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why cLFV ?

if you draw p you fail in QED course
. ;ﬁ e LFV in neutrino sector — cLFV
7 N2
but e BR(pu — ey) ~« (A’Q ) ~ 10754
M miy,

e there is nothing sacred about cLF

absence of cLFV: accident in SM, but not in BSM

it's not weird to have cLFV in BSM, it's weird not to have cLFV in BSM
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cLFV

looking for BSM effects that are more difficult to avoid than to
have in BSM, unless Ay, > Moy

flavour is 'weak point” of SM — keep probing there

(B anomalies are perfect example)

potential evidence is always indirect

one experiment will never reveal nature of BSM

different cLFV experiments

(b; = Ly, by = Lilply, uN — eN, 7 — (h...) should not be
seen as competing, but as a part of a 'global’ programme
most experiments done at small scale m,,, m,, my

compare to and combine with high-energy searches

(Z — gifj, H — &EJ .. )

need theory framework to com pare tO [Grzadkowski, Iskrzynski, Misiak,
Rosiek; Alonso, Jenkins, Manohar, Stoffer, Trott; Feruglio; Ciuchini, Franco, Reina,

Silverstini; Pruna, Crivellin, Davidson, .. .]
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golden channels

evolution of limits — very rich experimental programme with
substantial improvements expected in near future — Ana Teixeira’s talk

90%- CL bound
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theory framework

UV complete theory < simplified model <+~ EFT

Example: doubly charged scalar % ST Nﬁ

y

e as UV complete model: embed in multiplet, connection m,, ...
-+ valid ¥ p?, explains everything ~—— requires divine inspiration
e as simplified model: Lin, = Ap; (Eli) STF ... few couplings, 1 mass
+— valid for p? > m% —+ more or less general

o via effective theory: Ling = cpiji (1y"l) (Liyule) ... ¢'s < X's
—— valid only for p? < m% -+ completely general
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EFT vs. models

Processes take place at scale 11 = M, /tau OF pt = pin ~ 1 GeV

3 (2 13 Yy
- 0" = Ag (03T 1) (VT 4h2) °
1 P2-M2 X U NP U1 1 L)

QED + QCD S BSM

Oy = (€27’ u) (€rYper) T\ y
QH — P — ! Osmety = ( e >’}/p( ® )(eR’Y,’)eR)
Ocr = (7ey"vy) (ERYpeR) L nr

SU(?))QCD X U(I)QED SU(3)QCD X SU(Q) X U(l)y
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SM as EFT

'CSMEFT - ESM + A 5)O§meft + Z C(G) Ozzgneft

np np i

dim 4: SM = most general gauge and Lorentz invariant Lagrangian

1 1 1 A ~
Loy = _ZG“VG;W - *WHDW;W a ZBMDB"“’ + QGHDGNV

4
+ (D, @) (D"®) — m?%®Td — %(@@)2
+i(lpl+ePe+...)— (Yeled+...+hc)

+ nothing with vz~ — no cLFV

dim 5/A,,, violates lepton number, but doesn’t affect SM much

App > Aoy

need an explanation
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dim 6/AZ . either we have cLFV or a 'problem’ {




EFT

Leg = Lqep + Lgcp + Z A (5) + Z AL i

dipole
Qery €Mpr] (l_pa’“’PLlT)Fm, +h.c.
scalar/tensorial vectorial

Qs (IyPrl)(IsPply) + hec. Qvrr | (y"Poly)(lsyuPrls)
Qvre | (py"Pply)(lsvuPrly)
Qvrr | (Ipy"Prly)(Isy,Prl:)
Qs1q(1) (Ip Pl )(@sPLgs) + hec. Quigrr | (" Poly) (@57, Pra:)
Qsiq(2) (IyPrly)(GsPray) + h.c. Qvigrr | Uy Prly) (@57, Prat)
Qrig | (po™ Prly)(@s0u Pras) + hee. || Quigrr | (7" Prl)(@svuPrat)
Qvigrr | (7" Prly) (@57, Pra:)
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EFT

if EFT, then properly i.e. include running and mixing
scale of cLFV experiments mu,, < p < mpy — ¢;(Mmy) “useless”

high-energy behaviour might reveal properties of underlying theory

unified theory? stable universe 7
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evolve from to myy,, to my, (to combine experiments)
and from my, to A,y > m,, (to get information on BSM)
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Leg for p — e

allow for 11 — e but otherwise flavour diagonal (i.e. no small?)

[Crivellin,Davidson,Pruna, AS:1702.03020]

Leg = Lqrp + Lqgcp

1 J—
+ e {C’Ee my, (o™’ ) F,, + Z [C}quL (€rpr)(frfL)
f=a:t

+ Y M ey u) (Fun ) + CF R (@2 i) (T )]

+ 3 O RO ) (Fro™ he) + O (@ris) (k)]
h=q,t

+asm,Gr(ErpuL)G,Gh + L < R+ h.c}
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p— ey

@ tree level: test of O (my) = (Cey)?!

dipole term only 77

Br(pn — ey) ~ aemz (|C’E|2 + }CII??|2>

Cf(mmu) — C’ZSZLL(mW), C’XQCRL(mW) .

very sensitive to contact interactions

S LL T LL V RR V RL
Om’ ) hh Cr,I’ ) Crz;
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n — 3e

l dipole part 'same’ as p — ey
10
' contact part @ p = my,, new

Br(s — 3¢) = o2m3 (|CP|” + |CF| )( [Z—ﬂ—ll)

(\CSLL +16|CY PP 8oy R —|—L<—>R>

~
e ©
Chr el CS
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uIN — eN

fone 1~ NA — NA
. [ conversion: = Nz — e~ N§

dipole part 'same’ as u — ey

contact part completely new

Br(uN — eN) =~ m3|eDyCP +... C5 ... CVP+ L& R

q q e e
e/&l B //i\ \.//# _ \.//H
> e e
qq “ee
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running and mixing

e match at tree level, run at one loop

e include 'leading’ two-loop effects
mixing of vectors into dipole as for b — s

o Wilson coefficients run and mix, we want C;(my)

e operators mix under RGE:  one loop two loop
q q e e v
and
e v e M e 2

(e pr)(@yuqr) — (exy"pr)(€ryuer) or (epo™ pr)F.,
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complementarity

'naive’ two-at-a-time limits b 7

see Ann-Kathrin Perrevoort’s poster VS.

12 e w e

M=y
T T
CSLR [ — MEG (BR=1210 ") ,
" 10°H 10
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107 || = SINDRUM (BR<10"%) e ] 10
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complementarity

'naive’ two-at-a-time limits

see Ann-Kathrin Perrevoort’s poster VS.

M=y

T T T T
CXeRR = MEG (BR<4.2-10"")
202 b | == MEG(BR<4-10)
=== SINDRUM (BR <10"'?)
== Mu3e (BR<5-107")
| == SINDRUM Il (BR<7-10"*%) [{10°
= = COMET (BR<10'%)

-107 -10* -10° -10° -107 -10® * 10® 107 10° 10
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above EW scale, L, .st

Constraints from p — ey

o

s _
g e contact interactions
2 1 3
3 Ouett - Cuett -
4 dipole interaction C.,
5 e probing very high
* Ceil®) energy range !
7 W) ’
8 mc,n o even indirect limits can
o mc,n) be very constraining
-10
3 4 5 6 7 8
Log,,(A/GeV)

[Pruna,AS: 1408:3565]
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doubly charged scalar

an example: SU(2) singlet doubly charged scalar (DCS) S*++

Luov = Loy + ( 5++)T (D“S“’)
+ ( ab ((R) (KR) St + hC)
o (HVH) (S77857) + A (S77574) 4[]

focus on 6 couplings A\, and mass mg

Leg = Laep + Lacp + g Z CiQs,
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doubly charged scalar

3 I, Lo
4o
CE(mw) ~ > Arwpu) 2y S
w=1
Y Y
by ls
AriAps
Cla(mw) = =522

. . cy
we will get muon conversion! 4
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doubly charged scalar

'global” analysis — there is no best experiment, all are important

low-energy (i and 7, M — M)
high-energy (LC. mainly via t-channel exchange ete™ — (,;/;)

MB-inspired scenario (\;—)

10!
o For illustrative purpose:
107
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- ILcicuc RRFOGETIN R v2ov 1
3 == Mu3e "~.::~.. -
"2 1| == Mu2e/Comet S :‘ &
10702 Corom Sl N 6 — 2 parameters
== SINDRUM II St
10 H — wmes
BaBar/Belle N [Crivellin, Ghezzi, Panizzi, Pruna, AS]
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doubly charged scalar

'global” analysis — there is no best experiment, all are important

low-energy (i and 7, M — M)
high-energy (LC. mainly via t-channel exchange ete™ — (,;/;)

MB-inspired scenario (\;——\)

10! <
o NS For illustrative purpose:
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doubly charged scalar

'global” analysis — there is no best experiment, all are important

low-energy (i and 7, M — M)
high-energy (LC. mainly via t-channel exchange ete™ — (,;/;)

Yukawa-inspired scenario (d—2)

10'F TR

For illustrative purpose:

N

10°
N A3 2
. AR A=A 2 2 v
<10 hN
10 - - ILe/cLc N v 14 1
== Mu3e
== Mu2e/Comet
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10 | — sinbruM It
— MEG
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doubly charged scalar

'global” analysis — there is no best experiment, all are important

low-energy (i and 7, M — M)
high-energy (LC. mainly via t-channel exchange ete™ — (,;/;)

Pheno-inspired scenario (\;;—\)

10
For illustrative purpose:
1 2 3
Aapb=A[ v2 v* WP
5 [[ == tercue I/‘3 1/5 1/6
10 H == Mu3e ot
== Mu2e/Comet b Seo w
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1073 || — smorumn AETUREN
— MEG <
BaBar/Belle 3 [Crivellin, Ghezzi, Panizzi, Pruna, AS]
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summary

e cLFV is a window with a view deeply beyond EW scale
e huge experimental progress expected within 5 — 10 years

o if cLFV is natural in BSM, why have we not seen it then?
Is App just too large? or BSM still cLF conserving??

e EFT approach is ideal first step for investigating cLFV
EFT — simplified models — the UV complete model
need many experiments

e beware of common misconceptions
o EFT isa QFT !
e RGE is not a precision issue, but qualitatively new effects
e — ey is very sensitive to contact interactions !l

» one/two-at-a-time limits only for presentation
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