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1936: Anderson and Neddermeyer discover the muon

Which led Rabi to take to social media:

@RabiNMR

The muon: who ordered that !?#WTF!?
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Many mysteries still surrounded the muon:

*Taken from a talk by
Roni Harnik

* Anomalous magnetic dipole moment deviation from theory > 30
* Quarks mix, Neutrinos mix, charged Leptons???
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With neutrino mass, we know that

lepton flavor is not conserved.

The SM CLFV process would be :
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B(p—ey) =
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*Physically unobservable

Any observation of CLFV must be new physics!
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uN — eN

Muon conversion in the field of a nucleus

MEG: B(u » ey) < 5.7 x 10713
PRL 110, 201801 (2013) "

SINDRUM-II:

Ryue(pN — eNon Au) <7 x 10719
EPJ C 47, 337 (2006)

SINDRUM-I: B(u — 3e) <1 x 10712
Nucl. Phys., B 299, 1 (1988)
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CLFV Searches History
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Mu2e’s Capacity:

2.5 x10Y single event sensitivity

A between 2000 to 7000 TeV

arXiv:0909.1333 [hep-ph]
W. Altmannshofer, A.J.Buras, S.Gori, P.Paradisi, D.M.Straub

Supersymmetry Compositeness Leptoquark
ML = AC RVV2 | AKM 6LL | FBMSSM | LHT RS
rate ~ 1015 A ~ 3000 TeV 3000 (A, Apo)"2 TeV/ic2 | D°-D° *Ak| k| Kk | * * [k | 2
_ _ _ ex * | dkk [ khk | K * *k | Kkk
" ® a ¢ d B *okk | dokk | dokk | K * | kkk | dkk
X L Sexs k| Ak | k[ kkk| kkk | K | 2
q q d e e Ace (B = X.7) * | k| k| kkk| kkk | * ?
AsBoKwtp )| % | k| k[ kkk| kkk | kk | ?
Heavy Neutrinos Second Higgs Doublet Heavy Z° ABoKw) | ok | ok | ok | ok | ok | Kk | 7
Anomal. Z Coupling |B—&“w * | x| x| x * * | x
u U2~ 8x1012 g(H, )~ 10%g(H ) B, — ity Jokok | dkk | kkk | kkk | kkk | K *
Pl " . " M = 3000 TeV/c* K* — mtup * * * * * Fookk | ko
o w ¢ e Ky — novp *x | * | x | % * [ dokok | Kkk
V27 | b ey Jokk | dkk [ kkok | kokk | kkk | kokok [ kkk
q q . a —
p+N—se+N | dokok [ hkk | dokk | hokk | kokk | dokk | kkk
a, Thk | Kk | Khk | kk | khkk | Kk | kKX
Y E S I d. kokk | dkk | Kk | k| kkk | K | kkk
° (9-2), dokk | dkk | Kk | kkk | kkk | Kk ?

Table 8: “DNA” of flavour physics effects for the most interesting observables in a selection of SUSY

M u 2 e IS sens |t|V€ tO ma ny new p hys ICS p rocesses and non-SUSY models %% % signals large effects, ¥ % visible but small effects and % implies that
the given model does not predict sizable effects in that observable.
Estimates from Flavour Physics of Leptons and Dipole Moments, Eur.Phys.).C57:13-182,2008
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http://arxiv.org/abs/0909.1333

* Generate a beam of low momentum muons (1)

e Stop the muons in an Aluminum target

* The stopped muons are trapped in orbit around the
nucleus

* Look for events consistent with uN->eN
* We measure : p-+N(A, Z) e + NA, Z)

He ™ W=+ N(A,Z) = vy +N(A, Z — 1)

Numerator:

Muon to electron conversion in the presence of a nucleolus
Denominator:

Nuclear captures of muonic Al atoms
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Nuclear Capture

e Atomic
Capture 0
Energy
Loss and
Thermalization Energy

. Loss

Muon Conversion .-

39%

*Image from talk by Kevin Lynch Decay In Orbit
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Ee

m,c® — (B.E.);q — Erecoil
104.96 MeV e,

When captured by a nucleus, a muon will have an enhanced probability of exchanging a
virtual particle with the nucleus.

This reaction recoils against the entire nucleus, producing a mono-energetic electron
carrying most of the muon rest energy.
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Free muon decay

DIO shape
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e Tail of DIO falls as (E

— Ee)S

Endpoint

* Separation of ~few 100 keV for R ,, = 10°°
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* There is a lot of excitement about theoretical model
discrimination afforded with a 4 orders of magnitude
Improvement on muon conversion sensitivity.
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