PHYSICAL REVIEW D 68, 115001 (2003

MSSM Higgs boson decays to bottom quark pairs reexamined
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We present an update of neutral Higgs boson decays into bottom quark pairs in the minimal supersymmetric
extension of the standard model. In particular the resummation of potentially large higher-order corrections due
to the soft supersymmetriSUSY) breaking parameterd,, and u is extended. The remaining theoretical
uncertainties due to unknown higher-order SUSY-QCD corrections are analyzed quantitatively.
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I INTRODUCTION states"flz of the sfermiond are related to the current eigen-

_ o statesf, r by mixing anglest;,
The Higgs mechanism is a cornerstone of the standard ’
model (SM) and its supersymmetric extensions. The search
for Higgs bosons is one of the most important endeavors at
future high-energy experiments. Since the minimal super- ~ ~ . ~
symmetric extension of the standard mo@dB5SM) requires fo=—f_sinf;+frcosby, @
the introduction of two Higgs doublets in order to preserve | . . . .
supersymmetrySUSY), there are five elementary Higgs par- which are prqp_ornonal to the masses of the ordinary fe_rml-
ticles: two CP-even (1,H), one CP-odd (A) and two ons. Thus mixing effects are only important for the third-

charged ones H*). At lowest order all couplings and 9eneration sfermions,b, 7, the mass matrix of which is

f,=T, cost;+Trsinb;

masses of the MSSM Higgs sector are fixed by two indepeng'venz by [4]

dent input parameters, which are generally chosen 8s tg 2 5

=v,/v,, the ratio of the two vacuum expectation values Mg +mi  mi(Ar—pury)

v12, and the pseudoscalar Higgs-boson midss. At lead- Mi= ' @)

2, o
- Mz +m
ing order(LO) the light scalar Higgs boson mab#, has to My(Ag=pr) fr

be smaller than th&-boson masdM ;. Including the one-
loop and dominant two-loop corrections the upper bound
increased toM ;<135 GeV[1]. The couplings of the various
neutral Higgs bosons to fermions and gauge bosons depe
on the anglesr and 8. Normalized to the SM Higgs boson

ié/vith the parameters,=r .= 1/r;=tgB. The parameters;
denote the trilinear scalar coupling of the soft supersymme-
r'[]r(¥ breaking part of the Lagrangian. Consequently the mixing
angles acquire the form

couplings, they are listed in Table I. 2 2
The pseudoscalar particld does not couple to gauge ) 2me(As— urs) M?L_M?R
bosons at tree level, and its couplings to down-tyyetype Sin20y=——5——5—, CosH=—5—7p (3
. - - . M=z — M= M=z — M-~
fermions are(inversely proportional to t@. The negative fr T fp T

direct searches for the Higgsstrahlung processés _ _
—Zh,ZH and the associated productian”e”—Ah,AH and the masses of the squark mass eigenstates are given by

yield lower bounds of M;;>91.0GeV and My,

>91.9 GeV. The range 0s5tgB<2.4 in the MSSM is ex- M%l = mf2+%[M~fL+ M~f2R

cluded by the Higgs boson searches for a SUSY scale ’

MSU'[SE]llTeV at the CERNe*e™ collider LEP2 experi- - \/(M*sz_M%R)2+4m%(Af—,uff)2]- (4)
ments[2].

The scalar superpartnefg  of the left- and right-handed g neytral Higgs boson couplings to sfermions reaf5as
fermion components mix with each other. The mass eigen-

2For simplicity, theD terms have been absorbed in the sfermion

The excluded range of gyvalues depends significantly on the mass parameteM%L/R.

value of the top-quark mag8].
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TABLE I. Higgs boson couplings in the MSSM to fermions and originating from the SUSY-QCD corrections in detail for

gauge bosongV=W,Z] relative to SM couplings. representative MSSM scenarios. In Sec. V we conclude.
® 9 94 v
SM H 1 1 1 Il. HIGGS BOSON DECAYS INTO BOTTOM QUARK
MSSM h cosalsinB —sinalcosp sin(8—a) PAIRS
H sinalsinB cosa/cosp cos(B—a) A. QCD corrections
A 1igB tgB 0 . . .
The partial decay widths of the neutral Higgs bosdns
=h,H,A into bottom quark pairs, including QCD correc-
g%DJL: m2g? +M2(1 5 — e sir?by) gs tions, can be cast into the form
[} . p — 3GEMg—
97 7,= M 91 +MZe; S ong; T[®—bb]=——"M&(M¢)(g) {Agco A1, (6)
RIR 4\/§7T
P my
07 7.~ 5 (KO3 —AGD), (5)

where regular quark mass effects are neglected. The large
with the couplingsg® listed in Table II. logarithmic part of the QCD corrections has been absorbed

In this paper we investigate the theoretical status ofn the running bottom quark mass,(Mg) defined in the
SUSY-QCD corrections to neutral Higgs boson decays intanodified minimal subtractioiMS) scheme at the scale of
bottom quark pairs. In particular we concentrate on the thethe corresponding Higgs boson mags, . The QCD correc-

oretical uncertainties of the partial width in regions, WheretionsAQCD and the top quark induced contributioﬁ§’ read
the SUSY-QCD corrections are large, i.e. for large values ofg[11)

tgB and sizeable magnitudes of the Higgsino mass parameter

u [6]. These regions are particularly interesting, since the

contributions generated by gluino exchange are enhanced by a(Mg) a(Mg)\2
tgB. They play an important role in the phenomenology of = Agcp=1+5.67——— +(35.94- 1.36\|F)( > )
SUSY Higgs bosons at high-energy colliders, since they shift ™

the Higgs-boson discovery and exclusion regions signifi-

cantly[7]. The corrections can also provide a distinction be- +(164.14- 25.77NF+0.259N§)<
tween supersymmetric and non-supersymmetric Higgs

bosons. The dominant contributions have been resummed be-

fore [8]. However, the trilinear coupling\, may be large,

ag(Mg)\ 2
(77 q»)) @

too. We extend the resummation by including the dominant g’ ( aS(Mh,H))2
Ay terms. T

Although we investigate only the SUSY-QCD corrections, 9o
it should be noted that the electroweak corrections can be 2 M2 1 EZ(M )
important, too, and yield an additional contribution to the x| 1.57- = log hH , — 0g? _bt T hH7
uncertainties. The full one-loop electroweak corrections were 3 l\/lt2 9 Mﬁ/H
computed in Ref[9], and later refined if10] including the
two-loop contributions to the Higgs boson propagator ma-
trix. Section Il summarizes the present theoretical status of A 2 2 =
Higgs boson decays into bottom quark pairs and sets the AA:g_t(aS(MA)) 3.83—Iog%+llogz M
basis for the resummation, which is described in Sec. IIl. In ah Mz 6 M2

Sec. IV we analyze the remaining theoretical uncertainties

_TABLE II. Coefficients of the neutral MSSM Higgs boson cou- yhere Ne=5 active flavors are taken into account. In the
plings to sfermion pairs. intermediate and large Higgs boson mass regimes the QCD

i D g? g? g? g? corrections red_uce _tHazb de_cay_widths by about 50% due to
the large logarithmic contributions.
h  cosa/sinB —sin(a+B) —sinal/sinB cosal/sinB
U H sina/sing cosf+pB)  cosalsinp sina/sin B
A 0 0 -1 1/tgB B. SUSY-QCD corrections
h —sinalcosB —sin(e+B) cosalcosf —sinal/cosB In the MSSM the full SUSY-QCD corrections to the fer-
d H cosalcosB  cos@+p) sinalcosB  cosalcosp mionic decay modes have been computed at next-to-leading
A 0 0 -1 tg8 order (NLO) [9,12]. In the low-energy limitM ,,Mz,m;

<mg,, Mg the results can be cast into the simple form
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I'(¢—bb)=T ocp( p—bb)

as
1+ C|:C¢,?

LE 2 2 2
Cy—Cy =~ KyMgutgB 1 (Mg My M)

1
=1 iga 0B
_ tga
T g
KA:1+_
tg’B
bl 2 bcl b I ¢
a OgE+ cogEJrcaoga
I(a,b,c)=—

(a—b)(b—c)(c—a)
(8

FQCD(¢—>bH) denotes the QCD-corrected decay width of
Eq. (6). It should be noted that NLO terms involving the
trilinear mixing parameteA,, are absent in E(8).

Ill. EFFECTIVE LAGRANGIAN AND RESUMMATION
A. Construction of the effective Lagrangian

The result of Eq.(8) can be derived from the effective
low-energy Lagrangiah8]

0 Amb 0%
ﬁeffz—)\bbR (]514‘@ 2 b +h.c.
bl 1 iy e el gp 1AM
=M 75, 1+am, | 9+ tga g8
tga Amgy) .
+gg 1+Amb@)H—gQ(l—@ iysA|b 9

with
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F Qs 2 2 2
Amb=7?m§,u thI(mBl,mBZ,mé)
)\bvl
my \/E [1+Amb]

1
3= —2[v1+ H cose—hsina+iA sing—iG° cosp]

2

1
$S= —2[v2+ H sina+h cosa+iA cosB+iG° sing]

%
(10

after expansion up to NLO. The symhof (49) denotes the
neutral components of the Higgs boson doublet coupling to
down-type (up-type quarks. The parameter fg-v,/v, is
defined as the ratio of the two vacuum expectation values,
andv?=v2+0v3=1/\2G is related to the Fermi constant
G . The would-be Goldstone fiel@® is absorbed by th&
boson and generates its longitudinal component. The SUSY-
QCD corrections turn out to be significant for large values of
tgB8 and moderate or large values. In order to improve the
perturbative result all terms o[ (asu tgB)"] have been
resummed8]. The correctly resummed effective Lagrangian
is given by Eq(9). The correctiommy, is non-decouplingn

the sense that scalingll SUSY parametersny, Mg, u in

Eq. (10) leavesAm, invariant. However, its contribution de-
velops decoupling propertigd.3], as we will discuss later
on.

Apart from the correctiolm, there is a second class of
potentially large(non-decouplingcontributions at higher or-
ders which may spoil the perturbative reliability of the re-
sults: The trilinear mixing parametek, can be of similar
size asutgB as e.g. in no-mixing scenarios of the sbottom
particles. In the low-energy limit of E¢8) such terms are
absent. However, they arise at higher orders. In the following
we develop an approach to includg terms in the resum-
mation of Eq.(9). For this purpose we start from the un-
renormalized effective Lagrangian in the low-energy limit at
leading order:

£5%=—\02¢%° +h.c. (12)
Including higher-order corrections in the low-energy limit,
the pole massn, of the bottom quark is given by

0

3This effective Lagrangian has been obtained by integrating oulvhere the self-energ¥.,(m,) can be decomposed as

the heavy SUSY particleb,g and is thusnot restricted to large

values of tg only. It should be noted that the scale dependence of
the running bottom mass and Yukawa coupling is purely QCD ini-
tiated, since the heavy SUSY patrticles are integrated out at a fixed

A
mb=75v1+2b<mb> (12)
b Np
2p(my) = E[Alvl"_ szz]zﬁvl[A1+A2tgﬂ]-

(13

scale ofO(Mgysy and thus do not appear as active partons in the

corresponding renormalization group equations.

The leading parts ii\, and . are finite at NLO,
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) Ay Ap v1 ) B —Ap p vz ,A‘ /A‘ ]
b, -"®~_bn b, -8~ bn br'y / \ /by
bL // \\ bR bL // \\ bR ~ - \\\ //—<\ 7
X - X > by bL v b b, S \ br by
g g - > — >
g g
(a) (b)
o N (a) (b)
FIG. 1. One-loop contribution to the quantiti€¢a) A; and &
(b) A,. (, y
el
Ay = ZE O A (2 R ) o N\ ke
1 2 g/™\b ( b’ b, g > L X -
CF o 2 2 2 my (c)
Ap=— —mgul(mg ,mg me)=——7. (14) _ -
2w 1 "2 9B FIG. 2. Non-decoupling two-loop contributions ta\;
andA,.

Inserting these two expressions in Efj2) leads to the well-

known result that the radiative corrections to the bottom . . .
mass are proportional té,— utgB, i.e. the off-diagonal O(AxutgB). This power-counting argument can be applied

components of the shottom mass matrix of E2). to all other two_-loop_diagrams involving andA,, too. Any

The structure of the self-energy beyond NLO can be defurther mass |n§ert|on is suppresseq by another power of
rived from general arguments based on the asymptotic bé/Msusy, and is therefore non-leading. ,
havior of the corresponding Feynman diagrams in the low- 1N€Se arguments can be extended to any perturbative or-
energy limit. The terms involving\, or « are generated by der- Due to the Kinoshita-Lee-Nauenberg theorii, 19
mass insertions in the virtual shottom propagators. At NLg/reducible diagrams do not develop power-like divergences

the diagrams of Fig. 1 behave asymptoticall§ as
ashp(Apv 1= pv2)MgX Co(0,0;mp , Mg, Mg)

Ap— ntgpB

MMy ——
SUSY

(19

(for Msysy~mp, ~mg,~mg) coinciding with the explicit
results of Eq(14). At next-to-next-to-leading ordéNNLO)
the leading contributions involving,, and . are generated
by e.g. the diagrams of Fig. 2. The diagraif@a and (b)
behave asymptotically as

@3N p(Apv 1~ 10 2) MGAG( T ) Do(0,0,0 M, M, M , M)

Ap— utgB
Susy

~ aZmpmy (16)
while diagram(c) develops the low-energy behavior

@ENp(Apv1— w02 MgBo( ;M Mg,) Co(0,0mp, M , ;)

g 2 (17)
SUSY

in the bottom mass fom,—0. Any mass insertion in the
sbottom propagators leads to the replacement

1 1
—
g7 —mg2

1
my(Ap— utgB) ————

02— M2

2
— M2
q b2 2

- Mp(Ap—pigB) 1
o°—mg2

2
M SUSY

Therefore, the low-energy behavior of the mass-inserted
diagram is modified by an additional power of
mb(Ab—Mtg,B)/MéL,SY. Consequently, the diagrams of Fig.
2 constitute the leading contributions i, and utgB at
NNLO. These arguments prove that the results of @4)
include all leading powers o& A, and agutgB. This is
confirmed by the explicit two-loop results of R¢1.6].

In order to obtain the effective low-energy Lagrangian
from the expressiori12) for the bottom mass, we have to
perform the replacemenis — v2¢ andv,— \2$3* in the
corresponding bottom mass operator. These replacements
lead to the exact interactions with non-propagating Higgs
fields, i.e. in the low-energy limit of small Higgs boson mo-
mentum[17]. The final expression of the effective Lagrang-
ian can be cast into the form

Thus, the diagrams of Fig. 2 contribute to the same order

as the pure QCD corrections to the NLO results and do not

generate leading terms ofO(A2), O(u?tg?B) nor

Lotr=—NgbY(1+A1) ¢+ 2,03 100 +h.c. (18

which differs from previous results by the new factor

“The functionsA,By,Co,D, denote the usual one-loop scalar (1+A;) in front of ¢5. This expression has to be matched

integrals for one-, two-, three- and four-point functions.

with the renormalized low-energy Lagrangian
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Letr=—Apb ¢°+ﬁ O b +h.c (19 oh= o 1— Ao
et PRI T g T 9= 134, tge tgB
aH: glg 1 tg_a')
yielding the relations b 1+A btgB
A
~ b Ay
A_— —_——
Np=Ap(1+Ay) 9= 174, 1 tgzﬁ)' (23)
B. Validity of the low-energy approximation
AstgB  Amy

(20) The expression in EQ.(19 resums the terms of
O[(as/Msysy"(ntgB)"Ag~™] to all orders in perturbation
theory. However, there are other kinds of non-decoupling
terms in the 1PI self-energies, as can be inferred already

Thus all terms of O[(as/Msysy"(utgB)™AL~™] are re-  from the NNLO expressions of Eqél6),(17). The question

summed by means of the simple replacement about the numerical size of these non-leading terms arises,

and whether the NNLO resummation is necessary in practi-
cal applications. Equationd5)—(17) imply that the irreduc-

Am, ible NNLO correctionsA{?) and A$? to the self-energy are

[E @V of the order of A, ~acA(; 5, while the reducible dia-

grams contribute asA({l,z})z. For the irreducible diagrams to
be dominant compared to the reducible ones, the condition
in the effective Lagrangian of Eq9). This proof confirms ~ (A1.2)°=|A{fs|~agAq 5| has to be fulfilled, i.e|A |

and extends the resummation presented in F8fand ex- = @s~O(10%). Therefore, the scenarios with the NNLO

plains the absence of ay, terms in Eq.(8) in terms of a  1PI being dominant lead tA{{,|<O(1%), sothat the

clear physical interpretation: the leadirfy, terms are ab- NLO corrections are small, and the size of the NNLO cor-
sorbed in the definition of the effective Yukawa coupling ~ €ctions is of the same order as the deviation of the full
in the low-energy effective Lagrangian. In a Feynman dig-results from the zero-momentum approximation. This argu-
grammatic approach this corresponds to a cancellation of thgtemecgﬂot;%ﬁgleeﬂﬁg tr?orr]:-g dheecrocl)JrSI(iarE Tpﬁe(;ti;;brgtrlr?sn ct)f;it;(i)_ry.

Ab tem.‘s in the bot.tom-.mass count'erterms an_d the genuinfate from a single vacuum insertiganalogous to the dia-

irreducible three-point diagrams. This cancellation is exact a : :

: rams of Fig. 2 which are of

zero-momentum transfer, but a mild dependenceAgrap-

pears when keeping all external momenta on_—sheII due to the O(agmbrné(Ab_Mtg,B)/Mgus\):agilA{l,z} )

momentum dependence of the one-particle-irredudibi)

bTIFA;, 1+A;

Amb—>

three-point functions. Hence, they are negligible, because either they are much
The final results for the resummed partial decay widthssmaller than the-loop reducible contribution or the numeri-
can be cast into the foffisee Eqs(6)—(8)] cal value of the leading corrections is small already at NLO.

The trilinear mixing parametek,, cannot be much larger
than Mgysy, since otherwise the color and charge symme-

3GMg—, tries would be brokehl8]. Thus, the contributior ; of Eq.

[[®—bb]= mb(Mq))[AQCDJFA;I’] (14) reaches maximal values @(10%), while the term
4\2m Am, can be larger by an order of magnitude.
. In Fig. 3 we compare the relative NLO corrections includ-
xgP EJEDJFQEP(C(/;—CI;SE);S (22)  ing the resummation oAm, with the novel NNLO contri-

butions A; of Eq. (10) as a function of the pseudoscalar
Higgs boson mashl , for all three neutral Higgs states in the
following MSSM scenario with largé\, :

with the resummed couplingsee Eqs(9),(19),(20)]
tgB=30

51t should be noted that the bottom wave-function renormalization
constants do not contain any leading non-decoupling contribution in Mg=2 TeV
A, and . Moreover, it should be emphasized that the combination

Ap— utgB only appears in the definition of the bottom mass, while Mg=16 Tev
Ay, and utgB contribute in a different way to the bottom Yukawa A= u cotB
coupling and Higgs boson decay processes. tm K
8In order to avoid an artificial singularity ifi (h—bb) for van- Ay=—utgB
ishing  the remainder proportional taC(, — C};%) is multiplied by
the unresummed Yukawa coupling . u=—150 GeV. (29
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10 — 1 T T T T T T T T
E o, [% ]
o f (7] @
8 ] 1
\ 10

5k 10
4 ~
E -3
10
2 il
l i
0 i I i TR A lO>4 R B P S R S SR B
100 200 500 1000 100 200 300 400 500 600 700 800 900 1
M, [GeV] M, [GeV]
5 [,'%] ® ] FIG. 4. Relative deviationg, of the approximate low-energy
T A h ] one-loop result from the full NLO expression as a function of the
pseudoscalar madd 5 in the “small a.¢;" scenario for all neutral
! 1 Higgs bosons. For the heavy scalar and pseudoscalar Higgs bosons
I e N MUBNRNNNINAR the deviations are negative. The values shown have to be changed
i ] in sign.
2 r | 1
H: ]
3 b i 1
: ] tgB=30
g :I _
0 ; Mg=800 GeV
e ity L . . L . PN
100 200 500 1000 M3=500 GeV
M, [GeV]
FIG. 3. Relative corrections due ta) the SUSY-QCD correc- M,=500 GeV

tions including the resummation a@fm,, of Eq. (10) and(b) due to
A, of Eq. (14) as a function of the pseudoscalar masg for all
neutral Higgs bosons. The relative corrections are normalized to the
QCD-corrected decay widthE ocp(¢p—bb) of Eq. (6) in both
cases. uw=2 TeV. (25

A,=A=—1.133 TeV

The relative corrections are normalized to the QCD- o .

i — } We use the renormalization-group-improved two-loop ex-
corrected decay width$ ocp(¢—bb) of Eq. (6) in both  pressions of Ref20]. The bottom quark pole mass has been
cases. While theAm,, effects are ofO(10%) and thus of .nosen to beM,=4.62 GeV, which corresponds to MS
moderate size, the noval; contributions turp out to be of massﬁb(ﬂ,)=4.28 GeV. The strong coupling constant has
O(1%) apart from the small heavy scalar Higgs boson MaS$aen normalized tor (M5)=0.119

7 . S .119.
trange, ‘_’l_"n_ere thtgy cI:an reach a S|t|1”mlar magr:ntudte z;ﬁthg _ The resummation effects discussed in the previous section
erms. This particular scenario, however, has to be consid- ; ; ) C 2 np2 02
ered as an extreme case. In generalAheterms are small dnavez been denved. " the low enerdy Imim. 'Mz’mb-
firming th _ : litative di X ' <Mgysy- The question arises, how reliable this approxima-
confirming the previous qualitative discussion. tion works in phenomenological applications. In particular,
the magnitude ofo_(Mg/MwaY,Mg/MgUSY,mg/Mgusyg
terms matters for sizeable masses of the low-energy par-
IV. NUMERICAL RESULTS ticles. This can be tested explicitly by comparing the ap-
proximate results of Eq@8) with the full one-loop result. A
The numerical analysis of the neutral Higgs boson decaygypical example is depicted in Fig. 4 for the“smaill;”
into bottom quark pairs is performed for the “smaill ;¢ scenario, where the relative difference between the full and
MSSM scenarid19] as a representative case: approximate one-loop contributiofisee Eq.(8)]

115001-6
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C. _CLE S — e —
5 ¢:—¢C ¢ (26) I B (a) Trth-bb)[GeV) 1
¢

is presented for all neutral Higgs particles as a function of 10 L
the pseudoscalar Higgs boson masg. It is clearly visible .
that the approximation turns out to be sufficient for the heavy 10
neutral Higgs particled,A, but fails for the light scalar 4 f
Higgs bosorh in the decoupling limi{21]. However, in the =

T

decoupling  limit the size of the approxi- 4L

mate SUSY-QCD corrections strongly decreases, since .

tga— — 1/tgB and thus 10 F

=1 [ | BRI (S M T
1 1 Am, @7 050 120 130 140 150 160 170 180
— —
1+Am, tga tgB M, [GeV]
10 Ty LI RLILI L | L e L IR R LT R g

so that the SUSY-QCD corrections become negligible. Due (b)  I(H - bb)[GeV]

to this behavior the low-energy approximation is sufficient
for most phenomenological applications. This also explains
the failure of the approximation in this case: the large non-
decoupling contributions fromm, cancel to a large extent

in the lightest Higgs boson couplings, leaving a small re-
mainder of the same order as the non-leading contributions.
On the other hand, this cancellation does not occur for the
heavy Higgs bosons, and the effective Lagrangian approach '
yields a good approximation.

There are two basic sources of systematic uncertainties
originating from the SUSY-QCD contributions:

(i) The MSSM masses and couplings involved in the NLO
SUSY-QCD corrections will only be known with a sizeable
uncertainty at the Large Hadron Collider, while futwée™
linear colliders in the 500 GeV-1 TeV range will enable 10 T - T - - T
precision measurements of the SUSY masses and couplings (c) r@-bb)[Gev]

These errors in the input parameters generate systematic un:
certainties for the prediction of the partial decay widths.

(ii) Due to missing higher order results the scale depen-
dence of the strong coupling constant will not be com-
pensated. The scale variation yields an estimate of the purely
theoretical SUSY-QCD uncertainty, which will be analyzed
quantitatively in this sectiof.

The central scalg., of the strong coupling constant ap-
pearing in the SUSY-QCD corrections will be chosen as the
average mass of the involved SUSY patrticles, i.e.

M, [GeV]

1 ol a4 1

PRt Pl PR T R 2
mp, + Mg, + Ny 100 200 300 400 500 600 700 800 900 1000
Moo= 3 . (28) M, [GeV]

FIG. 5. Partial decay widthE(¢—>bE) of (a) the light scalar,

g} Ordv?lir"tgee\‘:’g:?e%tebg:viggsId;'l:ga;ga; d?ﬁ}i”g:ﬂgle(;gel)sca&s the heavy scalar ant) the pseudoscalar Higgs boson in the
@s Mo 0 “small a.¢;" scenario. The shaded bands reflect the uncertainties

corrections have been included up to the three-loop order sQ . :
. - e to the scale choice of the strong coupling constgnt
that the residual purely QCD-induced scale dependenceu ! d couping

ranges below the per-mille level and can thus safely be ne-
glected. The results for the partial decay widths are shown in Fig.

5a for the light scalar Higgs boson, in Fig. 5b for the heavy
scalar Higgs boson and in Fig. 5c for the pseudoscalar Higgs
"The electroweak contributions introduce additional uncertaintiesposon. These results include the QCD corrections up to next-
which are not taken into account. They provide contributionsdfo  to-next-to-next-to-leading order NNNLO of E(6) and the
andA, in addition to the SUSY-QCD part. full NLO SUSY-QCD corrections of Eq8) with the resum-
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doscalar massesvi,~150 GeV® This, however, corre-
sponds only to a tiny region in the light scalar Higgs boson
massMy, close to its upper limit for largeM 5 within the
“small a.¢;” scenario. The theoretical uncertainties turn out
to be large aM ,~ 150 GeV.

The uncertainties in the partial decay widthi§$— bb)
translate into systematic errors in the corresponding branch-
ing ratios. They are depicted in Figs. 6a—6¢ for the three
neutral Higgs bosons. These results have been obtained with
the progranHDECAY [22] after including the results obtained

in this analysis. Since the partial decay ihﬁpairs is domi-
nant in nearly the entire Higgs boson mass ranges, its uncer-
tainty due to the scale choice above reduces to a level of

O(1%). However, the scale dependenceIdf¢—>bH) de-
velops significant systematic errors in the non-leading

branching ratios intor™ 7, gluon andtt pairs. These can
reach a level 0of0(10%) and are larger than the expected
experimental accuracy at futued e linear colliders, which
clearly calls for a NNLO calculation of the SUSY-QCD part.
These theoretical errors have to be added to the uncertainties
due to inaccuracies of the input parameters as presented in
[23] and the theoretical errors of the Higgs boson masses and
couplings[3].° They constitute a significant source of uncer-
tainty. An analogous analysis is required for the theoretical
uncertainties due to the SUSY-electroweak corrections be-
yond NLO. However, this is beyond the scope of our paper.

V. CONCLUSIONS

In this paper we have reanalyzed the neutral scalar Higgs

boson decays intdb pairs in the MSSM with particular
emphasis on the SUSY-QCD corrections and their theoretical
uncertainties. We have extended the resummation of
large  non-decoupling SUSY-QCD  corrections  of
O(agutgB/Mgysy by the inclusion of non-decoupling
terms of O(asAp/Msysy Which have not been taken into
account in previous analyses. We have shown that these
terms are absent at NLO in the effective Lagrangian but arise
at NNLO and beyond. This can easily be traced back to the
renormalization of the bottom Yukawa coupling in the low-
energy limit, where the heavy SUSY particles are integrated
out. We have obtained the important result that these novel
contributions hardly affect the theoretical predictions for the

partial decay widths intd»Epairs so that they do not endan-
ger the reliability of the perturbative result in contrast to the

FIG. 6. Branching ratios ofa) the light scalar(b) the heavy l€ading terms of0(asutgB/Msysy. _ o
scalar and(c) the pseudoscalar Higgs boson in the “smal;" We investigated the remaining theoretical uncertainties

scenario. The shaded bands reflect the uncertainties due to the scgienerated by the SUSY-QCD corrections quantitatively.
choice of the strong coupling constamg. While the theoretical errors of the partial decay widths

mation of the leading\my, and A, terms according to Egs.
(9),(21). It can clearly be inferred from these figures that the s
remaining uncertainties due to the scale chqlce_ are typlCa”}foupling vanishes depends strongly on the included higher-order
of the order of 10%. However, they are significantly en-.. .o tions.

hanced in regions where the SUSY-QCD corrections becomesrye yncertainties due to the Higgs boson masses will be elimi-

large, as in the “smalla” scenario, which develops a pated to a large extent, once they will be measured directly in future
strongly suppressed partial decay widitth— bb) for pseu-  experiments.

The explicit value of the pseudoscalar mass where the Yukawa
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I'¢— bE) turn out to be of0(10%), this effect cancels to a ACKNOWLEDGMENTS
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