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¢ Motivation

* From golden modes to high-multiplicity decays

e EFT approach to high-multiplicity decays
e SMEFT

e |ight mediator EFTs and cascades

e UV completions

e Examples of concrete models







e Standard cLFV modes




e Standard cLFV modes

e Golden channels u — ey, u — 3e
and uN — eN
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e Standard cLFV modes

and uN — eN

e Golden channels u — ey, u — 3e
e Extremely powertul BSM probes

Observable
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e Going beyond the SMEFT analysis

e Axp ~ 10*TeV probed by cLFV in the SMEFT framework
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e Going beyond the SMEFT analysis

e Ayp ~ 10*TeV probed by cLFV in the SMEFT framework
* Inclusion of light particles in the final state

* Probing even higher scales

o Examp\e: u — €§b transition e.g. PNGB of a broken global symmetry




e Going beyond the SMEFT analysis

e Ayp ~ 10*TeV probed by cLFV in the SMEFT framework
* Inclusion of light particles in the final state

* Probing even higher scales

e Example: y — e@ transition

e Flavor-violating interactions




e Estimates on the scale f

(uysy"e) + h.c. = BR(u — ep) ~

f
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BR(i — ed) < O(1) = f ~ 10" GeV
BR(u — ep) SO(107) = f~10"*GeV
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e Visible decays (e.g. ¢ — 2¢,2y) = composite signature y — Ae + By




e Estimates on the scale f

,C¢ D 8'u¢

2
(57" e) + h.c. = BR(u — eg) ~ (m%v )

e Visible decays (e.g. ¢ — 2¢,2y) = composite signature y — Ae + By

e |dea: systematic analysis of these exotic muon decay signatures
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EFT approach to high-multiplicity
muon decays



* Focus on final-state multiplicity and composition
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* Focus on final-state multiplicity and composition
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e SM decay mode u — evv

e Golden cLFV modes
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* Focus on final-state multiplicity and composition
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e SM decay mode u — evv

e Golden cLFV modes

e Next-to-simplest decays
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* Focus on final-state multiplicity and composition
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* Next-to-next-to-simplest

 EFT analysis of the signatures decays

e SMEFT e Next3-to-simplest decay

e EFT with single light mediator Greljo, AP, Tunja, Zupan [WiP)
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e Example: SMEFT analysis of 1 — 5S¢ L 1 . o o e o
. . . 3 3e ey 3e2y
» Effective operators of dimension 10 s |8 s
Sse — C10 72y 4 CL0 (oo 27 N
LsvErT O F(MM@ ((He) A6 (ev"'e)”(fHe) + h.c.

e Branching ratio estimate

['(p— 5e)  3mhe® 1

['(p — evv) T8 5 AL

BR(u — 5e) =
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T Approach
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e Example: SMEFT analysis of 1 — 5S¢ O
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» Effective operators of dimension 10 s |8 s
se = €10 2 7Ee) o CI0 (27 T
LsvErT O F(MM@ ((He) A6 (ev"'e)”(fHe) + h.c.
e Branching ratio estimate
I(p— 5e)  3mpo® 1 1 1\’
BR(p — 5e) & ~ ——F LIPS f ~—
(1= Se) [(p—evv) 8 m° Al T 8 <16”2)
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e Example: SMEFT analysis of 1 — 5S¢ L 1 . o o e o
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* Effective operators of dimension 10 s |5 ser
Sse — C10 72y 4 CL0 (oo 27 T
LsvErT O F(M“@ ((He) A6 (ev"'e)”(fHe) + h.c.
e Branching ratio estimate
I(p—5e)  3mpv® 1 1 AN
~ ~ LIPS 1 ~ —
BR(n = 5¢) I'(p—evv) 8 @ Al? o g (167:2)

e For BR(1 — 5¢) ~ 10~ and Clf) ~ 1the
scale becomes A ~ 50 GeV
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e Example: SMEFT analysis of 1 — 5S¢

* Effective operators of dimension 10

C(l) C(Q)
Loprr O —g ((40)* ((He)

A6

e Branching ratio estimate
['(p — be) 3mov° 1
(p —evrv) 8 mo Al2

e For BR(1 — 5¢) ~ 10~ and Clf) ~ 1the
scale becomes A ~ 50 GeV

BR(pu — 5e) =~

e Similar strategy applied to other modes

) (evte)?(¢He) + h.c.

e\vy 0 1 2 3 4
1 e ey ey edy edry
3 3e ey 3e2y
o oe oery
7

] 1\’
LIPS factor ~ — X
S 1672

Greljo, AP, Tunja, Zupan [WiP]



e\y 0 1 2 3 4
1 e ey ey edy edry
3 e ey 3e2y
5 De dery
7

e




e Overview of other representative SMEFT operators
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A ~ 100 GeV




e Validity of the SMEFT description
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e Validity of the SMEFT description

* For most signatures A S v = breakdown of local expansion
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 Motivation for EFTs with new light mediators
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e Validity of the SMEFT description

* For most signatures A S v = breakdown of local expansion

 Motivation for EFTs with new light mediators

. cm
Light scalar EFT Log D A‘if’” (ZgHel)S” + h.c.
. . (2(1)
Light fermion EFT Lot O -2 (lyy"l1)(N7,N) + h.c.

A2
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e Validity of the SMEFT description

* For most signatures A S v = breakdown of local expansion

 Motivation for EFTs with new light mediators

. g
Light scalar EFT Log O Air (52H61)5n + h.c.
. . c\) _
Light fermion EFT Log O A—NZ(@W“&)(N%N) 1 hee.
. C(l) B
Light vector EFT Log D —V—(D,®) (D ®)(l3He,) + h.c.
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e Estimates on the EFT scales
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e Estimates on the EFT scales

Leg D A [TeV]
E&(@HGI) S O(10')
s (I Her) S 0(10%)
L (l2Heyp) S® O(10)
—(L(EgHel) s o(1)
. (Tay"01) (N, N) 0(10%)
°N (EaHer) (N, N)(N7N) o)
C—;z})(D“@)T(D“@)(@Hel) O(10%)

Greljo AP, TunJa Zupan [WiP]




e Estimates on the EFT scales

e Example: analysis of ;1 — ¢

Leﬂ" D A.[TeV]
cs’ 7 14
—L(szel)S 0(10 )
L(£2H61)82 0(104)
c(® X
—L(ngel)S 0(10)
(
S_(l2Hep) S* O(1)
e _ _ 5
2z (L27"41)(NvuN) O(10%)
(2) _ _ _
X (£2He1)(Nv.N)(Ny*N) O(1)
(1) _
Vv (D,®)!(D*®)(¢2He) O(10%)
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e Estimates on the EFT scales Loa D A [TeV]
EQ(ZQHEH)S O(10')

e Example: analysis of i1 — /¢ < (GyHey) S 0(10%
¢s) (fHer) S° O(10)

e Cascade decay < gy Her) 5* o)
uw—e+38S —e+(et+e)+(e+e)+(e+e) Y B3y 1) (NyuV) O(10%)

Lett S—2e S—2e S—2e iiLz)(ZQHel)(N'y“N)(]\_/’fy“N) O(1)

v (D, @) (D"®) (L He:) O(10%)
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e Estimates on the EFT scales

e Example: analysis of ;1 — ¢

e Cascade decay

nw—e+38—e+(et+e)+(e+e)+ (e+e)
\— —— N U
Letf S—2e S—2e S—2e

e Sensitivity of the scale as a function of
the mass of the scalar

£eﬂ' D A‘ [TeV]
cs’ 7 14
L([QH@l)S 0(10 )
—L(£2H61)52 0(104)
G
—L(£2H61)S3 0(10)
c4)
—L(€2H61)S4 (9(].)
(1) _ _
N (B2y"1) (N7 N) O(10°)
(2) _ _ _
(2 He:) (N7, N) (Nv*N) o(1)
£§2(D ®)'(D+®) (L H O(10*
A4 7 2 61) (].0 )
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e Estimates on the EFT scales Loa D A [TeV]
g('2(5721161)5 O(10%)

e Example: analysis of 1 — /e CE) (7, Her) 5° o(10"
9(&31 ((2He;) S° O(10)

e Cascade decay ;L(&Hel)gl o
w e @+w+w (v 1) (N, N) O(10%)

Lofs S—2e S—2e S—2e Cy’ (7, He) (N, N) (N N) o()

e Sensitivity of the scale as a function of ) (D, ) (D) (T Her) 0(10%

the mass of the scalar

e Taking BR X Acceptance ~ 107> we analyze the p; > 10 MeV and
pr > 6 MeV cuts

Greljo, AP, Tunja, Zupan [WiP]
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e Estimates on the EFT scales 30 ——

—— 0e, py cut 10 MeV
— Je, pr cut 10 MeV

e Example: analysis of ;1 — ¢

20 A
I )

e Cascade decay e R R B AN
w—>e+3S —ve+(e+e)+(et+e)+(e+e) g N
— —_— = = N \

Lot S—2e S—2e S—2e > B BN

e Sensitivity of the scale as a function of %
the mass of the scalar

e Taking BR X Acceptance ~ 107> we analyze the p; > 10 MeV and
pr > 6 MeV cuts
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e Gauged U(l)ﬂ_e model

Field SU(2), U(1)y U(1),—e
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e Gauged U(l)ﬂ_e model

e Yukawa interactions

eu
Ly =i ((;He;) + LT (1, Hey) -

A

e
Ys

)
A

(ZQH@l) -+ h.c.

Field SU(2)r U(l)y U(1)u—e

A 2 -1/2 -1
2 2 -1/2 1
{3 2 -1/2 0
€1 1 -1 -1
€2 1 -1 1
€3 1 -1 0
H 2 1/2 0
o 1 0 2




e Gauged U(l)ﬂ_e model

e Yukawa interactions

; Ys' at(7 Ys (7
—LY :gm(&HGZ) | i (I)T(ElH@Q) | /5\ @(62[‘[61) —I—hC

o After SSB the gauge sector reads
Loange O |Du®|? D 295¢° Bi,, + 495ve Bg ¢ + 29503 B3 ,

Field SU(2)r U(l)y U(1)u—e

1 2 -1/2 -1
2 2 -1/2 1
{3 2 -1/2 0
e1 1 -1 -1
€2 1 -1 1
€3 1 -1 0
H 2 1/2 0
o 1 0 2




e Gauged U(l)ﬂ_e model

e Yukawa interactions

el Qe
J5 (I)T(ZlHBQ) | yi b

—Ly =y (LiHe;) - A\

(Zéff@l)-+-kLC.

o After SSB the gauge sector reads
Loange O |Du®|? D 295¢° Bi,, + 495ve Bg ¢ + 29503 B3 ,

e Cascade decay of the torm

p— ep — e(vaya) — e(ee)(ee)

Field SU(2)r U(1)y U(1)u—e
2 2  -1/2 -1
2 2 -1/2 1
03 2 -1/2 0
€1 1 -1 -1
€2 1 -1 1
€3 1 -1 0
H 2 1/2 0
P 1 0 2
e\~ 0 1 2 3 4
1 2 ey e2y edy edry
3 3e ey 3e2y
o be bery
7 Te
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Conclusions

e Overview of golden cLFV muon transitions

e Motivation for the analysis of high-multiplicity muon decays

e Unified EFT framework: SMEFT and single-particle EFTs

e Benchmark example: 1 — /¢

e Correlation of the scalar mass and the scales probed

e Analysis of the p;, cuts

e Example of a UV completion leading to 1 — 5¢ through cascade
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