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Motivation

— Anomalous magnetic moment of the muon

U It has been an enduring hint for NP.

U The latest measurements by the Muon g-2 collaboration at Fer-
milab, when combined with earlier results from the Brookhaven
E821 experiment, indicate a deviation of 5.1 o from the SM pre-
diction !

Aa, = aZ® — a3M = 249(48) x 107! (1)

2 The test of NP in the muon g2 is (mostly) influenced by
hadronic and experimental uncertainties.

'Phys. Rev. Lett., 131(16):161802, 2023.
Phys. Rev. Lett., 126(14):141801, 2021.
Phys. Rev. D, 73:072003, 2006. Phys. Rept., 887:1-166, 2020.
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HEFT overview

From measurements of various electroweak observables and high-
energy processes, the existence of the three Goldstone bosons and
the massive scalar h is well established.

However, it is not yet evident that they are necessarily embedded
into the four components of a single SU(2), doublet H 2.

o L[ etie
V2 v+ h—ip?

) SMEFT: The Higgs belongs to an elementary SU(2); doublet.
O HEFT

) The physical Higgs h and the ensemble of the three EW Gold-
stone bosons 7 are treated as independent objects, rather than
being collectively described by the Higgs doublet.

) The physical Higgs h is assigned to a singlet representation of
the SM gauge groups.

2Isidori et al. The standard model effective field theory at work.
Rev.Mod.Phys. 96 (2024) 1, 015006
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HEFT overview

1 Goldstone Bosons (GBs) are described by a dimensionless uni-
tary matrix transforming as a bi-doublet of the global symmetry
SU(2); x SU(2)g,

U(x) = 7o/, U(x) — LU(X)R', (2)

being v the EW vacuum expectation value (vev).

U The dependence on the h field is customarily encoded in generic
functions F(h), that are used as building blocks for the con-
struction of the effective operators

Fi(h) =1+ 20 + s + (3)
1 - Iv IV2

) The dependence on the structure (h+v), that characterizes the
SMEFT Lagrangian is lost in the HEFT and substituted by a
generic h/v expansion.
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Motivation

) Heavy NP contributions in lepton dipole moments and high-
energy cross-sections of lepton pairs into Higgs bosons and v/Z
are connected, both in HEFT and SMEFT.

[97

r

O A multi-TeV muon collider would enable us to directly probe NP
contributions to the muon g-2, not hampered by the hadronic
uncertainties that affect the SM prediction.
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HEFT Lagrangian

Processes of interest:
T = h+ry/Z
HEFT Lagrangian for this work 3

L =GNy + CN; + GNg + CoNG + C N, (4)
with
Ni(h) = —gLry" Z,LrFs
N{(h) = ig, L1 Z,Lgd" Fy
N§(h) = ig,Lio" Z,LrD,Fo,
(

)
Yh)=Lo"LRZWFz,
NA(h) = Lo LrFu F - (5)

where L; is the SM lepton doublet and a right-handed neutrino
does not appear in Lg.

z

3Brivio et al. The complete HEFT Lagrangian after the LHC Run |. Eur.Phys.J.C 76 (2016) 7, 416.
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Aa,

As mentioned before, N7 and V) operators are analogous to the
ones also appearing in the SMEFT dimension-six Lagrangian.

Computing the Feynman diagrams that contribute to the g-2, one
obtains

29 2
A 4myv (C{ 3a cos“Oyy smGWC{ /\)7 (6)

ap ~ —— log—
{4 \@e/\z ez 108

21 sinfycosfw mz
where 0\y is the weak mixing angle.
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HEFT p "y~ — hy cross section

The total cross section for the = — hy process, assuming that
\/s > my, where /s is the collider center-of-mass energy, are given
by

2 2
O_HEFT _ 87T37|C#| S (7)
T 3RA

where one recovers the SMEFT expression by taking ay =1 and
rescaling the HEFT Wilson coefficient:

C:ﬁ
T 8aV2A

with (&, the coefficient in the SMEFT Lagrangian *.

(8)

*Dario Buttazzo and Paride Paradisi. Probing the muon g—2 anomaly with
the Higgs boson at a muon collider. Phys. Rev. D, 104(7):075021, 2021.
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Method (following Buttazzo and Paradisi °)

) Cut-and-count experiment in the bb final state (h — bb).
1) Significance of the signal defined as

NS/\/NS—F Npg. (9)

O Assuming a plausible b-tagging efficiency, ¢, = 80%, one gets
the 95% C.L. reach (significance of 2¢) on the muon anomalous
magnetic moment Aa,,, as a function of the collider center-of-
mass energy, \/s. Aa, = Aa,(\/s).

J Ns =L x alSFT x BR(h — bb) X ep.

d Ng=Lx J%,'\Y/' x BR(Z — bb) x € X Pz

®Dario Buttazzo and Paride Paradisi. Probing the muon g—2 anomaly with

the Higgs boson at a muon collider. Phys. Rev. D, 104(7):075021, 2021.
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95% C.L. reach from "y~ — hy on Aa,

After the Wilson coefficient rescaling, the only difference between
SMEFT and HEFT approaches is due to the “a,” parameter that
appears in the HEFT F-function expansion. We analyze cases where
% < a; <59, as a first reasonable approach

1075 —
ptp~ — hy

1075¢

=
<2
1

1078¢

95% CL limit on Aa,

Current Aa,,

1070

L T R B VR )
Vs[Tev]
SPhys. Rev. D, 106(5):053004, 2022.
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HEFT ., "y~ — hZ cross section

Using the HEFT Lagrangian, the cross sections for the process
utpT — hZ at \/s>> my, are

S Cis n 3|Gal?s
T 384mm 2mm2 16m%
Gols Re(cscz)]

|C2? +

(10)
16m? 2

where, for simplicity, we have redefined the coefficients as follows

2(47‘()32
v
—232

2/39

CZ — Clé7 C9 C’ugb

C2—>

ngz; C4 — TCffgz (11)
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Method

) Cut-and-count experiment in the bb final state (h — bb).
1) Significance of the signal defined as

Ns/\/ Ns + Npg. (12)

) Assuming a plausible b-tagging efficiency, ¢, = 80%, one gets
the 95% C.L. reach (significance of 20) on the muon anomalous
magnetic moment Aa,,, as a function of the collider center-of-

mass energy, v/s. Aa, = Aa,(y/s)
Ns = L x oEFT(Aa,) x BR(h — bb) x BR(Z — had) X ¢p.

O Ng =L x op " ™HEFT  BR(h — bb) x BR(Z — had) x ep.

[
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Explicit dependence of Aa, on all the HEFT
Wilson coefficients

108 1. 1 "
Na, ~—— py 16a0Im(Ch) + 3.4| = + 21ag(Im(G))?

(5 +37x10°33| G2

12(3

1/211/2
+s{1.1 x 10°33| G} |* + 37aSICS|2}) ]
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First, taking the A/’ operator only

After the Wilson coefficient rescaling (Cz = \C[gz/\) the only differ-

ence between SMEFT and HEFT is now due to the “az" parameter
that appears in the HEFT F-function expansion.

1076

ptp~ = hz Ci.ClCh =0
L 1077¢
(]
<
c
[e] L
E 108
_ F
o
= N N N o .0
&
1079t
SMEFT
-10 N R I [
107 10 20 30 20

Vs [TeV]
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Effects of the new N}’ together with N/

95% CL limit on Aa,,

1

(a) C WC effect for a fixed ap
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Effects of AJ', NV} and N}’ together with N

Using reasonable values for the Cfi Wilson coefficient and a;

parameters.
107 —
wtu- = hz
Cy|CY|CH az|as | ag|az
_7 ofoo ool
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Conclusions

U The HEFT approach provides a more general framework than
SMEFT to search for NP in the Higgs sector, and could lead
to different phenomenological scenarios.

L We explore, within the HEFT formalism, the possibility to test
the discrepancy between the theoretical and experimental val-
ues of the muon g-2, by measuring the u*u~ — h++/Z cross
sections in a muon collider.

L We could test, in a model-independent way, a precise low-
energy prediction of the SM (the muon g-2) using the tools
of the high-energy physics frontier (muon collider).

L We find that, in some reasonable cases, the HEFT approach
could lead to a higher sensitivity to test the NP contributions
in the muon g-2, requiring thus a less energetic muon collider
for such a purpose.

Fabiola Fortuna [IFUNAM] XV Latin American Symposium on High Energy Physics 2024-11-07



Introduction HEFT H+H7 — hry cross section HEFT g™~ — hZ cross section  Conclusions 18/18

Thank you!
Questions are welcome.
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