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Content

» Consider non standard neutrino interactions (NSls)
generated at heavy scales

» flavour structure of NSls generates lepton flavour
violation (LFV)

> at tree-level
> but also at loop-level « this talk

» Use Standard Model Effective Theory (SMEFT) to
study this model independently

» Lepton number violating d = 5 operators also
generate LFV
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Non-Standard Interactions of Neutrinos

» Production and detection < charged current
interactions

» Propagation in matter « neutral current interactions

Non-Standard Neutrino Interactions (NSls)
» Modify Propagation of Neutrinos in matter

> This talk: consider NSls for ¢ < M3,

LD 2\/_8 vpyavg (Fy(PL)f)

Neutrino experiments percent level sensitivity
Wider class of NSls studied

v

vV Yy
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Generating NSls

» Generate NSI either via
a) (not so) heavy mediators above My
b) via new light degrees of freedom
» a) can be studied model independently using
effective field theories

» This talk: use SMEFT operators up to d(O) = 8:

L= A/2(H'H)2 = M3(H'H +ZM(§) el
Opo
> b) have to be studied for each new light degree of
freedom. Perturbative calculations could be done for
wide classes of models, see e.g. [1903.05116] for the
calculation of the Z-Penguin in renormalisable
theories.
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https://arxiv.org/pdf/1903.05116.pdf

SMEFT up to d(0) = 6

» Fields: g € {( ),(eL and f € {ug, dgr, er}.

Otf)

Ol\p/IGZf (pVa o) (fy
3°9), Oftunq = (7:0)(@"L)

Oﬁ/lgzq _( pVa o)

(
%
> NSI, LFV & charged currents for g2 < M3:

OI\P/]Ggf (_()yaeL,(f + 17p)/a1/g)(f)/ fR)
Op o —(Bp7aBL0 + Ty yave) By up + dy*dy)
Ofglwzq —(8p)aBL0) (Y dL) + (Ppyave) (Uy“uL)+
( (¥

_pyaeL,G)(ayaUL) pYa€o)(Uy™dL)
> tree level & d(O) = 6): NSl and LFV correlated
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Generate flavour changing NSI from SMEFT

When considering SMEFT only up to dimension d = 6
» LFV and NSI correlated at tree-level
» singlet case: basically no observable effects for NSI
> letpon doublet case: tree-LFV cancel in

O\, — OL

LQMm2,¢ M2,¢

For New Physics not much heavier than My

» we can also have cancellations between d=6 and d=8
operators
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SMEFT up to d(O) = 8 & singlet case

O/f/g/,f = (CpeH")ya(Hels)(Fy*1), OZZ,f = (L,HyoH'6)(Fy )

> NSI & LFV for H — (0,v)":

O/C/(;,f — (&pyabLs + 17p?’oﬂ/a)(?VafR)
Ofé,f — V3(&,.6L,)(fy*fa)
OIF\)/(;I,f — —VE(Tpyave) (Fy*fa)
2 2
> LFV — 0if rCyp + Cyz2 = 0, where r = TR
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Singlet case up to d=8

For each f € {ur ,dg, er}) and flavour p and ¢ we have
» 3 operators
» 1 constraint from tree-level LFV

2
poff V_( po pcr)
CV,LF{ - N2 r CH2 + CMZ
ueff

where O, = (iy* Pxe)(fy,Pyf)
» 2 remaining directions to generate NSI

po V2 po po
% T a2 (r Chnsi — CMZ)
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What about perturbative corrections?
» SMEFT generated above weak with no tree-level LFV
» Does leading log give LFV?
gives (neglecting running of g, y; & A):

2 2 peo 1 o Hf
C = C(uj)|1+Tlog— + =IT log —+)
(ur) = C(wi) 52 m

» Leading log corrections are scheme independent
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Higgs loop contributions
HT 4 1 HY e
He\vf y’\t/ \\"‘ HN H’” "\t/ \\"‘ HN

7 o 7 o

In the basis (Cnsi, CH2, Cum2) We obtain

(4 2 e
r=2_l2 -4 2
4%l o o o

["(Cnsi, 0,0)(A) — log for: Cpp & Cpg, no Cyir(Mw) log
[Biggio,Blennow,Fernandez,Martinez]X

FT(O, _CMQ, CMQr)(/\) - |Og for: CH2, CH2 and CVLR(MW)
» what about other corrections and log®?
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Weak boson loops

» Vertex corrections and penguin insertions

. (d 00 L (0 2 2
— 0 d 0]+ 2 0 2r
@420 0 o) 4?0 0 o

d=—(99%/2+4A +g?[1.5-6Y;— 4N, Y?/3])
o = g?(6Y;+ 4/3N,Y?
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Log? contributions

The log? term is given by T T)2C /2
d> 4+ 412  4Ad  4An-2n(d+d)

M=| 4Ad d?+4A%2 —4An+2n(d+d)
0 0 d?

» Now 'r’. (CNSI/ 0, 0) gives Cpp # —rCup

» Will constrain Cysi(A\) at leading log: (4;)4 Iogz(l\:,\ )
w
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Explicit results

o o d
ACy, (mw) = G (A) X 62 log e
o A 41d A
+CIF\IIS”(A) X (m IOg m_W + m |Og2 m—W + )
o o a-2A A
ACI\F;IZ,f(mW) = Cl\p/lz(/\) X m log ™
o 2n A 4An-2n(d+d A
+CI’ZISI,f(A) x ( - m log m_w + 2(1+2)2) Iog2 m_w + )
ACP CIF\)I(;I,f(A)V‘l 2A(d — d') + 4A? " A 10
V.LR /\4 2(1 6ﬂ2)2 g my Ef
CMQ(/\)V2 A
M 1A - a — AN -2
(167’(2)/\2[ (d-d) 2A]Iogmw—> 2x 10 %¢¢
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Sensitivity to el
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contribute (destructively)

to ¢ -Generically one-loop (1-1) corrections apply.

f Cg}fg e o1l | eho(2l)
e <93-107|[<5-10°[9-107
ul<54-10%|| <3-10%|5.10*
d|<6.3-108| <3-10%|6-10*
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Operators

5 independent operators involving 2 lepton, 2 quark and 2
Higgs:

Opsiq = (CoeH)yu(Hels)(@y"q)
Ofpq = (LH)yu(H'E)(@y )
OgaCLFVq Loy @) (@H)yu(H'E,)
[OCCLFV q]pg (Z H)Vy(H+Q)(CIVy o)

Oftnsieg = (Lo7u@)(@eH")yu(Het,)

+ (fpeH*)Vy(Heq)(aVyfo)

(alternative basis [Berezhiani Rossi])
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Anomalous dimensions — doublet case |

for the basis (Cnsi, Crz, (Cootrv + Choipy)/2,s
(Ceensi + Clens)/2: (Ceetrv = Céopy)/2):

50 0 -100 0
0 2 -1000 0
3922‘2%‘1000
M=-——"—1]-22 -1 32 00 0
Flo 0 0 030 o0
00 0 00 1 -2
00 0 00-21
0 00000 O —4x 22 0 0 0 0 -2
0 00000 O 20 -4 0 0 0 0 29
#N, | 0 220000 10 0 =422 0 4y 0
-2 00200 0 [+=| 0 0 2x —4x 0 —479 0
3% 1o 00020 0 o 0o 0 0 -2x 0 0
0 00002 -1 00 0 0 0 0 0
0 00000 O 00 0 0 0 0 0

(n=Arand x = (4n)?)
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Anomalous dimensions — doublet case Il
If three fermions have the same flavour:
» 3 operators become linearly dependent
> In the basis (Cnsi, Crz, CconsisCmz):

50-10 1 000 —4X 2)2 0 -2y

mi_&iq? 21 -1 0 gNe | 0 100 | L1 23 —4x 0 2
Tk |00 5 0 36 | -5 1407 k| —4x +4X -2\ —4p
000 -1 0001 0 0 0 0

As in the singlet case, we have log contribution

2
v
€o = A2 ( Cizg T M(Cnsiq T Clensis, q))

e Iog(/\/mw)( 152

9 ~eo
A2 16172 59 +2ACpar + % CCeJCNSH-f)

log? contribution can be derived in similar manner
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Summary NSI & LFV

We typically have one-loop sensitivities to charged lepton
flavour violation form NSI with flavour structure. If tree
level is tuned to zero.

If one-loop is also tuned to zero, we obtain

1
(4m)?
contributions.

Also for poqqg and tu ee
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Lepton Number Violation and LFV

In SMEFT neutrino masses are generated via
dimension-5 lepton number violating operators

» neutrino oscillations imply non-trivial flavour structure

» this will generate charged lepton flavour violation via
RGEs
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AL = 2 operators in 2HDM

Dimension-5 Operator Generate Neutrino Masses

af aff*

7 * c * 05 Jc
0L = + 25A (bacH)(L5eHT) + oA ((5eH:)(CacHn)
Cglﬁ 7 * c * R * c *
+2 ((TeeHz) (e D) + ToeHy) (CGeHs) ) + hec.
O3 C” 7
+W(£QEH2)(€,H€H2) + W(ﬂ%&HQ)(gaEHQ)
3 f i
_2—A(€‘¥€£%)(H16H2) oA (t5ela)(HaeHy)

These operators mix into the Z-Penguin and
other dimension 6-Operators.
Calculation in SMEFT completes ADMs up to dimension 6
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Anomalous Dimensions

Qury =1 €L Y* ) @Du®P), Qure)=1 (eL Y* 1 uL)(®' @ D, D)

ST\ B 6p30p0 *o o
CHIY Gy = —crPeeg;
30 T ko 4 T ko
—Cy =R + OO

(é['ﬁ/]éT)éﬁ/(d) = C?p(;panUu

B *0 g * Je J, *
+C3{ 00 C37* + O 2 O3 = Oy 520"

RGE govern mixing into the Z-Penguin:
(167r2)udié = C4+ CRICt
m

And then e.g. constrained by Br(p — 3e) < 10-10

|CE1e + Coe™ + g5 [Citary + Chtags)) = 0Cin] < 71 x 107

penguin
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Sensitivities

|G + Cpe™ + g5 [Chtyny + Ctaay) = 0Cb pin] < 71 x 1077

penguin

From the left-handed contribution to Br(u — 3e) < 10-10

This results in a sensitivity to the dimension 5-operator
Wilson coefficients:

CSeOSH™ +0.5C55C55* +0.1 Z (C —Cs) (CHF +Cat™) | <

1 A
5.21n (A/ma2) \ 10TeV
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Conclusion

If heavy new physics generates NSI

» Charged LFV is sensitivity to the off-diagonal NSI
parameter space

» There could be cancellations between tree-level and
one-loop

» or between one-loop and two-loop

Obviously lepton number violation gives non observable
contribution to LFV for a standard model field content

» This can change if one considers an extended Higgs
sector
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