Appendix B
Sparticle decay widths

In this appendix, we list formulae for the partial widths for the I — 2 and 1 — 3
tree-level decays of sparticles that are relevant to SUSY searches at colliders.

B.1 Gluino decay widths
B.1.1 Two-body decays

The decay width for g — ¢g; (i = L or R), is given by
2 2 2 2
P 2 m, mg, my mg,
L@ = q4) = g mgh P, 3, ) [ 1+ 5 = —5 ] (B.1a)
my  mg my

If intra-generation squark mixing and quark mass effects are included, the formula
is slightly more complicated:

2 2
s =~ o m- ms
e a0 = 0. 5 T
8 g
2 2
m msx
) (1 toE T T Sin29q@> . (B.Ib)

where the upper (lower) sign is for the decay to ¢, (§2).
In models with a very light gravitino, the gluino decay to gluon and a gravitino
may be relevant:

5

I'(g G :—g, B.2
&= 09 = oo (B.2)

where Mp is the reduced Planck mass, Mp ~ 2.4 x 10'® GeV, and we have ignored
the gravitino mass in the phase space.
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492 Appendix B. Sparticle decay widths

B.1.2 Three-body decays to light quarks

If two-body gluino decays are kinematically suppressed, then three-body decays
can be important. The three-body decay § — W;ud width is given by

I )
L@ — Wind) = == [ 1A% Py ng. i, i) + | A% P4 ng,mg, mig)
_2(—1)9ERe(A’;~Vi A“%/i)qS(mg,, My, Mg, , mﬁ,l_)] . (B.3)
where

qz(m§ —2mzq — m?)?

Y(mg,mg, m) = qu

(m% —2mzq — mé)z(mé —2mzq)

and
m dg —q(m} —m* — 2mgq)
¢(mg, mg,, mg,,m) = 2 2 2
my —mg, —2m3q mg(mg — 2q)
B 2mgzq — m%n + m? log m§2(mg —2q9) — mgm2
2m; (mg —2q)(m7, — 2mzq —m?) |’

and where the range of integration on i and ¢ ranges from O to (m§ —m?)/2m 2
The decay rate for ¢ — Z;q4 is given by

~ . s q 2
L@~ Zigd) = 55 [14% P (Wmg. mg.m3)

—(=D" % p(mg, mg,, mg,, m3z)) + |BL 1* (Y (mg, mg m3,)
— (_1)9i+6‘g_1¢(mg’mqk’mql§’m?,‘))] . (B4)

The formulae for gluino decay to third generation particles are more complicated.
They involve Yukawa coupling contributions, squark mixing effects and all final
state fermion masses are non-negligible.

B.1.3 g — Z;tt and g — Z;bb
The partial width for g — t¥Z; can be written as

Os

DG — 1717) = —2
(8 i) St

[T7 + T 4 Tia (B.5)
with,

I';, =T(f) cos? 0, + I'rr(H1) sin’ 6;
— sin 91 COS 91 {FL,RI + FL]RZ + FL2R1 + FLsz} (f]), (B.6a)
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B.1 Gluino decay widths 493

I, = ['LL(%) sin® 6, 4 Trer(%) cos? 6,
+sin6; cos6; {TLR, + TLr, + TLr, + TLr,} (), (B.6b)

and

77, = TLL(@, f2) + Tre(71, 12)) sin 6, cos 6,
+T (G, 1) cos? 0, + Tri(Fy, ) sin” 6,. (B.6¢)

The T';; contributions to the partial width are all written in terms of one-
dimensional integrals. The various I';;(7;) that enter the expression (B.6a) for I';,

are:
(@)
= (af + BV (mg, mi,, m3) — 4mmz (= 1) B1 x (mg, mi,, m3,)
+ (=D%mg | (=) m3 o P(mg, my,, m3z )+ Bim; p(mg, mz, m3
4 Z; g "t TV Z; 1 tp(mgvmtwmz,-)
mgmz,
— a1 Bimy (S(mg, ms, ms, mz,) — mzzp(mg, ma,mz,.)) } ; (B.7)
where
o) = Ati cos b, — f,vgi) sinf, and (B.8a)
Bi = fivy’ cos6, + B sin,, (B.8b)
and
~ 8 o g (@)
AL = v+ 2—v,”, (B.9a)
Zi \/E 3 3«/5 4
5 g o, &
A%{ = —Ev; + ﬁv‘( , (B.9b)
- 4 ¢ 4
By =§_zv§(>, and (B.9¢)
- 28
b __ @)
Also,
Irr(f1) = (@), (B.10)
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494 Appendix B. Sparticle decay widths

but with @; — a» and B; — B», where
o = Btz sin6, + f,v\” cos6, and

B = —ftvgi) sin 6, + AIZ cos 6;.

Furthermore,

(B.11a)
(B.11b)

TLr, (F) = 2mgm (= D% [(100 + 1 B)(— D mmz. ¢ (mg, ms,, miy,, m3)

— (@21 + 1 B2) X (mg, my,, myy, m3z)]
with
IR, (7)) = TR, (7).

Finally,

(B.12)

(B.13)

~ 2
LR, (71) = B1B2Y (mg, mi, mi, m3.) + ajoom;&(mg, my,, my,, m3.)

—mymz (=1 (a1 B2 + B (mg, miy, mz,, mz)

with
IR, (f1) = T, (7).
Turning to I'z,, we have
[LL(®) = T,
but with the replacements
mj,

> Mg,

o) — A’Z sin 6, + ftvii) cos b,
B — fle) sinf, — B’Z_ cos b,,
and
I'rr(%) = Trr(f1),
with
mj

, > Mg,

ay — —B%_ cos 6, + f,vii) sind,, and

By — ftvgi) cos b, + AIZ sin ;.
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Also,

'L, (R2) = TLr,(R2), and (B.20a)
IR, () = TR, (1), (B.20b)

where these expressions can be obtained from the previous I'L g, formulae by
replacing m;, — my, and using the revised «y, oz, 81 and B, values.
The expression for I';;, contains,

T, B) = 20 + Bi )V (mg, mi,, my,, mz,)
— (=1 4m,mz (o1 B2 + 02B1) X (mz, mz,, mi,, m3)

o
— (= 1emg{2my (— 1) 22 b mg, my,, miy, m3,)

mgmz,
+ B1Bom} p(my, miy,, my,, m3,)]

+ (12 + 2 fr)m[§(mg, my,, mz,, m3,)

—mZ, plmg, my,, mi,, m3)1}, (B.21)
where
= Ati cos b, — f,v(li) siné,, (B.22a)
oy = A% sin6, + fu) cos 6, (B.22b)
B = f,v1 cosb; + B~ sind;, and (B.22¢)
) = ,v(’) sinf, — BL cos¥,. (B.22d)
Z;
Also,

Tre(fi, ) = —2(a10p + B1B) W (mz, mi, mi,, m3.)

— (=D%dm,mz (o1 B2 + 2 f1)X (Mg, mi,, mz,, m3,)

oo
+ (=D %Emg{2my (1) [ G(mg, m3,, mi,, m3)

ngi
+ ﬂlﬂZmzzb(mg’ ms,, mg,, mz,)]
— (e1 B2 + aafr)m; [E(mg, mz,, mz,, m3))

— mzz,?)(mg, ms, , my,, mz_)]}, (B.23)
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496 Appendix B. Sparticle decay widths

where
o = —BY sing, — fv}” cos6,, (B.24a)
o = BS cos6, — fiv)sin, (B.24b)
Bi = —f,vﬁi) sin6, + AIZ_ cosf,, and (B.24c¢)
By = ftvgw cos 6, + AtZ siné,. (B.24d)
Next,

I'ir(fr, )
= 4mgmt(_1)0g{(_1)9i(_ala2 + ﬁlﬁZ)mthg(mg’ msz, , mg,, mZ)
+Haz2B1 — a1 B2) X (mg, mi,, mi,, mz)} + 281 B2Y (mg, my,, my,, m3,)

+2mmz (=1 (Broa — a1 )X (mg, mi,, mz,, m3)

—2ayam}E(my, my,, my,, mz.), (B.25)
where
o = AL cos, — ful sin6,, (B.26a)
oy = BY cos, — fiv) siné,, (B.26b)
B = ftvﬁi) cos 6, + Etz sinf,, and (B.26¢)
By = fiv\” cos 6, + AL sin;. (B.26d)
Finally,
Tru(f1, f) = —Tr(1, 1) (B.27)
but using
o = AIZ sin 6, + f,vii)cos o;, (B.28a)
op = —BY sin6, — fiv” cosé, (B.28b)
B = ftvgﬂ sin@, — B’Z_ cosf,, and (B.28¢)
By = — fivy’sin, + A5 cos6,, (B.28d)

and interchanging mj, <> mj, in the arguments of the functions ¢, X, Y; and x' (the
first three of which are automatically symmetric).
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B.1 Gluino decay widths 497
The functions appearing above are defined as,
Al/z(mg + m,2 —2mzE;, mzz, mtz)

mé +m? — 2mg E,

&(mg, m?]a m‘fzv mz) = nzmg / dEIpIE[

mé — m% —2mzE;
X — 5 S 5 5 (B.29a)
(mg, +m; —2mzE;, — mil)(mg, +m; —2mzE, — mfz)

3 )= stmpns [ 4
Mg, mi , My, M3) = —7T " MzM3
& e e T2 2 sz mg—i—m, 2mzE, — m~
m%—m +2mzE, — t
X | —[Ez(max) — Ez(min)] — *log Z(mz,) | .
ng
(B.29b)

A2 (2 2 2 2
/(mg,—l—mt —ngE,,mf,m,)

m’m ’m 7m —T[m dE E
X( g "h 15 Z) g/ tPtEt m§+m[2—ZMgEt

1
" (mé +mi —2mgE, — m;zl)(mg +m? —2mzE, — mzzz)’ (B.29¢)
1, dE;
Slmg, mih, i, MZ) = 57 / m2 +m? — 2mgE, —
|: ) mg, — m —2mzE;, + mt2 :|
X | [Ef(max) — E7(min)] — log Z(m3,) | ,
2myg
(B.29d)
5 ? dE,
plmg, mz, ms,, myz) = —2mg / m§ e = 2myE, = 1og Z(m3,),
(B.29¢)

¢(mg, mz,, mz,, m3)

) / dE,[Eamax) — Ey(min)] _ (8290
(mz +m; —2mzE; — ma)(mg +m; —2mzE, — mfz)
72 m2 — é 2mz E,
X(mgvmfl’mfzva): T/dElpt 2+ 2}’)’[ El

) W2(m2 + m? - 2mgE,, 22, m;)
(m3 +mi —2mgE; — m2 )(mj +m; — 2mzE, —m?)’

(B.29¢)
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498 Appendix B. Sparticle decay widths

¥( ) 7’ / dE,
mgs, my, mi,, M) = —
4 fi 153 VA 2 mi.’-l—m? —2m§E; —m;zl
x[[Ez(max) — Ez(min))(m} + m; — 2mzE,)

1
+2m—~(m§,m2§ — mém%2 + m? + 2m§EZm;22 — m;zsz) log Z(m;z)], (B.2%h)
g

( = % / dE:E; log Z(mz). (B.29})
My, My, Mi,, M5) = —— og Z(mz ). (B.29i
X Mg, mz, My, mz ) m§+m,2—2ngt—m;22 g i

The functions with three arguments v, x, ¢ and p that appear in various expressions
for I';;(7;) and I';;(7,) are simply the corresponding functions W, %, ¢ and p, but
with the two top squark mass arguments being the same, i.e.

Y (mg, my,, mz) = Y (mg, mz,, mz,, mz), etc.
The limits of integration on E, range from m; to (m% —2mmz — m%) /2mg, and

m3 + m} — 2mgEi(max) — m*

Zz = B.30
(m) m%, + m? — 2mg Er(min) — m? ( )
and
N S [pi¢? — 4pmi(mg +mi —2mgE)]'/2 B30
“min” 2(m§ +m? — 2mzE;) ' '

where ¢ = 2m? + mé — m% —2mzE;.
The partial width I'(g — bBZ) can be obtained from the formula for I'(g —
ttZ;) by making the following substitutions:

mz — mpg_, (B.32a)
% b
A’Z_ — AZ’ (B.32b)
Dt Hb
BZ‘ — BZ" (B32C)
Je = Jb, (B.32d)
v ), (B.32¢)
6, — 0, (B.32f)
m; — myp, (B.32g)
where,
~ g g 0]
AL = -2 4 2 (B.33a)
zi V27 a2t
N 28
B2 = —Z 2 . B.33b
Z; 3 \/§U4 ( )
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B.1 Gluino decay widths 499

B.1.4 3 — W;th decays

These decays proceed through the exchange of each of the four top and bottom
squark mass eigenstates. The formula given below includes effects from ¢ and b
Yukawa couplings as well as from intra-generation squark mixing, but with m,
ignored in the squared matrix element (though not in the phase space).

The partial width for the decay g — tb VNVZ._ can be written as

2
~ = — Uy
g — W)= W (Ff1 + 0% + T, + T, + T, + k;l FﬁE,) .

(B.34)

Note that in the limit m; — 0 the two sbottom exchange diagrams do not interfere
with each other. The individual terms in Eq. (B.34) are given by:

= (k)" + () ] 6 om

— (=1)*sin(26,)Gg(mz, my,, mi,, m,)] (B.35a)
I, =2 (a%ia%i + ﬂ%ﬁ%) cos(20,)Gg(mg, mj, , mz,, m;, ), (B.35b)
Ek 2 Ek 2
[p, = (aﬁ/) + (ﬁﬁ’i) Ga(mg, mp,, my,.)
_“%5% Gs(mg, mp,, my,), (B.35c¢)

. 3 51 i:] 3 l;l ?l - ~ ~
IG5, = (cos 6, sin Gbaﬁ/i’gﬁ/i + sin 6, cos Qbﬂﬁ/’_aﬁ/’_) Ge(mg, my,, mp,, mW[)
by 1 . . by pf
— (cos 6, cos Qbotﬁ;iaé}i + sin 6, sin Gbﬂﬁ-jiﬂv%/i) G4(mg, my, mp , mg;.)
Z;l ;1 1 1 El ;l ~ ~ ~
+ (cos 6; cos ebﬁﬁ/,»aﬁ/,- + sin 6, sin Qbafvfﬂfv[) Gs(mg, my,, mp,, mg,)

. B AF . B 7
— (cos 6, sin Qbﬂﬁ}ﬂ% + sin 6, cos Qhaﬁ;a%}_) Go(mg, mi,, mp, , mg,).

(B.35d)
The couplings a%_ and ,B%’/ are given by,
a%‘/l = —gsinyr cosf; + f; cos yrsinb,, (B.36a)
’3‘?71’1 = — fp cos yL cos Gy, (B.36b)
a% = —gsiny cos b, + f; cos y sin by, (B.36¢)
é}l = — f; cOS YR COS B). (B.36d)
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500 Appendix B. Sparticle decay widths

The corresponding couplings for heavy sfermions f» (f =t, b) can be ob-
tained from those above by replacing cosf; — sinf; and sinf; — —cos6y.
The couplings for heavy charginos V~V2 can be obtained from those above by re-
placing cos yp g — —0y ysinypr and sinyp g —> 6, cos y r. Finally, the other
stop—sbottom interference terms can be obtained from (B.35d) by substituting ap-
propriate couplings, squark masses, and squark mixing angle factors.

The eight functions that enter Eq. (B.35a)—(B.35d) are given by,

2
dEtptEt (I’I’lé + mtz - 2E,mg - m%‘"/)

Gi(mg, mz, my) = mg/ ,
(m(%, +m? — 2E:mg — 1712)2 (m% +m? — 2Etmg)

i
(B.37a)
Go(mg, mp, my) = my / dE,;El%)Ll/z(mg + mz — 2Epmg, m%, m,z)

2 2 2 2
ms +mi; —m: —2E;ms — m=
g1 T b W (B.37b)

X

(m% +mi —2Ezm; — ml%)2 (m§ +mi — 2El;mg)’

Gs(mg, my, miy) = (—1)% de;,E,%xl/z(mg + mj, — 2Epmg, m¥,, m;)

Admsmw
x e , (B.37c)
(mg, +mi —2Ezmgz — mi) (mz, +mi — 2E1;mg)
dE
Ga(mg, my, myp, my) = (-1 91?’+9V~Vm~m~/ d
a(mg, mg, mg, my) = (—1) N |t = 2Eumg — m?
) m%—l—m,z—ZEtmg—m%/
X | Eg(max) — Ez(min) — > logX |,
mg
(B.37d)
2 2 2
m, mg +m; —2Emg —m%
Gs(mz, mz, my, my) = (—1 93—/dE log X,
s(mg, my, mp, my) = (—1) > tm§+mt2—2Etmg—m;2 g
(B.37e)
Ge(mg, ms, my, m)
1 dEt 2 2 2
= — mg (mz +m; —2Emz; —m=
2/m§+m,2—2E,mg—m;2{|: o & ! s W)
m2 — m2
-t £ (2E,mg — mt2 — mg,) log X
mg
+ 2 (2E;mg —m; — m3) [Ep(max) — Ej(min)] } , (B.37f)
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dE;

2 2
mz +mi —2Emz —m

1
Gr(mg, mz, mp, my) = (—l)ewimwmt/ ;
t

m2 — m?
X {2 [Ej(max) — Ep(min)] — —2—*% logX} ’ (B.37¢)
mg
GS(mg, ms, , ms,, M)

(mf;, +m} —2Em; — m%,) [Ez(max) — Ej(min)]
(m3 +m} —2Emy —m?)(m3 +m? —2E;mz —m?2)’

(B.37h)

= (—l)ef?m,mg,/dEt

The quantities E;(min, max), p; and X in the functions for G; are given by,

(m%, + mf—ngE, + ml%—m%,)(mg—E,) F p,)»l/z(mg, + m%—ZmE,E,, m,% m%v)
2 (m§ +m? — 2Etmg,)

’

pr =+ E>—m?, and

m% + 2Ep(max)mg — mg%
N m,g, + 2E;(min)mg — mg ’

Finally, the limits of integration over E; in Eq. (B.37a)-(B.37h) range from m, to
(m} 4+ m} — (my + my)*) /2mg, while the integration over Ej ranges from my, to
[mé —(m; + m‘x,)z]/ng,.

B.2 Squark decay widths

The general expression for the rate for squarks to decay to gluinos, including quark
masses and intra-generation mixing is given by,

2 2

ms m
T'(G2 — q8) = 2§‘mql<zk”z(l, —= )
q1.2 qi1,2
m3 m; mgmsz
x<l— S — =L F2(=1)%sin(20,)—% g). (B.38a)
mg , mg , mg ,

For the first two generations, the quark Yukawa coupling and the concomitant
intra-generation mixing can be neglected, and this reduces to

N N 2o m2 m2 m2  m>
TG — q8 = qu (1 -5 - —Zq) A, £ =D, (B.38b)
ms mg, mg mg

wherei =L, R.
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502 Appendix B. Sparticle decay widths

The partial width for up-type squarks to decay to neutralinos including effects
of Yukawa couplings and intra-generational mixing is given by,

2 2
. ~ m
PG 1Z) = 2 ”2( g m—)

I3 1
2
mz. m>.
x {|a|2 [1—<ﬂ+i)z]+|b|2 [1— <ﬂ—i) ”
my, my, myg, mi,

where
- E{[1A’Z — (@) fiv\"]cos 6, — [iBy — (=) fiv"1sin6,}, (B.40a)
1 .
= S{I-i45 — ()" fiv) D cos 6, — [iBs + ()% f;iv\"]sin6,}.  (B.40b)
2 Z !

The formula for I'(7, — tz-) is the same, except that we must replace m;, — my,,
and cos 6, — sinf, and sin6, — — cos 6, in the corresponding expressions for a

and b.
The widths for the decays b, — bZ can be obtained from these by the substi-
tutions,
my, — mj,, (B.41a)
At Ab
2 Hb
IZ- — BZ’ (B.41c)
Jo = Jo, (B.41d)
v — o), (B.4le)
0 — Op, (B.41f)
m; — mp. (B.41g)

If quark Yukawa coupling effects are neglected (but quark masses retained), the
partial widths for squark decays to neutralinos simplify to,

~ 1AL m% 2 mZ 2
My — uZ;) = 1— 2 = D) yrg, 2 Dy
1671 2

L uy, L ur,
(B.42a)
|BL |2 m2 2 m% 2
D — uZ) =~y (11— 2 — 2 )y, 22, My,
167 m; mlzt mz. Mg
R R R R
(B.42b)
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B.2 Squark decay widths 503

Ad 2 m% 2 24 2
F(dL—>dZ)_| 2! my, (1—%— >A1/2(1 fm—;’)
167 m3 o mj a M
(B.42c¢)
Bd 2 m% 2 m% 2
T(dg — dZ;) = |16er| mg, (1 — m—ZZ - Z_2d> A2, m_2z r':—;’).
dr dr dr dr
(B.42d)

The rate for third generation squarks to decay to charginos, including Yukawa
coupling effects is given by,

2

my, m%}NV m
L@ — bW = 7320, 3, =2
tl f]

2
. ) , my, m?

X |:[(1A‘é~vi cos O, — By, smt9,)2 + Bv%/,- cos?6,] (1 — m_vzv — m—é’)
7 i

Mmy.mp . 4 . ’
-4 5 (1AV~V_ cos 6y — By, sin ef)BW cos b, (B.43a)

7

for the lighter top squark, and

2
m% 2
Py — 1W,) = byt o 2y
16 ms= me=
by b
mzﬁ/ m2
X [(iA%, cos O — sm 6,)* + 32 cos? 6,1(1 — — - —zf
! ms ms
by by
miy m;
—4 3 (1A“~ cos b, — B~ sin 6) By, cos 6, (B.43b)
E

for bottom type squarks. The widths for the corresponding decays of 7, and b, can
be obtained from those for the lighter squarks by simply replacing,

mg, — mg,, cosf, — sinf,, and sin6, — —coso,. (B.43c¢)

The various couplings Af B , By, and BVT/ as well as those involving neutralino
decays are as defined in Sectlon 8.4.2.

https://doi.org/10.1017/9781009291248.020 Published online by Cambridge University Press


https://doi.org/10.1017/9781009291248.020

504 Appendix B. Sparticle decay widths

Neglecting the couplings of the higgsino components as well as intra-
generational mixing, we obtain simplified formulae for the widths:

- 2 sin2 m2~ m2 ] ]/,12~ m2
D, — dW) = %mh ( . m—gv' . m—j> M, =, 2,
ur, uy ur ur
(B.44a)
and
~ ~ g%sin® y m%/ m? i m%/ m?2
F(dL—>uW1_)=TmE]L (1——21——2d> (1, o, e,
g M M a M
(B.44b)

The rates forii;, — d ﬁ’; andd; — u ﬁ’; decays are the same, except that we must
replace my, — mg,, sin® yr — cos® yr, and sin® y, — cos? ..

For third generation squarks (for which we have included intragenerational mix-
ing effects) additional two-body decays to W=, Z or the various charged and neutral
Higgs bosons may be possible. We write the partial widths for decays 7; — b W
or b; — 1jW~ as,

g 1
m3

32 m

1
M,

F@G — q;W) = AEml, m2 . M3)0;0,, (B.45)
qi

where ©; and O take into account intra-generational mixing for the initial and

final squarks, g; and Gy, respectively. These factors are given by ©; = cos? 6, /b

(©; = sin’ 6, /) if the parent squark is a lighter (heavier) stop/sbottom, and likewise

for ® . For instance, for the decay 7, — biwt, ®; =sin’6, and ® F= cos? 6y,

etc.

The partial width for the decays g, — §;Z can be written as,

g’ 1 1

3 2 2 2 2 )
647 cos? Oy m M2)L2(m‘72’m£71’M2)COS 04 sin” 6. (B.46)
@z

G — q12) =

Turning to the rates for squarks to decay to charged Higgs bosons we find,

. 1 A1
L@ — biH) = 1 — mf? h2(mi,my , my), (B.47a)
with
8 . .
A= \/EMW {m,mb(cot,B + tan B) sin 6, sin 6,
+m:(u + A; cot B)sin 6, cos 6, + my(ju + Ay tan B) sin 6, cos 6;
+ [(m} tan B + m} cot B) — My, sin28] cos 6, cos 6, }, (B.47b)

https://doi.org/10.1017/9781009291248.020 Published online by Cambridge University Press


https://doi.org/10.1017/9781009291248.020

B.2 Squark decay widths 505
and
Ap = Aq1(cos 6, — sin by, sinf, — — cos by). (B.47¢)

The couplings A;; that enter the partial widths for 7, — H *h ;j decays can be
obtained by replacing cos 6, — sin 6, and sin; — — cos 6; in the coefficients A ;
listed above. Also,

IA,zl
160 m3

i

F(bi — H7Tj) = ————L30m2  m? i), (B.48)

t El

The partial widths for the decays §, — §1¢ (¢ = h, H, or A) are given by,'

LG 7 1 |A¢| 2
(th »> L) = Tow m 201 5z ( m¢), (B.49a)
o 1 |B¢| )
(by > b1¢p) = Tor w3 A2 (mb my ,m¢) (B.49b)
by
where
5
A, = g¥w sin(8 — a) (1 — g‘[an2 GW) sin 26,
8m;
+m cos 26, (A;cosa — pusina), (B.50a)
g w 5 2 .
Ay = — 2 cos(B—a)|1— gtan Ow | sin 26,
gm,
—}—m cos 26, (A, sina + L cosa), (B.50b)
w
Ay = (B.50¢)
and
EMwy . 1 2 .
By, sin(B —a)| —1+ 3 tan” Oy | sin 26,
gMp .
m cos 20, (Apsina — pcosa), (B.51a)
M 1
By = _& 4W cos(B — a) (—1 + 3 tan’ 9w) sin 26,
21‘;’702}8 c0s 205 (Ap cos & + psina), (B.51b)
w

I Although we write these for the third generation, it should be clear that these formulae also apply (with obvious
changes) to the first two generations. Notice that in the absence of intra-generation mixing, these decays occur
only via superpotential Yukawa interactions as pointed out in the exercise at the end of Section 13.2.
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and
i g&Mp
2Mwy

Bsy = (Aptan B+ ). (B.51¢)

Finally, if the decay to a gravitino is allowed, we find that (assuming that the grav-
itino is much lighter than the squark so that the decay rate can be well approximated
by that to goldstinos, as discussed in the last section of Chapter 13)

2 2\4
(mz —my)

I'G — qG) = ,
(C] i ) 4871m%_(Mpm3/2)2

(B.52)

where Mp is the reduced Planck mass. Notice that there is no dependence on the
squark mixing angle.

B.3 Slepton decay widths

We begin by listing the partial widths for various two-body decays of the first
two generations of sleptons and sneutrinos for which intrageneration mixing is
negligible. For left-slepton decay to neutralinos, we have (¢ = e or w),

AL P mz 2 m% 2
7 ~ Zi Zi m z; m
P~ 0Z) = —=my, (11— —5 = m—; A, = m—j), (B.53a)
ZL ZL Zl_, ZL

while for right-slepton decay to neutralinos, we have

_ ~ B£ 2 m% m2 mg. m2
Pr = £Z) = —Z—m;, (1 -2 —;) A1, —, =), (B.53b)
T p o ms ms:
b4 LR 153 14
The partial width for sneutrino decay to a neutralino is,
AL 2 m%\’°
DB — vZ) = —2—my, (1 - — ] . (B.53c)
167 ms,
For slepton decay to charginos, we have
2
2 «in2 m2~
- ~ sin :
DL — v W) =Sy (1= 22, (B.54a)
167 my

while for sneutrino decay, we have
i~ g2 sin® YR m%iNV m% 12 m%/NV m%
~ 4\ i 1 _ £
[Py — W) = len my, | 1 — 2 - — | A, i ).

(B.54b)
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Yukawa coupling effects can be important for decays of third generation sleptons
and sneutrinos. For ¥; — 1 Z;, we have

2
~ ms 2
D7 — 1Z) = =22 V2(1, -2, m’)
8 msz,
m=. m m=.
x{|a|2|: ’+i>2]+|b|2[1—< ’—if]},
mg, mg, mg, mg,
with

(B.55a)

4=5 {[iA%,. — @) f;v) ] cos b, — [iBS (=) f,v®] sin 9t} ’
1
b=~
2

{ [—iAL — ()" frv)Tcos b, — [iBS + (—i)" frv)]sin o }

The formula for 7, — tZ; is the same, except that we must replace mz — ms,,
cosf, — sinf, and sinf;, — —cos @

;.
For stau decays to charginos, we have

- |1A cos@ — B
F(‘fl — er;) =

sm@ |2 m :
= my |1 ——~] , (B.55b)
where B%/l = — fr cosy, and B%

= f:6x sin y. Also,

:'x§~’€2“

- iA% sin®; + By, coso B
M@ — v, W)= :

m2 2
i i "T/i
Finally,

1)

ms 172 mzﬁl m2 2 )

P, — W) =~y 12, W Mo [AE +B’~]

(¥ )= o D | AR+ BF
m= m2

x (1 -

____‘[_4m~ B//(AT)
m2  mi omZ

Turning to the decays to gauge bosons, we have

(B.55d)

L g% sin’ 6,
't — o, W)=

A 2(m?2
321

pyYe) 2. my My, (B.56a)
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T, — 5 W) 8” cos* O 3P m, M3, (B.56b)
V, > T = —— m m .
T 3md M3, v
2 w12
- ~ g sin" 6, 5, m2 2
F@, — BW) = 5 0% 53202 12 M2), (B.56¢)
32mmi My, "o

and
22 0 i
g~ cos” 6, sin” 0, A3

I's, —» ©12) =
(T2 12) 647 cos? Gwmi M

2. m3, M) (B.56d)

70

Third generation sleptons may also decay with significant rates to Higgs bosons.
The partial widths for decays to charged Higgs bosons are given by,

A 2
r@, > HH") = 16' | AM2(mE  m2 my), (B.57a)
er~
with
- - 8 2 2 o
A, - H1H) = {[m? tan B — My, sin 28] cos 6,
V2My T
+ m [+ A tan ] sin 6, } (B.57b)
and
- - 8 2 2 . .
A, > HH) = {[m? tan B — My, sin2B] sin 6,
V2My T
— mq [+ A; tan ] cos 0; } . (B.57¢)
Finally,
L AP 1 0 s
e — v,H) = WK (mz, m5_, my-), (B.58a)
%
with
A — V. H ) = A(D, — £HY). (B.58b)

For stau decays to neutral Higgs bosons ¢ = h, H, A, we find

.. 1Ag1P N 2 2
% — / ,m= ., m3), B.59a
(T 1) = 16nmf2 (m? 7,0 M, M) ( )
with
M
An = 27" Gin(B — a) 5in 26, [—1 + 3 tan® Oy ]
8M+ 20,[— + A, si ] (B 59b)
- COoS cos Sino |, .
2MW cos B # i
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—eM
Ay = g4 W cos(B — ) sin 20, [—1 + 3 tan> 6y |
+% cos 20, [ sina + A, cosa], (B.59¢)
and
—igm
Ay = 2th (u + A, tan B). (B.59d)

Finally, if the decay to a gravitino is allowed, we find that

~ ~ (m% —m3)*
r@— ¢G)= 0 -, (B.60)
48nmz(Mpm3/2)

again assuming that the goldstino approximation used for §; — ¢ G decays is valid.
Here, £ denotes any of the sleptons or sneutrinos. Notice that there is no dependence
on the slepton mixing angle.

B.4 Neutralino decay widths
B.4.1 Two-body decays

We list the partial widths for two-body decays of the neutralino, beginning with
their decays to gauge bosons.

&

r 2,‘ — W?W—i_ =
( / ) 167rm3z

)\l/Z(mZZ_, mzﬁ/j , M%V)

i

2 2 \2 4
(mzi — mﬁ/j) — MW
2

MW

x |:(Xf']_2 +Y?) (mzz + m%,j — M+
— 6mzmy, (X} — Y,’?Z)} : (B.61a)

where the couplings X; and Y]’: are given in Eq. (8.103a) and (8.103b). Also,

~ ~ |Wij|?
F(Zl —> Z]Z) = 3
47‘[m2

.2 2 2
kz(mz,méj,MZ)
i

2 _ 2\ _ g
(mZ- mz,-) My

M3

X |:(m22_ + m%j — M%)+ + 6(—1)6"(—1)9-"mzm§ji| ;
(B.61b)

with W;; as defined in (8.101).
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Turning to neutralino decays to Higgs bosons, we have

WP m, miy.)

I(Zi— W H)=T(Z, > WiH ) =
( THY) =T FH) ot
X [(al? + b?)(mzz + m%v, - miﬁ) + 2(af — b?)mzmﬁ,j] , (B.62)

where

<( 1)1 cos BAY — (—=1)% sin ﬂAgp) , (B.63a)

l\.)lr—

and
1 B , ,
b= ((_1)% cos BAY + (—1)" sin,BAff)) . (B.63b)

To obtain a, and b, replace A(i) — 0 A(li) and A(i) — 0, Agi) in the expressions for
a; and b;. The coefficients A( ) are glven in Eq (8.122a)—(8.122d).
For the partial width of the decay Z; — Z h, we have

(X! + x"y?
—L g )Ll(m2~ m%,mﬁ)

( i 1671'm32 Z 7

i

X [(mzz + mzi - m%) + 2(_1)9,-+0,fmzmzj] , (B.64)

with the couplings X " as given in Eq. (8.117). The same formula with the re-
placements mp —> mpg and Xh — X " yields F(Z — Z H). This formula also
applies to Z — Z Aif my, — may, Xu — X{‘} and the sign of the second term
(proportional to the product of the neutralino masses) in the square brackets is
flipped.

For Z,- decays to fermion—sfermion pairs, we have, including effects of Yukawa
couplings and intra-generational mixing,

T(Zi — ffo) = l/z(rr;;;mz §) (Ial [(mz +my) - mfk]
b [(mz, = m = m? ). (B.65)

where k = 1, 2 and the color factor N, = 3if f = g,and N, = 1if f = £ orv. The
coefficients a and b are exactly the same as those that enter the decays f, — fZ;,
and may be found in Eq. (B.40a)-(B.41g) for squarks, or directly below (B.55a)
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for sleptons. If intra-generational mixing can be neglected, these reduce to,

N(Z — f)=T(Z — f)
Az(mz,m%c,mf)<m +mf m2~). (B.66)

32nm~ fu

Zl

The corresponding widths for decays to f may be obtained from this by replacing
Af' — B sandmy — my,.

The w1dths for two-body decay to longitudinal gravitinos, which are essentially
goldstinos in the limit that m3,, is much smaller than the mass of the decaying
sparticle, are given by

(vff) cos Oy + vgi) sin Oy )?

r Z — Gy) = m | B.67
( V) 48nm§/2M§ Zi ( )
NZ — G2Z)
2(vff) sin By — v3 cos Ow)? + (v sin 8 — v2 cos ,8)2 24
- 2 Z MZ)
967Tm3/2MPmZ i
(B.68)
and
> ~ |"¢|2 2 2\*
rZ, - G¢) = (~— ) B.69a
( D)= Tt (5= 3 (B.69a)
where ¢ = h, H or A, and
™ [v)" + ] (B.69b)
kp = ————[v\” cosa + v’ sina], )
! «/EMPmm : 2
Ky = —ﬂ[ vi’) sina + vé’)cos «], and (B.69¢)
\/gMPWlS/Z
Ky = _ﬂ v cos B+ vy sin B, (B.69d)
«/EMPma/z

as in Chapter 13 of the text. In deriving the decay rates to gravitinos, we have
neglected the gravitino mass, except of course in the coupling of the goldstino.

B4.2 7, — 7, f J decays

Here we present the partial width for neutralino three-body decays Z- —~ 7 iffs
where f is a SM fermion. We neglect SM fermion masses in the evaluation of final
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state spin sums that have to be performed after squaring the matrix element, but
retain these in the kinematics. This would be a poor approximation for Z; — th
However, when this decay is klnematlcally accessible, so are the two-body decay
modes Z — Z Z and Z — Z h: these two-body decays dominate the branching
fraction of the neutrahno, and the inapplicability of our approximation becomes
essentially irrelevant.

This decay proceeds via the exchange of the two sfermion mass eigenstates f; »
or their antiparticles, via the exchange of a Z boson, or via the exchange of one of
the three neutral Higgs bosons of the MSSM. The partial width can therefore be
written as

F(Z,‘-)ijf) C(f)(z )52mZ

X (Ff+FZ+Fh,H+FA+FZf+F¢f), (B.70)

where the color factor N.(f) = 3 (1) for f = b (t). The Higgs and Z exchange
diagrams do not interfere with each other in the approximation that the spin sums
are evaluated with m ; = 0. For decays to the first two generations of fermions, the
Higgs exchange contributions are also negligible.

The pure sfermion exchange contribution is given by

Pp=T;+T7;+Tp,, (B.71)
where
M, =T/ 414 4T/ k=12 B.72
r=TiL+Tre +Tig *k=12), (B.72a)
ry, =01 +r/T8+ 0/ +0{Tf. (B.72b)

Here, the subscripts L and R refer to the chirality of the SM fermion coupling to
the heavier neutralino Z;. The quantities appearing in Eq. (B.72a) and (B.72b) are:

= (od) {[() + () v s

F (=14t (O‘%)zﬂmz g, my )} (B.73a)
o= () {[ (@) + () Tz moma)
F (—1)0t </3§i)2¢(m2 omgmy, )} (B.73b)
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F{’}‘z: &xf" Zai Y(mz,mﬁ,mfk,mz)

hipf f f fi [ J1pf: ~ N N ~
i) = Sazt_ai {[ai/_ai + 'BZI,-'Bii] Y(mz, my,my,myz)
+ (—1)0,-+9/o;£a§2j<}(mz, mg,mgy, mz/_)} ;
fipf finf h F Y B
FRl FR2 = 8,321182? {I:Olzl]azi + ,Bziﬂzj] W(mzl_, mfl, mfz, ij)

+ (DL BL pms m . mpmi )|

Firl sl Rak 85 Yoms ma me. me )
MUTR = =807 By a7 By Y nzmyompmz,);

hp Foph Jinf o e o e
FL2FR1 — —SOlifﬁzjazljﬂij(mzx, mfl, mfz, mZJ_).

513

(B.73¢)

(B.73d)

(B.73e)
(B.73f)

(B.73g)

We have already encountered the kinematic functions 1}, &, Y, ¥, and ¢, that
appear in the expressions above, in our discussion of the decay § — f fZ;; see
Eq. (B. 29a) (B 29i), and the discussion immediately following these. The real

couplings a and ,B X that enter (B.73a)—(B.73g) are given by,

ag = Ag cosO — frv¥sinfy,
ﬁ; = % sinf; + frvl cos by,

(B.74a)
(B.74b)

wherea = 1if T3y = 1/2 and a = 2 if T3y = —1/2. The corresponding couplings

for the heavy sfermions (k = 2) are obtained via the replacements,

cosfy — sinfy, sinfy — —cosby.

The couplings Aé and Bé are listed in (B.9a)—(B.9d) for f = ¢. For leptons, these

are given by,

AL - _sv g
Zi NG 2

B%i = —«/_g/vf(),

F gvgl) B g/vff)
Z; f f

-

B = 0.

(B.75a)

(B.75b)

(B.75¢)

(B.75d)

2 We caution the reader that these differ from these same couplings defined in Eq. (8.91a)~(8.91d) of Chapter 8
by phases that we have removed, purely for convenience. We trust that our abuse of notation in using the same
symbol to denote different, though closely related, quantities will not cause a problem. These real couplings

are only used in the formulae in this Appendix.
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The squared Z exchange contribution, which is not affected by sfermion mixing,
is given by

T, = 64¢’|Wj;|* (o + B}) mz

/ 2
/-Ennax Bf E2 - mzj
X
m

dE _
w (md +md - M3 —2Em3)

X {E [mzz_ + méj - (—1)"'*9-"2"12,."12/]
B
—m3z, (E2 + m%j + Tf(E2 - m%j))

Here, oy and B/ are the vector and axial vector couplings of Z to SM fermions,
W;j is the ZZ; Z; coupling given by (8.101), with

B 1 4 B.77
= — , T7a
! mZZ + m% —2Emg3, ( )

and the upper integration limit
2 2 2
ms +ms —4m
Epy = ——— 2 ’ (B.77b)

2
Zmz

i

The squared scalar Higgs exchange contributions can also be written as a single
integral:

gmf 2 El“ax
— 2 ~ . 2 _ 02
Fh,H =2 (m) le_ ‘/m dEBf E ij

Zj

X (m%l + mzzj —2mz E — 2m2f> [E + (—1)9"+9fm§/_]

X

~ h h H H

sin o (Xl.j + le.> cos o (Xl.j —|—le.)
2 2 9 Fo— 2 2 2 oy Fo— 2
mZ_—i-mZ 2mz E —my, mz,-+mzj 2mz E —my

(B.78a)

The couplings Xf’j’H are given by (8.117), and the upper limit of integration by
(B.77D).
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The squared pseudoscalar Higgs exchange contribution can be cast in a similar

form:
2 E
_ 5, o gmstanp A ™ 2 _ 2
J
(mzz_ +my = 2myE —2m?) [E . (—1)9i+61'm2j]
) 2 2 2\’ ’
(mz_ + my = 2mz E — mA)
(B.78b)

where the coupling X ;‘}. is given in (8.120).
We now turn to the various interference terms. The Z—sfermion interference
contributions can be written as

sz' == sz"] + szz, (B793.)
with
2
~ Po7 Pz T
FZﬂ = 326Wl‘j [ag‘aé’; (Olf - ,Bf) - ,Bgﬂg; (O(f + ,Bf)] e
Z;
mz=mz,’ s 1
% j———/<~E 2~_2~__2>
/;mi- s —M% { 2Q mz, Q+mfk mZ,- §—ny
1 2 2 2 2 2 2
__4m§_ [(mﬂ —my = mf) (mﬁ —mz — mf>

- (—1)"f+0fmzm§j(s — 2m§,)} log } . (B.79b)

Here we have introduced the quantities

2 2 2 2 s+m2§ —m%
=s+m3: —msz —m3, Ep= : L B.80a
K Si Z; f 0 zmz ( )

and

4 2
0= EZQ_S, Q’:Q‘ll—ﬁ. (B.80Db)
N

The real coupling ﬁ/i ; 1s defined to be,
Wi = (=)0 (= 1)% W, (B.81)
Finally, the Higgs boson—sfermion interference contributions can be written as,

F¢f = Fhfl + Fhfz + FHfl + FHfz + FAfl + FAfZ’ (B.82a)

https://doi.org/10.1017/9781009291248.020 Published online by Cambridge University Press


https://doi.org/10.1017/9781009291248.020

516 Appendix B. Sparticle decay widths
with

272 gm s sina

T, = X"+ xh [ Lgle | oI fk]
h ik my, MWCOS,B( it ”) aZ[,BZj—i-Ole,BZi

x(—1)6,~+9;J(mZ, mgj., my,mz , 0; +06;), (B.82b)

2n2gmfcosa oz : oz
Dyj = ST (et g xt) [al B + o 1]
o mz. My cos (X5 + ”) azi'BZ.f +aZleZi

< (=" J(mz mj my, mz,, 0; +0)), (B.82c¢)

272 gm s tan B

A A\ [ Je pfe Je pli
Paz, = (X5 + Xx75) [aiﬂi +°‘2k,52f]

mz My
(=D (g, mp ma,my 146+ 6. (B.82d)

The function J is defined as

mz;=mz,’ s
J(mzi7mfvm]—],mzj,9):/ >
4’"2[ s —my
1 sm —my(m% +m% )+ (=1)/mzmz (s — 2m%)
x| =sQ + i i
2 4mz/_
ms (Ep + Q') — u?
x log 2%t &) ~ 1. (B.83)
mz, (EQ_Q/)_IL

where 2, E 0, O, and Q' have been defined previously.

B43 7 i VA[J/I.*I*VT decays

The partial width for the decay z i Wﬁr‘vr is related to that for the decay
W — Z;t7 v, as in (B.106) of the next section. These neutralino decays are

usually not very important because they are either phase space suppressed, or are
dwarfed by other two-body decays of the parent neutralino.

B.5 Chargino decay widths
B.5.1 Two-body decays

We list the tree-level partial widths for all two-body decays of the charginos. The
partial width for amode and its charge conjugate are the same. Also, in the following,
whether W refers to positive or negative chargino should be clear from the context.
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Starting with decays to gauge bosons, we find that

g2

16nm%/[

I(W; —> Z;W) = AE(my, m3 M)

J2 Jj2 2 2 2
X |:(Xz =+ Yi )(m"/‘*]l +m§, _MW +

2 2 \2 4
(mﬁli —mz) _MW
2
MW

— 6(x7? - Yl.f'z)mw,-mij} : (B.84)

where X ZJ and Yl.j are given in Eq. (8.103a) and (8.103b), and

2
=~ =~ B € 2,1 2 2 2
rw, - w,z2)= W(CO’[QW + tan Oy) )»-(m%, mg s M7)
W,

mg, —my ): — M2
X[(xzﬂz)(m%vﬁm%%—M;ﬂ ot

M;
+ 6(x* — y?)(— 1)’ (—l)e%mﬁ,lmﬁ,zj| : (B.85)

where x and y are given in Eq. (8.100e) and (8.100f).
Turning to decays to various Higgs bosons, we find,

0 N 1 22 2 2
'(Wy — Z;H") = 16ﬂm%)»2(mv~vi,mzj,m,,,)
X [(a2 + bz)(m%v’_ + mzz_ — m%,) +2(a® — bz)mﬁ,‘_mzj] ,

(B.86)

where the coefficients a and b are exactly the same as those that enter the decay
Z i VT/Z._ H™; these are given in (B.63a) and (B.63b), and in the discussion follow-
ing for the decay Z; — VNVJ._ H™ (so that the reader must remember to interchange
i and j). Charginos may also decay to neutral Higgs bosons ¢ = h, H or A with

partial widths given by,

2

F(W —~ W o) = gi)»%(m% m% m2)
2 1 - 327[m3~ Wz’ le ¢
W,
x [(S¢2 + PO, +m%, —m2) +2(5P — P¢2)mv~vlmﬁ,2] ,

(B.87)
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518 Appendix B. Sparticle decay widths

where §") and P"*) are given in (8.116¢c), and the corresponding couplings to
A given in (8.119c).

Charginos may also decay via VT/,- — ]3 f' if these decays are kinematically
accessible. We write the partial widths for decays to the third generation, but these
can be used with obvious modifications for the first two generations. For V~Vi decay
to squark plus quark, we find

~ - = 3m~, }n2 I’I’lg
(W' — fib) = ?::’)»1/2(1, m—b mztl {[IAI2 + B{%,i cos?6,]
W; w;
m2 mg m
x (14— — —I1) + 4ABY cos6—— 1, (B.88a)
My, My, ‘ my,

where A = iA‘éV. cos 6; — By, sin 6, isreal. The width for Wi — f,b can be obtained

from this by replacing m;, — mj,,cos; — sin6;,andsin, — — cos 6;. For W; —

b1t decay, we find

~ ~ _ 3m~_ m2 m%
FU%—»bﬂ)z-ifﬂﬂﬂﬂ, ;,—%—{HAP#—B%cmZ@]
d W,
2 m%
x (1+ 2 — DUy L 4 ARG cosfy—— |, (B.88b)
mﬁll_ mﬁ/i m"}‘}i

where this time A = iA“%/i cos O, — B;X/,- sin 0. Again, the replacements mz, — my,,
cos B, — sin B, and sin G, — — cos 6, yield the width for the decay Wi — bt.

These formulae simplify considerably if we ignore couplings to the higgsino
components and intra-generation mixing. The decay rate for VT/f — fir.d can then
be obtained from F(VNVi+ — 1b) by replacing mj, — mgy, m;, — my, and setting
cos6; — 1, sinf, — 0 and setting the Yukawa couplings in By, and B;Nvi to zero.
Similarly, the decay W; — dyii can be obtained from the formula for W; — b;7
by replacing m; — m,, mj; — mgy, and setting cos ), — 1, sin, — 0 and again
setting the Yukawa couplings in By, and B%v; to zero. Of course, charginos do not
decay into gg in this limit.

Finally, the partial widths to leptons and sleptons are given by

~ NV 5
F(‘/‘]l - V-[T) = 3TA‘ (1’ 2 2 )
T mﬁ'li Wi
(145,12 + BZ] L M) | gan sy
X ~ = — 1A% )BL, — ¢,
Wi Wi m%v,- m2~l_ W7 Wi mg,

(B.89a)
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notice that 1A% 1is real) and
W.

2
~ A 2 m2
(W > 210 = Almg, (122 ) (B.89b)
2 m=
Wi
where the real coefficient A = i i cos b — B sin8;. The couplings A% > A%,

and B j, are given in (8.98a)— (8 98d) The decay width to %, is obtained V1a the
replacements cos@; — sinf, sinf, — —cosf;, and mz — mg, in the formula
for F(W, — 71v;) and the corresponding coefficient .A. How these formulae sim-
plify if coupling via higgsino components and £; —f mixing are neglected should
be evident.

B.5.2 Three-body decay: ﬁ/,- —~ 7 JTV;

We present a formula for the partial width for the decay W, — Z jTv:. We will see
later that partial widths for other relevant three-body decays of the chargino can be
readily obtained from this. This decay proceeds via the exchange of a W boson, a
charged or neutral third generation slepton, and a charged Higgs boson. The partial
width can be written as

F(Wl — 21'1'_1_)1)
L1 ! (F +T5+T:+ Ty +Tws +Twe + Tz + To + Tyz)
2(27_[)52 w H Wb Wz Hv HT) -

(B.90)

The Higgs and W exchange contributions do not interfere, since we neglect terms
o m, when doing the Dirac algebra.
The squared W exchange contribution is given by

2 |
) [3 (3, +m2 ) mi E—2m3, (262 +m3 )]

Here X l’ and Yl.j are the WVT/i Z ;j couplings given in (8.103a) and (8.103b), and the
upper integration limit Eyx = (m%{/_ + m%_) [2my..
i J
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The squared sneutrino exchange contribution is given by

A 2 AT 2 v\ ?
ro=2 (A5 ) | (A%,) + (B,) | vong.mo.mz),
where Z"Z has been defined in (B.75d) and
J
A%,l = —gsin yR.
The pure scalar tau exchange terms can be written as

I': =T +1';, + Ty,

where
T 2 T 2 Tk 2
Iz =2 <°‘va> (a?) + (ﬁZ-) Y(my,, mg,mz ),
Ff]fz = 4a€fl/la% I:az a~ + ﬂfl /3‘[2] W(mW ’ m‘[] ’ m‘[z’ mZ )7

and where

a%‘/l = —gsiny cos6, + fr cosysinb,,

a‘% = —gsinyy sinf; — f; cos ¥ cos O,

“671/2 = (—gcos ¥ cosf; — f;sinyy sin6; )0y,

a%z = (—g cos y sin@; + f; siny cos 0, )0;.

The squared charged Higgs boson exchange contribution is

(B.92)

(B.93a)

(B.94)

(B.95a)

(B.95b)

(B.96a)
(B.96b)
(B.96¢)
(B.96d)

t max
FH :j‘[zmﬁ/i (gmt an'B) / dE /E2 m~ (m —|—m~ 2Emw>

) ) O, +0; 0. () p())
{E[@Wi) +(#7) }JFZ(_D ! 'mzj“fv,ﬂw,.}

x P
2 2 _ L2
(mw[ +mz, 2Emy, mH+>

Here, E.x is as defined just after (B.91), and
oz(l) = cos BAY,
(J) o )
,BWI = —sinBA;",
a%ﬁ = cos ﬁA(lj)Gy,
By = —sin pAY6,,

with the coefficients Agj ) as defined in (8.122a)—(8.1224).
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The W-sneutrino interference contribution is not affected by 71 —Tr mixing and
contributions & f7; it can be written as

_ 2 o+ KT X
Ty = —4v/2g%(—1)" ’A%,l_A”Zi

< [(X] = ¥/) homgyoma,omz) = (X] +¥7) Rni ms,om3 )|

(B.99)
where we have introduced the functions
/ 2 1 . 5 5
1my,mg,mz) = g s—M2 2 (mW Q+mf—mﬁ,—s)
2 2 2 _ 2
(= m) (= my) log "7 (Fa + ) =
4m my (EQ_ Q)—,u2 ’
(B.100a)
2 d mu (Eo + —
Lmig.m7, myz) = — / *_myslog i (Fo+ 0) ~. (®.100b)
8my J s — My, mﬁ,(EQ—Q)—,u

and the limits of integration on /; and /, run from zero to (my — mg)z. The quan-
tities 2, Eg, and Q are defined in (B.80a) and (B.80b) but with m3z — my,
mz — mz,andmjz — mj.

The same functions also appear in the W—scalar tau interference contributions:

Fwz =Twsz + Twa, (B.101a)
where
Tz = 4x/_g2(x“ a~ [(le + Yl]> Li(m,, mz,, mz)
- <X,-’ - Y,-’) IZ(mWi,mfk,ij)]- (B.101b)
The sneutrino—scalar tau interference terms can be written as
Iz = Ipg, + g, (B.102a)
where
Iz, = —42% n [B” ,BTk Y(mg,, ms,, mg,mz)
—(—1)9f+9-fA;~Viaz_i¢(mV~Vi, mg., ms,, m;j)] . (B.102b)

The functions ¥ and ¢ have already been defined in (B.29a) and (B.29i), respec-
tively.
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522 Appendix B. Sparticle decay widths
The charged Higgs—sneutrino interference term is given by

t
Puo = 2285 B S0 1y e my 3 ), (B.103)

my

where we have introduced the function

7T2 (le jj) ds
IH(mva,.»mH’mf,mZ,): / (B.104)
0

~ 2
2my, s —my

1
[ SQ’B(J) [,B(J)an +( 1)9W +9}a(1)mwmz S]
Wt

x log

mV~Vi(EQ+Q)—u2}. B.104)

mi(Eg — Q) — p?
The coupling A : is as defined in (B.75d), and the quantities u?, Ep, and Q are

as defined below (B 100b).
The same function also appears in the charged Higgs—scalar tau interference

contributions:
Uz = Upg, + Ui, (B.105a)
where
Tz =23 2a fk i le(mm, M, Mg, M), (B.105b)

The partial widths for the analogous neutralino to chargino decays are given by
crossing. The partial width for the neutralino to chargino decay can be obtained
from the formula for the corresponding width for the chargino decay by simply
interchanging the masses. In other words,

N(Z; > Wt 0) = T(W; = Z;7 0)(my, < m3). (B.106)

Note that Z ; can also decay into Wi_r+vt final states, with equal probability.
However, these neutralino decays are usually not very important, since they are
either phase space suppressed, or have to compete with two-body decays of the
heavy neutralinos.

Our formula for F(VNVZ- —~ 7 ;T V) decay can be readily adapted to three-body
chargino decays into fermion—antifermion pairs of the first two generations. Ignor-
ing Yukawa couplings and intra-generation mixing, we have just three contribu-
tions to this amplitude: W exchange, and the exchanges of the “left-handed” up and
down type sfermions. We retain only the W, %, and sneutrino exchange contribu—
tions and set cos6; = 1 to obtain the partial width for the decays W — Eve
The replacements ¥, — i, ¢, — dy in the formula for l"(W > 7 tVe) w111
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B.6 Top quark decay to SUSY particles 523

yield F(Wi — 7 jdit) if we remember to include the color factor of 3. The de-
cay W; — btZ; always has a small branching fraction, since two-body decays
W; — WZ; are also accessible whenever the three-body decay to top is.

B.6 Top quark decay to SUSY particles

If charged Higgs bosons or sparticles are light enough, new two-body decays of
the top quark may be allowed. These include, r — bH*,t — 7 Z,, andt — b, W
The partial width for the decay 1 — f'S, where f is a spin 5 ! fermion and S a spin
zero particle, is given by,

r'et— fS)=

m2 2
s %)
6 m? m?

2 2 m% m% 2 N
x| (al? + 18R + =5 =I5 4 23a? — 1B L |,
m, mt n;

(B.107)

where o and B are the scalar and pseudoscalar couplings of S to the 7—f system.
For the decay t — bH™, f = b and S = H* and we have,

= ﬁ(mb tan 8 + m, cot B),
= ﬁ(mb tan B — m, cot B). (B.1082)

For the decay t — 47, f= 7.8 =1, and
L(r. . NAPING) s o . ]
=3 {[1142 — @) fio) ]cos@, - [132_ — (=) £ ]sm@,}
and

1 [ .
B =5 {[-ia5 - 0" | costr = [iBg o+ i £l [sinei |

(B.108b)
Finally, for the decay ¢t — Elﬁ/i, f= VT/i, S = by, and
1
@=3 [iAtW cos 6y — B{;V_ sin @, + By, cos Gb] ,
1
= — | —iA% cos8, + B% sinf, + By cosH | . (B.108c¢)
2 W; Wi Wi
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