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With the prospects for the pp colliding beam experiments in view, with the
center-of-mass energy vs in the range 20-800 GeV, it is attractive to estimate the
contribution of heavy particle pairs to charged multilepton production. In this
paper we estimate cross sections of charged multilepton yields from the weak,
semileptonic, and cascade decays of the bottom and top particle pairs produced
in inclusive pp collisions. Such cross sections may serve as additional inputs in
any future experimental searches for the top flavor. They may also help to
discriminate quark mixing angles when precise charged multilepton signals
become available.

1. INTRODUCTION

According to the present theoretical picture, ¢ decays may occur
sequentially through the chain

Each step in the cascade decay chain of the heavy quarks: charm, bottom,
and top, is associated with a probability for emitting a charged lepton. The
probability for identifying one or more charged leptons among the overall
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decay products of heavy particle pairs may be a possible signature for
identifying the production of new flavors. Taking into consideration the
projected pp colliding beam experiments with the center-of-mass energy, Vs
as large as 800 GeV, one would settle for the production of the heavy
particle pairs, specifically the top and bottom pairs, in inclusive pp colli-
sions.

In calculating the particle-pair cross sections, we follow the structure of
the parton model. In which case, the production of the bottom and top
quarks occurs through the interaction of light quarks and gluons. In the
production of bb and # pairs in pp collisions the contributing subprocesses
considered are the following:

qq— hh (2)
and
g8 — hh (3)

where g denotes a light quark (u, d, 5), g a vector gluon, and h the bottom
quark b, or the top quark, ¢. Equations (2) and (3) are the flavor-creating
subprocesses. One of our basic assumptions is that an 4k pair produced via
the subprocesses will usually evolve into a pair of naked bottom or top state
if m,;;is above the appropriate threshold mass.

Thus,

o( pp — b or ¢ particle pairs+ X) = o( pp = hh+ X, m,;>2m,) (4)

whereby the threshold invariant mass is taken to be 2m,,, my being the
mass of the lowest-lying 4 state. We also assume that no other flavor of
quark may dress to form a bottom or top hadron state, so that the outgoing
bottom or top quarks are dressed to form bottom and top hadrons with a
unit probability, independent of their momenta.

The rest of the paper is organized as follows: In Section 2, we give the
production formalisms and derive expressions for the total cross sections for
the production of b and ¢ particle pairs in pp collisions, via the subprocesses
of equations (2) and (3).

Section 3 deals with the semileptonic decays of the heavy quarks. Here
we compute the probabilities of the emission of charged leptons, e %, p, in
the decay products of the bb and ¢ pairs.

In Section 4, we obtain expressions and numerical results for the total
cross sections of charged multilepton production from the bb and 1 decays.

In Section 5, we present our summary.
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2. FORMALISM OF b AND ¢ PARTICLE PAIR PRODUCTION
IN jp INTERACTION

We recall the contributing subprocesses to bb and #t pair production, in
pp interaction, namely,

gi— hhX and  gg— hhX
where h = (b or t).
The Feynman diagrams for the subprocesses are as shown in Figures 1
and 2, respectively.
The matrix element for g7— hhX is given by

8,582
aff _ _
M=~ ———=T2T a( p,)vo(p;)o(p2)vu(p)), (5)
(pa+pi
where i, j, k, | are the quark color indices; a=u, d,s, B=1,4d,5; a, b, c are

the gluon color indices and T¢ = A%/2, etc., where the A’s are the well-known
Gell-Mann SU(3) generators of color.

Squaring (5), averaging over initial color degrees of freedom, and
taking the traces, we obtain

_ . 256 7%?(0?)
|M|2=Tm[(Pl'Ph')(Pz‘Ph)'*'mIZ;(Pl‘Pz)"'mi(Ph'Ph')
a’th

+(py Pu)( Py pi) +2mim}] (6)

where m, is the mass of a light quark, ¢. Naively, we have taken m,=m, =
m,=m, Introducmg the Mendelstam invariants, 4, §, £, with §+ P+ i=2mj,
we obtain

Pl'Ph=P2’Ph_=%(mlzv+ i_i)
2

and
Pl'P2=Ph'Ph'=5/2_mi (7)
so that equation (6) gives
2.2
|M? = ﬁz’—i@-l(zmh +aAms—Amli+ §2 +2§+2i%)  (8)
9 mimi &

The total cross section for the subprocess is given by the hard scattering
relation: .

qq — hh 1 /

a(§) = "M | dt 9

(8) =1 [™IM) (9

{min



Fig. 1. Lowest-order Feyman diagram for ¢7— hhX contributing to top () and beauty (b)
production in pp collisions.

where

Imax(tmin)

s 1/2
=mj -5 +4[5(s —am})]" (10)
Substituting (8) into (10), one obtains

— hh 2y [efe—_amm2)]'72
q( ) _.§_a (2Q2) [S(S “1:;71”)] (2mi+§) (11)
m,m;, §

The contribution of the subprocess to the total cross section is

99 = hh_ |
(o(p'p—)th)) =f ) dxu?(x,0*) X
total amy /s

x [ dyu(y.02)-ofl"

4m,,/sx
1 1 ~ -
+ dr(x,Q? dyd?(y,0?)ed9
'/;mﬁ/: v( Q )‘[limﬁ/sx y u(y Q )o(xys)
(12)
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where §= xys and s is the antiproton—proton center-of-mass energy squared.
We note that there are no valence antiquarks inside the proton.
Next, we consider the subprocesses

gg —> hh

whose Feynman diagrams are in Figure 2. The matrix element is given by

M= gZﬁ( P;,)TaTbY,,EE (#I - }‘h_+ mh) ,,,]

2 k=l
‘Il_Ph') _mlzl

+ TPToy, et

(éz - I‘h_)sz; ]
(92— pi)'—m?

A

+if G- q), — 42,91+ 43) 30(Pi) (13)
(4,+42)

where G** is a tensor connected with the three-gluon vertex. Expanding
G we obtain

v A
G* }‘(— 9, =490+ 4:)=(9,— q) Euv +(—2¢, - ql)"guh
+(291+ 2) 8,
so that equation (13) gives, for transverse gluons only,
M |* = —=—— T(T°T*T*T*)
4(t - m,z,)

X Tr{7, (4, —lsh—+mh).¥u[—A—(ph.)]Yp,(4l — Pyt m,)}

g4
+ —=2—— Tr(T*T°T°T?)
(a—m;

XTT[Yy(éz“ﬁh’+mh)Yu[—A_(Ph')]Yv(‘fz_lbh_"'mh)'YuA(Ph)]
b B i, T - A ()T ()]

g4 apbrpab
+ 4(f—mi)(ﬂ—mﬁ)Tr(T T°T*T?)

XTr(Yﬂ(él - l‘h-+ mh)Yn[_ A_(Ph_)]Yv(éz + ﬁh_+ m;,))
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XTr(Yv(él - P+ mh)'Y,.[_ A_(Ph')]')’y(‘ﬂz + 4t mh)YpA(ph)}

g* _1
T a- mg)(a-mg)< 96>
XTI’{Y,.('I?:I’E'*‘ mh)Yy[— A” (Ph')]Y,;(él Pt mh)YvA(ph))

4 3 )
¥ 4s(£g— m?) <§>Tf(Yv(4l = pi+ m) - A7 (pi)]

X G M py))+ 4—5(7%"'27 < §3§>
XTr{G* vy [~ A~ (pi)] V(& — i+ m) v, A(py))
4 -3
+ m < —32—>TI{YF(42 — Pt my)y,
x[- A~ (pi)]%G**A(p4))
<%22>TI'<G’“')"Y>\[— A~ (ph_)] Y
X(ﬂz’ﬁh""mh)YFA(l’h)) (14)

Introduce §, 1, 4, with 4+ I+ 5= 2m}, to obtain the following:

Uy

_$ - 2
‘11'42—5, Ph'Ph=5- h

mi—t

QuPr=PnP2= "5

~

‘Iz'Ph':Ph'Pl:%(m;z,_u) (15)

Substitute (15) into (14), to obtain

1

4
M2 =-2 > - ! 2[—14m2+(8a+6s‘)m§—2zz(a+s*)]+
4mi, \ 12(1—m3) 12(a—m

P 3 1
x[—6m2+2mfs—2u(u+s)]+T6—-s72-

2
h

)2
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X{—am} +(8a—45)m? —4[5* + a(a+§)])

1
S —16m} +4m23
Seli— ) (=) 67+ 4mi)
3 1 . R R
_ﬁ.m(4m2—8miu+4mfs+4uz)
3 1 . R R o .
+§~(t_—mi)§(—4mz+8m2u+4m,2,s—4u2—452—8145) (16)

The cross section of the subprocess then gives

B 1e2(0%) (11 1/2
a(xys)=4—mlz1 [ﬁ—l6m,2,[xys(xys—4m,2,)]

4 [xps(xys —am?)] 172 (4m? +2xys)

(xps)? (xps)’

wind 25— [xys(xys—4m%)]l/2

2m; 2m;
N (4m2 +2xys) nl 225 1, [xys(xys—4mi)]l/2

(xys)? 2mj, 2mj,

3 { 2 1/2( 4 5 2
+———— | xps(xys —dm 12m, — < xys-m

16(xps)* Los( ) "3 "

35 ) 1| 4m}—mixys
_?(xys) }+ 12(

(xys)’
il 25 1y [xyS(xys—jmi)]'/2 )
Zmi th
3 2m2 1 xys ) [xys(xys—4mi)]]/2
+ § n 3 -1+ 2
(xys) 2mj, 2my,
—am2)]2
+ [x}’S(xyS :nh)] }) } (17)
(xys)

where g2 = 47a (Q?).
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The contribution of the subprocess to the hh pair production cross
section in pp collision is

gg—hh g8 — hh
o(pp~hiX)= [ G7(x,0%)ax[  G”(y,0%)dyo(xys)
4m2h /s 4m*h /sx
(17)
Combine equations (12) and (17') to obtain
_ 1 q3 — ki
o(pp—hhiX)= [ uf(x.0 )de . ub(y.0%)o(ys)
am}/ h/sx
qG = hir

1 I
+far(x,00)dx [ dydi(y,0%)o(xys)
4m2/: 4m£/:x

*fmz/f;"(" 0?) L;ﬁ/ucp(y,Qz)dy (18)

3. SEMILEPTONIC CASCADE DECAYS OF ¢, b, c, AND
CHARGED MULTILEPTON EMISSION FROM DECAY
PRODUCTS OF hi PAIRS

According to the present theoretical picture, ¢ decays may occur
through the chain

. (19)

The decay rates for bottom and top, estimated by Cabibbo and Maiani
(1979) for each decay channel a, are provided in Tables I and II, respec-
tively. Following a specified parametrization (Maiani, 1977) the quark
mixing angles 8, 8, y are bounded as follows (Gaillard and Maiani, 1979):

0<B<-50=0.12, —04<siny<0 (20)
The branching ratios of b and ¢ are given by

I(b—a)

r!?)ta](b — all) @)

B(b—a)=

r
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Table I. b Decay Rates in Units of T¢ = GEm3 /1937°

Channel a Decay rate (I'*/T)
b—cl™ 0.4182¢3
-Cr 7, o.osszzc,g2
—ul™ 83
- ut P, 0.3953
- ciid, 1.652C5
> ¢ES, 0.25C2S2¢3
— uiid, 3.953¢C2
- uiS, 1.483C?

with ¢f8 = cos B, etc

alt=(ute?).

Table II. ¢ Decay Rates.

t channel o X, g (at m, ~ 15 GeV

t—>bl*y ¢t 0.45
—brty, C,,Zc:2 0.38
- qlty, SE+Clsg 1.00
A s} +CrSg 0.89
— buj 3CIC 0.45
- beg 3CICE +(C+ 5} 0.37
- quj 3ICH(SE+ c;s,}) 1.00
- gc§ 3C]+ SESEUSE+ CISH 0.88
— ghe 3SICH(SE+ CISH) 0.38
- gbu 3S3(SE+C}SE) 045
— bbe 3CISIC 0.08
— bbu 3CICisE 0.12

where q is a light quark, , d, s.

and

B(t—a)=
Ftlolal

- T3X,

I'(t—a)

(r—all)

2./ LTiX.g.

1005

(22)

where X, is the weak coupling factor and g, is the phase space correction.
Computations of I'2 , and T, give

I2aT0(2.7552 +7.695F —5.758352 —0.255%) = T¢R

where

R=2.7582 +7.698} — 5.755352 —0.255?

(23)

(24)
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and S, = siny, etc., and

rt’olal = FOR, (25)

with

=Y X,g,~3.29+3.37S2 +3.2557 + O( ¢, S2) (26)

To obtain the final charged multilepton production cross sections from the
hh pair decays (h = b or t), there is need to compute probabilities P}, P{*
and P{® for the final state in the decay of b to contain 0, 1, or 2 charged
leptons, respectively; then probabilities B, B,, and B, for the emission of 0,
1, or 2 charged leptons in b decays, to be followed by the probabilities
(BB) (n=0,1,2,3,4) for charged multilepton emissions in the weak decays
of a bb pair. Next, one computes probabilities P;®, P{®,..., P{*® for the
final state in the decay of ¢ to contain 0,1,2,..., or 5 charged leptons,
respectively, for each channel «; then probabilities T, T),...,T;, for the
emission of 0,1,2,3,4, or 5 charged leptons in ¢ decays, to be followed by
the computation of probabilities (TT), (n=0,1,2,...,10) for charged multi-
lepton emissions in the weak decays of a # pair.

Assuming Br(c— 1)~ 0.2, Br(r — 1)~ 0.34, and using Table 1, we
compute P, P,{®, and P,'*), which are displayed in Table III.

Next, we compute B,, B, and B, to obtain

B,=Y Br(b—a)-P)®

—ZF“PO“”/ ot = 2 U5 P/ TG R (27)
~ %[1 4852 +5.2857 + 0( %, 53] (28)
B, ~ %[1.92572 +2.42857 +0(S¢.54)] (29)
B, ~ ; [0.1852 + 0( 52, 5¢)] (30)

Then we compute the (BB),’s, n=0,1,2,3,4:

(BB), = 2Br(b—>a)P0<“> 2Br(b—>a)P“"’ (31)
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Table I1I. Probabilities Py(®), P,(®), p,(*)

1007

Channel « Py Pl p@
b—cl™ ¥y 0 0.8 02
=T, Br(c=1)sB(t=1) Bric—> 1), B(r=1) Br(c—> )Br(t—1)
= (0.8)(0.66) ~ 0.53 + Br{c=1y,Br(tr—1) ~0.07
=0.40
- ul” ¥y, 0 1.00 0
—ur” 7y, 0.66 0.34 0
— ciid, 0.80 0.20 0
— TS, 0.64 0.32 0.04
— uitd 1.00 0 0
— uis, 0.80 0.20 0

If we take it that (=P () for n=0, 1, 2 and Br(b— a)= Br(b— o),

equation (31) gives the following:
(BB)o= ByB, ~ B}
(BB),= B,B,+ B,B,~ 2B,B,
(BB),~2ByB, + B}
(BB),~2B,B,
(35)4 - 322

71

(32)
(33)
(34)
(35)

(36)

Using the computed values of Pj(®, P/(® ... P/® displayed in Table

1V, we next obtain 7,’s (n =0,1,2,3,4,5):

Ty= L Br(t - a) K™= ¥ X,g, P/ R

1 2
~ % [2.48B, — 3.38B,52 —3.84B,5;

+2.6952 +2.6952 +0.19B3S? +0.3653B3 + OS2, 54)]  (37)
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Table IV. Probabilities P(®, P{(®, ..., pi(=
a Pé(“) pll(a) pzr(a) P3'(u) P4'(“) psr(a)
1 bi* v, 0 B, B, B, 0 0
1— b1l 066B, 0.66B,+0.34B, 0.34B+0.668, 0.34B, 0 0
—qgl*y, 0 1.00 0 0 0 0
~ gty 0.66 0.34 0 0 0 0
- bug B, B, B, 0 0 0
—bcg 08B, 02B,+0.8B, 0.2B,+0.8B, 028, 0 0
- qug 0 0 0 0 0 0
—>gcg 080 0.20 0 0 0 0
—gbc 08B, 0.2B,+0.8B, 0.2B,+0.8B, 0.2B, 0 0
- gbu By B, B, 0 0 0
—~bbc 08B, 02B}+1.6ByB, 04ByB,+16B,B, 2ByB,+1.6B,B, 08B} 02B
— bbu B 2B,B, 2B,B,+2B} 2B,B, B3 0
with
[ 2 2 4 4
R'~329+3.3752+3.2582 + 0( 84, S5) (38)

T, ~ % [0.8B, +2.49B, +(1.83—1.02B, —3.38B, +0.05B¢ +0.38B, B, ) S

+(1.83—0.8B, —3.84B, +0.72B,B,)S3 + O( ¢, 53 )] (39)
L~% L[0.22B, +1.47B, +1.668,
+(0.31B, —0.44B, +0.96 B, B, +0.38B, B, — 2.95B,) S
+(0.72B,B, —0.22B, +0.72B? —0.48B, —2.5B, ) S}| (40)
T, ~ ;, [B,(0.80—1.025? —0.8052 ) +0.48B, B, S?
+ B, B,(0.3852 +0.7257 )] (41)
T, ~ 11' (0.192B252 +0.36 B2S?) (42)
T, ~ 1;' (0.05B252) (43)

Finally, we compute probabilities (77)
sion of G,1,2,...,

n’

(n=0,1,...

,10) for the_emis—
10 charged multileptons in the weak decays of the ¢ pair:
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Specifically, we obtain
(TT)o =YL Br(1—> a) Py} Br(i— o) Pj(a) (44)

If we take P/ ¥ =P/ r=1,2,3,...,5 and B,(t » )= Br({— «'), equa-
tion (44) gives the following:

(TT)O = %To ~ Toz

1

= = [ Bo(2:49-3.1787 ~3.597 ) +2.7(s} + 57 ) +0.36 8357 |

(45)

(TT)I ~ 2,1, (Tf)z ~ 20T, + le

(TT ); ~ 2T,T, +2T,T,, (TT )y ~ 2T, T, +2T,T, + T}

(TT)s ~ 2T,Ty + 2T, T, +2T3T,

(TT)¢ ~ 2T,T, +2T,T, + T}

(TT)7 - 2.T."T2 +21,T,

(TT)y ~ 2T, + T

(TT)s ~ 2T,T, + T2
(TT)o ~ T (46)

The charged multilepton production total cross sections from the
production of bb and # pairs in p collisions and their weak decays are,
respectively, given by

o,=(BB),-o( pp—>bbX), n=0,1,2,3,4 (47)
and
o,=(TT),-o(pp - ttX), n=0,1,2,3,...,10 (48)

4. NUMERICAL RESULTS

In order to obtain numerical results for the various cross sections, one
has to prescribe quark and gluon distributions. Following Altarelli et al.
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(Altarelli et al., 1976), one decomposes quark distributions as follows:

u(x,0) = u,(x,0%)+A(x,0%)

d(x,0%) =d,(x,0%)+X(x, Q%)

d(x,0%)=u(x,0%) =(x,0%) =A(x,0?)

s(x,0%) =6\ (x,0%)

Vo(x,0%) =u,(x,0%)+d,(x,07%)

Vi(x,0%) =u,(x,0*)—d,(x,0%) (49)
From the last two equations of (49), we obtain

xu,=3(xVy+xV3),  xd,=3(xVy—xV;) (50)

For the parton distributions, we use the parametrization of Buras and
Gaemers (1978):

3

xV, = XxMEN(] = x)"®
v B[n,(5),1+n,(5)] (1-x) G1)

2
13(5). 1+ 14(5)]

ng—xV3=B[ x”"‘_)(l—x)"“(f) (52)

with
7,(5) =0.70—1.1G5
1,(5)=2.60+5Gs
7,(§)=0.85—1.5Gs
n4(8)=3.35+5.1Gs (53)

and G ~ 4/21, for six flavors of quarks (Politzer, 1974; Gross and Wilczek,
1974; Georgi and Politzer, 1974; Balin, et al., 1974).
One easily deduces the following:

2y 3xM(A-x)"  xm(1-x)™
xu,(x,0%) = B(n,,1+m,) B(n;,1+1,) Y

B x™(1—x)™
x5 Q%) =300 Tomy )
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with
7,(5) ~0.70~0.215

7,(3) ~ 2.60+0.955
n,(5) ~0.85-0.295
14(5) ~3.3540.975 (56)

and

In(Q?%/A?)

P (0 %)

(57)

where A ~ 0.5, Q2 ~ 1.8 GeV.
For Q2 = 4m?, one obtains §~ 0.61, so that

1, ~ 0.57, 1, ~ 3.18, 15 ~ 0.67, M, ~3.94

If we take the mass of the top as 14 GeV (Georgi and Nanopoulos, 1979),
then equations (54) and (55) modify to

3x°'57(1 _ x)3.18 XO.67(1 _ x)3.94

4 2 2 = - 58
51 (%, 0%l gtam - 73 B(058,413)  B(0.67.408) Y

and

x087(1— x)3.94

dP(x, 0% )o2e7gs ~ 59
xa, (x o )|Q2—784 B(0.67,4.94) (59)

For the gluon distribution, we adopt the structure
xG(x,5) = Ag(5)(1—x)"® (60)

in the presence of ASFT effects, with 4;(5)~7.94 at §~ 0.6, ie., at
Q*~4am?|, _,, =784 GeV, 1,(5)=16.14 also at Q> ~ 784 GeV. Hence,
equation (60) gives

xG?(x,0%) ~7.4(1-x)"** (61)
We also use the following parameters: m, = 0.35 GeV,
(0l greami-7a=023, A~0.5

for six flavors of quarks.
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Table V. Total Cross Sections for the Production

of bb Pairs in pp Collisions
as a Function of ;/5
VS (GeV) a(pp = bbX) (em®)
20 1.3% 1073
30 1L7x10~3
40 7.7x10~%
60 1L.7x10°32
100 46x10~%
200 28x107Y
300 1.3x10~%
400 1.7x10-%
500 2.8x10°%
600 4.6x1073°
700 47x1073¢
800 10°%

Table VI. Total Cross Sections for the Production
of ¢ Pairs in pp Collisions at yS = 62.5 and

800 GeV
VS (GeV) o(pp = trX) (cm?)
62.5 95%x1073
300 1.5x1073

Table VII. Probabilities ( BE),, (n=0,1,2,3,4) Evaluated for the Pairs (S,, B) of the

Quark Mixing Angles

(S5,.8) (BB)y (BB), (BB), (BB); (BB),
(0,0.12) 0.38 0.44 0.012 0 0
(—0,133,0) 0.29 0.76 0.56 0.09 0.004
(—0.133,0.08) 0.37 0.62 0.297 0.031 0.0009
(—0.4,0) 0.29 0.51 0.29 0.06 0.004
(—0.133,0.04) 0.31 0.69 0.44 0.062 0.0025
(—0.266,0.08) 0.33 0.72 0.458 0.0.067 0.0028
(—0.133,0.12) 0.41 0.56 0.217 0.0175 0.0004
(—0.266,0.04) 0.29 0.72 0.46 0.0.018 0.00019

(—0.266,0.12) 0.35 0.66 0.36 0.045 0.0016
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Table IX. Charged Multilepton Production Cross Sections from the Production of b
Pairs in pp Collision and Subsequent Weak Decays: (S, B)=(0,0.12)

VS (GeV) a, (cm?) o, (cm?) o, (cm?) oy (cm?) g, (cm?)
20 6.2x10°% 5.7%10°% 1.3x107% 0 0
60 8.1x107% 7.5%1073 1.7x10°%3 0 0
100 22x1073 2x107%2  47x107% 0 0
400 8.1x10" 3! 7.5%107 1.7x1073! 0 0
800 476x1073°  44x107° 10730 0 0

Table X. Charged Multilepton Production Cross Sections from the Production of bb Pairs in
pp Collision and Subsequent Weak Decays: (S§,. B)=(-0.133,0)

VS (GeV) ay (cm?) o, (cm?) a, (cm?) a; (cm?) a, (cm?)
20 3I8X107%  99x10°¥  73x107% 12x107%  52x10°
60 49x10°% 131073 95x10™% 15%1078  68x10°%
100 131073 35x107%2  26x107%  42x107% 1.8x10°%
400 49x10~% 131072 95x107% 15x1073  68x107%
800 29%x107%  76x107°  56x107% 9x 1073 4x107%

Table XI. Charged Multilepton Production Cross Sections from the Production of b5 Pairs in
pp Collision and Subsequent Weak Decays: (S,, 8) = (—0.4,0)

VS (GeV) op (cm?) o, (cm?) a, (cm?) o5 (cm?) 0, (cm?)
20 38x107%¥  66%x107%  38x107**  78x107%  52x1077
60 49x1073  87x107¥  49x107* 11x107?  68x107%F
100 13x1073%% 23x107% 13%x1073%  28x1073 18x107%
400 49x10°3%  87x107% 49x1073 LIx1073 68x10~ %
800 29x107%°  51x107%  29x1073 6x1073 4x107%

Table XII. Charged Multilepton Production Cross Sections from the Production of bb Pairs in
pp Collision and Subsequent Weak Decays: (S,, )= (—0.133,0.08)

Vs (GeV) Gy (cm?) a, (em?) g, (cm?) gy (cm?) g, (cm?)
20 48x107%  B1Ix1073  39x10°% 4x1073 12x10°%
60 6.3x107% 1.1x1073  51x1073 53x107 1.5%10°%
100 171073 29x107% 14x107 3 1.4x1073 42x1073
400 6.3x107% 1.1x1073® 5x10™¥ 5.3%x10732 1.5x10°%
800 371073 62x107%  29x107°  31x107% 9x 1073

Table XIII. Charged Multilepton Production Cross Sections from the Production of bb Pairs in
Pp Collision and Subsequent Weak Decays: (S,, 8) = (—0.133,0.04)

VS (GeVy gy (em?) o, (cm?) 0, (cm?) o3 (cm?) o4 (cm?)
20 4x1073 89x10°% 5.7x1073 8.1x107% 33x10°%
60 5.3x10°3% 1.2x1073 7.5%x1073 LL1x1073 43x107%
100 1.4x 10732 3.2x10732 2x10~3 28x10°%3 12x1073
400 53x1073! 12%x10°% 7.5%1073 1.1x1073! 43x10~%

800 3Ix107%  69%x107%  44x1073 6.2x107% 2.5x10° %




Table XIV. Charged Multilepton Production Cross Sections from the Production of bh
Pairs in pp Collision and Subsequent Weak Decays: (S,, 8) = (—0.266,0.08)

VS (GeV) ap (cm?) 0, (cm?) g, (cm?) ay (cm?) a, (cm?)
20 43x107¥  94x107%  59x107%  87x107%  36x107Y
60 5.6x10733 12x1072  78x107% LIX107¥ 48x10°%
100 1510732 33x10732 21x107%% 3.1x10"3 1.3x10°34
400 5.6x107% 12x107%°  78x10~3 1.1x1073  48x107™%
800 33x107®  72x107%°  46x107®  67x107¥ 2.8x10732

Table XV. Charged Multilepton Production Cross Sections from the Production of bb Pairs in 5p
Collision and Subsequent Weak Decays: (S,, 8) = (—0.133,0.12)

VS (GeV) g (cm?) o, (cm?) o, (cm?) a5 (cm?) a, (cm?)
20 53107 73x1073%  28x107%  23x1073 5.2x10738
60 6.9x1073  95x1073% 37x107* 29x107¥ 6.8x1073%
100 191072 26x107%2 99x1073% 81x10™* 1.8x 10733
400 6.9%x107%  95x107% 3.7x107% 29x10°® 6.8x10734
800 41x107%  56x1073% 22x1073¢  18x10734x103

Table XVL. Charged Multilepton Production Cross Sections from the Production of bb Pairs
in pp Collision and Subsequent Weak Decays: (S, 8) = (—0.266,0.04)

VS (GeV) g (cm?) 9, (cm?) o, (cm’) a3 (cm?) o4 (cm®)
20 38x107%  94x107% 59%10°¥  23x1073%¢ 25x10°8
60 49%x10~3 12x10732 78%x107%  3.1x107*  32x1073¢
100 13x1072  33x1073%  21x107%  83x1073  87x10°%
400 49x10~% 12x107%  78x107% 3.1x1072  32x1073
800 29x1073%  72%x107%° 46x10°% 1.8x1073! 1.9%x 1073

Table XVII. Charged Multilepton Production Cross Sections from the Production of bb Pairs
in pp Collision and Subsequent Weak Decays: (S,, 8) = (—0.266,0.12)

VS (GeV) 0o (cm?) o, (cm?) 0, (cm?) 05 (cm?) 0, (cm?)
20 46x107%  86X107*  47x107¥  59x107%  2.1x107%
60 5.9x1073 LIx1072  61x107% 77x107* 27x107%
100 1.6x10~3 3x10732 1710732 2.1x1073%  74x107%
400 5.9x10~% LI1x107%  61x107% 77x107%2  27%x107%
800 35107 66x107%  36x107®  45x107% 1.6x10-%

Table XVIII. Charged Multilepton Production Cross Sections from it Pair Production and
Subsequent Weak Decays: (S,,8) = (0,0.12)

‘/E G 05 5] O3 Oy Os Os 07 Oy Og Oy

62.5 2.6x107% 39x107% 34x107% 14%107% 38x107% 0 0 0 0 0 O
800 4.1x1072 63x107% 54x2073 23x107*2 6x10°0¥ 0 0 0 0 0 O
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Charged Multileptons in pp Collisions 1019
For 0? =4m2 ~117 GeV, using m, ~ 5.4 GeV, §= 0.5, so that

3x%6(1—x)*' x%7(1-x)**

xuf(x,0%) ~ B(0.6,4.1)  B(0.7,4.8) >
g (x,0%) - U= (63
pr(x,Q2)~8(l—x)l6 (64)

Substituting into equations (18), using equations (12) and (17’), we obtain
the total cross sections a( pp — bbX), for ys ~ 20—800 GeV and a?(Q?) ~
0.30, and o( pp — ttX), for Vs ~ 62.5 and 800 GeV. These are displayed in
Tables V and VI, respectively.

Probabilities (BB),, (m=0,1,2,3,4) and (TT), (n=0,1,2,...,10), for
arbitrarily chosen combinations (S,,8) of quark mixing angles, are dis-
played in Tables VII and VIII, respectively.

Charged multilepton total cross sections from the production of bb, tt
pairs in pp interactions, and their weak semileptonic and cascade decays are
displayed in Tables IX-XXVIII.

5. SUMMARY

We have computed total cross sections for the production of bb and #
pairs in pp interactions as functions of Vs, the pp center-of-mass energy. We
have also obtained probabilities (BB), (n=0,1,2,3,4) and (TT), (n=
0,1,2,...,10) for the emission of charged multileptons from the weak and
cascade decays of the bb and 1 pairs. These probabilities are evaluated for
arbitrarily assigned numerical values of pairs of the quark mixing angles,
(s, B). Also, charged multilepton production cross sections, o, (n=
0,1,2,3,4) and ¢, (n=0,1,...,10) from the production of bb and # pairs,
respectively, in pp collisions and their subsequent weak decays, are evaluated
for the same combinations of pairs of the quark mixing angles, as in the
above, and for present and projected experimental values of Vs.

One observes, in our calculations, that the cross sections for the
associated production of b and ¢ in proton beams are more or less on the
same footing with those for the production of charged multileptons arising
from the weak decays of the pairs. The implication of this is that any
charged multilepton signals that could be observed in proton beams would
first have to result from the decays of the bb pairs rather than those of the zt
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pairs, and for that matter, a maximum of four charged leptons, as this is the
number that is allowed by the bounds of the quark mixing angles used. The
calculations also indicate that from the point of view of experimental
searches for heavy flavored states in hadronic collisions, with particular
interest in the bottom and top states, use of highest possible beam energies
should be a major consideration as the production cross section of these
states rise with increasing ys. Finally, one concludes, in the same vein, that
on the basis of the associated production cross sections for b and ¢, which
are more or less on the same footing with those for the production of
charged multileptons resulting from the weak decays of their respective
pairs, use of charged multilepton signals in a search for the bottom and top
flavors or states, appears to be a new input, and the more intense the proton
beams, the greater the chances of discovering these flavors or states in the
beams.

As regards the magnitudes of the charged multilepton cross sections
which we have computed, a general trend they exhibit is that these cross
sections rise with increasing /s. The mixing angles y and 8 have a sizeable
effect on the cross sections. While certain combinations of pairs of these
angles, within the allowed bounds, completely suppress the production of
charged multileptons above charged tetraleptons, from the # decays and
dileptons from the bb, some other pairs of the mixing angles give rise to the
entire spectra of these charged multileptons; that is, from zero to four, in
the case of the bb decays, and from zero to ten, in the case of the # decays.
For all the values of pairs of the mixing angles used, charged single-lepton
production arising from the production and decay of the bb pairs has the
highest incidence, theoretically, of course, followed by the dileptons. On the
other hand, in the case of the # pairs, charged dilepton production has
the highest incidence. Thus it appears that the effect of the mixing angles of
the quarks on the multilepton production cross sections is significant. It is
hoped that when precise charged multilepton signals show up in future
experimental searches for heavy quark flavors, they can help to discriminate
the bounds and the magnitudes of the quark mixing angles to be used in our
type of model.
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