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Motivation

The Higgssecta of the minimal supersymmetricextensionof the Standad

Model (MSSM) is a constrained2HDM. However, at one-laop all possible
2HDM interactions allowed by gauge invariance are generated (due to

SUSY-lveakinginteractions).

Thus, the Higgs secta of the MSSM is in reality a general2HDM model
(albeit with certainrelationsamongthe Higgssecta parametersdetermined
by the fundamentalparametersof the broken supersymmetricmodel).

The general 2ZHDM consists of two identical (hyperchage-one) scala
doublets ; and ,. Sinceone can always rede ne the basisof scala
elds, the parameter tan Vo=V; IS not meaningfuland hencenot a
physicalobservable!

To perfam model-inde@ndent studies of 2HDM phenomenaat future
colliders, basis-indepndent technigues are essential for identifying the
physicalHiggs observables.



‘ The General Two-Higgs-Doublet Mo del |

Considerthe 2HDM potential in a generic basis:

A basischangeconsistsof a U(2) transfamation , ! U, p (and = YU/
RewriteV in a U(2)-covaiant notation:

V = Yab g bt %Zabcd( g b)( %:/ d)

whereZ jpcqg = Z cqap @nd hermiticity impliesY,, = (Ypa) andZ g = (Zpadc) - The
barred indiceshelp keeptrack of which indicestransfam with U and which transfam with
UY. For example,Yo, ! UacYeqU ) andZ peq ! UaelU? UcgU!  Z ot gn-



Explicitly (in a genericbasis),
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The most generalU(1)gy -conservingvacuumexpectation value (vev) is:
! !

0 i C

; with b, e i :

h al =

il <

. S e

wherev  2my =g = 246 GeV.The overallphase is arbitrary (and can be removed
with a U(1)y hyperchage transfamation). If we de ne the hermitianmatrix V,, 9,0,
then the scala potential minimum condition is givenby the invariant condition:

Tr(VY)+ 4v°Z . aVbaVac = O:

The orthonormal eigenvectos of V,,, are ¢, and Wy, b, o (with 1o = o1 = 1,
11 = 22 = 0). Notethat ¢, W, = 0. Undera U(2) transfamation, ¢5 !  U,,%p, but:

Wa! (det U) ‘U Wp;

wheredet U €' isapurephase.That is, W, is a pseudo-vectowith respect to U(2).

OnecanuseWw, to constructa proper second-rankensa: W,, — WaW, ab Vap:

Remak: U(2)= SU(2) U(l)y=Z,. The paametersmi,, m5,, m%,, and 1;:::; 7
are invaiant under U(1)y transfamations, but are modied by a \avo r'-SU(2)
transfamation; whereas® transfams underthe full U(2) group.



‘ The Higgs basis |

De ne new Higgsdoublet elds:
Hi= (Hy ;i HY) b, a; Ha= (H; ; H)) W, a
Equivalently 5= H %5+ HoW,. Sinceb, b, = 1 andb_ W, = O, it follows that
HY = P hH i = 0:
The eld H; de ned aboveis invariant. However,undera U(2) transfamation,
H,! (det U)H»:

For example underthe U(2) transfamationU = diag (1 ; €' ), onecantransfam among
di erent Higgsbasesthat are related by a rephasingof the eld H,. Quantitiesthat are
invariant under SU(2) but not underU(2) will hencefoth be called pseudo-invariants

If we rewrite the Higgs potential V in the Higgsbasis,we nd:



V= YiHYH + YoHIH + [YsHYH, + hici] + 3Z,(HYH,)?

+3Z2(H3H2)" + Za(HH1)(H3H2) + Za(HIH2)(HIH )
n 0
+ %25(H{H2)2+ Zo(H{H1) + Z7(H3H2) HIH,+ hic:

where
Yi Tr(YV); Yo Tr(YW);
Z1  Zaped VbaVdc Lz Zaped WoaWac;
Z3  Zapeg VoaWac; Ly Zapeg VocWda

are invaiant quantities, whereashe following (potentially complex) pseudo-invaants
Y3 Yabba\mb; Z5 Zabcd ba\bbbc \bd ,

ZG Zabcdbabbbc \bd, Z7 Zabcdba\mb\bc \bd:

transfam as[Y3; Zg; Z7] ! (det U) 1[Y3;ZG;27] andZs! (det U) 27 .



The invariants and pseudo-invaants in the genericbasisare givenby:

Y1 = m%lc2 + m%zs2 Re(m%ze' )So

Yo = m%ls2 + m%zcz + Re(m%zei )So
[ 2 2 2 i . 2 i
Yge = %(mzz m71)so Re(m1o€e )co iIm(m7oe );
h . o
Z1= 1c4 + 254 + % 34555 + 255 c2Re( 6e' ) + szRe( 7e' )
h . o
Zo= 154 + 204 + % 34555 2s9 szRe( 6e' ) + czRe( 7e' )
7,z 1 2 I q.
3= 752 [ 1+ 2 23451+ 3 sz ¢y Rel( g 7)€ i
_ 1.2 .
Zga= 782 [ 1+ 2 23451+t 4 sy cp Re[( g 7)€ [
zge? =1s5 [ 1+ 5 2 3451+ Re( 5e? )+ icy Im( 5e? );
sy co Re[( g 7)1 isp, Im[( g 7)€ )
. h o :
Z6eI = %52 1c2 232 345Co iim ( 5e2I ) +c c3 Re( 6e' ) ;
+ [ .2 [ .2 N
s s3 Re( 7 )+ icTIm( ge )+ is"Im( 7e );
. h o .
Z7 el = %52 152 2c2 +  345Cy + ilm( 5e2' ) + s s3 Re( 6e' )

+c cy Re( 7€' )+ is?Im( ge' )+ icZim( 7¢' ):

where 345 3+ 4+ Re( 562i ).



‘ The Higgs mass-eigenstate basis |

Starting in the Higgsbasis,

G* ' H*
1 L0, i~ 0 = 1 .0
I 111G P~

where' 9,' 5 anda® are neutralscala elds, andH * is the physicalcharged Higgsboson,

with massm? = Yz + 3Z3v?. If the Higgssecta is CP-violating,then" 2, ' 3, and A
all mix to producethree physicalneutral Higgsstatesof inde nite CP. After emplg/ing the
potential minimum conditions: Y1 = %Z v2 and Yz = %Z sV, the resulting neutral

Higgs squaed-massmatrix is:
0 1
Z1v? Re(Zg)Vv? Im( Zg)Vv?

M = % Re(Ze)v® Yo+ 1[Z3+ Z4+ Re(Zs)] v° lim( Zs)v? § :
Im (Zg)Vv? im( Zs)v? Yo+ 1[Z3+ Z4 Re(Zs)] v?

Note that Z; doesnot appea above. The real symmetricmatrix M is diagonalizedby an
orthogonal transfamation. That is, RM R" = M p = diag (m%; m35; m3), where
RR™ = 1.



A convenientform for R is:

0 10 1
si2 O Ciz O 513 0

R = RpR13R23 = %812 C12 0§ % 0O 1 0 § %0 C23 323§
0 1 S 0 C

S23

0 1
C12C13 C23S12  C12513S23 C12C23S13 + S12S23
%013512 C12C23  S12S13S23 C23S12S13 012323§ )
S13 C13S23 C13C23
wherec; cos j ands;j sin j . The neutral Higgs masseigenstatesare denoted
by hy, hy, and hg: 0 1 0) . 1
— v 0 .
L §=rE 06
hs ao

Sincethe mass-eigenstatel; do not depend on the initial basischoice, they are U(2)-
invariant elds. We have seenthat Higgs basis paameters are either invariant or
pseudo-invaant. In particular, one can shav that undera U(2) transfamation,

12, 13 areinvaiant, and €' 231 (det U) 'e' 23:



We can eliminatethe middle man by expressingthe masseigenstateneutral Higgsdirectly

in terms of the original shifted neutral elds, ~ o 0 Via= 2

h [
1 "' , : _
hy = 19—E Zy(qklba + QroWae ' ) + (g, b, + q,W, e %) 2 ;

fork = 1;:::;4, whereh, = G° andthe invariant quantitiesqy; are givenby:
K Ok 1 Ok 2
1 C12C13 S12  IC12S13
2 S12C13 Ci2 1S 12513
3 S13 IC 13
4 i 0

SinceWw,e ' 23 is a proper U(2)-vecta, we seethat the mass-eigenstateelds are indeed
U(2)-invariant elds. We can now invert the aboveresultto obtain:

0 1
Vv
% p—2ba+

G, + H "\,

x4 . § :
Ok1la + Qr2e ' 2P, hy
k=1

il



If Im (Z5Z &) = 0, then the neutral scala squaed-massmatrix can be transfamed into
block diagonalform, which containsthe squaed-massf a CP-odd neutral mass-eigenstate
Higgs eld A anda 2 2 sub-matrix that yields the squaed-massesf two CP-even
neutral mass-eigenstatéliggs elds h andH .

If Im (2525) 6 0, wecanwriteZs jZgj€e' 6. Thenthe neutralscala mass-eigenstates
do not possessie nite CP quantum numbers, and the three invariant mixing angles 1,
13 and ¢ 6 >3 are non-trivial.

The angles 13 and ¢ are determinedmodulo  from

2Im(Zee ' )

Im( Zse 2 23
(5 ) tan213:

tan = - )
BT 2Re(Zge | 23) Z, A2=y2

whereA® Yo+ 1[Z3+ Z, Re(Zse ? 23)]v®: Theseequationsexhibit multiple
solutions(modulo ) coresmndingto di erent orderingsof the hy masses.Finally

2cos2 13Re(Zge ' 23) .
Cis[Cci3(A2=v2  Z4) + c0s2 13Re(Zse 2 )]

tan 2 1o =

For a givensolution of 13 and ¢, the two solutionsfor 1o (modulo ) coarespnd to
the two possiblerelative massorderingsof h, and h.



It is now a simple matter to insert the U(2)-covaiant exgessionfor 5 in terms of the
mass-eigenstatéliggs elds into the HiggsLagrangianto obtain a U(2)-covaiant form for
the physicalHiggs bosonand Goldstonebosoninteractions. [Note: the Goldstoneboson
and neutral Higgs elds are invariant elds, whereasH ! (det U) 'H ]

The gauge boson{Higgs boson interactions are governedby the following interaction
Lagrangians:

g

+
LVVH = ngW W + 2CW

m,Z Z Re(gephg+ emyA W G +w G)

gmysaz WrGe +w GY);

2 , 3
L =4l2w*w + % 7 7 5Req + g hi h
VVHH = 779 52 e(0; 19k 1 * 9j 20k 2) hj hy
W
2 , 3
2.+ 2 g 2 2 2ge 2 + +
+4%gWW +eAA+CT%sWZZ+C—%SWAZ5(GG+HH)
& W
0 1
4252 _
+ @legA W' ZCV\\I/VZ W*A (qG + qepe | 23H )h, + hc

g $ - $ i g !
LVHH = Wlm (qJ 19k1 * (]]J 2qk2)Z hj @ hk -]2'-9 W qle @ hk + Qo€ ' 234 @ hk + h:c:
n - #
g 2

+ ieA + — 1 G z c*% e +n*% H )
Cw



Likewise,the cubic and quatic Higgscouplingsare givenby (with h4 = GO):
Lap = 3vhjhghe o qoqRe(a1)Z1 + Gj 20, Re(q 1)(Z3 + Z4) + Re(gj 10k 20 225 € 21 23)
tRe [20j1 + dj1la 0 2Z6 € 23 4 Re(qj 20x20 2Z7 € I 23
vh GT G Re(qeq)Z1+ Re(qgype | 237g) +vh H'H Re(ge1)Z3+ Re(qgpe i 237 7)

_ h . . i
%vhk G H™ ¢ 23 OoZ4 + Ggo e 2 2375+ 2Re(q1)Zge ' 23 + hic

and
Lan = ghjhihihm 61010 10m 121+ G 2020 20m 222 + 20j 1019 20m 2(23 + Z4)

+2Re( 0j 10k 19" 20m 2Z5 € 21 23) + 4Re(qj 1010 1Am2Zpe | 23) + 4Re(dj 10k 20 20m 227 € ' 23
FhihkG G gj10k1Z1+ 6j20kpZ3 + 2Re(q) 10x2Z6 € ' 23)
ShihgH¥ H  GoaxpZ2+ 610123 + 2Re(qj 10k2Z7e ' 23)
%hjhk c HT e 23 th' 19k244 * 0Gj10k245¢€ 2i 23, dj 10x1Z6 € 234 gj 20k2Z7¢€ i 23i + h:c:
17,676 G'G 3ZoHTH HTH (Z3+24)GTG H'H

3(ZsH™H'G G +ZgH H G'GY) G'G (ZgH'G +2ZgH G') H'H (z7H'G +2z7;H G'):



‘ Example: Higgs self-couplings |

Lightest neutral Higgs bosoncubic self-coupling:

g(hihihi) = 3v Z1c),Cis + (Zs+ Z4)C12C13jS123i” + C12C13 Re(S5,5Z 587 23)

3c2,c2, Re(s123Z6€' 23)  jS12j° Re(S123Z 7€' 23)
Lightest neutral Higgs bosonquatic self-coupling:

g(hihihihy) = 3 Zici,Cys + ZojSiasi” + 2(Zs+ Z4)C3,Ch5iS123)°
+2 ¢2,c2, Re(s5,,Z5e” 28)  4ct,c. Re(s123Z6€' 23)

. .2 i
4C12C13)S123] " Re(s123Z 7€ 23)
wheresioz  Si12 + IC 15S13.

Note that thesequantities depend on U(2)-invariants. In particular Zse 2 23, Zge ' 23
andZ-e ' 23 are U(2)-invariants!



‘ The Higgs-fermion Yukawa couplings |

In the genericbasis,the Higgs-fermionYukawa Lagrangianis:

- Qgoe. Yoo, 7o D:0yyn 0, A0e_ U0 0, ~O D:0\y O
Ly = QP€; ["Ug+Q_ 1( 1 )'Dr+ Q%€ ;7Ug+ QY o ;7)'Dgr+ hic:;

where€; i , ., Q} isthe weakisospinquak doubletandUp, D 3 are weakisospin
quark singletsin an interaction eigenstatebasis,and ;%; 5% 2% 2° ae3 3

matricesin quak avor space.

|dentify the fermionmasseigenstatedy emplo/ing the appropriate bi-unitary transfamation
of the quak mass matrices involving unitary matrices V", V,°, V5, V&, where
K VYV, isthe CKM matrix. Then, de ne the U(2)-vecta @ ( 2; 3), where

D: D
,OV y:

U U U0,,Uy. D D
a Vi \% VR a L

a R ! a

In terms of the quark mass-eigenstateelds and the transfamed couplings,

Ly = Q_€a ,;JUR+ Q. a 5VDR+ h:c:



We can construct basis-indepndentcouplingsby transfaming to the Higgsbasis.
Ly=QL(#:1 "+ 18, “YUr+ Q (H1 °Y+ H, °")Dr + hic:;

where

%, + “W,. Undera U(2) transfamation, ©

Inverting theseequationsyields: aQ
is invariant, whereas © | (det U) ©.

U

By construction, and P are proportional to the (real non-negative)diagonal quark

massmatricesM y and M p, respectively In particular,
\Y :
My= p= " =diag(my; me; my) = VM VR ;

2
\' .
Mp = p— °Y=diag(mg; ms; mp) = VLDMSVRDV;

P~ . P~ - :
whereM S (v=" 2)b, YPandM 3 (v=" 2)b, °Y. Thatis, we havechoserthe
unitary matricesV,”, V¢, V,° andVy suchthat M p, andM y are diagonalmatriceswith
real non-negativeentries. In contrast, the < are independentcomplex3 3 matrices.



The nal form for the Yukawa couplingsof the mass-eigenstatddiggs bosonsand the
Goldstonebosonsto the quaks is:
1__ \4 h i o3 Dqy i o3 D |
Ly = VD Mp (ak1Pr + Qg PL) + P35 k2 [€ I’Pr + Qy, € P. Dhyg
1__ \4 h i o3 U i o3 Uqy |
+ VU My(akiPL + g ,PRr) + 19—E Qo € Pr + Ok2[€ P Uhy

h i P35

+ U K[°PPr [ "IKP. DH" + UKMpPr MyuKP.]DG" + h:c:

v
By writing [ °PPH* = [ Q¢' 23]Y[e' 23H *], we seethat the Higgs-fermion Yukawa
couplingsdepend only on invariant quantities: the diagonalquark massmatrices, e’ 23;
andthe invaiant angles 1, and 1s.

The couplingsof the neutral Higgsbosonsto quark pairs are genericallyCP-violatingas a
result of the complexiy of the gx» and the fact that the matricese' 23 © are not generally
hermitian or anti-hermitian. L v also exhibits Higgs-mediated avor-changing neutral
currents (FCNCs) at tree-levelby virtue of the fact that the < are not avor-diagonal.
Thus, for a phenomenologicallyacceptabletheay, the magnitudesof the o -diagonal
elementsof ° must be small.



‘ Conditions for CP-invariance |

The general2HDM is CP-violating. The requirementof a CP-conservindosonicsecta is
equivalentto the requirementthat the scala potential is explicitly CP-conservingand that
the Higgsvacuumis CP-invaiant. The bosonicsecta is CP-conservingf and only if:

IM[Z6Z,]= IM[Z:ZZ1= IM[Zs(Zs+ Z7)°] = O:

Note that Im[ Z5Z§] = 0 impliesthat there is no CP-even/CP-ald scala mixing in the
diagonalizationof the neutral scala squaed-massmatrix. Neverthelessthis is not a
su cient conditionfor CP-conservindgdiggs couplings.

Additional constraints arise when the Higgs-fermioncouplingsare included. If Zs[ ]2,
Zs 2 and Z; © (Q = U;D:E) are hermitian matrices, then the couplingsof the
neutral Higgs bosonsto fermion pairs are CP-invaiant. Thus, if all the above conditions
are satis ed, then the neutral Higgs bosonsare eigenstatesof CP, and the only possible
sourceof CP-violationin the 2HDM is the unremovablephasein the CKM matrix K that
entersvia the chaged current interactionsmediatedby eitherW or H exchange.

Since one of the scala potential minimum conditionsyields Y3 = %Z 6v2, no sepaate condition
involving Y3 is required.



‘ The signi cance of tan |

So far, tan  has been completelyabsentfrom the Higgs couplings. This must be so,
sincetan is basis-depndentin a general2HDM. However, a particular 2HDM may
singleout a preferredbasis,in which casetan  would be promotedto an observable.To
simplify the discussionwe focus on a one-generatiormodel, wherethe Yukawa coupling
matricesare simply numbers.

As an example, the MSSM Higgs secta is a type-ll 2HDM, ie., { = 5 = 0.
A basis-indepndent condition for type-Il is: 5 g = 0. In the preferred basis,

¢ = (cos ;sin e )andw = ( sin e' ;cos ).Evaluatng ®= ¢ ° and

Q= w  inthe preferredbasis,it follows that:

P = .. . . :
where °© = © 2mg=v. Thesetwo de nitions are consistentif ° Y+ P Y= 10is

satis ed. But this is equivalentto the type-Il condition, ./ = 0.



Since ? is a pseudo-inveant, we caneliminate by rephasing ». Hence,

: D U
I ]
tan = = —
° Y
with O =2. Indeed,tan is now a physicalparameter, and the j j are no
longerindependent:
. D. _ pﬁmdtan _ T IOimucot
] ] v : I ) v

In the more general(type-lll) 2HDM, tan is not a meaningfulparameter. Nevertheless,
onecanintroducethreetan -like paameters’

tan ¢ ——; tan J—UJ tan . ——;
the last one carespnding to the Higgs-leptoninteraction. In a type-lll 2HDM, there is
no reasonfor the three parametersaboveto coincide.

y Interpretation: In the Higgs basis, up and down-type quaks interact with both Higgs doublets. But, clealy there exists
somebasis(i.e., a rotation by angle y from the Higgs basis)for which only one of the two up-type quak Yukawa couplingsis
non-vanishing.This de nes the physicalangle .



The MSSM Higgssecta is a type-lll 2HDM

The tree-levelHiggs potential of the MSSM satis es:

1= 2= 345:%(92"‘902); 4 = %92; s= = 7= 0:

But, one-loop radiative carections generate carections to these relations, due to
SUSY-bbeaking. E.g., at one-lop, 5, 6 76 O.

For MSSM Higgs couplingsto fermions, Yukawa vertex carrections modify the e ective
Lagrangianthat descrilesthe couplingof the Higgsbosonsto the third generationquaks:

h o -
L e = jj (hp+ hpbrHgQ + (hi+ hytrQ HY + NeorQKHE + hitgQEHE +h :c:

Indeed, this is a generaltype-lll model. For example,in someMSSM parameterregimes

(correspndingto largetan  and large supersymmetry-beakingscalecompaed to v),?*

n 2 #
' 2 S 2. 2, 2 ht 2, 2., 2
ho' My =M gl (MgiMp Mg+ S A (MM E: )

This leadsto a modi cation of the tree-levelrelation betweenm  and hy. In addition, it
leadsto a splitting of \e ective" tan -like paameterstan , andtan ;.

2 (a; b;c) = [abIn(a=b) + bcIn(b=c) + caln(c=a)]=(a b)(b c)(a «¢).



For illustrative purposes,we neglect CP violation in the following simpli ed discussion.
The tree-levelrelation betweenm  and hy is modi ed:

hpv
mp = ﬁb—zcos 1+ p);

where , ( hp=hp)tan . Thatis, pistan -enhancedand governsthe leading
one-laop carection to the physicalHiggs couplingsto third generationquarks. In typical
modelsat largetan , | canbe of order 0.1 or larger and of either sign.

In the approximation schemeabove (keepingonly the tan -enhancederms),

an vP®  tan an P 2my | tan |
> Pome 1+ o " VU 1 tan ( hi=hy)

Thus, supersymmetry-beaking loop-e ects can yield observabledi erences between
tan -like paametersthat are de ned in terms of basis-indepndent quantities. In
particular, the leadingone-loptan -enhancedcarectionsare automaticallyincarporated
into:

IIIbt m t
gA an b gAtt CO t -
bb V V



‘ The decoupling limit |

The decouplinglimit caresmpnds to the limiting casein which one of the two Higgs
doublets of the 2HDM receivesa very large massand is therefae decoupledfrom the
theay. This can be achievedby assumingthat Y vZ andjzZij < O(1) [for alli].
The e ective low energytheay is a one-Higgs-doubletmodel that caresmpnds to the
Higgssecta of the Standad Model. We shallorder the neutral scala massesaccading to
m m 2.3 and de ne the invariant Higgs mixing anglesaccadingly Thus, we expect
one light CP-evenHiggs boson, h,, with couplingsidentical (up to small carrections) to

those of the Standad Model (SM) Higgsboson. In particular,”
| |

iZsiv2 iZsiv2
mi: ZlV2+O J 612 : m%: A’+ O ) 612 ,
ms ms3
I
- iZesjV?
m.= A°+ v’Re(Zse © 8)+ O J n:JZ : ma = Y, + %ngz:
3

Hence,m 1 m,' mz' my

XRecallthat: A2 Yo + %[23+ Z4s Re(Zse 2l 23)]v2.



Finally the invariant mixing anglesare givenby:

mn !#
2 i . .24
V-Re(Zge ' 23 ZelV
S1p = (2 6 : ) 1+0 ! 614 1
ms; mj m 5
1] !#
2 i : 2.4
veilm( Zge ' 23 Zsl°V
Si = 5 6 : ) 1+ 0 J 614 1
ms3 mj m 5
mn !#
2 2 2i : 2.4
, veilim( Z5 e 23 ZeclV
m(Zse 2 ) = (26¢ 7 %) 1.0 12 1:
ms3 mj m 5

In the exact decouplinglimit, thesequantitiesare all zero. However, the identity:

Im(Z.Z22) = 2Re(Zse * 28)Re(Zge ' ) Im(Zge ' )
n 0]

Im(Zse * 22) [Re(Zse ' 28)]° [Im(Zgse ' %))

impliesthat Im( ZSZg) neednot be particularly smallin the decouplinglimit. Therefae
in the decouplinglimit, the properties of h; appoach those of the neutral CP-even
Standad Model Higgs boson. In contrast, h, and hs are states of inde nite CP (i.e.,
strongly-mixedlinea combinationsof H and A).

{ Another identity, Im( ZgZ g) vl = 25130§3312012 (m% m %)( m% m %)( m% m %), yieldsthe
sameconclusion.




‘ Lessonsand future work |

If phenomenaconsistentwith the 2HDM are found, we will not know a priori the
underlyingstructure that governsthe model. In this case,one needsa model-inde@ndent
analysisof the data that allows for the most generalCP-violating Model-Il|.

Instead of claiming that you have measuredtan  (which can only be done in the
context of a simpli ed versionof the model), measurethe physical parametersof the
model. Examplesinclude the tan -like parametersintroduced in the one-generation
model. (For three generations,the formalism becomesmore complicated. However,
one has good reasonto assumethat the third generationquark{Higgs Yukawa couplings
dominate.)

Which tan -like parameterswill be measuredin precisionHiggs studiesat the LHC
and ILC? How canonebesttreat the full three-generatiormodel to one-laop order? What
simpli cations can be exploitedin the MSSM?

Computethe one-laop radiative carectionsto various Higgs processesn terms of the
physicaltan -like parametersin the MSSM.



