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e We propose a new experiment to search for
a T-violating process in muon decay and the
Majoranality of the neutrinos.

e [iny neutrino mass is explained by seesaw
mechanism, which leads to Majorana neutrino.

e In the presence of V 4+ A interactions, muon
decay ratio depends on whether the neutrinos
are Dirac or Majorana.

e [ his signal of Majoranality appears as the
T-violating term without the contamination of
the SM background.

e SO the non-null signal of T-violating term
Indicates the Majoranality of the neutrinos.
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2. T-violating term in p decay.

We consider the effective Hamiltonian,

Hyy = & [';r_&jﬁ + )\j;rqajlg + K (jJIr_ozj% —I_ler?C‘ejE{)} ’

V2

where
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weak eigenstates are related with mass eigen

states via
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W

VIR = ) (ﬂ?(VjL)C + Vi jR)
j=1

the constraint of A from the Ov 33, ) = A| Z?=1 Uejles

TABLE 1I. Upper bounds on the effective Majorana neutrino mass mpgg and parameter 1), associated with right-handed currents
mechanism imposed by current constraints on the Or53-decay half-life for nuclei of experimental interest. The calculation is
performed with NMEs obtained within the QRPA with partial restoration of the isospin symmetry (see Table I). The upper
limits on mgg and 7, are deduced for a coexistence of the mgz and A mechanisms (Maximum) and for the case 1, = 0 or
vy = 0 (On axis). ga = 1.269 and CP conservation (¢» = 0) are assumed.
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mgag [eV] 23.8 0.185 1.45 0.484 1.55 0.379 0.128

A 2.24 107° 3.11 1077 1.65 107 5.25 1077 1.84 107° 4.87 1077 1.70 10—~
for ma =0

mgag [eV] 23.7 0.182 1.43 0.477 1.53 0.374 0.126
for mgg =0

7 2.23 1077 3.07 1077 1.63 107° 5.18 10~ 1.81 10" 4.80 10~ 7 1.67 107

Simkovic et al., 1804.04223



Sij, 11; values are theoretically free and only
bounded by obserbations:
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Some interesting chains of symmetry breaing from SO(10) to the SM
which includes L-R symmetric group.

SO(10)
/‘Db‘/ RE
210
G224p > ey
126 126 ‘
45 Y or or Y 45
16 16
210
G321 > G3a11
‘ \ %
Gaay cited from Mohapatra’s text book.

D is L <+ R synmetry. gL =gp, U=V*

We have the other breaking
Gso(10) = SU(B)xU(1), {16} D {10}1 + {5} 3+ {1}s



Why right-handed current and Majorana neu-
trino 7

Tiny neutrino mass requires heavy right-handed
Majorana neitrino (in any seesaw mechanism).

Fundamental rep. of SO(10) is 16-dim. which S — ( OT mp)
includes all SM fermions (and no exotic one) mp Mg
and is the smallest anomaly free group. my = —m%MglmD
Yukawa coupling Y¥;,16;16,¢ and 16®16 = 10+

120 + 126.

We need two Higgs for nontrivial mixing CKM
(MNS) matrix. We need 10 + 126.

126 = (6,1,1)+(10,3,1)+(10,1,3)+(5,2,2)
under SU(4). Q@ SU(2);, ® SU(2)p

So vev of (10,1, 3) induces heavy Right-handed
Majorana neutrino, which is crucial for tiny ac-
tive neutrino mass.



Mass relation

» All the mass matrices are descried by only two fundamental
matrices.

My = c10M10 + c126M126
Mg = Mo+ Mi26
Mp = c10M10 — 3c126M126
Me = Myg — 3Mi126
Mp = cpMi26
— Me = ¢y (M, + kM) (‘GUT relation’)
« 13 inputs : 6 quark masses, 3 angles + 1 phase in CKM matrix,
3 charged-lepton masses.
slegl  akd
= predictions in the parameters in the neutrino sector!




V}% makes masses of the neutrinos via seesaw
mechanism (Majorana neutrino), which has an
additional motivation of baryon number viola-
tion via leptogenesis (ng/ny ~ 1 x 10710)

Br(vp — I, + H;) # Br(vp — I + Hy)

and AL = 2 transforms to AB = 2 via the
spharelon effect A(B — L) = 0. This is the
robust constituent of GUT like

SO(10) — SU(4)c @ SU(2);, @ SU(2)p — SM

Left-Right symmetric model: g7 = gr, U;; =
V;; at SB scale.

1 - .
Ly = —hlp i 9Nj — 5 Z N M;N; + h.c.



muon decay cited from Doi et al., PTP, 67, 281 (192)

¢ See also

R.E. Shrock, P.L.B112
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If v is Majorana, we have additionally
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For comparison Doi et al. PTP Supplement 83 (1985)
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P =Y \MJ%)F for Dirac neutrino
7,k
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for Majorana neutrino
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3. T-violation in the SM

V,

T-violation decay width is suppressed by the
factor 9.

_G’Fm? as 1 g2

) —
8122471672 8

Jopa1lx 10713,




4. Experiment

Positron polarization is determined in the reac-
tions of the annihilation in flight (AIF) ete™ —
2~ or of the Bhabha ete scattering. .

Statistical precision of polarimeter is evaluated
by the Figure of Merit (FOM)

F = NAZ,
where A — N_I_—N_ _ N_|_—N_
N_|_—|—N__ N

where N+ and N_ are the number of positrons
polarized in parallel and anti-parallel to the axis
of interest, respectively.



u" Decay
Asymmetry

Detail will be described by
4th ngutrgn and muon school & MIRAI
2020/1/10 ﬂ(ﬂ)aﬁﬁ hool 2019
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Definition of the positron (e = (P, Pr).  Schematic of Bhabha scattering

J-PARC MLF MUSE H-Line
25Hz, 100 ns width,

bunch interval of 600ns
1x108 pt/s

1) Beryllium stopping plate
2) the spin-analyzingtarget between the silicon

pixel detectors
3) the silicon strip detectors for electron/positron

tracking
4) the segmented BGO calorimeter for gamma
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Experimental schematic of the decay positron
polarimeter



4.1 Bhabha scattering

(Relativistic e~ — eT scattering)

do . 052(3—|—C052 9*)2 150 §
(d—Q) BHA ~ 4s(1—cos %) (1- PLPI_AL(9 )

—| PE||P%|AT(60*) cos(2¢ — ¢1 — ¢2) ),
in CM system
where the upper indices 1 and 2 in Py indicate
beam (eT) and target (e™), respectively, and
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L (34 cos26%)2 7 T T (34 cos26%)2
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4.2 Annihilation-in-Flight (AIF)
(eTe™ — 2v)
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5.1. Possibility of a new experiment @ J-PARC

At Materials and Life Science Experimental
Facility (MLF) Muon Science Establishment
(MUSE), the world-highest intensity of pulsed
muon beam has been established.

Precursor experiment at PSI (N.Danneberg et
al., PRL 94,021802)

Pri = (6.3+7.7+3.4)x 103,
Pro =(-3.7+7.7+3.4)x 1073,

T hree major components: high-intensity pulsed
muon beam at J-PARC, an electron-polarized

scattering/annihilation target, and segmented
positron and photon detectors.



5.2. Simulation study
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Calculated target thickness dependence of the
FOM. At each target thickness, the energy
thresholds and the emission angle acceptance
are optimized to maximize the FOM. The num-
ber of simulated muons is 1 x 107 for each
point.
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Sensitivity to Pr2
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Expected sensitivity to the transverse polariza-
tion using the AIF polarimeter. The abscissa
represents the amount of time for ¢ > 3. The
curves in each color correspond to the respec-
tive value of ¢1. The horizontal dotted line in-
dicates the statistical uncertainty for P4 and
5 in the precursor measurement by Dan-
heberg et al.



Can you conclude the Majoranality of neutrino
if T'(e) 20 7

Definitely Yes after we perform complementary
checks which support this result, as any new
theory does.

canonical seesaw L
[:‘\— — —/IP;.,'/L_,;(_'),\—J' — E Z ﬂ\’:‘_\_[,'_\v,' i 8 /!.('.
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0 m —
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L= —!_/]JIHD‘\TR = S'L‘\[A\TR = —)g[ﬂ%; s = H .c.
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Baryogenesis via leptogenesis

ng —Na
Yp = BS B=;m0.6x10_10
o 1 112 (AL2 142 4 ¢ 2 ) 42
€= Q\J;T(]]Th)ll zj:lln [(/’ h)ljj| {f(‘\[] H.-"\[1 ) -1 2(}(_\[‘) I:.HA\[l )}
142

flz) = \/.7[1—(1—4—.:')111( ’ )]

: - \/T ( 5}
glr) = 21 —2)

T hus we may solve two major unsolved prob-
lems in particle physics, Majoranality of v and
Baryon Asymmetry in the Universe (BAU), si-
multaneouly.



T hanks for listening



Back up slides
e Background events:

e+ e ' A Y /’V
AR < e+ =, e+ -
N e+
1) 2) 3)

1) AIF
2) Consequtive bremsstrahlungs by one positron.

3) Two positrons bremsstrahlung independently.

e Resolution effects:
measurement accuracies on 6, ¢, E.

e Depolarization effects of beam (positron) and
target (electron).
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