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Abstract

The question of the hadronization of the sbottom is of interest for experimental
searches. A study concerning this feature is presented for masses accessible at LEP
200 assuming that the sbottom is the lightest squark. Numerical evaluations of
the decay modes b; — b¥? and by — bx3 are done by varying the SUSY space
parameters M, and p. The results obtained allow to assert in which conditions the
sbottom hadronizes and which decay mode dominates.



1 Introduction

The supersymmetry (SUSY)[1] requires the existence of superpartners that differ from a
spin 1/2 for all particles of the Standard Model. Hence the quark helicity states q; and
qr have scalar partners gy, and gr. Nonetheless, while §; and §g are supposed to be mass
eigenstates (to a good approximation) for the two first generations , a strong mixing can
appear for the third one, leading to a hard splitting between the mass eigenstates. It may
even be possible that the lightest sbottom &, is the lightest squark (especially for large
values of tan 3, typically tan 8 > 10.) [2].

The goal of this paper is to determine the dominant decay channels of the b, considered
as the lightest squark in the energy range of LEP 200 when R,,.it, 1s conserved. In partic-
ular, the channels b; — by} are studied in detail, assuming that other decays are either
kinematically forbidden (that is the case for b, — t%; or b; — bj) or negligible(an ex-
ampleis by — sx? in which the flavour changing occur through loops). The computation
of the decay width I'(6; — b%}) allows to determine which decay dominates in which
region of the SUSY space parameters and to assert whether the sbottom hadronizes or
not. Theses two questions are of fundamental interest for the experimental search of the
sbottom:.

2 Theoretical framework

2.1 Sbottom mass matrix

The mass matrix of the sbottom in the (b ,br ) basis is given by [2]:

2
2 mb-L apImy
.(‘15 = 2
apmy, m

br
where
Lo=Mi+my? —m ‘75(-1"‘*1“’29 ) (1)
m,- = M5 +my mycos2 5 3szn W
1 .
mf}z = 1\,'[’25 +my 2+ §m220032[332n26'py (2)
aymy = my (A — ptanf) (3)

The parameters involved are the Higgs mass superfield p, the ratio of the two Higgs
vacuum expectation values tang, the soft-supersymmetry breaking terms Mé and M},
the Higgs-squark-squark trilinear interaction term proportionnal to A;.

The mass eigenstates b, and &, (with mj < mg,) are related to by and bg through the
relations :

by = cost; by, + sind; b (4)
by = —sind; b + cosl; br (5)




The mixing angle #; is given by:

1 : (mfl ~ mf'ﬂ )?
cosfy = —apmy \l (mZ —mZ% )? + 4dafmy 7o sinds = (my —mg- )? +dajm, ? (©)
and their masses are given by :
1, o 2 2 2 2 -
512 = -é-[mb-L +mb“'R :F- \/(mb'L “"mb;z )2+4abmb 2] (/)

As it can be seen from (6)and (7), ayns (and thus tan G through (3)) rules the splitting
and the mixing between the two mass eigenstates.

2.2 Decay formulae

The sbottom interaction with neutralinos is deduced from [2]:

£ = gf(al Py + bl Pr)XY b; + ke (8)

with

(a'{k> _ ( cosfy  sind; ) (thk) (b?k> _ ( cosf;  sinf; ) (fzk)
a%k ~ \ —sin 0; cosb; fﬁk ’ bgk T \—sin 0; cosb; h'}?k

and

Ry, = hby = —Y,(Nis cos B + Nigsin B) (9)
s _ V2 5k — Lan2 Niz
fie = 5 sin Ow Niy + \/:(2 3 sin Ow)cos . (10)
2
ff{k = %sin Gw(ta,n OWNM — IVH) (11)
Y, is the Yukawa coupling :
my

Y, = 12
’ (\/§mw cos 5) ( )

Nij is the 4x4 unitary matrix diagonalizing the neutral gaugino-higgsino mass ma-
trix 1"[}22 . In the basis (¥,2°,H?,HY ) (with ¥ = cosOwB + sinfywWs,2° =

—sinfwB + cosOy Wy , H® = HOcos 8 — HsinB, HY = HPsin + HlcosB) , M.

-0
Xk
is given by :
My sin® Oy + M, cos? Oy (M3 — M) cos Oy sin O 0 0
Moo = (My — M) cos Ow sinbyw My cos® Oy + M, sin? 0y M, 0
X 0 M. usin23  —pcos 20
0 0 —pcos23 —pusin2g

At the tree level, the decay width of the interaction b; — bx% is given by:

2
b,

167rm§“

A5 (m2 | m} N s s
k [(aik+bik)(m§‘ ——mg ——még )—~4a,~kbgkmb még] (13)

N



where A(z,y,z) = 2% + y* + 2% — 2zy — 22z — 2y=.
Y

For the following, only the lightest sbottom b, is treated. Moreover, the GUT rela-
tion My = 3M;tan®fy is assumed. The parameters that rule ['(b; — b%2) are thus
my, ,0; , ¢, Mz and tanS. '

3 b, hadronization and ¥} composition: numerical re-
sults

The matrix M .o indicates that the mass eigenstates are highly dependant on the SUSY
Ak

parameters. More precisely, the composition of X9 ,X5, X3 ,¥J in photino, zino and hig-
gsino are ruled by the relatives values of M, and p (the dependance on tanf is quite
small). Three domains depending on (M, i) can be distinguished:

o |u| >> M,y : X3, X5 are jaugino-like, x3 ,X3 are higgsino-like.
o My~ |u|l :x%,x3,x3,X% are a mixing of jaugino and higgsino.
o My >> |p|: X9, XY are higgsino-like, X3 ,x9 are jaugino-like.

A numerical evaluation of M .o ,M -0 ,M -0 ,M -0 , as well as the compositions in jaug-
X1 X2 Xz’ Xa

ino/higgsino, has been done. It was then assumed that the only possible decays of b, were:
g] - b)z? and b~1 — b;%g .

The decay widths of each mode has been computed to determine in which cases the
sbottom hadronizes: as the typical QCD time-scale is about 10723 s, we get [gcp ~ 0.06
Gev. If the widths of b, are lower than Tocp, b, hadronizes first before decaying. Fur-
thermore, the branching ratio of by — bx} has been computed to evaluate whether this
decay dominates or not. Two values of tan 3 (bigger than 10 because of the assumption
that b; is the lightest squark [2]) were used for the numerical calculations: tang = 15.
and tan 8 = 35.

3.1 |yl >> M,

In this case, M, has been taken equal to 50 and g to 450 (the conclusions are the same
for 4 < 0) .The two first neutralinos are then jaugino-like as it can be seen in table 1.

What can immediatly be seen in fig.1 is that the width of both b, — bxy and
by — bx3 are strongly dependant on the mixing angle §; . An increase of the widths is
observed with the rise of tan 8. Moreover, a sbottom right does not seem to hadronize
(it is quite difficult to conclude because the width is not really higher from [ge¢p) in
the decay b, — bx? whereas it does in by — bx3 . The conclusions are inversed for a
sbottom left.

This great dependance of the width on the mixing angle can be explain by the sbottom-
bottom-zino coupling. As it can be deduced from eqs (10) and (l1), the coupling of
b, to the photino does not depend on 0; whereas it does for the zino: in fact, the by -b-
Z° interaction favours by . [(by — bx3) is thus quite small for a shottom right because
X5 is rather zino (table 1). The difference between b'[, and bg is not obvious for L, —




bx? ) on account of the photino dominance of X (bg is here favoured thanks to a negative
contribution of the zino part - see table 1).

An other effect of the high-dependance on the mixing angle of the zino coupling is the
variations of the branching ratio of b; — bx? (see fig.1)

3.2 My~ |,u|

In order to estimate the sensibility of the results to the parameters M, and y, few couples
of values of (My, 1) have been used(see tables 2,3,4).

What can immediatly be seen in fig.2,3 and 4 is that b, does not hadronize in the
decay by — bx%. This is due to the fact that when M, ~ |u|, X} is a mixing of higgsino
and jaugino (roughly we have 30% 7, 30% Z°, 30% HY? ) and the problem due to the
zino coupling (ie the dependance on 8 see section 3.1) does not appear, both because the
zino contribution is negative and because the photino and higgsino contributions (which
are independant of §; ) are high enough.

In the decay b, — b%3, one has again to consider the cases of a sbottom left and of
a right. This is due to the fact that even if x X5 is rather photino, a positive contribution
of the zino tends to reduce the width of b, — bx3 for a sbottom right (as it is visible for
instance on fig.4). The sbottom does not hadronize however.

The branching of b, — bx? is rather independant on the mixing angle and show a
clear domination of this decay over b, — b33 . The small accident visible on fig.4 is due
to the choice of the SUSY parameters and disappear with the increase of tan 3.

3.3 M;>> I/LI

In that case, X9 and X3 are higgsino-like(table 5). As the coupling sbottom-bottom-
higgsino does not depend on the mixing angle ; (see (9)), a high width in the two modes
by, — bx] and by — bx5 is obtained. The sbottom does not hadronize in that case (
fig.5) and the decay in b 9 dominates for all mixing angle.

4 Conclusions

The numerical results concerning the widths of b, — bx% and b, — by% gave the fol-
lowing results:

o |u| >> M, : XJ and X3 are jaugino like. The fact that the sbottom hadronizes or
not and the dominant decay mode (between bx? and bx9J ) strongly depend on the
mixing angle §; .

o My~ |u| : x?and x) are a mixing of jaugino and higgsino. Except for some values
of the mixmg angle depending on the choice of the SUSY parameters, the sbottom
does not hadronize and the decay b, — by} dominates.

o My >> |u| : X7 and X3 are higgsino-like. The sbottom does not hadronize and
by — bx) dominates for all 0;



Important experimental consequences can be deduced from that. If 6, — bx] domi-
nates,the signature of the signal is quite simple: a b-jet+missing p,. It is quite different
when b, — bYY is preeminent, because of the decay of %3 :a manifestation of b; would
then be either 3 jets(with one b)+missing p; or one b-jet+lepton+missing p;.
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FIGURE CAPTIONS

Figure 1 : Decay widths of the sbottom for two values of tan 8(15 and 35) for a
sbottom right(dashed line) and a sbottom left(solid line) for M, = 50,u = 450.
The branching ratio of by, — bx? as a function of 85 is drawn for three masses of
by : my, =55 Gev(so,solid line),m; =90 Gev(dotted line) and m; =100 Gev(dashed
line)

Figure 2 : Decay widths of the sbottom for two values of tan 3(15 and 35) for a
sbottom right(dashed line) and a sbottom left(solid line) for M3 = 100, = 80. The
branching ratio of b, — b%% as a function of §; is drawn for three masses of b, :
my, =80 Gev(so,solid line),m; =100 Gev(dotted line) and m,, =120 Gev(dashed
line)

Figure 3 : Decay widths of the sbottom for two values of tan 5(15 and 35) for a
sbottom right(dashed line) and a sbottom left(solid line) for M> = 80, = 100.
The branching ratio of by — b%® as a function of 6; is drawn for three masses of
by : my, =90 Gev(so,solid line),my =90 Gev(dotted line) and m; =100 Gev(dashed
line)

Figure 4 : Decay widths of the sbottom for two values of tan 8(15 and 35) for a
sbottom right(dashed line) and a sbottom left(solid line) for M, = 80, = —100.
The branching ratio of b, — b%® as a function of #; is drawn for three masses of
b, : my; =90 Gev(so,solid line),m;; =90 Gev(dotted line) and m;, =100 Gev(dashed
line)

Figure 5 : Decay widths of the sbottom for two values of tan 8(15 and 33) for a
sbottom right(dashed line) and a sbottom left(solid line) for M, = 500, = 50.
The branching ratio of b, — bx] as a function of #j is drawn for three masses of
b, : my, =65 Gev(so,solid line),m; =90 Gev(dotted line) and my, =120 Gev(dashed
line)




tan 3 = 15. | Mass(Gev) | %%y | %Z° | %H? | %H? Physical state
X° 24.2 70.49 | 28.32 | 0.04 | 1.15 | .84%-.53Z° +.02H? +.11H}
X9 46.8 29.51 | 67.55 | 0.16 | 2.78 | .54% +.82Z°-.04H? -.17TH}
X9 457.3 0.00 | 2.72 | 55.77 | 41.51 | .007 -.16Z° +.75H2 +.64H}
X3 461.4 0.00 | 2.69 | 56.17 | 41.14 | .007 +.16Z° +.75H° +.64H}
tan 3 = 35. | Mass(Gev) | %7 | %z° | %H? | %H? Physical state
X7 24.6 72.89 | 26.03 | 0.01 | 1.07 | .85%-.512° +.01H? +.10H?
X3 47.7 27.11 1 69.89 | 0.08 | 2.93 | .52% +.84Z°-.03H? -.17H}
X3 457.9 0.00 | 2.55 | 52.31 | 45.15 | .007 -.16Z° +.72H? +.67TH}
X3 460.7 0.00 | 2.52 | 52.60 | 44.88 | .007-.16Z° +.73H? +.67TH}
Table 1: M; = 50, p = 450
tan 3 = 15. | Mass(Gev) | %y | %Z° | BH? | % HY Physical state
X3 25.1 10.20 | 31.11 | 9.88 | 48.81 | .32 -.562° +.31H? +.70H}
X5 63.6 87.22 | 0.68 | 5.65 | 6.45 | .93% +.082°-.24H? -.25H)
X3 102.2 21.17 | 78.71 | 0.08 | 0.04 | -.467-.89Z° +.03H? +.02H]
X0 163.8 2.39 |56.38 | 34.17 | 7.06 | .15 +.75Z° +.58H) +.27TH}
tan 8 = 35. | Mass(Gev) | %y | %Z° | BH? | % H) Physical state
X9 27.8 11.47 1 30.03 | 8.23 | 50.26 | .34% -.55Z2° +.29H? +.T1H}
Xo 63.8 85.85 | 0.79 | 5.64 | 7.71 | .93% +.09Z°-.24 H° - 28 H}
X9 103.7 19.98 | 79.69 | 0.21 | 0.11 | -.45% -.89Z° +.05H? +.03H
X2 162.4 2.48 | 56.89 | 33.07 | 7.57 | .16 +.75Z° +.58 H® +.28 H}

Table 2: M, = 100, = 80




tan 8 = 15. | Mass(Gev) | %% | %Z° | BH? | %H? Physical state
© 25.1 | 18.78 | 39.24 | 547 | 36.51 | 437 -.632° +.23H° +.60H)
2 53.9 | 80.14 | 5.80 | 440 | 957 | 907 +.242° - 21H° - 31A7
X5 121.3 3.74 | 68.61 | 17.93 | 9.72 | -.197 -.832° +.42H° +.31HY
0 1624 | 0.97 | 43.81 | 41.89 | 13.33 | .107 +.662° +.65H° +.37A7
tan § = 35. | Mass(Gev) | %y | %Z° | %H? | B HY Physical state
X} 27.7 22.37 | 37.30 | 4.06 | 36.27 | .47 -.612° +.20H? +.60H]
Xa 54.5 76.52 | 7.14 | 4.36 | 11.98 | .87% +.27Z°-.21H° - 35H)
X3 122.8 3.50 | 66.69 | 18.59 | 11.22 | -.194 -.822° +.43H? +.34H)
X3 160.7 1.00 | 44.01 | 40.44 | 14.55 | .10y +.662° +.64H? +.38H)
Table 3: M, =80, = 100
tan 0 = 15. | Mass(Gev) | %7 | %Z° | BH? | %HY Physical state
X3 33.7 35.44 1 30.99 | 1.36 | 32.20 607 -.562° -.56 H? -.57TH?
X3 56.6 63.34 | 11.79 | 4.00 | 20.88 | .80% +.342° +.34H? +.46 H}
X9 126.2 2.95 | 61.78 | 19.93 | 15.34 | -.174-.792° +.45H? -.39H}
X3 156.1 1.11 | 44.59 | 36.65 | 17.65 | 117 +.672° +.61 H? -.42H?
tan 8 = 35. | Mass(Gev) | %y | %Z° | %H? | %H} Physical state
XY 31.4 29.47 | 33.79 | 2.28 | 34.46 | .54%-.582° +.15H? -.59H)?
X5 35.7 69.36 | 9.65 | 4.20 | 16.79 | .83% +.31Z°-20H? +.41 H?
8 1249 | 3.16 | 63.75 | 19.45 | 13.65 | -.185 -.802° +.44H° - 37H?
X3 158.0 1.06 | 44.34 | 38.19 | 16.41 | .10 +.672° +.62H?2 - 41 H}
Table 4: M, =80, = —100
tan 8 = 15. | Mass(Gev) | %y | %Z° | BRH? | B HY Physical state
X1 38.3 0.42 | 2.76 | 43.74 | 53.09 067 -.172° -.66 H? +.73H)
X3 58.4 0.76 | 4.32 | 60.07 | 34.84 | -.097 +.212° +.78H? +.59H}
X5 258.2 79.06 | 18.26 | 2.59 | 0.09 897 -.43Z° - 16 H? - .03 H}
X3 512.9 20.37 | 77.06 | 2.55 | 0.02 | .45% +.88Z° +.16 H? +.02H
tan 8 = 35. | Mass(Gev) | %y | %Z° | %H? | BH] Physical state
XY 39.2 0.39 | 2.55 | 40.27 | 56.79 | .06% -.16Z° +.63H° +.75H}
X 59.1 0.74 | 4.17 | 57.65 | 37.44 | -.095 +.20Z° +.76 H® +.61 H}
X9 258.1 79.06 | 18.33 | 2.52 | 0.09 897 -.432° - 16 H? -.03H)
XY 512.8 20.39 | 77.07 | 2.51 0.02 | .45% +.882° +.16 H? +.02H}

Table 5: M, = 500, 4 = 50




M2=50,u=450 (neutralinos jaugino—like)

tanB=105. tanf=32.
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M2=100,u=80 (neutralinos jaugino/higgsino)
—~ tanB=15. — tanB=235.
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M2=80,u=100 (neutralinos jaugino/higgsino)
tanf=105. tanf=35.
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M2=80,u=—-100 (neutralinos jaugino/higgsino)
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tanB=35.
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M2=500,4=50 (neutralino

s higgsino—like)

— tang=15. —~ tanf=235.
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