59 = 107.;
CH74 - 510 = 40,691
R
CHI3Z - §11 = 44.775

VV VY

Layer 7 sector 8

10 minutes

Due to a wire breaking
But the safety control (firmware)
of the HV module did not work
* Now bug solved + extra
(software) safety systems

the anode short segment left inside by mistake
* |t was not spotted during commissioning

* Probably it broke during the first
attempts to remove broken wires

Burn confirmed once
extracted the broken
cathode wire

5T Tons9 - 50 = 0

» Everything was good up to this moment

* Here an example for layer 2 at the HV working point + beam ON

* The problem has been investigated

> This bad event occurred during the Michel e™ data taking with u* beam

» After we experienced anomalously high currents is several sectors/layers

[ | |
o I
I U [
] T
)
I Mtﬂ}éfw FL
IV | L
[ T ]
i N Y I | A
iy f.A f
I AT 1] 7 )
= [ ¥ Il [}
T | ] I
| [T ki
{\) W T g W /ﬁ
LEKA i | A
] _ﬁkAMﬂA#AJwA_M;MNJANuﬂ»mwl [ m
[ Lin 1 o)
] I I k A E
i | S— 1] =] N
......................... .
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Two of the
discharge regions

Investlgatlons on high currents

e -

We performed HV tests with CDCH closed with a transparent shell and
filled with the standard He:lsoB 90:10 gas mixture to spot the discharges
» We saw corona-like discharges in correspondence of 6 whitish regions
» Gas mixture optimization: different additives to the standard mixture to
test the CDCH stability and try to recover the normal operation
* Upto 5% CO,and 10% synthetic air (80% Nitrogen + 20% Oxygen)
¢ 2000-4000 ppm of H,0 (=10% Relative Humidity inside CDCH)
e 1-1.5% Isopropyl alcohol
e From 500 ppm to 2% of O,
o Also in combination with H,0 and Isopropyl alcohol
» Oxygen proved to be effective in reducing high currents (plasma cleaning?)
» Isopropyl alcohol crucial to keep stable the current level

Dark room
» Fixed

point-like
lights



https://www.sciencedirect.com/science/article/pii/S0168900203024690?via%3Dihub
https://link.springer.com/article/10.1134/S1063778819090059

Stereo prototype with
2 layers of 3 drift cells each

Ageing tests on prototypes

raw gain variation (%) vs time

Fake
\ |readout|’

\-—,

» Accelerated ageing tests on different
prototypes were performed
» Prototypes with increasing complexity
* From a 1-cell prototype to a small
2-layer stereo prototypes (6 cells)
* This latter is presented here and it
featured the same geometry and
materials of the CDCH endplates 0°

/

-

H‘HI\ LI I\I\‘HH | H

S

raw gain variation (%)
o
i © -
/‘Tr
o -

HV module
o6} malfunction

=28% gain loss

E

0.4

600 800 1000 1200 1400
time (s)

=17 days

» Total ageing acceleration factor 10< A< 100
* Accumulated charge comparable to the
total MEG Il life =0.5 C/cm

» No issues/discharges observed

o
n
=1
o
&~
o
o

Ageing facility
at INFN Pisa
with X-ray gun

» SEM image of an aged anode wire
» No problems on cathode wires



https://www.sciencedirect.com/science/article/pii/S0168900215010852?via%3Dihub

CDCH conditioning
with pu* beam




Conditioning with pu* beam

CDCH - LS CURRENT

I L5 current I » Good current level stability in the whole
CDCH at 3 x 107 u*/s

» Currents see the proton beam variation

» The measured currents translated in

accumulated charge/cm agree with the

design: =0.1 C/year/cm

150 pA

» Example of conditioning period
with current discharges

» HV up to WP+40V to speed up
the O, cleaning

LO analyzer I » Current gas additives setting: 1.5% isoP + 0.5% O E
» From 2020 measurements we don’t observe a C,z
significative gain reduction due to O, %
> We are very sensitive to the _ * We measured a limited efficiency decrease
isopropyl .alcohol concentration | | when O, was at 1%
» We experienced that 1-1.5% s
isoP concentration is crucial to o
keep the stability 19 0.8% 0.5% M ‘ | ‘ H

| 20/34
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CDCH currents vs. u* beam intensity

» Quick test but the CDCH currents followed reasonably well
the beam intensity up to intensities never reached before
» The proportionality to the p* rate is good

—cmB s oot e Il ~108 ut/s [ I CDCH current vs. p* beam rate I
3 CHSY7 - 81 [uA] 0.003

34— == CH29 - 52 [uA] 0.001 § 35 ] .
i CH S 0001 2 7 e Layer9:125 ® lLayer5:38 4 Layer1:40 | o &
307 == CH7 - 85 [uA] 0.003 = -
jp- ™ CHT5- 56 [uA] 001 I L9 current I O 30— -
— CHB0 - 57 [uA] 0.004 . — [ |
967 = CH49 - 88 [uA] 0.007 O - = A
== CH77 - 59 [uA] 0.007 - A
24— == CH108 - $10 [uA] 0.006 25__ ‘ L
0.7 == CH103 - §11 [uA] 0.005 - ] A
== CH135 - S0-1-3-4-5-6-7-11 (DS)  0.005 — | A
20 1 20— v a
18 ) -
C 3% 107 ws | S 3xwrws | E .
12 R :”j - - N
10 R 10__ '. A
5 -
e e e - [ ] A
[ — , 5 by
4 —
2 I;: . : I’I 1 I 1 1 1 ‘ 1 | | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 X106
Do T— S I 20 40 60 80 100 120 140
2

Rate @2.2 mA [u+/s]

12 Sept 21, 17:00 12 Sept 21, 17:10 12 Sept 21, 17:20 12 Sept 21, 17:30 12 Sept 21, 17:40 12 Sept 21, 17:50 12 Sept 21, 18:00 12 Sept 21, 18:10 12 Sept 21, 1€

I =1h slits scan I
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Example of gain curves with CDCH stable

Different colors CDCH current level vs. (HV or u* beam intensity)
Correspond to CDCH - L9 CURRENT

different CDCH N 4% 107
sectors m 3% 107 WA
L A24C /s

|EH4-58=0
*{om-s-ow | > Layer3 G m
> 7 x 107 ut/s . ,

s0.]
CHEO - §3 = 0,033
%3 [cniz - s2 = 0,002

BT 4 1480 10
= /s
- E— | | , R—(E

30 Oct 21, 00:00:00 31 0ct 21, 23:00:00 02 Nov 21, 23:00:00 04 Nov 21, 23:00:00 06 Nov 21, 23:00:00 08 Nov 21, 23:00:00 10 Nov 21, 23:00:00

» Currents correctly follow the beam intensity

s - \ q » Gas gain is also sensitive to the variations of the atmospheric pressure
w] | L ' ] \ l ‘ AG AP
. Ea/iEEEL G- P
. _ The regular instantaneous g F . . T
] | drops correspond to the 1 ;— Normalized current vs. qtmospherlc pressure variation
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Start of the physics
data taking




Example of 5|gnal Waveforms
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Example of CDCH occupancy from MC
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Occupancy from data

300

Michel WP_lsoP_1%_02_05% occupancy z = 0 from DS (mask = 21, rung 374472-374852)
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Some diagnostic plots from Michel e* data

I Occupancy vs. wire number I I Occupancy vs. layer number I
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chel e* data

Some diagnostic plots from
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Some diagnostic plots from Michel e* data
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Gain measurement

Waveforms w/o signal (peak noise) wires 600 - 607
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» The only parameter to be tuned in MC to reproduce data is the Total gain = Gas gain x FE gain

» FE gain measured to be 0.120 mV/fC

* FE response to real single-electron drift chamber signals produced by laser ionization on a prototype
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Some diagnostic plots from Michel e* data

Michel WP _isoP 1%2 (2 _05% hit position (mask = 21, runs 387285-388218)

Entries hpost 7 BE0ARe+07 >< 103
g 300y i e S5 1220
£ 200 | 200
~ —180

160
140
120
100

—2003 1
=20
~30 " an 18,y 0
—300 =200 -100 0 100 200 300
X [mm]

100
hzz0
80 Entries 7.86035e+07
Mean x -0.1912
60 Mean y —5.091

Std Dev x 38.99
40 Std Dev y 46.24

Z time difference [cm]

II|| IIIIIII|| L LI
[—y
=
-

e T

Reconstructed hit Z position:
time difference
VS.
charge division

0 50 100
Z. charge division [cm]

30/34




A few event display example
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Data
acquisition
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analysis
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Straight tracks from
Cosmic Ray events
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Beyond u™ — e y: the X(17) boson search

> In 2016 the Atomki collaboration measured an excess in the
angular distribution of the Internal Pair Creation (IPC) in the
’Li(p, e*e’)®Be nuclear reaction
» This anomaly was confirmed by further measurements
* 3H(p, e*te’)*He reaction
» Possible interpretation
* Production of a new physics boson mediator of a fifth
fundamental force that describes the interaction between
dark and ordinary matter

pPN—->N*->N (X-=)e'e I

* |ts mass is expected to be 17 MeV — X(17)
» Anindependent experiment could confirm or not this results
e Artifact of the detector geometry???

» MEG Il has all the ingredients to repeat the Atomki
measurement
* CW proton accelerator (used for LXe detector calibrations)
* CDCH for e*e" measurement
* plCastrigger
* Bfield = e*e invariant mass with CDCH + COBRA magnet

IPCC(O) (relative unit)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.042501
https://iopscience.iop.org/article/10.1088/1742-6596/1643/1/012001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.071803
https://arxiv.org/abs/2102.01127

First test with CDCH and B field OFF

Event display

» CW Li(p,y)Be reaction with e*e” pairs from y conversion
(likely in the CW beamline)
» First test with an existing aluminum vacuum chamber

» For the final measurement to minimize the MCS and achieve
a better resolution the CW target region was re-design
e The new setup consists of a 10 um thick Li,O layer on a
25 um thick Cu substrate
e Connection to the CW beamline by means of a Cu arm

e Both structures are placed in a CF vacuum chamber » Events are near Z=0
» 2 particles leave 2 tracks at CDCH center and 4 at Z=endplates due to the stereo angle
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Conclusions and prospects

Final MEG Il sensitivity
<10 ve
» The new drift chamber CDCH of the MEG Il experiment has been presented 9 9 CDCH differer;t field wires
* Full azimuthal coverage around the stopping target 3
* Extremely low material budget: low MCS and background 8

* High granularity: 1728 drift cells few mm wide in AR = 8 cm active region
o Improve angular and momentum resolutions of the e™ kinematic variables cOCH
C

o

e Stereo design concept, modular construction, light and reliable mechanics,

fast and low noise electronics 5 All 50 pm
e Accelerated ageing tests on prototypes pointed out NO design criticalities Aluminum
Despite the COVID-19 situation we were able to perform the 2020 and 2021 commissioning 4 wires

of all the MEG Il subdetectors and the experiment recently started the physics data taking

2
_II\IIIII\‘Illllllll‘lIIWIIIIIIII'IIII|IIII

which is expected to go on for the upcoming 3 years ° Simulati how that the final MEG ||
* 2021 is the first year with the full DAQ electronics available 2 muiations snow that the tina
sensitivity is marginally affected
PrObIemS along the path PR T N AN T T N Y T M [ B T R N A AR
e Corrosion and breakage of 107 aluminum wires in presence of 40-65% humidity level b 1 2 3 4 5
. . . field wire configuration
o Especially 40 um wires (90%) proved to be prone to corrosion standard  AI50 Ti AGold  TiGold  Copper

o Problem fully cured by keeping CDCH in dry atmosphere
* Anomalously high currents experienced
o Probably triggered by a bad event during the 2019 engineering run
o CDCH operation recovered by using additives (0.5% O, + 1.5% Isopropyl alcohol) to the standard He:lsoB 90:10 gas mixture
The construction of a new chamber (CDCH?2) is about to start at INFN Pisa
* CDCH vs. CDCH2 main difference: all 50 um Al wires with thicker Ag coating and without the final drawing process

which caused the cracks on the wire surface = minimize the wire breaking probability 34/34
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