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1. Introduction

The scalar boson observed in the LHC is compatible with thedipted by the Standard Model
(SM) [1, 2], where by means of the Higgs Mechanism is resfbador providing mass to the
rest of the known elementary particles. Some interestinggnties of the Higgs boson could be
related to flavor violation since the SM does not predict atttiee level the existence of flavor
changing neutral currents with quarkgdjH). Nevertheless, the SM allows this type of couplings
through quantum fluctuations at the one-loop level, wheoh souplings can be studied through
theH — q;q; decays, explicittyH — uc,ds db,sh

So far, in the SM these decays have not been deeply studied [&grefore, we revisit and
recalculate them in a different approach, where we cagefudirform Taylor expansions to the
form factors of the decay amplitudes in order to apply the Gikthanism [4], as a consequence,
we find new predictions for two decay modes.

2. TheH — uju; decay

The Higgs decay into two distinct up quarks— u;u; is described by the Feynman diagrams
depicted in Fig. 1. It should be noted thati; = uc is the only possible channel, where inside the
loops circulate the three down quaidis= d;,d,,d3 = d, s,b. In this sense, the resulting amplitude
for theH — uju; decay can be written as

Wk —p1) " ti(p1)
Hpy) _ < di(k)
Wk +p) M uj (p2)
(6N

W (k= p)

H(ps) wp) . wilpD)

w;(p2) di (k)
(3)

Figure 1: DecayH — uju;, with uju; = ucanddy = d, s, b.

A =0(p) (F1+Fy’) V(p2) (2.1)

where the form factorB; » have the following generic structure

3
F =3 VudVia [faRo(1) + faPo(2) + T, Bo(1) + fe,Bo(2)
k=1

+fo,Bo(3) + f,Bo(4) + fe,Co(1) + e,Co(2)]. (2.2)
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In specific, they depend on the Passarino-Veltman scalatifuns Ag, By, Co and on the functions
fa1,..., fco that are given in terms of the masses of the particles. Atdtaige, the amplitude is
ultraviolet divergent (UV) because there still remainsthépole sg\} coming fromAg andBy:

1 ig°md
guv 256r2m3,

but this can be removed by virtue of the GIM mechanism, whaelH — uju; satisfies

3
M~ —kz Vud Ve g, a(py) [(My +my,) — (my —my)y?] v(p2) (2.3)
=1

3
Z VUidedek = VUidVde +Vus u*js‘l'vuibvjjb =0, (2.4)
k=1

this eliminates any term independent of timg mass. Besides, in order to strictly apply such
mechanism we must be able to split théunctions, in Eq. (2.2), into its dependent part of thg
mass and the independent one, namely,

3 3
F= Z VUideU*jdk [f(mdk) + g(mdk/)] = z VUidelTjdkf(rndk)
k=1 k=1
= VUiqu*jdf(md) +VUiSVu*jsf (ms) +VuibVU*jbf(rTb) . (2.5)

To achieve this, we must properly expand thieinctions by using Taylor expansions. In this way,
theH — ucreceives contributions from all the down quadks= d, s, b. Therefore, by taking into
account thatmy > my > my, m;, Mg, Ms, My, We can expand with respect t,, m,, andmg,,

which leads to .

Fl,Z = Z Vuidkvu*j d fl,Z(rndk) ) (26)
k=1

 ig? myEmy F(ry) MG 2.7)
S 2562 my  1-rimg, ] ’

f1.2(mg,)

F(r1) = (r1—1)[2(Blog 2+ Parylog4d— 6ry +4) + 1% (22 +rq — 1/3) — 2im(4ry — 1)]
+{=2(B1+1)+2r1[B1(2r1 — 1)+ 3| - 2im(ry — Lry(4r1+ 1)}
—(re—=)[re(4re + D12+ 2B1(2r1 + 1)lp] — 2(2r; — 1) [~ B+ (BL—3)r1 + 1]I3
+(2r1 = D{2(r1 = D[(Br — Dla— (Br+ Dls] + 2[— 1+ (Br +3)r1 — L]le}

—2(r1 —1)[ry(4r1+1)L1 — (2r% —r1+ l) (La—L3z+Ls—Ls+Lg)]. (2.8)

Herery =mg,/md, B1=+/1—4rq, being b ¢ and Ly__g the logarithms and dilogarithms, respec-
tively, which are listed in the Appendix.

3. TheH — did; decays

The Higgs decays into two different down quarks receiveusircontributions coming from
the three up quarks, = u,c,t, which can be seen in Fig. 2. The amplitude of the- d;d; decay
(with did; = ds db, sb) is analogous to that of tHe — uju; decay; the new amplitude can be found

by exchangingi — d;, uj — dj, W= —W" andVy4,Vj g, = Viq Vud; -
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For the case of thel — d;d; process, the GIM mechanism imposes that
Z kd|Vude qudJ +V dVCdJ +\/td \/th - O (31)

which eliminates the UV part of the amplitude. But unlike the- uju; case, for thed — d;d; de-
cays exist two different mass hierarchy scenarios for thm factors, in consequence, this requires
two different Taylor expansion schemes, which will be exypdd below:

e For the virtual contribution of the andc quarks, whereny > my > my, my,, my, m, the
expansion is analogous to that implemented inkhe: uju; decay. In this case, its form
factors can be expanded with respecintp, my, and m, = m,,m,, = my,mc, hence the
result is also analogous to Eq. (2.6):

Fi2 = Z e Vued; FL2(my, ) = Viig Vug, F1.2(mu) + Vg Veg; f12(me) | (3.2)
+ig® Mg =My, Z(r1) MG,

2562 my 1-rimg,
where.7 (r1) is defined just as in Eq. (2.8).

f12(my,) = (3.3)

e For the virtual contribution of thequark, wherem > my > my > my, mg;, the expansion
can only be performed with respectrtg, andmy,, but not form,, = m,, = m, this yields to

Fiz = 5 ViaVug fra(my) =VigMa; fra(my) (3.4)
3

di(p1)

d;(p2)

{{(&32 <& O di(p1) -H-Qigz / m di(p2)
Figure 2: Decay$l — did;, with did; = ds db,sbanduy = u,c,t.

+ig3 my £ my,
fro(my) = TSTIZWJ (ri,r2) (3.5)

2|t
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F(r1,12) = 2(r1+r2— 1)+l —l74+B1(2r1 +1)lg — Bo(4r1+2ro — 1)lg
+ (42 —2rirp+ 11— 2r3) (—L7+ Lg+Lo— Lio+L11—L12)

1
- [—4r+2rf(rp+ 1) +r1(2rp— Dro+r15+17)
2

x (1f0/2+ L1z —L1a+L1s—Lis+L17+Lasg) . (3.6)

Here,ry = mG,/mg, Br = v1—4ry, ro = mg /Mg, B, = /1—4r,. The logarithmsil_ 10

.....

.....

4. Predictions

Finally, becauseny > my,m,;, we can express the branching ratio for our decays of irtteres
as follows
FH—qgd)  Nemy
My 4rt y

Br(H — qiq;) = (IFa>+ [F21?), (4.1)
wherel'(H — giq;) =M (H — qq;) + T (H — gig;) = 2 (H — g;q;) and the total decay width of
the Higgs boson i§y = 4.1 x 10~ GeV. To perform the evaluation of the branching ratios we

have taken the input values from the PDG Live [5]. Finally; predictions are listed in the Table
1.

H — qiq; Br

H—uc | 1.63x1018
H—ds | 9.07x10°1®
H—db | 1.03x10°8
H-—sb | 244x 107

Table 1: Branching ratios for thé — g;q;j decays.

5. Conclusions

We have presented analytical results for the kre> g;q; decays in the context of the SM,
which arise at the one-loop level. Specifically, we havegraned Taylor expansions to the form
factors in order to retain the virtual, mass and eliminate any term independent of it by virtue of
the GIM mechanism. Our predictions agree with two of the faumerical values reported in Ref.
[3], we agree on thel — db,sbchannels, in contrast, they have reporteHBr uc) ~ 10-1° and
Br(H — ds) ~ 1078, while our approach allow us to predict 1% and 10°%°, respectively.
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Appendix

The logarithms and dilogarithms required in the Eqgs. (Z8B) and (3.6) are given below

I, = logry, l2 =log(—p1+2r1—1), ls=log By 612?11+1 ’

I = log ([316127—:1144) ., Ils=log 5 —[*3—12;11_ ). ls = log 5 5_12‘:11_ 1)

I7 =logr, ls = log 21 , lg = log 2r2 ,
Bi+2r—1 Bo+2r2—-1

lio=log Blflzi:—lzl_l) Ly =Lix(r;+1), Lo=Liz rlr:1>7

L3 = Lis %) , L4ELi2(ﬁ>, Ls=Liy 2512:_1[;12_ l> )

oete(5 ) bete(hy ) weue(BEE).

|_95|_i2<ﬁr152_1>, LlozLiz(zzrlzzrl_zig—Zil), LllELiz(%;%.)’

Lo =Li, (72“2;-11-2;—23— 1) , Liz=Li> (rrlé;rrl;) ; Lia=Liz (rfzer) )

Lig=Li> ﬁz_]) .
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