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R—>e
* The Standard Model (SM) has an accidental global flavor symmetry
U(1)e x U(1), x U(1),

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

Y 3a
BR ~

~ 1074

U,sUlAm3y + UpaUlAm3, |2

€L BR{u — eee) ~ B (lug m—‘: - ‘%) x BR(u — ev)

O g

CR(g N —=eN)~axBR(u—ey).

Bottom line: Observing CLFV = new physics
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Experimental status
* Mu — E Gamma (MEG) @ PSI - p — ey
Projected: BR(ut — e™v) <6 x 1071 (I'( — €) £ 10717 Hz)
* Mu3e @ PSI-un — eee
Projected: BR(u™ — efTe et) <1071 (N(p—€) <107 Hz)
* Mu2e @ Fermilab, COMET @ J-PARC - Nu — Ne
Projected: CR(p Al — e Al) <1071 — 1077 (I'(x — ) < 107" Hz)
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Experimental status
* Mu — E Gamma (MEG) @ PSI - p — ey
Projected: BR(ut — e™v) <6 x 1071 (I'( — €) £ 10717 Hz)
* Mu3e @ PSI-un — eee
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Projected: CR(p~ Al — e Al) <107 — 107 (I'(x — ) < 107" Hz)
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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 () * requires pr>10 MeV

B=1T

* requires pr> 90 MeV
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o
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
g _ smallness
e M
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v 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?
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i — eeeeevv

* SM background for Mube
From MG5: B(ut — ete eTe etv.p,) = (3.929 £ 0.001) x 10~
Titre 5 10 Mev) — (1.440.1) x 1071

e*

B (,u+ —ete ete et vep, |all p

~100s of u — 5evv events after cuts!
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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.

\l/ yijﬁ%

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

AFv = —
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H — eeeee

* Leads to cascade decay

Tony Menzo (U. Cincinnati)

Signatures of light new physics @ muon factories

12



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
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Signhatures
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Number of short tracks

differential B

10-10 3et 2e — Al
3et 2e” 2u = (N =2)
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Number of long tracks

Signatures of light new physics @ muon factories

14



Signhatures

1077 5
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Reach

ap =a/10 e=10"1

1078
1079
10—10 _;
B E B(u — ehg) < 4 x 1075 (Poutissou et al 1974)
) ]
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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?

* NP scenarios where E->105 MeV?

- Can we take advantage of the huge energy
reservoir that is the nucleus?
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1%’Al = Mg xox.ee

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

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

_ ) Th

Ly =9gp ()Zgw“’xl)AL + h.c.

Tony Menzo (U. Cincinnati) Signatures of light new physics @ muon factories

20



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
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Tug-of-war with nucleon decay
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Signhature

R(p?™Al — xo(x2 = x1(A" = eTe™)) Mg) = 3.3 x 10717 R(p Al = yo(x2 = x1(A" — ete™))2Mg) = 3.3 x 1071°
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Conclusions

 Mu3e should be able to see ~100s of 1 — eeeeevv events and
pOtentia"y ~1000 new phySiCS eventS (for the described model) .

* We hope Mu3e adds the |1 — eeeee channel to their analysis
pipeline

* ... Mu7e? Let's not get greedy!
* Interesting non-CLFV physics at Mu2e (and COMET)

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

 Mu3e should be able to see ~100s of 1 — eeeeevv events and
pOtentia"y ~1000 new phySiCS eventS (for the described model) .

* We hope Mu3e adds the |1 — eeeee channel to their analysis
pipeline

* ... Mu7e? Let's not get greedy!
* 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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