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* cLFV as a probe of New Physics
* SUSY predictions

* Complementarity & redundancy



Energy frontier

* search for direct production of
new particles in the extended
sector of the theory
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® SM: Dirac v-oscillations = flavour mixing in the leptonic sector (PMNS matrix)

) \ 27 ¢

N(u—>evv
S.M. Bilenky, S.T. Petcov, B.Pontecorvo need of new Physics at
Phys. Lett. B67 (1977)309 higher mass scale =» SUSY

SM-background free!

* SUSY: contributions from mixing in the High Energy sector of the theory
(the heavier the mass, the higher the omp!ﬂiﬁ’rude)
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* arising from new lepton-lepton coupling /i ZZ'F'W/lj oY
(additional contribution to UN—2>eN amplitude due to Z-exchange)

1.5x10-13 74'07)(]1%:2 . 1.0x1012  (3.3<4.5)x10-8 (242)x10-1!
Current limits  (MEG-Il, (S]N;RUM” (SINDRUM, (B-factories,  (FNALWP2025,
2025) 2006) ' 1988) 2010) HVP, ...)
17 -16
Future 5x10-14 fg;:et (Hg(o:ecl)be)r O(10-9) > 86 (?)
sensitivity (MEG-II) Mu2e)’ ! PSl) <k (Belle-ll) (FNAL, JPARC)
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Loppy = b

LEVTC+1)A2

» effective lagrangian as a function of .
° NP energy Scale /\ _(A. de GOUveG and P. Voge|,

ARroO e F' + Uy ur + dpytdr)

K+ nazremert

* dimensionless parameter k due to the
relative strength of

"Prog.Part.Nucl.Phys.71 (2013)75 °

2 B(u "¢ &.ﬁm”m; =107

* dipole transition < ot fe ;
(dominant at k<1) /}\ . Z
B(uN — eN) 10-2 - \g [ '
B(M - efy) ~ . / S L . ﬁ”-._’__ e conv in 27Al) = 10716 1

"

* four-fermion interaction " [ ....3'(#—* o) = m—14-
(preferred at k>>1) Bl — ep) = 1075 -

IW—>e conversion favoured

3 b
* CcLFV is sensitive to NP scale up to A = 104 TeV N \\\\\\\\ M
| 10

107!

.

.
(three orders of magnitude as large as nowadays RN
direct searches) 1072

=>» cLFV processes provide complementary and redundant info on New Physics
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* Signature & background

* Detector upgrade

e Performances



Signal

Physics background

et ut

Accidental background
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given the experimental
resolution, this dominates
at higher muon rates
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Same beam as MEG-I (TE5), capable of delivering > 108u* /s (p = 28 MeV /¢)
* limited so far to 5 x 107 /s (so as to take pileup and aging under control)

Muon stopped on a 170 pum-thick (~0.004 X,) target 0 —

30 Xwpy=0.00 mm, STD(xmpy) = 11.35 mm
Ympy= —0.80 mm, STD(ympy) = 11.36 mm

* spotsize 0, = 0, = 1.1mm

Mylar Degrader

Target window system in

Collimato

—— 90 per cent contour
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The upgraded detector

Liquid xenon photon detector
(LXe)

COBRA

supercid‘-'ding mag:n',7~"‘  SRatesisd
‘_ "‘: ; ;3 ; i y

Trigger/DAQ

VUV scintillation

3
' readout by 4092

. MPPCs +668 PMTs
online event reco ) _

and selection+

2.5 Gs digitization

Muon stopping target

4 Ny \'\ = ;‘ &\'\’
2 x 256 scintillating
tiles, fast SIPM
readout

Cylindrical drift chamber

Radiative decay counter (CDCH)

(RDQC)

identification of
radiative decays
by soft positrons

detection

ultra-low mass
= .
. 1728 drift stereo cells
S8 > 60 hits/track

| ot 4 //-“—"" ~110um resolution 7
* For further details, please refer to our technical paper (EPJ C84 (2024) 190)
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Observable MEG-I MEG-II (proposal) MEG-II (2022)
o(pe) (keV/c) 320 110 89
(0., ¢.) (mrad) 9.4,8.7 5.0,5.0 3.8,6.2
0(Ye, 2) (mm) 12,24 0.7,1.2 0.61,1.76
ee (%) 30 70 67
o(E,) (keV)
(deep/shallow)  90/130 55/60 100/130
0 (t~,v,) (mm) 5,5, 2.4,2.4 2.5,2.5
ey (%) 63 70 63
At (ps) 122 84 78
001517 T T T 5 - T I'/'\"l""l""
|- - MEG 2012 sharper edge & 16¢ narrower retotive
| — MEG I 2021 of Michel 14} timing in radjative
i 01" spectrym 120 .| decays
= B e e,
_ _ i i e e
- - 08" -
0005'_ ] 06 | MEGI2021 £
- - 04l | T MEG2009-2013 3
\ ] 0z .
oL v Lo 1 I\ PRI P T I R T TR,
46 48 50 52/ 54 56 855 0 o5 115
P.[MeV/c] Ateii [ps]
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* Data summary

* Analysis strategy

* Sensitivity projection vs. time




2021: results published (combined with MEG full dataset) (EPJ C84 (2024) 216)
2022: “ “ ( “ “ 2021 run) (EPJ C85 (2025) 1177)
2023: long and stable run, analysis ongoing

2024: short run (LHe shortage due to PSI cryoplant failure)

2025: run ongoing (with crossed fingers ...)
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E,(MeV)

likelihood blind analysis strategy
— blinding observables: E, and At

2021

ol

DATA SET

data-driven pdfs as

functions of observables
T; = (pe; E'ya 06’77 Qbe'ya Atev)i

° signal: from detector

response function
* accidental: from event

sidebands

* RD: from RD energy
sideband data distribution
and frigger simulation

distribution in time

L(Nsig, Nrmp, Nacc, XT) =

e~ Nsig+Nrmp +Nace)

Nobs!

N, obs

l_[(N sig|s (fz)
i=1

+ NrMmp

C(Nrmp> Naces x1)X

%I-F NaccA(X)]
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No excess over expected background observed so far
* eventsin (E,, E,), (O, At,,) scatter plots ranked by

S(x;) )
R = log 10( - -
o frmMpR(Z;) + faccA(Z;)
58 L L L L L L E I ! ! ' |
57 = 0.6 . .
pdf contours at 1, 1.64, 2 o - .
56 0.4
55 e
0.2 o ° °°
54F © o8 ]
53 0 ooo (o}
526 ) ,o ’ 0.2 Oe ., °
o O —Ue. °
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°° @® o o °° o
49 . o°08° : ) o; o —0.6 R °
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* Data

2 g“”: | I(c)_ - Total exp
g N 1 - RMD
g :.‘; 10¢ 3
& E: 1 - ACC
1k - SIG ULx4
i N \'."'-.
1'}71 A . . .
N Likelihood fit
3 “§ .
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R { A = AR Y A T A, N —
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Normalization Systematics
N.. major sources
_ stg
B(/‘L — 6’7) Tk — magnet-detector alignment

normalization factor k = (SES)"!
— i.e. k is the number of muon decays
in detector acceptance (folded by
efficiencies)

obtained by independent counts of
— pre-scaled single positron triggers

— radiative decays in the energy
sideband

combined (as of 2022 run)
k=(1.35+0.07)x 10'3

— energy scale calibration
— normalization

uncertainty budget

Parameter Impact on sensitivity
¢e uncertainty 1.1%

E., uncertainty 0.9%

6., uncertainty 0.7%
Normalization uncertainty 0.6 %

t., uncertainty 0.1%

E. uncertainty 0.1%

RDC uncertainty <0.1%

overall effect on sensitivity ~ 3%
— used to be 13% in MEG-I
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Results (based on 2021+2022 data)

B(L—>eY) sensitivity
@ 90% CL=2.2x 103
Upper limit
=1.5x 1013
(2.4 times better than MEG-I with
only 8 months data taking)

Projection (up to the end of 2026 run)

final expected sensitivity

=6x10'4

Branching Ratio

(=1
I

[y

%)

10—13

1074

MEG Il expected sensitivity
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G 112021 90% UL

llll
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90 %

F
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1
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I IIIIIII
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| The future projection is based on
the demonstrated performance in data
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* Study group for “Future p—>ey experiments” been established
input to European Strategy for Particle Physics submitted ( )
* New detector concept conceived to cope with much higher HIPA intensity
* Both e* and y-detectors embedded in the same (higher acceptance) magnetic spectrometer
* inner side: silicon pixel detectors equipped with HYMAPS (similar approach as Mu3e) for
positron tracking
* outer side: pair production in active y-converters (LYSO?) so as to compensate for energy

straggling

Muon stopping s
active” targets
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*  Who ordered that? 0
(see A.J. Krasznahorkay et al., PRL 116 (2016) 042501)
— excess of eTe” pairs in Atomki in “Li(p,e*e’)®B
* observed at E,;=1030 keV (Q=18.1 MeV)
* no evidence at E ;= 440 keV (17.6 MeV)
— interpreted as a production of a X boson (mediator of the
fifth force?) with my = 16.95 MeV and I'(X)/I'(y)= 6x10°¢
— same anomaly seen in 3H(p,e"e)*He and ''B(p,eTe")'2C

IPCC (relative unit)
15.6 MeV
17.6 MeV

2

s myC

: 2
Jomye

4 mc’=16.6 MeV

L 1 aalay 1, Lo [ 1 il
80 90 100 110 120 130 140 150 160 170

(PRC 104 (2021) 044003, PRC 106 (2022) LO61601) o
= W e
*  MEG-Il capability 530 =il .

— reproduced by using CW accelerator (usually a facility for
calibration) to deliver protons to a dedicated Li-target

— signal: e*e” reconstructed in the magnetic spectrometer with
downscaled magnetic field, wider acceptance and better
pair invariant mass resolution (a(m,_.) = 540 keV)

— background: internal (IPC) or external (EPC) pair
conversion
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* Data set
— 4 weeks in February 2023 at the same proton energy (E, = 1030 keV)
— excitation of both 8Be resonances (17.6, 18.1 MeV) due to ~25% H," beam content

— 75 Mevents collected, 500 kevents with reconstructed e*e” pairs
Projected limits at 90% C.L.

T ! . . . . ! . . . i ! le—6 le-5 v
0 B ; = 175 —— Ry limit < 1.8¢-06 ‘
S T T R e T S . T —— Rys, limit < 1.2¢-05

e Meeoiteses T 3 : 3 3 :
a B e — 16 <E_.. <20 MeV 3 1.50 | @ ATOMKI (stat. + syst.)
2 e Y P 1.25 |
IS 10—2 S —9—*2.! ..................... ........ =
Q £ P P 3 21.00 |
) - : ; = N

- : e H -1 «
Y 3. |=F= S00keVdata | ;'i- T
§ 10 E | —5— 500 keV MC sum Tt _4"‘-0—0- £ _—
g F |3 pci7sme “+ '
S " |—— EPcMC + 3 2 —
2 10-4 L L N N i N N U ] s N s L 1 Fﬁ

0 50 100 150

0,, (deg) 165 16.6 16.7 16.8 16.9 17.0 17.1

myy7 [MeV/c?]
— angular distribution compatible with the background for both resonances = exclusion plot

— published results still compatible with Atomki results at ~1.50 (~6% probability)
(EPJ C85 (2025)763)

— results from PADME collaboration compatible with background as well, with a most significant
deviations (~20) at Vs = 16.9MeV (F. Bossi et al., JHEP 11 (2025) 007)

— plans to continue X, data taking during the next HIPA shutdown 2026 with pure 18.1 MeV
sample
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Search for u>eay

Predicted in several Beyond Standard Model
scenarios

a = ALP = axion-like particle (i.e. pseudo Goldstone + F s

boson from spontaneous symmetry breaking of global < \
+

symmetries) following suggestions from
Jho, Knapen & Redigolo, JHEP 10 (2022) 029)

Signature

— 3-body decay (e* + y + invisible)
(very similar to radiative muon decays)

— simultaneous e™ and Y detection

— looser momentum /energy cuts (E, > 10 MeV)

— no angular correlation required

=> need to operate the beam at quite lower intensi
(S 10°/s) in order to keep the trigger rate at c
tolerable level

Status of MEG-II ... 25
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6-days run at 10%/s intensity cumulated in
2021+2022

search for
— tfiming coincidencies

- accidental background suppression

time coincidence (nsec)

— peaked missing mass distribution

= RMD background suppression
sensitivity (bqsed on Toy MC) 1. 13x1 0° GeV

00 g oo % 00550500
missing mass squared (MeV?2)

; G 2 SIGNAL
. ' @95% G.L. C RMD
I L T € 1% T ot &y 0.8~ : L
r (arbitrary normalization)
5x10° B
S 0.6/
3 MEG 116 days B
:;.L! 1%10° Tms*r(y—ma) : 0-4}
g [ S s e W S 02
g ' B TR T R— Jlslno' 200
x 2
v T A - [&;310 E.G. Grandoni, master thesis mISS [MeV~]
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* p—ey
— MEG-II latest results (based on 2021+2022) are consistent with null result
and set an upper limit at 1.5x10°"3 (@90% CL) to the branching ratio

— analysis of 2023 data and 2025 run ongoing so as to reach (with 2026
run) a sensitivity of 6 x 10°'4 (10 times as low as former MEG-I limits)

* Exotics

— X,7: no excess seen over background, still 1.5 0 compatibility with Atomki
new run envisaged after 2026 shutdown
— ALP: dedicated 6d-run at low intensity, should be able to push sensitivity
down to current TWIST limit

* Still vast discovery potential...

... so please, stay tuned!

Status of MEG-II ... 27 13/11/2025






* Frequentist approach based on Feldman-Cousins

prescriptions with profile likelihood ratio ordering

e N _1(40-A)? 1 (ro-R)?2 N
2 2

L(F1, ..., Zn, Ro, Ao|, 5, R, A) = e

e & [ (8s(@) + Br(@) + Aa(z)

=1

o

MaXNgg,Nrmp 'C(NSig:-.- Ngq, NRMD)
MaxXN,;.,Nga, Nrmp f’(NSiE.'i Nga, NRMD)

* Observables

— kinematics ( ;c),'i

— event counts in the sidebands R , A
* Parameters

— number of signal and background events

— nuisance parameters added to take systematics into account
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180 |

156 |

150 80 65 70 75 80 85 80

E, (MeV)

50 &5

* E, =55 (83) MeV =» close to signal window

* liquid H-target

* beam polarity and settings to be changed as well
- to be used quite seldom (~ 1/ year)
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e Makes us of a Cockcroft-Walton accelerator to deliver tunable-
energy protons to a Li,B,0; target

- Li: high rate, higher energy photon
- B:two (lower energy) time-coincident photons | >16.1 MeV >11.7 MeV
Reaction E,, O wlines
Li(p,y)Be | 440keV | 5mb (17.6, 14.6)MeV |V 14-4 MeV
B(p,y)C 163 keV [ 210 'mb | (4.4, 11.7,16.1) MeV
R oY 00 ——owger |
/ 250 Ec'?";n m_ﬁ;‘s‘% AE/E =8.5%
5 TEd (FWHM)
200 — p: 1.07;1:;00-: z;_g

150

100

50

o_ll

0

A J | 1 4 _}l.n
2000 4000

1 1 I 1 1
6000

1 I 1 1
8000

1 I 1 1 1 | 1 1
10000 12000

14000
gsum2
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Calibration

tools

VY
Lower beam intensity < 107 Las er / LED &= \
Is necessary to reduce pile- )
ups (rough) relative E B
Better oy, makes it possible timing calib. T
to take data with higher
. . <2~3 nsec -
beam intensity Pt
A few days ~1 week to get PMT Gain i 4
enough statistics } sl E
Higher V with o l R _
y light att. : Hepuation
w+p>nd+n 7/ . - ¥
Can be repeated 27 - ;..B “ Applied vols(m [a.u.
m° > yy (55MeV, frequently
83MeV)
m+p>y+n (129MeV) )
10 days to scan all alpha )
volume precisely e
o A EG detector R
{ aster scan possible w1+ standard PMT QF & Att. L
ess points) e . . 14.GX e
calibrations Cold GXe 4
LH2 tar;
\_ LXe Y.
Y .
((p, y) reactions i Li(p)B (n,y) on Ni 9 MeV Nickel pline
l LiF target at : “ l 1
’«‘_‘L‘ ‘ & » COBRA center Neutron pulsed . :
: | 5 17.6MeV y generator to '
’ L) ] ] induce (n, y) * «—>
a\ B ) e RN ~ 0
i ‘/L_ B Ll y1) af 146 MeV daily calib. 3 20
aafl S AE Yo Can be used cm cm i ,
T hN also for initial Polyethylene ™ ™ = = = = ©
g
I e L0 LT O NIy S ) K WS0.25 cm Nickel plate
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