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Measurements of the supersymmetric Higgs self-couplings and the reconstruction
of the Higgs potential
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We address the issue of the reconstruction of the scalar potential of a two-Higgs-doublet model having in
mind that of the MSSM. We first consider the gene€dP conserving dim-4 effective potential. To fully
reconstruct this potential, we show that even if all the Higgs boson masses and their couplings to the standard
model particles are measured, one needs not only to measure certain trilinear Higgs self-couplings but some of
the quartic couplings as well. We also advocate expressing the Higgs self-couplings in the mass basis. We show
explicitly that in the so-called decoupling limit the most easily accessible Higgs self-couplings are given in
terms of the Higgs boson mass while all other dependences on the parameters of the general effective potential
are screened. This also helps to easily explain how, in the MSSM, the largest radiative corrections which affect
these self-couplings are reabsorbed by using the corrected Higgs boson mass. We also extend our analysis to
higher order operators in the effective Higgs potential. While the above screening properties do not hold, we
argue that these effects must be small and may not be measured considering the foreseen poor experimental
precision in the extraction of the SUSY Higgs self-couplings.
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[. INTRODUCTION (and for some tripleHiggs boson production at a high en-
ergy collider. From these one has derived a sensitivity on
The most important issue at the upcoming colliders is thesome individual Higgs self-couplings by varying the strength
elucidation of the mechanism of symmetry breaking and thef these couplings independently, while fixing the Higgs bo-
hunt for the Higgs boson. Within the standard mog&M) son mass spectrum. We would, however, expect that a devia-
there is strong indirect evidence that the latter might be lighttion in one of the Higgs self-couplings should not only affect
But at the same time within the SM such a light Higgs bosorother Higgs self-couplings but also affect the Higgs boson
poses the problem of naturalness. Supersymm@htySY)  mass spectrum. Moreover, one would like to see how a par-
solves this problem and for a large array of models predicts cular deviation in the Higgs self-couplings relates to the
light Higgs boson in accordance with the present precisioflundamental parameters of the Higgs potential and also what
data. The task of the next colliders will therefore be not soorder of magnitude should one expect from these deviations.
much the discovery of thdightes) Higgs boson but a care- This can most efficiently be addressed through an effective
ful study of the properties of the Higgs system since this willpotential approach and would be similar to what has been
be an ideal window on the mechanism (sfipefsymmetry  applied in the measurements of the triling&] or even
breaking. Many state-of-the-art studies have analyzed thquadrilinear[10] self-couplings of the weak vector bosons.
couplings of the lightest Higgs boson to fermions and toWithin the one Higgs doublet of the SM a general parametri-
gauge bosons. The most useful conclusions are in the contezation of the Higgs self-couplings has been giy&h,12 and
of a next linear collidefLC),! for a summary sef2,3]. One its effects at the colliders studi¢@1—13. As for the case of
can, for example, discriminate between a light Higgs bosorSUSY where one needs two Higgs doublets such a study is
within the SM and one within a supersymmetric model. Pre-missing although a leading order parametrization has been
cision studies on other supersymmetric particles that may bknown [14]. The aim of this paper is to fill this gap. As we
produced at these colliders can nicely complement theswill see this parametrization of the scalar potential is impor-
studies. However, one key ingredient that still requires furtant; not only can it embody through an effective potential
ther studies and simulations concerns the important aspect ofany of the well-known radiative correctiofi5—19 but it
the Higgs potential. Not only because this triggers elecwill also make clear the link between what can be learned
troweak symmetry breaking but also because supersymmetgbout the Higgs potential by measuring the Higgs boson
breaking is also encoded in this potential. Some studiesnasses and what additional, if any, information can be
[4-8] have addressed the issue of the measurements of sorgeined if one can study the self-couplings. This will also
of the Higgs self-couplings within minimal SUSY. These show that the couplings of the charged Higgs boson to the
studies have been rather purely phenomenological studies imeutral Higgs bosons can embody the same information as
the sense that one has, within the minimal supersymmetrisome of the trilinear neutral Higgs couplings. Measurements
model(MSSM), quantified various cross sections for double of the Higgs self-couplings involving charged Higgse bosons
have, as far as we know, never been addressed although a
calculation of charged Higgs pair production at the CERN
1A Higgs factory at a muon facility gives astounding res(ily ~ Large Hadron Collide(LHC) has been mad§6,20]. One
however, many technical problems need to be solved before theonclusion though fronfi20] is that the trilinear Higgs self-
design of such a facility. couplings contribution is rather too small or becomes non-
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negligible but with a quite small cross section. Our findings Veff=(mi+M2)|H1|2+(m§+M2)|Hz|2
also help understand why the radiative corrections to the
Higgs boson self-couplings of the lightest Higgs in the
MSSM though substantidhs are those to the Higgs boson
mas$ become tiny when expressed in terms of the lightest
Higgs boson masf21]. With the five (,H,A,H*) Higgs
bosons of the MSSM one has eight possible Higgs trilinear
self-couplings. One would then think that, together with the
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to ordinary matter, the measurement of these trilinear self- 4979 3|t ini2

couplings would allow a full reconstruction of the leading

order dim-4 effective Lagrangian describing the Higgs po- n —1g2+)\ (eH H,)(eH*H%)+ E(EH H,)2
tential. Even in the most optimistic scenarios where all the 2 A AL 2 Y2

Higgs bosons are light, we find that a full reconstruction
requires the measurements of some quartic couplings which +[Ng|H1 2+ N7 |Ho|2](eH Hy) + H.c.), 2.2
are extremely difficult, if not impossiblg22], to measure
even at the linear collider. In the decoupling regifiiet]
where only one of the Higgs bosons is light and with prop-wheree is the antisymmetric matrix witla;,= —1. g andg’
erties very much resembling those of the SM, the effectivaare the S2) and U1) gauge couplingsu is a supersym-
parameters of the Higgs potential will be screened and thumetry preserving mass term. The case with\albeing zero
extremely difficult to measure. One can, of course, entertaigorresponds to the original MSSM potential at the tree level.
that new physics affecting the Higgs potential appears amoreover, exact supersymmetry imposes that=mj
higher dimensional operators, dim-6, in which case the=m2,=0 so that no electroweak symmetry breaking ensues.
above “screening” effects are not operative. However, ONém, , m, andmy, are thus essential for electroweak symmetry
expects these effects to be too small to be measured. CO”S'Hreaking and encode also supersymmetry breaking. These
ering the expected accuracy, no better that0%, at which  gimensionful quantities are soft SUSY breaking parameters.
the Higgs self-couplings are to be prob@dr a nice review  as for the)'s, practically all analyses of the Higgs phenom-
see(2,3,22). enology have only viewed them as “soft” terms originating
from higher order loop effects. As known these loop effects
can be substantial as they are enhanced by large Yukawa
couplings(corrections are quartic in the top quark maasd
have kept the MSSM alive; s¢@3], for example. However
it may well be that models of supersymmetry breaking can
When trying to parametrize the effects of some new physprovide adirect contribution to these parameters—for in-
ics on the properties damiliar particles, the effective La- stance, through nonrenormalizable operators in thaldta
grangian is most useful. One uses all known symmetries opotential. Technically these contributions would be deemed
the model and then writes the tower of operators accordingpard. It has, however, been stressed recefi?§,25 that if
to their dimensions. One expects thus that the allowed loweghese parameters are related to the source of soft SUSY
dimension operators have the most impact on the low energyreaking, then they would not destabilize the scalar potential
observables, higher order operators being suppressed dueand would evade the “unnatural” quadratic divergence prob-
the large mass scale needed for their parametrization. Therkem, thus leading to a viable model. In such circumstances
fore, for the minimal SUSY the lowest dimension operator issuch terms may lead to the lightest SUSY Higgs boson with
of dim-4. For the MSSM one needs two Higgs doubldts a mass much in excess of 150 GeV and with “no unnatu-
and H, with opposite hypercharg&r==1, respectively. ralessness” dilemma. Therefore, the reconstruction of the
They may be written as Higgs potential is crucial. In a different context—
supersymmetric models with a warped fifth dimension
[26]—it was shown that some of the quartic couplirigpart
) from the usual ones of gauge origican even be supersym-
v+ —=(hi+ig)) . L o YT -
Hy= V2 ) metric and originate from a nonminimal Kker potential.
_ Supersymmetry breaking terms also contribute to the latter
$1 as well as to the quadratic terms. However, to obtain a sat-
isfactory electroweak breaking in this scheme constrains the
parameters such tha=1 is picked up(see below the defi-
nition of tg).
1 R (2.1 Of course, the approach we follow and the results we
vt E(hz"' i¢2) obtain can be made to apply directly to a general two-Higgs-
doublet model2HDM); one only needs to switch the gauge
couplings contributions off in the potential ER.2). This
RequiringC Pconservation one can write the following4]: being said when we investigate precision measurements ex-

II. LEADING ORDER PARAMETRIZATION
OF THE HIGGS POTENTIAL AND THE
HIGGS SELF-COUPLINGS

+
P2
H2=
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tracted from the Higgs bosons to fermions, one should stick We will therefore follow a general approach based on the
to a model whose characteristics are close to the MSSM. Thgotential(2.2), assuming the quadratic terms\{, ;) to sat-
2HDM we have in mind is the so-called type I, in the ter- isfy the usual conditions for a stable minimum with nonva-
minology of [27], where down-type quarks and leptons nishing vacuum expectation values. The minimization of the
couple toH; and up-type quarks tél, as in the MSSM. potential and the absence of tadpoles imposes the following
However, in most studies of the 2HDM, 7 are not consid-  constraint on the “soft” SUSY parameters; ,m,:

ered on the basis that they may induce too large flavor

changing neutral curreECNC). _ Mi=—mits—u?=MZCy5/2+ 0% (— N1C5— N3S5— N 4S5
This brings us to the issue concerning the order of mag- 5 3
nitude for the various\; in a general suspersymmetric con- —N5Sp+3N6CpSpt N7Sp/Cp), 2.3

text. For the conventional MSSM, one effectively gets a

Yukawa-enhanced contribution, starting at one loop, which m5=—mZ,/ts— 2+ M35Co4/2+v2(— NS5~ N 3C5— N yC5

affects all seven paramatdf3]. The largest contribution for 5 3

moderate tag@ stems fromx, and is of order 0.1. If24] —NsCptNeCp/Sp+3N7CsSp), (2.4

where “natural hard” terms are discussed, some orders of

magnitude for thex; are given based on how and at whatwhere v?=vi+v3=2M{/g? tg=tanB=v,lvy, S

scale SUSY breaking is transmitted. Values as high as 1.6sing, and so on.

could be entertained. Such values4m) are still perturba- Then, the parametan?, can be fixed if we choosM 4,

tive. In the warped fifth dimension modg26] it is interest-  the Higgs pseudoscalar mass, as an independent variable:

ing to note that all\; but A5 get a SUSY conserving contri-

butions in addition to some SUSY breaking contribution, m§2=—cﬁsﬁ[M,zﬁv2(2)\5—)\6/t5—)\7tﬁ)]. (2.5

while N5 is of purely SUSY breaking origin. All these con-

tribution disappear in the limit of an infinitely large effective

fundamental scaléscale in lieu oM p1,c0, Which is directly

related to the warp factor. The effective couplings can be At this stage, besid® , andt, there are seven indepen-

large enough, in fact so large that the authors estimate dent parameters. Luckily some of these enter the expressions

lightest Higgs boson mass of order 700 GeV as a possibilitpf the Higgs boson masses and the couplings to fermions and

while the couplings are still perturbative up to the cutoff vector bosons.

scale. Note, however, that the cutoff scale is identified with The mass of the charged Higgs boson reads as

the “low” fundamental scale as compared to the usual ) ) >

Planck scale that is usually used to set an upper bound on the Mp==Ma+My—v (A= Xs). (2.6

quartic coupling and hence the mass of the Higgs boson.

Moreover, it is argued that the model is safe as regard3his already shows that a measuremenikigf- andM , can

FCNC|26]. put a limit on the combinationN,—\5). A dedicated study
Some bounds, though not so strong, exist. In all its genaddressing this particular issue at the LHC to differentiate

erality, if we allow some combinations of couplings within between the MSSM and a general 2HDM has very recently

the range— 1<\;<1, independently of tag, this can lead appeared31].

to too low values of the Higgs boson masgegen negative- The two CP-even Higgs states are determined by the

squared masses and problems with vacuum stability can oerixing anglea. h and H will denote theCP-even Higgs

cun). Furthermore, to constrain the parameter space some agealars. Introducing

thors have imposed vacuum stability of the potential and

perturbativity of the couplings up to high scal@8] as well ~ N=M3zs,5+MZS:5— 207 Sy5( 3+ Ng) —2C5N6— 255N 7],

as tree-level unitarity constraints of the elastic scattering of (2.7

the Higgs boson$29] in the 2HDM. Limits fromAp [30]

can aI;o be quite useful, although they are model dependenp= Micz,e— Mgczﬁ—202[)\102—)\232—)\5(;2/3

if, for instance, the top squark contribution fop plays a

role. Nonetheless, all of these requirements still leave a large  — (A= A7)Sz4], 2.9

parameter space that can be quite drastically reduced once

the Higgs boson masses and their couplings are directly me#he masses of th€ P-even Higgs scalardylZ andM, and

sured. the mixing anglex are defined through

A. Higgs boson masses

N M%\SZB‘F M%SZB_2U2[SZB()\3+)\4)_20%)\6_25%)\7]

tan2a= == ,
D MiCZB_ M%Czﬁ—sz[)\lcz—)\zsé—)\5C25—()\6—)\7)823]
in2 ad (2.9
SiNZa= — ———, .
VD*+ N2
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ME=MZCh, s+ MASS_ 5F 20 N1CoCE+ NS85+ 2(Na+ N g)C,oCpS,Sp+ Ns(CoS5+S5CH)
- 25a+ﬂ()\6CaCB+ )\7SaslB)]1 (21(»
Mi=M2s2, s+ MACh_ 5+ 202 N1SACH+NoCoS5— 2(Nat Ng)CuCpSaSpt N5(CACH+S5S5)

+2C, 4 s(N6S.C—N7C.Sp) |- (2.11

With — w/2< a< /2, h (H) defines the lightegheaviest  plings to ordinary fermions. This MSSM generalization as
CP-even Higgs boson mass. The decoupling lif@2] is  pointed out i 24] can allow for a lightest Higgs boson mass
usually defined as,>M;, we will extend this to mean in excess of 150 GeV, say, independentlyt pf
M s>v [with the \;_; never exceeding)(1)]. Having the
decoupling limit in mind it is very instructive and useful to B. Higgs self-couplings

express the dependence in the mixing angliroughc, Some of the expressions below, for the Higgs trilinear

andsg_, _since these two quantities are a direct measure Oéouplings, have been given elsewhfel4]. For complete-
the couplings oh (andH) to vector bosons and to fermions. ,ass we list all the couplings. Introducing

In units of the SM Higgs couplings, the couplings to vector

bosons are 2My
Gh=—g— =20, (2.16
Ihvv,HVW = Sg—a 1 Cp—a
while, for instance, we have
=30n\hhh>
Onbb=—Sa/Cp=Sp— 0~ tsCp - (2.12 9nhn==Gn’nn
2
Therefore, especially it; has peer) identified from ot.her A= — ez—SBmCzaH\lC;sSi—?\zCiSB
SUSY processes, these combinations could be easily ex- S5w

tracted once the light Higgs boson has been produced at the
linear collider, and after allowing for son{@nportany QCD

and in some cases model-dependent vertex corrections. The
couplings ofH can be easily translated from thoseloby 5
the substitutionh—H, My—My, Sg_,—Cp_u, Cpoa— X(Cptat2€aCp) T N7C(Cpi o™ 28,Sp),
—Sg_,. Moreover,cs_, is a very good measure of decou- (2.17
pling since in this limitc;_ ,~ 1/M,§. To wit,

1
+ 5()\3+ N4+ N5)S24Cp+ 0t NeS

9nhh= — 39\ Hhh

2 2 2 2
MACﬁfaSﬁ'faN MACﬁaHSZECZB[ MZ_ Y

Muhh= 2—(sﬁ+a52a— 3%« +N1C4SAC,+ N 2SHCaS,
cs S5 Saw
F(Ne=A)tog—Nqg—+ N —— 1
CopCop — >(Ag+AatXs)| S20Sp4a— =C
2 3 4 5 2a°B+a 3 B—a
6
— — — A4t . 2.1
ty 7 B)] (2.13 +X6Sa(CpCo0a1 CaCpia)
It is important to keep in mind for later reference that in the ~A7Cu(SpC2at SaCpta) (218
decoupling limit we have
IhHH= 39hAhHH »
Coa (MGz—MZH—O(LM3). (2.14 o2
In the decoupling limit, the lightest Higgs boson mass is )‘hHstz_<02asB+a_ 3S8-a| * CaSalM1CaCp
written as 2w
(A3t Ag+Ns) Sg—a
Mﬁ—>M§C§B+ 2U2{)\104'3+ )\232"‘ SZﬂ[()\3+ )\4+ )\5)SBCB _)\ZSaS’B) - f Sﬁ+a02a_ BT
—(NgtT A7) —(Ng—A7)Copl}. (2.19

+)\Gca(CBCZa_SaSB+a)
These simple considerations already show that if some of the + N 784(C20Sp+ CaSpt o)
\1_7 are not too tiny, one should observe their effects by

measuring the Higgs boson masses and also the Higgs cou- gpapn=9hAhaa,

095007-4



MEASUREMENTS OF THE SUPERSYMMETRIC HIGS. . .

2
e
_ 2 2
)\hAA_ - SZ Sﬁ+ a/C2,8+ )\]_CBSﬁSa_ )\ZSﬁCBCa
2W

_()\3+ )\4+ AS)(SzCa_SaC%)+2)\5SIB—a

+N6Sp(C25SetCpSp+a)
+N7Ca(C25C,—SpSp+a) 219
OhHtH- = OhMhHTH -
o2
AMhHTH-=Ahaa— ?Sﬁ—a+()\4_)\5)sﬁ—al (2.20
W

OHHH= ~ 3ThNHHH »

2

e

_ 3 3

AHHH= 5 C24Cg+a T CoCaA1 1S, SpN >
Sow

(Ns+Aa+Ag)

L st haths

2
2 SZQSB+a_)\6Ca(SBCa+3SaCB)

2
—N7S5(CpS,T3C,Sp),
OHAA= ~OnMHaA,
e2

_ 2 2
)\HAA— - SZ_CB+QC2B+ )\lCﬁS’BCa‘I' )\ZSBCIBSQ
2W

+(Ng+ N+t Ns)(S5S,TChC.) —2N5Ch- g

+ Aﬁsﬁ(cﬁcﬁ‘*‘a—'— CCVCZ,B) - )\7CB(SBC,B+O(
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cross section is small, one should ask how much more do we
learn from the measurement of the trilinear couplings once
we have measured the masses. For example, it is quite likely
that the heavy Higgs bosons are too heavy so that one only
has access to the lighteStP-even Higgs boson. In this situ-
ation one would have an extremely precise determination of
its mass(either at the LHC or a linear collideand also a
very precise determination of its couplings to fermions and
(gauge bosonsand hence of the angte (or the combination
a—p) at a linear collider. One should therefore use this
information—namely, trade these precisely measured physi-
cal quantities for two of the parametexsand then reexpress
the self-couplingh/H hh, in terms of these physical param-
eters. Of course the choice of theis not unique; however,
the parametrization of the self-couplings in terms of masses
will be more transparent and would have the advantage of
including information on some previously measured quanti-
ties. We therefore propose to use the physical basis, using as
input all the Higgs boson masses and the mixing amgfe

For the latter, besidéz, one can use the quantitisg_,
(andcg-,) which can be directly extracted from the Higgs
couplings to fermions or the vector bosons. For instance a
good measurement of the production cross sectioh af
e*e*furnishessﬁ,a. The angleB may be measured in some
purely non-Higgs processes or if one has access to some
heavy Higgs bosons also through a study of their couplings
to matter Thus apart from M., one can trade
My, My ,My=+,a for, for example\,N>,N3,N, through

Na=(M3+ME—MZ ) /0% +\sg, (3.

2.2 2.2 2.2 22
_ Mis,+Myc,—MzC;—Misg

1=

203
+5S,C2p), (2.21)
—Nst5+2\etg, (3.2
OHH+H-= ~OhNHH+H-
2.2 2.2 2.2 2.2
o2 )\ZZMhCa+MHSa_MZSB_MACB
(2.22 203

ApH+H-=NpaaTt gzlvcﬁ—a+()\5_7\4)cﬁ—a-

—\s/t5+ 2N, /1, (3.3
Written this way the expressions are not very telling; more-
over, it is clear that some of the couplings must be related
since after having measured the masses, there remains only N3=
three independent while there are eight Higgs trilinear cou-

plings.

(ME—MP)c,s,+(Ma+M3)c sy

2U11)2

With this choice the different Higgs self-couplings are
given in terms of the Higgs boson masses and the remaining

IIl. EXPRESSING THE SELF-COUPLINGS IN THE MASS
BASIS

The writing of the Higgs self-couplings in terms of the
fundamental parameters; is not the most judicious. The 2, 4nother context and in a more restricted two-Higgs-doublet
reason is that all these parameters, though in different comyqqel, using the “corrected” masses to express the self-couplings
binations, already appear in the expression for the Higgs bayas peen advocated j29,33.
son masses. Therefore the Higgs boson masses already coRof course some of these couplings receive genuine vertex cor-
strain the Higgs potential, even if partlglly. Since the Higgsrections that ar@ot encoded in the correction to the angle these
boson masseér)r at least the lightest Higgs QOS)OWIII be  genuine vertex flavor-dependent corrections should be, whenever
measured first, the trilinear Higgs self-couplings being acpossible, subtracted before one attempts to exsgct,, for ex-
cessed only through double-Higgs-boson production whosample.
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Nse7 This choice of basis seems to be the most natural, Oh

since the structures that affext_, appear already at the GHiHH T 5, MHHH 3.9
“tree level” and thus should be the most affected by radia- 28

tive corrections. This is so in the MSSM where the Iargestwith

corrections at moderate; is in \,; see[23], for example.

Let us first define the combinations

1
Aeth7 N~ A7 Mhan= 25/3*01)‘3_'—ZCB*a)‘b_"Z_UZ[CﬁfaCZ,B

)\a:)\5523_ T 2 CZB
, , X (2ME—2M{) —Misypss o], (3.10
(note thatmf,= —M2SzCs—v2\,),
1
Ae— N7 Min=S5-of —{[M2+2(M3—M3)]s
)\b:}\SCZﬁ+ 2 SZB' (35) hHH B—a 202{[ h ( H A)] 2a
After some algebra, where we try as much as possible to —2MACs_oSpsat +2(Na(1-3c5_,,)
express ther dependence through— 8, we find
cé +3Cﬁa53a7\b)] , (3.1)
Mhh=— —=Sg- M2+ | Sg_NatCs_ A
hhh= =5 258 h T sac, | Sematat Camale
1
’ 3 3 2
(MZ—Mp) M-~ ~2) 55[(CaCp~SaSpMp,
+ T(SZBSB_Q—’_ CZBC,B—CY) . (36) 2l}

_(Mi_ M|2.|:)CB+a_ MaiCZ,Bcﬁfa]
This shows that in the decoupling limit thehh coupling is
completely determined from the measurement of the Higgs
boson mas#, and the coupling tWWHZzZzh, s,_,,, both —(Sg-ahat Cp—alp)
of which should be determined quite precisely frame™
—Zh at the LC. The\, and more so.,, are totally screened.
The result in the decoupling limit is no surprise as it repro- ,
duces exactly the SM result. In this regime one essentially MpHn = _G[Z_I)Z{SBM[(Ma_MiHC/ZBaMi]
have only one Higgs doublet, and if one restricts oneself to
dim-4 operators, one reproduces the SM exactly.

: (3.12

- SacacﬁfaMa}—FS%*a(SB*a)\b_ Cﬁa)\a)} :
4N,

L L3 |, 2
Hhh=Cp—a gzp 5C6-a

+——Cp_ oS

5 5 5 5 Note once more that these couplings, like otHecouplings
+p (BM{—2Mj) +4(M3—Mp) to fermions, sfermions, and gauge bosons, can be derived
v from those ofh. For example we do verify thagyyy

+ Cp-alS25C5—a— C2pSp-a) =Onnn(h—H, Mp—My, Sg_s—Cp-0s Cp—a— ~Sp-a),

SgCp
’ 1 3 3 2 2
Ayaa=—2 ;[(Sacﬁ+casﬁ)(MH_ M2)
X(2M2+MZ4—3M3) | . (3.7 v
2
In the decoupling limit, +C,B—aCBS,BMA]+S,B—a)\b_cﬁ—a)\a]!
Cph_ (3.19
=B a\2
Nphh= . Mg . (3.9
4 _ 2 2
Since this coupling could most easily be extracted fidm Mjp+n-= _2[2_02[3!3+a(MH_MA)
—hh, My would have(together withcs_,) already been
measured; thus the new physics effects are again screened. +C/3—aC,BSB(2Mat_ M2)]

The remaining couplings involve at least two heavy Higgs
bosons an thus would be more difficult to measure. Nonethe-
less, let us express them in terms of masses. All the cou- +Sg_oMp—Cp-alaf - (3.19
plings will be written as
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In the physical b{:lsis and. gspecially by explicitly disp!aying )\hhhH*)C,B—a{SB—aSZB)\a_i_ Cpa(3S2pNp+2C5- 4Sp- alc
the dependence in the mixing angtethrough the combina- 5

tion c4_,,Ss—, Shows that, for couplings involving at least —A4Cs_,SopNp)}- (3.18
two heavy Higgs bosons, ) _

(i) the dependence in the parametersonly appears Again, all the anomalous couplings are screened:
through the combinatiokh, or \,,. Thus one combination is
not accessed in the trilinear couplings and

(i) in the decoupling limit My<M A, My ,M ), itis only
N2 Which is accessible in the self-couplings involving two —Zcﬁ_aszﬁxb). 3.19
heavy Higgs bosonshAA, hHH, andhH"H ™), while in
the self-couplings with heavy Higgs bosons onlyIn hhHH only A, may be accessible:
(HHH,HAAHH"H™) only A, may be accessed.

Note that the heavy Higgs boson mas$és,Mp, M= )
enter the formulas for the couplings only through combina- ~ MHHH™ Sp—a{Sp—aS2sMb T Cp—al(S2pNat 2S5 e

MhhHH—S2p0 a1 655 oCp—a(S2pMp T Cp—aSp—ahc

tions involving mass differences Micﬁ,a so that in effect 4G, Sa. SoaN 32
the self-couplings do not grow with the heavy Higgs boson p-aSp-aS2pho)}- (3-20
mass as occurs in the SM. In hHHH only A, may be accessible:

A. Quartic Higgs couplings

2 2
. L . + —2C4_,S5- .
To access the remaining combination we need to consider NMHHH " Sg-o(Sp- ol o S2pMa™2Cs- aSp-aS2pMb)

the quartic couplings. We will write the quartic couplings (329
directly in the physical basis. In HHHH both A, and\, may be accessible but nat, .
Defining
N B. Using another parametrization
)\C=202ﬁ)\b—)\5:)\5043+%s4ﬁ, (3.16 The screening property is a general result which does not
depend on which independent parameters we keep beside the
physical masses. Had we used another set of independent
2 parameters beside the masses, the same phenomenon would
- hi1—c2 y— 2 h d and only two independent combinations out of
Ohhnh= — =5 (1=Ch-0) = =55 5Ch-alCpralSp-aS2 ave occurred an y P : L
2v? b 2vzs§c§ b praivp p the three parameters would enter the expression of the trilin-

ear couplings. Indeed withz,\5,\ g as extra parameters, the
+Cﬁ+ac%—a)Mﬁ+siciME'_C/23+HM/2*} role of N4 p ¢ is played by\; p ., such that
+ic2 {S25Nat255C 5 aSp—alpt Co_ yNe} '
fop e TRt e Mo M= = 84Ca(AaNs),
(3.17

A3+ A5 A3— A5
We see again that in the decoupling region one is not sensi- ANp—Ap=— 2 Cop 2
tive to any of the extra couplings, as expected since we re-
cover the SM result with only the dim-4 operator. Let us now Cp
give the formulas for some of the other quartic couplings to + S—)\e,
show that some of the novel couplings are not screened in all
of the quartic couplings. We will only show the dependence
in the extra parameters and will not give the full dependence Ne—Ne=2NpCop— 5. (3.22
in terms of masses as otherwise the formulas may be too
lengthy: For instance,

1 1 ¢
B—a 2 2 2 2 2 2
Ahhh=— —=Sg_aMZ+C5_ ,——(Sg_ o aFCh_ N[+ ————(Sg_ 4C5S5(MA—MZ—MZ—M2Coy+2M72)
21)2 B—«a B aC,BSﬁ B—alta B—«a ZUZCBS[Z; B—a~ B> A H z H

—Cp S SHMA—ME) +C5(2ME+MECoy—2M7 - — M2) ]+ o ME—MD)

X[Sp-aCp(1—4s5) —Cp_,Sp(3—455)1}). (3.23
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Compared to the previous parametrization, this looks 2

! S . h |’ h- h-\h. h?
rather more complicated as it involves the charged Higgs | 1+ —| |qu 1+ —| +0qp| 1+ — | — +0qs—
boson mass as well as the heddybeside the pseudoscalar v v v jv v
Higgs boson mass. Nonetheless, all these masses are o\ he
screened. +q4( 1+ — —,+3+q5—,+4. (4.6

1% 1% 1%
IV. DIM-4 OPERATORS AND INDEPENDENT ) -
PARAMETERS While the bilinear terms are of the form
To easily understand our finding about the screening and ho\?2 \h, h2
number of independent parameters in the trilinear and by| 1+ —] +by| 1+ —|—+bz—. 4.7
guadrilinear couplings, note that the trilinear and quadrilin- v vjuv v

ear couplings originate from the quartic termsonly, Eq. ) _ ) )

(2.2), whereas the mass terms get an additional contributiofMPOsing that no tadpole remaifso linear term irh., ,h_)
from the bilinear termsn;,m,,my, in Eq. (2.2). Take, for ~Means thatlf;,q;) and (2,0,) must combine such that one
instance, the case of neutral couplings. The quartic selftas

couplings emerge as combinations of five independent terms

in the original fields(before diagonalizationof the form h2 h. h? h,h_ 3h. h? )
ql_/2 1+_r+ 12 +2q2 12 1 r+ 12
404 L3 202 3 v v 4v v v 2v
h1,h3,hih,,hih5,hih3. (4.2
h2 h \? h\h® hn*
In terms of the physical scalar fieldisH, + YF b3+qs| 1+ o Q4 1+ o F*’qSF-
h,=—hs,+Hc,, h,=hc,+Hs,, (4.2) (4.8
which we more judiciously write as Since th_e coefficients oh?(q;) and h,h+3(q2‘)1 are ex-
pressed in terms of masses, so do thosé®gh” (q;) as
hy=Ca(Sp_oh+Cy oH)+Sy(HSs a—hCy o) well ash, h? ,h, h* (q,). This does not apply to the trilin-
ear and quadrilinear terms involvirg. and higher order in
=cgh_+sgh,, h. . Thus for the trilinear terms there are only the two struc-
turesh?h_ (with coefficientqz) andh® (with coefficient
h,=sgh_—cgh, . 4.3 g4) that cannot be expressed solely in terms of the physical

masses. The last parametgy only appears in the quartic
However, keep in mind that, andh, in Eq. (2.1) always  couplings in the fornh? . To obtaing; andq, is a straight-
appear in the form forward matter. One only has to rewrite t@dP-even Higgs
boson masses in terms bf. :

_ h
vl+h—\/%=v1 1+ — +tﬁ—fl, Mih?+MEH?—h% (Miss_,+Mfcs )
Y 1%
+2h,h_sg_,Cp_o(ME—MP)
h h_ h +h2(M2s2__+M2c2_ ), 4.9
v2+7%=v2 1+— —tﬁl—fl, (4.4 +(MuSp ot MitCsa), - (49
v 1%

whereqs, (4, andqs are directly related to the parameters
Nas Np, andi.. The construct of Eq4.8) shows that in fact
once we get the quartic couplings one also derives the coef-
ficients of the various trilinear couplings. For example, take
the quartic couplings as they appear in the original potential
in terms of the field$1; andh,:

with v’ =\2v [ =g;,, Eq.(2.16], which helps write the dou-
blets, Eq.(2.1), as

1=U1

1+[(h_=iG%) +tg(hy +iA)]/v’
(=G +tgH )/ '

Ao, N2y, 2,2 3
Qh:?hl‘*'?hz‘l‘()\3+)\4+)\5)h1h2_2)\6h1h2

(G +t' HN)/v )
Hz=v, 1+[(h_+iG)—t; (h,—iA)]/v" )’ —2\h3h;. (4.10
(4.9
When expressed in terms bf andh, and after moving to
whereG* " stand for the Goldstone bosons. the mass basis with, for examples s 7 as extra parameters
Therefore in effect the quartic terms originate from awe immediately get the following dependence of the various
combination of the form quartic and trilinear terms:
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1
(h2 +AZ+2HH )| 2(\gh_—Aph) + —{Aa(h? + G
U

+2G G )—2\[h_h,—AG’—(H'G +H G™)]

+Ne(h2 + A2+ 2HTH )} |, (4.11)

with*

~ Chp NgFN7  Ag—A- - 1

)\C_szﬁ)\5 2 2 2 Ao
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in [15], and forA g, in [17]. Here also the corrections are
found to be large before reexpressing the results in terms of
the corrected masses.

Referencg23] gives analytical approximatior{gcluding
two-loop leading-logarithmic correctiongor the effective
quartic couplings \;,® using a renormalization-group-
improved leading-logarithmic approximation. We can adapt
their formulas to the one-loop case with large top squark
masses so that we can compare with the direct calculation of
the vertices performed if5,18]. For instance, we find the
leading one-loop contributions in the limit where the SUSY
breaking tern1\/|§, defined below, i€much larger than the
top quark masgwhich is consistent with our approach of
keeping only the dimension-4 operatprs

In fact with this parametrization one has thd=\,, Q4 g'm¢ 3

= o ANppp= — ——— —21 6 log(MZ/m2)
=\p andgs=X\.. One can move to another parametrization, hhh™ 64m2M4. 3 st
i.e., choosing a different set of extra parameters, through w=s
Egs. (3.1)—(3.4). We see that bgompletingthe h_ ,h, de-

- - fc+f)  cff
pendence oH, , we even get the full trilinear and quadrilin- 3 -

ear couplings involving the pseudoscalar, charged, and Gold- M3 2M¢

stone boson couplings. The completion is obtained by

identifying the diﬁerentﬁ depende_nce(snamely, ]J;B,té) in A g'm! s,c? 6 loa M2/ m?
the modulus oH,, for instance. It is not hard to see that by A= a4 3 og(Mg/m)
reexpressindn_ andh, in terms ofh andH, we recover all W=

our results. Moreover, this writing immediately shows that

- = . cle+2f)+f(f+2e) cef?
trilinear scalar couplings involving Goldstone bosons can all (&t 2f)+fifi+2e)  cer

be expressed most simply in terms of the physical Higgs M3 2Mg |’
boson masses only. The requirement for the absence of tad-
poles is a crucial one and explains most of our findings when C=Atulty e=Atult, Fi=A—ut,
restricting ourselves to dim-4 operators.
me - =M2+mc,. (5.1

.0,
V. RADIATIVE CORRECTIONS

These shifts correct the tree-level expression of Eg4.7)
&nd Eq.(2.18), respectively. In the limiw— 0, all the\; in
the MSSM vanish buk,:

Our results can also be exploited for easily expressing th
radiative corrections to the trilineaand for that matter
quadrilineay couplings of the SUSY Higgs bosons and ex-
plain some of the properties pointed out in the literature.
Three-point one-loop radiative corrections for the neutral ) t1.t2—
Higgs system in the MSSM have been calculdtEg] within
the effective potential approximationThe diagrammatic
one-loop radiative corrections to both the trilinegy,, and
quadrilinear\phnp lightest Higgs self-couplings have been
reexamined recently if21]. For the case of no mixing in the
top squark sector it is shown analyticalB1] that the bulk of
the corrections in the couplings are absorbed by using the
corrected Higgs boson mass while the same is demonstrated

3 g'm! A
log(M&/m?)+ — (1— A2/12M %
32m2 siMY, oMy Mg( 1M

~0.15 for Ai=Mg=1 TeV and t;=10, (5.2
while, in the same approximation as E§.1),

Mi=M3ss, ,+Mics_,+AME,

numerically for the case of large mixing. One-loop radiative 3 g’mf fc, C2f2
- - Mi=— =——| log Mg mZ)+ — — ——
corrections for\,4 are also considered 115,16, for A\yaa h g 2 M\ZN st M% 12M§
~ C,B*a
“The reason . appears instead af, depends on how we organize X| 1+ ——5—(S2pSp-a1C2pCp-0) | » (5.3
the decoupling and is due to the rewriting of the termsﬁna as Sp

1-¢2_ .

5SeBe also[5] where expressions are given for some couplings
assuming equal soft masses for the top squark masses. Note, howfCompared to our notation we should makg7— —\g7 in the
ever, that there is a misprint in E@®.4) of [5] where in the last term  expressions of23]. Moreover, our sign convention for is the
of that equation one should rea A+ u cotp) instead of (A opposite of 23] but the same as ifb]. See[34] for a full definition
+ u cotf). of our conventions.
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FIG. 1. Higgs boson mass spectrum without “hard” terms but with=1000 GeV, Ms=800 GeV, andu=—300 GeV, and tap
=10 (left) and with the inclusion of additional terms wiN{®z= —\§%"=0.1 (right). All masses are in GeV.

so that one recovers the decoupling property and the fact thanagine that the LHC discovers some SUSY particles and
the bulk of the radiative corrections are reabsorbed by usinglentifies them as such but that one discovers also that the

the corrected Higgs boson mass, lightest Higgs boson has a mass in excess of 150 GeV. This
would point to a scalar potential with “hardX terms. We
AM? Csa 3m{  uf, could probably even set a rough bound on their possible
ANnnn=— 20,2 Sp-at t_) mm values. A LC with enough energy to produce some of the
g S Higgs bosons and good luminosity to probe their couplings
( fc, | c2 would constitute a nice complementary machine though. Al-
X| 1= —|—ZCpa- (5.4  though double-Higgs-boson production at the LHC
6Msg/ sg [6—8,20,3% may not be so negligible, extracting the trilinear

) ) ) Higgs self-couplings will prove a challend&]. Therefore

In a phenomenological analysis of the extraction of thet, 'he rest of this section we will only briefly outline what
Higgs self-couplings, one could add the contribution of themight be measured from the self-couplings of the Higgs bo-
top and bottom squarks at the two-loop level through effecy,, 4t gifferent stages of the LC. However, before doing so,
tive couplingsh; from the renormalization-group-improved o s jllustrate what the mass measurements alone can bring
results of 23] to which one could include new physics con- 504 how the spectrum can be drastically affected by different
tributions to the,; . , forms of the potential. As an illustration we stick to t&n

Note that contrary to what we have presented in the pre= 1o ang consider the situation where theeceive correc-
vious sections, we have shown the “corrections” to thetions from the top squark sector with the parametars
Higgs self-couplings due to radiative correctiofs pres-  _ 1409 GeV,M<=800 GeV, andu=—300 GeV. We will

ence of\ termg as ?h'“s compared to the .tree-leveI.M_SSI\/.l. compare the situation where no “hard” terms are added with
We have done so in order to compare with the existing lit- T,

erature[5,18,21, which takes into account effects at one & Situation withh; s=—X¢7=0.1, i.e., of the order af ;.
loop only. Although this shows that the bulk of the correc- The mass spectrum of the Higgs system for this choice of
tions is absorbed in terms of the Higgs boson mass, the nd?arameters is shown in Fig. 1.

tion of shifts here is somehow misleading especially that One striking feature is thaM, can be substantially
some of the correction is contained in the “corrected” mix- heavier than what it is in the usual MSSM, while the mass

ing anglea. ordering betweeM + and M is certainly another distin-
guishing feature for this particular choice of parameters.
The rate ot production ae* e, weighted bys%_a, can
also provide a helpful hint and additional constraint. How-
ever, decoupling, although slightly delayed by the presence
As we have seen, the measurement of the entire set of thaf the new);, occurs rather fast in this variable as shown in
dim-4 operators which is necessary to reconstruct the HiggBig. 2. Having measured tgh greatly helps as the figure
potential in SUSY(and 2HDM requires that one crosses the illustrates.
thresholds for the production of three Higgs bosons, which is A full analysis from the measurements of the masses and
not an easy task especially that the cross sections will geahe couplings to fermions and vector bosons is left to a forth-
tinier and tinier as the Higgs multiplicity increases. As we coming detailed analysis6].
have seen also, a precise measurement of the Higgs bosonAs for the Higgs self-couplings the presencegfcan
masses and their couplings to ordinary matter is an importarttave a drastic effect as shown in Fig. 3 especially for small
ingredient in the reconstruction of this potential. The LHC M4 ; see in particular the swing igyny . In this region one
can thus give a first hint of the parametars For instance, expects though that all Higgs boson masses would have been

VI. PHENOMENOLOGY AND RECONSTRUCTION
OF THE HIGGS POTENTIAL AT FUTURE COLLIDERS
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FIG. 2. s5_, as a function of
Ma. MSSM refers ton;=0 with
A=1000 GeV, Mg=800 GeV,
and u=—300 GeV while “new”
_ hasa1®5=—Ag7'=0.1. tb stands
for tang.

/’ b=3
tb=3, new
// MA

100 150 200 250 300

measured and thus a good constraint on parameter space will At this stage the best would be to reconstruct as precisely
have been provided by the masses. As soon as we enter the possibleM, and the couplings oh to fermions and the
decoupling region, the largest couplingis,, which reaches vector bosons. This will help give a bound on the If one
its SM value. The other couplings remain unfortunatelymakes some model-dependent assumptions oR;tfimmpos-
rather small, although some have values larger than theing some discrete or global symmetpiethis can be used to
corresponding SM value. However, as we have seen the bulixtract some information oM 4. If an independent mea-
of these deviations are due to the rather large deviations isurement of tajg is missing at the time of the measurements
the Higgs boson masses. In this respect let us note that Fig.d¥ the Higgs boson properties, this will complicate the analy-
seems to indicate that théHH coupling can get rather large ses.
for smallM . However, observe that we have plotted a re-  If, on the other hand, the mixing angle is such that , is
duced coupling in units of the SM couplingsy}, ot too small andM, is not too largee”e” —ZH may be
=—3M2/2v?. The reason the reduced coupling attains a@ccessible. Then the coupllmhh could be reached directly
value larger than 1 is due to the larger massiaind that we throughH—hh. This may still turn out not to be too helpful,
are in a region of non decoupling; see Fig. 2. In this regdon Since we have seen that the are still screened in this cou-
is more standard like thalm as far as its couplings to gauge Pling, even though the screening in this situation could be
bosons are concerned. Had we usglf=—3M2/2v2 as a Mild. Moreover, H decays into other particlestt( or
unit, the reduced coupling would be below 1. bb, ...) andsuperparticlegscharginos and neutralinpsay

Let us now review briefly how aa™ e machine working  still be dominant so thaBr(H—hh) will be poorly deter-
at successive thresholds for Higgs boson production can atrined. Let us remark at this point that most of the nice

tempt to unravel the Higgs potential. analyses of the SUSY Higgs self-couplings22] that have
been performed were done solely in the context of the mini-
A. Stage 1 mal supersymmetric model, with no additional “hard” terms

. N h h . b has b in the potential, and have relied heavily on the extremely
Imagine a situation where no heavy Higgs boson has be€f,,q hrecision of the measurement of the dominant branch-
produced at a first stage of a linear collider at 500 GeV or th . — . _
LHC: we would then be in the decoupling limit. The only ing ratio intobb. In caseh is heavier than 150 GeV these
! ' analyses need to be extended.

trilinear couplings which may be accessed lahdh andHhh
through ete™—Zhh (fusion channels are not efficient at

these en_e_rgies and Higgs boson ma)ss}deyvever, there is B. Stage 2
no sensitivity to Hhh. Indeed the amplitude foe*e~ ] ) ) )
—.Zhh, in the unitary gauge, can be written as For a machine with higher energies wheteand A and

thus most probablyH™ have been discovered, the first
Mzhh=an\nnrSg— ot @uAHhnCs— ot Ras (6.1  thresholds for double-Higgs-boson producti@fter that of

Zhh) may be
where R stands for other contributions not containing the
trilinear Higgs couplings. We have seen that,;, is screened e"e”"—ZhH, ve;eHh
by a factorc,_, [Eq.(3.7)], itis further screened by another
such factor when we consider its contribution to this cross
section. with
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FIG. 3. Quinin«/gom with gt = —3M2/202. The SM Higgs boson mass

is identified wih, (and thus varies witiv ,). The curve in

the first panel is the usual MSSM where the one in the second panel is defined with the same parameters as in Fig. 1.

Mpun=bpNHhhSp- ot PHAHHRCs- o T Rp,

With higher energies one produces two heavy Higgs
bosons in association with a light Higgs boson of:a

efe"—hhA

with

Manh= ChAhnnC— o CHAHNRS— o with
+CaNpaaCs-at Re. (6.2
Again, unfortunately these two reactions will not be very
sensitive to deviations in the trilinear couplings if one takes
into account the screening effect iry,,. Fusion processes
could also be exploited at this stage and the next, but thewith

exhibit a similar behavior to the annihilation processes as far
the extraction of the parameters is concerned.
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efe"—hHA with
with Mpy+u-a=InCs-cAi+n-nt11uSg—oAn+n-n. (6.9

Cross sections here are very small here. For instance, for the
set of parameters considered above and witi+2 TeV,
AAA production is about 1410 fb. Although a full
study allowing a much larger parameter ran@ecluding

M,) is in order, it seems that B, measurement would be
out of reach.

Mann=Frhpunt fuhnan)Sg— o
+(Fihunnt Fi Haa) Cp— o+ Ry
efe"—H"H h
with
E. Stage 5

As we have seen earligsee Eq(4.11)] the effect of the
third combination of parameteps, can only be observed in
. processes involving a vertex with four Higgs bosons. The
with first threshold where such a vertex contributes igtehh
M _ final state, which we could have classified in stagevizh a
XHTH™ ™ ZHh final stat¢. However, even for a SM Higgs boson

Zhhhor verchhhat a 10 TeV LC with a luminosity as high

_ . as 16° cm 25! yields only about five events per yg@2].

As can be seen all of these reactions will be used to detefrhys the prospect for a useful measurement looks grim es-
mine N5 (A, will still be s_creenebj Let us give some idea pecially that inhhhh the \. effect is screened 364/;7,1-
about the order of magnitude of the cross sections to showyartic couplings where this contribution is not screened
that things can get really tough. As a reference take all extrg,olve any combination of the heavy Higgs bosons
contributions to thex; to be vanishing with SUSY param- (H*,H,A). Triple-H production ZHHH is not operative
eters as those considered in the introduction of this sectionsjce it is triggered by H production while quadruple pro-
A=1000 GeV,Ms=800 GeV, u=—300 GeV, and taB  qyction of the heavy Higgs boson is too tiny to be exploited.
=10 and takev =300 GeV. The third stage could be taken Thys a full reconstruction may prove to be impossible if the
as ys=1.2 TeV. We find thatZHH and ZAA are about fy|| set\,_- is present.

2.3x10 2 fb, while the other processes listed in this stage
are two orders of magnitude below. Before taking into ac-
count signatures and efficiencies this can amount to about

Mpy+u-n=9n n+u-nt Ry,

efe” —ZH H ,vorH H™

NN H-Sp-a
+hH)\H+H’Cﬁ’*a+Rh' (63)

VII. EFFECTS FROM HIGHER ORDER OPERATORS

only 25 events a year based on a luminosity of 1 ‘ab

D. Stage 4

Up to now we have only discussed the effects of the
dim-4 operators. Higher order operators are doomed to con-
tribute less significantly, as their effects are explicitly
screened by a high scale. We will illustrate this case by con-

At even higher energies, production of three heavy Higg;jgering only three new operators and restrict ourselves to a

bosons could in principle allow one to determing. The

processes at our disposal will be

AhAAe_Fe_*)AAA

with
Maaa=1h,Cp—aTTHAHAASB- o
efe"—HHA
with
MuuA= InMNHHC B - o T JHAHHHS B - o
TiaNHaaSg-o TRy,
e'e"—=H'HH
with

Muti-n=KuMprp-nt Re,

efe —=HH A

few Higgs self-couplings to make the point. We consider
1~ *\3 7 *1\3
Vetr—Vertt P{Kl(HlHl) +Kka(HoH3Z)

+xa(HHT)?(HoH3)} (7.0
For notational ease we will use

2
(7.2

Ki=—5Kj,
A2

with A the scale of new physics. We find
2
K e 2 2 3
Nhph=— _52 Sg+aC2aT (N1 —6K1C— 2K3S5)CpS,,
2w

1
_()\2_6’(232)025[3_{_ E[(}\g"’ )\4_2K3Cé)+}\5]

2
XS24Ca+at N6Se(CpiaT2C,Cp)
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+N7C(Cps o 25,55) — AK1CHSY VIIl. CONCLUSION

A dedicated study of double-Higgs-boson production at a
high luminosity LC[3,22] within the SM has shown that it is
) o . very difficult to extract the Higgs self-couplings with a pre-
Note that we haye split the 1_sffect of the new contrlb_utlons iNcision better than 20% in the first stage of a LC improving to
two parts. The firsfsecond line of Eq(7.3)] can be viewed  gjightly better than 109622] at a multi-TeV LC facility, even
as a shift in\ , 3 while the otherflast line in Eq.(7.3] can  jn the most favorable case of a Higgs boson light enough to
be con5|dereq as a genuiné new contnbuhon beyond the eEfecay intobb. In the decoupling limit, the lightest SUSY
fects of the dim-4 operators. The shifts mean that the ComHiggs boson will have properties very similar to that of the

bma‘uorzls 0‘1_6"1(:/23_2"35123)'_ (}‘2__6"23123)'. and N3 gM and thus we would also get a precision on its self-
—2k3Cp) replaceh, p 5 respectively, in the definition ok,  coypling with a very similar precision. Unfortunately we
My 1y in Egs.(2.9—(2.11). Again, this means that even in the paye shown that in this limit once we have measured the
absence of any dim-4 operator, the dim-6 operators as denass of the Higgs bosdmhich will be known at better than
fined above will also affect the Higgs boson masses and coyne per-mil level and its couplings to ordinary SM particles
plings to fermions and vector bosons. Moving to the masswith a precision of a few percentthe precision attained in
basis, keeping as extra parametess ; and ;.3 We get  the self-couplings will not be sufficient to reveal new phys-
ics. Indeed effects from “anomalous” operators affecting the
Nﬁhh=thh—4K1C%Si+4K2520“Z+4SBC%CQS§K3 Higgs potential have a direct impact on the Higgs boson
(7.9 mass and the couplings to fermions. When these are taken
into account additional effects in the self-couplings are
and screened either by mixing anglédim-4 operatorsor large
scales. Even if we are not in the decoupling regime and even
30 - if we restrict oneself to the leading dim-4 operators, we have
CpSaCak11 SpCLSy K2 shown that measurements of all possible trilinear self-
couplings would not allow us to reconstruct the most general
lowest dimension Higgs potential. To achieve this one needs
' (7.9 o measure some of the quartic couplings. However, an
analysis that would take into account the measurements of
where\ nny are given in Eqs(3.6), (3.7). t_he Higgs bosc_Jn masses and their coqplings to ordin_ary par-
We see that the higher order operators are not furtheficles s_hould give some gseful constraints. An analysis along
reduced by the decoupling factop_,, and that all; con- t_hese lines completed W|t_h the extraction of some qf the tri-
tribute to all the self-couplings, unlike, where we are only linear self-couplings at different stages of the LC is under

left with a combination of two couplings. This means that if way [36].
one ideally has measured all masses and couplings to ordi-

nary fermions and quite precisely all trilinear Higgs self-
couplings, one could tell whether higher order operators are We thank G. Blnger for a careful reading of the manu-
contributing. However, considering the foreseen precision irscript and helpful comments. We also acknowledge useful
the extraction of the Higgs self-couplings and the expectediiscussions with M. Battaglia, P. N. Pandita, and M. Dubi-
small contribution of the higher order terms, this would seemin. A.S. is patrtially supported by CERN-INTAS Grant No.
to be overly optimistic. 99-0377 and RFFR Grant No. 01-02-16710.

+4K,SHC+ASpCHC,SHK 3. (7.3

Nfihh=Nunn—4

2
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