Appendix A

Sparticle production cross sections

In this appendix, we list all 2 — 2 sparticle production subprocess cross sections,
first for hadron colliders, and then for ete™ colliders.

A.1 Sparticle production at hadron colliders
A.1.1 Chargino and neutralino production
The production subprocess cross section for dit — W, Z ; has already been pre-
sented in Chapter 12, so will not be repeated here.
For dd — W, W, we find (here, W, = Wl_ and W, = VT/;’)

do - == P
d_z(dd - WiWy) = 197:;3/2 [My +Mz+M;+M,z+M,; + Mza] ;
(A.1)
where
16 4 N2
M, = G [0+ 2D+ my (-]
Ky 1
Mz = 16¢* cot’ 6w 5| Dz(5)|* {(xf + )@ + BPIEX (L + 2 + miy (1 = 2)]
— 2y2 (o + Bm;, — 8xcycotdﬁdEp2} :
e* sin® g8
M; = e (E — p2),

sin* Ow[E? + p* — 2Epz + m3 2
M, = 32¢* Q4 cotOw (s — M3)|Dz(5)|
x {aax [ +22) + m; (1 = 2] = 28y.Epz}
4e* Qg sin? YR [(E — PZ)2 + mzﬁ/]]

yi = and

M 9
sin®Ow  [E? + p> —2Epz+mj ]
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_ 4e* cot By sin® yr
B sin” Oy

(xc - yc)[(E - PZ)2 + m%/l] + 2ycm‘%f/l
E?+ p? —2Epz +mj,

Mz;

(5 — M%) (g — Ba)SID2(3)

X

The corresponding expression for uit — W, W is obtained from the one above by
making several changes. Of course, the contribution from i exchange is replaced
by that from d exchange. To obtain the chargino production cross section from
ui collisions, replace, (i) &y — &y, Ba = Bu, Qu — Oy, L — dy, and YR — YL
everywhere, (ii) z = —z in just Mg, M, ;, and Mg, (iii) change the sign of M, ;
and M ,;, and finally, (iv) change y. — —y,, in just M,;. The corresponding cross
sections for Wg V~V2 production can be obtained from those for ﬁfl ﬁfl production by
replacing my, — myy,, sinyr — €OS ¥R, Sin yL, — cos ¥, and (x¢, yo) — (X5, Ys)-

The cross section for dd — W, Wz is given by

4

e
P My + My + My, (A2)

do dd — W, W)
JR— N e —
dz Y2 90512

where

Mz = 4(cot Oy + tan Ow)*| Dz ()* x [(x* + y*)eg + BI(E* + p°2°
—A? — Emymy,) + 2X°€ (g + Bmi,mi, — 8xyaafaEpz],
sin? yg cos? R [(E — p2)* — A?]

Ma = sin* Oy [2E(E — A) —2Epz + méL — m%l]z’
My = — 2000t + tan Bu) s i <0 (S = M) ey = fil D21
S ew
" (x — VIE — p2)* — A —Emy,my, | + 2xEmy, my,
[2E(E—A)—2Epz+m§L_m2Wl] ;
m —mk
where A = W24 5 " and £ = (=)' %! The corresponding expression for

uiL — V~V1 ﬁfz is obtained from the one above by replacing, (i) gy — ., Ba = Bu,
iiy, — dy, and YR — YL, everywhere, (ii) z - —z in M; and M,;, and finally,
(iii) just in Mz, 6, — 60, § — —§&, (x —y) — (x +y) (in the first term) and
x — y (in the second term containing m , m , ).
The cross section for neutralino pair production is given by,
P

do =5 q 12149 |2
27— ZZ) = o {144 PIAL PGitmg, my  mg, )
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+|B% |2|B%j G, (m3,, myz., Mg, 2) + 4¢* |\ Wi [*(ag + BDIDz(3)I?

x [52 = nd, — 3 P+ 4D S my 4 43p72

1 . 2 a2 g% 44

—5e(e, — B)6 = MHIDG) [Re(W,-jAZAZ)GS,(mz_, m3,.mg. 2)

+ (1) URe(W AY AL)G i, m, gy, —2)| - %e(—l)‘)‘*gf+1

x (@ + B)6 — MDIDZE) [Re(Ws BY BL )G, m3  may. )

+ (— )" IR BY BY)Goilm, m g, =)} (A3)
where

A2, mZZ, mZZ,)

25 ’

p= (A.4a)
Gi(mz,,mz ,mg, 2)

1 || 32— m3 —m% ) —4ps¥z 4+ 4p?s2?
i J

16 [%(ﬁ—m%f —m%j)—x/?pz—kmé]Q

§2 —(m3 —m% ) +4psr 4+ 4p73°
1 J

1 o 2 2 A 2
[5G — mz — ij) +spz + mq]2
8(—1)"*imzmy §
[%(ﬁ — m%{ — m%j) +/5pz+ m?]][%(ﬁ — m%{ — m%j) —spz+ mé]
(A.4b)

and

Gy(mz,,mz ,mg, z)

22 _ (2 _ 2 V2 _ 4832 22,2 RN RIS PN,
_s (mz,- mzj) 457 pz +45pem + A=) T Smy my,

Lo —m2 —m2 )= /5 2
58 mz ij) «/Epz+mq

(A4c)

A.1.2 Gluino and squark production

Next, we turn to production of strongly interacting sparticles. Gluino pair production
takes place via either gluon—gluon annihilation, or via quark—antiquark annihilation.
The subprocess cross sections are usually presented as differential distributions in
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A.1 Sparticle production at hadron colliders
the Mandelstam variable 7:

479
O’( N ~)
vy —
5 (88 — 88
_ 9ma [20m3 —Dm — ) N (m2 — D)(m? — &) — 2m2(m% + 1)
452 §2 (mg — 2
+(m§ —D(mE — ) —2mi(md +a)  miE —4m?)
(m§ — ) (m2 — D(m2 — i)
=D =@ mia—D) 2= D2 — D)+ miG - )
§(mz —1) S(m2 — ) ’
(A.5a)
and

(47— g2)
A
o791 — 88

swa? |4 (m3—1\" 4 (ml-a\’
~o |3 m—7) T3\m—a

3 2 A2 2 a2 2a [(mé_i)z"'m%@]
+§—2 [om; =) + (m; — 01)* + 2m38] — 3 P
mZ — )% + m2s 1 m23s
—3[( = 2) - #l,1 ¢ . (A.5b)
§(mz — i) 3 (mgz — 1)(mz — it)

Gluinos can also be produced in association with squarks. The subprocess cross
section is independent of whether the squark is the right- or the left-type:

2
s

da( 30) To
I — =
4i 81T 8D = a0

[26% + mf — ) + §3(m; — )]

§(my — D(m} — )

(m2—1)

8

25m2(m2 — m?
x ((mé — @)+ (mg —mg)* + g(—"g)) (A6)

There are many different subprocesses for production of squark pairs. Since left-
and right-squarks generally have different masses and different decay patterns,

we present the differential cross section for each subprocess separately. (In early

literature, these subprocesses were usually summed over squark types.) The results
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are:

5 5 A\ 2 5 A\ 2
do( 5.6 moy; |1 [(ms+1 +1 mg; +u
— (g8 — = 2 5 2
g S8 T =g 132 =) T3\m2—a

+32§2 (85(4m~ —H+4@ -1 ) I

1 (4mq — s)2
48 (m} — H)(m} — )
3 [(@ — a)dmg + 41 — §) — 2(m; — )(6m; + 21 — §)]

32 §(m} — 1)
3 [(& —)(dm + 40 — §) — 2(m} — D)(6m; + 20 — §)]
32 S(mZ — @)
7 [4m2 +47 —5] 7 [4m2 + 40—
PR R N LR |
96 my —1 96 my — il
do _ - do
E((Mz — GI1LgR) = —((]1612 — §1rG2L)
Iral  m3§
= 7TA05S %, (A.7b)
952 (1 — mz)?
da( . 2ma? =81 — @G —mg ) AT0)
. — = ~ , e
‘I1QZ qlL(R)qu(R) 932 (t _m2)2
L do) = 2 GirdoL)
- - = —= -
1 9192 q1Lg2R 4 9192 q1Rq2L
2w’ =8t — (1 — m?]L)(f - mij)
== e : (A7d)
952 (T —m3)
da( ) 2ma?  m3s (A70)
- - =5 T 35 -1€
79192 7 Iege 02 G- m§)2
do . do . 2wl mis
—(gg g1 ar) = T 7l GgrgL) = —————, (A7
99~ qLgr) g = qrqL) = 53 @~ mly (A.7f)
do( - 2/3
= — = — =
99 —~ LRILR) G- 2)2 2 3G —md)
ar 2
-G —md,) ] (A7g)
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A.1 Sparticle production at hadron colliders 481

do 4o’ NPT
a7 —(qq — qL(R)qL(R)) 05t [ §t — (1 — ) ] , (A.7h)

qL(R)

d o do . .
E(qq — quqL) = E(qq — grRGR)

_n32 1 N 1 B 2/3 ATD)
" G T @—my G-mha-mh |

and

99 4q — daw)

d? q4 qLgRr

- [ (=87 — G —m2 )G —m2)]  [=8it — (& — m2 )@ — m2,)] ]
R L R + L R .

032 (F —m2)? (&t —m3)?

(A7)

Because there are essentially no third generation quarks in the proton, these cross
sections for gluino and squark production are fixed by SUSY QCD, and depend only
on the masses of the squarks and gluinos: in particular, cross sections for producing
third generation squarks do not depend on the intra-generational mixing. In this
case, the squark type should be read as 1 or 2 instead of L or R. Refer back to the
exercise in Section 8.4.1 in this connection.

A.1.3 Gluino and squark associated production

Gluinos and squarks may also be produced in association with charginos and neu-
tralinos. Here, the subprocess cross sections are given by:

dG ~ = O(X N
58 = Wid) = 37 A P (mg, , mig,, D), (A8)
o o )
S (g~ W) = 5 4A2| & Pz, my,. B). (A9)
da ~
o q 2 q 2 e 7
@8 = Zi) = 5.5 (14512 + 1B ) wlmg. m3,. D). (A.10)
S ST B
do ~ o (m% —1)(mz —1)
= q — Zi2 (144 12+ 1BL ) | —2——
741~ 2i8) = 1ga >+ 1B | L 77
(m% —@)my — i) 2(=1)"*mgmy 3
LI T e e s ) R
q q q
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and
2 N2 3
do ~ o (my, —1)(mz —1)
v ind — Wi~ = d AL 2 i _
i 8= 152 [' . (m2 — 1)
L
2 N2
spag D0 70
Wi (m} — i)
2(=1)%Re(AY, AL ymgmy, 3
5 , (A.12)
(mgiL — D)(mg, — i)
where
Sy i 1) = s+t—mi m%(;n% —1t)  t(m3—m?) —i—r;l%(s —m3 —i—m%)‘
2s (m7 —1)? s(my —1)
(A.13)
A.1.4 Slepton and sneutrino production
The subprocess cross section for £; P production is given by
do oo DWOP o
R R el (LENY (A.14)

The production of 7,7, is given as above, replacing my, — ms, my — my,_, and
multiplying by an overall factor of cos? 6. Similar substitutions hold for %7,
production, except the overall factor is_sin2 0.

The subprocess cross section for ¢ ¢ production is given by

99 4d — B
_ —
a 949 LfL

e\ |4k o
~ 24782 (lu _mZL> T (@ = B ey + BIDZ()|

n 2G040 (e — B — M)
§

IDz(f)lz} : (A.15a)

The cross section for sneutrino production is given by the same formula, but with
ag, Be, qe, and my, replaced by a,, B, 0, and my , respectively. The cross section
for 7,7, production is obtained by replacing my, — mgz and B; — B, cos 20;. The
cross section for Zglg production is given by substituting oy — B¢ — a¢ + B¢ and
my, — my, in (A.15a). The cross section for %, T, production is obtained from the
formula for £ £g production by replacing my, —> Mg, and By — B¢ cos 20,. Finally,

https://doi.org/10.1017/9781009291248.019 Published online by Cambridge University Press


https://doi.org/10.1017/9781009291248.019

A.2 Sparticle production at ete™ colliders 483

the cross section for %%, production is given by

47— 1) = Tigg > i)
— - H[H) = — — 77
a a9 172 a q9 12
4
e . AN20n0
= 24n§2(a3 + BB sin® 20| Dz(8)*(af — m3 m3).
(A.15b)
A.2 Sparticle production at eTe~ colliders
The degree of longitudinal beam polarization has been parametrized as
P(e”)= fL— fr, Where (A.16a)
ny, 1+ P,
= = and A.16b
L S 2 ( )
nr 1-— PL
= = ) A.l6¢
Ir —— > ( )

Here, n r are the number of left-(right-)polarized electrons in the beam, and fi r
is the corresponding fraction. Thus, a 90% right-polarized beam would correspond
to PL(e”) = —0.8, and a completely unpolarized beam corresponds to P (e”) = 0.

We present in this section relevant2 — 2 SM and SUSY cross sections, retaining
information on the polarization of the incoming beams. The calculations can be
performed using usual techniques, but in addition inserting projection operators
P = IEVS and Pr = IJ;}'S to select the desired left- or right-polarized initial state
particles.!

We begin by listing lowest order Standard Model cross sections for right- or
left-polarized incoming electrons and positrons. For SM fermion pair production,
we have:

do - Nf p
bl > Il
& (er/eLr = ff) i E

where z = cos 8 (6 is the angle between the final state particle and the electron), E
is the beam energy, and p is the magnitude of the momentum of the final state SM
fermions, f = u, T, v,, v, and g, and:

fR/L(2) (A.17a)

2

2
D r/(z) = ¢ {Z—; (E*(1+2)+m3(1 —2%) + (e = Be)

(s — M2)2 + Mi12
x ([(@F + BINE? + p*®) + 4oy BrEpz + (@} — B7Im7])

! We assume that we are at high energy E >> m, so that the difference between chirality and helicity can be
safely ignored.
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_ e £ B — M)y 2 2 200 _ 2
s[(s — M2 + M3T3] (o [E*(U 425 +mip(1 = 2%)]

+ 2B/ Epz) } . (A.17b)

The upper (lower) signs are for ® s (P r.). For electron pair production 7-channel
photon exchange contributions must be included. For Z pair production, we have

do ( _ )
—(er/LeLR = ZZ
[ (ER/LEL/R

_ e £ B)'p [u(z)+ 1@ 4MZs M4( 1 1 >]

- -+
drss L@ u@  u@t@ \22) u(2)

(A.18)
where s, 1(z), and u(z) are the Mandelstam variables. For W W™~ production we
have,

do e*p
—(epreLr > WW )= ——— & , A.19a
dZ( R/LEL/R ) 1675 /3 sin B wwr/L(2) ( )
where
4o, + Be)? tan® Oy | Dy|?
Dywr(z) = P = WIPZE (U7 p2s +3ME) + 4M2 p2s7]
(A.19b)
and
Ur(z
Qywi(z) = zg ) [3 + 2(cte — Be) tan By (s — 6M},)Re(Dz)
U
+ 4(a, — B.)* tan’ Ow(p>s + 3My,)| Dz ] + #(Zz))
+8(at, — Be) tan by My Re(Dz) + 16(a. — B.)° tan® 6w My, p°| Dz |
UT(Z) 2M€V:|
+2[1 — 2(at, — B.) tan Oy M2 Re(D [——— , (A.19¢
[ ( Be) tan Oy My Re(D7) ] 512) 1@ ( )

with Ur(z) = u(z)t(z) — My,, and Dz = (s — M2 +iMzI'z)~ .

The reader will have noticed that we have not listed cross sections from the
e /reL R initial states. This is because these cross sections vanish in the chiral limit,
i.e. when the electron mass is neglected. The reason is that gauge interactions couple
members of the electroweak doublets (singlets) to one another, but never a doublet
to a singlet. The same reasoning, therefore, applies to SUSY processes that involve
only s-channel photon and Z exchange. The reader should understand that these
unlisted cross sections also vanish.
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For lowest order MSSM Higgs boson production, we have

da( _ zh) p et sinz(oz + B)

—(er/LeLR — =

dz - VIR 167 /s sin? Oy cos? Oy
(e £ Be)?

M2 + EZ — p*z%). (A20a
To obtain the corresponding cross section for Z H production, replace sin’(a + )
with cos’(a 4+ B). The angular distribution for the production of 4 (or H) bosons
in association with A is given by,

do _
—(erjLeL/R — hA)

dz
p? etcos*(@ + p) (e £ Be)?

_ 1—2%; (A.20b
1677 /s sin” By cos2 Oy (s —M%)2+M%F%( o :

for H A production, replace cos’(a 4 ) with sin?(a + B). Finally, the differential
cross section for H H ™~ production is given by,

d"( ¢ HYH™) A 1-z%
—(er/LeL/R — =——(0-
az (R e
{1 (Zsinzew—l )2 (ote £ Bo)?
X

2 2cosbwsinby ) (s — M2)* + MiT2%

L <2sin29w— 1) (cte £ Bo)s — M2) ]

s \cosbwsinby /) (s — M2)2 + M2T2
(A.20c)
For sfermion pair production (fif, with f =, vy, v, u, d, ¢, s,andi =L
or R), we find:
9 enine = T = L ) (A21a)
—(erjLeLr — fif)= ———=—7>o; , 2la
dg CRLELR TSI = 56 g AR
where

®rpz) =e'(1 —2%)x

|:% .\ ZA% (cte £ Be)>s — 8(ate £ Be)grAys(s — M%)} (A.21b)

s (s — M%)> + M3T%,

and Ap , = 2(as F By). The cross sections for producing fLfr pairs are zero
since both the photon and the Z boson only couple to pairs of like type (LL or RR)
sfermions. In the corresponding expressions for third generation sfermions, we need
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to include intragenerational mixing. For the case of 7,7, production, we have Ay =
2(a; — Br) cos? 0, + 2(a; + ;) sin 6;; for &7, production, simply switch cos? 6,
with sin® §,. Since Z couples to 7,7, pairs we also have,

do 487’ (o, + B,)* B2 cos? O, sin* 6, 5
— — f1h) = 1—2z°).
(eR/LeL/R 1h) = 56— M7+ M2 p( )
(A.21c)

The differential cross sections for stau and sbottom pair production are given by
analogous formulae.
For selectron pair production, we find

do 1 p
d—(eR/LeL/R — eLéL) = 756 E(DELR/L(Z)’ (A.22a)
where
Dz r(2) = O r(2), (A.22b)
and

214 [*s(1 — )
[2E(E — pz) —m} +m3, ]2
|A%, |2
e 2
Be"(l - )Z [2E(E — pz) —m3 +m .
(e — ﬁe)zs(s — M%)]
XP*«—My+Mﬁ§

4
D 1(2) = PR+ Y
i=1

4 4|AEZ.|2|A€Z|2S(1 —2z%)
- R, ,
22, RE(E = po)—m + 3 N2E(E — pa) =l + 713
(A.22¢)
Similarly,
do 1 p3
d—(eR/LeL/R — 2réR) = 356 Eq)ERR/L(Z)’ (A.23a)
where
Dor(2) = PppL(2), (A.23b)
and

®;.r(z) = P .(z) but with the substitutions,
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AS — B, mg — mg, and (@ — ;) = (@ + Bo). (A.23¢)
For &, &g production, we have,’
do _ . o e
d_z(eReL — éLeg) = d_z(eLeR — ereL) =0, (A.24a)
while
do 1 pl |Aezi|2|B% |2m22i

—(eLeL — 2LeR) = ———
dZ( LEL L R) 327TSE ;[EEL_pZ+aZI-]2

i 2mymyRe(A% AS B BY)

+ : , (A.24b)
52 B, — pz+azllEe — pz+az)]
mZ —m?
where az = Zfz—Eq, and
o pa 1 [ A5 PIBy P
—(erér — @RreL) = —— —
dz 8T Y T 3005 E | &4 [Eg — pz+az )
4 2mz my Re(AS, A% BS BY, )
+ R T . (A240)
1521 By — pz+azllEe — pz+az)]
mL —m?
~ — _%4i R
where now a7 = —L+
For ¥, pair production, we find
do _ = do _ =
d_z(eReL — D, 7,) = g(eReL — Dby, (A.25a)

while

do _ -
_(eLeR — f)e ﬁe)
dz

464(“1} - ,Bv)z(ae - IBe)2
(s — M2)> + M3T%

3
P’E 2
= ~1-
o (I =29
n g*sin’ v n g* cos* yr
[2E(E — pz) + m%vl —m3 > [2E(E — p2)+ m%/z —m?)?

| 4egian = B — B)(s — M3)sin® py
[(s — M2)* + MZTZI2E(E — p2) +mY, —m3 ]

e

2 As long as we neglect electron Yukawa couplings, neutralinos couple doublets (singlets) to doublets (singlets).
Thus &;.ér production occurs only from the e /reL/r initial state via t-channel neutralino exchange, in sharp
contrast to other SUSY processes that we have seen. We will leave it to the reader to work out in advance
those polarizations of the initial electron and positron beams that contribute to chargino and neutralino pair
production processes which, we recall, have both s- and z-channel contributions.
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_ 462g2(av - ﬁv)(ae - ,86)(5 — M%) COS2 YR
[(s — M2 + MITZIRE(E — p2) + m%, —m2]

4 2g* sin” yg cos? yr
[2E(E — p2) +m¥, —m} 2E(E — pz) +m, —m3]

:| . (A.25b)

The differential cross sections for neutralino pair production are given by,

99 ernz 7.7
—(e e —> Lil;) =
4z (CRLEL/R f

with

p
——— (Mzsr, + M + My; , A.26
S5 s (Mzzrp. ZZR/L ZeR/L) ( )

2 2
Maer = 2|B3 I°| B |°Gi(mz,, mz,, me, 2),
2 2
Mzz1 = 2| A | |Aezj| Gi(mz,,mz,,mg, 2),
Mzzr =

4e?| Wi [*(ee £ B
(s — M2)* + MiT?

[SZ _ (mZZ . m2Zj)2 _ 4(_1)9i+9jsmzimzj + 4SPZZ2] s

—e(=D) 5 (@, + B,)(s — M3)

zeR = 2[(s — M2)> + M2I2]
x [Re(Wi; By By )Gyl mz, may. 2)
H(— 1)@ HDRe(W;; B B%’:)G.g,(mzi, mz., Ma, —z)] ,
and
—€(Ole - ,Be)(s - M%)
Mza = %) )
2[(s — M3)*+ M;TI'7]

x [Re(Wij 4G 4G )Goilomz .7, . 2)
+(— 1)0,-+9jRe(WijAeZ_ AEZ*;)G”(mZ_ sMz,, M, —z)] .

The functions G, and Gy, are defined in (A.4b) and (A.4c), respectively.
For chargino pair production we have,

do ~ ~ p
% WiW)=——-=—=(M M M

Z (eLer — Wi W) 6d7ns E ( yyL+ MzzL + M, 71

+ Moo+ Myt + Mz (A.27a)

dz
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and

—(ere —>VVV[/)_—1 —(M + M + M ) (A.27b)
ere = ) .
Iz REL 1Wi s E y¥R ZZR yZR

with
16¢* 2 2 2 2
My = Mypr = —— [ EX1 42 +mf (1= 2)].

16e* cot? By s
(s — M%)> + M3T%

MzzrL = [(xf + ¥ (ete = Be)* x

[E2(1+ 22) + m3 (1 = 2] = 22, = foPm3, F 4xevelee £ B Epz ).

My, zr =

—32e*(a, & B.) cotOw(s — M32)
(s — M2)* + M3T7

{re B2+ 22 4+ mdy (1 = D) F 2. Epz

2¢e* sin s(E — pz)?
My, = —— SR 50
sin" Oy [E*+ p* —2Epz + mj]
—8etsin2yg  [(E—p2)’+ m%‘,]]
My = ——— 24 2 27
sin“ Oy [E*+ p* —2Epz + mj]
and

8e*(cte — fBo) cot By sin yr s(s — M2)
sin? Oy (s — M2)2 + MiT%
[ e olCE — pz)* +m 1+ 2yem,
E2 + p* —2Epz + m? '

Mz =

To obtain the differential cross section for VT’z Wz production, we simply replace
x. with xg, y. with yy, sin yg with cos yg, and mip, with miy, in the corresponding

expression for ﬁfl ﬁfl production. Finally for Wl ﬁfz production we have,

do _ ~ =~ et p
—(erer —> WiWy) = —— [MzzL + My + Mz ], (A.27¢c)
dz 64 E
and
9 vz — W) < ry (A.27d)
— e e % f— _— ) .
3z (R 1Wa) = o - Mzzr
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where
dae £ B (cotOw +tanby)® -, 5 o 5
MzzrL = x* 4+ y)(E?* + p*z
ZZR/L 5 — M%)z n M%F% [( YN p
—A% — Emy my,) + 2x2§mﬁ,lmﬁ,z F 4xyEpz]
Moot — 2 sin® YR COS> YR [(E — pz)? — A?]
YT sintow RE(E — A)—2Epz+m}—mk P
and
Mo — —40,,(ote — Be)(cot Oy + tan Oy ) sin yr cos yr(s — M2)
o sin” Ow[(s — M2)2 + M2T2]
(x — VIE — pz)* — A? — Emiy,my, 1+ 2xEmy my,
[2E(E — A) —2Epz +m?2 — m%/l] ’
with
-
A= M and £ = (— 1)/ +0m+1,

4E

The cross sections for unpolarized or partially polarized beams can be obtained
using,

o = fule?) fuleNHow + file?) frleMor
+ frle7) fleMorL + frle™) frle)orr, (A.28)

where fi and fr have been defined at the start of this subsection, and o;; (i, j =

T annihilation.

L, R) refers to the cross section from e; e ;
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