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The literature establishes that the light fermions contributions to the decays H — Z~ and H — vy
are negligible since their coupling with the Higgs is proportional to mys. In the present letter, we
show that although such a conclusion is true for leptons, the light quark contributions are zero when
we consider their non-perturbative effects.

The literature establishes that the light fermions contributions to the decays H — vZ and H — ~y~y
are negligible since their coupling with the Higgs is proportional to 1m ¢. In the present letter, we

show that although such a conclusion is true for leptons, the light quark contributions are zero when

we consider the non-perturbative effects.
A. |. Hernandez-Juarez, R. Gaitan, and R. Martinez, arXiv:2502.01668 [hep-ph]
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FIG. 3. H — V~ (V = Z, ) decay mediated by the 7°, n° and 1’ mesons.

A. |. Hernandez-Juarez, R. Gaitan, and R. Martinez, arXiv:2502.01668 [hep-ph]

From the trivial vanishing of the contributions from 7*, n and 17’ mesons to the amplitudes for the H — -y and
H — Zy decays, the authors of arXiv:2502.01668 conclude that

the light fermions do not contribute to the H — ~y~y decay.

The contributins [to H — vy and H — Z~y] from the up, down and strange quarks are zero...
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FIG. 3. H — V~ (V = Z, ) decay mediated by the 7°, n° and 1’ mesons.
A. |. Hernandez-Juarez, R. Gaitan, and R. Martinez, arXiv:2502.01668 [hep-ph]
From the trivial vanishing of the contributions from 7*, n and 17’ mesons to the amplitudes for the H — -y and
H — Zy decays, the authors of arXiv:2502.01668 conclude that
the light fermions do not contribute to the H — ~y~y decay.
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The contributins [to H — vy and H — Z~y] from the up, down and strange quarks are zero... [ " »
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Introduction



H — ~y discovery channel of the BEH scalar boson at LHC
H — ~~ important channel for experimental determination of My

H — vy and H — ~yZ are arise only at loop level in the SM (interesting for BSM physics)

Effective description through dimension five terms

1 1
Lo D —ZCH'y'yHF'LWFMV — §CH72HF“VZMV

W
Cryx = Cryx + Cix Criyx = Céw‘)x + Z ng)x X =72
f



in perturbation theory O}}?X ~ O(m?)

perturbation theory appropriate for the leptons...

.. and to some extent for ¢ (pole mass) or b and ¢ [my, . = My (M ¢ )]
see e.g. A. Djouadi, Phys. Rept. 457, 1 (2008) [arXiv:hep-ph/0503172]



in perturbation theory O}}?X ~ O(m7)
perturbation theory appropriate for the leptons...

... and to some extent for ¢ (pole mass) or b and ¢ [my, . = T (M. )]
see e.g. A. Djouadi, Phys. Rept. 457, 1 (2008) [arXiv:hep-ph/0503172]

what about the light quarks, u, d, s?



pQCD

cy ~8.66 - 10~

cy | (113 —1.490) - 1077

Cy) || (9.22 - 7.574) - 107°

Cy;) || (3.35 — 1.564) - 1071

Oy || (177 - 0.57i) - 10712

Oy || (1.81—0.53i) - 10712 units: GeV—1
Ci —3.30-10~°

cy, |l (6.82—3.83i) - 107
C), |l (1.05—0.413) - 10
Cs), || (7.93 —1.894) - 107"
O, |l (2.94 - 0.48:) - 1072

i), | (8.06 — 1.224) - 107

CY) ~ —45.0C%)

(W) (t)
H~y~ H~y~ CH’yZ ~ _18'CH7Z
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since pQCD not appropriate for light quarks, then how could one compute
their contribution non perturbatively?



A few things (I think) | understand



starting point provided by the SM Lagrangian

_éL_ZZ“]“ +oe

SM - J
LoV =gMwHW?T - W) — ——HJ ) — GAMJ&) T 2, (Z)

int o 2A4ﬁ/

Jary =Y mybpby, T = epbpiy, Iy =Y iy (v — ags)y,
f f f

in the absence of EW corrections the decay amplitudes

AXire 2 My fpv A1 Y .
ASW) = ge mf(w)“ (g1, 92)€," (q1)" €)% (g2)

Y
41=q5=0,g5=M%

Y

(FIALA 2 my (f)
“4 o =9 FWZMV 2 2 2 2 2
q7=0,q5=M7,q3=Mp,

= Cc—————
Z
7 Adew My

(01, 32)€x" (q1)* €)% (q2)"

involve the connected three-point functions

P (qrae) = [atoens [ dtyem s Q{0017 ()T 0 X =12

computed in free-field theory (for leptons) or in pure QCD (for quarks)

when computed perturbatively

v A1 A2
T (g1, g2) ~ O(my) AR, Cl ) x ~ O(m3)



from now on, concentrate on the light quarks

s tr(M) - ns - — — _ 1 - -
Sy = r(3 )ww, Jmy = M, Ji) =9y, Jiy = szv“w—%iJ{;) = —5¢7“¢+(1—283)¢Qv“¢
N 1 2 1 1 1 1 1
v=|d |, M=diag(my,mag,ms), M= M—gtr(,/\/l), Q = diag (§,_§,_§>7 Qz = diag (57_57_§>
C
take the chiral limit m,,, mg, ms — 0
only three QCD three-point functions to consider [ ¢s = q1 + ¢2]
Fllilisw(q”%)’ F%W(m’%)v FlIfIl;s’YZS(Q17q2) {be5 g5 " (q1,q2) = {0;0}

FlIfIVns'y'y(q17q2) — 4131'(/\_/[ QQ) X [F’V’Y(Q%7QS7Q?2>)PMV(Q17QQ) + g’Y’V(Q%?Q%7Q§)QMV(q17q2)] 9

v 4 7 v 5 v
i (a1, 42) = 5 tr(M)Er(QQ) X [For (g1, 42, 43) P (01, 42) + G (0, 02, 43) Q" (41, 02) |
v 2 Ny v v
Pz, (@1,¢2) = —5te(MQ) X [Fyz(qi, 2, 03) P (a1, 42) + Gy (41, 42, 45)Q"" (a1, ¢2)] -

P (q1,q2) = ¢1 ¢ — (q1 - @)™, Q" (q1,q2) = didhas + Bl al — (q1 - ¢2)d%ds — i aan™

note: e, (q1)*Q"" (q1, g2) vanishes for gi = 0



expressions for the effective couplings (terms linear in the light-quark masses)

2

Ciyy = % Vo €ux2 [F2o(0,0, Mip) + Foy (0,0, M) |
2
d md S ge md ~
Cy) = - Cy). = S €5 x4 [=F (0,0, Mir) + 2F,(0,0, M7)]
(u) g’e My 2 2 a2 2 2 g2 ~ 2 g2
Civz = = i e X 3 {=Fz(0, Mz, Mip) + 2(1 = 285) [For (0, Mz, Mig) + Fory (0, Mz, Mi ) |}
2
m s e m 2 -
cy, = m_d cy), = _94 CWJ\;W eax 5{=F2(0, Mz, Mi7) +2(1 — 2s,) [F4(0, Mz, Mi7) — 2F,(0, Mz, M) |}

note: the differences F+ (q7, 43, 43) — Frv (a1, a3, 43) and Fr (g1, q3,493) — Fyz(d3, 43, q3) are OZI suppressed

For (@305, 03) — For (63,45, 03)s Ty (3205, 43) — Fryz(a3. 05, 43) ~ O(1/N.)



expressions for the effective couplings (terms linear in the light-quark masses)

2
u ge mu ~
Ciity = =55 a7 6w X2 [F4(0,0, M) + Fory (0,0, M )]
2
d Md (s ge’ mg -
City = 1= Ciy = — 5 2 €04 [2Fo (0,0, Mir) + 2F5,(0,0, M)
(u) g’e My 2 2 2 2 2 2 ~ 2 g2
Civz = = i e X 3 {=Fz(0, Mz, Mip) + 2(1 = 285) [For (0, Mz, Mig) + Fory (0, Mz, Mi ) |}
2
m s e m 2 -
cy, = m—d cy), = _94 CW]\;W eax 5{=F2(0, Mz, Mi7) +2(1 — 2s,) [F4(0, Mz, Mi7) — 2F,(0, Mz, M) |}

note: the differences F-(qf, 43, 43) — Fav (a7, 43, ¢3) and Fry (a7, 43, 63) — Fyz(ai, 63, 43) are OZI suppressed

For (@305, 03) — For (63,45, 03)s Ty (3205, 43) — Fryz(a3. 05, 43) ~ O(1/N.)

the three-point functions under considerations are singlets of flavour SU(S)V (eightfold way) but
are not singlets of the full flavour group SU (3) x SU(3)g in the chiral limit!

this means that when computed perturbatively in QCD, these functions vanish at each loop order!
[in the chiral limit]

what about full QCD?



let's concentrate on F,.,(¢?, 45, ¢3) and consider

L (g1 ga) = / diz i / dty €19 (0TS (0)V? () ViE () }0)
= d [F(¢}, 63, 63) P (a1, 42) + (a1, 45, 43) Quv (a1, @2)]

defined in terms of the colour-singlet and flavour-octet quark bilinears

A -
Sa :¢7¢7 Vj :w77M¢7

from the OPE one obtains, in the chiral limit

Jim VT O ) = —a° S0 (40 14O+ 1 O] Pl 02420140} Qus (a1, 22) 4+
o 14243

when the momenta q1, g2 and g3 are all in the deep-Euclidean region, with

(aq), = (), = (dd), = (Ss),

the single-flavour quark condensate in the chiral limit B. Moussallam and J. Stern, [arXiv:hep-ph/9404353]



or, when only g9 and qs become large in the Euclidian region,

: aoc aoc 1
lim ALY (g1, Agz) = d*° HVT(Q%)q—Q[l + O(as)] Pu(q1,q2) + -+ -,
2

A—> 00

where ITy7(¢?) is given by the vector-tensor correlator in the chiral limit
b

% /d4x eiq'm<0|T{V/f(x) (&%[’YW %W) (0)}|0> = 5abHVT(q2)(ql/77up — QpNv)

with
ITv7(0) o< (gq), X Xq
B. L. loffe and A. V. Smilga, Nucl. Phys. B 232, 109 (1984)

in chiral perturbation theory one finds
F(0,0,0) #0

even in the chiral limit M. K., B. Moussallam and J. Stern, Nucl. Phys. B 429, 125 (1994)



or, when only g9 and qs become large in the Euclidian region,

: aoc aoc 1
lim ALY (g1, Agz) = d*° HVT(Q%)q—Q[l + O(as)] Puv(q1,q2) + -+ -,
5

A—> 00

where ITy7(g?) is given by the vector-tensor correlator in the chiral limit
b

% /d4x eiq'“’<0|T{V£(a:) (15%[%, Wp]lb) (0)}|0> = 5abHVT(q2)(qV77up — QpNv)

with
ITv7(0) o< (gq), X Xq
B. L. loffe and A. V. Smilga, Nucl. Phys. B 232, 109 (1984)

in chiral perturbation theory one finds
F(0,0,0) #0

even in the chiral limit M. K., B. Moussallam and J. Stern, Nucl. Phys. B 429, 125 (1994)

ample evidence, from all scales, that in the chiral limit

~

Fo(0,0,0) £0, F,.(0,0,0)#£0, F.5(0,0,0)%0
l.e. that C}%X =0(my,) q=u,d;s X=v72



Things | would like to understand better



how to evaluate the effective couplings for the light quarks in the non-perturbative regime of QCD

difficult task, take the limit NV, — 00 as a guide

then F(¢},43.43) = Fory(a}. 63, ) = Frz(d}, d3.63) = P (4}, 3, 43)
furthermore [m, = mg = M|

9 c ~ 5) I —ete r +e— Fq§—>e+e_ -3
F(0,0,0) = = O = P —3==ee 3 = 4.6(0.8) - 10
(0,0,0) = 5 5, TOma) &= 157 [ M, M, M, (0-8)
M. K., B. Moussallam and J. Stern, Nucl. Phys. B 429, 125 (1994)
and

11(0) = —g(Lm +2H,) — g}"(o, 0,0) (51 + ms) + O(m?2)
with
@ = PG =i [ et O, (275000

implying that well-known low-energy theorems
M. A. Shifman, A. I. Vainshtein, M. B. Voloshin and V. I. Zakharov, Sov. J. Nucl. Phys. 30, 711 (1979)

2 2
- (u) @ | _ 9¢ . O 2 LAl _ g€ 0 2
lggo Chiny + C’HW] = o0 Mg I1(0) + O(my) 1}1{rr_1)O Choy = oA <M I I1(0) + O(my)

are satisfied (can be extended to /N, = 3, i.e. chiral logs, with some additional work)



in the large- N, limit, 7(q%, ¢35, ¢3) is an infinite series of zero-width bound-state poles in each
channel G. 't Hooft, Nucl. Phys. B 72, 461 (1974) E. Witten, Nucl. Phys. B 160, 57 (1979)

lowest-meson-dominance (LMD) approximation: in each channel, the lowest-lying resonance

dominates S. Peris, M. Perrottet and E. de Rafael, JHEP 05, 011 (1998)
M. F. L. Golterman and S. Peris, Phys. Rev. D 61, 034018 (2000)

B. Moussallam and J. Stern, arXiv:hep-ph/9404353 [hep-ph]

M. K., S. Peris, M. Perrottet and E. de Rafael, Phys. Rev. Lett. 83, 5230 (1999)

a+b(gi +¢3)+cag 1, 9 a2 C
b=c=—--(qq), a=—-—=-MyMg——
¢ — M )(a3 — My ) (a5 — M) p (1) 5V Sy —m

S

Fimp (41,45, G3) = (

note: C}ﬁ + depends only on RG-invariant quantities

or mgy{(q
me — m Q<QQ>O



pQCD LMD

. ~8.66 - 10~ -

Cy) || (113 —1.49) - 1077 —

)|l (9.22 - 17.574) - 107" -

Cy) || (335 — 1.560) - 10710 | —4.41-1077

oy || (177 —0.57) - 1071 | —2.23-10°

Cyl, || (1.81—0.53i) 107" | —4.18-107" units: GeV~1 precision: ~ O(1/N.) ~ 30%
cy . ~3.30-10° -

c® || (6.82 —3.83i)-107" _
cy, || (1.05—0.41i) - 107 _
', | (7.93—1.890) 10" | 6.20- 10"
', || (2.94—0.48i) 1071 | 3.14.107"

CEQ)Z (8.06 — 1.22i) - 10~'* | 1.70-10"'2

increase of the absolute value of the sum C}}% + C}f,)w + C}j,)w

by at least three orders of magnitude as compared to the lowest-order perturbative evaluation

F(H — ’y’}/)LMD =0.97 - F(H — ’y’y)pQCD
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no such enhancemant in C}ﬂ  (feature specific to LMD approximation)

1+ 774
.FLMD(O, M%, MIQJ) ~ — % fLMD(Oa O, MIQJ) ~ —10_4 X FLMD(Oa 0, MI2{)
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the coefficients C}},)YX are purely real in this description (only poles in the large-/V,. limit)

imaginary parts require multi-particle states (i.e. branch points and cuts)



Summary — Conclusion



precision on I'(H — v+) is expected to increase in the future

ABr (H — v7)

=% — ~1
Br(H — ~7v) IPDG24 ’ %

the contribution from the light quarks is potentially less suppressed than expected from its

perturbative evaluation C}ﬁ xlpacp ™ o(m;) — Cg ~ O(my)

this is an exact result from QCD!

X‘QCD

the non-perturbative evaluation of C}ﬁ  represents a daunting task

several very different scales involved

My =0 Apaa ~1GeV My ~ 125 GeV (My)

LMD approximation to the large-/V,. limit of QCD indicates that large enhancements are possible
but remains to be confirmed by a more elaborate calculation

should also include imaginary parts

I A(H > 77) = S[aatHln) ) A = ) 2 [t AGT )]

n

cane + ¢+ ¢+ --- become sizeable?



