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MEG Il DETECTOR 2

MEG Il - SEARCHING FOR 2 — ¢ DECAY

Liquid xenon photon detector
(£,~62%, Og/E~2%)

Thin-wall SC solenoid
(gradient B-filed: 1.3—0.5T)

higher intensity \
higher resolution .  Continuous u+ beam
higher efficiency (7x107 s-1)

Pixelated timing counter
(01 = 40 ps)

Muon stopping target
(170 um-thick scintillating film)

down to

ox10-14

Cylindrical drift chamber

Radiative decay counter (~1.6x10-3 Xo, 0,~90 keV)
(identify high-energy BG y events)
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BIG PICTURE GUT

grand unification
charge quantization

Leptogenesis

seesaw mechanism
neutrino masses

Flavor violation from
neutrino Yukawa

Flavor violation from
quark Yukawa

TeV scale physics
Dark Matter

~ 10712
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THE CURRENT STATUS:
K — €y

MEG Il has been leading
the world'’s efforts to

discover lepton flavour
violation in charged
leptons (cLFV)

the smallest measured
branching ratio
for an elementary particle !

BR upper limit (# —e y equiv
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cLFV search history
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Normalised to u* — ey rate assuming dipole interaction (a la SUSY)
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HOW TO FIND 4 — ey

> Thin-wall SC solenoid with a
gradient magnetic field to measure
only high-momentum positrons
with minimum detector material

PIXELATED TIMING COUNTER CYLINDRICAL DRIFT CHAMBER
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MEG Il DATA :
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ANALYSIS

UNBLINDED 2021 PILOT DATA 66 events in Analysis Regior

4D distribution (Sideband estimate 68.0 £ 3.5)
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SUMMARY AND PROSPECTS 1

+q>; B 90% upper limit sensitivity
» The first 7-week data in 2021 +L
achieved a Sensitivity ~60% of T 1012|021 30 discovery at 90% power
VIEG 2009 201 3. R o N N MEG sensitivity (90% C.L) __
= = N\ MEG limit (90% C.L.)
£ _ ] C B
%90 — 7 5 X 10 13 % B
) Acombmatlon MEG + MEG 1 i
provides the most stringent limit 1013 2023 (exp.)
on the branchmg ratlo of uym > e™y -
| %90 = 3.1 10—13 -
» Expect to finish the 2022 data i
analysis this autumn 10-14 | | | | | | | |
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Euro. Phys. J. C (2024) 84:216 DAQ livetime [Weeks]
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AXION-LIKE PARTICLES THAT VIOLATE LEPTON FLAVOUR
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KINEMATICS OF ALP SEARCHES 13

H — €y
MEG Il optimised
e 2 I[,t Y H to measure this event!
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H — €y
MEG Il optimised
to measure this event!
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(3) extra- "X1/7°
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A back-to-back 2-body decay
The photon vertex cannot be measured
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The photon vertex is not measured but is
reconstructed to fit the 2-body kinematics
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The target region is

- mass = 20 - 45 MeV/c2

- life time < 1 cm
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BR(L— eX, X—>YY)
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MEG Il will bring 10x statistics and better photon reconstruction
to reject the background by better kinematical constraints
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Trigger / selection need to be loosened:

- much lower photon energy
- no back-to-back topology

They just look like radiative muon decays (RMD):

18
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Trigger / selection need to be loosened:
- much lower photon energy
- no back-to-back topology

They just look like radiative muon decays (RMD):

Study the RMD!
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- @95% C.L.

Our theorist friends kindly pointed out*
that MEG’s RMD study cannot exceed the

> existing TWIST's upper limit;
O, , . i.e. a dedicated run with loosened trigger
18 1x10%—IWIST (i —+ ca) : : conditions at lower beam rates might be
L ' ° MEG II-RMD -

5x108F - R e S e — needed.

( I'ySt {l Box "‘ —»/ (17 | l\rIEq-RI\IiT(.)‘?—
SNIOBTA,,( ; ; : ‘

04 0.001 0.010 0.100 1 10
m, [MeV]
LFV @ dimension 5
LEV — 3 %, Oua " , mg o
L 2fa Y ( 3’75)6 | fa ey s5¢ 9 a *Y.Jho, S. Knapen, D. Redigolo, arXiv:2203.11222

axial and vectorial MEG, Eur. Phys. J. C76 (2016) 108
LFV of the ALP TWIST, Phys. Rev. D91 (2015) 052020
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107°-Events/(20MeV?)

*Y.J., S.K., D.R., arXiv: 220311222
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Signal (FV 4 =1x108 GeV)
RMD bkd ;

8 |RCbkd | -
Total bkd |

of L— TOtalslgmekd %%%%% *

MEG-RMD [
a1
signal
ol —
—%OO -200

missing mass squared (MeV?2)

0.014

0.012

0.01

0.008

0.006

0.004

0.002

20

Acceptance ALP for Ey cut

...................................................................................................................................................

MEG II Prellmmary

.................................................................................................................................................

..................................................................................................................................................

ALP acceptance

llillllillllillllillllillllillllillll.

0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
GeV

photon energy (GeV)

NEED TO RUN AT LOWER BEAM RATE & LOWER E}, THRESHOLD
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Actually we already have such data samples.
Taken for a total of 8-9 days in 2021-2023 for calibrations:
= (0.9 —2.0) x 10°/sec, E, > 18 — 20 MeV

Entries htime 9176 evaluation by toy MC
- data " 6.53e—11 0‘%180:—
- | : % 160 +
53 :_ " |! P
3 | RMD s Slgnal Pl l:ill |||i | RMD
[ E E § 120:_ I|' ||| | ' s‘“" I.-!" I ||||'|
- ! : T — | ".. il |
805— | I ' l“l Ill n",'.lu..
accidental
| I1(1)0l - l2(I)0I - l3(I)Ol - l4CI)0l - I500

m? ([MeV?))

time coincidence (nsec)
missing mass squared (MeV?2)

21



@ u — eay MMEGI 2
A preliminary analysis indicates we can probably exceed TWIST with this sample!
; - @95% C.L.
T e ;
e |
S | | | | | |
()
O, , ,
N 9 TWIST (4 — ea)
2 {x10%— 0 Ll ea) - S —
* | J\
8| o R S L L ) und suffers from lar
5x10 I T TWI;?);I-S’?eCr)na’:?CSu;fc?eft;i(r)]tielsa .
Bound from Crystal Box — [ Clrystal Box (4 — car) \ See. TWIST 1409.0638
uffers from uncertaint : T
in the |S:)osietrcs)n Znergycrermaasu);ement SN1987A,ue | |
‘ PN : et
0.100 1 10

It is remarkable that present experiments are
already stronger than cooling bounds!

8 YN B T
1"1%—4/ 0.001  0.010

by courtesy of D. Redigolo
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A preliminary analysis indicates we can probably exceed TWIST with this sample!

@ 95% C.L.

Bound from Crystal Box — Crystal Box (4 — cary)
suffers from uncertainty '
In the positron energy measurement SN1987A,ue

It is remarkable that present experiments are
already stronger than cooling bounds!

8l . /. AP R
1"1%—4/ 0.001  0.010

KT

m.,, [MeV]

T,

by courtesy of D. Redigolo

| TWIST bound suffers from large

systematic uncertainties

See. TWIST 1409.0638
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*Be* ®+
((5 s A <>

N

IPCC (relative unit)

c’=16.6 MeV

m,c’=15.6 MeV

., mye’=17.6 MeV

o Q

p 4

Phys. Rev. Lett. 116, 042501
arXiv:2205.07744

ATOMKI PAIR
SPECTROMETER

Y °Be

RN IR TN T AT IS NN EE N
Phys. Rev. C 104, 044003 80 90 100 110 120 130 140 150 160 17

Phys. Rev. D 95, 035017 © (deg.)
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We re using thls Drocess for calibration

Phys. Rev. D 95, 035017

dedicated Cockcroft-Walton
accelerator & beam line
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z 40 l l hZVDCH o z
®* Bvent A = b S Z LiPON data
g e ~ 02/22
20:_ ................................................................... z“n::::_

= L

p+=6.7 MeV | : :
p- = 8.3 MeV 0_ ..................... ‘ ................. !,target ......... _

— o] 3 B : : :
}angle_‘_— 141° | | S— e S — =
T : e 19 / . -

The Strength of MEG |
- reconstruct eTe ™ trajectories

- measure background photons
- properly normalise events

i p+ = 6.7 MeV
p- = 6.9 MeV
angle = 101°
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1 Total 1 IPC15 . ) ) ]
. MC = x7 — EPC18 Physics run in 2023 after Pilot run in 2022
bl EPC15 L IPC1S Analysis at the final stage
internal pair conversion Another run foreseen focusing on 1030keV
10° -
102 -
a
. i 1764 Mov =3 SPIN-1 PARITY-EVEN
10" ; _
‘ S|gna| % e vi] | w1
0. g 4_5;_ 44% | . 67% 3!
0 5 1 1 1 i 1 l . . . . 4:— .‘ |
20 40 00 80 100 120 140 160 180 : 3 MeV : I :
Gre| [deg] 3.55_ OMeV e SPIN-0 PARITY-EVEN
2.5%—// \K two resonances occur
20: ' lolzl '0.14' 'o.lel 'o.ls - 4 - '1.12' ' '1.14' | '1.I6' ' '1.|8' for thiCker target



CONCLUSION
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STAY TUNED FOR UPCOMING RESULTS OF MEG Il !



