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Figure 4.12: Feynman diagrams, up to one-loop order, for the QCD and elec-
troweak SUSY wertex corrections to the decay process HY — tb. Each one-
loop diagram is summed over all possible values of the mass-eigenstate gluinos
(Gr;r =1,...,8), charginos (\I/zi,z = 1,2), neutralinos (V% ;a = 1,...,4), stop
and sbottom squarks (l;a,fb;a,b =1,2).

4.4.1 SUSY vertex diagrams

In this section we will make intensive use of the definitions and formulae of Sec. 2.2.1. We
refer the reader there for questions about notation and conventions. Following the labelling

of Feynman graphs in Fig. 4.12 we write down the terms coming from virtual SUSY particles.

e Diagram (Vso): Making use of the convention that lower indices are summed over,
whereas upper indices (some of them within parenthesis) are just for notational conve-

nience one finds:

. G t b)x* t b)x*
HL = 87‘('@5 ZCFW(?{]B [Rgb)Rga) (011 - Clg)mt + Réb)Rga) Clgmb

Ry Ry Comg)

Hip = 8mag Z-CFW:;B [RS;)RS;)*(CH — Clg)mt + R%)Rgz)*cmmb

+R{) R Comg), (4.54)
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where the notation for the various 3-point functions is summarized in Appendix A, so

that, in eq. (4.54) the C-functions must be evaluated with arguments:
C.=Ci (p,pl,mg,mgb,mga) :

and Cp = (NZ —1)/2N¢ = 4/3 is a colour factor obtained after summation over colour

indices

e Diagram (Vg1): Making use of the coupling matrices of egs. (2.31) and (2.40) we intro-

duce the shorthands

A=AV and 4D =40

and define the combinations (omitting indices also for QL. Q%)
AW = cospAs QLAY EW = cospA* QLAY
BY = cospAL Q" A, FU) = cospar QPAY
CW) = sinp A QRAY G0 = sinpA* QA
DW = singa* QR A HY = sinpA* QRAY . (4.55)

The contribution from diagram (Vs;) to the form factors Hr and Hy, is then

Hp =M, [HYCy+
g, (mtA(l) + M°B® 4y, HO + MiD(l)) Cla
tmy (D + MIGO +my AN + M;ED) (Cry = Cha)
+ (mymp AD +m MED + MOmy BY + M;MIFD) Gy
H;, = Mg [A(1>C*0+
tmy, (mHO + MG 4+ myd® + MED) Oy
+my (mtA(l) + MOBW 4, HD 4 MZ-D(D) (Ch1 — Cho)

+ (memp HY 4y MiDW + MImy GO + M;MICW) G|, (4.56)
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where the overall coefficients My and Mp are the following:

. 9 . 9
g MW g MW
My, =——"—— Mp=-— . 4.57
L my tan 0 r my cot 3 ( )

In eq. (4.56) the C-functions must be evaluated with arguments:
C,=C, (p,p',mfa,Mao,Mi) . (4.58)

e Diagram (Vs2): For this diagram —which in contrast to the others is finite- we also use

the matrices on egs. (2.31) and (2.34), and introduce the shorthands

A(ib) = Agf,))a and A(it) =AY

taa

to define the products of coupling matrices

A? = G AP A 0@ =G, AV A
B® = Gy AV AP D® = Gy, AV AY

The contribution to the form factors Hr and Hjy from this diagram is

Hp = 2]\]\? [mbB(2)C12 +mCP (C) — Cha) — MgD@)CO] :
w
M
H;, = I [mb0(2)012 + mtB(Q) (C11 — Cha) — MaoA(Z)CO] ,
2Myy

the coefficients My, Mg being those of eq. (4.57) and the scalar 3-point functions now

evaluated with arguments
C,=0C, (p,p’,Mao,mfa,mz;,,) :
e Diagram (Vg3): For this diagram we will need

A =AY and AV = 4D

+aa
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and again omitting indices we shall use

AB) = cospAD*QF A, E® = cospA V" QP A_,
B® =cospA" QP A, FO = cospAV QA
C® = sinfAV"QRA_, G® = singA V" QRA_,
D® =singA*QRA,,  HO =sinpaV*Qr4, . (4.59)

From these definitions the contribution of diagram (Vg3) to the form factors can be

obtained by performing the following changes in that of diagram (Vg1), eq. (4.56):

— Everywhere in egs. (4.56) and (4.58) replace M; <> M3 and m; < mg, -
— Replace in eq. (4.56) couplings from (4.55) with those of (4.59).

— Include a global minus sign.

4.4.2 Higgs vertex diagrams

Now we counsider the contributions arising from the exchange of virtual Higgs particles and
Goldstone bosons in the Feynman gauge, as shown in Fig. 4.13. We write the formula for
the form factors by giving the value of the overall coefficient N and the arguments of the

corresponding 3-point functions.

e Diagram (Vp;):

Hr = N[mj(Ci2 — Co) +mj cot’B(C11 — Cr2)]

H;, = Nmj[Cis — Co+ tan’B(C11 — C12)],

N :F@ 1_{M§IO,M£O} {cosa, sina}
2 2M2, cosf3

C* = C* (paplambaMHi7{MH07Mh0})'

{cos(f — a),sin(f — @)},

e Diagram (Vp2):

Hr = NCOt,@[m%(CH — 012) + m%(co - 012)] )

H;, = ng tan 3(2C12 — C11 — Cp) ,



Vi) (Vigg)

Figure 4.13: Feynman diagrams, up to one-loop order, for the Higgs and Gold-

stone boson vertex corrections to the decay process HT — tb.
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ig® {cosa, sinar}

N = = 7{Sin(ﬁ—a),608(ﬁ—a)}<

cosf

M}. {M%IO,M,fo}>
M, M, ’
C* = C* (puplamb7MW7{MH07Mh0}) .

e Diagram (Viy3):

Hr = Nm[cot?BCy + C1y — Cra — Cyl,

H;, = N [mg tan2ﬂ012 + m%(CH —Clg — Co)] ,

NP 2 2

__ig® {sina, cosa} _ . ~ {Mjp0, My}
N - 2 Sln/B {COS(/B Oé), SII](/B a)} <]‘ QMBV )
O* = C* (paplamta{MHoaMho}’MHi) :

e Diagram (Viy):

Hp = Nm?(2012 —Ciy1 + C()) cot3,

H;, = N [—m%clg + mf(Cn —Clg — Cg)] tan,@,

) . 2 2 2

ig® {sina, cosa} _ . My {Mgo, Mo}
N = 2 TR - - -

F1 IR0 i — ), cox( 9 “”(Mav i)
Cy = Ck (paplamta{MHoaMh0}7MW)'

e Diagram (Vps):

Hp = N[mi(Ci2+ Co)+mi(Ci — C12)],

H;, = Nm%tanQB(Cn-l-Cg),

o i (M,
£\ Mz M2 )

C* = C* (p,p,,mb,Mw,MAo) .

e Diagram (Vis):

Hp = Nm% COtQB(CH +Cy),

H;, = N [mgclz + m%(CH —Ci2+ Co)] ,
N = _@ M_I%Ii — Mo
4\ ME O ME )

C* - C* (paplamtvMAO?MW) .
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e Diagram (Vp7):

Hr =N [(2miCi1 + Cp +2(m] —m})(C11 — Ch2)) cot?B
+2m2(C11 + 2C’0)]m% ,
H;, =N [(2m2011 +Cy+ 2(m% — mg)(CH — C12)) tan’s

+2m; (C11 + 2Co)]my; ,
ig? sinacosa
4M3Z, sinfBcosf3’
C. = Ci(p,p',{Mpo, Myo},my,my) .

e Diagram (Vpg):

Hp = Nm?cotQBC’O,
H;, = Nm%tanQBég,
- 2
?
q:LQa
AMZ,
O* = C* (papla{MAOaMZ}amtamb) .

In the equations above, it is understood that the CP-even mixing angle, «, is renormalized
into e by the one-loop Higgs mass relations [77-81].

As for the SUSY and Higgs contributions to the counterterms, they are much simpler
since they just involve 2-point functions. Thus we shall present the full electroweak results
by adding up the various sparticle and Higgs effects. In the following formulae, we append

labels referring to the specific diagrams on Figs.4.15-4.17.

4.4.3 Counterterms

e Counterterms dm ,5Z£ ,5Z{2: For a given down-like fermion b, and corresponding

isospin partner ¢, the fermionic self-energies receive contributions
b 2y — wb 2 ‘
{omy (P7) B P )40+

2
= +8ma,Cp ‘Rf{?g}a [B1 — By) (p, mdaamé)
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Figure 4.14: QCD and Electroweak self-energy corrections to the top and bot-
tom quark external lines from the various supersymmetric particles, Higgs and

Goldstone bosons. (Cont.)
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Figure 4.15: QCD and Electroweak self-energy corrections to the top and bot-

tom quark external lines from the various supersymmetric particles, Higgs and

Goldstone bosons. (Cont.)

—ig? ? B; (p, Mi,Mga)

42,

1 b |2
+§ ‘A(izm Bl( ’Mao’méa)] ’
b2y _ b (p?
mpXg(p®) = mbES(p)‘(cb0)+(0b1)+(0b2)

m-
= —SWQSCF—%R%I)RS;)BO (p, MGas mf))
my!

+ig? [MiRe (A(jl’;A(f)m) By (p, Mi, mfa)

aatme (A0 A8.) B0 o M2 )|

from SUSY particles, and

b 2y _ yb 2
z3{L,R}(p) o E{L,R}(p)‘(cb3)+(cb4)

2
g
= m {m%tyb} [{cot2ﬁ,tanQB}Bl(p,mt,MHi)

+ Bl (pa mi, MW)]

(4.60)

(4.61)
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2
my

2
+ 3cos20 [cos a By (p, mp, Mgo)
+ sin’a By (p, my, Mj0)
+ Sin2ﬁB1(pamb7MA0)
+ cos?B By (p, my, Mz)] } | (4.62)
Eb 2 _ Zb 2
s() st )‘(Cb3)+(cb4)
o L2 (Bl M) — Bolp, e, Miv)]
QZMI%V t O\, 17ty VL O\P, 1oty MW
2
my 2

+ S o520 [cos a By(p, mp, Mgo)

+ Sin2a By (pa my, Mh,o)
- Sin2ﬁBO (pa Mp, MAO)

~ cosB Bo(p, my, Mz)] } , (4.63)

from Higgs and Goldstone bosons in the Feynman gauge. To obtain the corresponding
expressions for an up-like fermion, ¢, just perform the label substitutions b <+ t on egs.
(4.60)-(4.63); and on eqs. (4.62)-(4.63) replace sina <+ cosa and sinf <+ cosf (which

also implies replacing tan 3 <> cot/3).
Introducing the above expressions into eqgs. (3.27)-(3.27) one immediately obtains the

SUSY contribution to the counterterms dm ,5Z£7R.

o Counterterm dZp=+:

2
0Zg+ = 5ZHi|(CHI)+(CH2)+(CH3)+(CH4)+(CH5)+(CH6): B (Mp)
_ig*Ne

My,

[(mg tan?( + m7 cot’B)(By + M4 B} + miBy)

+ QmEme(’)} (Mpy+,mp, my)

ng

* 2ME,

Nc Z |Gba|2 B(,)(MHﬂ:,me,mfa)
ab
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Figure 4.16: Corrections to the charged Higgs self-energy from the various super-
symmetric particles and matter fermions. Only the third quark-squark generation

18 wllustrated.
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Figure 4.17: Corrections to the mized W — H™ self-energy from the various
supersymmetric particles and matter fermions. Only the third quark-squark gen-

eration is illustrated.

~2ig* 3 | (|4

+ 2M; M3 Re (QL,QL) sinﬁcosﬁB{)] (M, M2, M;)

cos? 3 + ‘in

2
sin2ﬁ> (By + M2+ B}, + M°°BY)

2
tig? 3 [MIg | By (Mpgs,mn,m,) (4.64)
AB

where mp, is either the charged Higgs mass or the charged Goldstone mass (myy+
and mp, is one of neutral Higgses or the Neutral Goldstone mass (myz) (Cf. eq. 2.8).

Notice that diagrams (Cy3) and (Cps) give a vanishing contribution to 07 +.

e Counterterm 02y :

Saw (Mfs)
0ZHW = 0ZEW|(C0 )4 (Crtn)+(Cars) = Mz
- 2N
= —23\4—20 [mg tan B(By + By) + m? cotﬁBl] (M=, mp,my)
w

ig>Ne
2ME,

S G RYRY* 2By + By] (M, mg, ,m;, )
ab
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229 Z (M0 (cosB QLrCL +sin QI CE) (By + B1)
(Slnﬁ QR*CL + cosp QL*CR) ] (Mp+, M2, M;)
—ig Z 2By + Bo] (Mg« ,mu,,mu,) - (4.65)

where a sum is understood over all generations and we have defined:

{sin(@ — f), cos(a — f) }

MH+{H0 ho} T T 2
+ 1
M0, G0y = {3, 0}
vt __{codB — ), sin(8 —a)}
G+{Ho,ho} — 9
+ 1
M‘G/[{"_{AO,GO} = {0’ 5}

(4.66)

Finally, the evaluation of A; on eq.(4.48) yields similar bulky analytical formulae, which
follow after computing diagrams akin to those in Figs.4.12-4.17 for the MSSM corrections to
H* — 77 v,. We refrain from quoting them explicitly here. The numerical effect, though,

will be explicitly given in the next section (4.5).

4.4.4 Analytical results

We are now ready to furnish the corrected width of H+ — tbin the MSSM. It just follows after
computing the interference between the tree-level amplitude and the one-loop amplitude. It
is convenient to express the result as a relative correction with respect to the tree-level width

both in the a-scheme and in the G g-scheme. In the former we obtain the relative MSSM

correction
5MSSM — I'— F&O)
[0 1_‘&0)
N, Ng Nrr
= DL [2 Re(GpL)] + D [2 Re(GR)] + - [2 Re(Gr, + GR)], (4.67)

where the corresponding lowest-order width was defined in 4.2 and

D = (MEii—mi—mi)(m?cot? B+ mitan® B) — dmim?
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Ni = (M —md —md)md tan® )
N, = (MZi—mi—m})m?cot’3,
Nig = —2mimi. (4.68)

From these equations it is obvious that at low tan 8 the relevant quantum effects basically
come from the contributions to the form factor Gy whereas at high tan 8 they come from
Gr.

Using eq.(3.29) we find that the relative MSSM correction in the G p-parametrization

reads
_7
6GMFSSM _ (O)GF — GMSSM _ \pMSSM (4.69)
FGF

where the tree-level width in the G p-scheme, F(ngh, is given by eq.(4.3) and is related to

eq.(4.2) through

IO =10 (1 ArMSSM), (4.70)

(07

Before presenting the results of the complete numerical analysis, it should be clear that
the bulk of the high tan 3 corrections to the decay rate of H* — tb in the MSSM is expected
to come from SUSY-QCD. This could already be foreseen from what is known in SUSY GUT
models [133,134,149]; in fact, in this context a non-vanishing sbottom mixing (which we also
assume in our analysis) may lead to important SUSY-QCD quantum effects on the bottom
mass, my = mbGUT—i—Amb, where Amy, is proportional to MzR — —p tan G at sufficiently high
tan 8. These are finite threshold effects that one has to include when matching the SM and
MSSM renormalization group equations (RGE) at the effective supersymmetric threshold
scale, Tsy7sy, above which the RGE evolve according to the MSSM [-functions in the M.S
scheme [150]. In our case, since the bottom mass is an input parameter for the on-shell
scheme, these effects obviously have a different physical meaning, but are formally the same;
they are just fed into the mass counterterm dmy/my on eq.(4.53) and contribute to it with

opposite sign (6my/mp = —Amy +...) 3.

3In the alternative framework of Ref. [151], the SUSY-QCD corrections have been computed assuming no
mixing in the sbottom mass matrix. Nonetheless, the typical size of the SUSY-QCD corrections does not
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Figure 4.18: (a) Leading SUSY-QCD contributions to dmy/my in the electroweak-

eigenstate basis; (b) Leading supersymmetric Yukawa coupling contributions to

dmp/my in the electroweak-eigenstate basis.

Explicitly, when viewed in terms of diagrams of the electroweak eigenstate basis, the
relevant finite corrections from the bottom mass counterterm are generated by mixed LR-

sbottoms and gluino loops (Cf. Fig.4.18a):

oy 2a (mt)
<—> = = mg M,’{R I(m;}l,m%,mg)
My / SUSY—QCD 3
2a4(m
— —7;(% ) mg tanﬁ[(m;71 , mgQ,mg) , (4.71)

where the last result holds for sufficiently large tan 8 and for p not too small as compared to

Ap. We have introduced the positive-definite function (Cf. Appendix A)

I(m1,me,m3) = 1677 Co(0,0,m1,ma, ms3)

2 2 2

m m: m
m%m%lnm—é—l—m%m%lnm—é —I—m%m%lnm—%
2 3 1

(% — 1) (i — 1) (i — 7)) (4.72)

In addition, we could also foresee potentially large (finite) SUSY electroweak effects from
dmy/my. They are induced by tan S-enhanced Yukawa couplings of the type (2.5). Of course,
these effects have already been fully included in the calculation presented in Section 4.5 that
we have performed in the mass-eigenstate basis, but it is illustrative of the origin of the leading

contributions to pick them up again directly from the diagrams in the electroweak-eigenstate

change as compared to the present approach (in which we do assume a non-diagonal sbottom matrix) the
reason being that in the absence of sbottom mixing, i.e. M?, = 0, the contribution dmp/mp < —ptan 3 at
large tan [ is no longer possible but, in contrast, the vertex correction does precisely inherits this dependence
and compensates for it. The drawback of an scenario based on MZR = 0, however, is that when it is combined
with a large value of tan 8 it may lead to a value of A, which overshoots the natural range expected for this

parameter.
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basis. In this case, from loops involving mixed LR-stops and mixed charged higgsinos (Cf.

Fig.4.18b), one finds:

5mb> hihy .
= - — my M; pI(m; ,m;,
<mb SUSY —Yukawa 167'('2 myp t LR ( t1 to IU’)
h2

where again the last expression holds for large enough tan (.

Notice that, at variance with eq.(4.71), the Yukawa coupling correction (4.73) dies away
with increasing p. Setting hy ~ 1 at high tan (3, and assuming that there is no large hi-
erarchy between the sparticle masses, the ratio between (4.71) and (4.73) is given, in good
approximation, by 4mg;/A; times a slowly varying function of the masses of order 1, where
the (approximate) proportionality to the gluino mass reflects the very slow decoupling rate
of the latter [151].

In view of the present bounds on the gluino mass, and since A; (as well as Ap) can-
not increase arbitrarily —as also noted above- we expect that the SUSY-QCD effects can
be dominant, and even overwhelming for sufficiently heavy gluinos. Unfortunately, in con-
tradistinction to the SUSY-QCD case, there are also plenty of additional vertex contributions
both from the Higgs sector and from the stop-sbottom/gaugino-higgsino sector where those
Yukawa couplings do enter the game. So if one wishes to trace the origin of the leading
contributions in the electroweak-eigenstate basis, a similar though somewhat more involved
exercise has to be carried out also for vertex functions. Of course, all of these effects are
fully included in our calculation of Section 4.4 within the framework of the mass-eigenstate
basis®*.

A few words are in order about these finite threshold effects coming from diagrams in
Fig 4.18. As explained early, formally, eq.(4.71) describes the same one-loop threshold effect
from massive particles that one has to introduce to correct the ordinary massless contributions

(i.e. to correct the standard QCD running bottom quark mass) in SUSY GUT models

“The mass-eigenstate basis is extremely convenient to carry out the numerical analysis, but it does not
immediately provide a “physical interpretation” of the results. The electroweak-eigenstate basis, in contrast,
is a better bookkeeping device to trace the origin of the most relevant effects, but as a drawback the intricacies

of the full analytical calculation can be abhorrent.
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€ (b)

Figure 4.19: Leading supersymmetric electroweak contributions to dm,/m, in the

electroweak-eigenstate basis.

[129,133,134]. In fact their contribution is finite and non-decoupling, that is, if you scale up
all the SUSY parameters (i.e. mg, my , My, Ay, 1) by a factor A the contributions described in
egs. 4.71 and 4.73 remain invariant!. However, if one scales up all supersymmetric parameters
a non trivial fine-tuning would be needed to allow for a relatively light —around 250 GeV—
charged Higgs, so in this it is unnatural. Notice that in the absence of SUSY-breaking
terms (mz = 0, Ay = 0) these non-decoupling effects exactly vanish. So, their origin is the
SUSY-breaking sector. In the SUSY-QCD contribution (eq. 4.71), it is specially clear that
the non-decoupling can be achieved by increasing physical parameters, namely the gluino,
squark and higgsino masses. In fact, one may increase the chargino mass by letting y — oo
without decreasing the other masses, which may be allowed to grow independently.

The main source of process-dependent J,-effects lies in the corrections generated by the
T-mass counterterm, dm,/m,, and can be easily picked out in the electroweak-eigenstate
basis (see Fig.4.19) much in the same way as we did for the b-mass counterterm. There are,
however, some differences, as can be appraised by comparing the diagrams in Figs.4.18 and
4.19, where we see that in the latter case the effect derives from diagrams involving 7-sleptons
with gauginos or mixed gaugino-higgsinos. An explicit computation of the diagrams (a) +

(b) in Fig.4.19 yields

Sm 12
mT = 1?57# puM' tan 8 1(msz,mz, M")
-
2
+ HQW M tan BI(u,mp , M), (4.74)

where ¢ = gsw /ey and M', M (Cf. section 2.2.1) are the soft SUSY-breaking Majorana

masses associated to the bino B and winos W=, respectively, and the function I (my, mg, mg3)
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is again given by eq.(4.72). In the formula above we have projected, from the bino diagram
in Fig.4.19a, only the leading piece which is proportional to tan 3. Even so, the contribution
from the wino-higgsino diagram in Fig.4.19b is much larger. Numerical evaluation of the sum
of the two contributions on eq.(4.74) indeed shows that it reproduces to within few percent
the full numerical result previously obtained in the mass-eigenstate basis, thus confirming
that eq.(4.74) gives the leading contribution. In practice, for a typical choice of parameters,
this contribution is approximately cancelled out by part of the electroweak supersymmet-
ric corrections associated to the original process Ht — tb, and one is effectively left with
eq.(4.73) as being the main source of electroweak supersymmetric quantum effects at high
tan 3.
As for the standard QCD corrections we use the full analytical formulae of Ref. [116,117]

5. In the limit M+ > my, the standard QCD correction boils down to the simple expression

5QCD _ FQC’D - I‘0

g o

Cr o m? cot? 3 (% — 6 log 1\/7[#:) + mi tan? 3 (% — 6 log Aﬁf:
< 27 ) m? cot? B+ m? tan? 3

) (4.75)

This formula is very convenient to understand the asymptotic behaviour. However, as we
have checked, it is inaccurate for the present range of values of m; unless M+ is extremely

large (beyond 1TeV).

4.5 Numerical analysis and discussion

We may now pass on to the numerical analysis of the over-all quantum effects. After explicit
computation of the various loop diagrams, the results are conveniently cast in terms of the
relative correction with respect to the tree-level width defined in eq.4.2. In what follows we
understand that § = 6, —Cf. eq.(4.67)— i.e. we shall always give our corrections with respect
to the tree-level width I'? in the a-scheme. The corresponding correction with respect to the

MSSM

tree-level width in the G p-scheme is simply given by eq.(4.69), where Ar was object of a

particular study in [111,112] and therefore it can be easily incorporated, if necessary. Notice,

®We have corrected several misprints on eq.(5.2) of Ref. [116,117].
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however, that Ar™55M ig already tightly bound by the experimental data on M, = 91.1863+
0.0020 GeV at LEP and the ratio My /M in pp, which lead to My = 80.356 £+ 0.125 GeV .
Therefore, even without doing the exact theoretical calculation of Ar within the MSSM, we

already know from
T 1
 V2Gp M (1- My, /M)
that ArMSSM must lie in the experimental interval Ar®P ~ 0.040 + 0.018.

Ar=1

(4.76)

Now, since the corrections computed in Section 4.5 can typically be about one order
of magnitude larger than Ar (see bellow), the bulk of the quantum effects on Ht — tb
is already comprised in the relative correction (4.67) in the a-scheme. Furthermore, in the
conditions under study, only a small fraction of ArM95M is supersymmetric [111,112], and we
should not be dependent on isolating this universal, relatively small, part of the total SUSY
correction to §. To put in a nutshell: if there is to be any hope to measure supersymmetric
quantum effects on the charged Higgs decay of the top quark, they should better come from
the potentially large, non-oblique, corrections computed in Section 4.4. The SUSY effects

contained in ArMSSM

[111, 112], instead, will be measured in a much more efficient way
from a high precision (6M;;;® = £40 MeV) determination of My at LEP 200 and at the
Tevatron.

Even though we shall explore the evolution of our results as a function of the charged

Higgs mass in the LHC range, for the numerical analysis we wish to single out the Tevatron

accessible window (eq. 4.9)
my S Mg S 300GeV .

In Figs.4.20-4.25 we display in a nutshell our results for a representative choice of param-
eters within this framework, exhibiting the evolution of the quantum corrections with respect
to the tree-level width (4.2), 6™55M as a function of the most significant parameters. The
MSSM correction (4.67) includes the full QCD yield (both from gluon and gluinos) at O(«y)
plus all the leading MSSM electroweak effects driven by the Yukawa couplings (2.5). We

have defined a; = as(Mpy+) by means of the (one-loop) expression

6
(33 —2ny)log (My+/An,)

g (M) = (4.77)
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normalized as a;(Mz) ~ 0.12, where ny is the number of quark flavors with threshold below
the Higgs boson mass My+. The rest of the input parameters have already been defined in

section 2.2.1

First we will give the known results on the QCD corrections [40] to make evident that
the Q,CVD contribution alone to (J,) can be comparable or even larger than the conventional
QCD corrections (d,4). There it is shown, as can also be seen in Figs 4.24a-b, that for a given
tan 3, the relative size of the SUSY-QCD effects versus the standard QCD effects depends
on the value of M+ as can be seen from . Notwithstanding, it is clear that ¢, remains fairly

insensitive to My +.

The huge experimental impact on the measurement of the QCD corrected D(HT — tb) is
shown in Fig.4.20 where we plot the SUSY-QCD corrected width versus tan 3, for fixed values
of the other parameters. For completeness, we have included in this figure the partial widths
of the alternative decays H* — 7t v, and Ht — W+ h°, which are obviously free of O(c)
QCD corrections. (To avoid cluttering, we have not included H* — ¢3; it is overwhelmed
by the 7-lepton mode as soon as tan/ 2 2.) It is patent from Fig.4.20 that, for charged
Higgs masses above the ¢ b threshold, the decay HT — tb is dominant. Only for very large
tan 8 (> 30) and for sufficiently big and positive p (1 > 100 GeV') the negative corrections
to HT — tb are huge enough to drive its partial width down to the level of Ht — 71 v,
Therefore the top quark decay of the charged Higgs is, by far, the most relevant decay mode

to look at.

As already seen in eq. 4.71, depicted in Fig.4.20 and further shown in Figs.4.23a-4.25a
the Q,(\]/D contribution is extremely sensitive to p both on its value and on its sign. It turns
out that the sign of the SUSY-QCD correction is basically opposite to the sign of y, and the

respective corrections for +y and for —pu take on approximately the same absolute value.

At large tan g, the role played by the bottom quark mass becomes very important. Indeed,
in Fig.4.21 we confirm (in the particular case of Q/(TD, though it happens similarly for the
EW effects) that the external self-energies (basically the one from the b-line) give the bulk
of the corrections displayed, whereas the (finite) vertex effect is comparatively much smaller

and its yield becomes rapidly saturated.



20 T —————— /o
, —— I(H'->tb) //
— — - T(H™->th) .
e T(H=>H'h)
| —-— [H->t'v)
15
I M, =250 GeV
)
o
o 10 [ ]
—~ g
,//
0.5 r |
0.0 e o ! ‘
: " 20 30 40
tanp
2.0 [— v
[ —— T(H->th)
. FO(H*—>tb)
e Ty(H->H'")
I —-— TH'->T'v)
15 |
7 M, =350 GeV |
)
2 /
o 10 [ // ]
(b) =
Ve
L /// 7
0.5 - - 7
L // 7
0.0 e = T
: = 30 40

20
tanp

Figure 4.20: SUSY-QCD corrected I'(Ht — tb) as a function of tan 3 for two
opposite values of i, compared to the corresponding tree-level width, To(HT —
tb); For completeness we have included in this figure the partial widths of the
alternative decays HY — ttv, and HY — WhY, which are obviously free of
O(as) QCD corrections. We study these effects in two different Higgs mass
scenarios: (a) Mg+ = 250 GeV and (b) Mg+ = 350 GeV.
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Figure 4.21: We separate the contributions from vertex and self-energies on the
dependence of & for the QfG/D correction. The self-energy contribution is domi-

nated by the finite threshold effect (eq. 4.71)

Before continuing we want to stress again that the Q,(TD contribution is in most of the

MSSM parameter space the leading contribution.

We are now ready to restrict our analysis of Ht — tb including all the SUSY effects
(QFD and EVVV) within the appropriate phenomenological domain pinpointed in Figs.4.5-4.9

which accommodate for different experimental constraints as explained in section. 4.2.

We set out by looking at the branching ratio of H* — 71 v, (Cf. Fig.4.22). Even though
the partial width of this process does not get renormalized (as it is used to define tan f3), its
branching ratio is seen to be very much sensitive to the MSSM corrections to T'(H+ — tb).
For large tan 3 as in eq.(4.10), BR(H" — 7%v;) may achieve rather high values (10 — 50%)
for Higgs masses in the interval (4.9), and it never decreases below the 5 — 10% level in
the whole range. Therefore, a handle for tan 8 measurement is always available from the
Higgs 7-channel and so also an opportunity for discovering quantum SUSY signatures on
['(H+ — tb). As for the other H*-decays, we note that the potentially important mode
Ht = ¢ l:)j [152] does not play any role in our case since (for reasons to be clear below) we

are mainly led to consider bottom-squarks heavier than the charged Higgs. Moreover, the

H* — WT*hY decay which is sizable enough at low tan /3 becomes extremely depleted at
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Figure 4.22: The branching ratio of HY — 7+ v, for positive and negative values
of u and Ay allowed by eq.(4.4), as a function of the charged Higgs mass; A is a
common value for the trilinear couplings. The central curve includes the standard

QCD effects only.
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high tan 3 [40]. Finally, the decays into charginos and neutralinos, H* — ;" x2, are not
tan J-enhanced and remain negligible. Thus at the end of the day we do find an scenario

where HY — tband HT — 71 v, can be deemed as the only relevant decay modes.

In order to assess the impact of the electroweak effects, we demonstrate that a typical set
of inputs can be chosen such that the SUSY-QCD and SUSY-EW outputs are of comparable

size.

In Figs.4.23a-4.23b we display 0, eq.(4.67), as a function respectively of 1 < 0 and tan 3
for fixed values of the other parameters (within the b — s+ allowed region). Remarkably, in
spite of the fact that all sparticle masses are beyond the scope of LEP 200 the corrections
are fairly large. We have individually plot the SUSY-EW, SUSY-QCD, standard QCD and
total MSSM effects. The Higgs-Goldstone boson corrections (which we have computed in
the Feynman gauge) are isolated only in Fig.4.23b just to make clear that they add up non-
trivially to a very tiny value in the whole range (4.10), and only in the small corner tan § < 1

they can be of some significance.

In Figs.4.23c-4.23d we render the various corrections (4.67) as a function of the relevant
squark masses. For m; < 200GeV we observe (Cf. Fig.4.23c) that the SUSY-EW contribu-
tion is non-negligible (0sysy —pw =~ +20%) but the SUSY-QCD loops induced by squarks
and gluinos are by far the leading SUSY effects (dsysy—gcp > 50%) — the standard QCD
correction staying invariable over —20% and the standard EW correction (not shown) being
negligible. In contrast, for larger and larger my > 300GeV, say mj = 400 or 500 GeV,
and fixed stop mass at a moderate value m; = 150 GeV, the SUSY-EW output is longly
sustained whereas the SUSY-QCD one steadily goes down. However, the total SUSY pay-off
adds up to about +40% and the net MSSM yield still reaches a level around +20%, i.e. of
equal value but opposite in sign to the conventional QCD result. This would certainly entail

a qualitatively distinct quantum signature.

We stress that the main parameter to decouple the SUSY-QCD correction is the lightest
sbottom mass, rather than the the gluino mass [40], with which the decoupling is very slow
(Fig. 4.24), a fact that indeed has an obvious phenomenological interest. For this reason,

since we wished to probe the regions of parameter space where these electroweak effects are
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