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I briefly review the status of the available one-loop corrections to the processes of top-charged
Higgs and semi-inclusive bottom-neutral Higgs production in the MSSM. While the Standard
Model QCD and the SUSY QCD components calculations appear to have been satisfactorily per-
formed, the electroweak MSSM contributions have not been completely computed in the existing
previous works. We performed the complete calculations of these terms and showed that their
effect can be quite relevant, and rather different from that derivable from previously used simpli-
fied approximations. A satisfactory numerical description of these processes in the MSSM should
therefore necessarily retain the one-loop electroweak component.
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1. Introduction

The results that I will show have been obtained working in the 5FNS and considering the 4
semi-inclusive processes:

bg → bh, (h = h0,H0,A0, neutral MSSM Higgses) (1.1)

bg → tH−, (H− = charged MSSM Higgs). (1.2)

in the MSSM and also in the 2HDM, Type 2, approach, for MH > mt . We shall adopt the terminol-
ogy of [1] for bottom production and of [2] for top production.

At the lowest tree level order, the four considered processes are described by the Feynman
diagrams in Fig. (1). To understand the main goals of the theoretical efforts to be described, a good
starting point is to derive the MSSM expression of the relevant (t,b H=Higgs) Yukawa Lagrangian.
In the notation of [3] this reads:

−L
(0)

yuk = {
√

2
v

[mb tanβ tLbRH++mt cotβbLtRH−]+h.c.}+ (1.3)

+
mb

vcosβ
[bb(−sinαh0 + cosαH0)− ibγ5bA0 tanβ ]+

+
mt

vsinβ
[tt(cosαh0 + sinαH0)+ itγ5tA0 cosβ ].

In the previous expression (where I assumed Vtb = 1), h0,H0,A0 are the physical neutral CP even
and odd Higgses (CP is assumed to be conserved), H± is the physical charged Higgs. In principle,
there are six free parameters (the four masses and the two angles).In the MSSM at this lowest order
only two parameters are independent, usually taken as MA0 and tanβ .

In a model with one more (extra SM) Higgs Doublet and two different vevs like in the MSSM
(2HDM) the six parameters are free.

Looking at the LO Lagrangian one sees that taking large values (e.g. >10) of tanβ the term
proportional to mt in the btH interaction can be ignored.

The four processes bg→ bh and bg→ tH are therefore described in this regime by the same
parameters, tanβ , MA0 and mb. This suggests the criterion of making a common study and compar-
ison of the four reactions, that must necessarily involve the higher order radiative corrections and,
also, the poor boy small tanβ (e.g. <10) region.

2. One-loop calculation

Moving to higher orders in the MSSM requires first of all a choice of the SUSY parameters
description. Next, strong and EW interactions effects must be computed (in a possibly terrifying
way, where a number N � 1 of infinities must be exactly cancelled) and suitable definitions for
certain parameters must be adopted.

A particularly relevant example of the latter sentence is that of the choice of the bottom mass.
At the lowest order, Eq.(1.3), mb is taken as the pole mass. But as soon as one moves to higher

orders, this definition is not always safe and other renormalization schemes are preferable, see e.g.
[4].
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In the specific MSSM case, a particolarly convenient choice for mb is that of the Dimensional
Reduction renormalization scheme [5]. Different mixed choices are however allowed (with some
care).

In the 5FNS treatment of the four considered semi-inclusive production processes one finds
two types of QCD corrections, that might be called of diagrammatic and bottom pdf origin.

The latter ones originate from the (known) fact that in the 5FNS the bottom parton is de-
scribed by a proper pdf that resums collinear logarithms and is already of O(αs) (see discussion
and references of [1], page 2). Moving to NLO replaces the LO version (CTEQ6L) with the NLO
one.

The SM and SUSY QCD NLO diagrammatic corrections for the considered associates pro-
cesses in the 5FNS have been computed by a number of authors [6].

As a general feature, SM QCD corrections to the total rates are large and positive, while SUSY
QCD effects are negative and sizeable for large values, e.g.>10, of tanβ . This can be relatively eas-
ily understood as a consequence of the special large tanβ parametrization of these effects originally
proposed by Carena et al. , with the introduction of an effective Yukawa Lagrangian containing the
glorious parameter ∆b.

At the origin of the formalism there is the simple observation that in the lowest order Yukawa
Lagrangian the bottom quark only interacts with d-type Higgses, while at higher MSSM order an
interaction of SUSY QCD origin with u-type Higgses is introduced.

Starting from this observation and after bright steps one is led to a description of the 4 pro-
cesses valid in the large tanβ range (in fact, the leading tanβ effects are resummed to all orders)
and based on an effective Yukawa Lagrangian where a modified bottom mass enters:

L
(e f f )

yuk
tanβ�1
=

1
v

mb(Q)

1+∆b
· (2.1)

{[ sinα

cosβ
−∆b

cosα

sinβ
]bbh0 +[−cosα

cosβ
+∆b

sinα

sinβ
]bbH0 +

tanβ ibγ5bA0 +
√

2tanβ (H+tLbR +H−bRtL).

The SUSY QCD contribution to ∆b depends on the values of the involved MSSM parameters.
For certain choices one sees that ∆b can be positive, proportional to tanβ and thus large. The
denominator (1+∆b) therefore decreases the rates of the processes.

In conclusion, NLO QCD effects are known (with their related theoretical uncertainty, due to
factorization and renormalization scale dependence, discussed in the quoted references).

What about NLO electroweak corrections? For the considered processes, NLO MSSM EW
radiative corrections have been computed in the following ways:

Dawson et al. have used a generalized ∆b approach. Beyond the gluino-sbottom diagram, there
are similar SUSY EW graphs, e.g. one with chargino-stop. This can be resummed and provides a
∆EW

b effect which is also enhanced for large tanβ and is supposed to be the dominant SUSY EW
contribution. Numerical results are given in this approximation.

Berger et al. add to the SUSY QCD ∆b term other NLO supersymmetric contributions. In the
(usual) large tanβ limit, these extra MSSM non-SUSY QCD ∆b effects are small and negligible.
MSSM EW effects seem not to be relevant.
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The dignity of MSSM EW effects is reconsidered in the fully inclusive process of Higgs pro-
duction by bottom fusion in [7].

This paper performs the complete NLO MSSM EW calculation for the process and separates
the resummed extra ∆EW

b effects (wino-higgsino-stop, wino-higgsino- sbottom,..) from the remain-
ing ones.

The result is that the ∆EW
b effects are well competitive with the SUSY QCD ones, and of

opposite sign. The remaining ones give a smaller (relative few percent) effect.
Our conclusion is that the NLO MSSM EW effects must be accurately computed. This is what

we did.

3. NLO MSSM EW effects

The results that I will quote are contained in a couple of papers. For top-charged Higgs calcu-
lation [8], for bottom-neutral Higgs calculation [9].

In both papers, the complete one-loop MSSM EW effects (including QED) have been com-
puted. NLO QCD has not been included (it already exists). The resummed ∆

SUSY QCD
b term has

been inserted in the bh production processes, and omitted in the tH production case.
The EW calculation is valid for all tanβ values, including the usually neglected small ones.
For bh we chose the Dimensional Reduction Renormalization scheme, with the (kinematical)

bottom mass defined in the OS system.
For tH we chose the Renormalization scheme of [10], with the b,t masses on shell. The bottom

pdf has been computed in the MS system at scale mt +mH or mh.
We have calculated invariant mass distributions and total rates with only EW (and SUSY QCD

for bh) NLO effects for different parameter space scenarios, for the MSSM and for the 2HDM.
A few illustrative Figures. In the bh process we have (also) determined the EW K factor,

defined as the ratio of the computed one-loop (BORN +SUSY QCD + MSSM EW) rate to the
(BORN +SUSY QCD) one. We have considered the SPP2 scenario with fixed MA0 = 250 GeV.
The other input parameters are shown in Fig. (2). The sparticle masses and mixing angles have
been obtained with the code FeynHiggs. The results for A0, H0, h0 production are shown in the
Fig. (3)

What about tH? We have computed the purely EW (no SUSY QCD) MSSM K factor in two
mSUGRA scenarios and they are shown in Fig. (4)

The EW effect is modest for tanβ =10. For tanβ = 50, it reaches a relative 20 percent size (to
be compared with possible 30-40 percent effects for Berger et al.)

Again, it appears that MSSM EW NLO effects can be relevant and should be fully computed.
As one sees from the Figure, the NLO MSSM EW effect is modest (a few percent) for A0 and H0.
But for h0 it becomes large and negative (a relative 20 percent) when tanβ approaches 40, and is
of opposite sign (a relative 10 percent) and apparently increasing when tanβ approaches 10.

Certainly, for bh production the NLO MSSM EW effect should not be assumed to be negligi-
ble.

A reasonable question that arises at this point, having verified the possible relevance of the
complete NLO EW MSSM effects, is the following one:
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Are the EW effects of non-∆b type really important? In other words, could one use the (much
simpler) Improved Born Approximation (IBA) with only resummed SUSY QCD and (all) EW ∆b

terms, like in the Dittmaier et al. b-fusion paper, where these contributions seem to be by far the
leading ones?

4. Validity of the IBA and search of a different approximation

To find an answer to this question, we have compared our full one-loop calculation with the
mentioned IBA, keeping in both terms the full resummed SUSY QCD ∆b term and allowing as
in the previous example tanβ to vary in the SPP2 scenario with MA0 = 250 GeV. The results are
shown in Fig. (5).

As one sees from the Figure, there is a rather strong difference between the complete one-loop
calculation and the IBA, that reaches a relative 25 percent size for large tanβ .

In the same Figures, one sees the result of a different Reduced Vertex Approximation (RVA),
that sums at one loop effects of a larger number of bottom vertices and reproduces much better the
complete calculation.

So for bh, IBA seems to be in trouble. For tH the calculation of the IBA approximation is
being performed in the same DR renormalization scheme.

5. Which special information can be obtained by NLO MSSM effects ?

As a first example, we considered the ratio of the MSSM and 2HDM rates at variable tanβ

(with another parameter e.g. MA0 kept fixed).
This ratio should be SM QCD independent, and would therefore provide the size of the genuine

SUSY content (including SUSY QCD) of the MSSM with reasonable accuracy.
This ratio has already been computed for tH by Berger et al. in a certain scenario computing

only a part of the MSSM EW NLO with the SUSY QCD ∆b term.
The 2HDM rate is much larger for large tanβ (almost a factor 2 for tanβ =40) but coincides

with the MSSM when tanβ becomes smaller.
This is what one would expect from the presence of the ∆b term.
We have performed the same comparison for bh, again allowing tanβ to vary for fixed MA0 at

different values. Only the MA0 = 250 GeV result for h0 is shown in Fig. (6) is shown.
As one sees, the 2HDM provides a rate whose ratio with the MSSM one follows the identical

tanβ behaviour in all neutral Higgs cases. For large tanβ the 2HDM rate is definitely larger, more
or less like in the Berger plot.

If tanβ were known, it might be possible to identify the true Model.
This leads to the last question of my presentation: could tanβ be measured?

6. A new proposed measurement

A problem to identify SUSY parameters is the presence of strong interactions that introduce
in the theoretical estimate a scale uncertainty that is sometimes as large as the SUSY effect to be
measured.
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On the other hand, strong interactions increase the value of the rates, which produces more
statistics. So, they are clearly useful.

The situation appears to me somehow similar to the old case of LEP1 Hadron production at
the Z resonance.

The idea was to define an observable that was independent of strong interactions [11] i.e.: The
Longitudinal Polarization Asymmetry ALR(MZ).

First question: does such an observable exist in one of the considered processes? In principle,
Yes for the tH process (rates for tL and tR production are certainly different).

A detailed discussion of possible measurements of top polarization asymmetry from charged
slepton production, suggesting the natural extension of the work to the process of tH production,
has very recently been provided in [12].

Could a certain longitudinal polarization asymmetry be SM QCD independent (i.e. SUSY
detector)?

Before tackling this problem, we computed the purely EW NLO value of this asymmetry,
defined as the ratio of difference and sum of the polarized rates, starting from the previously defined
tH benchmark point (SPS1) and allowing tanβ to vary with SUSPECT. Fig. (7)shows the left-right
asymmetry.

Qualitatively : one sees a potentially relevant feature in the low tanβ region (2<tanβ<10) ,
with a drastic change of sign. But SUSY QCD could be also relevant, and should be computed
[13].

Our hope: SM QCD might cancel in the ratio. Then ALR might be considered as a possible
SUSY measurement in the all tanβ region, if combined with measurements of all tH and bh rates.

7. Conclusions

The role of the NLO MSSM SUSY corrections appears to be relevant both at the QCD and
at EW level in the production of tH and bh. It seems appropriate to compute the ∆b QCD effect
, correctly resummed, independently of the complete NLO EW contribution: no separation of
priviledged resummed ∆EW

b terms and poor people remaining NLO EW ones: Democracy must
win !!!

Figure 1: Born diagrams for bottom or top production.
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Figure 2: SPP1,2 input parameters.

Figure 3: K factor for neutral Higgs production in the MSSM.
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Figure 5: IBA, RVA and full one-loop for neutral Higgs production.
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Figure 6: 2HDM vs MSSM for h0 production at MA0 = 250 GeV.

Figure 7: Top polarization asymmetry and its tanβ dependence.
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