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We investigate the decoupling properties of the Higgs-sector-induced one-loop corrections in the lightest
Higgs-boson self-couplings, in the framework of the minimal supersymmetric standard (M&8M). The
renormalizech-point vertex functions with external Higgs particles in the MSSM and in the SM are derived to
the one-loop level and compared in thile,o> M limit. The computation has been done in a gen&afjauge
and the on-shell renormalization scheme is chosen. By a comparison of the renormalized lightest Higgs-boson
h® vertex functions with respect to the corresponding SM ones, we find that the differences between the
predictions of both models are summarized in the lightest Higgs-boson mass cortektjpn Consequently,
the radiative corrections are absorbed in the Higgs-boson mass, and the trilinear andnjuseticcouplings
acquire the same structure as the couplings of the SM Higgs boson. Therefore, decoupling of the heavy MSSM
Higgs bosons occurs and the MSS# self-interactions converge to the SM ones in Mgo> M, limit.
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[. INTRODUCTION mechanism experimentally. The reconstruction of the needed

self-interaction potential requires a knowledge of both the

The expectations of the discovery of at least one lightrilinear and quartic self-couplings of the Higgs boson. Since
Higgs particle at the next generation of high-energy colliderghe predictions of these self-couplings are different in the SM
have greatly increased in recent years after the valuable datad in the MSSM, their experimental measurement could
taken at the CERN:" e~ Collider LEP and Fermilab Teva- provide not just an essential way to determine the mecha-
tron[1]. The standard modéSM) Higgs-boson maskl Hep nism for generating the masses of the fundamental particles
is now constrained by the worldwide electroweak data to bdut also an indirect way to test supersymmetry. In the SM, at
My, <195 GeV and by the direct search performed at thehe tree level, the Higgs boson self-couplings are uniquely

LEP ” machine to beMH >114 1 GeV, both at 95% C.L. determined by the Higgs-boson mqu;, and the vacuum

In the minimal supersymmetnc standard motBSM), on expectation value of the Higgs-boson fleldor equivalently
the other hand, the mass of the lightest neutral Higgs pate W boson massvl,, and the SU(2) gauge COUP“”QQ,
ticle, Mo, is predicted to be bounded from above blyo  Sincev=2My/g. More specifically\un=3M_ /v and
=135 GeV and the direct searches at LEP give a 95% C.Lx,,,,,y= 3|\/|H /02 In contrast, in the MSSNI2], the tree-

exclusion limit ofMyo>91 GeV. This remarkable shrinkage level trilinear and quartiti® couplings are determined by the

of the allowed mass range of these Higgs particles has e
hanced even more the expectations for their discovery at tr%U(Z)L gauge couplingg, the weak angld, the Z boson

forthcoming CERN Large Hadron Collidét.HC) and the MassM, the ratio of the two Higgs-boson vacuum expec-
next runs of the Fermilab Tevatron. tation values, ta= vzlvl, and theCP-odd Higgs-boson
Assuming the hypothetical discovery of one of these twoMassM a0, that is,\jny=3(gMz/2cy,) cos Zvsin(+a) and
light Higgs particles in the next generation of colliders, theNannn=3(9%/4c,)cos2a, with the mixing anglex and Mo
next challenge will be to measure its mass and couplings tbeing derived quantities fror®, Mo, and M. For arbi-
all known particles, including its couplings to SM fermions trary values of the MSSM Higgs-sector input parameters
and SM gauge bosons, as well as the Higgs-particle seltanB andM o, the values of these self-couplings are clearly
couplings themselves. The measurement of these parametelifferent from those of their corresponding trilinear and quar-
can serve to unravel the supersymmet8JSY) or nonsu- tic SM couplings. However, the situation changes in the large
persymmetric origin of this Higgs particle, and, more specifi-pseudoscalar-mass limivl jo>M,, yielding a particular
cally, to distinguish if this is the SM,Hgy,, or the MSSM,  spectrum with heavyd®,H*,A° Higgs bosons having simi-
hC. Particularly relevant will be the measurement of thelar massed/ ,o=M =M o, and a lighth® boson having a
Higgs-boson self-couplings in order to establish the Higgdree-level mass ofl,0=M|cos 28|. This M 50> M limit is
referred to in the literaturéand in the present work from
now on as thedecoupling limitof the MSSM Higgs sector

*Email address: malcon@fis.ucm.es [3], because th&@® tree-level interactions with the SM fer-
TEmail address: herrero@delta.ft.uam.es mions and SM gauge bosons resemble the correspond-
*Email address: hollik@mppmu.mpg.de ing SM Higgs boson interactions. Furthermore, in this
SEmail address: siannah@particle.uni-karlsruhe.de large pseudoscalar-mass limit, which also implies-
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—72, the h® self-couplings approach, respectivelzy‘,ﬂhh low-energy scale belowl 4o. This will give us the values of
23g/2MWMﬁo and \Jnn=39%/4MaM ﬁo and, therefore, the low-energyh® self-couplings that we are looking for. In

; ; ; der to address the comparison with tte,, self-couplings
they converge as well to their respective SM Higgs bosor?" . ; .
g . . . Y we foIIovv_ _the so-called matching procedL[HaS]'m which
self-couplings iy, is taken to be equal thlyo. We can the quantities to be compared are the renormalized 1P| Green

therefore conclude that, at the tree level, there is decoupling,ntions of the two theories. More concretely, we compare
of the heavy MSSM Higgs sector and by studying the lighthere the renormalizetl® 1PI Green functions, in the previ-
Higgs boson self-interactions it will be very difficult to un- ously mentionediecoupling limit and the corresponding SM
ravel its SUSY origin. renormalizedH gy, 1P!I functions at the one-loop level, and

In this paper we are concerned with the behavior of theye find that they are indeed equal for all the studiegbint
self-interactions of the lightest MSSM Higgs boson beyondfunctions (=1, . .. ,4). Inparticular, then=3,4 cases show
the tree level, where important radiative corrections fromexplicitly the convergence of the MSSM self-couplings to
various sectors are expectpt-10]. In particular, the one- the Hgy, self-couplings at the one-loop level that we are
loop corrections from the quark and squark sectors ar¢ooking for. We also show that all the one-loop effects from
known to be large, specially in the low t@andM o region  the heavy Higgs-boson modét’, H*, andA° in the low-
where they can amount up to 5% even for heavy squarks ignergyh® self-interactions either are absorbed into a redefi-
the TeV region 9]. We focus here on the one-loop radiative nition of the low-energy parametefsoncretely,M o), or
corrections to théh® self-couplings from the MSSM Higgs else are suppressed by inverse powenslgf. Consequently,
sector itself, and study the decoupling behavior of these corand following the lines of the Appelquist-Carazzone theorem
rections in the limit wheréi®, H*, andA° become quaside- [14], we conclude that the heavy Higgs bosétfs H*, and
generate and very heavy as compared to the electrowea do decouple from the low-enerdy self-interactions, not
scale, whileh® remains light,M,0=<135 GeV. We address just at the tree level but also at one-loop level. This indicates
the question above about the possible convergence or divethat it will therefore be very difficult, even with high-
gence of these self-couplings to the SM ones and draw corprecision experiments, to distinguish &f from the SM
clusions about the important issue of the possibility of dis-Higgs boson by studying their self-interactions, if the pseu-
cerning betweeh® andHs,, in the decoupling limitthrough  doscalar boson mass turns out to be large.
the study of their self-interactions. The paper is organized as follows. In Sec. Il we briefly

From the more formal point of view of the effective field present those aspects of the MSSM that we are interested in,
theory, such study corresponds to determining the lowfixing our notation. A discussion of the one-loop MSSM
energy effective action describing tH€ self-interactions  Higgs-sector contributions and the analytical results of these
that is obtained after integration of the heavy Higgs-bosortontributions to then® self-interactions in thedecoupling
fields,H?, H*, andA®, and to deciding if these effectiv€® |imit are included in Sec. Il A. Section I B is devoted to the
self-interactions, which are valid at low energigsM po, on-shell renormalization procedure, where the expressions
are the same or not as the SM ones. In fact, whenever for the n-point vertex function counterterms, in thid o
symmetry is present in a fundamental theory and one is in>>M, limit, and also the explicit asymptotic results for the
terested in having this symmetry also in low-energy effectiverenormalization constants are presented. Finally, in this sub-
theory, the particles to be integrated must satisfy a completgection we give the renormalized vertex results indaeou-
representation of that symmetry. In our case, the MSSMling limit. A discussion of the Higgs-boson self-couplings in
plays the role of the fundamental theory and it is SY(2) the SM, by giving the one-loopisy, self-coupling correc-
X U(1)y gauge invariant. Therefore, the SM, which is alsotions, the results for the renormalization constants by assum-
gauge invariant, could be obtained in principle as an effecing the on-shell scheme, and finally the SM renormalized
tive theory from the MSSM only if one integrates both of the vertex functions, is presented in Sec. Ill. A comparison of the
Higgs MSSM doublets which included®,H*,A% the Gold- results for the renormalized-point functions in the two
stone bosons, and thie’ itself, and not only the heavy theories is examined and discussed in detail in Sec. IV. Fi-
modes. This is why we consider here the integration of alhally, the summary of our conclusions is presented at the end
the MSSM Higgs-boson modes. of this last section.

The computation of the low-energy’ self-interactions
can be performed in two ways: either by integrating out the
Higgs-boson fields in the path integral formalid,12], or Il. MSSM HIGGS SECTOR
by S‘a”d'.”“d Feynman-diagrammatic _methods. We wil The Higgs sector of the MSSM involves two scalar dou-
choose this second method here and proceed as follows. VY)GI:

evaluate the one-particle irreducib{&Pl) Green functions i ef}%iﬂig‘:? |2n I:vsgde;;ﬁs?;\{:nin\;?/iie;utoelrf_rr?;it?ovyrr;e
with externalh® particles to one-loop level and then we yp y persy Y-

evaluate the corresponding renormalized 1Pl Green func;[-\’vo'dOUblet Higgs potential is given {]

tions by fixing the on-shell renormalization scheme. We will o -

concentrate on studying the behavior of these renormalized V=m?HH,+maH,H,+ m2,(e,xHZH5+H.c)
vertex functions in thelecoupling limitwhereH®, H=, and P )
A% are much heavier thaf, while both then® massM 0 and L9 g (HiH1—HoH,) 2+ g—|H 2 @
the momenta of the extern&l® particles remain at some 8 e R
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with the doublet fielddH,; andH,, the soft SUSY-breaking

termsm;,m,,m;,, and the SU(2) and U(1), gauge cou-
plingsg,g’.
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However, there are large radiative corrections contribut-
ing to theh® self-couplings. The(?(mf) top-quark and top-
squark contributions were presented recently9h with a

After spontaneous symmetry breaking induced throughdiscussion of decoupling of heavy top-squark particles in the

the neutral components &f; andH, with vacuum expecta-

one-loop contributions. Now we will investigate the one-

tion valuesv,; andv,, respectively, the MSSM Higgs sector loop contributions to thd® self-couplings originating from

contains five physical states: two neut@P-even scalars

(h® and H?), one CP-odd pseudoscalarAl), and two
charged Higgs-boson stated ). All quartic coupling con-

the MSSM Higgs sector itself. Thereby, in principle, all
kinds of diagrams involving gauge bosons, Goldstone
bosons, light and heavy Higgs bosons, have to be taken into

stants are related to the electroweak gauge coupling comccount. Some simplifications can be made, however, when
stants, thus imposing various restrictions on the tree-levebne studies the deviations of the MSBMself-couplings
Higgs-boson masses, couplings, and mixing angles. In pafrom the corresponding SM ones.

ticular, all tree-level Higgs-boson parameters can be deter- (i) The subset of diagrams with only gauge bosons flow-

mined in terms of the magdd o of the CP-odd Higgs boson

ing in the loops and the subset of diagrams with both gauge

[Mi():miz(tanlg+ cotB)], and the ratio of the two Higgs- and Goldstone bosons give the same contributions tdithe

boson vacuum expectation values, v, /v,. The other

vertex functions as to thelgy vertex functions, which we

masses and the mixing angle for the CP-even states have checked by explicit computation. The only differences
(h%HO are then fixed, and the trilinear and quartic self-come from the extra sif—«) factors appearing in tha°

couplings of the physical Higgs particles can be predicted. case, but these factors tend to 1 in the decoupling limit.
Our main interest is in the ||gm0 Se|f.coup|ings7 given at Therefore, these kinds of diagrams do not contribute to the

the tree level by

M
A= 3%; cos 2 sin(+a),
g2
Mpphn=3— cos2a. )
4dcy

differences betweem® and Hgy, in the decoupling limit,

M p0>M 5, and do not need to be considered in our analysis.
(i) The contributions from loop diagrams with heavy

Higgs bosons 1°,H* A% together with gauge bosons al-

ways go with factors co®— «) and, therefore, they vanish in

the largeM 5o limit. We have also checked this explicitly. We

thus do not need to consider these diagrams here either.
(iii) Diagrams involving loops with MSSM heavy Higgs

of the SM Higgs bosofsee Eq(32) of Sec. Ill. However,

boson do not appear in the SM. Contrary to the previous

the situation changes in the decoupling limit of the HiggsCase, the vertices in these Feynman diagrams are not propor-
sector[3], which implies a particular spectrum with very tional to cosf3—«) and they do not vanish in the decoupling

heavy and quasidegenera#®, H*, andA° Higgs bosons,
obeying
2

w

2
A0

2

MZ.=M3o| 1+

M2
1+(1-cos2B)—5
Mo

Maonio ) 3

limit. These diagrams must therefore be included explicitly
in our computation. Moreover, the purely MSSM heavy
Higgs-boson one-loop contributions are obviously an exclu-
sive property of the MSSM and thus they have to be taken
into account as well. In addition, there are contributions from
diagrams involving just Goldstone bosons and the lightest
Higgs boson in the loop# priori, they do not look the same

in both models. However, as we will see in course of the
discussion, they converge to the SM ones in lihgo>M,
limit (see Secs. Il A and I]I

and a lighth® boson, close to the electroweak scale, with a  For a transparent discussion, we present the details of the

tree-level mass of

tree
M ho =

zlcos 26]. (4)

This limit also impliesa— B— /2, and thus the tree-level

self-couplings(2) tend toward

2 tree

g
)\ghh=3th° '

2

9
My

2
)\ghhh::g Mhotree. (5)

Consequently, the tree-level couplings of the lig®-even
Higgs boson approach the coupling®?) of a SM Higgs
boson with the same mass in the decoupling limit.

computation in the following subsections. First, we will give
the one-loop results for the unrenormalized vertex functions
of the lightest Higgs bosom®, by considering the limit

M a0>M in the MSSM Higgs sector. Then, we give a dis-
cussion of the on-shell renormalization scheme for the
MSSM Higgs bosons and list the expressions forifeer-

tex function counterterms and the explicit results for the
renormalization constants in the larlye.o limit (Sec. |1 B).
Finally, the renormalized vertex results are given at the end
of Sec. IIB.

A. Higgs boson self-couplings in the largeM 5o limit

From now on, the general results for thmepoint (n
=1,...,4) renormalized vertex functions will be summa-
rized by the generic expression
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= s O(M2/M?%,) [see Eq(3)], and correspondingly the angle
t ,‘. - s expansion leads té?(M%/Mf\o) terms, such that
r¢ _____ ‘lzl_ _________ II, \‘,_____ %
! \ s i — ~ — ~ =
é @ ¢ __ ¢ sin(B—a)=1, cogB—a)= "2 S5C 2.,
é S A0
- Y
---= 81 - SIN(A+a)==Cap| 175 So5 |
| & NN A0
S ~L_T_ o O~
S M2
Z ~2
¢ 6 ¢ ¢ cog B+ a)=S,; 1+—-C% |,
AN ¢,§‘ ‘75//’ ---l\\\S ¢’/' ~“|----|"’_— Ileo
\\ K // ! \\ // : !
AR SN SN n2a= S, 1122 2
=N 1. ~ i sin 2a=— +2—-—
’ ~ s S ~ - S~ B 2 2B
¢ S ‘75 ¢ ! ¢ S ¢ MAO
2
FIG. 1. Generic one-loop diagrams contributing to thpoint . _ Mz 2
(n=1,2,3,4) functions of the Higgs boson. Herg=h° (¢ C0s 2=~ Cap| 1 2M20525 ' @)
=Hg,) in the MSSM (SM) case and correspondingl@ A
=h%G%G* HOH* A? (S=Hgy,G° G™). Here, and throughout this pape€,;=cos8 and S,
=sin 28.
Finally, with the explicit results for the one-loop integrals,
rO=rM+ATO=TM+AT™+ sT(M (6)  We obtain the contributions to the-point functions. For a

later comparison with the SM, it is convenient to split the

where the subscripR denotes renormalized functions, the results according to
subscript 0 refers to the tree-level functions, the one-loop (M) _ A (n)liont (n)mixed (nyheavy
contributions are summarized i&l'{"V , and 6T'{]” represent A=Al +ATw  +ALw ®

1 1 - light
th_e counterterm contr|but|(cr>]§13. The sum of these two last Cor\NhereAFﬁl%) ™ refers to one-loop diagrams with Goldstone
tributions is denoted by I'y},. HereH refers to the external o s ] ) (nymixed
Higgs-boson particle, which corresponds to the lightesPosons G°,G™) and the lightest Higgs posdr?, AT
CP-even Higgs bosoii=h° in the MSSM and to the SM  refers to the one-loop diagrams involving heavy Higgs par-
Higgs bosonH=Hg,, in the SM case. The tree-level func- ticles (H°,H* A together with theh? bosonhor Goldstone
. . .y ea\
tions in the MSSM'"),, for n=3 andn=4, are the trilin-  bosons flowing in the loops, and, finall&,l“ff)) " refers to

Oho ’
ear and quartit® Higgs self-couplings, already given in Eq. the diagrams with MSSM purely heavy Higgs contributions
(2), andT' %= — (g2~ MZ5™9. Obviously,I'{H=0. (only H®, H*, andA® in the one-loop diagrams

We will present in this subsection the results for the one- We first list thelight one-loop vertex terms. Note that for
loop contributionsAT'{Y that come from the diagrams shown OUr study bgth the momenta of the exterhllines and the
generically in Fig. 1. The computation has been performednasses oh”,Z,W= are quantities to be considered at the
by the diagrammatic method utilizingeynARTS 3 and ~ 1OW-energy scales beloM xo. The corresponding subset of
FORMCALC [15], and the results are expressed in terms of théliagrams is depicted generically in Fig. 1 for the MSSM case
standard one-loop integral6]. We have made the compu- PY settingg=h"andS=h",G",G~. The contributions from
tation in a generaR, gauge and we have used dimensionalthe first three-point diagram and from the last two four-point
regularization to compute the one-loop integrals. Some dediagrams are UV finite. The residual diagrams give both a
tails of how to compute the integrals in the large mass limitfinite contribution and a divergent part. Expressed in terms of
M ,0>M, can be seen ifill]. In the decoupling limit, the the scalar one-loop integral46] in the convention of17],

light
heavy Higgs-boson masses have similar size, up to terms efe have, forAFf]%) " in the largeM , limit,

: gM
AT = =" Cou3A0(M7o) + Ao EM2) + 2Ao( MY,
T Cw

2

g

o820 CE4{3A0(Mpo) +Ag(£M2) +2A0( EMG) +M3CE L 9Bo( 02, Mpo, M o) + Bo(0%, EMZ, EM2)
W

AFE%)Iight:

+2Bo(q%,EM2Z,,EM2) T},
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g

AT Blight — M
T o56r2cd,

C34{[9Bo(G2, Mo, M o) +Bo(2, M3, EM2) + 2Bo(02, €M, EME) + (g —p) +(q—1)]

+2M2C34[27C(92,p2 2 M0, M0, M{0) + Co( 0%, p%, 2, éM3 £M3  £M2)
+2Co(0?,p?,r2,EMGy, M, EMB T,

(4)I|gh g4
o 2.4
5127°cyy

+(p—1)]+2M32C3 4 27Co(a2,p2,(q+ )2, M0, M0, M o)+ Co(a%, p%.(a+P)2, M2 ,EMZ,£M2)

+2Co(q% P2, (q+ )% €M, EMG, EME)(p—T) + (p—1) +(q—t,p—T) +(q—p,p—T)+(q—p,p—1)]
+2M3C3 [ 81Do(q2,p2,r2,t2,(q+p)2,(p+1)2, M0, MZo, Mo, M{o)

+Do(02, p% 12 t2,(q+p)2, (p+1)% EMZ EMZ,EMZ EMD)

+2Do(0?,p? 1%, t%,(q+p)2, (p+1)2%, EMG,, EMG, EMG, EME) + (r—t) + (p—T) T} 9

C34{[9Bo((q+P)2,MZ0,M0)+Bo((a+p)2, M2, EM2) + By((q+p)2, EME,,EME) + (p—T)

Hereq, p, r, andt denote the external momentd,is the  structure of the unrenormalized SM one-loop vertex func-
gauge parameter, ang,=cosé,,. Notice that these contri- tions (33). Therefore, we conclude that the contributions in-
butions aret-gauge dependent. In addition, since they showvolving only Goldstone bosons and the lightest Higgs boson
an explicit dependence g, they are different from the SM N the loops are the same in both models in Mgo>M;
ones for arbitrary tag values. However, as we will see ex- Imit. This is equivalent to stating that the difference between
olicitly in Sec. Ill [see Eq.(33)], they converge to the SM the one-loop unrenormalized-point functions of the two

. _ . oS . theories in the decoupling limit originates only from dia-
ones in theMxo>M; limit. ThtlrJeS by identifying the light  §-2ms including at least one heavy MSSM ng?s particle.

CP-even Higgs-boson maddl o =M|C,4| with the SM  These contributions CorrespondA@(n)heavyandAF ) mixed
Higgs-boson masM | , the contributiong9) acquire the  which read as follows:

2

eav' M
ar@ . 9%z A+1- Iog—

2m?c

MZo(1+2c3,—3C3p)

w
2

Mo
+ M3 6C3:S55+ 5 Lo 9CH,+4ch+7C2,— 2Czﬁcw)< Ioglu—/;
0

} ; (10

2

2 M
h 0
@e__ 9 A +1-log—o

AT M24(1+2c2,—3C2,)
he 64m2cs, | A W =2s 2
2
M2 002 2+ E6-act +12ct +C2 10022 A —logo
z 25528 2( 28 CwT Cop 25CwW) | Ae OQ—MZ ,
0
(2)m|xed 92 MZO
AT ¥ M26C3,S5, A +1- Ioglu— (11)
W 0
2
heavy 393 A0
ATS) (1+3C4,+2ct—3C2,—2C2,¢2)| A, —log—>-|,
ho 64«7720\3,\, M 28 w— 9L 2L o5C0w g Mé
(S)mlxed 393 M 20
T Y M6C3,S5,| A +1- Ioglu— (12)
W 0
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(4yheavy 3g4 Mio
AT = ———(1+3C%,+2c —3C%,—2C2,c2)| A, ~log—= |,
ho 128772(:\4/\/ 2B W 28 250w ¢} MS
(A)mixed 394 Mio
AT =——6C2,S2,| A,+1—log—=]|. (13
h° 128m%cy, 2620 A g wh
[
(l)mixed

Obviously, AT ¢ =0. Here uo denotes the scale of the heavy Higgs MSSM particles manifest as some divergent
dimensional regularization and the singullg term is de-  contributions inD=4 and some finite contributions, one of
fined, as usual, by which is logarithmically dependent on the heavy pseudo-

scalar Higgs-boson madd .o and the other one is quadrati-

cally dependent oM po. Obviously, all the results displayed
Ae:; —yetlog(4m), e=4-D. (14) up to now are, in general, UV divergent. In order to get finite

1PI Green functions and finite predictions for physical ob-

Terms that are suppressed by inverse powers of the heawgrvables, renormalization has to be performed by adding
mass Mo and thus vanish in the decoupling limit are appropriate counterterms. This is the subject of the next sub-
dropped in the expressions given above. Contrary to the onesection.
loop contributions from diagrams with Goldstone bosons and
the lightesth® Higgs particle(9), the aboven® vertex func- B. Renormalization in the MSSM
tion contributions are¢-gauge independent. The Feynman

diagrams contributing to the one-loop MSSM heavy Higgs- ) R
eters of the Higgs potentiah;,m5,m7,,9,9" and the two

(n)heavy - ) )
boson sector partAl (n=1,... _’4)’ appearlng_ n vacuavq,v, are replaced by the corresponding renormalized
Eqso. (10)_(1_3) can ibe gxtracted from Fig. 1 by choosilg  harameters plus counterterms. This transforms the potential
=h" and S=H",H~,A". The contributions from the first \;jn v+ sV, whereV is expressed in terms of the renor-

diagram in the three-point function and from the last tWojizeq parameters, anf/ is the counterterm potential. By
diagrams in th_e _four-pomt fungtmn are finite and van_lsh iNysing the standard renormalization procedi@ 19
the M po=>M3 limit. The remaining diagrams are UV diver-

gent and contain a logarithmic dependence on the heavy mi2—>Z,§_l(mi2+5mi2),

pseudoscalar madd o and, forn=1,2, a quadratic depen- i

dence orM o as well. In contrast, the mixed diagrams do not

give M5, terms, but they are logarithmically dependent on mizazgll’zzgzl’z(mfﬁ sm2,),

M po. The corresponding specific Feynman diagrams are ob-

tained from Fig. 1 by takingp=h° and accordingly to the 1

light and heavy particles that can be flowing in the loo®s, vi—Zy(vi—ov),

=h0G°%G* H° H* A°. More specifically, the mixed dia-

grams that give contributions different from zero in ithe-

coupling limit correspond to the third, fifth, and sixth dia-

grams in Fig. 1, withh® and H® (S=h°H?), G°, andA° S o

(S=G°,A%, andG* andH* (S=G*,H¥), in the two in- with Higgs-field renormalization constani&y, , and by us-

ternal propagators of the loops. ing the minimum condition on the potential at tree level, we
Let us remark that, in these results for the unrenormalizedbtain the counterterms for threpoint (n=1, . .. ,4) vertex

vertex functions, all the potential nondecoupling effects offunctions. The results in théecoupling limitare

For a systematic one-loop computation, the free param-

9-21Z; 9, 9'—2iZ7 ', (19

192

42

M
5rﬁ%)=gijczﬁuz(sinzﬁazH2—cos?ﬁazHl) — M2+

1
22 32 2
1% C235U—§U C2B5G
MZ| o?

z| 9
+CopSop—7 | 5 S2p0 [ 6Z1,(2Co5— 1)+ 6Zy (2Co4+1)]
Mo | 16c,

2

g

—C 52025u+1u3c S, 36G?
4c2 2B2pB 2B2p ’
Cw

—v8C3,— 5
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T8 =0?| (siPBoZy +co$BoZy )+

AO

g 2

2 — C3,6G?

3 2
—26C3 9

2

ST = °

4C22

M2

9 g°
+— CZBSZB >
A0

3
5r(4>——czﬂ

+6Zy (2Co5+1)]+ CppS,56G?

Mz )
7 CopSop(0Zy,—
+Cy5S, M%
2
B ﬁMiO

3
Z_T\zNCZﬁSZBU 5U +ZUZCZBSZB562 y

L9 9
(sunzﬁazH —CoSBEZy )+ —
W

=z ——S,40[ 6Z44 (2C 5~ 1)+ 6Z (2C5+1)]—

z (smzﬁﬁzH —C0SB6Zy ) — C,p6G?
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5Zu) |+

2
g .
2
7| Caev C\2N(5|n2,852Hz—co§,852H1)

3¢?
gszﬁuz[ 6Zy1,(2Co5— 1)+ 6Zy (2Co5+1)]
W

5 Copu —vC,6G?

2
2 — C2pS:500 +0CppS,56G? |,
ca

w
9 M2 | g2
+- CZBSZ 2 —5 S50 6Z14,(2C25— 1)

(16)

Here aIIO(M%/MiO) contributions are still explicitly included. We have introduced the abbreviations

8G?=59°+ 89'?=g%(26Zy'~ 3623 —9'?5Z5,

SMZ,=cogBom; + sirf BSm5+ S,50m7,,

VOUV=010V1FT V0V,

5C12— Cop 5m12+ 28

Correspondingly, the tadpole counterterm for tH& Higgs boson,sT%)

with

£ (om3—

v2=vi+v3,

om?). 17)

no, and the counterterm for the pseudoscalar

two-point function 6FA0 , Which are necessary for the MSSM on-shell renormalization, are given, in the decoupling limit, by

e =~ Mg o~ 14Cop) 67 + (14 Cp) 82y 1 +08CEt
Ho= 8CW32EU [( 28) 0Zp,+( 2p)0Zy ]+ v6CT, 45

2

—CopSop—s MZ. -

2

g

o Q= q2(sirtBoZy + oS B6Z,) —

2
Cw ov
x| = 8G?+ 62y, + 67, —2—).
g 1 2 v

We note that noO(Mio) contributions to the renor-
malization constants6G2,6v, and 0Ly, (i=1,2) exist.
Therefore, terms of the type O(M%/Mig)-5Gz,
O(MZ/M3%0)- v, or O(M3/MZo)-8Zy in Egs. (16) and
(18) can be safely neglected.

z —(1-2C ﬂ)v3(S|n2/5’EZH —coSB6Z, )+05M

19¢°, 1
2 —5 U CZBSZB U_§U C2BSZIB5G

2

9 1
C230250+8v3C 40G%|, (18
1 nz 2 S2 2 f 2 1 gZ 2R2
E(SI Bomi+co ,85m2—sm2,85m12)+§c—2v Cop
W
(19

In the on-shell scheme, the counterterms are fixed by im-
posing the following renormalization conditiop8,21]: the
on-shell conditions foMy > and the electric chargg as in
the SM; the on-shell condition for th&” boson with the pole
massM 4 ; the tadpole conditions for vanishing renormalized
tadpoles for both thel® andh® Higgs fields, i.e., the sum of
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the one-loop tadpole diagrams fidf,h® and the correspond- Sv ) tanB—cotB 5

ing tadpole counterterms is equal to zero; and the renormal- 27= _EAO(MAO)'I'M—EAOZ(MAO)

ization of tanB in such a way that the relation tgh ‘

=v,/v, is valid for the true one-loop Higgs minima. 2(0) C\%\/ Ez(Mé)
Notice that the above condition for vanishing renormal- +32(0)—2= ==~ — >

ized tadpole diagrams ensures thatv, determine the mini- Cw Mz sw Mz

mum of the one-loop potential. The relation @& v, /v, in s 2
terms of the “true vacua” is maintained by the condition Cw— Sw 2w(Mw)
dv,lv,=6v,/v,. By the above set of conditions, the input sa Mz,
for the MSSM Higgs sector is fixed by th pole massvi 5

and tang, together with the standard gauge-sector input Partial results for the one-loop contributions to the vector
My z ande. boson self-energies can be extracted from the last article in

In order to compute the renormalization constad#s, ,  Ref. [11] or from the first article in Ref[18]. We have re-

5zH , 6G2, andév, we express them in terms of the vector calculated explicitly all the self-energies that appear in Eq.

boson self-energies, th&®-boson self-energy, and th&’Z (20), and we have checked that our results agree with previ-
nondiagonal self-energii8]: ' ous ones in the literature. Here we do not present the inter-

mediate results, but list only the final expressions for the

(20

, otp 2 counterterms.
0Z, =~ 2 po(Mj0) M, 2 p0z(Mjo), First, we found tha¥Z,, , get contributions that are sup-
tang pressed by inverse powers of the heavy nidgs. However,
8Z4,= _EAO(Mio)‘F M_EAOZ(M,ZL\O)v such terms of ordeO(MZ/MAo) to 6Zy , are relevant in
z order to implement consistently th&- boson on-shell con-
. 9 2,2(0) dition AF(Z)(MA0)+ BF(Z)(MAO) 0. Their expressions are
oG 2 #0)—2 av M2 given explicitly in the Appendix.
ci z The various contributions tév and G2 are split again
C\ZN_ EZ(Mi) EW(MSV) into “Iig_ht” an_d “heavy.” The light ones originate from dia-
-— >~ 5 , grams involving Goldstone bosons and the lightésHiggs
Sw Mz M boson in the loops,
SV ighe_ 92 1. 4 4 2 2
— M= — M Z sl Ao(M h0)+A0(§MZ)] 2(1—c3—4ch,+ 4cW)AO(§MW)+ M2ca s Bo(0,6M3,,EMZ)

+4c3(1—-2¢5)?B (M2, EME,,EME) + B M2, M0, EM2) + (1 2¢3)[Boo M3y, MP0, EMZ)

+Bzz<M5v,§M§,gM6v>]}), (2D
2light_ g’ 1 2 2 4 2 L oan 2 2 2
8G9 16t 2 M2 ZCW(1_30W+ZCW)AO(§MW)_§CWSWMZBO(01§MW-§MW)_(l_ZCW)
16cy,sym M2

X[822<M®,Mﬁo,§MSV>—BZZ<M§.Mﬁo,§M§>+BMMMM%,§M6v>—<1—2c6v>2822<M§,§M6v,§M5v>]}.

(22)
|
“Mixed” contributions from diagrams that contain a heavy 4 M2,
Higgs boson together with a Goldstone boson or the light 5GZheavy_g_(l+2CW ZCW) Iog—A ]
in the loops do not contribute to either of these two renor- 96m2c ul
malization constants. Such diagrams are suppressed by the (23

factor cos3—«) and therefore they vanish in tliecoupling
limit. Purely heavy Higgs-boson contributions &0 are of
orderO(MZ/MAo) in the M 40> M limit, and therefore they The only remaining parameters in Ed.6) still to be fixed

also vanish. In contrast, fa¥G2 we get a nonvanishing con- are the mass countertersn;, sm3, and mz,. Their ex-
tribution, pressions are derived from the conditions Kt andh® van-
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ishing renormalized tadpole diagrams and from the on-sheltonstants in Eq(16), we obtain the vertex function counter-
condition for theA® boson. The explicit results for these terms, separated into light, mixed, and heavy contributions in
mass counterterms are given in EGa4)—(A6) of the Ap-  the M ,0>M limit. The one-point counterterm has already
pendix. For completeness, tht° tadpole and theA® self-  been used for the determination of the basic renormalization
energy one-loop results are also presented at the beginning cbnstants and is not required for the further discussion; we
the Appendix. Then, by implementing all the renormalizationthus do not list it here:

2

light g
o =— WCEB{AO(MﬁO)—AO(fMé—(Z— 16c2,+ 16C0) Ag(EMZ) + 8B (M2, M, £M2)
W

+8(1-2¢3)?Bo M3, MG, EMG)T,

light 393 1 1
S = C2, AO(Mﬁo)+AO(§M§)+%(2—180\2,\,+4OC§V—24C\6,\,)A0(§M\2N)

~ 256m2c3, Mz

4 1
+ §C\2,\,s\2,\,M§BO(O,§M\2N,§M\2N)+4%(3c\2,\,— 2)B M2, M2, EM2)

1

2
+4(1-263) 5 [Bao Miy, Mijo, €M) + Boo My, M3, EM3)
W

+(1-2¢5)(3cq—2)By(M3 MG, EME)T |,

F(4)Iight_ 3g* 1,

2
Cw 4
T oEgm2ch M2C23<_8_2 (1= 3ciy+2¢y) Ao EM{y) + 5 ChSyM ZBo( 0£M{y €M)
W z SW

1
+4<1—2c6v>s—2[822<MSV,Mﬁo,fmswBzz<M6v,§M§,§M6v>—Bzz<M§,Mﬁo,§M%>
W
—(1-2¢{)’BoAMZ ,éMG,, M|, (24)
ixed ixed ixed
5Fﬁ%)m|xe :O, 5F§]%)m|xe :0, 61_'5:(1))"“)(9 :07 (25)
2 2
heavy g 2 MAO
ST = — M%o(1+2¢2,~3C2,)| A +1—log—>-
h° 64m2c2, | A W %
1 Mf\o
M2 9C§ﬁS§ﬁ+g(6—45C‘2‘B+ 12C3\,+43C§B—14C§BC\ZN+8C§BC\A,'V)(AE—Iog . ]
0
2
P A W (1+2c4 —2¢2)| A.—log—2
0 - T o2 - e_ R
h 4772(:\3;\/ VALY W W. MS
(4)heavy 94 2 a 2 io
5Fh0 :_WCZB(]-_'—ZCW_ZCW) Ae—|097 . (26)
w 0
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The heavy contributions contain, in addition to the singuladimit, but still the logarithmic dependence di 5o remains.
A, part, finite logarithmic heavy mass terms, and for theSecond, the renormalizég, Higgs-boson self-energy evalu-
two-point function quadratic heavy mass terms also. ated at the physical masé, o allows us to define the MSSM
The renormalized vertex functions in théso>M; limit  Higgs-boson mass correctiahM 5o such thatM so=M 7o'
can now be obtained simply by adding the onejloop. c_ontr|—+AMﬁ0 andAMﬁ():AFggo(Mﬁo). Evaluating the renormal-
butions(9)—(13) and the counterterm@4)—(26). Since itis . 0 . . 2 2 .
just an algebraic substitution, we do not present these resul%ecjh two-point f“”C“?” ag = Mh.o’ we get the following
explicitly here. However, some comments are in order. FirstoN€-100p mass correction for the light Higgs boson:
the quadratic heavy mass terrﬁZf(M;‘;o) in the two-point 5 g
result cancel once we add the one-loop result in(Ef). and AM hozng
the counterterni26). Thus, there are né)(Mf\o) terms left T Cw
in any of the renormalized-point functions in the larg# 0 with

2
M%(‘Plight+q,mixed+ ‘Pheaw)a (27)

W= — C2 {2A0(MZ0) +4(1—2¢2)2Ag(EMZ) + 2A0(EM2) — 8B M3, M, EM2)
light 4M2 2B o\ VKo w/ Mo W 0 z 220Vl 7, Vo0, z
z

—8(1—2¢3)2By M2, EME,, EM3) +M3C3 1 9Bo(MZo,ME0,M%0) + Bo(M 0, EM2 ,EM2)

+2Bo(Mpo, EMG,,EME) T},
2

2 2 Mo
W ixed™ 602,882;3 At1l- |09_2

Mo
2
10 4 2 Mo
W e 1+scég+2ccv—3céﬁ—§czﬂcsv—§céﬁc4w)(Ae—mgﬂ—‘; - @3
0

This mass correction is still UV divergent since we have By taking into account this MSSM Higgs-boson-mass
not included the complete set of diagrams, restricting our€orrection, we can express the renormalized vertex functions,
selves to the subset providing contributions that are differenin a generic way, as follows:
from those in the SM. We have checked explicitly that for
cancellation of the divergences in the renormalized two-point &= — g2+ M2 AM 2o+ WL dem,
function it is necessary to include the subset of one-loop

diagrams accounting for the gauge-boson contributions. We ) 3¢ 5 5 5

have also checked that when the gauge-boson contributions o= SMac (M oyeet AM fo) + W {E25e™,

are included thet gauge dependence in tlight one-loop W

renormalized two-point function disappears. By including all 3g?

1PI1 one-loop contributions, we have checked as well that our 4 _ 2 2 (4) rem

results are in agreement with the complete results for the Frie 4|\/|§c\2,\,(|v|ho"e‘;rA'vlho)jup'\"ss'vI - (30
radiative corrections to the Higgs-boson mass listed in the

literature[22,23. where all the singula, terms and the logarithmic heavy

On the other hand, the contributions from one-loop diamass terms are exclusively containedAMZ,. Thus, the
grams that have at least one heavy Higgs parti#,tea  apparently nondecoupling terms are absorbed in the redefi-

and Wpea,y contain, in addition to the singulak, term, pition of the M0 Higgs-boson mass. The remaining terms,

some logarithmic heavy mass terms that appear like as noRp (2) rem. \pﬁﬂsgsrfﬂm’ andq,%sr&mm Eq. (30) come exclusively

decoupling effects of the heavy particles at the renormalizég. s y\"the light particle contributions and are finite. For in-

Green functions. These apparently nondecoupling effectsnce in the two-point function case we have
however, are not physically observable since they are ab- '

sorbed into redefinitions of the low energy parameters, more W@ M= ATD(q?) - AT (M)
specifically, in the redefinition of the® mass,
tree with AT(2) given in Egs.(9) and(11). For the interpretation
M2=M2 +AM? 29 P haini i :
ho=Mpo + ho» (29) of the remaining terms it is crucial to have also the corre-
sponding one-loop analysis of the SM self-interactions,
with AMﬁo given in Eq.(27). which is done in the next section. As a result, it can be
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verified that, in the largé/ ,o>M limit and by identifying  trilinear and quartic vertices of the Higgs field can be

MESeZ:MicgﬁHMEf:MZ, the remaining terms coincide with derived from the potentiaV, yielding

the corresponding SM ones. 39M£'g;e= 3Mag§e

NHpH= 2Myy v

lIl. HIGGS-BOSON SELF-COUPLINGS IN THE SM ot 12 tree 2 tree
. . 39 MHSM 3MHSM
In the standard SU(2)XU(1) theory, the introduction of NHHHH= =

one scalar field doublet with nonvanishing vacuum expecta- 4M\2N v?
tion value bref_;\ks the gauge symmetry gpontaneou_sly to theiin g being the SU(2) gauge coupling.
electromagnetic subgroup(U). The SMHiggs potential We note once again that the MSSM tree-level self-
N couplings(5) reach the corresponding SM couplings above
V(g)=—u2oto+—(ote)? (31  inthedecoupling limit Here we derive the one-loop contri-
4 butions to theHg)y, 1Pl Green functions, and in particular
those that yield the effective triple and quartic self-couplings.
contains the complex Higgs doublet with hyperchargey ~ Concretely, the generic diagrams from the Higgs sector con-
=1, and the parameters and u related by the vacuum tributing to then-point SM vertex functionsr{=1, ... ,4)
expectation valué( ¢)o|?=v2/2= u?/2\. are shown in Fig. 1 by choosingp=Hgy and S
In order to establish the Higgs mechanism experimentally=Hsw,G%G=. The general results for the-point renor-
the characteristic self-interaction potential of the SM has tdnalized vertex functions are summarized by the generic ex-
be reconstructed once the Higgs particle has been disco®'€ssion(6). The tree-level functions for the SM caskl (
ered. This task requires the measurement of the self=Hsw) and forn=3,4 correspond to the expressions for the
couplings of the SM Higgs boson. These self-couplings ardism Higgs couplings already given in E€82), and the one-
uniquely determined by the mass of the Higgs boson, whic#Pop contributions are summarized &I'{{’ . The compu-
is related to the quartic coupling by Mug,= JV2\v. By  tation was done in a gener&, gauge. The results for
introducing the physical Higgs fieldl =Hsgy, in the neutral AFﬂZM, in terms of the two-, three-, and four-point one-loop
component of the doublet®=(v+H)/\2, the tree-level integrals, are given by

(32

g Mi

SM

1) — 2 2 2
A Gamtoy, My (3Rl Mig,) + Ac(EM2)+ 2A0( M),
¢ Mi

SM

@__ 9
v 12872c2, M2

+Bo(92,EM3Z,EM3) +2Bo(02, €M, EME) T},

{3Ao(ME_ )+ Ao(EM2) +2A0(EMG) + ME  [9Bo(a% ME_ M _ )

Hsm' " Hsm

4
@ __ 9 Musy
v 256m2c3, M3

{[9Bo(0?,ME_ ,M{

Hsm' 7 Hsw

) +Bo(0%,EM3,EM2) +2Bo(q% EM{, EMB) + (—P)
+(a—1)]+2Mg_ [27Co(q? P2 r2 ME ME_ ME )+ Co(0?,p% 12 EM3 EM3 EM2)
+2Co(0%,p% 1% EM{y, MG, EMG) T},

4
4) _ 94 MHSM

Hsw 51272ch, M4

{[9Bo((g+p)2,MZ_ ,MZ_)+Bo((q+p)2EMZ,EM2)+By((q+p)2, EME,, EME)

Hsm' ™ Hswm

)
+Co(@%,p2,(q+p)2,EM2,EM2,EM2)+ 2Co (02, P2, (q+ P)2, €M, EME,,EM)
+(p—=r)+(p—t)+(g—=t,p—r)+(q—p,p—r)+(q—p,p—t)]

+2M{,_ [81Do(q%,p% 1%, t%,(q+ ) (p+1)2 MG ME_ M M

Hsw' "Hsm' " Hsw'  Hsm

+(p—1)+(p—1)]+2Mi_ [27Co(a?,p% (a+P)% ME_  ME_ M}

Hsy' " Hsy' " Hswm

)
+Do(q?,p?, r2,t2,(q+p)2,(p+r)2, EMZ,EM2 M2, EM2)
+2Dg(02, P22 t2,(q+p)2,(p+1)%, MG, EMG,, EMG, EMQ) + (r =)+ (p—1) ]} (33
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These expressions are in general different from the ones ob- (RZA (MH )

tained in the MSSMEq. (9)]. However, they acquire the sMTsM

same structure as in the MSSM in ti,o>M, limit by =AT® (M2 )+6T'® (M2 )=0. (39
Hsm HSM Hsw " Hswm

identifying the light CP-even Higgs-boson mass with the
SM Higgs mass, that iSMﬁSMHMEngMECEB. Conse-  Solving these equations, we obtain
quently, the one-loop light MSSM contributiof@) converge

to the SM oneq33) in the decoupling limit. For complete- ﬂ_ _ g A (M
ness, we concentrate in the following on the SM vertex coun- t 128m2c2 M§{ oM,
terterms by assuming the on-shell renormalization scheme.
+Ao(EM2)+2 Ao(EM)},
On-shell renormalization in the standard model 5
The on-shell renormalization scheme for the SM has been SM2 = g M {[3A )
presented in previous articl¢$7,20,21, to which we refer " 128722, M2 0 HSM

for details. Here we need only the part for the Higgs sector
renormalization. The counterterms are derived from the +AG(EM32) +2A0(EMG)]
Higgs potential(31), via multiplicative renormalization,

2 2 2
(P—>Zi/2<Pa +MH [gBO(MHSM MHSM MHSM)
+Bo(M{_ ,EMZ,EM3)
)\_)sz;z)\, M2_>(M2_5M2)Z*1, zM i ;
+ZBO(MHSM,§MW,§MW)]}. (39

v—>Zi/2 v—25v), (39

Next, we need a condition to fix the field-renormalization
constantsZ,,. The conventional on-shell condition would be
to require unity residue for the physical Higgs-boson propa-

and by expandingZi— 1+ 6Z;. We obtain the following
one-loop counterterms:

W 2Mgcy , ot gator, yielding
FHSM_ g Hsmt
2 2
2MycyM3 __9 2 2
with t= ;V e 5Z*°_128n2c2 M2 w2 OBAME M MR,
’ 2 2 ’ 2 2 2
Hsm H/%%e ’
(40)
ST —— 39 M2 <5Z>\_ ﬁ) which is different from zero. For our purpose of comparing
sMo 2MgCy  Tsm v the SM and MSSM vertex functions, however, this appears
to be inconvenient because in the larlye, limit of the
ST@ — 3g? M2 67 35 MSSM the Higgs field-renormalization constants vanish, as
Hom 4M§c\2,\, Hsm“ M (35 discussed in Sec. Il B, and thus the external lines would carry

different normalizations in the two models. It is therefore
more natural to adopt for the SM a condition that leads to the

with M2 and ét related to the original renormalization con- o .
same normalization and to require

stants by
3 6Z,=0 (41
SME=M3 —3—+502,~ 0Z, + 6u?,
instead of Eq.(40). This is possible becaus#, is a UV-
5 finite quantity. With this condition we can compare the two
ot ov_ow 1 57 (36)  models directly on the basis of the irreducible renormalized
t v M 2 M vertex functions.

Unlike the previous ones, th& renormalization constant
is determined from the gauge sector. We have checked ex-
plicitly that the result forév in the SM corresponds to the
result for dv in the MSSM whenever th#l ,o=>M limit is
considered and by identifyini/l oMy, - Thus, the ex-

ATR) =ATH) +or) = (37)  pression forsv/v in the SM can be obtained from E(21)
by simply replacingVi,,o by MHSM.

and the fact that pole of the renormalized Higgs propagator Finally, §Z, is determined with the help of the relation
lies atME.SM, which implies (36):

In a first step, the counterternas/t and SM 2, are determined
from two on-shell conditions in the Higgs sector: the vanish-
ing renormalized tadpole diagram
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2 1 4 8
6Z\= g—“ —51 2A0(M{ )+ 2A0(EMZ) +— (1= cfy— Ay +Acq) Ag(EM{) — 3CASIMZBo(0.EMY . EMY)
128y,7° M5 Sw
+ Mg [9Bo(MB M \ME_ ) +2Bo(ME_ My EMG) +Bo(M§  EMZ EMZ)]

2

Cw 8
_BSTBZZ(ME,MaSMnyE)_S\_zN(l_ZC\ZN)[Bzz(M\ZN,MaSM,fM\Z/v)"'Bzz(M2 EMZEMG)

W

+cg(1—2¢5) B M3 MG, EME)T | - (42)

The corresponding vertex counterterms follow immedi-one-loop level, and fon=1, ... ,4. Wehave examined in
ately via substitution of the SM renormalization constants infull detail the veracity of the equality among these functions
Eq. (35). The SM renormalized vertex functions are easilyby comparing them at low-energy scalpd<M3, and by
obtained by adding the one-loop contributici®8) and the  choosing a particular renormalization scheme, the on-shell
corresponding counterterni85)—(42). Remember that the scheme. This matchinfL3] between the two theories, via

renormalized one-point SM vanishes in the present on-shefenormalized vertex functions, can be summarized by
renormalization scheme. In addition, the renormalized two-

point SM function also vanishes at the physical mass rm MSSM(py=T(. SMp)  p<M 0
MﬁSM, but not at generafj®>. According to the fact that the RK° Rism A
renormalized Higgs boson self-energy evaluated at the physi- (n=1,....4 (44)

cal mass squared defines the Higgs-boson mass correction,
we obtain trivially thatAMﬁSM=O (this is nothing other

than"etehe on-shell mass condition, which |mpI|(M;HSM functions in theM »o> M., limit.
=M

=Mug): It is worth emphasizing now some important points re-
Together with the tree-level SM Higgs self-interactionsgarding this comparison of the vertex functions of the two
(32), the renormalized trilinear and quartits, vertex func-  theories. First, as stated in Secs. Il and IlI, the tree-level

where the left-hand side must be understood as the MSSM

tions at the one-loop level can be written as self-couplings in both mode[see Eqgs(5) and(32)] lead to
equal results in the SM and in the MSSM vertex functions in
reé) — 39 M2 4 p@rem the decoupling limit This implies that the tree-level contri-
RAsm 2M,cy  Hsm ~SM butions can be dropped from both sides of the matching con-

ditions (44). Second, as explained in Sec. Il, the subset of
diagrams that have any number of gauge bosons in the loops
gives the same contributions in the SM and in the MS@M

the Mjo>M;, limit) and, therefore, these can also be
dropped from both sides of the matching conditi¢#4). In

392
Fg‘g‘sm: AM2c2 Mﬁ'SM—}_\I,(S‘"\)"rem’ (43
zbw

whereW ), ™ and ¥ {}), "™ are UV-finite functions depend- Hose Kind bution b dered
ing on the external momenta. Remember that similar finitdact, these kinds of contribution have not been considere

terms were obtained from the light contributions in theeXpI_iCi“Y in the present computation. Third, diagrams in-
(3) rem oo p(4) rem o Eq volving just Goldstone bosons and the lightest Higgs boson

MSSM case, summarized W ;dsm MSSM . . : S :
(30). For arbitraryM 5o values, these finite contributions are n _the _Ioop_s O!O contribute with non\_/anlshmg corrections
which, in principle, are not the same in both models. How-

different in the tvxt/r(:ezmodels. However, for lardd »o and ever, we have demonstrated that the one-loop contributions,

by identifying M, —M§C§B<—>Mﬁw1 we obtain that gjven in Egs(9) and(33) in the MSSM and the SM, respec-
ppem ,p e (n=3,4). Thus, these contributions coin- tively, coincide in theMl ,o>M limit. Therefore, they do not
cide in theM ,o>M limit and do not lead to differences contribute either to the differences between the two models
between the two models. in the matching condition&44). In contrast, we found some
light contributions to the vertex counterterfsee Eqs(24)
and (35)—(42)] that are different in both models. These dif-
ferences in the light sector come from the fact that, whereas
In order to study whether the SM Higgs sector can bethe sv/v contributions are the same in the SM and in the
considered as the low-energy effective theory of the MSSMMSSM in theM 50> M limit, the other renormalization con-
Higgs sector in theM ,0>M limit we have compared the stants, that is§Z, in the SM andsG? in the MSSM, do not
predictions in the two theories of the renormalizegoint  coincide. The mass counterterms for tiftand Hgy, fields
1PI Green functions foh® and Hgy, respectively, at the do not coincide either. Thus, what we understandligit

IV. DISCUSSION AND CONCLUSIONS
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contributions in this work are also important in the differ- the corresponding MSSM terms in the largo limit.
ences between the renormalized vertex functions in botiTherefore, these contributions drop out as well in the match-
theories. ing conditions(44).

Overall, we can say that the differences between the one- In conclusion, we have demonstrated that all the apparent
loop renormalized vertex functions of the two theories in thenondecoupling one-loop effects from the heavy MSSM
decoupling limitcome, on the one hand, from the one-loopHiggs bosons are absorbed in the MSSM Higgs-boson mass
diagrams including at least one heavy MSSM Higgs particléVino, and the remaining contributions are suppressed by in-
and, on the other hand, from the vertex counterterms. Corierse powers oM o and therefore vanish in the largé o
cretely, Eqs(10)—(13) give the differences between the one- limit. Thus, theh® self-interactions converge to tisy self-
loop unrenormalized vertex functions of the two theories.interactions at the one-loop level and in tilgo>M limit,
Consequently, they cannot be dropped in the conditigds  and the MSSMh self-couplings thereby acquire the same
Moreover, these different contributions have a finite piecestructure as the couplings of the SM Higgs boson whenever
that depends logarithmically and quadratically on the heavyne identifiesMpo<>My,, . Equivalently, we showed that
Higgs-boson mash 4o and a divergent piece iD=4, and  the heavy MSSM Higgs sector decouples from low energy, at
both pieces summarize the potential nondecoupling effects afe electroweak scale, and leaves behind the SM Higgs sec-
the heavy Higgs-boson sector of the MSSM. It is essentiakor in the Higgs self-interactions also. Consequently, we
however, that these heavy Higgs particle effects can be alwould need extremely high-precision experiments for the ex-
sorbed into redefinitions of the low-energy parameters, thugerimental verification of the SUSY nature of the Higgs bo-
not providing any physically observable effdd4]. As we  son self-interactions.
have seen, the counterterms in the SM and in the MSSM are
different in both models and therefore they also contribute to ACKNOWLEDGMENTS
the differences between the two models in the matching con-

ditions (44), The work of S.P. was supported by the Fundadkamam

Putting all results together and comparing E@@9) and Areces. Support by the European Union under HPRN-CT-

(43), the differences found in the unrenormalized vertexzooo?00149 and by the Spanish Ministerio de Ciencia y Tec-
» 2 . nologa under CICYT projects FPA 2000-0980, FPA 2000-

f_unctlons are gxactly compensated by mm ho contribu- 0956 and PB98-0782 is gratefully acknowledged.

tion, and the final results for the renormalized two-, three-,

and four-point functions coincide in the two models in the APPENDIX

largeM 50> M limit, as required by the matching conditions ) ) ) )

(44). In other words, all the potential nondecoupling effects I this appendix we display, first, the formulas for the

from the heavy Higgs modes can be absorbed into the redefpne-loop contributions to thie® tadpole diagram and th&’

nition of the lightest Higgs boson maso [see Eqs(27) boson self-energies that are reqwred for on-shell renormal-

and (30)] and therefore decoupling of the heavy MSSM ization. Next we present th&(M2/M%o) contributions to

Higgs particles occurs. We notice that, for arbitralo  the renormalization constan&Zy , which are relevant in

value, there are other finite terms in the renormalized MSSMprder to impose thé°-boson on- sheII condition. Finally, re-

n-point functions, summarized by the remaining partssults for the sm;, dm,, and 5m;, mass counterterms are

PR dem aﬂd‘l’msreMm of Eqg. (30). However, we have shown given. Here we follow the notation introduced throughout

that in the SM similar contributions appear in the renormal-this article for light, mixed, and heavy contributions, as ex-

ized Hgy vertex functions, summarized by the remaining plained in Eq.(8).

partsW$) ™ and W) M of Eq. (43), which coincide with HO tadpole andA® boson self-energies:
|
(1ylight gM, 2 5 5
O o2 C25S:513A0(M0) + Ag(EMZ) + 2A0(EM ) 1,
W
2
heavy gMz 2 Mo
AT =~ C 3M2,| A, +1—log—-
32m20y, 26528 SMw P
1 Mzo
— 5M3| (6-12C3;+4ch) +(3-9C3,+2¢h)| A.~log—5 } (A1)
Mo
(2)lght 2 _ 92 2 2
AT,0  (Mpo)=— W{CZﬁAO(MhO) (2—3C35)Ag(EM2) +2(C3—2CH) Ag(€MG)

- chﬁsgﬁlvl %BO( Mio, M Eo, &M %)},
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. 2 2
AT (M20) = — L M2(1+2¢,+2C4,~2C2,)| A +2-1
AO (MAO) > Z(l+ CW+ C B C B) + Og_
2 2 2
h 1 M 0 M 0
AT (M2 =—2 2,1 M2 c\ZN+—S§B> A.—log—2-| +3M%| A +1-log—-
64m2c, 2 MG Mo
ar
+M%(1-C3p)| 1 “ 5[ (A2)
5ZHl and (SZH2 counterterms:
g2
SZi'= pcrs 5 CapSpl M5C25S25Bo(M a0, Mpo, EM2) + COtB(Bo + 2B1) (M0, M0, EM2) ],
9> M?Z
Zmixed— —{(1+2c +2C%,—2C2,)—cotBC ,
H, 64772C\2N|\/|i0{( w 28 2p) BCosS5}
2 2
Zhean— —{Cc2,s2 1——)+cot C (2——) ,
" 64ar’cl, M, 2628 3\3 AC2pSzs V3
i g 2 2,2 2 .2
521;9:‘:—mczﬁszﬁ[mgczﬁszﬁsg(MAo,Mho,gmg)—tan5(50+231)(MA0,MhO,gM§)],
W
g2 M2
Zprel= —— (1+2cy,+2C3,—2C5,) +tansC ,
Hp 64722 Mio{ w 28~ B 2332/3}
2 2
g 2 T
Zheavw— —tanBC — . (A3)
" GWCWM2 2ﬁs”< @) g ZB%( ﬁ”

omy, ém,, and ém,, counterterms:

2
i g
smz'9N= W{lachowho) 4C54BoA M2 M1, EM2)(5—2C, 5+ Cyp) — 2(1-2¢5)%By,

X (MZ,EME,,EME)(—2+11C, 53— 2C 45+ Cgp) + 2A¢(EMZ)[ — 2+ 8¢+ (7—8¢G) Cop— 2C 45+ Cop]
+Ag(EME)[2+8CF,— Bey+ (17— 44ch,+ 44cy,) Cop— 2(3—4ch+4cy,) Cypt+ 3Cep— 4C5,Copt 4Cy,Copl
+64MZC5C35S5Bo(Mao,Mio,M3) —64M 2,M2C3,C5SiBY(M a0, M0, EM )1,

2

Smaloht— —256?720&/{— 8C,5A0(ME0) + (24 11C, 5+ 2C45+ Cop)Boo M2, M0, EM2) + (1—2¢3)2(2+ 11C, 4
+2C4p+ Cop)Boo M2, EME,, EMZ) — M3C2(— 1+ Cqp) Bo(M20,MZ0,M2)
+M20M3CE(Cop—1)By(M20,M20,EM2) + 4Ag( EM2)] — C5(2— 4Ch+ Cap) + S2]
—2A0(EMZ)[CA(3(1—2¢2)%+ (3~ 4ch +4ch) Capl — 4(1—2¢2+2¢h) SH)),

2

2light_ _ 9

WCBSB{‘I'C 2B2aAMZ M7, EM2) +4(1-2¢5)%C3BoA M2, EMG,, €M) — 2A0(EM2)

X (1= 43+ Cyp) — Ag( €M) — 1—4ch,+ 4Cy+ (3—4ch+ 4ch) Capl+ M 2SS Bo( M0, Mio, M2)

M2oM2S35B4(Mo. Mo, EM3)}, AD
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, M2,
smzmvele 2 M2 i (14204, +2C4,—2C2,)| A, +3- Iog—
W MO
g Mo
5m2mlxed_ 5 M co§ﬁ(1+2cw+zc4ﬁ 2C2 ﬁ) A +3- Iog—
CW :u’O
g ;
Smzpied_ _ = M2Sp(1+2¢h,+2Ch,—2C3,)| A, +3— Iogﬂ—()) (A5)
gz 9 5 Mio
5m2hea"yzm EMAo[10+8C\2N—C2/3(29—80\2N)+6C4B_3C6B] Ac+1-log—5 | +CopS3M3[9+ 103
z Mo

3
+(—2Cy5+Cyp)(—63+10y3 3m)]+ ¢ M2[ 126— 48c5,+ 288cy,— 2(59— 4¢3+ 400, Cop

MZ
+48c3,(— 1+20W)C4ﬁ 3(19—8c3,+ 16¢y, )Cep—30Cgz+15C 5] A |09_A20)]v
Mo
gz 9 M2
M= ——— 1 S Mo 10+ 8c{,— Cop(8cf,~29)+6Cs5+3Cep]| A+ 1-log—3- | = CppSiMI[9+10(3m
23047°c2, ul

3
+(—2Cy5—Cyp) (63— 10\/_77)]+ M2[126- 48c,+ 288y, + 2(59— 4cd,+ 40cy,) Cop

2
+48c3(— 1+ 2¢3) Cyp+ 3(19— 8cd,+ 16c4,) Cop— 30Cg5— 15C05]| A IogMM—%O ]
g2 Mo
Smahean= ﬁszﬂ 18M50(1—3C35+2¢h)| A +1— Iog— C3sM2[45— 1037~ C5,(63—10y37)]
2304m2¢c ul
M2,
+9ME[2+5C],+4ch,— C3a(5— 2¢3+4ch)] A€—|ogM—‘; } (AB)
0

Thereby,Ss=sin B,Cz=cosp,C,s=c0s 43,C¢z=c0s 3,Cgs=C0s &, etc., are used for abbreviations.

[1] M. Carena et al, hep-ph/0010338; D. Cavalliet al, [7] A. Djouadi, H. E. Haber, and P. M. Zerwas, Phys. LetB35,
hep-ph/0203056; ECFA/DESY LC Physics Working Group 203(1996.
Collaboration, J. A. Aguilar-Saaveds al,, hep-ph/0106315. [8] T. Plehn, M. Spira, and P. M. Zerwas, Nucl. Phil79 46

[2] J. F. Gunion, H. E. Haber, G. Kane, and S. Dawsdre Higgs (1996; B531, 655E) (1996; R. Lafaye, D. J. Miller, M. Mu
Hunter's Guide (Addison-Wesley, Reading, MA, 1980 hlleitner, and S. Moretti, hep-ph/0002238.
hep-ph/930227E). [9] W. Hollik and S. Penaranda, Eur. Phys. J2& 163 (2002.

[3] H. E. Haber, in “The Decay Properties of SUSY Particles,” [10] F. Boudjema and A. Semenov, Phys. ReVt®be publisheg
Proceedings of the 23rd Workshop on the INFN Eloisatron hep-ph/0201219.

Project, Erice, 1992, pp. 321-372, hep-ph/9305248. [11] A. Dobado, M. J. Herrero, and S. Reanda, Eur. Phys. J. T

[4] V. Barger, M. S. Berger, A. L. Stange, and R. J. Phillips, Phys. 313(1999; 12, 673(2000; 17, 487 (2000.
Rev. D45, 4128(1992. [12] A. Dobado, M. J. Herrero, and S. Reanda, irProceedings of

[5] P. Osland and P. N. Pandita, Phys. Revo® 055013(1999; the Workshop on Quantum Effects in the Minimal Supersym-
hep-ph/9911295; hep-ph/9902270. metric Standard ModelBarcelona, 1997, edited by J. Sola

[6] A. Djouadi, W. Kilian, M. Mthlleitner, and P. M. Zerwas, Eur. (World Scientific, Singapore, 1998hep-ph/9711441; contri-
Phys. J. C10, 27 (1999; hep-ph/0001169; M. Nhileitner, bution to the 29th International Conference on High-Energy
hep-ph/0101262; Ph.D. thesis, Hamburg University, Physics, Vancouver, 1998, Report No. FTUAM-98-1,
hep-ph/0008127. hep-ph/9806488.

095016-16



SELF-INTERACTIONS OF THE LIGHTEST MINIMA. . ..

[13] H. Georgi, Annu. Rev. Nucl. Part. Sct3, 209 (1993; M. J.
Herrero and E. Ruiz Morales, Nucl. PhyB418 431 (1994);
B437, 319(1995.

[14] T. Appelquist and J. Carazzone, Phys. Rel1D2856(1975.

[15] T. Hahn and M. Peez-Victoria, Comput. Phys. Commuil8§

153 (1999; T. Hahn,ibid. 140 418 (2001); T. Hahn and C.

Schappacheibid. 143 54 (2002.

[16] G. 't Hooft and M. Veltman, Nucl. Phy$8153 365(1979; G.
Passarino and M. Veltmaibid. B160, 151 (1979.

[17] A. Denner, Fortschr. Phyd1, 307 (1993.

[18] A. Dabelstein, Z. Phys. &7, 495(1995; Nucl. Phys.B456,
25 (1995.

[19] P. H. Chankowskiet al., Nucl. Phys.B417, 101 (1994); P.
Chankowski, S. Pokorski, and J. Rosiekjd. B423 437
(1994.

[20] J. Fleischer and F. Jegerlehner, Phys. Re23D2001(1981).

095016-17

PHYSICAL REVIEW D 66, 095016 (2002

[21] M. Bohm, H. Spiesberger, and W. Hollik, Fortschr. Phgd,

687 (1986; W. Hollik, ibid. 38, 165(1990.

[22] P. H. Chankowski, S. Pokorski, and J. Rosiek, Phys. Lett. B

274, 191 (1992; A. Brignole, ibid. 281, 284 (1992; D. M.
Pierce, J. A. Bagger, K. Matchev, and R. Zhang, Nucl. Phys.
B491, 3 (1997).

[23] S. Heinemeyer, W. Hollik, and G. Weiglein, Phys. Lett4B0,

296 (1998; Phys. Rev. D58, 091701(1998; Phys. Lett. B
455 179(1999; Acta Phys. Pol. B30, 1985(1999; Eur. Phys.
J. C9, 343(1999; Comput. Phys. Commuri24, 76 (2000; J.

R. Espinosa and R. J. Zhang, J. High Energy PIgs.026
(2000; Nucl. Phys.B586, 3 (2000; M. Carenaet al, ibid.
B580, 29 (2000; G. Degrassi, P. Slavich, and F. Zwirndaid.
B611, 403(2001); A. Brignole, G. Degrassi, P. Slavich, and F.
Zwirner, ibid. B631, 195 (2002.



