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Abstract

We discuss the full electroweak one-loop corrections to the decay of the pseu-
doscalar Higgs boson A? into two sfermions within the Minimal Supersymmetric
Standard Model. In particular, we consider the sfermions of the third generation,
#;, by and 7, including the left—right mixing. The electroweak corrections can go up
to ~ 15% and can therefore not be neglected.

The Minimal Supersymmetric Standard Model (MSSM) [1] requires five physical Higgs
bosons: two neutral CP-even (h° and H'), one heavy neutral CP-odd (AY), and two
charged ones (H*) [2, 3]. The existence of heavy neutral Higgs bosons would provide a
conclusive evidence of physics beyond the SM. Therefore, searching for Higgs bosons is
one of the main goals of future collider projects like TEVATRON, LHC or an e"e™ Linear
Collider.

In this talk, we consider the decay of the CP-odd Higgs boson A° into two sfermions,
A° = f, E The decays into sfermions can be the dominant decay modes of Higgs bosons
in a large parameter region if the sfermions are relatively light [4, 5]. In particular, third
generation sfermions #;, ZNDZ and 7; can be much lighter than the other sfermions due to
their large Yukawa couplings and their large left-right mixing. We have calculated the
full electroweak corrections in the on—shell scheme and have implemented the SUSY-QCD
corrections from [6]. We will show that the electroweak corrections are significant and
need to be included.

At tree—level the Higgs sector depends on two parameters, for instance m 4o and tan .
m o is the mass of the pseudoscalar Higgs boson A°, and tan 3 = o2 1s the ratio of the
vacuum expectation values of the two neutral Higgs doublet states [2, 3]. In the chargino
and neutralino systems there are the higgsino mass parameter p, the U(1) and SU(2)
gaugino mass parameters M’ and M, respectively. We assume that the gluino mass mg
is related to M by mg = (as(mgz)/az) sin® Oy M.

The decay width for A° — f; E depends on the left-right mixing. This mixing is
described by the sfermion mass matrix in the left-right basis ( fL, fR), and in the mass
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where sza is a 2 x 2 rotation matrix with rotation angle 07, which relates the mass

eigenstates fi, 1=1,2, (m];1 < mf~2) to the gauge eigenstates fa, a = L,R, by ﬁ = Rifafa

and
mfgL = M?Q it (13" —e;sin®0y) cos268mj +m7 (2)
m?R = M{za by~ Cf sin*@y, cos 28 m + m? , (3)
ar = Ay —p(tan ﬁ)*QI?L : (4)

Mg, My, My, Mp and My are soft SUSY breaking masses, Ay is the trilinear scalar
coupling parameter, [ ?L and ey are the third component of the weak isospin and the
electric charge of the sfermion f, and fy is the Weinberg angle.

The mass eigenvalues and the mixing angle in terms of primary parameters are

1
2 _ i 2 2 2 .2 2 2,2
my = Q(me—meR:F\/(me mfR) +4afmf) (5)
—aymy
cosf; = (0<0; <) (6)
f 2 2 2,2 —7f ’
\/(me_mf1)2 + ajm;
and the trilinear breaking parameter Ay can be written as
1 . .
meAy = 5 (mf;l — m%) sin20; + my p (tan ) 21 (7)

At tree-level the decay width of A° — f; J; is given by

|

Né k(m%o,m%,m%) .
Y fi’ f
- |G{j‘2 (8)

Ftree(AO N fz

S
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with k(x,y, z) = \/(x — y — 2)% — 4yz and the colour factor N, = 3 for squarks and N/, =
1 for sleptons respectively. The Higgs—Sfermion—Sfermion couplings for the pseudoscalar

Higgs boson A° are given by

F cos [ sin 3 0 1
PN T

for { dggn }—type sfermions respectively. h; denotes the Yukawa couplings

he = gmy /(v 2myy sin B), hy = gmy/(vV2my cos 3) and h, = gm./(v/2my cos 3) for top,
bottom and tau, respectively.

fren

The one-loop corrected (renormalized) amplitude G;; 7 can be expressed as

fren _ qf i _ ool f® fw) e
Gl = ¢l + ol = ¢l + oGl + sal™ + scl, (10)

where Gf] denotes the tree-level A ff f] coupling in terms of the on—shell parameters,

5szj(v) and 5szj(w) are the vertex and wave-function corrections, respectively. Here we

only show the diagrams of the vertex graphs (Fig. 1).
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Figure 1: Vertex and photon emission diagrams relevant to the calculation of the virtual
electroweak corrections to the decay width A — f; Ji
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Note that in addition to the one—particle irreducible vertex graphs also one-loop induced
reducible graphs with A% Z° mixing have to be considered. Since all parameters in the

coupling G{j have to be renormalized, the counter term correction reads

i ohy 7 1 5} sin 3
fleoo _ O~ Y cos
5Gij - hy GU + \/§hf 6<Af{sinﬁ} +M{C0Sﬁ}) ' (11)

The Yukawa coupling counter term can be decomposed into corrections to the electroweak

coupling g, the masses of the fermion f and the gauge boson W and the mixing angle (3,

dhy dg ~ omy  Omw —cos? 3 | dtan 3
A 7 _ 7 ) . 12
hy g * my myy * { sin® 8 [ tan 3 (12)
For the trilinear coupling we get with eq. (7)
dA o(mpA )
Ay myAp my
cot 3 1 .
o(myAy) = 5<mf,“ {tanﬁ}) T3 (93, —om?, ) sin 207
+ (mf;l —mf;Q) cos 205005 . (14)

In the on—shell scheme the renormalization condition for the electroweak gauge boson

sector reads

0g de 1 <5mW 5mZ> (15)

g e tan? Oy \ my my

with my, and my fixed as well as the fermion and sfermion masses as the physical (pole)
masses. For tan 3 we use the condition [7] ImII00(m%) = 0 which gives the counter

term

0 tan 3 1 9
= —— ImlI ) 1
tan 3 my sin 23 Ly zo (mao) (16)

The higgsino mass parameter p is renormalized in the chargino sector [8] where it enters

in the 22—-element of the chargino mass matrix X,

B M V2myy sin 3 B
X = ( V2myy cos 3 p ) = on = (0%)a, 1"

and the counter term of the sfermion mixing angle, 66, is fixed such that it cancels the

anti-hermitian part of the sfermion wave—function corrections [9, 10],

o ~ ~
0 = o <5Z{2 - 52{1) ~ 5 Re (H{Q(mfg) + 114, (m’ )) . (18)

1
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The one-loop corrected decay width is then given by

NL k(m2o, m2,m2) . . .
CR A [|G{;|2+2Re(G{j-5G{jﬂ, (19)

il

A — fz

S+

) =

16 mm?,

The infrared divergences in eq. (19) are cancelled by the inclusion of real photon emission,
see the last two Feynman diagrams of Fig. 1. The decay width of A%(p) — fi (k) +j;(k:2) +
v(k3) can be written as

L(A° — i ) - B{ézgifm [(m2o—m? —m? ) Lo —m? In—m? Ly— 1 — ]
(20)
with the phase-space integrals I,, and I,,, defined as [11]
3L J3.. I3
liv.in = % %%%54@ “him k= k) (2ksk;, + A2) 1 (2ksk;, + A2)° (21)
The corrected (UV— and IR—convergent) decay width is then given by
Tor(A° — [ f) = T(A = fif) + T(A° = fi fv). (22)
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Figure 2: Relative corrections to A% — L:lt:g, separated into leading Yukawa (black dashed
line) and the remaining electroweak (blue dash-dotted line) corrections. The green solid
line corresponds to the full electroweak corrections.

In the following numerical examples, we assume My == My = My = = M; = =
’ 1,2 Ui,2 Dy 2 L1

Mg, ,, My = My, = My, = &Mp, = M;, = Mjp, for the first, second and third

generation soft SUSY breaking masses and A = A, = A, = A,. We take m; = 175 GeV,
my, = 5 GeV, my = 91.2 GeV, my = 80 GeV and sin? 0y, = 0.23 for Standard Model

values and the gaugino unification relation M’ = 3 tan? Oy M.
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In Fig. 2 we show the m 4o—dependence of the relative correction to A% — L:lt:g, separated
into leading Yukawa and the remaining electroweak corrections using tan(3 = 7 and
{Mg,, My, A, M, n} = {1500, 300, —500, 120, =260} GeV as input parameters. As can be
seen for larger values of m 4o, the remaining electroweak corrections can become bigger

than the leading Yukawa corrections and need to be included.
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Figure 3: Tree-level (black dash-dotted line), full electroweak corrected (green dashed
line) and full one-loop (electroweak and SUSY-QCD) corrected (red solid line) decay
width of A° — ;.

In Fig. 3, in addition to the tree-level and electroweak corrected decay width for A° — t 1?2
we have also included SUSY-QCD corrections from [6]. As input set we have taken the
same parameters as in Fig. 2. Note that the electroweak corrections can be of the same

size as the QCD corrections.
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Figure 4: A-dependence of tree-level (black dash-dotted line), full electroweak corrected
(green dashed line) and full one-loop (electroweak and SUSY-QCD) corrected (red solid
line) decay width of A° — #,f,. The gray area is excluded by phenomenology.
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In Fig. 4 we show the tree-level (black dash-dotted line), the full electroweak (green
dashed line) and the full one-loop corrected (electroweak and SUSY-QCD, red solid line)
decay width of A% — 5115:2 as a function of A. As can be seen electroweak corrections do
not strongly depend on the parameter A and are almost constant about 8%. As input

parameters we have chosen the values given above and m 40 = 700 GeV.

In conclusion, we have calculated the full electroweak one-loop corrections to A® — 7?175:2.
We found that in a wide region of parameter space electroweak corrections can go beyond
10% and therefore have to be included.
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