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Three Generations
of Matter (Fermions)
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The Standard
Model is
considered to be

iIncomplete.
ex.

mass and mixing,
strong CP,

dark matter,
baryogenesis,
dark energy

New Physics is needed.




High Energy Frontier

E=mc?
appearance of real
new particles

High Intensity Frontier

AEAt 2 1

appearance of virtual
new particles
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QUEIE

transition
observed

Neutrino
transition
observed

Charged lepton
transition
not observed.




Effective Field Theory (EFT) Approach

/\ Is the energy scale of new physics
CW) is the coupling constant.

fI’Om BR(U — eV)<4,2X1 0‘1 3 ICa| [A =1 TeV] A (TeV) [|Ca| = 1] CLFV Process

6 Cre 2.1 x 1071 6.8 x 10* ©w— ey
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éLpr//tR¢pr e 1.0 x 107° 312 @ — ey [1-loop]
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F. Feruglio, P. Paradisi and A. Pattori, Eur. Phys. J. C 75 (2015) no.12, 579
G. M. Pruna and A. Signer, JHEP 1410 (2014) 014 e
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Future planned experiments expecting improvements by an

add

tional factor of >10,000 or more (will be described later)

would probe ....

It is crucial in establishing where is the next fundamental scale
above the electroweak symmetry breaking.




dipole interaction osaa universty




—FT at high physics scale

The operators are
mixed in RGE at
the experiment
scale

A. Crivellin, S. Davidson, G.M. Pruna and A. Signer, arXiv:1611.03409

A. Crivellin, S. Davidson, G.M. Pruna and A. Signer, JHEP 117 (2017) no.5
S. Davidson, Eur. Phys. J. C76 (2016) 370



SM + NHL (neutral heavy lepton)
large extra dimensions

extended Higgs sector
additional vector boson (Z’)
leptoquark

SUSY-GUT and SUSY seesaw
R-parity violating SUSY

low-energy seesaw
etc. etc.
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muon g-2 anomaly

flavour conserving component of the BSM dipole operator

muon CLFV (u—ey etc.)

flavour violating component of the BSM dipole operator

If the Muon g-2 anomaly is confirmed, it will establish
the presence of a BSM muon interaction which may
induce sizable effects of muon CLFV.

M. Lindner, M. Platscher, and F.S. Queiroz, arXiv:161006587






Lepton Mixing in the Standard Model

Neutral [ejown ﬂavour violation has been observed.
Leyﬁm mixing in the SM has been known.



Charged-current Interaction in the SM '

ECC — _i (éaL’yMUaiViL) WM_ =+ h.c. 9 (CL — €, W, T, 1= 17 27 3)
V2

PMNS matrix WiV = U

es) = Wiilea),  |vg) = Vilv), ea=e 7, i=123,

flavour mass flavour mass

elgenstate eigenstate eigenstate elgenstate

- The mass eigenstates and flavour eigenstates in the
weak interaction are misaligned, as in the quark sector.
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Neutrino Mixing
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(charged lepton:

WiWwv=U W=1V=U
mass eigenstate)

PMNS matrix

Ve
o

Standard Model

states
Neutrino mass
v states
. Ve \ Uet Uea Ues \ 1 \
neutrino ,
mixing matrix Vp | =1 Ut Upa Upz |} v2 "
V'r/ U’Tl U’T2 U’TB/ L’B/ SANNNNRIN
1 0 0V ¢ O se”\¢ s, 0\ 0 O
U=10 ¢; s 0 1 0 -s, ¢, Of O e 0
\O _523 623/ \_513615 O C13 / \ O O 1) \ O O 1)
Atmospheric Reactor angle Solar angle Majorana phases

angle and CP phase



SM neutrinos

BR~0O(10-54)

2
my, 2

My

B(p — ey) = 327T|Z (VMns),, (VMNS)el

S.T. Petcov, Sov.J. Nucl. Phys. 25 (1977) 340 @



SM Contributionsto L™ — £ ¢ ¢~ e i

Penguin diagrams ) L) v W Box diagrams
Z(q) ('~ (p1) - g ;W
— > )Vj > f_(p) < V; <¢
L (P) ibv\’jw g/—(pl) €/+(p2)

Decay channel Our Result | Petcov’s Result®™ | Our Result | Petcov’s Result*
u- — e ete” 9,5-10=°° | 1,0-107°° 2,1-107°% | 2.6-10—°3
T e ete” 5,0-107°% | 1,8-107°% 3,6-10~°" | 45.107°%
T =TT 1,0-10—°% 3,7-107°° 7,6-107°° 9,7-107°°
T —e ptp~ | 29-107°° | 1,0-107°% 1,7-10=°" | 2,2-107°%
TT =S puete” 7,3-107°° 2,5-107°° 4,0 -107°° 5,0-107°9
Decay channel Our Result | Petcov’s Result™
U~ — e ete” 7.4-107°° 8,5-107°%
T e ete” 3,2-107°°% | 1,4-10—°%

Total ——= L ptpT | 6,4-10 95 | 3210 93
T~ —=e putp~ | 2,1-107°° | 94.107°°
T > pu"ete | 52-107°° | 2,1-10"°7

S. T. Petcov, Sov. J. Nucl. Phys. 25, 340 (1977).
G. Hernandez-Tome, G. Lopez-Castroand P. Roig. ArXiv:1807.0605 @



Neutrino Oscillation '
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- Consider a particular neutrino flavour eigenstate, v, > = Z Uzl
created at some point in time by weak interactions, l
- During the propagation, the different mass eigenstates accumulate

phase”, depending on their mass. b > = Z exp(—pX)U P

- At the detector, a particular flavour eigenstate is measured
(disappearance, or appearance).

m2L |2
Py —vpy) = lzj:VmJVljea:p( 0 2“35 )‘
2 flavor | | Am2],
spproximation: P = vm) = sin(20) sin®(S1-2) A, ~ 1072
Am?L

P(y; — 1) = 1 — sin®(26) sin®( s ) °



Charged Lepton Oscillation o,'

PMNS matrix W'V =U W=UV=1 (charged lepton:
flavour eigenstate)

61> = Ule €> + Ulu ,u> + U17- 7‘>,
€2> = Uge €> + UQ,LL ,u> + UQT 7'> ,
e3) = Usele) + Usulp) + Usr|T),

T T

flavour eigenstate mass eigenstate

- When neutrinos produced in weak interactions are mass eigenstates,
the associated charged leptons are flavour eigenstates as shown
above (like EPR)

© Then, do charged leptons oscillate among them 7



Homework 1 '

e Consider a question of a hypothetical experiment
("“gedanken”), what is the requirements to make “charged
lepton oscillation” happening ?

e Consider how can the superposition of mass eigenstates
of charged leptons (flavour eigenstates) be created ?

S. Pakvasa, Letter at Nuovo Cimento, Vol.31, 15 (1981) 8
Evgeny. Kh Akhmedov, JHEP 09 (2009) 116 e



Homework 2 '

e Consider again a question of thought experiments
(“gedanken”). If we can measure the neutrino mass
eigenstate (not flavour eigenstate) at the detector, how
would the neutrino oscillation measured be modified 7







eii” + NA,Z) - e~ + N, Z)




EFT approach for p—e conversion '

w +qg—re +q

contact interaction dipole interaction
q q
wo e~
\_/

(eI'Pypu)(qlq) , q € {u,d, s}
I'={I,~vs,7v,7Ys 0}
S, PV AT dipole (D)



E,uA—)eA (Aea:pt> —

scalar
pseudo-scalar

VEeCtor
axial-vector
(derivative)
tensor

Z [mu (CDLﬁaaﬁﬂLFaﬁ T CDR@U&B/‘RFW)
dipole

o N ey Py + Oy RN)EVQPRM) NN
C(NLMEVO‘PLWL C( ey P u) Nvavs N

Cher 1Y Po+ O jE7* Pr u) i(N 9 45N)

C'(NLN)EUO‘BP W+ C’<NRN)EUO‘5PR/L) NoosN + h.c.}

22 coeff. = 2 (dipole) + 2 (left/right) x 2 (proton/neutron) x 5 (interaction) .



with Z penguin

3t / \f A MNa@ ]

vector interaction
(with photon -

. left-right models
charge radius)

B(u— e;Z) /| B(u— e;Al)

dipole interaction | SUSY-GUT

| @A

scalar interaction | SUSY seesaw

S
\( normalised at Al ]
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R. Kitano, M. Koike and Y. Okada, Phys.Rev. D66 (2002) 096002; D76 (2007) 059902

V. Cirigliano, R. Kitano, Y. Okada, and P. Tuzon, Phys. Rev. D80 (2009) 013002
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Dark Side (2016)
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dipOle vector scalar Spin independent

interaction M interaction Sl interaction S A Skl
(coherent)

Pseudo-
scaler
INteraction

Spin dependent
u-e Conversion
(incoherent)

axial vector tensor
INnteraction INteraction

compare zero-spin and non-zero-spin nuclear targets

V. Cirigliano, S. Davidson, YK, Phys. Lett. B 771 (2017) 242
S. Davidson, YK, A. Saporta, Eur. Phys. J. C78 (2018) 109



Coherent Incoherent

C | Rl e Conversion
u-e CGonversion capture 2

(spin independent) (spin dependent)

oL s
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ARTICLE INFO ABSTRACT
Article history: The experimental sensitivity to  — e conversion on nuclei is expected to improve by four orders
Received 16 March 2017 of magnitude in coming years. We consider the impact of u — e flavour-changing tensor and axial-

Received in revised form 6 May 2017
Accepted 19 May 2017

Available online 22 May 2017

Editor: J. Hisano

vector four-fermion operators which couple to the spin of nucleons. Such operators, which have not
previously been considered, contribute to  — e conversion in three ways: in nuclei with spin they
mediate a spin-dependent transition; in all nuclei they contribute to the coherent (A%-enhanced) spin-
independent conversion via finite recoil effects and via loop mixing with dipole, scalar, and vector
operators. We estimate the spin-dependent rate in Aluminium (the target of the upcoming COMET and
Mu2e experiments), show that the loop effects give the greatest sensitivity to tensor and axial-vector
operators involving first-generation quarks, and discuss the complementarity of the spin-dependent and
independent contributions to u — e conversion.

© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
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Abstract The experimental sensitivity to @ — e conver-
sion will improve by four or more orders of magnitude in
coming years, making it interesting to consider the “spin-
dependent” (SD) contribution to the rate. This process does
not benefit from the atomic-number-squared enhancement
of the spin-independent (SI) contribution, but probes dif-
ferent operators. We give details of our recent estimate of
the spin-dependent rate, expressed as a function of opera-

the u 1s captured by a nucleus, and can convert to an electron
while in orbit. The COMET [7] and MuZ2e [8] experiments,
currently under construction, plan to improve the sensitiv-
ity by four orders of magnitude, reaching a branching ratio
~ 10716, The PRISM/PRIME proposal [9] aims to probe
~ 10718, These exceptional improvements in experimental
sensitivity motivate our interest in subdominant contributions
to u — e conversion.



EFT for y—e Conversion o,,'

4G
Lonsea(Deapt) = —7;’ 3 [mﬂ (Cprero®® upFap + Corero® prFag)
N=pn dipole
scalar + (C(NN)ePL,u + C(NN)ePRu) NN
pseudo-scalar + (C5 N ePu+ CHePru) Nys N
vector - (C‘(/]EN)EWO‘P o+ C‘(/RN)EWO‘PRH) N~ N
axial-vector  + (C{Mey P+ OO ey Pap) NyasN
\ \ — I e
(derivative) + (C(Der ey P+ Cg\;{vz):z@ap}w) i(N 0o 15 V)
tensor + (O 20 P+ CFYeo P ) NowgN + hee.

let us make an argument simplified...
5 coeff. - dipole, scalar (p), vector (p), scalar (n), vector (n) @



Past Measurements

Table 1

Osaka University

Current experimental bounds on u — e conversion (the last line gives the future sensitivity on Aluminium), and parameters
relevant to the SD calculation. The isotope abundances are from [29]. The parameter B, is defined in eqn. (8). The estimate
for SI’;‘” is based on the Odd Group Model of [24], assuming ] = 1/2. The estimated form factors S;(m,)/S;(0) for Titanium and
Lead are an extrapolation from [11], discussed in the Appendix.

Target [sotopes [abundance] ] S%, Sn Si(m;)/S;(0) B, BR (90% C.L.)
Sulfur Z =16, A =32 [95%] 0 <7x10711 [23]
Titanium 7 =22, A =48 [74%] 0 234 <43 x1071?[17]
Z =22, A =47 [7.5%] 5/2 0.0, 0.21 [24] ~0.12
Z =22, A =49 [5.4%] 7/2 0.0, 0.29 [24] ~0.12
Copper Z =29, A=63 [70%] 3/2 BR < 1.6 x 1078 [25]
Z =29, A=65 [31%] 3/2
Gold Z=79, A=197 [100%] 5/2 —(0.52— 0.30),0.0 285 BR<7x 10713 [17]
Lead Z =82, A =206 [24%] 0 BR <4.6 x 10711 [17]
7 =82, A=207 [22%] 1/2 0.0, —0.15 [24] 0.55 [28], ~.026
7 =82, A =208 [52%] 0
Aluminium  Z =13, A =27 [100%] 5/2  0.34, 0.030 [21,22] 0.29 [21,22] 132 — 10716




Conversion Rate Calculations '

32G<m?

BRs; (LA — eA) = u[‘g%‘/(m +gspi’5<p> _|_EI‘1/n,RV(n)
cap
=nn’ c(n) D >
+CE S+ Cp | —I—{L<—>R}], (2)
BRSD(,LLA—>€A)
8G2m> (aZ)? | Ji4+11 ~ -
H I I /~DD pp
= 4¢ |s CPP 42C
[eap 72 ZI: Ty p(Cal T.R)
~ ~ 2 S;(m i
4 SL@, + 28| 2R (o)
51(0) | O



Vector presentation

INn multi-dimension space (5-d ey

KITANO, KOIKE, AND OKADA PHYSICAL REVIEW D 66, 096002 (2002)

TABLE I. The overlap integrals in units of mi/z are listed. The proton distributions in the nuclei are taken
from Ref. [20] (see also Appendix A), and neutron distributions are assumed to be the same as those of the
protons (method 1 in Sec. IIT A).

Nucleus D sP) %% s ym
He 0.000625 0.000262 0.000263 0.000262 0.000263
JLi 0.00138 0.000581 0.000585 0.000775 0.000780
’Be 0.00268 0.00113 0.00114 0.00141 0.00142
:\'B 0.00472 0.00200 0.00202 0.00240 0.00242
&C 0.00724 0.00308 0.00312 0.00308 0.00312
PN 0.0103 0.0044 0.0044 0.0044 0.0044
) 0.0133 0.0057 0.0058 0.0057 0.0058
o F 0.0166 0.0071 0.0072 0.0079 0.0081
TONe 0.0205 0.0088 0.0090 0.0088 0.0090
Mg 0.0312 0.0133 0.0138 0.0133 0.0138
Al 0.0362 0.0155 0.0161 0.0167 0.0173
Si 0.0419 0.0179 0.0187 0.0179 0.0187
°1p 0.0468 0.0201 0.0210 0.0214 0.0224
S 0.0524 0.0225 0.0236 0.0225 0.0236
ol 0.0565 0.0241 0.0254 0.0256 0.0269
19Ar 0.0621 0.0265 0.0281 0.0324 0.0343
9K 0.0699 0.0299 0.0317 0.0314 0.0334
50Ca 0.0761 0.0325 0.0347 0.0325 0.0347
STi 0.0864 0.0368 0.0396 0.0435 0.0468
Y 0.0931 0.0396 0.0428 0.0482 0.0521 @

52, 0 100N N OANK N OAG1 N NA0K& N NS2Q



Vector presentation ¢
iINn multi-dimension space (5-dim.) w "

BR = By ‘172 : C_;L‘Z + ‘?72 - 5R‘2

Cp = (Cp.r,CF,,C¥L, CYL, C8R) new physics

D n) oln
7y — (TZ,VZ(”,S(ZP) VM sy )> nuclear form factor

Nuclear form factors, including

overwrap of muon wave function and nucleus
calculated by nuclear physics

(estimated by WINP searches) @



Misalignment is needed.... '

misalignment of target
vectors provide
more information on couplings

target (1) target (2)




Spin dependent p-e conversion

(Model Independent) - second preprint i iy
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Figure 2: Angle 6 between a target vector (eg dashed red = Aluminium) and other targets labelled by Z. The angle is
obtained as in eqn (9), with all the dipole coefficients set to zero. The solid lines represent the targets for which there
is currently data (see table 1). From smallest to largest value of 6 at large Z, they are: thick green = Lead, thick blue
— Gold, black = Copper, thin green = Titanium, dashed red = Aluminium, and thin blue is Sulfur. We assume that
two targets can probe different coefficients if their misalignment angle is 6 2 0.2 radians (or 0.1).
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Selecting ;. — e conversion targets to distinguish lepton L)
flavour-changing operators e
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ARTICLE INFO ABSTRACT

Article history: The experimental sensitivity to u — e conversion on nuclei is set to improve by four orders of
Received 11 October 2018 magnitude in coming years. However, various operator coefficients add coherently in the amplitude
Received in revised form 20 January 2019 for u — e conversion, weighted by nucleus-dependent functions, and therefore in the event of a
Q\C/giall;f)elg iglggrelga;jai?lﬁy 2019 detection, identifying the relevant new physics scenarios could be difficult. Using a representation of
Editor: J. Hisano the nuclear targets as vectors in coefficient space, whose components are the weighting functions, we
quantify the expectation that different nuclear targets could give different constraints. We show that
all but two combinations of the 10 Spin-Independent (SI) coefficients could be constrained by future
measurements, but discriminating among the axial, tensor and pseudoscalar operators that contribute
to the Spin-Dependent (SD) process would require dedicated nuclear calculations. We anticipate that
. — e conversion could constrain 10 to 14 combinations of coefficients; if © — ey and w — eee constrain
eight more, that leaves 60 to 64 “flat directions” in the basis of QED x QCD-invariant operators which

describe pu — e flavour change below myy.
© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.




MuZ2e-Il - a next generation

L—e conversion experiment at FNAL

Expression of Interest for Evolution of the Mu2e Experiment’
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Abstract

We propose an evolution of the Mu2e experiment, called Mu2e-Il, that would leverage advances in
detector technology and utilize the increased proton intensity provided by the Fermilab PIP-Il upgrade to
improve the sensitivity for neutrinoless muon-to-electron conversion by one order of magnitude beyond
the Mu2e experiment, providing the deepest probe of charged lepton flavor violation in the foreseeable
future. Mu2e-Il will use as much of the Mu2e infrastructure as possible, providing, where required,
improvements to the Mu2e apparatus to accommodate the increased beam intensity and cope with the
accompanying increase in backgrounds.

Mu2e-Il is an upgrade that will:

« Use ~100 kW of PIP-Il protons
@800 MeV

* Achieve an order of magnitude
improvement in sensitivity

— probe R ~ 1078 level,
— extend App reach by x2

| L7 B B *x
== e
« EOI Submitted to Fermilab PAC in 2018
e arXiv:1802.02599, Fermilab-FN-1052

* 130 Signatories, 36 Institutions

PAC: “physics case is compelling” “endorse request for R&D funding”
Status: Pursuing high priority R&D. Data taking ~2030 timescale.




Single event sensitivity : 2.6x10-17
Phase-ll : .
a factor of 10,000 improvement

pr?}?ﬂﬁbe POWeET = 56 K Running time: 1 years (2x107sec)

Single event sensitivity : O(10-18)

~ a factor of 100,000 improvement
N\ Running time: 1 years (3x107sec)
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stopped muons
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U=+ NA,Z) = et + NA,Z - 2)

Measurement:

== all events

Lepton number violation (LNV) and
Lepton flavour violation (LFV)

Final can be the ground or excited states. || (9 Simulation:

~d — RMC
. | . N ) ---- GSatB  =2.2x10"
Slg Nnal Sl g ﬂatu re o S 43 GDR at B, =4.5x10""°

= |¢41>2ns

events/channel

E,M€+ :mﬂ_Bﬂ_Erec_(M(sz_z)_M(AaZ)) C

backgrounds

e radiative muon nuclear capture (RMC) #~ + Ti — e™ + Ca(gs) < 1.7 X 10—11?
- > + _
U~ +NA,Z) > NA,Z-1D)+v+y pu~+Ti - e" + Ca(ex) < 3.6 x 10

_ J. Kaulard et al. (SINDRUM-II)
NGRS  Phys. Lett. B422 (1998) 334. @)




1018 muons, signal~1x10-12
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Aluminum (for COMET & Mu2e) is not good. i

B. Yeo, YK, M. Lee and K. Zuber, Phys. Rev. D96 (2017) 075027
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Muonium to Antimuonium Conversion

Mu (u+e’) —anti-Mu (u-e+)

ut+e - u +e”

e models : doubly-
charged Higgs etc.

® Mmuonium production in vacuum
e SIO, powder

e antimuonium detection
® high energy e In p——e-w
® [ow energy e+ annihilation

na

Osaka University

e cffective theory with contact
Interaction

5EZ<M|HMuM_u|M>:

3G (GMJE)
V2nlmay\ GF

e for ground state

G v
Gr

(eV)

5=15x10;uf

e oscillation probability

2
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pMuMu(t)—mn(z)-)\Me M~(2> Ne e



Muonium to Antimuonium Conversion ¢
MU ([J"'e') _’anti_Mu (IJ_e-l_) Osaka University
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ut+e > u +e”

SINDRUM experiment at PS|

pump———(x)

magnetic field coils
\  hodoscope

\ MWPC annihilation ||| -

\ \ | beam counter photons—
A ' |

\ \ '\ SiOstarget
u ,
“ accelerator

| iron

collimator—|

_I-I ‘

separator

Osaka University

TOF -TOF expected [ns] TOF - TOF expected [ns]

G < 3 X 102Gy

Future prospects:

e new attempt at MUSE/J-PARC ?
® |[aser ionization
e new attempt in China”?
* new accelerator st




u +e et +e

e similar to p—eee
e may be useful to distinguish different couplings
e ? body final state
e disadvantage
e poor-wave function overlap between pyand e Museum detector
e Coulomb bound state @J-PARC

Future prospects:

® NO experiments so far
® Mmuonium production in

MUSEUM at MUSE @ J-PARC
¢ measurement of hyperfine

Spllttlng | Online Beam Monitor] 8 Positron Counter

2D cross-configured S . Segmented
® 1 01 O fOI’ 2)(1 07 SecC : Gas Chamber scintille?tion counter

fiber hodoscope
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LFVvertex |

N

{,u—e‘—> € € In muonic atom

not only 1s but also other electrons (2s...)
electron 1S orbit

@uon 1S orbi

® QOriginal idea
M. Koike, YK, J. Sato and M. Yamanaka, Phys. Rev. Lett. 105 (2010) .




u-e-—e-e- has the

overwrap of y-and e-

[ LEV vertex ] ) which is proportional

\ to Z3. For instance,
/=80, enhancement

Lu‘e_—> € € In muonic atom of 5x105.
~ |
Z 3 Experimentally

measurement of a pair

lectron 1 it
electron 1S orbi of e-and e- in the final
<_muon 1S orbi state is easier (larger

phase space).

¢ QOriginal idea
M. Koike, YK, J. Sato and M. Yamanaka, Phys. Rev. Lett. 105 (2010) .



U+ e —e + e Ina muonic atom '

-1 upper limits
. _-~" | from the current
o | U —e+e+e
QL
/]\
lQ.)
li
= why are we

interested in ?




normalized at Z=20 |

50 60 70 80 90
A

(1) solid red line :
contact int. with the
same chirality

(2) a dashed black line :
contact int. with
opposite chirality

(3) a dash-dotted green
line : photonic int.

(4) a dotted orange
line : mix of contact
and photonic int.

e Study of contact interaction with different Z targets

Y. Uesaka, YK, J. Sato, T. Sato and M. Yamanaka, Phys. Rev. D93 (2016) 076006
e Study of long-distance dipole interaction with different Z targets

Y. Uesaka, YK, J. Sato, T. Sato and M. Yamanaka, Phys. Rev. D97 (2018) 01501
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(3+1) model (3+2) model

T

CR(u-e, Al) + ' '
[BR(We —e e, Al | n OTHER BOUNDS

M4 : HNL mass ms : HNL mass

Cyan points : -+ & =& + e colored points : Br(u-+ e- e + )
blue points : y-+ Al e + Al

A. Abada, V. De Romeri, A.M. Teixeira, JHEP 02 (2016) 083) @






Uu+NEe+N)—->71+X

m, < m,

inelastic scattering (DIS) region with
high-intensity and high-energy muon
(electron) beams

® the search with scattering is less eftective than searches with decays
(weak interaction cross section ~ 10-45 barns at 1MeV)

® scattering cross section increases as incident energy is higher.

® clectron beam from ILC (at beam dump) or muon beam from muon
collider can be considered.

M. Sher and |. Turan, Phys. Rev. D 69, 017302 (2004).
S. Kanemura, YK, M. Kuze and T. Ota, Phys. Lett. B607 (2005) 165
M. Takeuchi, Y. Uesaka, M. Yamanaka, Phys. Lett. B772 (2017) 279 .



u+NEe+N)—->1+X

LFV MSSM

Minimum supersymmetric mode b crmosL
(MSSM) with Higgs mediated LFV ., N:proton
coupling ol

Upper limits from tau decays is given.
T — Un

0<10-5 fb for 50 GeV
Mmuons.

M. Sher and |. Turan, Phys. Rev. D 69, 017302 (2004).

S. Kanemura, YK, M. Kuze and T. Ota, Phys. Lett. B607 (2005) 165
M. Takeuchi, Y. Uesaka, M. Yamanaka, Phys. Lett. B772 (2017) 279 .



Osaka University




Osaka University

LNV Charged Current Scattering Process

2 VR D | N\ LF charged current (LNV-CC) interaction
~ measurement can be made at a neutrino near detector with a magnetic
field to identity an electric charge of the charged leptons

© at production like 7 — u™D,
- at detector

tanf=1
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1072¢ J

S. Kanemura, YK, and T. Ota, Phys. Lett. B/19 (2013) 373 @




e CLFV processes provide a unique discovery
potential for physics beyond the Standard Model
(BSM), exploring new physics parameter space
IN @ manner complementary to the collider, dark
matter, dark energy, and neutrino physics
programs.

e CLFV experimental programs are rich, being
covered by low energy to high energy
measurements.

e |n particular, the muon CLFV programs are
expecting significant progress owing to
Improvement of the muon sources in coming
years.
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