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MEG Il experiment

Upgrade of MEG experiment e e

0 Searches for a charge lepton flacor ‘7+s> y-ray detector
violation, u — ey. Lsisale

o Aiming to improve the branching ratio
sensitivity by one order of magnitude.

1 Dominant BG : accidental BG

1 More statistics

radiative
decay counter

O x2.3 muon beam rate

O x2 positron efficiency
o Better separation of signal event from BG
o x2 for all detector resolutions

o New detector for background tagging
will be introduced

Engineering run from 2021 Reference -

o Followed by the physics data taking. “The design of the MEG Il experiment”,
Eur. Phys. J. C(2018) 78:38



MEG Il sensitivity at design

« Expected branching ratio sensitivity MEG Il sensitivity vs. DAQ year
of MEG Il is being updated. with LXe detector performance in design
* Performance of each detector is a key %i’ 10712 [
in the search of p — ey. e
— Radiative decay counter: prev. talk [/ /MEGFIANeRMY /)] 1111 )] ]]]

— LXe y-ray detector: this talk s S

— Positron spectrometer: next talk

e By the 3 years MEG Il DAQ, o
Br(u —» ey) =56x10"** (90% C.L.)
was expected assuming
the LXe detector performances in design.

— after the update of RDC analysis
in previous talk.
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LXe detector in MEG I

e LXe y-ray detector has been upgraded for MEG Il to T

significantly improve the performance. vy
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Replace 216 PMTs on the entrance face "'

with 4092 newly developed VUV-MPPCs 20000,
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216 2-inch PMTs 4092 12 X 12 mm2 MPPCs (US)
e Better readout granularity
— better hit position resolution.
e Better readout uniformity
— better energy resolution
* Reduced material budget of entrance face
— better detection efficiency



LXe detector in MEG Il (cont’d)

* Thanks to the high granularity and uniformity realized by the MPPCs, better
position and energy resolution are expected.

— Especially for shallow events (depth < 2cm, ~40% of events.)

MEG (measured) MEG II (design)

position resolution (u/v/w)(mm) 5/5/6 2.6/2.2/5
energy resolution (%)(w < 2cm/w > 2cm) 2.4/1.8 1.1/1.0
timing resolution (ps) 62 76
efficiency (%) 63 69

* A series of pilot runs were performed in Position resolution (horizontal)
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Resolution improvement for shallow events

3

* Thanks to the better granularity and the uniformity by the MPPCs,

position and energy resolution for shallow events are improved

from MEG.

Position resolution vs depth ta//ratt ,
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measured from a reconstructed
position distribution by a collimator
placed in front of the detector
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estimated by fitting the y-ray spectrum

from muon beam (radiative muon decay

& annihilation of Michel positron)



Timing resolution improvement e ot i 7 b 9

* Though the timing resolution have not been
directly measured, a dominant term (called
“intrinsic resolution”) is measured.

140

o (intrinsic)
: 40 ps

* Thanks to the optimized parameter for the wof-
reconstruction, the intrinsic resolution is
improved from 56 ps to 40 ps.

— threshold optimization for the timing extraction — obom—mF ot e
time (Even - Odd)/2. [sec]
from the waveforms.

 The timing resolution is expected to be 55 ps.

Absolute resolution Intrinsic resolution
LXe e Use coincident 2y LXe * Reconstruct y timing from
v & reference counter. even/odd ch separately.
(o] o(n) - L " ol -

a(Ty - T,.ef) © a(Tref) 0(Tgven — Toaa)/2



unknown term in y energy resolution 10

Measured energy resolutions are worse than expectation from the simulation.

The discrepancy called “unknown term” between data and MC was also known
in the MEG LXe detector.

The size of unknown term is the same between MEG and MEG II.

Should be caused by the Energy resolution of LXe detector vs. y-ray energy

same reason, but not for the deep events not affected by the non-uniformity in MEG
identified yet. 6

< °r
— common issue on our detector? g C } MEG Data : \/108/Ev"'1'22
— some intrinsic property of LXe? % 5
D - . 2
g [ MC : \17/E +0.7
4+
The unknown term was N
expected to be halved 3

in the design.

- Measured energy
resolution is worse than
the design.
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MPPC PDE degradation topca211, 1opc212, | Lk

17aG22-7 in 75th JPS

A degradation of VUV PDE while using MEG Il muon beam was observed.
— Since it is correlated with a beam usage, this should be due to some radiation damage.

This was unexpected since the radiation level is sufficiently small.
— 0O(1e-2) y-ray dose, O(10e6) neutron/cm”2 fluence.

The cause of the degradation is under investigation. (talk at this JPS: 15pSF-5)
— Maybe related to a special detection mechanism of VUV photon in our MPPC.

The degradation can be almost fully recovered by annealing MPPCs.

VUV PDE of MPPC
vs. accumulated MEG Il beam time

The degradation speed is too fast

to be ignored. ,EEJ j:“ 7777777777777777777777777777777 e Measured PDE 2017-2019

P S S
PDE degradation saturated ) 2 a— e
at some point (e.g. 6%) mffé/%"-

— Pessimistic case: o
PDE gets zero 6? pessimistic 7S
after 70 days MEG Il data taking. b scenario /////f//f/

92:0 | ‘(‘) — ‘2‘0‘ ‘ ‘4‘0‘ ‘ 60/({/4/'/8/{////\//\M;50 ‘ ‘120



y-ray resolution vs. MPPC PDE

Ref:
16pG22-11in 75th JPS

12

* The y-ray resolutions can get worse than the above measurement (at PDE 7-8%)
when the MPPC PDE gets lower.

— Larger statistical fluctuation & Worse signal to noise ratio.

* In principle, the resolution degradation should be limited because

resolution (%)

— the statistical fluctuation of the MPPCs
is not a dominant contribution in the resolution.

— the signal to noise ratio can be recovered by utilizing an amplifier

Simulated energy resolution vs PDE
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including measured unknown term

e  Energy resolution + 1.5%

Energy resolution degradation
from 1.7% to 1.8%

o
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resolution (ps)

Simulated timing resolution vs PDE

since the dominant noise comes from waveform digitizer after amplification.
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y-ray resolution vs. MPPC PDE (cont’d) 13

 The degradation of the MEG Il sensitivity by that of the y-ray resolution from
that of the MPPC PDE is limited.

MEG Il sensitivity vs. MPPC PDE

;_\ 1.25_
\(U; —
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E 1.2_—
§ - 10 % sensitivity degradation
15 by the worse resolution
11— 46
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o 2 4 6 8 10 12 14 16 18 20 22 24
> assuming 360 days data-taking at each PDE PDE (%)
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MEG Il sensitivity -optimistic scenario- <

* |f the PDE degradation is saturated at 6%, MEG Il sensitivity vs. DAQ year
little effect on the sensitivity from the PDE with measured LXe detector performance
degradation.

——e—— Expected LXe performance.

107 '?| —=—— Measured LXe performance.

Branching ratio

* Expected MEG Il sensitivity with measured I
LXe detector performance in the pilot runs. s

— By the 3 years MEG Il DAQ, |/ /MEG Final Result /.
Br(u — ey) = 5.6 x 10714 (90% C.L.) I

— A degradation by worse energy
resolution and an improvement by
better timing resolution are
compensating.

— Part of the degradation from the worse

energy resolution is also compensated
by the RDC (prev. talk).
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! Sas g . 16
MEG Il sensitivity -pessimistic scenario-

The data-taking plan of MEG Il has to be modified.
 PDE gets below 2% after 60 days MEG Il beam usage.

 We can anneal all the MPPCs
during the annual accelerator shutdown period (Jan-May).

e Original MEG Il plan (120 days beam time/year x 3 years) is not possible.

* |If we simply carry out 60 days DAQ at MEG Il beam intensity for each year,
by the 3 years MEG |l DAQ,

— Br(u—ey) =9.7x1071* (90% C.L.)

 The degradation can be suppressed by reducing the beam rate so that we can
keep our detector operating for the 120 days beam time.

— Br(u—ey) =64 %107 (90%C.L.)

— Thanks to the better significance (Ng;z/+/ Ngg )
and the better pileup environments.



Conclusion 17

The MEG Il sensitivity achievable with MEG Il sensitivity vs. DAQ year

the real LXe detector performance is discussed. with measured LXe detector performance
& PDE degradation

— Measured y-ray resolution in the pilot run.

— MPPC PDE dEgradation by beam Usage. ——e—— MEG Il. Optimistic PDE degradation

——a—— MEG Il. Pessimistic PDE degradation

1072

Branching ratio

Reducing the beam rate will be useful
if the PDE cannot be kept at the MEG |l
intensity beam.

|7/ /MEG Final Result

By the 3 years MEG Il DAQ, R
Br(u - ey) = 5.6-6.4 x 10714 (90% C.L.) -
is expected.

The uncertainty comes from that of the PDE
degradation speed in the future.
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y-ray position resolution s 19

The hit position resolution was measured. Target

A lead collimator was placed in front of “ Ganrarsy , @)

the detector. -

The resolution is estimated from the PMT ‘ COBRA magnet
peak width of the reconstructed position ¥ MPPC y
distribution. X
Resolution improvement for the shallow LXe detei(.:,t?r

events confirmed. ®
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_ L
v-ray timing resolution .o es 0

* The “intrinsic” timing resolution is estimated by an even-odd analysis.
— Signal-like energy y-rays from radiative muon decays are used.

Absolute resolution Intrinsic resolution
LXe * Use coincident 2y LXe * Reconstruct y timing from
v & reference counter. even/odd ch separately.
e+ on)- L olr) =

o(T, — Trer) © o(Trer) 0(Teven — Toad)/2

 The intrinsic resolution is measured to be 40 ps.
— consistent with 43 ps expected from the simulation.

* The “intrinsic” resolution is a part of the “absolute” resolution which is directly
related to the u = ey search.

— TOF uncertainty from the hit position resolution, coherent noise etc..

* The absolute resolution is estimated to be 55 ps from the simulation.

— This is better than 76 ps assumed in design, mainly due to a threshold optimization
used for the timing extraction from the waveforms.



Ref:
y-ray energy resolution 15101, 152102 21

in 74th JPS

The y-ray energy resolution is estimated.
3.1(1) % for 17.6MeV y-ray by using monochromatic y from 3Li(p,y)$Be .

1.7(1) % for 52.8MeV (signal-like) y-ray by fitting the measured y-ray spectrum
from the muon beam.

— coming from radiative muon decay
and annihilation of Michel positron in flight.

Energy spectrum Energy spectrum from muon beam
from calibration source at reduced beam intensity (8 X 10° p/s)

450= Measured spectrum
400; 17.6MeV peak +H —— Best Fit. MC convoluted by 1.6% gauss
350; from ;Li(p,y)ffBe ﬂ 1? — — MC convoluted by 0.7% gauss
300; m 1 - ———— MC convoluted by 2.2% gauss
250; 1 107
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Data-taking time

The data-taking plan of MEG Il has to be modified.
* |Inthe worse case, PDE gets below 2% after 60 days MEG Il beam usage.

 We can anneal all the MPPCs
during the annual accelerator shutdown period (Jan-May).

e Original MEG Il plan (120 days beam time/year x 3 years) is not possible.

Three alternative annual DAQ plans are compared.
 Plan A: 60 days DAQ at MEG Il beam intensity.
 Plan B: 120days DAQ at halved beam intensity.

— Pros: Better significance (Ng;¢ /+/Npc )
and better pileup environment than plan A.

22

* Plan C: 67 days DAQ at MEG Il beam intensity + an annealing in the middle.

— it will take 60 days to anneal all the MPPC
(current best estimate, may include uncertainty).

— Pros: Larger muon statistics, and higher PDE than plan B.



Sensitivity of alternative DAQ plans

Plan B has a best sensitivity in these alternative plans.

MEG Il sensitivity vs. DAQ year
with measured LXe detector performance & PDE degradation (worst case)

o
I A: 60 days/year at MEG Il beam

g’ —=—— B: 120 days/year at halved beam intensity
e

% NN ——— (: 67 days/year at MEG Il beam + annealing
0
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o
L
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