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The lepton magnetic moments: an introduction

Lepton magnetic moments g, and anomalous magnetic moments a, (¢ = ¢, i1, 7)

= 8L°5 g =82
2myg 2 = )

where g, ~ strength of interaction between the magnetic field and the spin of the
lepton. At tree-level: g, = 2. The Standard Model (SM) prediction for ay is:

ED
@} = o "+
> aQE accounts for all the diagrams containing only leptons and photons;

> aEW accounts for those diagrams containing massive bosons my, mz, my;

> olf*d accounts for QED diagrams involving hadrons.

ay offers a unique opportunity to test the different sectors of the SM Lagrangian!
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Current status of the muon g-2

The anomalous magnetic moment of the muon
» The experimental value of a;, comes from the average of the experiments E821 at
BNL and E989 at FNAL (B. Abi et al., Phys.Rev.Lett. 126):
ah? = 116592061(41) x 107!
» The SM prediction for a,, reads (T. Aoyama et al., Phys.Rept. 887 (2020)):
aM = 116591810(43) x 10~

L
Aay, = aﬁx"faiM =251(59)x 107"~ 4.2 o discrepancy!!! \@
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Figure: From top to bottom: experimental values of a,, from BNL E821, from FNAL E989, and the
combined average (B. Abi et al., Phys.Rev.Lett. 126).
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The NP scale of the muon g-2 anomaly

New Physics for the muon g — 2: at which scale?

» Aaq, discrepancy at ~ 4.2 o level:

Aa, = a))" —a)Y = d)f = (2.51£0.59) x 107°

NP __ , SM Sheax ™, — —9
Aau = aI_L (a )weak ~ 1671'2 7; ~2 X 10
» NP is at the weak scale (A = v) and weakly coupled to SM particles.*
»> NP is very heavy (A > v) and strongly coupled to SM particles.
» NP is very light (A < 1 GeV) and feebly coupled to SM particles.

*Favoured by the hierarchy problem and by a WIMP DM candidate but disfavoured by
the LEP and LHC bounds (supersymmetry being the most prominent example).
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A > v: the muon g-2 in the Standard Model EFT (SMEFT)

» SMEFT Lagrangian relevant for Aa,

(jf 7 v (j[q — —_— v
L= Z A; (€Lo" er) HV u + Z A—Z(ZLJWeR)(QLa“ qr) + h.c.

q=c,t
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> Strongly coupled NP: C¥ , Ck' ~ gy /167% < 1implying A < few x 100

(”‘{7
TeV, beyond the direct production reach of any foreseen collider.

> Weakly coupled NP: C%’, C’T“ < 1/1672 implying A < 20 TeV maybe within
the direct production reach of a very high-energy Muon Collider
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Connecting (g — 2),, with high-energy processes

» SMEFT Lagrangian relevant for Aa,

(jf 7 v (ij v A v
L= = (Lo er)HVys + Y —L (lLower)(Q0™ qr) + h.c.

V=B,W q=c,t
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Figure: Connection between the Feynman diagrams for leptonic g-2 (upper row)
and high-energy scattering processes (lower row) in the SMEFT: H = v 4+ h/\/f
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Cev,r = O pup—sf ~ Flcev,ﬂ2 (f = ev,eZ,qq)
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High-energy probes of (¢ —2),

» Connecting pt ™~ — hy with Aa,,

_ S |Cw‘2 Vs ? Aay, ’
Tuntn = gem o 070 (3505 )\ 3% 109

» SM irreducible background:

Uiﬁﬁhw (ozyu/4s) X ln(s/mu)|\/ soTey ~ 4 x 1073 ab: negligible!

» SM reducible background:

do -z Lozz 1+cos® 0 Aoy |CEIP s
dcos0 4s  sin’6 dcos@ ~— A* 64m

(l—cos 0)

> The significance of the signal § = Ng/+/Ns + Ns maximal for |cos 6] < 0.6.
o ~ 0.53 ab(ﬂ>2 o ~8ab  (vs=30TeV)
O pup—hy 3%10-9 /)’ Hp—>Zy
P S/B isolation: i) angular distributions and ii) 4/Z invariant mass reconstruction.
» Cut-and-count exp. with bb final state, B(h/Z — bb) = 0.58/0.15 and ¢, = 80%.
» For a Z/h misident. prob. of 10%, Ng(z) = 22(88) and S = 2 at /s = 30 TeV.
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Testing the muon g-2 anomaly at a high-energy Muon Collider
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Figure: 95% C.L. reach on the muon g — 2 as a function of the c.0.m energy /s of the

Muon Collider assuming an integrated luminosity £ = (10\fv) x 10ab~ 1
€
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Current status of the tau g-2

The anomalous magnetic moment of the tau
The most stringent measurement of a- comes from the DELPHI Collaboration (J.
Abdallah, et al, Eur.Phys.J.C35):
—0.052 < ar < 0.013.
The SM prediction for a, reads (S. Eidelman, M. Passera, Mod.Phys.Lett.A22):
aM = 117721(5) x 1078,
The sensitivity of the best existing measurements is still more than one order of
magnitude worse than the leading QED effect ar = % ~ 1073,

T T et
a, Harvard06 (error bar x 10°) |- ~ —
a,, BNLOG (error bar x 10%) | - —=
a, DELPHIO4 |- _
SM @ (error bar x 10%) [ H -
7[).(I)()" I—I()‘.[‘)SI :()I.(‘M‘ I7‘(;.(')3‘ :(J‘.(‘)'ZI L‘l:.(‘]l‘ I(‘).:lllb‘ ‘(I].;)lll \(‘).()2
ar = (g¢—2)/2

Figure: From top to bottom: experimental values for a,, a,, ar and SMprediction for a.
10/14



Testing the tau g-2 at a high-energy Muon Collider

» SMEFT Lagrangian relevant for Aa,
CfV 7 v Cf"q 7 v
L= Z (€Lo"" er) HV i + Z F(ZLJWeR)(QLU“ qr) + h.c.

V=B.W q=c,t

Figure: Processes at a MC sensitive to the same new physics effects of the tau g — 2

» i — 7777 ~: a huge-number of Higgs bosons should be produced
at a high-energy MC =- possibility to look for rare Higgs decays

>yt — 7777 we expect o) ~ 112/A4 while oM ~ 1/s
> 1 — 777 h: we expect oy, ~ s/A* while o3, ~ ¥ /s

At high-energy /s > v (multi TeV regime) the SM background is kept under
control while the NP signal can be simultaneously enhanced|
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h — ‘r+7'_'y

h — 7+~ ~: a huge-number of Higgs bosons should be produced at a

high-energy MC =- possibility to look for rare Higgs decays
B/z“w BE@N[{W (&4 I’I’l,2 o mt 2

~ - —— —_— A

Bue ~ BN drm2 T 100m (Aar)

B(h— 7 ~)~ 1073, Bh— 177 )~ 6x1072
v

Figure: B,WW/B,WW as a function of Aa,.

A multi TeV Muon Collider can realistically probe |Aa-| ~ 10"}
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ptp~ = 7™

> utu™ — 777 we expect o} ~ v?/A* while o3M ~ 1/s

_Ns
V/Np + Ns
and the background events. To test Aa, at 95% C.L we impose S = 2.

» We define the significance of the signal § = , with Ny and Np the signal

Figure: 95% C.L. reach on the Aa- in the case where C,, # 0 and C;, = 0 (left) and C;, = 0 and
C,, # 0 (right) as a function c.o.m. energy of the MC.

A multi TeV Muon Collider can realistically probe |Aa.| < 10™*!
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Conclusions and future prospects

» A muon collider running at center-of-mass energies of several TeV provides a
unique, model-independent test of new physics in the muon g-2 through the study
of the high-energy processes utu~ — hvy, hZ, qg (with g = ¢, 1).

» A 30 TeV collider can probe the electromagnetic dipole operator at the level
of Aa,, x 10~°, comparable to the present anomaly.

> If the g-2 anomaly arises at loop-level from quark-lepton interactions, this
could already be tested at a few TeV collider.

» These results rely on measurements with O(1) accuracy, and thus do not require
a precise control of systematic or theoretical uncertainties.

» A muon collider running at /s ~ few TeV can probe the tau g -2 at the Ievel of
107 < |Aa,| < 107* by the processes h — 7T r vy and ptp™ — 7777 (h)

» At a high-energy lepton collider Aa, can also be efficiently probed through the
processes ™ — ptp 77 (v 777 7) which enjoys a very large
cross-section driven by vector-boson-fusion (left to a future work!).
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