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Higgs boson decays in the MSSM with
large tan 3

MSSM has two Higgs scalar doublets
(Hy, H»).

VEVs: (H;) = v;/V?2.
m%, = g%ﬁ2/4 = g5(v? + 1}%)/4, tan 8 = vy /v;.

Mass eigenstates (K0, HO, A0, H¥*).

Couplings to quarks
Lint = —hybrar Hy — g Ha 4 (h.c.).
qr, = (tr.b1)

V'r;zfﬂ,-, hy(SM) \;‘ﬁﬂ.‘.; hi(SM)
= - = by = e

ncos3  cosld osinAd sing

h;, —

LLarge h;, for large tan 3
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Higgs decays in large tan 3 case

(hO, HO, A0) — bb, Ht — b are
usually dominant.
large decay widths by enhanced Yukawa cou-

pling fy,

(h%, HO, A%) = §;8%, HY - &8 (4,5 =1,2)
can be also dominant if kinematically allowed
and left-right squark mixing are large.

Light (7.b) by RGE flow and §; — §r mixing

Frrin ~ (hi's oAy, o)

1 bi-br mixing parameters

Radiative corrections to above decays:
important in SUSY phenomenology



O(ag) SUSY QCD corrections
in the "on-shell scheme"

Often |ArQP)| 5 o
givivng unreliable numerical results

O(asIn f%) gluon corrections:

Absorved by using (non-SUSY) QCD running

coupling at tree-level

QW(Q) & mb(Q)SMﬂ Q ~ g,

However, gluino loop corrections can be also
very large
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gluino-squark loop corrections

AF@((HO, A% 5 b5, HY = tB) ~ O (‘i tan ﬁ)
. |

> 7 for large (tan3 > 1, mg, p)
lAF@)| > 0 possible.

Origin: effective bbH-> coupling

Babu-Kolda
o G- Carena-Mrenna-Wagner
13/* Chankowski-Pokorskl
G \__?—é?
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}; — —hpDybpby, HS*
Z

Qe N5
Ay~ -—E-%E €1
w mz

(no danger in perturbation)

w
¢3. other loops h"‘{‘}‘?b
W

*h'



Effective Higgs-bottom couplings after squarks
are integrated out.

8l = —hybp(brHY — tpHy)

~hpAybr(b HS* + t  Hy ) + (h.c.).

my(@)mssm = hy cos B/V'2,

h—\;’_;- cos 31 4+ Ay tan 3]

mp(Q)Imssm + Jmﬁ '

mp(Q)sm
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lLarge counterterm
despite "A;,{«@ti 1

Hempfling
Hall-Ratazzi-Sarid
Carena et al
Pilerce et al

5an(py) - "x;h{f—j ]‘
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SUSY QCD running my(Q)
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4 F
- .
-5 L ™My (™)
S e () A= g
5 2 E__ "----......____._.__--“--- hfﬂ 4”%/';“”
‘}'k E ?ﬂ-h(?’ﬂ.ﬂ)
= 1:.
0"ulu||1l|.:|l':.1|I|:|i.I||1|I||.1'.I:||:l
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tan 3
Parameters:

M, =5 GeV, my(mpy, my)em ~ (3.0,2.6) GeV,

(Mp(T), Mg, Mp) = (300,270, 330) GeV,

Ay = 150 GeV, A)(Q) = =700 GeV (where Q = my, Or my),
my = 350 GeV, p= 260 GeV,

my = 800 GeV, my = 93 - 103 GeV.
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Higgs-bottom effective couplings:

Ly = ’J’E[cosﬁ+ahsin{3]

\/_[COSr:r + Ay sina)] Hobb

\/_[sin a — Ay cosal hObb
i;ﬁ[sin B — Ay, cos 3] A%ysb

+hf,[$iﬁ 4~ Ay, COS ,(3] H ERiL 4+ (h.c.).

Different contributions of Ay to my and couplings:
Origin of large O(w, tan /) gluino corrections to I renor-
malized by M, or mu(Q)sm.

Example: A%b coupling

gam = o ‘/g mA) [sin 3 — &y cos 3]
. imp(Q@)sm _. 3 A
. o i sin3cos31 + Ay tan 3
i mp(Q)mssm

tan 3[1 - Ay cot 3]

v

mu(Q)mssm 1S appropriate for tree-level couplings of
AY HY, and H(with m4 > mygz) to b quark.
(rmu(Q)sn is better for h%b coupling.)



Higgs-squark couplings

Depend on my, G;-Gr mixing angle 6;, trilinear
soft SUSY breaking Ay, .

Example:

f;(_-r.l?';:;",!) — g2 ( 0 mp( Ay tan 3 <+ ) )

~m( Aptan 3 <+ pu) 0
Large SUSY corrections (> O(1)) to MN(¢ —
bb*, H* — ib*) appear in the on-shell scheme

for squarks.
Origin: large counterterms for (my, myAy)

?H.*.H

Appropriate tree-level couplings are given in
terms of DR running (mq(Q), A4(Q)) and on-
shell 95



Procedure of numerical calculation of
the corrected widths

Input parameters;

on-shell: M, =175 GeV, M, =5 GeV,
(M@(Q,M&,MQ) = (300,270,330) GeV,
Ay = 150 GeV,

running: A(@Q)(Q = my),

tree: tanpg, m; = 350 GeV, b My = 800 GeV

== obtain running parameters (m;(Q), my(Q),
A (Q)) and on-shell (mg., 6z)

"G

ms(@Imssm = mp(Q)sm + my?
sm{? depends on the b parameters.
f'i'm,gm .. my( By (mj, m.g, -mi) + By(mi, ’-'n._,‘;. T”'%_.) +1)

37

+mg sin 28;}(8;1(11:,3. m_,%, mfl) —~ Bo(mi, mg. m%ﬁ))] :

We calculate m? by using running m;,, 6;, and m,(Q)wvssm
at Q@ ~ my (with iteration). All large higher-order
gluino corrections are then resummed.

Rigorous proof in Carena et al., NPB 577 (2000) 88



Vecay widths into quarks

significavtly mproved  pereurbagion EXpansion;

(A — bb) [MeV]

P(HY — bb) [GeV
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Vecoy widths mto  squarks s
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Figniticantly improved yereurbation expansioy,

D(H® — bib}) [GeV]

T(H® = biB}) [Cevi

T{H" = §;15]) [GeV]
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Summary

The O(as) SUSY QCD corrections to the
decay widths of the MSSM Higgs bosons
into b and b are very large for large tan 3,
when the on-shell scheme for quarks and
squarks is adopted, which makes the nu-
merical results unreliable.

We improved the above corrections by
defining appropriate tree-level couplings
of the Higgs bosons to quarks and squarks,

in terms of running mg(Q)sm, me(Q)mssm.
Aq(Q), and on-shell 6.

Numerical convergence of the corrected
decay widths was greatly improved.

This method of improvement is also use-
ful in studying other processes with Higgs-
(s)quark couplings.



