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Introduction

@ Neutrino oscillation allows for Lepton Flavour Violation (LFV)

‘JJJ N W_*I/T N ,U_(”)/(*), ZO*, HO*)

albeit at tiny BF ~ 107*%~%0 Jevel.

@ New Physics can raise BF ~ 1071° to the edge of observability.
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albeit at tiny BF ~ 107*%~%0 Jevel.
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Bottom-up approach: SM = EFT

Effective Hamiltonian mediating 7 — £, ¢, ¢": Choose helicity structure
(LL)(LL)
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(RR)(RR) g ‘(/RR) "B 7 " m.

Hygpy =" (Cryumr) (Cr7"CR) prme

wy _ v @ (5 (=) Tyt
(LL)(RR) __ g\(/LL)(RR) 7 ey Hmd - OlemAthad (éR qz @O (Z/Y é)
Higpy =T A (Cryum)(Cpy*e) ——
p2mr
(RR)(LL) - .
a9 T vz ) (B e7) (only photon at leading power)

[Dassinger, Feldmann, Mannel, Turczyk (2007)]
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Decay modes, Dalitz analysis

T —ee et T — Tt
T —uTe et T — e pupt,
7 — e e put , T — et

@ First and third line contain identical particles in the final state.

@ Third line does not receive contributions from radiative operators.

Let's say a few such events are found... [

With one hundred events, can we disentangle the helicity structure, i.e. the
couplings of the operators? Dalitz-Plots:

e (LL)(LL) versus ~ wsee (LL)(RR).




Why polarized 77

@ It will be hard to extract information on the couplings from sparsely
populated phase space.

@ Integrated (not differential) quantities will be more feasable,
e.g. asymmetries

@ A number of asymmetries can be constructed with the help of the
spin-vector s. [Mannel (2013)]
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@ It will be hard to extract information on the couplings from sparsely
populated phase space.

@ Integrated (not differential) quantities will be more feasable,
e.g. asymmetries

@ A number of asymmetries can be constructed with the help of the

spin-vector s. [Mannel (2013)]
Spin information

u' = \/’"i(g) = e = (gt +2%#

Three independent invariant scalars for 77 (p-; s) — £~ (p1)¢~ (p2)¢ (ps):

t = s-p=-5-p in rest frame of 7~
U = Ss-p3=-5-p3

5 2 9 o B
V. = capyopis’plp = m.3- (B2 x ps)

° [M/l(t, v )= ol ) () + udu(e )+ V(e .)] is at most linear in t, u, v.
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Angular decomposition

@ In the rest frame of the 7: decay products momenta lie in a plane:
pL+p2+p3=p-r =0.

@ We use an Euler rotation B, = R,(a)R,(3)R.(7)pi to transform into the
decay plane (defined as the x’ — z’ plane). Then

t = s-pp=-5-p» = —Acosasinfl— Bcospf
U = S-p3=-—5-pP3 xcosf3
s S o o . .
V. = caprepis’pips = m:5- (B2 x B3) o< sinasinB
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Angular decomposition

@ In the rest frame of the 7: decay products momenta lie in a plane:
pL+p2+p3=p-r =0.

@ We use an Euler rotation B, = R,(a)R,(3)R.(7)pi to transform into the
decay plane (defined as the x’ — z’ plane). Then

t = s-pp=-5-p» = —Acosasinfl— Bcospf
U = S-p3=-—5-pP3 xcosf3

s S o 5 . .
Vo= apepls’plpd = m.5- (B X B3) ocsinasin3

Full angular dependence

|IM|? = h(Es, E3)+ (B, E3) cos B+ Js( Ez, E3) cos asin S+ Ju( Ez, E3) sin acsin 3
and ¢ = <(p2, B3) = ¢(E2, E3),

_ IMJ? da dcos B dy dE>dE;

dr 2m, (2m)> 8
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@ We aim at a phenomenological study of observables with few events. J

@ Example: with [ = [ dE>dEs Ji(E2, E3) we find in the sector of leptonic
operators:

Leptonic squared contributions Leptonic mixed contributions
m (. (m\? m (. (m)? g1 (m n o ay, e (m)
AL = P+ dg] =7 | 1-24 e + g+ A T o\ B AL = M — 235 — 22 E ] mS myy + AR+ %] meg{m )
2 6 2 2 62 (m 2
Al = P~ o) % (1 - sﬁ( ) ) + Dhaa = D) BF (1 ~12 (mﬂ) ) Al = D = Mi] mis ( ) + M- M mi (—) ,

AL =0, AL =0,
ALi=0. AL=0.

@ Without the radiative contributions yet, an asymmetry

[(cos B > 0) — I(cos B < 0)
[(cos B > 0) 4 I(cos B < 0)

is sensitive to (\g (LL)(LL) ‘2 ‘gi/RR)(RR) ‘2)

@ Many other observables can be constructed from partial rates like
I(sina > 0,cos 3 > 0,cos ¢ < 0), etc.
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Status of this subproject

@ Fully differential decay rate at tree-level: v
@ Integrate over energies E, and Es:
@ leptonic sector: v
@ radiative sector: #
o mixed sector: # (likely easier than radiative)
@ Technical difficulties: Phase-space logarithms v/
n m
In" —
m.
@ Construct observables with benefits: not started yet.
@ Phenomenology of few events: not started yet.
@ Timeframe:
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@ Timeframe:

o all integrals solved:
@ Observables and Pheno:
o Wrap up:
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“The field of lepton flavour violation (LFV) is about to begin a golden era,
with great expectations in several experimental projects.”
[A. Vicente (2014) at CKM conference.]

On dim. 6 terms in the SM [Grzadkowski, Iskrzynski, Misiak, Rosiek (2010)]
LFV with hadrons? 7= — 7%~
LFV in B decays? B — K£7€/+, Bs — i [Glashow, Guadagnoli, Lane (2014)]

LNV and BNV, but (B — L) conserving dim. 6 operators?
n— ﬂ'oﬂ, n— €+7T+7T_7T_, BO — Nt~ [Hou, Nagashima, Soddu (2005)]
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