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Abstract

We notice that the existing literature about the reactor™ — hh suffers
from a mistake in the relative sign between the t-channeluanodannel graphs.
Correcting this lowers the crosssections by about an orfd@iagnitude.
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1 Introduction

The reactione"e" — hh is an interesting one from the theoretical viewpoint. Be-
cause the coupling of the higgs to electrons is proportitm#the electron mass, the
tree graphs are so small that the one loop contribution gheslominant part of the
crosssection. This has been recognized in the past [1, 4f had been found that the
crosssections are rather small. Only for special higgsgbestin for instance SUSY
models can the crosssection be larger, mainly due to a biggegraph contribution.
In principle this would finish the subject if it were not forifiact that during a project
in which we were testing methods we recalculated this reacind found both pa-
pers to have a number of shortcomings. Correction of theseedl the final numbers
significantly.

Of course this doesn’t mean that now this reaction will beeamportant at a
future ILC, but at least reports about the variety of readdithat may or may not be
of interest can quote the correct numbers. And if there exst higgs particles the
errors of the past can be avoided in the future.

The major problem with one loop calculations is that theyolag much work.
Hence we like to use symmetry arguments as much as possibmimize the num-
ber of diagrams to compute. A traditionally safe symmetryige is either Bose or
Fermi statistics when there are identical particles inedlv Because there are two
higgs particles involved, both previous papers have ussdsyimmetry, but both got
the relative sign of the diagrams wrong. This is becauseubey an indirect argument
that for identical particles the amplitude should be maxiatahe region of overlap
and the scattering at 90 degrees was seen as the region HmvEhey adjusted the
relative sign for this. We will show in the next section thhistis not the case and
that actually at 90 degrees the amplitude is zero. This dgin@s the crosssection con-
siderably. We have verified this result with the use of thenPats [3] system and it
agrees with our findings.

This letter is arranged as follows. We start with explainiing relative sign of the
graphs in the formulas, using the tree graphs as an examplen We show the di-
agrams to compute and how the sign of the tree graphs trarisféhe loop graphs.
Because the calculation itself can be done in many ways amé@&\wen be done auto-
matically with systems like FeynArts, we don’t go into unassary details. Finally
we present the new numbers and show a few distributions.

2 Thecalculation

The lowest order of the reacti@te™ — hhhas in principle three diagrams, which we
will label the t-channel, the u-channel and the s-chanreghls.
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Fig. 1: The three tree graphs for the reacto®™ — hh

Because of the very small coupling of the higgs to the eladinese diagrams are
suppressed by powers @ie/My )? which is a number that is less than 0. The
t-channel and u-channel graphs have two of such powers ast¢hannel graph has
only one. Let us however, for study purposes, look at theatiokl and u-channel
graphs assuming that the coupling is a fixed constant c thedrdiodepend on the
electron mass. In that case the amplitude for the t-chamaphgoecomes:

oy, o
A= ) IR R ®

Using the Dirac equation in the limit that the electron massfo zero this gives

A=~ L W(po) vk u(pa) @

For the u-channel diagram we have to exchapgend p, and hence alsb andu
which gives

1
Ay = —cza\‘/(pw Yubb U(pa)

= +c? % V(Po) YuPh U(pa) (3)

in which we replacedx, by pa+ pp — p1 and thep, and p, can be removed with
the Dirac equation. It is this change in sign, which at firgik® counter intuitive,

that caused all the problems because this way the sum ofd@ntrel and u-channel
graphs becomes proportionaltte u:

t—
AtAs = 2 V(o) bl u(pa) @

and the result is that at 90 degrees this part of the amplitadeshes. The complete
matrix element is still invariant under the exchangé ahdu as(t — u)? and(tu) are
invariant under this exchange and atkindu dependence can be written in terms of
these two variables. Their contribution to the full matrigraent becomes:

AAR — 26 EW M 5)

tu tu

We leave out the s-channel graph because the equivalenbopgtaphs are not im-
portant: they always vanish in the limit that the electrorseia put to zero.
Let us see how this works out at the one loop level.
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Fig. 2: Some one loop graphs in the reactoo®™ — hh

There are two types of diagrams: the ones with the vectorrisand the ones with
the ghosts. As it turns out, the ones with the vector bosamsha@ easier ones as they
involve only one power of the loop momentum in the numerafue to the Dirac
equation and the fact that the loop momentum gives us, aftegiation, only Lorenz
tensors that involve the external momenta only the box diagrare nonzero in the
limit that the electron mass becomes zero. If the terms inagrdm have only an
odd number of gamma matriceg (counts as an even number for these purposes),
eventually the diagram becomes of the type

A = \_/( pb) Vulel (F]_(S,t, U) + FZ(Svtv U>y5) U( pa) (6)

and when exchangin@ps,t,u) and (pz,u,t) we get the same minus sign as before.
This is different for an even number of gamma matrices wherdave a relative plus
sign. In the case of the standard model however we have oafyrains with an odd
number of gamma matrices when we put the electron mass exeeild.

While doing the calculation we ran into another problem wéferencel[1]. Their
figures show a rather strange and unphysical behaviour vitegniggs mass is varied.
We could track this down to the exchange of two indices in adem their equation
8. Once this is corrected we get a much more physical behaglthwough we still
don’t get exactly the same result. There are however notgndatails to investigate
this further. We don’t understand the statement in refexrd8¢ that they agree with
the previous paper as they seem to have only a problem withetagve sign of the
diagrams.

For the rest the calculation was rather standard. We ewluhe standard model
higgs reaction first using FORM[4] to reduce to scalar lodgegnals according to
the methods in ref [5]. Then we did the scalar loop integrgistandard techniques.
Eventually we also used FeynArts as an extra check as onédstade disagreement
with two papers not lightly. We would also have used the GRAGEsystem as a
check, but unfortunately the version we had wasn't readyt fget and for the version
that might have handled it we didn’t have the proper suppgnrograms.

3 Results

Because in the old calculations the amplitude reached aimamiat 90 degrees and
the new calculation gives zero there, it should come as riserthat the total cross-
section is now significantly smaller. We give some numbers:



CM energy(GeV)| Higgs Mass(GeV) Crosssection(fb
500 120 0.0157
500 150 0.0116
1000 120 0.00964
1000 150 0.00924
1000 200 0.00791
1000 300 0.00439

Corrected crosssections for the reacttoe™ — hhin the standard model.

In the table we show a number of crosssections for differeatgies and masses.
This can be used as a reference to test programs. For tharmpophstants we used
the running values. This is not automatic in the FeynArtsesyis
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Fig. 3: The crosssection as a function of the mass of the higgs

In figure 3 we present the crosssections as a function of tles wfehe higgs. We
notice that for purely polarized beams we can get a four tiarg®r crosssection.
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Fig. 4: The polarized and unpolarized crosssection as ditumof the CM energy.
The mass of the higgs is 120 GeV.

In figure 4 we show the crosssections as a function of the C\ggrfer a 120
GeV higgs mass. We see a slowly declining crosssection wieeararaway from the
threshold. This must clearly be a loop effect, as the trephgravould show a slow
(logarithmic) rise.
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Fig. 5: The differential crosssection w.r.t. theta in the @&me. The mass of the
higgs is 120 GeV and the total CM energy is 500 GeV.



In figure 5 we see the differential distribution in terms oé tos of the CM az-
imuthal angle. As mentioned before, this distribution dbddae zero at 90 degrees
when co$ = 0. The immediate consequence of this is that if the energyishbove
threshold, one should look for these events in a differegibreof phase space than
the one that the previous papers would indicate.

We have also redone some of the MSSM calculations of ref [8}.tlkis we used
solely the FeynArts system|[3] 7]. In this case the situaisgpotentially more com-
plicated, but the diagrams with even numbers of gamma neatbetween the spinors
are much smaller again and hence the same sign problem ninatélsd¢ crosssections
becomes correspondingly smaller than in the original datmn. This means that
the ratio between the signals from the standard model an8®&M model doesn't
change significantly.
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