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Higgs decays to gauge boson pairs are a crucial ingredient in the study of Higgs properties, with the
decay H — yy being particularly sensitive to new physics effects. Assuming all potential new physics
occurs at energies far above the weak scale, deviations from standard model predictions can be
parametrized in terms of the coefficients of a standard model effective field theory (SMEFT). When
experimental limits on the SMEFT coefficients reach an accuracy of a few percent, predictions must be
done beyond the lowest order in the SMEFT in order to match theory and experimental accuracy. This
paper completes a program of computing the one-loop electroweak SMEFT corrections to H — VV’,
V = W*, Z, y. The calculation of the real contribution to H — W+ W~y is performed by mapping two-loop

amplitudes to the three-body phase space.
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I. INTRODUCTION

The LHC Higgs program is entering an era of precision
measurements that requires a program of higher order
theoretical calculations. The need for precise calculations is
driven by (1) the nondiscovery of new particles that implies
that the scale of beyond the standard model (BSM) physics
must typically be much higher than ~1 TeV and (2) the
anticipated precision in the Higgs measurements at the high
luminosity LHC [1,2]. In order to study deviations of Higgs
properties from the SM predictions, a consistent theoretical
framework is needed so that the accuracy of theoretical
calculations is comparable to that of the measurements.

The standard model (SM) QCD and electroweak con-
tributions to Higgs production and decay are known to at
least next to leading order (NLO) for all relevant processes
and provide a framework for comparison [3]. In the LHC
Run-1, deviations of Higgs measurements from SM pre-
dictions were typically expressed in terms of limits on
coupling constant modifiers [4]. This x approach rescales all
Higgs couplings by constant factors and is not sensitive to
kinematic distributions. As measurements approach the
level of 5%—10% accuracy, however, it becomes necessary
to include electroweak corrections to the predictions, which
in turn necessitates the use of effective field theory tech-
niques, since electroweak corrections typically cannot be
incorporated into a simple rescaling of the Higgs couplings.
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The use of effective field theories for studying Higgs
production and decay is well established [5-7]. The SM
effective field theory (SMEFT) assumes that the Higgs is an
SU(2), doublet and parametrizes new physics through an
expansion in higher dimensional operators,

k

Ci
L= Loy +EXZL, = or, (1)

where the SU(3) x SU(2), x U(1)y invariant dimension-k
operators are constructed from SM fields and all of the
BSM physics effects reside in the coefficient functions, C%.
If the scale A > v, then it suffices to truncate the expansion
at dimension 6. This large separation of scales is necessary
in order for a study containing only dimension-6 operators
to be valid, since the effects of the dimension-8 operators
are assumed to be suppressed by an additional factor of
v?/A? and are neglected. Similarly, it is assumed that there
are no new particles in the theory at scales below A.

We need predictions to NLO QCD and EW accuracy in
the SMEFT so that the theoretical predictions have roughly
the same uncertainties as the experimental results. For
processes with strong interactions, many NLO QCD results
in the SMEFT exist, particularly in the top-Higgs sector [8].
Electroweak corrections in the SMEFT [9] are available
for only a handful of processes: H — bb [10,11], H - vy
[9,12-14], H — Zy [15] and Z — ff [16]. Here, we
complete the program of computing the on-shell decays
H— VV', (V=2Z W% y), at one loop in the SMEFT.
Previously, we presented one-loop SMEFT results for
H — Zy and for the (unphysical) on-shell decay H — ZZ
and [15].
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TABLE I. Dimension-6 operators relevant for the one-loop contributions to H — VV (V =W, Z, y) (from [20]). For brevity we
suppress fermion chiral indices L, R. I = 1, 2, 3 is an SU(2) index; p, r are flavor indices; and qb*iBwj) =¢'D,p— (D, ¢")h.
Oy €1JKW1uWJﬂW§M Oy (pTp)T(pT ) Oyp (¢"D*¢)* (¢" D)
OW/’ (qsld))(({p uy ) O(/’W (¢ ¢) W’w O¢B (¢T¢)B/WBMD
p.r
Opws (¢'' )W), B Ouw (g,0"u,)T' pW}, Ous (g,0"u,)pB,,
p.r

(3) Rl - @) 7 ! v
Oy (#'iD,) (Tt ol Gl ) B
p.r

In this paper, we present the one-loop SMEFT results for B ¢ 3
H — yy and the on-shell process H — W W~. The result ¢ = \/LE (v+H+ig?) )’ (3)

for the decay H — yy follows from the results of Ref. [15]
and we compare with the results! of Refs. [12-14]. We
consider two different input parameter choices in order to
assess their numerical significance. Our result contains the
full (constant plus logarithmic terms) SMEFT result for the
renormalization of G.> Our one-loop H — WHW~ result
is an intermediate step on the way to the physical process
H — WTW~ - 4 fermions. The calculation of the real
contributions from H — WTW~y is performed using a
mapping of the three-body phase space to two-loop
amplitudes, which is of technical interest [18].

Section II reviews the one-loop electroweak renormal-
ization for H — VV decays, Sec. III has results for
H — WtW~, and Sec. IV contains the one-loop results
for H — yy. Conclusions are contained in Sec. V.

I1. BASICS

We use the Warsaw basis [19,20] where the relevant
operators for the one-loop contributions to the decays
H — VV are given in Table I and the Feynman rules and
conventions in R; gauge are taken from Ref. [21]. For
simplicity, we assume a diagonal flavor structure for the
coefficients C, i.e., C; = C; 1, where p, r are flavor indices.

pr i
Furthermore, we assume C; = C; =C; and Clq =
e uu.e H.e.ep PNRAS
3 3
ng) = C5q>.
et
The Higgs Lagrangian is
= (D,9)" (D) +1°¢"¢ = A" )?
1
t (Cp(9"h)’ + Cpa(@¢)n(¢"P)
+Cyn(#' D) (4" D,h)). (2)

where ¢ is the usual Higgs doublet,

'The corrections due to the top loops in the SMEFT have been
studied also in [17].

References [9,12,13] contain only the logarithmic contribu-
tions to the SMEFT renormalization of G.

and v is the vacuum expectation value (VEV) defined as the
minimum of the potential,

2 3
u 3w C
v=V2AP) =T+ 8,15/2/\_0;‘ “)

The Higgs kinetic terms in the resulting Lagrangian are
not canonically normalized due to Oy and Oyp. As a
consequence we need to shift the fields:

)
o= lee)

A A (5)

The physical mass of the Higgs to O(ﬁ) becomes

4
M}y = 200% =5 (3Cy = 42Cys + 2Cpp)- (6)

The SMEFT interactions also cause the gauge field
kinetic energies to have noncanonical normalizations
and following Ref. [21], we define “barred” fields and
couplings,

W, = (1-Cywv?*/ AW,
B, = (1—-Cypv*/A*)B,
9 E( + Cypwv?/A?) g,
=(1+ C(/;BUZ/AZ)QI (7)

such that W,j, = W,9, and B,g, = B,g;. The barred
fields defined in this way have properly normalized kinetic
energy terms. The masses of the W and Z fields to O(5)

are [21,22]
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2 2
R
M3, =27
w 4 ’
GBI vt 1__
M3 = %4‘@ g(g% +35)Cyp +§91gzc¢wg .

(8)

Dimension-6 four-fermion operators give contributions
to the decay of the u, changing the relation between the
VEV, v, and the Fermi constant G,. Considering only
contributions that interfere with the SM amplitude, we
obtain the tree level result,

1 1 V2 3)
G, =——-—-Cy+—5C,/, 9
W= ae T van ot G ©)

where we assume the C; are flavor universal. The tadpole
counterterms are defined such that they cancel completely
the tadpole graphs [23]. This condition identifies the
renormalized vacuum as the minimum of the renormalized
scalar potential at each order of perturbation theory.

Since the SMEFT theory is only renormalizable order by
order in the (v?/A?) expansion, we drop all terms propor-
tional to (2/A%)¢ with a > 1. The one-loop SMEFT
calculations contain both tree level and one-loop contribu-
tions from the dimension-6 operators, along with the full
electroweak one-loop SM amplitudes.

We use a modified on-shell (OS) scheme, where the SM
parameters are OS quantities. Since the coefficients of the
dimension-6 operators are not physical observables, we
treat them as MS parameters, so the renormalized coef-
ficients are C(u) = Cy — poles, where C, are the bare
quantities. The poles of the coefficients C, are found from
the renormalization group (RG) evolution of the coeffi-
cients computed in the unbroken phase of the theory in
Refs. [22,24,25],

I 1

Ci(ﬂ) = CO,i —2—6@%‘;0}', (10)

where p is the renormalization scale, y;; is the one-loop
anomalous dimension,

ac. 1
e s 11
i 16”27/1,0, (11)

and é!'=¢e! -y, +log(4x). At one loop, tree level
parameters (denoted with the subscript O in this section)
must be renormalized. The renormalized SM masses are
defined by

M%/:M%,V_HVV(M%/)’ (12)

where ITyy (M%) is the one-loop correction to the two-point
function for Z or W computed on shell. The gauge boson

two-point functions in the SMEFT can be found analyti-
cally in Refs. [9,26].

The one-loop relation between the VEV and the Fermi
constant is

G, +—Cu —\/5@= L i+an, (13)
H \/§A2 AZ_\/EU% ’

where v, is the unrenormalized minimum of the potential
and Ar is obtained from the one-loop corrections to u
decay. Analytic expressions for Ar in both the SM and the
SMEFT at dimension 6 are given in Ref. [15].

The calculation proceeds in the same way as Ref. [15].
We obtain the relevant amplitudes using FeynArts [27] with
a model file generated by FeynRules [28] with the
Feynman rules presented in [21]. Then we use FeynCalc
[29,30] to manipulate and reduce the integrals and
LoopTools [31] for the numerical evaluation.

We consider two choices of input parameters. For the
W+W~ calculation, we choose the G, scheme, where we
take the physical input parameters to be’

G, = 1.1663787(6) x 10~° GeV2
M, =91.1876 & .0021 GeV
My, = 80.385 + .015 GeV
My =125.09 £ 021 £0.11 GeV
M, =173.140.6 GeV.

We then follow the same procedure as in Ref. [15]. In our
discussion, we term this the “G,, My, M scheme.”

For the decay H — yy, we consider the effects of
explicitly pulling out an overall factor of a from the
amplitudes; that is, we calculate

A(H - yy) = aoF (vg. Mo yw. My 7). (14)

where F is a function of the bare parameters vy, My,
M, z, that we renormalize as described before and express
in terms of G,,, My and M. The on-shell renormalization
of the overall factor « is extracted from the renormalization
of the yIl vertex and we take the physical parameter

1
% = 137.035999139(31) "

(15)

We term this the “a, G,, My, Mz scheme.”

3The light quark masses and lepton masses enter into the y
wave-function renormalization for H — yy and we take
my, =4.78 GeV, m,=1.67 GeV, m;=0.1GeV, m,;=
0.005 GeV, m, =0.002GeV, m, = 1.776 GeV, m, =0.105GeV
and m, = 0.0005 GeV.
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HI.H - W*W-

The tree level decay width for H — WTW~ receives contributions from the rescaling of the Higgs field [Eq. (5)],
the SMEFT contributions to G, [Eq. (9)] and the direct interaction of Ogy. For My = 200 GeV, the numerical result

SMEFT tree level result in GeV is

1 TeV
To(H - WHW™) = 1.042 + ( Ae )2{0.1263 (C,,su —C((,fl)

<1 TeV

1
- C¢D> —0.2485(Cyy — 0.25410,,)}

4 3) 1 2 (3) 1
0.003828{ Cgo = Cyy = 7 Cyp | = 0.01506(Cyw — 2541C1) | Cpo = Cyyi =7 Cyo

+ 0.02343(%“, —0.007531C 4y Cy; + 0.0009570C%, } (16)

We have retained terms of O(C?) in Eq. (16) although the numerical coefficients are suppressed relative to those of the
O(C;) terms. The usual tree level scaling factor is defined to O(4;):

To(H — W W~
po(H — W)y — Lot = A )

1 TeV\2 1
_>1.0+< X > {o.1212<c,,m—c§,3,>—4c¢[,>

—0.2385C,y + 0.060606,,}, for My = 200 GeV. (17)

At NLO in the SMEFT, the decay width receives
contributions from the one-loop virtual diagrams, includ-
ing the renormalization terms discussed in the previous
section, and from real photon emission. These contribu-
tions are separately IR divergent and we regulate them
with a photon mass. The SM rate including all electroweak
corrections is well known, both for the on-shell decay
H — WT*W~ [32] and the off-shell decays, H — 4 fer-
mions [33]. The off-shell effects are known to be
significant for the physical My = 125 GeV Higgs and
the extension of our calculation to include the off-shell
effects is clearly a needed step. The SM electroweak
corrections are of order ~6% for our reference Higgs
mass, My = 200 GeV.

The calculation of the virtual contribution in the SMEFT
follows the identical procedure as for H — ZZ, with the
exception of the introduction of a finite photon mass. The
renormalization prescription is described in the previous
section.

The IR divergences from the virtual diagrams are
canceled by real photon emission contributions, H —
WWy. Due to the complex Lorentz structures of the
SMEFT vertices, the calculation of the width H - WWy
through direct integration of the phase space is extremely
intricate. In order to calculate the real corrections we used
the method developed in [18], where the integration over
the phase space is replaced with a loop integration. This is
possible after we recognize that the Cutkosky rules allow us
to replace the delta functions inside the phase space
integrations with propagators:

1 1
PP—m>+i0 pP-mP—i0

2ins(p? —m?) = (18)

After making this replacement, we can treat the momenta of
the outgoing particles as internal loop momenta, and the
integration over the phase space becomes an integration
over the loop momenta. This allow us to use the integration
by parts relations to reduce the loop integrals in terms of
master integrals (MI). The methodology of this approach is
described in Ref. [18].

In the specific case of H — WWy, the integrals obtained
are two-point two-loop integrals, for which a generic basis
of Ml is known [34,35]. The reduction was done using FIRE
[36]. Since many two-point two-loop MI are known
analytically, and the rest can be calculated numerically
with high precision, for example using TSIL [37], we
evaluate the MI directly and take the imaginary part of
the result. An important caveat is that after the reduction to
MI, we have to select only the MI that still have a physical
WWy cut, while we put to zero those that have lost one
or more of the propagators generated by Eq. (18). An
interesting consequence of this is that if an integral can be
cut in more than one way it is necessary to add a
counterterm to cancel the extra imaginary part. As an
example of this procedure, see Fig. 1.

We have verified analytically that the IR divergences
proportional to the photon mass cancel using this technique.

The total width is then the sum of the virtual and
real contributions, and it is given for My = 200 GeV by
I'=Ty+ oI'npo With
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FIG. 1. Example of the calculation of WWy phase space. From the reduction we obtain the central integral. There are four possible
ways to cut it: two over WW and two over WWy. Since we are interested in calculating the integral with a single physical cut over WWy
(left integral), we need to subtract a counterterm (right integral).

1 TeV

2
STxLo = 0.065253 + ( > {[(190.1 = 70.52X ,)Cga(A) + (=203.1 +6.668X,)C) (A) + (—44.44 + 16.82X ) Cyp ()

+ (—241.4 4 44.54X . )Cyy (A) + (71.80 = 3.291X,)Cpy(A)] + (52.06 — 30.64X 4 )Co(A)

+(=101.0 4+ 50.69X,)C) (A) — (5.191 +32.85X ) Cyy (A) +C5.) (A) (18.54 — 23.72X )

—8.434C,(A) = 1.157C, 5 (A) + (=0.9828 4 2.192X, )C s (A) + (=17.24 4 3.256X 5 )C s ()

—~1.290CY (A)} x 1074, (19)

where the coefficients are evaluated at the scale A and X, = log(A2/M2%). (The terms in the square brackets occur at

tree level.)
We define the (on-shell) scaling factor at one loop for My =200 GeV and A =1 TeV,

Ty + 6T
_JOFIINIO 4 [0,1007C,n(A) —O. 1295C5) (A) = 0.02525Cp(A) = 0.2269C (A)
(To + 6'NLo)sm

+0.06209C; )] + {~85.64C, (A) + 128.2C5)) (A) — 146.9Cy (A)
—85.94C)) + ~7.617C,(A) — 1.04493C, 5 (A) + 8.604C5(A)
— 1474C 5 (A) = 1.165CY) (A)} x 1074, (20)

pi(H - WW) =

The change in the coefficients of operators that appear at tree level [in the square brackets in Eq. (20)] is typically a few
percent, while a few of the operators that first appear at one loop have sizable coefficients and could potentially be probed

in H—> WTW- decays.

IV.H - yy

As a by-product of our calculation of H - ZZ and H — Zy [15], we obtain the SMEFT result for H — y*(p;)r*(p,) at
one loop. Gauge invariance requires that the one-loop amplitude take the form

pip Piph

AW:F(ﬂ’w_ ) :(FgMEFT+F§M+FéMEFT)<9W_ ), (21)
Pi- P2 P1- D2

where we have broken up the coefficient into the tree level SMEFT piece, Foyer; the one-loop SM piece, Fiy,; and the

one-loop SMEFT contribution, Fizer-
Initially, we take My, M, and G, as input parameters. At tree level, there is only the SMEFT contribution,

0 » My | M5,
FSMEFT = _8MHF \/iGﬂ <1 - W) C}’}’ (22)
4
where
1 M3 M
C 57<c, + LU - Y __c, ) (23)
N T N VPR VE RN v VS
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The analytic one-loop SM result can be found in many
places [38] and we write the results numerically. The
SMEFT logarithms contributing to F§rr can be obtained
from the anomalous dimensions given in Ref. [22] and are

written in terms of |

* G,, My, M input parameter scheme:

AZ
zZ

The full one-loop SMEFT result for H — yy is extracted
from the calculation of Ref. [15] [for the input parameters
of Eq. (14)]. Our complete result is

1 TeV\?
Fprr = <A) {=5.988C5(A) — 1.718C(A) + 3.207C5(A)}

FéM = 0.2483
1 TeV
FéMEFT - <T

+ (=0.1272 — 0.06487X 5 )C w5 (A)]

2
) {[(0.3636 + 0.1336X,)C 5 (A) + (0.02362 + 0.01456X  )C pyy (A)

+(0.01304 — 0.02725X 4 )Cyy (A) + 0.01505C s (A) — 0.03000C 5 (A)
+0.004279C, 5 (A) + (0.1276 — 0.05649X 5 )C,iy (A) + (0.2383 — 0.1055X )C,u5(A)

— 0.04516C}) (A) + 0.02258C; (A)}.

The coefficients are given in GeV and are evaluated at the
scale A. This is the appropriate scale for matching with
high-scale UV complete models [39-42]. However, it
should be highlighted that in order to be consistent, the
matching with the UV model should be computed at NLO.
Moreover a more general calculation would require the
computation of the RG evolution of the coefficients also at
NLO order. This is particularly true when the separation
between the electroweak and the EFT scales is very large
and it becomes necessary to resum the logarithms
log(A?/M2). Our calculation is a first step in this
program. Note the dependence at one loop on coefficients

°q, GM, M, My, input parameter scheme:

1 TeV

0 B
aFsyprr = (

afly = 0.2396

. 1 TeV
aF éMEFT = (

+(0.05329 — 0.06260X 4 )C gy (A)]

(25)

that do not appear at tree level, leading to the interesting
possibility of obtaining limits on previously unconstrained
coefficients.

We recalculate the result using a, G,, Mz, and My, as
inputs, as described in Sec. II. For notational convenience,
the amplitude is expressed as

v h > ~ . Dirh
A _a(FgMEFT+F§M+F§MEFT)<g” —#) (26)

The result is

2
) {=5.778Cy5(A) — 1.657C gy (A) + 3.095C y5(A) }

2
) {[(0.1234 + 0.1290X 4 )Cyp(A) + (—0.04246 + 0.01405X 5 )C (M)

+(0.01259 — 0.02630X 4 )Cyy (A) + 0.01452C o (A) — 0.003631C 5 (A)
+0.004129C,4(A) 4 (0.1231 = 0.05451X ) Cy(A) + (0.2299 — 0.1018X,)C,5(A)

— 0.01452C}) (A) + 0.007262C;,(A) }.

27)
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We find that the coefficients calculated in the a, G,, My,
My, scheme are in agreement with those calculated in
[14]. We also note that in both input schemes, typically
the coefficients of the logarithms are of similar sizes to
the constant pieces and that the differences are small in
most cases. There are, however, a few coefficients where
the effect of the choice of the input parameter scheme is
significant: comparing Eqs. (25) and (27) one can notice
a factor ~3 between the coefficients of (C;; — 2Cfﬁ3l)) and
a factor ~8 between the coefficients of Cyp. In particu-
lar, while Cym and C,p appear in Eq. (27) in the
combination (Cym — %C[/,D) that is connected to the
redefinition of the Higgs field in Eq. (5), in Eq. (25)
one can verify that this simple relation is spoiled
and the coefficients appear in the combination
(Cpn — &%Cﬂ)) ~ (Cyry —2Cyp). These differences
are due to the fact that using a, G,, Mz, and My, as
input parameters modifies the counting of C,p and

Cy - 205/)31)) that enter in the relation between the
Lagrangian parameters and the input parameters «
and G, respectively [see Eqgs. (3.4)-(3.6) and (3.20)
of [43], for example]. Notice that the change of input
parameter scheme affects also the coefficient of Cyyp
that is present in the relation between the Lagrangian
parameters and a. However this effect is hidden in the
relation between Eqs. (25) and (27) by the fact that
Cywp appears already at the LO with a large coefficient.
The effect is instead evident in Egs. (Al) and (A2)
in the Appendix, where C,yp appears only at the NLO.
The loop corrections to Cyy, Cyp and Cyyp are on the
order of 1%-2%, relative to the tree level results.

We study the numerical consequences of our calculations
by considering4

_ I'(H->y)
M =T (H = ry)su
2(F8MEFT + FéMEFT) 1
SM

— 1+ [~40.15C,5(A) — 13.08C,(A)
+22.40C 5y 5(A)] — 0.9463Cyy (A) + 0.1212C 4o (A)
—0.2417C4p(A) + 0.03447C, 5 (A) — 1.151C,py (A)
— 2.150C,5(A) — 0.3637C5) (A) + 0.1819C;,(A).
(28)

Our results can be compared with the limits from ATLAS
[4,44] and CMS [4.,45]:

*Equation (28) is in the G,, Mz, My scheme.

Solid: Gu’ MW, MZ Scheme; Dotted: o, Gu’ MZ, Mw Scheme

B ——— T

—- 95% CL Limit ..~

05}

-0.40 -0.02 0 0.02 0.04
(1 TeV/AY'C,(A)

FIG. 2. Contributions to y,, when one operator at a time is
varied, setting the remaining operators to 0. The coefficients are
evaluated at the scale A =1 TeV.

ATLAS,Run —2: 4, = 0.99 £ 0.15
ATLAS,Run — 1: 1, = 1.14 + 0.27
CMS, Run —2: p,, = 1.18 £0.17
CMS, Run — 1: g, = 1.11 £0.25. (29)

We make the simplifying assumption that there are no
cancellations between terms and require that no single
contribution saturate the experimental bound. This is
probably a poor assumption, since in any specific model,
there are relations between the SMEFT coefficients
[40,41,46]. When the complete set of one-loop SMEFT
predictions to Higgs decay is known, it will be possible to
do a global fit incorporating these effects. In extracting the
bounds, we are also ignoring the NLO effects induced by
the matching with a UV theory, and the RG evolution
discussed at the beginning of this session. A full NLO
RGE calculation would be needed in order to reliably
understand the size of these effects. Our bounds are
therefore only rough estimates of the sensitivity. In
Fig. 2 we show the bounds on the coefficients that occur
at tree level. The argument of the logarithms is evaluated
at A =1 TeV. The solid lines are the contributions in the
G,, Mz, My scheme and the dotted lines are the G,,, My,
My, a scheme. Requiring that 0 < u,, < 1.28, we find for
A=1TeV’

ICyw(A)] < 0.02
1C45(A)] < 0.001
Cpws(A)] < 0.01. (30)

(H — yy limit)

SReference [14] requires 0.85 < u,, < 1.15 and so finds
somewhat more restrictive limits. The coefficients in Ref. [14]
are evaluated at the scale uy = My.
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FIG. 3.

(1 TeV/IAY C(A)

Contributions to x,, when one operator at a time is varied, setting the remaining operators to 0. The coefficients are evaluated at

the scale A =1 TeV. On the left hand side, the solid and dotted lines are indistinguishable.

The coefficients can be evolved to low scales, y~ My,
using the anomalous dimension matrix,

7y, (A
€)= () - oe (5.

(31)
where the anomalous dimension matrices can be found in
Refs. [22] and the analogous numerical result to Eq. (28),
but with the coefficients evaluated at a low scale, can be
found in Ref. [14].

On the left hand side of Fig. 3 we show the contributions
to y,, from C,5 and C,y. These coefficients first appear at
loop level and it is interesting that H — yy has the potential
to place limits on them. We find (for A =1 TeV)

ICus(A)] < 0.14
ICuw (A)] < 0.23.

(H — yy limit)
(32)

The contribution from Cyy is shown on the left hand side of
Fig. 3. This operator is particularly interesting because it
contributes to Wt W~ pair production [47,48]. Translating
the tree level results of Ref. [49] into our notation, we have
for A =1TeV
ICw| <0.08 (WHtW~ limit). (33)
From Fig. 3, the limit on Cyy from H — yy assuming that
Cy is the only nonzero coefficient is |Cy| < 0.3, signifi-
cantly weaker than the limit from gauge boson pair
production.
The contributions of Cf;l) and C;; are particularly inter-
esting because they contribute to G, at tree level and are
shown on the right hand side of Fig. 3. From Eq. (9),

they always contribute in the combination cB) - %Cu. The

¢l
overall numerical factor between the schemes is just the
difference in input parameters.

V. CONCLUSIONS

We have computed the one-loop electroweak corrections
to the decays H — yy and H — W' W~ in the SMEFT. The
results are presented in simple forms, useful for comparison
with LHC data and for matching with the predictions of UV
complete theories.

The decay H — yy is found using two different input
parameter schemes and the numerical dependence on the
scheme choice is negligible except for the coefficients of

the operators 0((;,) and Oy, that contribute to G, at tree level.

For operators that contribute to H — yy at tree level, the
effect of the NLO corrections is a few percent. However,
the NLO result offers the possibility of constraining
operators that first appear at one loop.

The real corrections to the on-shell decay H — WTW~y
are determined by transforming the three-body final state
phase space into two-loop integrals, while the virtual
corrections are obtained using standard techniques. The
relatively large size of some of the one-loop contributions
suggests that a complete calculation of the off-shell decay
H — 4 fermions at one loop in the SMEFT is of interest.
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APPENDIX: RESULTS IN TERMS OF C,,

It is interesting to replace Cyp with C,,. Note that the tree
level relation of Eq. (23) cannot be used, but we need the
full one-loop calculation for consistency. The results in
GeV with A =1 TeV are
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o GM, My, M, input parameter scheme:

1 TeV?
Fiygrr = —0.73 (T) C,,(A)

Fly = 0.2483

| 1 TeV
Fsyerr =

2
) {(0.009007 + 0.01247X 4 )C,,(A) — (0.01904 + 0.01549X )Cyy(A)

+ (0.01304 — 0.02725X 4 )Cyy (A) + 0.01505C o (A) — 0.03000Cp (A) + 0.004279C, (A
+0.01203C 4y (A) 4 (0.1276 — 0.05649X  )C, (A) + (0.2383 — 0.1055X4)C,u5(A)

— 0.04516C5) (A) + 0.02258C,(A)}

e a, G,, Mz, My input parameter scheme:
The coefficients are

1 TeV

2
aF et = —( ) 0.7066C,, (A)

aFly = 02396

. 1 TeV
aF svgrr = A

(A1)
2
) {(=0.01913 + 0.01203X,)C,, (A) + (0.03587 — 0.01495X ,)C yy 5 (A)
+(0.01259 — 0.02630X 4 )Cyy (A) + 0.01452C 1 (A) — 0.003631C, (A) + 0.004129C, 5 (A)
+0.01161C,(A) 4 (0.1231 = 0.05451X )C,w (A) + (0.2299 — 0.1018X4)C,i5(A)
(A2)

— 0.01452C}) (A) + 0.007262C;/(A)}.
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