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The inclusive transverse momentum and rapidity distributions for top quark production at the
Fermilab Tevatron are presented both in order o in QCD and using the resummation of the leading
soft gluon corrections in all orders of QCD perturbation theory. The resummed results are uniformly
larger than the O(a?) results for both distributions.
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I. INTRODUCTION

At present the top quark has not yet been conclusively
discovered at the Fermilab Tevatron, even though there
are events which look similar to those expected from top
quark decays. The experimental situation is presently
confusing because both the Collider Detector at Fermilab
(CDF) [1] and DO [2] Collaborations only have limited
statistics. As more events are collected one expects that
the situation will be clarified.

At the Tevatron, the top quark should be mainly pro-
duced through tf pair production from the light mass
quarks and gluons in the colliding proton and antipro-
ton. Both the top quark and the top antiquark then de-
cay to (W,b) pairs, and each W boson can decay either
hadronically or leptonically. The b quark becomes an
on-mass-shell B hadron which subsequently decays into
leptons and (charmed) hadrons. A large effort is being
made to reconstruct the top quark mass from the mea-
sured particles in the decay, which is complicated by the
fact that the neutrinos are never detected. Also there
are additional jets so it is not clear which ones to choose
to recombine [3,4]. The best channel for this mass re-
construction is where both W bosons decay leptonically,
one to a (e,v,) pair, the other to a (u,v,) pair (a dilep-
ton event) because the backgrounds in this channel are
small. When only a single lepton is detected then it is
necessary to identify the b quark in the decay to remove
large backgrounds from the production of W+ jets [5].
In all cases the reconstruction of the particles in the fi-
nal state involves both the details of the production of
the top-quark—antiquark pair as well as the knowledge
of their fragmentation and decay products. The CDF
Collaboration [1] has reported two events with dilepton
final states, six events with a single lepton and a b quark
identified by a secondary vertex, and seven single lep-
ton events with the b quark identified by a semileptonic
decay. The CDF Collaboration then constructed a likeli-
hood function for the invariant mass [6] and quoted the
value myop = 174 £ 10713 GeV/c?. The top quark cross
section quoted by the CDF Collaboration is 13.9f§:§ pb.
The DO Collaboration [2] have reported on nine events
with an expected background of 3.8 £+ 0.9. If the excess
is due to tf production and if the top quark mass is 180
GeV/c?, then the top quark cross section is 8.2 £ 5.1 pb.
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The values for the top quark production cross section
as a function of the top quark mass used by the CDF
and DO Collaborations contain both the next to leading
order (NLO) QCD corrections [7,8] and an extension to
include the resummation of initial state soft partons to all
orders in perturbation theory [9]. A recent symmary of
the theoretical predictions has been presented in [10]. In
the paper of Laenen et al. [9] the deep inelastic scattering
(DIS) factorization scheme was used with the Martin-
Roberts-Stirling set D’ (MRSD’ ) parton distributions
[11], the two-loop running coupling constant with five
active flavors, and Aqcp = 0.152 GeV.

In the analysis of the decay distributions one needs
knowledge of the inclusive differential distributions of the
heavy quarks in transverse momentum p; and rapidity y.
These distributions are known in NLO [12,13]. What we
would like to discuss in this paper is an updating of the
resummation effects on the inclusive transverse momen-
tum distribution of the top quark. In the original paper
[14] it was not known which mass to choose whereas now
we can assume that the mass is 175 GeV/c?. Also we
discuss here how the resummation effects modify the ra-
pidity distribution of the top quark. Since there have
been suggestions of using the mass and angular distribu-
tions in top quark production to look for physics beyond
the standard model [15] it is very important to know the
normal QCD predictions for these quantities. Recently,
a paper appeared with a study of the difference between
top quark production and the normal QCD background
[16]. In particular, the authors considered the asymmetry
in the charged-lepton rapidity distribution.

We first summarize what is known on the top quark
cross section. If the top quark mass is 175 GeV/c?
then the dominant production channel is ¢ +§ — t + %.
In lowest order QCD perturbation theory it contributes
about 90% of the total cross section with the reaction
g + g — t + t making up the remaining 10%. One notes
that the NLO corrections in the ¢g channel are small,
whereas those in the gg channel are more than 80%. At
this large top quark mass the gg and gg channels give neg-
ligible contributions so we do not consider them. Even
though the gg channel contribution is small in Born ap-
proximation it can be significant in NLO due to multiple
soft parton radiation. These large corrections are pre-
dominantly from the threshold region for heavy quark
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production. It was shown previously [17] that initial state
gluon bremsstrahlung (ISGB) is responsible for the large
corrections at NLO near threshold.

In [14] the dominant logarithms from ISGB, which are
the cause of the large corrections near threshold, were
carefully examined. Such logarithms have been studied
previously in Drell-Yan (DY) [18] production at fixed
target energies (again near threshold) where they are
responsible for correspondingly large corrections. The
analogy between DY and heavy quark production cross
sections was exploited in [14] and a formula to resum
the leading and next-to-leading logarithms in perturba-
tive QCD (PQCD) to all orders was proposed. Since the
contributions due to these logarithms are positive (when
all scales p are set equal to the heavy quark mass m),
the effect of summing the higher order corrections in-
creases the top quark production cross section over that
predicted in O(a3). This sum, which will be identified as
Ores; depends on a nonperturbative parameter puo. The
reason that a new parameter has to be introduced is
that the resummation is sensitive to the scale at which
PQCD breaks down. As we approach the threshold re-
gion other, nonperturbative, physics plays a role (higher
twist, bound states, etc.) indicated by a dramatic in-
crease in a, and in the resummed cross section. This is
commonly called the effect of the infrared renormalon or
Landau pole [19]. We chose to simply cut off the resum-
mation at a specific scale po where Aqcp < po K m
since it is not obvious how to incorporate the nonper-
turbative effects. Note that our resummed corrections
diverge for small po but this is not physical since they
should be joined smoothly onto some nonperturbative
prescription and the total cross section will be finite. An-
other way to make it finite would be to avoid the infrared
renormalon by a specific continuation around it, i.e., the
principal value resummation method [20,21]. However,
at the moment our total resummed corrections depend
on the parameter pg for which we can only make a rough
estimate. See [14] for more details.

II. SOFT GLUON APPROXIMATION
TO THE INCLUSIVE DISTRIBUTIONS

To make this paper self-contained we list some relevant
formulas. The partonic processes under discussion will be
denoted by

i(k1) + j(k2) = Q(p1) + Q(p2) »

where i,j = g,q,3. The kinematical variables

(2.1)

ij
dtiduy

2d20(’-°)(s,t1,u1) B 21

=0

s= (ki +k2)?, t1 = (ks —p2)?—m?,

u; = (k1 - P2)2 - m2 (2.2)

are introduced in the calculation of the corrections to
the single particle inclusive differential distributions of
the heavy (anti)quark. We do not distinguish in the text
between the heavy quark and heavy antiquark since the
distributions are essentially identical in our calculations.
Here s is the square of the parton-parton c.m. energy
and the heavy quark transverse momentum is given by
pt = (t1u1/s — m?)1/2, The rapidity variable is defined
by exp(2y) = u1/t;. The Born approximation differential
cross sections can be expressed by

2d20'§;))(s,t1,u1)

dtidu, =8(s+t1+ “1)05(8, t1,u1) , (2.3)
with
B (n ) = () Ko (4 4 210
(2.4)

and

tiu
Uf"(s’ t1,u1) = 2mal(u?)KggNCr (CF - Ca ;21>

ti  u;  4m?s m?2s

x| 24224 1- ==

u;  t tiug tiuy
(2.5)

Here the color factors are C4 = N and Crp = (N?% —
1)/(2N). The color average factors are Kyg = N~2 and
K,, = (N? — 1)~2. The parameter p denotes the renor-
malization scale. In [14] the inclusive cross section was
examined near threshold (s =~ 4m?) where the contribu-
tions from the radiation of soft and collinear gluons are
large. A variable s4 = s+t; +u; was defined, where t; =
(k2—p2)?—m? and u; = (k1 —p2)? —m? are inelastic vari-
ables in the channel i(k;)+j(k2) = Q(p1)+Q(p2)+9g(ks).
The variable s4 > 0 now depends on the four-momentum
of the extra parton(s) emitted in the reaction. In the
Born approximation there are no additional partons so
sq4 = 0. In [14] the NLO contributions were examined
in the soft region (where s4 — 0) and it was found that
the dominant contribution to the NLO cross section in
this region had a similar form to the NLO correction in
the Drell-Yan process. As the latter correction is known
exactly in NNLO [22] this correspondence was used to
write the differential cross section in order af(p?) as

= o*(u?) Z [;14_,1,(#2)111’ (%) 0(sa — A) + La,(u2)lnl+1 (%) 5(34)] o (s t1,u1) . (2.6)

1+1

Here a small parameter A has been introduced to allow us to distinguish between the soft (s4 < A) and the hard
(s4 > A) regions in phase space. The quantities a;(12) contain terms involving the QCD g functions and color factors.
The variables t; and u; were then mapped onto the variables s4 and cosf, where 0 is the parton-parton c.m. scattering
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angle. After explicit integration over the angle 6, the resulting series was exponentiated by the introduction of the s4
variable into the argument of the running coupling constant.

As noted in the previous paper [14] in addition to the total cross section we can also derive the resummed heavy
(anti)quark inclusive p; (and below the y) distributions. The transverse momentum p; of the heavy quark is related
to our previous variables by

t1 = —3{s — 55— [(s — 82)% — 4sm}]*/?} | (2.7)

ur = —5{s — sa + (s — 54)* — 4sm(]'/?} (2.8)

with m2 = m? 4 p2. The double differential cross section is, therefore
t t ) k]

2 d%0i;(s,t1,uy) 1/2d%05;(8,84,D%)
E i AL RS T Rt Y SN VA _4 /2279:5(S; 84, P¢) .
dt]_dﬂq_ 3[(3 34) smt] dpt dS4 (2 9)
with the boundaries

0<pf<2—m2, 0<s4<s—2mp/s. (2.10)

The O(a’;) contribution to the inclusive transverse momentum distribution do;;/dp? is given by
dolP(s,p?) 2 . , B o—amas 1 1 A
i3 YEPt) k( 2 2 il P 4 _ +1
77 = 2akt) 3 ) / dsa | L' (24) 054~ &) + yin () o6s0)]

dpt
B(s 54,pt) , (2.11)

1/2

1

"5 = 52)2 — 4sm2]1/2

where we have inserted an extra factor of 2 so that [ dpZdo/dp? = 0io. After some algebra we can rewrite this result

as
ol (s,p3) ak(,uz)%z_la ) /3‘2'"*5”’ g, Liise o) (s,54,p2)  doy(s,0,p?)
8ij 5PE) _ o , 1 _
dp? =0 0 ! ss m? dp} dp?

1 s — 2myst/? (0)(3 0,p7)
B, ¢ , 2.12
Jrl +1 n m2 dp? ( )
with the definition
da'® )(s S4 p2) 2
1] ) ) B
dp? T s[(s — 84)? 4sm2]1/2 HCUW AR (2.13)

where da(o)(s 0,p2)/dp? = da(o)( ,p?)/dp? again represents the Born differential p, distribution. For the ¢q and gg
subprocesses we have the exphclt results

50 (s s, e o
04q (5:50,78) _ o o 2( )quNCF ! 7173 ((s 54) 23’“) (2.14)

dp? s[(s — s4)%2 —4sm 52
and
d&ég)(s $4,D%) 1 m2
SOEE RIS = g Ky NC — —t
dptz T (ﬂ ) g9 F [(s — 84) — 4sm?]1/2 (CF Ca 5 )
(s — 54)%2 —2sm?  4m? m?
87 54) —2sme Ay ™| .
x [ sm? oy U2 (2.15)

Since the above formulas are symmetric under the interchange t; ++ u; the heavy quark and heavy antiquark inclusive
p: distributions are identical. Note that (2.12) is basically the integral of a plus distribution together with a surface
term.
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The corresponding formula to (2.12) for the rapidity y of the heavy quark is obtained by using

t = —5"2—34(1 — tanhy) , (2.16)

uy = —i;—s‘l(l + tanhy) . (2.17)

The double differential cross section is therefore

2 d%05i(s,t1,u1) g2 cosh®y d%0;;(s, 54,Y)

2.18
dtldul 8§ — S84 dy dS4 ( )
with the boundaries
1 1 1
_%ln (%) <y< iln (%) , 0< s4<s—2ysmcoshy, (2.19)
where 82 = 1 — 4m?/s. The O(a¥) contribution to the inclusive rapidity distribution doy;/dy is given by
do_(k) (S y) 2k—1 s—2ms'/?coshy 1 s 1 A
D45 5 Y) k(e 2 dsg | —n' (25)0(ss— 8) + 5™ (5 )
dy og (1°) z:zo ar(p )[) S4 {54 S Gy (84 )+ Fi e mZ (s4)
S — 84 B
X | ———— ) 0;:(8,84,¥) . 2.20
(2szcoshzy) ”( ) ( )
After some algebra we can write this result as
dag-c)(S,y) Y z)zila( 2) /s—z’ns”zwshy o Ly (5_4) 5 (s, 54, 9) 3 & (5,0,y)
dy = Qg (M e IAVA) o 484 m2 dy dy
1 . s — 2ms'/?coshy d&g(-))(s, 0,y)
PR i , (2.21)
1+1 m2 dy
with the definition
da'((-))(s S4 y) s— s
ij \° k] 4 B
= g 5 5 B 2.22
dy 252c0sh2y ”(s 54:Y) ( )

where d&g))(s,o,y)/dy = dai(;-))(s,y)/dy again represents the Born differential y distribution. For the ¢g and gg
subprocesses we have the explicit formulas

dé'(q)(s 54,7) s—s (s—s )2 2m2
aq \5) 54, 2(,2 4 4 2 .12 m
B K, ;NC .
dy mas (1) Kag F232cosh2y <2s2cosh2y (coshy + sinh’y) + s ) (2.23)
and
5(0) _
01) gy s e
s2coshy
(s — 54)2 ) 2 .12 8m2s cosh®y 4m?s cosh®y
x| Cp — Cp————5— ) |cosh®y + sinh“y + - 2.24
( F A432cosh2y v Y (s — s4)2 (s — s4)2 ( )

Since the above formulas are symmetric under the interchange t; <> u; the heavy quark and heavy antiquark inclusive
y distributions are identical. Also (2.21) is again of the form of a plus distribution together with a surface term.
Finally, we note that the terms in (2.12) and (2.21) are all finite.
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III. RESUMMATION PROCEDURE IN PARTON-PARTON COLLISIONS

The resummed contribution to the top quark cross section can be written as [14]

d?0;;(s,t1,u;) df (sa/m?,m?/p?) A
2 ACIEZY) _ _
S dtldul = |: ds4 0(84 A) + f m M 5(34) (S tl,ul) N (31)
where
sg m?\ _ Cij _ (54 2\, 284 [s4/m?]" _
f (mz’ ’U‘z) = exp [A e (mzvm )ln m2| T(1 +n) exp(—nVE) - (3.2)

The straightforward expansion of the exponential plus the change of the argument in &, via the renormalization-group
equations generates the corresponding leading logarithmic terms written explicitly in [14]. The scheme-dependent A
and &, in the above expression are given by

4
— = 2y _ 2/3 2
A 27 as(y7l‘l‘ ) aa(y u‘ ) ﬂoln(yz/auz/Az) ) (3‘3)
in the modified minimal subtraction (MS) scheme, and
A=1, Gy i) = a(n®) = 5 (3.4)
y (Y, p U) = Boin(gR? /A7) -

in the DIS scheme, where 8y = 11/3C4 — 2/3ny is the lowest order coefficient of the QCD S function. The color
factors C;; are defined by Cy3 = Cr and Cyy = Cy4, and g is the Euler constant. The quantity 7 is given by

8C;;
nzﬂ—Jln(l—’rﬂ (7’:) ’:2) (3.5)

0

Following the procedure in [14] for the resummation of the order a* contributions to the p; distribution we have

oo k
do;(s,p?) _ 5 do P (s,p?)
dp} dp}
k=0
s—2m,s!/? 2 2 (0)
_/ t dss df (sa/m?,m?/u?) (5 34apt) da;;’(s,0,p7)
Bl 80 dsy dpt dpt
— 2myst/2 m2\ do¥(s,
v f (s m;s ’m_z) 5 ( Pt) (3.6)
m H dp?

Note that we now have cut off the lower limit of the s4 integration at s4 = so because &, in (3.2) diverges as s4 — 0.

This parameter so must satisfy the conditions 0 < so < s — 2m;s'/2 and so/m? < 1. It is convenient to rewrite so in
terms of the scale u as

s 2+ 3/2
m_oz = (%) (MS scheme) , (3.7a)
So 73

Here po is a nonperturbative parameter [14] satisfying Adcp < p§ < p?. The derivative of f(sq/m?,m?/pu?) is
obtained from (3.2). It is equal to

df (sa/m?,m?/u?) _ Cij . (84 2\, 54 Cij . (54 2\q,254 ] [s4/m?]"
dsy Sa 247 ™ (mz’m )lnm2 +n|exp A e (W’m )ln m2 I'(l1+n)
xexp(—n7E) » (3.8)

where we have neglected terms which are higher order in a,.
The analogous formula for the rapidity distribution is
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oo (k)
doii(s,y) Z do;;’(s,y)

dy = dy

dS4

dy dy

/s—zmsl/2coshy ds df(s4/m2, m2/pu?) (dﬁ'g-)) (s,54,9) d(_TgJ) (5,0,7) )
= 4 -
80

dal(;))(s,y)

s — 2msY/2coshy m?
+f 2 v 2
m ©

with the conditions 0 < sq < s — 2ms'/?coshy and
.S()/'TT'L2 < 1.

IV. NUMERICAL RESULTS

Following the notation in [14] the total hadron-hadron

cross section in order o is

1
k k
U%)(S, m?) = Z/ dr @ij(T,uz)agj)('rS,mz,uz) ,
i 4m2/S

(4.1)
where S is the square of the hadron-hadron c.m. energy
and i,j run over g, ¢, and g. The parton flux ®;;(7, u?)
is defined via

Ldz T
®;;(r, Nz) = / H;; (:E, ;,#2) , (4.2)

T
and H;; is a product of the scale-dependent parton distri-
bution functions f/*(z, u?), where h stands for the hadron
which is the source of the parton i:

h

Hij(m13m2v/‘2) = fihl(mlall'z)sz(:EZauz) . (43)
The mass factorization scale p is chosen to be identical
with the renormalization scale in the running coupling
constant. Since the p; distribution in hadron-hadron col-
lisions is not altered by the Lorentz transformation along
the collision axis from the parton-parton c.m. frame, we
can write an analogous formula to (4.1) for the heavy-
quark inclusive differential distribution in p?:

o) (S, m?,p?)

dp;
1 do® (15, m?, p?, u?
:Z/ dr s (o ) 27 L w)
ij 4m?/S dpt
with mZ = m? + p?. In the case of the all-order re-

summed expressions the lower boundaries in (4.1) and
(4.4) have to be modified according to the conditions
so < s —2ms'/2 or 59 < s — 2m,s'/? (see above). Re-
summing the soft gluon contributions to all orders we
obtain

1
o (S, m?) = Z/ dr®,; (T, p?)os; (1S, m?, u?) , (4.5)
ij Y7o

W (3.9)

[
where o;; is given in (3.24) of [14] and

[m+ (mz + S0)1/2]2
S b

To = (46)
with so = m2(u3/u?)3/? (MS scheme) or so = m2(ug/u?)
(DIS scheme) [see (3.7)]. The all-order resummed differ-
ential distribution in p? is

do’* (S, m?, p?)
dp?

1 2.2 2
do;; (TS, m*, p;,
= E / dr®;; (T, u?) i 73 Pi, 1) , (4.7)
i Y7o Dt

with do;;/dp? given in (3.6) and

2 1/212
To = [me + (mts+ s0)"’] . (4.8)

The corresponding formula to (4.4) for the heavy quark
inclusive differential distribution in y is

do'¥) (8, m?,y)
dy

: doy (r8,m?,y, i)
= Z/ dr @i (7, p*) ——— :
4m2cosh?y/S Y

ij

(4.9)

Order by order in perturbation theory the heavy quark
rapidity plots in the parton-parton c.m. frame show
peaks away from y = 0 (see Fig. 7 in [13]). However,
upon folding with the partonic densities the heavy quark
rapidities in the hadron-hadron c.m. frame peak near
Y = 0. Therefore we will assume that the plots for the
resummed rapidity distribution show a similar feature.
The all-order resummed differential distribution in Y is
therefore taken to be

doss(S,m?,Y)
dYy

1
doi;i (18, m2,y, u?
:Z/ dr ®;; (7, u?) i dy Y, 1) , (4.10)
ij J7o

with do;;/dy given in (3.9) and
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o = [mcoshy + (m2cosh?y + s0)1/2]2

f (4.11)

The hadronic heavy quark rapidity Y is related to the
partonic heavy quark rapidity y by

Ty

Y =y+ %m (4.12)

T2

We now specialize to top quark production at the Fer-
milab Tevatron where /S = 1.8 TeV and choose the
top quark mass to be m = 175 GeV/c?. In the pre-
sentation of our results for the exact, approximate, and
resummed hadronic cross sections we use the MRSD’_
parametrization for the parton distributions [11]. Note
that the hadronic results only involve partonic distribu-
tion functions at moderate and large x, where there is
little difference between the various sets of parton densi-
ties. We have used the MRSD’_ set 34 as given in PDFLIB
[23] in the DIS scheme with the number of active light
flavors ny = 5 and the QCD scale A5 = 0.1559 GeV.
We have used the two-loop corrected running coupling
constant as given by PDFLIB. Since we know the exact
O(a3) result we can make an even better estimate of the
differential distributions by calculating the perturbation
theory improved p; and y distributions. We define the
improved p; distribution by

do'®  dotes  dol) _doly (4.13)
dp; dp; dp; dp; ’ ’
exact app
and the improved Y distribution by
dail;"p _ do¥ dag) B dag) (4.14)
dy ~— dY dy . dY ’ )
exac app

T T T T T T T T T
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>

>
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FIG. 1. The top quark p; distributions dzrgc)/dpt for
the ¢g channel in the DIS scheme for a top quark mass
m = 175 GeV/c®. Plotted are dag)/dpt (upper solid line),
da(Hl)/dpg|exact (lower solid line), dag)/dpdapp (upper dot-
ted line), dog)/dpdapp (lower dotted line), and doy®/dp:
(no = 0.05m upper dashed line and po = 0.1m lower dashed
line).
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Lol
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doy/dp, (pb/(Gev/c))
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0001

FIG. 2. The top quark p; distributions doy /dp; for the qq
channel in the DIS scheme for a top quark mass m = 175
GeV/cz. Plotted are dag’)/dpt + dag)/dpt|exact (solid line)
and da;’;‘p/dpt (no = 0.05m upper dashed line and po = 0.1m
lower dashed line).

to exploit the fact that dU,(ql)/dpdexacc and dag)/dY|exact
are known and dag) /dp¢|app and dog) /dY |app are in-
cluded in do%$®/dp, and dois®/dY, respectively. We note
that here do(™) denotes the O(a?*2) contribution to
the differential cross section. Moreover, da(")lexact de-
notes the exact calculated differential cross section and
do (™) |app the approximate one where only the leading soft
gluon corrections are taken into account.

First we present the differential p; distributions at
VS = 1.8 TeV for a top quark mass m = 175
GeV/c?. For these plots the mass factorization scale is

A :yT T T T T L T T T T T T ‘ T T ‘ T T ™3
Z o —_— -
~ E N B
> S t.
S S 7
< NN ]
3 NN
&
s o -
Y i N N
S h N
t;: " S N
£ .001 \ e E!

oot b v b e b e NG e
0 50 100 150 200 250 300

p (Gev/c)

FIG. 3. The top quark p. distributions da'g;)/dpt for the
gg channel in the MS scheme for a top quark mass m = 175
GeV/c®. Plotted are dag)) /dp: (upper solid line at large p;)
do'g)/dpt|exact (lower solid line at large p.), do'g)/dpdapp
(lower dotted line), dag)/dpqapp (upper dotted line), and
do®/dp: (o = 0.2m upper dashed line and po = 0.25m
lower dashed line).

I
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T T T L S

Lol

doy/dpy (pb/(Gev/c))

T AU N TN IR BEEh PN R S
] 50 100 150 200 250 300

pr (Gev/c)

FIG. 4. The top quark p: distributions doy /dp; for the gg
channel in the MS scheme for a top quark mass m = 175
GeV/c?. Plotted are da(;)/dpt + dag)/dpdexact (solid line)
and do'’" /dps (no = 0.2m upper dashed line and po = 0.25m
lower dashed line).

not everywhere equal to m. We chose p = m in s,
fr(sa/m?,m?/pu?), and &,, but g = m; in the MRSD”
parton distribution functions and the running coupling
constant a,(p). It should be noted, however, that it
makes little difference if we choose y = m everywhere.
The difference in the cross section is only a few percent so
that the changes due to scale dependence are insignificant
compared with the changes due to higher order resumma-
tion. We begin with the results for the ¢¢ channel in the
DIS scheme. In Fig. 1 we show the Born term dag))/dpt,
the first-order exact result dag) /dDt|exact, the first-order
approximation dO‘g) /dp¢|app, the second-order approxi-

mation dag) /dpt|app, and the resummed result do§3®/dp;
for po = 0.05m and for pg = 0.1m. These are the same
values for po that were used in [9]. As we decrease g the
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FIG. 5. The top quark p: distributions dogc)/dpg for
the sum of the gg and gg channels for a top quark mass
m = 175 GeV/c®. Plotted are dag))/dpt (upper solid line),
dog) /dpt|exact (lower solid line), da'g) /dpt|app (upper dotted
line), dag) /dpt|app (lower dotted line), and do%®/dp: (upper
and lower dashed lines).
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FIG. 6. The top quark p; distributions doy/dp; for the
sum of the ¢ and gg channels for a top quark mass m = 175
GeV/c®. Plotted are do'’ /dp, + do'}) /dpt|exact (solid line)
and da}}“p /dp: (upper and lower dashed lines).

differential cross sections increase. In Fig. 2 we show the
exact O(a3) result do'y) /dp, + do'l /dpi|exact, and, for
comparison, do " /dp; for po = 0.05m and po = 0.1m.
The resummed differential cross sections were calculated
with the cut s4 > so while no such cut was imposed on
the phase space for the individual terms in the pertur-
bation series. The improved differential distributions are
uniformly above the exact O(a?) result. It is also evi-
dent from Fig. 2 that the resummation of the soft gluon
contributions to the p; distribution modifies the exact
O(a3) result only slightly for the values of uo that have
been chosen.

We continue with the results for the gg channel in the
MS scheme. The corresponding plots are given in Figs. 3
and 4. In this case the values of uo have been chosen to
be po = 0.2m and o = 0.25m to correspond to those
in [9]. Note that po need not be the same in the ¢§ and
gg reactions because the convergence properties of the
QCD perturbation series could be different in these chan-
nels and moreover depend on the factorization scheme.
The first- and second-order corrections in the gg chan-
nel in the MS scheme are larger than the respective ones
in the ¢g channel in the DIS scheme. In fact, for the
range of p; values shown the second-order approximate
correction is larger than the first-order approximation.
Hence, the relative difference in magnitude between the
improved doy” /dp: and the exact O(a3) results is sig-
nificantly larger than that in the ¢¢ channel in the DIS
scheme.

We finish our discussion of the differential p, distribu-
tions with the results of adding the ¢¢ and gg channels.
The plots appear in Figs. 5 and 6. It is evident that re-
summation produces an enhancement of the exact O(a3)
result, with very little change in shape.

Now we turn to a discussion of the differential Y
distributions at /S = 1.8 TeV for a top quark mass
m = 175 GeV/c2. In this case we set the factor-
ization mass scale equal to m everywhere. We begin
with the results for the ¢g channel in the DIS scheme.

In Fig. 7 we show the Born term dag))/dY, the first-
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FIG. 7. The top quark Y distributions doge)/dY for
the ¢g channel in the DIS scheme for a top quark mass
m = 175 GeV/c®. Plotted are dag)/dY (upper solid line),
do'} /dY |exact (lower solid line), dog)/dYL,pp (upper dot-
ted line), do'?/dY|ap, (lower dotted line), and do*/dY
(po = 0.05m upper dashed line and po = 0.1m lower dashed
line).

order exact result dag) /AY |exact, the first-order approx-
imation dal(ql) /dY |app, the second-order approximation

dag) /dY |app, and the resummed result doi§®/dY for
po = 0.05m and po = 0.1m. In Fig. 8 we show the
exact O(a3) result dag)/dY + dag;)/dY]exact, and, for
comparison, dog*/dY for pp = 0.05m and po = 0.1m.
Again, the resummed differential cross sections were cal-
culated with the cut s4 > s¢ while no such cut was im-
posed on the phase space for the individual terms in the
perturbation series. It is also evident from Fig. 8 that
the resummation of the soft gluon contributions to the Y’
distribution modifies the exact O(a?2) result only slightly
for the values of po that have been chosen.

We continue with the results for the gg channel in

RV e e e

LN L L L ) L N B ) B

|

T T T

1

T
Ll

T

day/dY (pb)

Lol

.01

T
ol

el b b b b
2 15 - -5 o 5 1 15 2
Y

FIG. 8. The top quark Y distributions doy /dY for the ¢
channel in the DIS scheme for a top quark mass m = 175
GeV/c?. Plotted are do'y)/dY + do'l) /dY |exact (solid line)
and do'? /dY (po = 0.05m upper dashed line and po = 0.1m

lower dashed line).
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FIG. 9. The top quark Y distributions da(;)/dY for the
gg channel in the MS scheme for a top quark mass m = 175
GeV/c®. Plotted are dag)/dY (upper solid line at Y = 0),
dag) /AY |exact (lower solid line at Y = 0), do'g) /@Y |app (lower
dotted line), dagf)/dY|mpp (upper dotted line), and do®/dY
(o = 0.2m upper dashed line and po = 0.25m lower dashed
line).

the MS scheme. The corresponding plots are given in
Figs. 9 and 10. Here, the values of ug are po = 0.2m
and po = 0.25m. As in the case of the p; distributions,
the first- and second-order corrections in this channel
are larger than the respective ones in the g§ channel in
the DIS scheme. For the range of Y values shown the
second-order approximate correction is larger than the
first-order approximation. Again, as in the p; distribu-
tions, the relative difference in magnitude between the
improved dog'?/dY and the exact O(a?) results is sig-
nificantly larger than that in the ¢g channel in the DIS
scheme.

Finally, we conclude our discussion of the differential Y’
distributions by showing the results of adding the ¢ and
g9 channels. The plots appear in Figs. 11 and 12. Again,
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FIG. 10. The top quark Y distributions dog/dY for the
gg channel in the MS scheme for a top quark mass m = 175
GeV/c?. Plotted are dag})/dY + dag)/dY|exaa (solid line)
and dai,_'lnp/dY (o = 0.2m upper dashed line and o = 0.25m
lower dashed line).
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it is evident that resummation produces a non-negligible
modification of the exact O(a2) result. However, the
shape of the distribution is unchanged.

We have shown that the resummation of soft gluon
radiation produces a small difference between the per-
turbation improved distributions in p; and Y and the
exact O(a?2) distributions in p; and Y for the gg reaction
in the DIS scheme for the values of uo chosen. However,
for the gg channel in the MS scheme the resummation
produces a large difference. The difference between the
perturbation improved and the exact O(a2) distributions
depends on the mass factorization scheme (DIS or MS),
the factorization scale u, as well as the specific reaction
under consideration (¢¢ or gg). For a mass m = 175
GeV/c? the gg channel is not as important numerically
as the ¢ channel. However, since the corrections for the
gg channel are quite large, resummation produces a non-
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FIG. 12. The top quark Y distributions doyg/dY for the
sum of the q§ and gg channels for a top quark mass m = 175
GeV/c?. Plotted are dog)/dY + do'P /dY |exact (solid line)
and daiIfI"p /dY (upper and lower dashed lines).

negligible difference between the perturbation improved
and the exact O(a2) distributions when adding the two
channels. However, the shapes of the distributions are
essentially unchanged.

Note added: The observation of the top quark has re-
cently been announced by both the CDF and DO collab-
orations [24,25]. CDF announced a top quark mass of
176 + 8 £ 10 GeV/c? and a tf production cross section
of 6.873% pb. DO measured the top quark mass to be
199739 + 22 GeV/c? and its production cross section to
be 6.4 + 2.2 pb.
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