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MEG |l motivation
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MEG 2009

—} - -
u—ey search ® Obtained 90% UL

MEG experiment opened the door of CLFV search MEC
for the first time after the MEGA experiment 1071

28 times better upper limit than the MEGA Exp.

— 90% UL sensitivity
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Sensitivity improvements became

slower in 2013

Accidental background dominates the
iImprovements
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Need detector performance
Improvements !

PSI accelerator already has a sufficient : .
muon beam intensity (>1x108u+/s) | :
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MEG Il Concep
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Possible improvements

1. More stopping muons on target
2. Reducing target thickness

3. Cylindrical drift chamber to
improve granularity

4. Transparent before TC

5. Pixelated timing counter to
improve granularity

6. Extend y acceptance

7. MPPCs at Inner face of LXe to
improve resolutions for
shallow events

8. Integrating trigger and DAQ

9. New detector to identify
Radiative muon decay
background




MEG Il Experiment

Liquid Xenon y Detector

900L LXe, 4092 MPPCs + 668 PMTs
Better uniformity w/ VUV-sensitive
12x12mm2 SiPM

X2 resolution everywhere
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201

R&D started

2

2013

Proposal
approved

2014 2015

MEG Il story

2016 2017

R&D Detector preparation period

2018

2019

2020

R&D

Design fixed, Parts procurement, Construction at PISA

TC

R&D

PSI

Test with muon 1

Installation at §

Repaif work
Test with nfuon beam

| Xe

beam
Construction Construction O\Q_
Beam test with test counter 1/4 detector, 1/2 detector finished Michel run With DS / US
Michel run Michel run

DS RDC

Electronics

MPPC test, MPPC mass Construction
MPPC R&D Detector finished Muc MBI [
. construction CEX run
production Muon run
Muon run with Construction O\Q-
R&D Prototype test Construction finished Muon run with LXe detector
BGO crystal
Muon run
Single crate (256ch.), 4 crate (1024ch.), 6 crate | Final board l Mass
R&D Prototype test b . desian  Final board test] production &
(1536¢ch.) test J 1 Test

o




CDCH up to 201

. CDCH \/.‘L' e

Wire breaking issue seems to be solved by 4
humidity control, and the assembly is finished in
2018, CDCH finally sent to PSI ‘

For further stable operation, CDCH wire length
optimized in 2019, and extra-stretch to screen
weak wires

Final HV map confirms the good length

Beam intensity scan are performed for CDCH,
and showed the reasonable current @ MEG ||
iIntensity.
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Beam intensity scan
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LXe y calorimeter

Y 2\ 4 .
1 )) # - Non uniform response for shallow events
A due to finite PMT size (27)

- Replace inner 216 PMTs with 4092 SiPMs (MPPCs)

better granularity, better uniformity — better energy, position
resolutions

- VUV-sensitive MPPCs are developed with
Hamamatsu for the MEG |l experiment
Basic laboratory tests were all ok, but...
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LXe y calorimeter in 2019 muon run

— MPPC Resﬂ_)onse under muon beam ! ]
| @ Response to LED light |.................................... .......................................... S
— ® Response to VUV light —

---------------------------------------------------------------------------------------------------------------------------------------

MPPC PDE decrease ........................ ...........................................
9 + 2% Iin 160 hours ?
@ MEG Il intensity

i i
24/10 31/10

Unexpected (rapid!) PDE
decrease observed
Dose level is too low for PDE decrease

Possible reasons

Surface damage by VUV light

Electron-hole pair generated in SiO2
by VUV light — Holes are trapped at
interface SiOq2 - Si

VUV

++++ B+ ++ B+ ++



Electronics 2019

Master Trigger

+ MEG Il detectors improves granularity Tr| °, A Tr.gg Ciod Distribution Crate
N -

More readout channels (3000—9000ch.) . ojel ‘ 000 .|I U-LI-LLU- . . . . 000 .‘I i .l.LI.l.U. '

AR RS 'L‘Illllll ‘|llllllll M | %

Better to operate SiPMs
Amplifier, Voltage supply, simple trigger
possible in a new waveform digitizer

Waveform DRS4 based Readout Module
(WaveDREAM) is developed by PSI researchers

New board design,

BB W W A,

DA

Ancillary Ancillary
Boards Boards

Trigger Serial
Links 4:1

gger Bus

new firmware R&D take time lrm N—
Coherent noise can be issue for LXe ' oo et {HHHHTHHE 1 EEEEE |
calorimeter — noise filter introduced (WDB) e o e :I 14 E; TELE [ — Coj’giﬁﬁ;mr
Final production model were tested I - B(?ggs
for CDCH and LXe during muon (el ;; ;; 1EE 3§ ::: i
beam time. Data ‘ FEEERR AL EEE l i ;ﬁ z
. _ Concentrator ‘ EEEEEEE i 3l 31l 3l sl 8l 3 ;3‘
- Final mass production B(ggg)s ST 35 crates
summer in 2020 I :i'ii‘l"i'ﬂi H L x 256 channels
= 9000 channels




Beam Transport Solenoid (BTS)

- Beam transport solenoid
needs any beam usage for MEG Il (muon/pion beam)

Two accidents happened in 2019

BTS-crane crash (In Feb. Quickly fixed)

BTS vacuum insulation break (November)
Open connection between 4-B
The remaining beam time (December) forced to be cancelled.

K ,
At Collimator
DS US
DownStream UpStream
z \ ™ Separator
T

— SMLa1 Triplet || riplet |
y d i'" '
eam Transfer Solenoid

At Cobra Center.
Accessible from DS

[
E



PSI User’s meeting

- Every January

PSI review committee will decide one year’s beam time based on experiment’s beam time requests
2020-2022: PSI accelerator will be operated from May to December (Winter shutdown)

- MEG Il requests for 2020

June - October :
all the detector calibration
and full electronics installation

November-December:
Engineering run
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Output from PSI review committee

Beam Schedule:

MEG-II has requested the majority of the 2020 beam time 1in piES for
commissioning many aspects of the experiment. While the detailed plans
will obviously depend on the status of the BTS repalr described above,
much of the requested beam time should be available for these purposes.

However, both MEGII and Mu3E have requested piE5 beam time 1in November
and December, 2020. Because of the considerable uncertainties 1in the

status of both experiments at that time, we recommend postponing the
scheduling of beam time in piES5 for weeks 46-51 until later in the year

when the status of both experiments becomes clearer.
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Output from PSI review committee

PS| 590 MeV Program 2020

Last update: Jan 29th, 2020, S. Ritt <stefan.ritt@psi.ch>
http://www.psi.ch/Itp/FacilitiesEN/schedule 2020.pdf

PiM3
PiE3
MuE1l
MuE4
PiE1-1

PiE1-2

PIES

UCN

PiM1

MuSR (GPS&LTF)
MuSR high field
MuSR (GPD)
MuSR (LEM)
MusSR (Dolly)
PSEC-Micromegas
RPC counters
MuEDM
R-20-01.1
R-08-01.3 Musun
MIXE

Muonium
uRWELL
R-99-05.2 MEG
R-12-03.1 Mu3E
Praktikum
R-05-03.1 n2EDM
Mirror-Neutron
R-12-03.1 Mu3E
R-12-01.2 MUSE
Praktikum

CMS Diamond Detectors
PIMice

HVMAPS

RADEM (PIF)
TIMESPOT
COMET/NAB2
TOTEM

RadMap
PAD-Micromegas

PSP

5203.85800.012
5203.32030.004

5203.32030.001
5203.32030.002
5203.85800.012

5203.32030.002
5203.32030.006
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012
5203.85800.012

Week number
PSI Contact Availability
Amato Amato (coord.)
Scheuermann Scheuermann (coord.)
Amato Amato (coord.)
Prokscha Prokscha (coord.)
Amato Amato (coord.)
Antognini Sohl
Antognini Bencivenni
Schmidt-Wellenbur) Schmidt-Wellenburg
Knecht Zinatulina
Knecht Kravchenko
Amato Amato/Knecht
Knecht Soter
Knecht Poli Lener
Ritt Mori
Ritt Schoening
Meier Grab

Schmidt-Wellenbur) Schmidt-Wellenburg
Schmidt-Wellenbur) Ayres

Ritt
Reggiani/Ritt
Meier
Meier
Reggiani
Meier
Hajdas
Papa
Papa
Papa
Meier
Meier

Schoening
Gilman
Steinkamp
Hits
Desorgher
Fritsch
Hajdas
Cardini
Nishiguchi
Garcia
Losekamm
Camerlingo
Spin-rotator

May

June

July

August

September

October

November

December

19|20 21| 22

23

24 | 25

26

27

28 | 29

30

31

32

33

34

35

36

37| 38

39

40

41

42

43

34

45| 46 | 47

49 | 50| 51|52

-
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MEG Il and Mu3e (phase I) at PSI

- MEG Il and Mu3e
experiments will share ES
beam line at PSI

-+ Upstream side beam
components are switched

Mu3e

Magnet, and
detector
demonstrators
will be ready
for beam time
‘4 2020




MEG Il story

2012 2013 2014 2015 2016 2017 2018 2019 2020

Proposal

R&D started
approved

R&D Detector preparation period

Installation at
PSI Repalr work

Test with muon Test with mhuon beam

beam

Design fixed, Parts procurement, Construction at PISA

Construction Construction
TC Beam test with test counter 1/4 detector, 1/2 detector finished Michel run with DS / US
Michel run Michel run

MPPC test. MPPC mass Detector | CONStruction Muon run &

LXe MPPC R&D | i finished Muon run e
production Muon run

Construction

DS RDC Prototype test Construction Muon run with finished Muon run with LXe detector
BGO crystal MUOR run

. . Mass

. Single crate (256¢h.), 4 crate (1024ch.), 6 crate _ _

EleCtl"OnlCS Prototype test 2 ( ) ( ) Flrzjaelsti)or?rd Final board test§ production &
(1536¢h.) test J Test




- We need priority list

CDCH repair work is
finalized, CDCH muon run
will be carried out to check
the CDCH functioning

CEX run to evaluate the LXe
detector performance
against 55MeV vy

L Xe PDE decrease study
with possible operation
scenarios

- Not a good idea to spend full
electronics installation during
beam time

- All the electronics
readout test will be
planned at the end.

The baseline schedule
IS defined, but...

PSI work is severely affected
by COVID-19, and the
schedule delay is inevitable

Run 2020

PSI 590 MeV Program 2020

Last update: Jan 29th, 2020, S. Ritt <stefan.ritt@psi.ch> May June July August September October [ November December
http://www.psi.ch/ltp/FacilitiesEN/schedule_2020.pdf Weeknumber| 19 (20|21|22(23|24(25/26|27(28(29|30(31(32|33(34|35/36(37|38|39(40(41|42(43|44|45|46|47|48(49|50|51(52
PSP PSI Contact Availability

PiM3 MuSR (GPS&LTF) Amato Amato (coord.)
PiE3  MuSR high field Scheuermann Scheuermann (coord.)
MuEl MuSR (GPD) Amato Amato (coord.)
MuE4 MuSR (LEM) Prokscha Prokscha (coord.)
PiE1l-1 MuSR (Dolly) Amato Amato (coord.)

PSEC-Micromegas Antognini Sohl

RPC counters Antognini Bencivenni

MuEDM Schmidt-Wellenbur Schmidt-Wellenburg -
PiEl-2 R-20-01.1 5203.85800.012 Knecht Zinatulina

R-08-01.3 Musun 5203.32030.004 Knecht Kravchenko T T T

MIXE Amato Amato/Knecht

Muonium Knecht Soter

uRWELL Knecht Poli Lener
PIES  R-99-05.2 MEG 5203.32030.001 Ritt Mori

R-12-03.1 Mu3E 5203.32030.002 Ritt Schoening

Praktikum 5203.85800.012 Meier Grab

CDCH Mo D. H.

CDCH + TC installation

BTS installation & test

BTS

Beam tuning

CDCH muon beam

WD2G replacement? (pre-series 30pc.)

CEX

DCB FW Il test?

L Xe PDE decrease

Full electronics test

17
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Run 2020

- Which operations are possible
for LXe MPPC?

+ Annealing (heating) helps PDE

recovery.
- How often should we do
R = PDE,,o/PDE,,, annealing?
gl S i - What is the allowed minimum
: CDCH repalr work |  PDEvalue?
started | & Wb !
One wire removal 2 1zf'—-°~-- ;e E
High current issue - g0 %, 2018 :
reproduced outside, and pin 10; . 2019 :
down the problem. 8 g
- Installation in May T ERa
One month muon beam time , : : : 45_ _
for CDCH stable operation 15002000 2500 3000 3500 2 o
Channel L R T T 30

'I 8 Irradiation time @ 7¢7 muon/s [days]



Summary

- All the MEG |l detectors were tested under MEG Il intensity.

- There are several issues for CDCH, LXe, BTS, electronics for Run 2020.

Those issues should be solved during winter shutdown.

PSI| accelerator beam time in 2020 is already decided (still provisional),
and we will concentrate on each sub-detector beam test until November,

and full electronics test in December.

- COVID-19 will affect our beam time schedule at PSI, and the delay is now
Inevitable...
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