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MEG Il uses the wE5 beam line at Paul Scherrer Institut in Switzerland
Surface muon beam: p =28 MeV/c

Up to 2.32x108 u/sec 2.2 mA can be trasported into the magnet (COBRA) of the experiment
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Signal Prompt Background Accidental Background
1 BOD Radiative Muon Decay
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Liquid xenon photon detector
(LXe)

COBRA .l'*f-f“.,hhﬂ

y y L g S g ._._
superconducting magnet A-r*w ‘ Vg 3
\ | R A e

Pixelated timing counter
(PTC)

Muon stopping target

Cylindrical drift chamber

Radiative decay counter (CDCH)
(RDC)



1: LXe

LXe y—detector (800 liters) read by = 4000 UV-
sensitive 12mm x 12mm SiPMs (MPPC) on the y—
entrance face and by =~ 600 2"’ PMTs on the others
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Averaged PDE
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' ' C-W proton accelerator
Up to 1 MeV proton on LiBO, target

Energy calibration line :
p 'Li = ®Be y(17.6 MeV)
XEC-pTC time alignment with line :
p "B = 2C y(11.6 MeV) y(4.4 MeV)

Three times a week

Charge Exchange reaction
Energy & time calibration at signal energy

TTp— 7°n Movable

S 20 = yy array of BGO Crystals

Energy in 55-83 MeV range

Once per year

+ LEDs, Alpha sources on wire, n-generator (9 MeV from absorption in Ni)
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u,v anodes stereo (7 degrees) configuration for
improved position reconstruction along the beam

axis
Almost squared cells with 6 mm sides

Roughly 1700 anodes (Au/Ti 20 u) and 10,000 Ag/Al

40/50 u cathodes

He-Isobuthane (90-10) low mass gas mixture (+
addition of 1% isopropilic alcohol and ~0.5% oxygen)
1.5x10°3 rad.length per track (instead of 2x10-3 of

MEG)
Working properly since late 2020

— Before Refit

— After Refit
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2: CDCH

by
L

=
1 I LA a
(b) 1
: 6000 77 nar 145.8/ 110 |
L fracl 0.67 £0.01 4
= meanl 0.010 £0.002 E
- sigmal 0.091 +0.002 ]
r meanl —0.061 % 0.009 7
- sigma? 0.255 +0.005 ]
[ | frac3 0.048 +0.003 N
B mean3 -1.0 x0.1 |
L sigma3l 1.40 £0.03 -
I -t ”""/Jr ' ]
() -
mean_acc 47.04 +0.02
sigma_acc 2.38 £0.02

A backup chamber with different (bare
Al5056) cathodes will be available in 2024
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Positron tracks passing twice through the target are used to determine position and angle resolutions

Turn 1 Turn 2




e Survey alignment

* lterative alignment
after 5 steps

e After 12 steps

Alternative alignment
(Millepede for wires with
sag) being developed
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3: pixelated Timing
Counter

Two sectors made of 256 scintillating BC422
tiles read by Advansid SiPMs

Time obtained by averaging the tiles hit by
a positron: 8 tiles on average for signal
positrons

A laser system is used for calibrations and
monitoring
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Trigger and Data Acquisition

Trigger and DAQ are integrated and accomplished with full custom boards and crates
Waveform digitizer (GSPS) with DRS chip with SiPM power supply and amplification included /

Complex FPGA based trigger with latency <450ps based on E,, At(LXe-pTC) and e-y direction —,
match

up to 10 Gb/s DAQ throughput (50 Hz)

All readout channels available in March 2021 (previously 10% of the cannels)
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Detector’s performances

MEG I
PDF parameters Foreseen Achieved
E.- (keV) 100 39
o+, B+ (mrad) 3.7/6.7 4.1/7.1
Ye+, Ze+ (Mm) 0.7/1.6 0.75/1.85
E. (%) (w<2cm)/(w>2cm) 1.7/1.7 2.0/1.8
Uy, Ve, Wy, (M) 2.4/2.4/5.0 2.3/2.5/5.0
fo+y (PS) 70 78
Efficiency (%)
Ey 69 63
Eo 65 65
ETRG 7599 82

MEG

330
8.4/9.4

1.1/2.5
2.4/1.7

5/5/6
122

63
30

16



Analysis Strategy

We blind events in the signal region and use the
other events (SideBands), plus Simulation and
Calibrations, to evaluate Probability Distribution
Functions to be used in a likelihood fit.

L(Nsig. Nrmp- Nacc. X1) =

¢~ (Nsig+Nrmp+Nacc)

C(Nrmp» Nacc, X1)X

Nobs! PDF
Nobs 4/‘/ S \

H(Nsig (X3) + NrMDR(X;) + NaccA(Xy))

=1

E, [MeV]

Timing sideband — N,

Energy sideband

—* 1"\1"’ f

NRMD and NACC are in the signal region are constrained by the events measured in the sidebnds
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Positron energy

Probability Distribution Functions

= 3(IIII]E
25000
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Signal;
fit of Michel spectrum
(@ 52.8 MeV

BCK; fit from sidebands

00535

e il 1 1 1 1 L 1 ]
00525 0.053
EPosiiron (GeV)

Positron-photon
relative time AT,

Photon energy

g4 T T 5 ¢ . . .
L
3 S 250F
200
1505
100
50
0~ .05 0.052 posr o0se  oba 005 002 00sa 0056
EGamma {(GeV) EGamma (GeV)
fit from sidebands fit of 54.9 MeV peak

from CEX reaction +

MC corrections

=

c | 1
-1 —0.5 0

w RMD peak

1
0.5 1

Remind that BCK (background) is mostly accidental
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Counts/(50 ps)
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Radiative muon decays in MEG Il data (Energy SideBand): a crucial check
for a u=»ey experiment — Same topology of possible signal events
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o . MEG sideband
One timing sideband
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Sensitivity &, defined as median of distributions of 90% C.L. upper limits for an ensemble

of pseudo-experiments with null-signal, is 8.8 x 10~ 1%,

S99

B T T T I: | T T T T T T T T T T T T ]

100 -

B Distribution of 90% C.L. ]

80~ for pseudo-experiments

601 14 .
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90 % upper limit on Br(u*— e*y)
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Unblinded data - arXiv:2310.12614v2 [hep-ex] 20 Oct 2023 Submitted to EPJC
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- logn

» Confidence interval forN_._. > 0

sig
» ala Feldman-Cousins
» Best fit branching ratio %y,

B =— 1.1 x 1071°

» 90% C.L. upper limit of branching ratio:

| Boy = 1.5 X 10-13
MEG: By, = 4.2 x 1071
» MEG Il + MEG combined:

Gy =31 X 10T

12

10

Profile Likelihood

Combined

----- MEG II 2021

..... MEG 2009-2013

™
-'".

MEG Il + MEG

MEG Il 2021

i IVIEG 2009-

|II\I'\I|III|III|III|I

-
vt

013

x1071*

combined sensitivity: g = 4.3 X 1(

|
1 1.5

Branching ratio
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1072

Sensitivity BR(u*—e*y)

10—13

1074

90% upper limit sensitivity

3¢ discovery at 90% power

MEG sensitivity (90% C.L.)
MEG limit (90% C.L.)

\

2023 (exp.)

I I I I
10 20 30 40 50 60 70 80
DAQ livetime [Weeks]

New best UL:
B,~3.1x1013

MEG Il goal:
S,=6x1014

90
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A future u=»ey search at PSI?

The PSl accelerator will shut down for two years in 2027-2028 to implement a new High Intensity Muon
Beam (HIMB): 1=10'° muons/s

No official plan of the MEG collaboration for a third phase of MEG

A working group of MEG and Mu3e collaborators are holding meetings for a possible common future

project for the search of u=»e y in order to exploit the muon beam intensity increase to gain one
further order of magnitude w.r.t. the MEG Il goal



Conceptual design — Silicon tracker + Conversion
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The use of a pair spectrometer may give an improvement of a factor 3-4 w.rt. the MEG Il energy

resolution ( ~1 MeV) : the loss of efficiency due to the small photon conversion probability can be

compensated by improved fiducial solid angle coverage, multiple conversion layers and the higher
beam intensity

An active converter is necessary to minimize energy resolution due to loss fluctuations: W. Ootani Tokyo
University

=1l g =
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A crystal calorimeter option (LYSO) is still kept in consideration (A. Papa - Pisa Univ. & PSI) despite
large surfaces imply high costs

A central positron spectrometer based on Silicon HV-MAPS (Mu3e) with reduced thickness (25 )
could reach momentum resolutions < 80 KeV/c (A. Schoning: Heidelberg Univ.) in strong magnetic
fields+ high rate capability

A gaseous detector (MEG like or a radial TPC) is foreseen for tracking pairs in the external photon
detector (F. Renga — Romal INFN)



Summary

MEG Il has been taking data since 2021 and aims at improving the sensitivity
to u=>»ey by an order of magnitude in the B.R.

First result from the 2021: BR< 7.5x1013 and BR <3.1x1013 when combined
with the final (2016) MEG result

Will finalize the 2022 data analysis in about half a year
Data taking will continue until 2026 to reach the final goal

Thank you for your attention

s

—
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Dipole

Effective Field Theory approach (a recent paper)

1

A2
J.\L F 1;’

C

e e
P
H e

4-fermions

K, parametrizes the relative magnitude of dipole
and four-fermion coefficients

A (TeV)
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270 mm x
66 mMm

Raster scan at COBRA center

Stopping rate is 5.28e+07u " /s
Xmpy = 0.00 mm, STD(xmpy) = 11.35 mm
ympy= — 0.80 mm, STD(ympv) = 11.36 mm

le4

Yield, [particles/s/mm?)

Muons are stopped in a slanted BC400 170 um
thick target with 6 holes and a pattern of dots
(photographed by a camera) to continuously
monitor the shape and position of the foil

y, [mm]

The muon beam profile at the target position is
measured before start of data taking for stopping

rates 2-5 x 107 u/s
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Target position and deformations are checked by means of off-line reconstruction and on-line
Camera measurements
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., 1 ~ detector

COBRA magnet -
i i P ' i
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4: Radiative Decay
Counter

* Tagyin LXe from RMD associated to a
low energy positron

* Low e* positrons: plastic scintillator
for timing and LYSO for energy
measurement

4500
4000
3500
3000
2500
2000
1500
1000

500

LYSO 2 x2 x2cm?®

BC418 MPPC S12572-025
MPPC R
S13360-3050PE iﬂ
= | /- :“
] 22
H ~22 em
g H
7 " I
T Ir

Most coincidences
with LXe associated to
low energy positrons

R L Total H
= —— Egpc <5 MeV
= i — Egpc > 5MeV [
s A A S -
—40 20 0 20 40
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Entries / (0.2 MeV)

Entries/ (0.2 MeV)
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LS CURRENT
185 |
CH115 - 50 =

] |
1603{CH45 - 51 = 0| Layer 5

o5 [CH35 - 52 = 0
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-

ss 1 [CH36 - 55 = 0
] (CH77 = S6 = 0
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7x107 p/s
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CDCH current stability

CDCH - L1 CURRENT
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Check the existence of a possible new particle SIS

H\? e
Atomki Collaboration () X LY -
—
e |
S p ||.|
| | | I|:.l
| | |I
- ro
+ N
p O Q )
o TOMK] PAIR
. PECTROMETER
Li .
Be
-1
E [~ g |
2 I
E 10 3 - '.F]-‘i +E HBE‘ : Lithium pheosphorus oxynitride (LisxPQOavNiv)
g kel 0 : . |
2 & T+ m 3 : . z
= Al o b _ : L = =
2 o 4+ E=1100keV 2 s = z
Q - T ' o L
N i E,~ 800 keV ? o,
1'}2_ +_,._ -'-_|_'|:||._!|-_""-I-_|_ -|-"|__|_ - E‘
=+ * + e
. n_l- . E=650kev T+ :
+:_' T+, o
-+ =t I+
*++
+
E,= 450 keV +"‘_,_ 2
10 r n 10
T T LT T w656 00 0120 90”40~ 80160170
B (degree) o (deg.)

arXiv:2205.07744

Phys. Rev. Lett. 116, 042501

"Li(p,ete )®Be studied at
E, = 450, 650, 800, 1100 keV

e+/e- energy sum and
angular correlation @

®* Internal Pair Conversion (IPC)

distribution shows excess at
O~140° at several beam energies

decay of a hight particle

mx = 16.95 MeV/c?

best it pR(X) = 6 x 106
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Analysis in an advanced state
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* MEG-II onlv reconstructs

e+. Procedure was adapted for e- as well.

Y [em] 10
5

Y [em] qpf

“ ptattarget 5

M p- attarget

e e- hit
¢ e+ hit

' 4
o target

LIPON event

n

-10
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®* 400 pm-thickness carbon fiber vacuum chamber to minimize multiple scattering

® Main target for physics run

. Li distribution in target under
— 2 um LiPON") on 25 pm copper substrate (by PSI)

investigation

®* For gamma detectors calibration
~—~p 5 pm LiFF on 10 pm copper substrate (by INFN Legnaro)

* Target-supporting and heat-dissipating copper structure |B field x0.15 wrt MEG

attached to CW nose (0.2T at center)
Li tﬂl‘gﬂt Mechanical and heat dissipati
at COBRA center simulations carried out

45° slant angle

Target arm
Cu for heat dissipation

Carbon fiber vacuum chamber
Thickness: 400 pm, Diameter: 98 mm
Length: 226 mm

(*) Lithium phosphorus oxynitride (LisxPOavNxev)
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Exotica: Search for u=»eay /. High Energ. Phys. 2022, 29 (2022)

* Exploit the optimal y detection MEG Il properties to increase the
sensitivity to u=»ea

* Need to make ad hoc runs with different trigger configurations

B 25 : :
L @ 95% QL [ Signal (Fji* =2 x 10° GeV)
1x10%° : 5 [T RMD bkd ]
x 20— RE bkd - -1
5 x 109 — I:I Total hl{d.' —
= 2 o 1 Total signial+bkd |
m ............................ :r ........................ .
o, _ _ S | MEG IL-ALP
= i i [= i [
' TWIST (1t — ea) i i i |
=0 9 4 LA / o H - I S =
us 1x10% | MEG TLRMD . 0 |
L==]
5 x 100 s e - =
[:'T.‘x':-'lgﬂ Box e —+ :r ay) h’[EGhRIIUID {'} -;_____ N : oL
SNIOBTA,. | i i |
X100 "{':l"é-m' | "c':i'l':;m' | "t:i'iiﬂn' | 1I o "'liiﬂ“' | -400 -200 0 200 400
10 - - - mg [MeV?]

ma [MeV] 51



	MEG II Status and future plans�
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30
	Diapositiva numero 31
	Diapositiva numero 32
	Diapositiva numero 33
	Diapositiva numero 34
	Diapositiva numero 35
	Diapositiva numero 36
	Diapositiva numero 37
	Diapositiva numero 38
	Diapositiva numero 39
	Diapositiva numero 40
	Diapositiva numero 41
	Diapositiva numero 42
	Diapositiva numero 43
	Diapositiva numero 44
	Diapositiva numero 45
	Diapositiva numero 46
	Diapositiva numero 47
	Diapositiva numero 48
	Diapositiva numero 49
	Diapositiva numero 50
	Diapositiva numero 51

