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HR—>e
* The Standard Model (SM) has an accidental global flavor symmetry
U(l)e xU(1), xU(1),

« Because m, # 0 charged-lepton-flavor violation (CLFV) can occur at
one-loop

3o . . _
W 8 BR(p — ey) = m‘UMSUeSAmgl + Uu2Ue2Am%1‘2 ~ 107
2
HL ~ 2 My
LR 3¢ e, BR(p — eee) ~ i log m? 3] x BR(pu — e7)
vy, Ve CR(uN — eN) ~ a x BR(u — ev)

Bottom line: Observing CLFV = new physics
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Experimental status
* Mu — E Gamma (MEG) @ PSI - p — ey

Projected: BR(1™ — eT7) <6 x 1071 (I(1 — €) < 10710 Hz)
* Mu3e @ PSI - — eee
Projected: BR(u" — ete et) <1071% (T(n—e) S 107" Hz)

* Mu2e @ Fermilab, COMET @ J-PARC - Nu — Ne

Projected: CR(p~ Al = e  Al) <107 — 1071 (D(u — €) 107" Hz)
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Experimental status

* Mu — E Gar
Projected: BR(
* Mu3e @ PSI
Projected: BR/(
* Mu2e @ Fer

Projected: CR(

Tony Menzo (U. Cincinnati)

90%-CL bound

https://doi.org/10.1016/j.nuclphysbps.2015.02.033
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1. Production ron beatd /
V
\ /

kK —I

/F}(ﬁuction target

2. Transport

3. Stopping

Stopping target
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4. Detection (phenomenology is influenced by detector)

Mu3e (i) *requires pr>10 MeV

B=1T

*requires pr> 90 MeV
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Exoticp— e

In the Landscape, CLFV is common.

The dichotomy:

- Heavy: SM + “irrelevant” operators - Light: SM + new fields with
weakly coupled interactions

*Naturalness demands an

d>4 .
explanation! Appeal to high
* “Photonic” - e.g. SUSY,  "Contact”" -e.qg. Z| . .
massive neutrinos, ... leptoquarks, ... scale phySICS to explaln
e e smallness
6 /1/
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mgyzg, myy,mMp, Mt wilson

’ DsixTools ‘

EFT tower for L — e conversion

—— 1T, i
- A, ~1GeV MuonBridge

M £-Elastic

‘MuonConverter’

- g~ my —— Mu2e_NRET

2406.13818

l F(ML €)
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A trapped muon can... e

Tony Menzo (U. Cincinnati)

1. Decay in orbit & e

2. Be captured by the nucleus

3. Convert to an electron u

a)Mono-energetic electron signal (Ec = m,)
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A trapped muon can...

/ u Decay in Orbit Spectrum for 27Al
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(AZ)u = (A, Z) e

(A7 Z) e
q
q0

Py

Coulomb

Coulomb -
pi
(4,2) ©

Tony Menzo (U. Cincinnati)

CLFV

~ Bi—Ff Schematically...
~ 0
» Effective Hamiltonian:

"= e, / B §o(2)011, (F)dn (T)Ontoy (7)

Perform partial-wave and multipole expansion...

~( ¢ § §
we _ (QAO—:S) w,u = (%_”u 5—’€) wN = (%—»N 5_»5)
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(A,Z)p = (A,Z) e

(A, Z) e

At the end of the day:
ﬁf (,TN ﬁz_ﬁf . . .
go ~ 0 * Basis of CLFV'ing single-nucleon
Coulomb \ : operators
. A lé) - - — -
CLFV lqg = ﬁ, o, ON, Un, Uﬂ.
* Natural hierarchy of dimensionless
Coulomb ¢ scales
7 5
. a 3} I
(A,Z) W y= {35 ) >onl> [t > o7
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(A,Z)p = (A,Z) e

(A, Z) e

At the end of the day:
ﬁf JN ﬁz_ﬁf . . .
go ~ 0 * Basis of CLFV'ing single-nucleon
Coulomb operators
. A lé) - - — -
CLFV lq = @, oy, ON, Un, ’UM.

* Natural hierarchy of dimensionless

Coulomy> UM scales

~ 27
Di Leptonic Ng['?% 2 ~ (0.2 Al
a2 w S y= BN > ol > 15 > o

Harmonic oscillator

q~=m, = 1/1.86 fm b=1.851m parameter
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(A, Z)pu = (A,Z) e

2208.07945
A 5 6 p— Nuclear-level E[’fecf.ive Theory Df I —> ¢ Conversion:
?

Formalism and Applications

. C. Haxton,"'? Evan Rule,' Ken McElvain,' and Michael J. Ramsey-Musolf**

*Department of Physics, University of California, Berkeley, California 94720, USA
2Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA

- 4
3 Tsung-Dao Lee Institute and School of Physics and Astronoms,
q o ; 1 pf Shunghai Jiso Tong

niversily, 8§00 Dongchuan Road, Shanghai 200240, China
4 Amherst Center for Fundammml Interactions, Department of Physics,

University of M Amberst, Massach 01003, USA
(Dated: April 4, 2023)

qo m~ 0 Over the next decade new g —» e conversion searches at Fermilab (Mu2e) and J-PARC (COMET,

DeeMe) are expected to advance limits on charged lepton flaver violation (CLFV) by more than
four orders of magnitude. By considering the consequence of P and CP on elastic & — ¢ conversion
and the structure of possible charge and current densities, wo show that rates are governed by six
nuclear responses and a single seale, g/muy, where g = m, is the momentum transferred from the
leptons to the nuclens. To relate this result to microscopie formulations of CLFV, we construct
in nonrelativistic effective theory (NRET) the CLFV mcleon-level interaction, pointing out the
relevance of the dimensionless seales y = (£)? > |ify| > |#,| > |if], where b is the nuclear size.
ity and @, are the nucleon and muon intrinsic velocities, and # is the target recoil velocity. We
discuss previous work, noting the lack of a systematic treatment of the various small parameters.
Because the parameter y is not small, a proper calculation of 4 — e conversion requires a full
multipole expansion of the nuclear response functions, an apmwnl]\ daunting task with Coulomb-
distorted electron partial waves. We d that the ltipol can be carried out
to high precision by introducing a simplifving local momentum g for the electron. Previous work
has been limited to simple charge or spin interactions, thereby treating the nucleus effectively as

Py

Coulomb

3

CLFV

3 [nucl-th] 1 Apr 202

a point particle. We show that such formulations are not compatible with the general form of

the p — e conversion rate, failing to generate three of the six allowed nuclear response functions.

The inclusion of the nucleon velocity Uy yields an NRET with 16 operators and a rate of the

general form. Consequently, in the current discovery era for CLFV, it provides the most sensible

e starting point for experimental analysis. defining what can and cannot be determined about CLFV

L‘i from the highly exclusive process of g — e conversion. Finally, we expand the NRET operator

"J" basis to account for the effects of ©,, associated with the muon's lower component, generating

(o p) corrections to the CLFV coefficients of the point-nuclens response functions. Using advanced shell-

M~ model methods, we compute @ — e conversion rates for a series of experimental targets, deriving

Coulom b =) bounds on the coeflicients of the CLFV operators. These caleulations are the first to include a
. general basis of CLFV operators, full evaluation of the associated nuclear response functions, and

E an accurate treatment of electron and muon Coulomb effects. We discuss target selection as an

= experimental “knob” that can be turned to probe the microscopic origins of CLEV. We describe

m two types of coherence that enhance certain CLFV operators and selection rules that blind elastic

— Tes # —+ € conversion to others. We discuss the matching of the NRET onto higher level effective field

- - theories, such as those constructed at the light quark level, noting opportunities to build on existing
p/L i | work in direct detection of dark matter. We discuss the relation of g — € conversion to g —+ e +
>< and p — 3e, showing how MEG II and Mu3e results will complement those of MuZe and COMET.

; Finally we describe a accompanying script — in Mathematica and Python versions - that can be used

to compute pu — e conversion rates in various nuclear targets for the full set of NRET operators.

(A 2 ) ‘ ! L. INTRODUCTION yond the standard model [5-7]. This has motivated

a series of experimental advances that, in sum, ha
improved limits on g — e conversion rates by =12
orders of magnitude over the past 75 years [8].

Muon-to-electron conversion, in which a mnon

bound to a nuclens converts to a mono-energetic
outgoing electron, oceurs at an observable level only The experimental attributes of g — ¢ conve
if there are new sources of flavor violation, beyond  sion are quite attractive. Intense muon beams ex-
those responsible for neutring mixine (1-41. It has  ist. with rates on tareet of = 10" /s exvected in the
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The rate

 The conversion rate: O(y)

_ L qezsz Zeotr () |2 77! il
[(u—e)= om 1+ g/ My ‘¢13 (0)‘ Z [RMMWMM(%H)

’ / / /
+ RETZ’ Wg;rzf(Qeff) -+ RET.'EH Wgzzu(qeff) ,

o A R T 1'%
Ry =11 +¢q1617
71! T 1'%

/
Sy = CiCy  +cyeg

7! - T T 7! 7'\ * T 1'%
SIS = (C4 — CG) (C4 — 66 ) -+ 610610 y
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The rate

 The Conversion rate: 0(77]\[) *All nuclear responses allowed

by symmetries are generated

G2 qg () HTT 7' HTT Tr' pTT’ T’
w = TF 1> ffi |7 (0) Z Z [RAJM' Wiiv (Gerr) + BSsr Welis (Ger) + RS WE’E’(QEH)]
Mr 7=0,17'=0,1
2
4 T’ 7’ T T’ ST Tr'
-+ m_gf {R(I)n@u W@//@N(Qeﬁ) + R‘i"i” W@,i),(qeff) -+ RAA WAA(Qeﬂ")]
N
2qeﬁ HTT' T’ HTT T’
~ Tim {RCI’”M Wahing (Ger) + RAsy WAZ’(QeH)] } (59)
Rija = clcl * + clyely” W = B85 + (25 — &) (@ — )
MM — Cl C]- CllCll ! pTT R ~T ~1 % ST ~T \ ~T %
, . , oy = Re[eze] ™ — (¢1a — €15) C117]
TT T T % T T * HTT! ~7 <71’ ~7 =7’
sy = C4Cy + CgCq , RN =CLCi ™ +CgCg ™
T ( T T) ( T T’)* 4T 7/ % A% = Relefe] * + ¢ 7]
sy = €4 — Cg ) €4 — Cg C10C10 >

DT~ ~7'x ~1 ~7'%
R&)/&y = C12C12 + Ci3C;3

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics 16



Nuclear response hierarchy

*Can become semi-coherent in some nuclei with half-
filled shells (e.g. Al, Cu)

Qeff <+,00 qefr qeﬂ" quT 00
[/[/ O A2 >> 7[/[/ TR’ >> {”/ A H’ H 17, ”/ n H} { H, ”f / ,-}
j"vIM ( ) my M®P 3 PIEDY mN b P mN mN q) cp

Where does the UV physics sit?

<Y RxW,  R(c)
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The tower

mz,mw,mMp, Mt

SMEFT

) (LQBR(,D) (QOT‘P) (EIPLRSD)a
locteR)T gDWi,,, (Ela'wﬂR)T @Wim

boa" er)oBuy, (10" 1Rr) 0By,
© 3D,u90) (7))

oti Dl o) (Bry'r'tr),

i Do) (Try"7"er),
layhey) (7" q),
bytrlen) (vt q),
fip

fiR
0

Yer)(arYy ur),
rY'er) (dry"dr),
2y (UR’Y”’U»R)
loy* 1) (dry*dR),

v"q) (BrY"eR),

2er)(drq),  (Lipr)(drq),
R)Ejk (q U (E{ﬂR)Ejk (@k’u)?

6)
¢)

(¢!
(¢
(
(
(
(
(
(
(
(
(
(
(
(
(63
(&

UpueR)Egk (q U#yu) (E{UumuR)gjk (q—ko_puu)?
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The tower
A

4 A WET
5 6 5 € — a3
- LMW, g, Ty 5; (evar)(@7%q) , (6) = (evaY51) (7" q) ;
:(33 (EYat) (@7 59) , 4,q = (€72 Y51) (@Y Y59) -
m, 0L = (en)(qq) . QL) = (einsp)(qq)
m, Q) = (e1)(@insa) = (eiy51)(7i759)
- ~+ A, ~1Ge Qy) = (60’ 1)(qoasa) qu (€0 51) (qoapq) -

-, g~ my
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The tower

A

1

Tony Menzo (U. Cincinnati)

mz,myy/, mMp, Mt

NRET

O11 =1 -0 1,
13 =20 (ig x [Un x &n]),

015:iq-5LiqA-[17NX5N],

(9’2 =17 iG- Un,

Oy =0 0N,

O¢ =iq-0L 140N,
Og =0 - UN,

O =11 iG- o,

O12 =0 [Un X On],

O14 =1iq- 0L Uny - ON,

, . A p— oA =
16 — 90 1q - UN.
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Matching

N L v
(N'|gyq|N) = ity | FE™ (@27 = ——F§™N (g%)0™ a0 | uy

2mpy
* Non-perturbative (Varsal V) = i [F4 @) — o P (@5
matching between (V' modalN) = F4™ () @yun ,
WET and NRET (N mional ) = P 67) s
(hadronization) (V|2 GG, NY = B () diyu
« Parameterize with (N \gG“““Giu\NFFN(q ) AN YN
nuclear form factors (Vg0 al Ny = i [Fe @) o — oAb B (@)

) v| $q/N
— WKL EIY () |,
My

x _
(N| o F*E |N) = FY (q%) tyuy

84 = .
<N"8?FWFLW‘N> = F»év(qz) UnNTYSUN -
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EFT tower

* Non-perturbative
matching between

WET and NRET
(hadronization)

* Matching
expressions

& (5 A
N = _Tr_qq )ZQQFE/N +Zc§f2Ff/N Z cgﬁqF‘?/N

q (6) q/N q/N ~q/N
- — Co,(Frg — Fp, +4F
mpy ; ( T2 )

+ VRN + EVFY 4 (g +my ZC (M) pa/l

2

7) q/N Q/N g /N
e (e ]

oy = z‘[ZCAgF{”/N +m+Zésg,2F1q/N + TNzcl?q(FQ/N 4F§/§)]?
q q
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EF’

N
5 ?6 5(6 5(6 5(6 5(6 (7 5(7 7 5(7 A.7 5(7 : 5(7
N X EEX EX kX XX X
WET
5 5(6 5(6 5(6 5(6 5(6 5 5 5 5(7 5(7 5(7 5(7
B @ < @ ¢ @ 6D < @ <@ ¢ @ (c
N N AN N N/ N N N AEN N LANANN N N £NN N
G 6 &G & G G G G & Cy (61 €y C3 Cy (G5 Cp NRET
— J
—_— ~
. ‘ Response functions
77! 7! 7! T
MM Elz/ 2//2// @//@// )

Tony Menzo (U. Cincinnati)
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MuonBridge |2%: \ “

A
Three components: -
1. Elastic - one body density ;
o mz,mw, Mp, Mt wilson
matrlces DsixTools
2.Mu2e_NRET - Computes -
. mpy
M—>e conversion rate
mMe i
3.MuonConverter - matches 4 A ~1Gev MuonBridge
WET to NRET and XPT/NRET [ Elastic
facilitates interface with g~ m, ‘M‘mcmﬂ,’
existing EFT software | |
I(p—e)
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https://github.com/Berkeley-Electroweak-Physics/MuonBridge?tab=readme-ov-file

////
V
“12

/

T €15 €14 €13 c11
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N\

AP =10712 QeV? —-m

SMEFT

N

" //

i
<1 [&: ] 8 L

7
///// S ’
TN/

e

L
&)

2?Al
1q1_1211 — (P7.8)(dv*q)

B{p= —e7) =958 x 1071

51060 3(6) 36 5(6) (6] 3] S (i) 516) 316) 3{6) S S(6) S16) 516) 18] {6) 6] S0} 316) 316) (6] {6 S06) SI6) 5(6) 316) H6) (G} A6} 5(5) 505} o T
2. C][P.ﬁ Clll.u’ Cl(].n ("‘.i..r ‘:".i.d C‘P.u C?l-c C?.N.u’ C’\u CT‘.\ CT.:.' C’a’.u |::'[i..»c ('fj.n’ C(;.n C.'..ﬁ é-_r.rf Cﬁ.u CI...»« Cl.u! I‘:"I.u C.'{.w C:er C:%.u LE..r C‘Z.u! CZ.n C"I..-- C].rf Ct.u G, C[ \'\ ET

7 A
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Bottom-up

* Single dim-6 SMEFT
operator bounds (with one-
loop running down to 2

GeV)

Tony Menzo (U. Cincinnati)

10!

1/\é LFV (vl
10! 107

T T
! 10! 10°

Acrry (TeV)

Qequ
3,213
Q

T
10!

T
10!
Actrv (TeV)

T
10°

.
107
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/N2 py (TeVT?)

10! 10!

. 1/Azppy (TeV™?) )
107 1077 1078 10! 10! 1072 107 107°

\L,r”) 71
- o

* Single dim-6 SMEFT

SRS e S

operator bounds (with one-

Acrry (TeV)
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Ot T T T T
10°° 10! 10! 10° 10°
Acrry (TeV)

T T -
10! 10° 10°

Tq -
Q1233 ledq
o Q1223
Q22 ledq
(9 Q1231
Qlll? Ledg
o ) Q213
Cus o
iy Qiedq
1221
Qiﬁg Ql,’(tdq
1212
QEDS[?JQ Qﬂed(]
1),12 1211
ol Qed
¢é I T T T T B e I T T T . T B
1073 107! 10! 103 10° 1073 10! 10t 10 10°
Acrrv (TGV) Aoy (TGV)
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Top-down

* Consider the following leptoquark model

Lo —yfhahRGe™ LY + yk e R3* QY + he.,  ul(d)

Match onto SMEFT @ A = myq: \\/

L RL RL |
Coy = —2—23/%23/%1*’ '
1
Cae LR+, LR :

— — 5.9 Y292i Y21i>
m

1112 2 LO
(1) _ 3) _ 1 LR* RLx
Cﬁequ — Zcﬁeqy o _WyZ 2 Y241 > /\\

12ii 121 LQ

(D% _ 5 ~(B)% _ 1 1R RL <!
Cﬁequ _ zcﬁequ — _2 5 Y24i2Y214>

214i 214i mro
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Top-down

27A1
° c 0 ; 98.85%
10 E mrq = 100 TeV

LRRL _  LRRL _ 4  LRRL — 0.0
Y1221 Y1122 L. Y13.31.23.32.33

Match

] 0.10%

0.02%

10 IHIHH lmm

o o O O o N W\
,\.\\x\“ N X RO SF @,\*

R W/ 300 |REO WD

\\4{) \\\/:V‘
\“@\&\\@\“»‘
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« Conside
RL —

LD —Y2i zy Z
Match onto SM

C,
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2TAL

mrq = H000 TeV

i

]
w

1.00 1 . m
0.98 1 \ . R AR
- Sy i
T 0.96 " . :
S i
S 0.4 -
"“‘
50.92 .
w -
0.90 .
0.88 .
I I T 1 T T T
0.00 0.05 0.10 ~0.0005 0.0000 0.0005 0.0010
ZTT’(E”ZH)TT" er"(AE’)TT’
1.004 — m
-‘ i .
» ¥ )
0.084 NrR#LE . Fap VIR,
« AL e, . PR .
 0.96 .
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S 0.94 .
£0.921 1
[
0.90 4 g . ;
0.88 .
0.000 0.001 0.002 -0.0075 —0.0050 —0.0025 0.0000 0.0025
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]
o
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(4 Vd

Multi-electron muon decays

JHEP 10 (2023) 006, 2306.15631

Vd
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Mu3e — Mube

* Mu3e will see ~10™ total muon decays from the
stopping target.

* With these statistics are there any other interesting
channels?

- What about p — 5e?

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics

32



H — eeeeevVv

* SM background for Mube

From MG5: B(ut — ete eTe etv.p,) = (3.929 £ 0.001) x 10~

B (,LL+ —ete ete et vep, |all p

et

Titrue 5 10 Mev> — (1.440.1) x 10714

~100s of u — 5evv events after cuts!

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics
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H — eeeee

* Higgsed U(1)p + SM portal via kinetic mixing
G%DS — (Dﬂ(b)TDM(b o %ngdel/ _ FMV m/ - (¢T¢) o )\((KbTQB)Q

2

o (LH) € + h.c.

| yijzg
= A

_ h / h
L D —my lrilR; (1 -+ 5) — yijfLiethd(l + 5) + h.c.,

LFv = —
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I — eeeee

* Leads to cascade decay

Tony Menzo (U. Cincinnati)
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Signatures

Momentum of tracks must
be reconstructed from

energy deposits or ‘hits’ in
the layers of the detectors.

* 4 hits = short track
* 6+ hits = long track

1812.00741

|Pet| = 25.34 Me
12.64 Me\
|Pet| = l T8 Me \
Me?
|pe 1\ 12 \[

|ps,| = 1.98 MeV

py.| = 19.58 MeV

y/mm

—100

u decays
.01 0.02 0.03 (.04 (.05

100

z/mm

—600

100

600

100
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Signhatures

[

et 2e~

All

g0

I

et 2e™ 2u --—

(N:h_c:rt = 2)

10—11

111111

10712

10—13

differential B

10—14 _
10—15 i

10—16 _

7 i
7,

10—17

3

4

Number of short tracks
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differential B
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Signhatures

¢ 10
G [ 82 5w 3et 2e” 2v (Nahort = 5 and Eqiee < 10 MeV)
] 3e™2e 10-10 4 3et 2e~ (Nghort = 5 and Epies < 10 MeV)
3t 96~ 05 (Ninosi=5) 4‘_|_|—|_|; 3et 2e~ 2v [
10_11 T 38+ 2e” (Nshort = 5) m 10_11 -; 3€+ 26_ D
Q - ]
—_— < 4
'g é 10—12 :
§ i 2
5 R
10~1° + ] NP _ |_
=" — | |
10-17 10-15 — , : 1 [_|
20 40 60 80 100 0 20 40 60 80
Emisshlg/ MeV (Ec-:l_ + Ec-:z_ )/ MeV
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Reach

ap =a/10 e=10"1

10
1079
1071,
g B(p — ehg) < 4 x 1078 (Poutissou et al 1974)
10711 ]
5
> ]
T
o o
13 : i 60 MeV mp, Mhp,
e E 75 MeV 90 MeV
10_14 - I 1 I I 1 I I 1
5 10 15 20 25 30 35 40 45
My, /MeV
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Reach

ap =a/10 e=10"1

g+

107

A o< 10 — 100 GeV

oy
60 MeV mp i Mhpg

75 MeV 90 MeV

My, /MeV
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X2
P P
Muon-induced baryon number violation

2407.03450

P X0
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Widening the view

* Can the CLFV signal @ Mu2e stem from non-CLFV
physics?

e NP scenarios where E.>105 MeV?

- Can we take advantage of the huge energy
reservoir that is the nucleus?

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics
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R %Al = **Mg"") xox.ee

* Three dark states + U(1)p + SM portal via
kinetic mixing

Lyup = Gup(Px2)(Exo) + h.c.

_ /T

Ly =9gp ()Zgw“’xl)AL + h.c.

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics
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p2’Al = **Mg" xox €€

Benchmark: ™2 = 1030 MeV, m; =900 MeV,mg = 0, ma, =20 MeV,
G,p = (300 TeV) 2 e =10"% ap =107"*
* Leads to the cascade: X1
/ e
,LL X2 /7
e
~4 x 103
‘N X()
G2 Fexo ic
T(1 2" Al = yox2 2 Mg) ~ rp,S,G—gpr(N AL = v,n *Mg) —— R = — g 10710
F Al

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics 44



Tug-of-war with nucleon decay

1018

1016_

1014-

1012-
10

z 10 .| ep=107% =107

c 10°7 @, =(3x10% Tev)?

A 10° - mo = 1030 MeV

= 104 mqg =0 MeV Benchmark

~

=

— p— (g = ev.7,) (x5 = x14)x0

102 ma = 20 MeV
100-
10—2 4
10—4_

g‘%—p‘ 2 -///
S—

£

— 1

G>,GrapQ" ol

F X \_/0 T T T T T T T T
p (16%2)4mim2 840 850 860 870 880 890 900 910 920

2 m1 /MeV
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Tug-of-war with nucleon decay

Also need to check... X0 7 e, 7,) (x5 = x14x0

KL HL

0 &80 890 900 910 920
my/MeV
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Signhature

R(p?™Al — xo(x2 = x1(A" = eTe™)) Mg) = 3.3 x 10717

I~
DIO } £ ap =107% =101
= —HN: Gup = (3 x 10* TeV)~?
s 0.4 S my = 1030 MeV
= 1 f mar = 20 MeV
o N % = 1.35 ps
T 0.3 i
o 1
) L
= i 1 m, = 910 MeV
1
—= (0.2 - ! my = 905 MeV
g i [ mi =900 MeV
@ -L mp = 895 MeV
& 0.1-
e 1
1
1
1
0-0 I I ALI T 1 1 1
90 95 100 105 110 115 120 125

E,: /MeV
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differential R (10-'%/ 0.5 MeV)

R(p Al = yo(x2 = x1(A" — ete™))2Mg) = 3.3 x 1071°

[=2]
1

ot
1

1 my =910 MeV
my = 905 MeV
1 m; =900 Mg

4_
3-
2 -
1_
OIIILLLLI-‘-IgI"-II
100 105 110 115 120 125 130 135 140
(Ee+ + E.-)/MeV
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A UV completion

Lup = Gup(ﬁ)@)(laXO) + h.c.

 What's the new physics reach? Naively:

M X2

Tony Menzo (U. Cincinnati)

G ~ 105G r — A ~ 103 TeV 2
but A isn’t fundamental... .
3
1 Adep :
2 - dco . 5_dco .
A Acol.l Asing. l
U
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A UV completion

Introduce two colored scalars - a diquark T: and a leptoquark T-
as well as a complex scalar O.

H

2 D —yua(WiF d)esn T =Yy (Wi pr) (T5)i+hec.

L D pT7 Top®* + y, @ (VRXSR) + hoc.
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A UV completion

Introduce two colored scalars - a diquark T: and a leptoquark T-
as well as a complex scalar O.

Integrate out T, and T., for off-shell ®: 2.

1 1 __
Loy = 5 A2 (uR ,u,R)ewk(uR dR) (I/RXQR) + h.c. u T, ®
col “*sin p _
y A
—_ = Yudy 7 L & " IT
udYpu 5" 3 = = ‘
A(:01 Fil, thy Agm m%{) d
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A UV completion

Introduce two colored scalars - a diquark T: and a leptoquark T-
as well as a complex scalar O.

Integrate out T, and T., for off-shell ®: 2.

—~

Gup ~ 107°Gr 2 T,

~ 10_6GF YudYpuulYx (

Tony Menzo (U. Cincinnati)

1 TeV 4( p ) 2 GeV\” p "  vemaeerens
/T, T, 4 TeV mae T
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A UV completion

Introduce tj Also need to check neutron decay, ark T
neutron mixing...

as well as

Integrate out T, anc

C I

~ 10_6GF YudYpuulYx ('

4
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Conclusions

* New EFT tower for model building in Nu — Ne

- Consistent nuclear EFT with all allowed nuclear responses

- Rate can be computed easily using the MuonBridge software suite

 Mu3e should be able to see ~100s of 1 — eeeeevv events and can be very
Constl‘aining on NP m0de|S (for the described model) .

 We hope Mu3e adds the p — eeeee channel to their analysis pipeline
* Interesting non-CLFV physics at Mu2e (and COMET)

 We hope Mu2e + COMET add highly energetic electrons (above the
conversion energy) to their analysis pipeline

Tony Menzo (U. Cincinnati)  Rare u decays: high-intensity probes of heavy and light new physics
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Conclusions

* New EFT tower for model building in Nu — Ne
- Consistent nuclear EFT with all allowed nuclear responses

- Rate can be computed easily using the MuonBridge software suite

 Mu3e should be able to see ~100s of 1 — eeeeevv events and can be very
ConStl‘aining on NP m0de|S (for the described model) .

 We hope Mu3e adds the p — eeeee channel to their analysis pipeline

* Interesting non-CLFV physics at Mu2e (and COMET)

 We hope Mu2e + COMET add highly energetic electrons (above the
conversion energy) to their analysis pipeline

Thank you :)
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