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We revisit the rare decays of the Higgs boson into two different quarks at the one-loop level in

the Standard Model. We use the GIM mechanism along with Taylor expansions of the decay

amplitudes in order to get rid of spurious terms contained inthe form factors. We found that

Br(H → uc)=1.63×10−18, Br(H → ds)=9.07×10−15, Br(H → db)=1.03×10−8 and Br(H →
sb)=2.44×10−7. In particular, our predictions for theH → uc,dsdecays disagree with previous

results in the literature.
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1. Introduction

The scalar boson observed in the LHC is compatible with that predicted by the Standard Model
(SM) [1, 2], where by means of the Higgs Mechanism is responsible for providing mass to the
rest of the known elementary particles. Some interesting properties of the Higgs boson could be
related to flavor violation since the SM does not predict at the tree level the existence of flavor
changing neutral currents with quarks ( ¯qiq jH). Nevertheless, the SM allows this type of couplings
through quantum fluctuations at the one-loop level, where such couplings can be studied through
theH → qiq j decays, explicitly,H → uc,ds,db,sb.

So far, in the SM these decays have not been deeply studied [3]. Therefore, we revisit and
recalculate them in a different approach, where we carefully perform Taylor expansions to the
form factors of the decay amplitudes in order to apply the GIMmechanism [4], as a consequence,
we find new predictions for two decay modes.

2. The H → uiu j decay

The Higgs decay into two distinct up quarksH → uiu j is described by the Feynman diagrams
depicted in Fig. 1. It should be noted thatuiu j = uc is the only possible channel, where inside the
loops circulate the three down quarksdk = d1,d2,d3 = d,s,b. In this sense, the resulting amplitude
for theH → uiu j decay can be written as
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ūj(p2)

dk(k)
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ūj(p2)
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Figure 1: DecayH → uiu j , with uiu j = uc anddk = d,s,b.

M = ū(p1)
(

F1+F2γ5)v(p2) , (2.1)

where the form factorsF1,2 have the following generic structure

F =
3

∑
k=1

VuidkV
∗
uj dk

[ fA1A0(1)+ fA2A0(2)+ fB1B0(1)+ fB2B0(2)

+ fB3B0(3)+ fB4B0(4)+ fC1C0(1)+ fC2C0(2)] . (2.2)
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In specific, they depend on the Passarino-Veltman scalar functionsA0, B0, C0 and on the functions
fA1, ..., fC2 that are given in terms of the masses of the particles. At thisstage, the amplitude is
ultraviolet divergent (UV) because there still remains theUV pole ε−1

UV coming fromA0 andB0:

M ∼−
3

∑
k=1

VuidkV
∗
uj dk

1
εUV

ig3m2
H

256π2m3
W

ū(p1)
[

(mui +muj )− (mui −muj )γ
5]v(p2) , (2.3)

but this can be removed by virtue of the GIM mechanism, which for H → uiu j satisfies

3

∑
k=1

VuidkV
∗
uj dk

=VuidV
∗
uj d +VuisV

∗
uj s+VuibV

∗
uj b = 0 , (2.4)

this eliminates any term independent of themdk mass. Besides, in order to strictly apply such
mechanism we must be able to split thef functions, in Eq. (2.2), into its dependent part of themdk

mass and the independent one, namely,

F =
3

∑
k=1

VuidkV
∗
uj dk

[ f (mdk)+g(
�
�mdk)] =

3

∑
k=1

VuidkV
∗
uj dk

f (mdk)

= VuidV
∗
uj d f (md)+VuisV

∗
uj s f (ms)+VuibV

∗
uj b f (mb) . (2.5)

To achieve this, we must properly expand thef functions by using Taylor expansions. In this way,
theH → uc receives contributions from all the down quarksdk = d,s,b. Therefore, by taking into
account thatmH > mW ≫ mu, mc, md, ms, mb, we can expand with respect tomui , muj andmdk,
which leads to

F1,2 =
3

∑
k=1

VuidkV
∗
uj dk

f1,2(mdk) , (2.6)

f1,2(mdk) =
±ig3

256π2

mui ±muj

mW

F (r1)

1− r1

m2
dk

m2
W

, (2.7)

F (r1) ≡ (r1−1)[2(β1 log2+β1r1 log4−6r1+4)+π2(2r2
1+ r1−1/3

)

−2iπ(4r1−1)]

+{−2(β1+1)+2r1[β1(2r1−1)+3]−2iπ(r1−1)r1(4r1+1)} l1

−(r1−1)[r1(4r1+1)l21+2β1(2r1+1)l2]−2(2r1−1)[−β1+(β1−3)r1+1]l3

+(2r1−1){2(r1−1)[(β1−1)l4− (β1+1)l5]+2[−β1+(β1+3)r1−1]l6}
−2(r1−1)[r1(4r1+1)L1−

(

2r2
1 − r1+1

)

(L2−L3+L4−L5+L6)]. (2.8)

Herer1 ≡ m2
W/m2

H , β1 ≡
√

1−4r1, being l1,...,6 and L1,...,6 the logarithms and dilogarithms, respec-
tively, which are listed in the Appendix.

3. The H → did j decays

The Higgs decays into two different down quarks receive virtual contributions coming from
the three up quarksuk = u,c, t, which can be seen in Fig. 2. The amplitude of theH → did j decay
(with did j = ds,db,sb) is analogous to that of theH → uiu j decay; the new amplitude can be found
by exchangingui → di , u j → d j , W− →W+ andVuidkV

∗
uj dk

→V∗
ukdi

Vukdj .
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For the case of theH → did j process, the GIM mechanism imposes that

3

∑
k=1

V∗
ukdi

Vukdj =V∗
udi

Vudj +V∗
cdi

Vcdj +V∗
tdi

Vtdj = 0 , (3.1)

which eliminates the UV part of the amplitude. But unlike theH → uiu j case, for theH → did j de-
cays exist two different mass hierarchy scenarios for the form factors, in consequence, this requires
two different Taylor expansion schemes, which will be explained below:

• For the virtual contribution of theu andc quarks, wheremH > mW ≫ mdi , mdj , mu, mc, the
expansion is analogous to that implemented in theH → uiu j decay. In this case, its form
factors can be expanded with respect tomdi , mdj and muk = mu1,mu2 = mu,mc, hence the
result is also analogous to Eq. (2.6):

F1,2 =
2

∑
k=1

V∗
ukdi

Vukdj f1,2(muk) =V∗
udi

Vudj f1,2(mu)+V∗
cdi

Vcdj f1,2(mc) , (3.2)

f1,2(muk) =
±ig3

256π2

mdi ±mdj

mW

F (r1)

1− r1

m2
uk

m2
W

, (3.3)

whereF (r1) is defined just as in Eq. (2.8).

• For the virtual contribution of thet quark, wheremt > mH > mW ≫ mdi , mdj , the expansion
can only be performed with respect tomdi andmdj , but not formuk = mu3 = mt , this yields to

F1,2 = ∑
k=3

V∗
ukdi

Vukdj f1,2(muk) =V∗
tdi

Vtdj f1,2(mt) , (3.4)
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Figure 2: DecaysH → did j , with did j = ds,db,sbanduk = u,c, t.

f1,2(muk) =
±ig3

128π2

mdi ±mdj

mW
F (r1, r2)

m2
uk

m2
W

, (3.5)
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F (r1, r2) ≡ 2(r1+ r2−1)+ l1− l7+β1(2r1+1)l8−β2(4r1+2r2−1)l9

+
(

4r2
1 −2r1r2+ r1−2r2

2

)

(−L7+L8+L9−L10+L11−L12)

− 1
r2

[

−4r3
1+2r2

1(r2+1)+ r1(2r2−1)r2+ r2
2+ r2

]

×
(

l210/2+L13−L14+L15−L16+L17+L18
)

. (3.6)

Here, r1 ≡ m2
W/m2

H , β1 ≡
√

1−4r1, r2 ≡ m2
uk
/m2

H , β2 ≡
√

1−4r2. The logarithms l1,...,10

and the dilogarithms L1,...,18 are explicitly given in the Appendix.

4. Predictions

Finally, becausemH ≫ mui ,muj , we can express the branching ratio for our decays of interest
as follows

Br(H → qiq j) =
Γ(H → qiq j)

ΓH
≃ NCmH

4πΓH

(

|F1|2+ |F2|2
)

, (4.1)

whereΓ(H → qiq j) = Γ(H → qi q̄ j)+Γ(H → q̄iq j) = 2Γ(H → qi q̄ j) and the total decay width of
the Higgs boson isΓH = 4.1× 10−3 GeV. To perform the evaluation of the branching ratios we
have taken the input values from the PDG Live [5]. Finally, our predictions are listed in the Table
1.

H → qiq j Br

H → uc 1.63×10−18

H → ds 9.07×10−15

H → db 1.03×10−8

H → sb 2.44×10−7

Table 1: Branching ratios for theH → qiq j decays.

5. Conclusions

We have presented analytical results for the rareH → qiq j decays in the context of the SM,
which arise at the one-loop level. Specifically, we have performed Taylor expansions to the form
factors in order to retain the virtualmqk mass and eliminate any term independent of it by virtue of
the GIM mechanism. Our predictions agree with two of the fournumerical values reported in Ref.
[3], we agree on theH → db,sbchannels, in contrast, they have reported Br(H → uc)∼ 10−15 and
Br(H → ds)∼ 10−8, while our approach allow us to predict 10−18 and 10−15, respectively.
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Appendix

The logarithms and dilogarithms required in the Eqs. (2.8),(3.3) and (3.6) are given below

l1 ≡ logr1, l2 ≡ log(−β1+2r1−1), l3 ≡ log

(

β1−1
β1−2r1+1

)

,

l4 ≡ log

(

β1+1
β1−2r1+1

)

, l5 ≡ log

(

β1−1
β1+2r1−1

)

, l6 ≡ log

(

β1+1
β1+2r1−1

)

,

l7 ≡ logr2, l8 ≡ log

(

2r1

β1+2r1−1

)

, l9 ≡ log

(

2r2

β2+2r2−1

)

,

l10 ≡ log

(

β1+1
β1+2r12−1

)

, L1 ≡ Li2(r1+1), L2 ≡ Li2

(

r1−1
r1

)

,

L3 ≡ Li2

(

2−2r1

−2r1+β1+1

)

, L4 ≡ Li2

( −2r1

−2r1+β1+1

)

, L5 ≡ Li2

(

2r1−2
2r1+β1−1

)

,

L6 ≡ Li2

(

2r1

2r1+β1−1

)

, L7 ≡ Li2

(

r2
12

r2
12+ r1

)

, L8 ≡ Li2

(

r2
12+ r12

r2
12+ r1

)

,

L9 ≡ Li2

( −2r12

−2r12+β2−1

)

, L10 ≡ Li2

(

2r12+2
2r12−β2+1

)

, L11 ≡ Li2

(

2r12

2r12+β2+1

)

,

L12 ≡ Li2

(

2r12+2
2r12+β2+1

)

, L13 ≡ Li2

(

r2
12− r12

r2
12+ r2

)

, L14 ≡ Li2

(

r2
12

r2
12+ r2

)

,

L15 ≡ Li2

(

2−2r12

β1+1

)

, L16 ≡ Li2

(

2−2r12

−2r12+β1+1

)

, L17 ≡ Li2

( −2r12

−2r12+β1+1

)

,

L18 ≡ Li2

(

2r12

2r12+β1−1

)

.
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