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Charged Lepton Flavour Violation

Leptons:

v, .
by = (;LL) ,aR with o = e, pu, T (1)

The Standard Model with my,, = 0 has exact U(1)g/3_1,,

...but Neutrino masses break all three symmetries.
Charged Lepton Flavour Violation (CLFV)= short-range interaction between the charged
leptons that violates LF.

v

CLFV assuming Dirac neutrino masses

w w is small
Br(p — ey) ~ G2m} ~ 10750

[ Smoking gun signal of New Physics ]
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The experimental sensitivities on LFV processes are impressive and will improve

Br(n — ey) <42 x 1071 = 6 x 107 A . saidini et al, arxiv:1801 04688
Br(p — &ee) < 1.0 X 10712 — 10710 4 Biondel et ol anxiv-1301 6113
Br(pA — eA) <7 x 1071 = 10710 — 10718 & w1 carey et ol FERMILAB PROPOSAL 0073

Br(t — 200) < 2 x 1078 — 1079 & kou et ol arxiv1508 10567

Br(t — £7) < 3.3 X 1078 & Aubert et a1, PhysRevtett 104.021802
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Experimental searches
The experimental sensitivities on LFV processes are impressive and will improve

Br(p — ey) < 4.2 X 1071 = 6 x 107 A W Baldini et al, arxiv:1801.04685
Br(p — &ee) < 1.0 X 10712 — 10710 4 Biondel et ol anxiv-1301 6113
Br(puA — eA) < 7 x 10713 5 10710 — 10718 R M. Carey et al., FERMILAB-PROPOSAL-0073
Br(t — ng) < 2% 1078 5 1079 £ Kou et b, arxivi1808 10567
Br(t — £v) < 3.3 % 1078 & Aubert et al., PhysRevLett104.021802
The possibility of very intense muon beam account for better sensitivities:
2
Br(T - Z) = Brfuture(lu‘ - e) (2)
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Experimental searches

The experimental sensitivities on LFV processes are impressive and will improve
Br(p — ey) < 4.2 X 1071 = 6 x 107 A W Baldini et al, arxiv:1801.04685
Br(p — &ee) < 1.0 X 10712 — 10710 4 Biondel et ol anxiv-1301 6113
Br(puA — eA) < 7 x 10713 5 10710 — 10718 R M. Carey et al., FERMILAB-PROPOSAL-0073
Br(t — ng) < 2% 1078 5 1079 £ Kou et b, arxivi1808 10567

Br(1 — £v) < 3.3 X 1078 5 aubert et ol PhysReviett 104021602
The possibility of very intense muon beam account for better sensitivities:
Br(t — €)% ~ Brpyure(pn — €) ()
Suppose p <> 7 and T <> e happen.

© — e can be radiatively generated out of u — 7 X 7 — e

Can p — e teach us something about 7 «» ¢ LFV?
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Assume that New Physics responsible for LFV is heavy A > 4 TeV
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Effective Field Theory (EFT)

Assume that New Physics responsible for LFV is heavy A 2> 4 TeV

T e 12 T
~1/N? ~1/N?
fi f fa fs
f 2 f

~ 1/(1672A*%)

1 7 e

In the EFT the effect appears at dimension eight: 1 — e observables are sensitive to some 1/A%
contributions ma, s Davidson, JHEP 08 2021, 2 (2021)
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Dimension eight might be a subleading contribution of p — 7 X 7 — e.
Boxes match onto dimension six

d +N\WVW+ S
2 712 2
cy Ac ~ GEMZ, ~ 1/M2,
5§ 44— N N"NAN—— (_1
w+t
In SM this cancels against the up diagram (GIM)
W~ W~
d —»—r " AAN—— S d —»—7r " AIAN—— S
uy Ay + cy Ac ~ GZm?2
5 —<+— A nNe— ¢ 5 —<+— A nN—e— ¢
w+ w
We are left with the “fish” diagram
5 ‘ d
d c s
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Including the top, GIM applies due to CKM unitarity

w-
d —d»—7 ~"NAAN—p— S
Z uy Ay ~ (VEVed)2G2m2 + (Vi Vig)2 G2m2
=t 5 —g¢—hAnnn4— g
w+

The dimension six G,z__m% is suppressed by small mixing with the third generation.
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Including the top, GIM applies due to CKM unitarity

w-—
d —»— ~"AAN—p— S
> uy Ay ~ (Vi Vea)? GEm2 + (Vs Ve )? G2
i=uct 3 ——hAnne— g
w+

The dimension six G,z__mf is suppressed by small mixing with the third generation.

Dimension six i — 7 X T — e contributions are model dependent.

Our calculations provide model independent relation between LFVs.
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The EFT calculation

Divergent diagrams with two dimension six ;1 — 7 X 7 — e insertion renormalize dimension
eight u — e operators

f f f

8 LGS A —
CE.(E) ~ 355" log Eus Eexp = exp. scale
K T €
m We only calculate contributions that are (estimated to be) within exp. sensitivities.
m We compute the (dim6)? one-loop running in the Standard Model EFT (E > M)

m SMEFT operator list is reduced using the Equations of Motion (EoM)
EoM get corrections from dimension six operators: need to take it into account when
considering EFT up to 1/A* order.
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The EFT calculation

Conclusion
(e}

The dimension eight operators generated in the A — My running are matched onto low energy

contact interactions at E = My, (EFT with W, Z, h, t integrated out).
Tree-level matching contributions from two dimension six operator insertion when
(Hy = v =174 GeV:

H H H ) h
oy Cen (7 + ! ji V2
\A’ = ﬁ(ZJHe;)(H H) : X CeH/TZ
& —p—Lp— fj e —p—L p— gj
Match onto scalar and tensor perT operators
w e
> - b7 7 <
T T

Low energy operators run from M\y to Eexp — Experiment constrain CE’# cs..
We neglect (dim6)? running below Myy.
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Take Oledq = (L 11)(dqb), Oq(3) = (Lev* 7247 )(GbVaTqd) at A.

cT ndb eTbd
ledq Iq(3)

dR t dL

cT ndb eTbd
ledq Iq(3)

MR vr €L
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Take Oledg = (br1)(dqb), Og(3) = (Lev* 724 )(GbVaTqa) at A.

d, R t dL

C'rudb CEde
CTMdb Cede ledq la(3)

ledg Iq(3)

MR €L
14 e Ze vr
T

Induces a scalar contact interaction at My
5 deb erbd

mg “ledq  “iq(3) A ) _ -
~ — ————log| — )(eP dPgrd 3
e o (- ) (2Pei) (@Prd) 3

that contributes to pA — eA.
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Take Oledg = (br1)(dqb), Og(3) = (Lev* 724 )(GbVaTqa) at A.

/ dr 13 d

C'rudb CEde

Tudb  rerbd = led Iq(3
CIedq C/q‘z?)) e 9(3)
KR Vr €L
M 0, Le
Induces a scalar contact interaction at My
5 deb erbd
mg “ledq  “iq(3) A ) _ -
~ — ————log| — )(eP dPgrd 3
e o (- ) (2Pei) (@Prd) 3

that contributes to A — eA. The upcoming sensitivity is Br(uA — eA) ~ 10716 — 10718,

Similar to WIMP scattering, the interaction per nucleon add coherently in Spin Independent
conversion (enhanced by the atomic mass number of the target)

Scalar quark operators have large matching coefficients with nucleon operators
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eTbd
ledq

Iq(3)

Take New Physics at 4 TeV, future ;. — e conversion gives the following (sensitivity) constrain
v)* db
(K) [eWide <1.04 x107°

(4)
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w—>evst— 4
Take New Physics at 4 TeV, future y — e conversion gives the following (sensitivity) constrain
v db bd -
(K) |Cotbcrrsd| < 1.04 x 1079 (4)

The operators contribute to LFV BS decays

Br(B — tu) < 1.4 x 107° — (%) |Crtb| < 3.8 x107* (5)
Br(BY — 7€) < 2.8 x 107° — (%) ‘C”bd| <2x1073 (6)

The direct searches put a looser bound on the coefficients product.
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Take New Physics at 4 TeV, future y — e conversion gives the following (sensitivity) constrain

v Tudb ~er -
(K) |Catbcrrad| < 1.04 x 10 (4)

The operators contribute to LFV BS decays

Br(B — tu) < 1.4 x 107° — (%) |Crtb| < 3.8 x107* (5)
Br(BY — 7€) < 2.8 x 107° — (%) ‘C”bd| <2x1073 (6)

The direct searches put a looser bound on the coefficients product.

Suppose that (with an order magnitude better sensitivity Br(BS — 71) ~ 107°%) we observe
T <> p but not © — e, then 7 — e is constrained:

(%) |Cerbd| < 8.67 x 107° @)
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Summary

m 4 — e experimental improvement is expected in the near future

Sensitivity on u — 7 X 7 — e can compete with direct 7 — ¢ LFV searches
m Our calculation give model independent relation among the three lepton flavour violations

m We calculate a subset of unknown RGEs for dimension eight operators in SMEFT
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Equation of Motions

Two dimension six operators (9%6), Oés) are on-shell equivalent if they lead to the same
S—matrix elements

This happens if (936) - (956) = Q% = Ofgom where Q is some operator, S is the action and ¢ is

some field.
Ogom vanishes when the Equation of Motions are satisfied and have zero S— matrix elements:
X X X X
— ivalent _ =
(X8 Zuyp — m3Z,.) HEEE S g (3 ) (Fyuf)
V4 f f
because
(RY*x)(0¥ Zpw — M3 Zy — Zgé(fwf)) = Oeom (8)
f

Diagrammatically, if we attach a f current to the Z, the propagator cancel with the vertex
X f
q
— '
O Zyy — m%2Z, ~ (Ouw — m?guy)Z” and S —mZg IS the Z propagator

pv —MZ8u
X f
Marco Ardu
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Equations of Motion
EOM are corrected by dimension six contributions. If | have a divergent diagram that generate
Ogﬁ) that is on-shell equivalent to (9§6) (that sits in the basis), | renormalize dimension eight

operator applying the EOM.
For example:

D B (PTu)(HTH)

Ht H

_ ceTaa
The EOM is —ilp7 — y£H + q/fz (Gvaq)ev™® +...=0. We get a divergence at dimension eight

ACe”’q
(&Y 1)(GYaq)(H'H) 9)
p
—_—
e
I e
Diagrammatically: z z q q Vertex cancel the propagator p x ;
»
RN
Ht H
Marco Ardu LUPM, CNRS

Relation among Lepton Flavour Violations






	Introduction
	e in EFT
	Phenomenology
	Conclusion
	Appendix

