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ABSTRACT: We discuss possible large contributions to B — Xy, which can occur
at the next-to-leading order in supersymmetric models. They can originate from
terms enhanced by tan 3 factors, when the ratio between the two Higgs vacuum
expectation values is large, or by logarithm of Msysy /My, when the supersymmetric
particles are considerably heavier than the W boson. We give compact formulae
which include all potentially large higher-order contributions. We find that tan 3
terms at the next-to-leading order do not only appear from the Hall-Rattazzi-Sarid
effect (the modified relation between the bottom mass and Yukawa coupling), but
also from an analogous effect in the top-quark Yukawa coupling. Finally, we show
how next-to-leading order corrections, in the large tan § region, can significantly
reduce the limit on the charged-Higgs mass, even if supersymmetric particles are
very heavy.
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1. Introduction

The inclusive radiative decay B — X v provides a powerful experimental testing
ground for physics beyond the Standard Model, because of its sensitivity to new par-
ticle virtual effects. The measurements of B — Xy at CLEO, LEP, and Belle [}, and
the progress in the precision expected from experiments at the B factories requires
a substantial effort in limiting the uncertainty in the theoretical calculation. This
programme has been carried out in the Standard Model up to next-to-leading order
corrections [2]-[5], reducing the theoretical error in the prediction for the branch-
ing ratio of B — X,y to about 10%, equally distributed between renormalization
scale dependence and uncertainties in the input parameters [§i]. Moreover, non-
perturbative effects appear to be under control 7] and several refinements have been
introduced in the analysis [§, §]. In the case of the two-Higgs doublet models, com-
plete next-to-leading order analyses have been presented in ref. [4, 9]. Although
the leading-order contributions to B — X,v in supersymmetric models are well
studied [10], the situation at the next-to-leading order has not been fully analyzed.
The next-to-leading order QCD corrections have been calculated [11, 12] assuming
minimal flavour violation [13] (i.e. assuming that the Cabibbo-Kobayashi-Maskawa
matrix is the only source of flavour violation at the weak scale) and choosing a hier-
archical spectrum in which charginos and one stop are lighter than gluinos and the
other squarks. In a complementary approach, a systematic leading-order analysis
of the contributions from flavour-violating gluino exchanges has been presented in
ref. [14], in a very interesting and complete study.



In this paper we want to follow a different approach. We will not try to compute
the complete set of next-to-leading corrections in a general supersymmetric model
(a rather formidable task), but instead we will identify all potentially large two-loop
corrections in models with minimal flavour violation. These come in two classes:
(i) corrections enhanced by tan 3, in the case in which the ratio of the two Higgs
vacuum expectation values is large [15]; (ii) corrections enhanced by a logarithm
of the ratio psusy/pw, in the case in which the scale of supersymmetric particles
psusy is much larger than the scale py of the W or top mass. In this way, we
obtain analytic formulae which, we believe, will give a very good approximation of
a complete calculation and, because of their simple form, are very practical to be
implemented in analyses of supersymmetric models.

The paper is organized as follows. In section 2 we discuss the terms enhanced
by tan (3 in the next-to-leading corrections to the Standard Model and charged Higgs
contributions to the relevant Wilson coefficients. In the limit of very heavy su-
persymmetric particles, there are two sources of such terms in the charged Higgs
contribution. One is coming from the finite corrections to the bottom quark mass
(the so-called Hall-Rattazzi-Sarid effect [18]), while the other one is related to its
counterpart for the top quark [11]. In section 3 we describe the tan? 3 terms appear-
ing at two-loops in the chargino contribution and the log-enhanced contributions in
the terms subleading in tan (3. Section 4 contains a summary of the formulae for
the large higher-order contributions to the Wilson coefficients; these formulae can
be directly implemented in analyses for B — X,y. Some numerical results of such
an analysis are illustrated in section §. In particular, we show how next-to-leading
order corrections, in the large tan 3 region, can significantly reduce the limit on the
charged-Higgs mass, even if supersymmetric particles are very heavy.

2. Standard Model and charged Higgs contributions

In this paper we are focusing on short-distance contributions and, therefore, we
can restrict our discussion to the form of the Wilson coefficients of the AB = 1
magnetic and chromo-magnetic operators Q; = (e/16m%)my5,0*brF,, and Qg =
(9s/1672)my5 Lo"t"brGy,, evaluated at the matching scale py in the effective hamil-

tonian: e
H= —ﬁv;;v;b D Cilpw)Qi(pw) (2.1)

At the leading order, the contributions to C7(uw) and Cs(uw) from the Standard
Model particles and from the charged Higgs boson are given by
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Here m2 (1) is the SM running top mass and
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The relation between the Wilson coefficients at py and the branching ratio for B —
X,y is well known (see for example refs. [2, 4]).

The charged Higgs contribution of eq. (2.2) consists of two terms. In the large
tan # limit, the first one (in which the chiral flip occurs on the external bottom
quark line) is suppressed by 1/tan®3, while the second one (in which the chi-
ral flip occurs in the charged Higgs vertex) is independent of tan 3. The absence
of a term enhanced by tanf is a consequence of the fact that, in the large tan (3
limit, H* decouples from the right-handed top quark. This property is not main-
tained at the next order in perturbation theory in a supersymmetric model, and
thus we expect two-loop charged-Higgs contributions to C%7 and Cyg enhanced by
tan 3.

Let us now extract the tan S-enhanced terms. At one-loop, the relation between
the bottom quark mass m; and Yukawa coupling y, receives a finite correction pro-
portional to tan 3 [18]:

my = V2 My % cos B (1+ etan ). (2.5)

The coefficient €, generated by gluino-sbottom and chargino-stop diagrams, is given

by [10]

20 1 yt2 - A 3
€p = — P m—gH2(3751 g’l’égg) - 16 7T_2 UaZm—XI HQ(CI?EI X;’xﬁxi) ‘/:12 . (26)

For simplicity, we have not explicitly written down the other weak contributions to
€y, which can be found in ref. [17]. Here A, is the trilinear coefficient, U and V are
the two matrices (assumed to be real) that diagonalize the chargino mass matrix
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Figure 1: Feynman diagrams (for current squark eigenstates) representing the QCD (a)
and Yukawa (b) contributions to €;(t) and the QCD (c¢) and Yukawa (d) contribution to

€;(b).
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Here and in the following we define, for generic indices o and 3,
2
m
0B = —=. 2.9
Lap m% ( )

The analogous contribution to the top quark mass () is irrelevant for us, since it
gives rise to terms suppressed by tan (.

The effective Yukawa couplings of the charged Higgs current-eigenstates H;) and
H{ (belonging to the doublets coupled to down- and up-type quarks, respectively)
are given by

L= Z Viayitrdr [Hf + €(d) Hp] — Z Vs yolirhr [Hp + €,(uw) Hf] +h.c. (2.10)
d u

The sum ) (>,) is over the three generation of up (down) type quarks and we
have kept only the terms proportional to third-generation Yukawa couplings.

The ¢, coefficients originate from the charged-current analogue of the diagrams



leading to €,; — see figure 1 — and they are given by
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where N is the matrix that diagonalizes the neutralino mass matrix, ¢; = cos 6,
s = sin 63, and the squarks eigenstates are i = ¢3¢z, + S5qr and G2 = —55qr +c54r
have mass eigenvalues mg, > mg,. The quantity €,(d) with d # b is given by eq. (2.11)
after setting y, = 0, 6; = 0, and identifying mg, , with mg . In the limit of exact
weak SU(2) (i.e. my, = my, and 0; = 0 = 0), the coefficients ¢, coincide with €.
However, their difference can be numerically significant, since we are interested also
in cases of large stop mixing. Notice that the coefficients €, (as well as €,;) are non-
vanishing even in the limit in which all the supersymmetric masses are simultaneously
sent to infinity. This means that the effective charged-Higgs theory [iI§] obtained
by decoupling gluino and squarks does not correspond to what is usually called
Model II. There are additional couplings, namely the € and € coefficients in egs. (2.5)
and (2.10), which lead to tan -enhanced contributions to C7 and Cg at two loops. In
the decoupling limit, €, , — €, vanish, since they are proportional to SU(2)-breaking
effects.

We can now express the interaction lagrangian in eq. (2.10) in terms of the
would-be Goldstone boson G* = cos SH}, + sin SH; and the physical charged Higgs
H' = —sin BH}, + cos BH;;. Replacing the Yukawa couplings y; and y; with the top
and bottom quark masses, see eq. (2.5), we find

g + - 1+ e (u)tanf
= trdy — b 2.12
£- o | Smvii - S L b @

¢ .. my[1 = e(d) tan 9] mytan
H V trd Vib—————urb h.c.
* V2My {; i tan (3 R L+; bl—i—ebtanﬁuL RO




From the interactions in eq. (2.123) we can now directly read the leading tan 3 higher-
order contributions to the Wilson coefficients C; and Cy in the case of a light charged
Higgs, by recalling that the one-loop diagram is proportional to the product of the
Higgs couplings to the t;br and 5;tr currents,

SM . ler — € (t)] tan B o
Cé’g )(leading tan 3) = T Zb P F7(’8) () (2.13)
+ . €,(s) + €] tan 3
Cég )(leadmg tan ) = — [ t(l j)L - tbz]mﬂ F7(’28) (ye) - (2.14)

In the limit of very heavy supersymmetric particles, the tan S-enhanced terms
in C%M) vanish, consistently with the theorem of decoupling. However, for finite
supersymmetric masses, we find tan 3-enhanced corrections to the Standard Model
contribution.

The tan f-enhanced terms in the charged-Higgs contribution do not vanish in
the decoupling limit because, as previously explained, additional couplings to those
of the charged-Higgs Model II are recovered in this limit. The term proportional
to € (previously discussed in ref. [15]) originates from the modified relation be-
tween the bottom mass and Yukawa coupling in eq. (2.5), while the term pro-
portional to €, comes from the modified charged Higgs boson vertex in
cq. (213) 11,

Notice that tan § enhanced terms in the charged-Higgs contribution to B — X
can be induced not only by vertex corrections, but also by corrections to the charged-
Higgs propagator. They arise from loop corrections to the propagator (H;; Hp,) which
vanishes at tree level, in the limit tan (3 — oo. In this limit, the Higgs potential
classically has a Peccei-Quinn (PQ) symmetry (since the scalar Higgs mixing mass
parameter B, has to vanish [16]) and therefore any contribution to (H;' Hp) must be
proportional to p, which is the only surviving PQ-breaking parameter. This prop-
agator receives contributions from higgsino-gaugino loops or stop loops. However,
the loop contributions which renormalize B, are simply reabsorbed in the definition
of tan 3, which is treated here as an input parameter. Analogously, the effect of
PQ-violating quartic Higgs couplings (of the kind H DHUHZ,HU) obtained by inte-
grating out heavy supersymmetric particles (and which survive as renormalizable
interactions in the decoupling limit) are absorbed in the redefinition of the vacuum
expectation values. Nevertheless, supersymmetric particles with masses comparable
to My can lead to momentum-dependent contributions to (H;fHp), which gener-
ate potentially significant tan 3 enhanced effects in C7g. In particular, this could
be the case for the higgsino-gaugino loop, if charginos are light, although the ef-
fect is suppressed by two powers of the SU(2)y, breaking scale and four powers
of the weak gauge coupling constant. For this reason, we will neglect this effect
here.



3. Chargino contributions

At the one-loop level, the leading contribution to C7g(uw) in the large tan 8 limit
from chargino and squark exchange is given by

1 U Vi My (3) 2 (3) 2 (3)

C%s(NW) = cos 8 G;Z { \/ﬁmxj [F7,8 (xtixf{) -G F7,8 (xtl xf{) - 5F F778 (mfz xf{)] +
Uz Vo 124 3 3

ey g (A - a6

where m; is a common mass for the first two generation squarks, and
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F¥(z) = 1 2

7 ('I) 6(.’17—1)2 + 3(.%-1)3 nxr, (3 )
1

FS(?’)(x) = AR Ny (3.3)

2 —-1)2 (z—1)°

Eq. (B.I) contains two terms which grow linearly with tan 3, in the large tan 3 limit.
The first line originates from a chargino-stop loop, in which the (Hy) insertion (sig-
nalling the tan # enhancement) occurs in the gaugino-higgsino mixing. The second
one, instead, comes from a diagram mediated by a higgsino-stop loop and the (Hy)
insertion occurs in the stop left-right mixing. The first term suffers from a suppres-
sion with respect to the second one of a g% /y? factor (because of the gaugino coupling)
and of a squark GIM factor. However, in many cases of interest in which the stop
mass is significantly split from the ¢; and @y masses, the two diagram contributions
are comparable in size.

The only terms in the chargino contributions enhanced by an extra tan 3 factor
at the two-loop order originate from the ¢, coefficient, i.e. from the modified relation
between my, and y, in eq. (2.5). Therefore the leading higher-order terms are taken
into account by dividing the one-loop expression of (20) by (1 + € tan3) (see the
first paper of [15]). Since the one-loop contribution is linear in tan g, the two-loop
term is O(tan? g3).

This method of extracting the leading tan § terms cannot give us the two-loop
O(tan (3) chargino contribution, which requires a full diagrammatic calculation, out-
side the scope of this work. In the present analysis we are going to keep only
the subleading terms in tan 3 which can be potentially large. They are related to
three different effects. (i) Two-loop O(tan3) terms which are power-suppressed
only by the charged-Higgs mass and not by any supersymmetric particle heavy
mass. These can be important in models in which the charged-Higgs is signifi-
cantly lighter than gluino and squarks, and have been computed in the previous
section. (ii) Two-loop terms with large logarithms of the ratio psysy/uw related
to the different renormalizations of Yukawa couplings in the Higgs/higgsino vertices.



(iii) Two-loop terms enhanced by In(ususy/pw) connected with the anomalous di-
mensions of the magnetic and chromo-magnetic effective operators. The last two
classes of terms become important when the scale of the supersymmetric colored
particles is significantly higher than the W and top masses. The effect is particu-
larly sizeable because the anomalous dimensions of the relevant operators are quite
large.

Let us now discuss the terms in class (ii). The Yukawa coupling §; appearing in
the chargino-stop-sbottom vertex is related to the ordinary top-quark Yukawa cou-
pling y; only by supersymmetry. Therefore at the scale of the heavy supersymmetric
particle masses ususy, we have g;(ususy) = yi(usvusy). After decoupling the super-
symmetric modes, g, is frozen, while y; evolves according to the Standard Model
renormalization group. Large logarithms are generated when we express ¢; in terms
of y; or, in other words, in terms of the top quark mass evaluated at the weak scale.
The resummation of these logarithms gives

X

ez ]

% (3.4)
9yZ (ms) as(psusy) L7
\/1 + 87‘((;3(77’14) { |: as(ﬁt)Y :| -1

Here we have used six active quark flavors above the the top quark threshold which

Ge(psusy) = ye(pw) [

is generally higher than uy . In practice, however, m; = O(uw) and the modification
in the running between m; and py is numerically small. At worst, for puy = 40 GeV
it leads to a 1% modification in the Yukawa coupling. Therefore, the logarithms
in class (ii) are taken into account by using m;(usyusy) in the chargino contribu-
tion.

The logarithms in class (iii) are taken into account by considering the evolution
of the effective operators from the scale psysy to the scale py, (notice that no new
operator is involved)!

W] oo

= 7190 O (susy) + 5 (175 — 19195 O susy)
_ 7]714/350 Og;((,USUSY) (3-5)

where 7 = a,(usvsy)/as(puw) = [1 — (Bo/27) In(ususy/pw)] ™t and By = —7 corre-
sponding to six active flavors.

'While the running of the Wilson coefficients from uyy to up is performed at the next-to-leading-
log level, we keep here only the leading logs of ugusy/pw. This should be sufficient because of the
high scale at which the running takes place. The resummation of next-to-leading logs would require
the complete O(a;) matching conditions at pgysy.



We can judge the effect of the resummation by retaining only the first logarithm
in cqs. (33

doug 1 2
SCX () = —225U0) [y = 20X ususy) | n 505

3T 3 Wi
To 2
SCX () = —%W)cg(usm) In HSUSY. (3.6)
My

For instance, taking C¥ (ususy) = 0 and usysy = 1 TeV, the not-resummed evolutions
of C¥ from psysy to pw is proportional to

das(pw) | Piusy dos(psusy) ;. Meusy
— | = —0.257 — | = —0.191 3.7
3m iR, ’ ) B39

while the resummed expression gives
n'®/% —1=-0.203. (3.8)

This demonstrates that the choice of evaluating o, at pususy can incorporate most of
the effect of the resummation.

There is another important case in which we can retain at next-to-leading order
all terms linear in tan 3 not suppressed by heavy masses. This is when the charginos
and a mostly right-handed stop are significantly lighter than the gluino and the
other squarks. This scenario was discussed in ref. [11], where the leading terms in
an expansion in the ratio of light to heavy supersymmetric particle masses were
derived. Also in that situation large logs (non-decoupling logs) dominate the next-
to-leading corrections and may lead to sizeable effects in the branching ratio. It is
not difficult to resum these logarithms. The crucial point is that, in the effective
theory where only the gluino and heavy squarks have been integrated out at pgusy,
the gaugino and higgsino couplings renormalize differently from the ordinary gauge
and Yukawa couplings. As a result, the couplings in the chargino interactions at the
electroweak scale differ from the Standard Model couplings by O(as) contributions
enhanced by large logarithms. If we denote by y and g the Yukawa and weak gauge
couplings in the chargino vertex, supersymmetry requires §(ususy) = y(ususy) and
9(ususy) = g(ususy). Since we evaluate the diagram involving charginos and light
stop at the scale py, we have to express the supersymmetric couplings at the scale
pw in terms of Standard Model couplings. Using the QCD renormalization group
equations, we obtain

2/Po 2/Po —2/Bo
) ) )

(3.9)
where 7 should be evaluated with Gy = —41/6, the beta-function coefficient including

g(pw) = g(pw)n Ge(pw) = ye(psusy)n Uo(pw) = yp(w)n

6 quark flavours and one squark. For convenience we have related g;(uw) to the top
Yukawa coupling at psusy, but g,(uw) is expressed in terms of y,(uw) in order



to reconstruct the operators ()7 and Qg at the proper scale. The resummation of
the QCD logarithms is therefore implemented by evaluating m; at the scale ususy
and multiplying by n*® the functions F7(718) (which describe diagrams proportional
to two powers of g(uw) or g:(uw)). On the other hand, the functions F7(f)’8) should
not be rescaled, because they arise from diagrams proportional to p(uw )3:(pw) or
Up(w )g(uw ). We will present the final result in the next section.

The large logarithms proportional to Yukawa couplings can also be resummed
with the same approach we have discussed here. However, in this case it is crucial to
maintain the electroweak gauge invariance of the effective theory between the scales
pususy and py, and therefore the resummation method is valid only in the limit of
pure right-handed light stop.

4. Summary of the leading higher-order contributions

We now summarize the formulae for the supersymmetric contribution to the Wilson
coefficients that contain the leading higher-order effects in the scenario in which the
colored supersymmetric particles have mass O(usysy ~ 1TeV) with the possibility
that the physical charged Higgs and the charginos could be lighter with masses
O(puw). The expressions, up to next-to-leading order, for the SM and charged Higgs
contribution to C7g can be found in ref. [4]. The next-to-leading order charged higgs
contribution contains terms enhanced by potentially large logarithms of the kind
In(mg /pw) which we have not resummed (see ref. [19] for a complete resummation).
The chargino contribution is instead given by egs. (B.5) with

X 2 M3, ~, (1)
CYs(psusy) = Z 32 wFrs (Ts,4)—

a=1,2

2/ - - m 2 M2
B <C£ . 1y (psusy) ) m;v F7(18) (27 +) —
t

3 V2sin 8 M, fixa
2 ~ - my(psusy) >2 M
— = | 5iVar + iV, x; +
3 < i Val i zﬂsinﬂMW mi 7,8( 2 xj{)
K 0a2‘~/a1Mw[ (3)
F )= 4.1
cos B ( mej 7,8 (quf{) (4.1)

3 3
— PR — SEF (@5, +

Uz Voot (Hsusy) [ (3 3
PSS [ )= Fo)])

2sin fm, +

In eq. (4.1) m,;(ususy) is expressed in terms of the top quark Yukawa coupling given
by eq. (B.4) and the K factor can be taken equal to 1 for small values of tan 3, while
in the large tan 3 scenario is given by K = 1/(1 + ¢, tan3). In the latter case one

10



has to keep the contribution given by eq. (2.13) and, if the physical charged Higgs
is assumed to be light, one can also take into account the dominant contribution to
the terms enhanced by a single power of tan 3 that is given by eq. (2.14).

We now consider the second scenario in which charginos and the mostly right-
handed stop are significantly lighter than the gluino and the other squarks. In this
situation the NLO Wilson coefficients contain large logarithms of the ratio of light
to heavy mass that were not resummed in ref. [I1], but can be easily included to all
orders using the results of the previous section.

We identify psysy with the gluino mass scale, mg, and pp with the charginos-
light stop scale and rewrite the supersymmetric contribution to the Wilson coefficient
at the weak scale as

X ~38, 2M§V 2 (1)
CF (puw) = Z U/ 32 a7 (%X:{)—

_ 2 2
o o mt(/'LSUSY)> MW (1)
— =\ ciVa —5:Va F (z; +
(t L Bsin M, ) m2 T (5 x¢)

t
K <0a2‘7a1MW [ 3)

3
FY(2;,4) — 2 FY )(xflxj)} +

Uz Var 10
+8t” ¢ 2 2 mt(,u“SUSY)F’?(?)) (.’L’* +)) } +

2sinfm + t1 Xa
8/ _1a _ 16
+ g(ﬂ 3"0—773"0>{7—>8}+
a=1,2
2 4 > - 1y(ksusy) >2M3V (1)
T2 g sl Tt FO(z; 4)—
a:12{ 37] <t ' ! 2\/§SiHﬂMW ?2 ! ( tQX;;)
1 [UnVa My , Uz Vo 1 (pisusy )
_ 2 (K ¢ o .
cosﬂ{ V2m, K e tonf)+ s 2sinffm, +
x | K + e tan f———22 ) | Y (zz +) b +
( ’ e (Hsusy) T (Th )
aS
g ). (4.2)

47

In eq. (4.2) the term {7 — 8} is the same as the one in the previous curly bracket, with
the Fr replaced by the Fy functions. Also, fy = —41/6 and the term 5SC§1)(MW)
is given in ref. [, eq. (12)]? with the following modifications to adjust for the
resummation: i) the InmZ/m? in the functions G¥5 in [11, egs. (15)—(17)] must be
replaced by In pify /m ; ii) the In ufy, /m?2 in the functions R; in [IT, eq. (19)] must
be dropped.

2In the published version of ref. [:_1-1:] there are typos corrected in the hep-ph archive version.
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The expression for the CF(uw ) coefficient can be obtained from eq. (4.2) by
dropping the {7 — 8} term, by replacing the 1~'%/3% factor that multiplies the first
curly bracket with n=14/3% and by substituting all the F» with the Fy functions.

5. Numerical analysis

In this section we briefly illustrate the impact of the improved formulae, collected
in the previous section, in the calculation of B — X,y branching ratio. We will
consider here the case of a minimal supergravity model, in which gaugino and squark
masses have common values m;, and my, respectively, at the GUT scale. In the
calculation of the branching ratio for B — X v we include all known perturbative
and non-perturbative effects. Next-to-leading order gluonic corrections to the Wilson
coefficients at the electroweak scale are included for the Standard Model [3, 4] and
charged Higgs contributions [4, ], together with the tan § enhanced terms introduced
in section 2. For what concerns the chargino contributions, only the leading logs —
in the resummed form — and the tan 8 enhanced terms discussed in section 8 have
been included beyond leading order. We estimate that residual uncalculated next-
to-leading order contributions, which do not present in this scenario any obvious
enhancement, should be smaller than a few percent. In the following we neglect
tan # enhanced terms of electroweak origin.

In figures 2 and B we show the branching ratio for B — X7, as a function of
tan 8, with the parameter choice my = 600 GeV, m;,, = 400 GeV, and the common

4‘ T T T T T T T T
susy improved (psusy:GOOGeV)
susy at LO --------
<
o
—
9 ]
=
"
x
)
o, i
o
m
2 - -
1.5 | | | | | | | |

5 10 15 20 25 30 35 40 45
tan B

Figure 2: Branching ratio for B — X,v in a minimal supergravity scenario with my =
600 GeV, my /5 = 400 GeV, Ag = 0, and p > 0 as a function of tan 8. The solid and dashed
lines represent our improved framework for usysy = 600 GeV and 1.2 TeV, while the dotted
line represents the results of the calculation with LO supersymmetric contributions.
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Figure 3: Same as figure 2 but with p < 0.

trilinear coupling at the GUT scale Ay = 0. The two figures correspond to the
two possible signs of u, with |u| determined by the electroweak breaking condition.
This scenario is characterized by squark, charged higgs and gluino masses clustered
between 700 GeV and 1 TeV, with the charginos somewhat lighter. Therefore we con-
servatively vary usysy between the two edges of the physical heavy-mass spectrum,
and plot the two extreme cases psysy = 600 GeV (solid line) and 1.2 TeV (dashed
line). The dependence of the results on usysy appears to be quite mild. The improved
predictions are then compared with the same calculation with supersymmetric con-
tributions to the Wilson coefficients implemented at py without improvements. The
case of p > 0 is characterized by destructive interference between Standard Model
and chargino contributions. In this situation the improvements have a significant
effect. For tan3 = 40 there is a 50% enhancement of the branching ratio. In the
case of negative u, there is constructive interference and the impact of the improved
corrections is more limited.

We have studied the scale ambiguity of the results and found very small de-
pendence on the matching scale uy,. The dependence on the p; scale is unchanged
with respect to previous analysis [4] and of the order of a few percent. Finally, the
dependence on the choice of pugysy is shown in the plots and amounts at most to
3% (6%) for positive (negative) p in the branching fraction, for very large tan . An
estimate of the residual theoretical uncertainty can be also obtained by noting that in
the context of the next-to-leading calculation our improvements can be implemented
in two possible ways which differ by higher order effects only. One possibility is to
use (8.9) in (8.5) and then identify the results as improved leading order coefficients
at uy. The other option is to identify the difference between the results of (3.5)
and the leading order coefficients as the O(a;) or next-to-leading correction to the
Wilson coefficient at p,,. The difference between the two procedures is also O(5%).
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Figure 4: Branching ratio for B — Xv in a two-Higgs doublet model with the charged-
Higgs mass My = 150 GeV, for different values of € = ¢,; = 62,#

We also want to comment on an analysis which has appeared in ref. [20]. The
authors use the next-to-leading calculation of ref. [11], which assumes the hierarchy
mg, > m;,, to compute the branching ratio for B — X,y for the same scenario
considered by us in figures 2 and 8. Unfortunately, the mass hierarchy assumed in
ref. [11] is not satisfied here, and the approximate formulae miss the cancellation
between the contributions from the two stop mass eigenstates. In this situation the
misuse of the result of ref. [11] may lead to artificially large effects. Indeed, as shown
in figures 2 and §, our analysis does not confirm the large enhancement claimed in
ref. [20].

Finally, let us consider the scenario in which the supersymmetric particles are
very heavy and let us focus on the contribution from the charged Higgs. As explained
in section 2, the existence of the couplings €,; and e, modifies the predictions of
what is generally called two-Higgs doublet model II even in the decoupling limit. The
impact of the next-to-leading order calculation is illustrated in figure 4. This figure
shows the branching ratio for B — X,y as a function of tan 8 for My = 150 GeV.
We have chosen € = €,; = ¢, and varied its numerical value. For ¢ > 0 the next-
to-leading corrections reduce the leading order result. The effect at large tan 8 can
be very significant and it allows to consider values of the charged-Higgs mass, which
were previously considered excluded, unless charginos and stops were comparably
light. The impact of the e corrections on the charged-Higgs mass lower limit from
B — X, is quantified in figure §. This figure is obtained by combining in quadrature
theoretical and experimental errors and using the most recent experimental measure-
ments for B — X, [1]. Notice that for tan 8 = 20 values of the charged-Higgs mass
as low as 150 GeV are allowed for € = 1072,
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Figure 5: Lower bounds on the charged Higgs boson mass obtained from the experimental
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Acknowledgments

We are grateful to G. Ganis and M. Misiak for useful discussions and to R. Rattazzi

for very interesting and important remarks.

References

15


http://www.lns.cornell.edu/public/CLEO/analysis/rareb/index.html
http://www.lns.cornell.edu/public/CLEO/analysis/rareb/index.html
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB429%2C169
http://ichep2000.hep.sci.osaka-u.ac.jp/scan/0727/pa07/nakao/index.html
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB400%2C206
http://xxx.lanl.gov/abs/hep-ph/9612313
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD49%2C4945
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD49%2C4945
http://xxx.lanl.gov/abs/hep-ph/9308349
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD56%2C2934
http://xxx.lanl.gov/abs/hep-ph/9703349
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB517%2C353
http://xxx.lanl.gov/abs/hep-ph/9710336

[4]

M. Ciuchini, G. Degrassi, P. Gambino and G.F. Giudice, Nezt-to-leading QCD cor-

______

___________


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB527%2C21
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB527%2C21
http://xxx.lanl.gov/abs/hep-ph/9710335
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC49%2C431
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC49%2C431
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB259%2C182
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC60%2C433
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB361%2C146
http://xxx.lanl.gov/abs/hep-ph/9506374
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB380%2C385
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB380%2C385
http://xxx.lanl.gov/abs/hep-ph/9602281
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD54%2C3350
http://xxx.lanl.gov/abs/hep-ph/9603404
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD54%2C938
http://xxx.lanl.gov/abs/hep-ph/9512252
http://jhep.sissa.it/stdsearch?paper=09%282000%29001
http://jhep.sissa.it/stdsearch?paper=09%282000%29001
http://xxx.lanl.gov/abs/hep-ph/0007259
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB397%2C295
http://xxx.lanl.gov/abs/hep-ph/9612483
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB402%2C167
http://xxx.lanl.gov/abs/hep-ph/9702318
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB402%2C178
http://xxx.lanl.gov/abs/hep-ph/9702322
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD56%2C3151
http://xxx.lanl.gov/abs/hep-ph/9702380
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB511%2C594
http://xxx.lanl.gov/abs/hep-ph/9705253
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD49%2C3367
http://xxx.lanl.gov/abs/hep-ph/9308288
http://xxx.lanl.gov/abs/hep-ph/9804252
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC7%2C5
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC7%2C5
http://xxx.lanl.gov/abs/hep-ph/9805303
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD58%2C074004
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD58%2C074004
http://xxx.lanl.gov/abs/hep-ph/9802391
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB524%2C361
http://xxx.lanl.gov/abs/hep-ph/9710312
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB353%2C591
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB309%2C86
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB309%2C86

[15]

[17]

(2000) 075005 [hep-ph73311245).

R. Rattazzi and U. Sarid, Large tan(beta) in gauge-mediated SUSY-breaking models,

D.M. Piérce, J.A. Bagger, K. Matchev and R. jie Zhang, Precision corrections

in the nsn'm'mal supersymmetric standard model, 'Nucl. Phys. B 491 (1997) 3

17


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB309%2C86
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB309%2C86
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB309%2C86
http://xxx.lanl.gov/abs/hep-ph/9303270
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB404%2C20
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB404%2C20
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB304%2C278
http://xxx.lanl.gov/abs/hep-ph/9303280
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB315%2C119
http://xxx.lanl.gov/abs/hep-ph/9307249
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB315%2C372
http://xxx.lanl.gov/abs/hep-ph/9307301
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD51%2C2438
http://xxx.lanl.gov/abs/hep-ph/9407273
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB534%2C3
http://xxx.lanl.gov/abs/hep-ph/9806308
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB567%2C153
http://xxx.lanl.gov/abs/hep-ph/9904413
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB433%2C3
http://xxx.lanl.gov/abs/hep-lat/9407029
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD62%2C075005
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD62%2C075005
http://xxx.lanl.gov/abs/hep-ph/9911245
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB501%2C297
http://xxx.lanl.gov/abs/hep-ph/9612464
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD58%2C015007
http://xxx.lanl.gov/abs/hep-ph/9712305
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD59%2C095002
http://xxx.lanl.gov/abs/hep-ph/9712257
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD50%2C7048
http://xxx.lanl.gov/abs/hep-ph/9306309
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB491%2C3
http://xxx.lanl.gov/abs/hep-ph/9606211
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB577%2C88
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB577%2C88
http://xxx.lanl.gov/abs/hep-ph/9912516
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB430%2C245
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB430%2C245
http://xxx.lanl.gov/abs/hep-ph/9406286

[20] W. de Boer, M. Huber, A. Gladyshev and D.I. Kazakov, The b — Xy decay rate in
NLO, Higgs boson limits and LSP masses in the constrained minimal supersymmetric

18


http://xxx.lanl.gov/abs/hep-ph/0007078

