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Next-to-leading-order study of dihadron production

J. F. Owens
Physics Department, Florida State University, Tallahassee, Florida 32306
(Received 2 October 2001; published 10 January 2002

The production of pairs of hadrons in hadronic collisions is studied using a next-to-leading-order Monte
Carlo program based on the phase space slicing technique. Up-to-date fragmentation functions based on fits to
CERN LEP data are employed, together with several versions of current parton distribution functions. Good
agreement is found with data for the dihadron mass distribution. A comparison is also made with data for the
dihadron angular distribution. The scale dependence of the predictions and the dependence on the choices
made for the fragmentation and parton distribution functions are also presented. The good agreement between
theory and experiment is contrasted with the case for sinfleproduction where significant deviations
between theory and experiment have been observed.
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[. INTRODUCTION cluding photon fragmentation functions, may be founfi7ih

The many successes of QCD at describing large momenFhe formalism in these two references has been used to in-
tum transfer processes have helped establish it as the theorystigatenoy and %7 production at the CERN Large Had-
of the strong interactions. Indeed, largely due to this succespn Collider(LHC) as reported in8].
research concerning QCD has moved from testing the theory The outline of the paper is as follows. In the next section
to testing the approximations used to obtain predictions fron® brief overview of the structure of the calculation is pre-
the theory. Even though the overall description of large mo-sented. Then, the predictions of the program are compared to
mentum transfer processes appears to be satisfactory, thefata in Sec. Ill. A summary and some conclusions are pre-
are still some systematic discrepancies between the theoggnted in Sec. IV.
and experiment. These include, for example, problems ob-
s_erved in direct photon produ_cti(ﬁm] and singler® produc- _ Il. NEXT-TO-LEADING-ORDER MONTE CARLO
tion [2]. (_)ne phen_omenologm_al approach has emph_aglzed CALCULATION
that the single particle production processes are sensitive to
recoil corrections due to the emission of initial state The calculation described in this section is based on the
radiation—also known a&; smearing[3]. Another view- two-cutoff phase space slicing technique describe#4ig].
point[2] has stressed that, at least in the casebproduc-  The basic concept is to partition the three-body phase space
tion, there may be problems with our knowledge of the frag-into three regions using two cutoff parametefg,and & .
mentation functions in the region where the momentumOne region is where the-23 matrix elements have soft or
fraction, z, taken by the produced particle is large, since thiscollinear singularities, one contains hard-collinear singular-
is a region where the data to which these functions are fittedes, and in the remainder the matrix elements are finite. In
are limited. Also, it has been noted that this same High- the soft and hard-collinear regions the matrix elements are
region may require significant threshold resummation correcapproximated using the soft or leading pole approximations,
tions. respectively, and the variables describing the soft or collinear

The production of hadron pairs relies on the same underquanta can be integrated over analytically. The results have
lying dynamics as single particle production. Furthermorethe same form as the lowest order~2 contributions, but
the production of high-mass pairs relies on the same high-depend explicitly on the cutoffs used to define the soft and
region of the fragmentation functions as does single particléard-collinear regions. Likewise, the remaining finite-3
production. Thus, if threshold corrections are important, or ifcontributions depend on the cutoffs used to isolate the diver-
the fragmentation functions are inadequately known, themgent regions. These two types of contributions are used to
one might expect to see comparable disagreement betwegenerate two-body and three-body weights which are added
the data for dihadron production and the predictions as ontogether at the histogramming stage. For infrared-safe ob-
sees for single particle production. servables the dependence on the cutoffs cancels, provided

It is the purpose of this paper to present a comparisoithat sufficiently small values of the cutoffs are chosen. Spe-
between data for high-mass dihadron production and predigific examples of this procedure are given[ 5.
tions based on QCD. These predictions have been obtained The case of high-mass dihadron production is formally
using a next-to-leading-order Monte Carlo based prograniather similar to that for single hadron production with the
which uses a variant of the phase space slicing techniquaddition of another fragmentation function. The treatment
[4,5]. This allows the same kinematic cuts used in the extracpresented here, therefore, follows closely the presentation
tion of the data to be imposed on the theoretical predictionsgiven in Sec. Il E of Ref[5].
Another treatment of dihadron production at next-to-leading-  The input needed for this calculation includes the squared
order using Monte Carlo techniques may be foun@iéh In ~ matrix elements for the 23 subprocesses and the results
addition, the related process of photon pair production, infor the O(ag) one-loop contributions to the-22 subpro-
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cesse$9,10]. For the purpose of this example, the notation
of [10] will be used, since much of the input needed can be (®)(a,p)=y¥*)(a,p)
found in the appendices of that paper. The partons are la-
beled asA+B—1+2 andA+B—1+2+3 for the 2-2 .
and 2—3 subprocesses, respectively. A flavor labgl is n(pm p”) (4°)( p)
used to denote the flavor of partég and similarly for the 2€ mn Pa-P
other partons. )

The lowest-order contribution to the inclusive cross sec- ™ - - 6
tion for producing two hadronk; andh, in a collision of -y ; ¥W(@,p)+yidap)+0le).
hadrons of type#\ and B can be written as

1
- 2 Clan) = ¢ 20 ¥(@y)

(2.9
1

2XpXBS a, ag.a;.2

This expression for(®) differs slightly from Eq.(35) in Ref.

[10] because we have chosen to extract a diffeeedepen-

5 dent overall factor: a factor ofl'(1+e)'(1—¢€)=~1

(4mas) + €?(7%/6) has been absorbed into the above expression for

w(aa)w(ap) #(®. Furthermore, the arbitrary sca@tg used in Ref[10]

has been chosen to bepg pg. The expressions for the
functions (¢ and {2 may be found in Appendix B of
Ref.[10]. The quantitiesC(a,) and y(a,) are given by

doB=

Ga,/a(Xa)Gag 18(X8)Dhy/a, (21)

XDy, ,az(zz)dxAd xgdz,dz,
xy(a,p)dr, 2.1

where a={a,,ag,a;,a,} and p={p%,p%,p%,p4} denote

the sets of flavor indices and parton four-vectors, respec- N=3, a=gluon,
tively. The factors appearing in the spin-color averaging are C(a)= 4
given by CF=§, a=quark or antiquark,
2(1-¢)V, a=gluon, and
w(a)= ,
2N, a=quark or antiquark, (1IN—2n,)/6 a=gluon
y(a) =( ,
with N=3 andV=N2?-1. The factordI', is the differential 3Ce/2, a=quark or antiquark.

two-body phase space elementritdimensions, . . .
yp P It will be convenient for subsequent expressions to adopt the

following notation:
dn—lpl dn—1p2

2pi(2m)"~* 2p3(2m)"
X (2m)"3"(pat Pe—P1—P2)- (2.2

dF2=

Amud )e I'(1—e) 25

B 2pa-ps) I'(1-2¢)°

The one loop virtual contributions can now be written as
Equation(2.1) gives the contribution where parton 1 frag-

; ; 1
ments into the hadroin, anq -par'fon 2 frqgments mtbz; daU:Zx . Ga, /a(Xa) Gag 18(X8) D, ja, (1)
Care must be taken to explicitly include in the sum oger AXBS ap .ag.ap.ap
those terms corresponding to the case where parton 2 frag- (Aray)?
ments intoh; and vice versa. For compactness, these terms XD /a (zz)dxAdedzldzz—s
will not be explicitly written. The squared matrix elements 2 (an)w(ag)
for the various subprocesses, denoted/¥(a,p), may be Al v
found in Ref.[10]. ><}'2— —22+—1+A8 dr, (2.6)
Next, consider the one-loop virtual corrections to the 2 m €
—2 subprocesses. These take the form
where
dovme > G G )D v @B
O DX aXaS oy e ay/A(Xa)Gay 8(X8) D ja (1) AY= —2 C(a,) ™ (a,p) (2.7)
(4mag)?
XD z,)dx,dxgdz,dz,———— ; - 1 Pm: P
h2/a2( 2) AUABU Ly zw(aA)w(aB) Alz_; 'Y(an)‘ﬂ(A)(a'p)‘*‘z % |I"I( pm pn) w(Ac)(a p)
47T,LL2R € F(l—E) - > mzn (2 8)
s (6) .
X 20 2pApB) F(1_2€) 170 (a!p)dFZ (23) ,
an N RN
where Ao=— 5 2 Cla)yi@p)+yidap). 2.9
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Next, the contributions from the-2 3 subprocesses in the limit where one of the final state gluons becomes soft are needed.
The contributions of the 23 subprocesses may be written as

do? 3=

: (e > Ga, 1a(Xa) Gae/a(X8) Dh, 1a,(Z1)Dh, ja,(22) W
X X z z
ZXAXBS W(aA)W(aB) a8 a0.8p.85 ap/ a/B/B\"B/“h,/a;\£1/ 2 hy la,\ 42

X(ap,ag,a1,az,83,P4,Pg P71, P5 ,P5)dl 3dx,dXgd2,d 2, . (2.10

The expressions for the-23 squared matrix elements appearing in E310 may be found in Refl9]. As noted earlier for
the two-body contributions, one must include in the sum all possible parton to hadron fragmentationsll'klésethe
three-body invariant phase space factonidimensions:

dnflp dnflp dnflp
dl'3= ""(pat —P2—P3). 21
3= 2002 2p2(2m)" * 2p3(2m)" 1(2m)"6"(pat Pg—P1— P2~ Pa) (2.1)

Consider the case where the soft gluon is parton 3. In this limit, the fundtionay be expanded as

P P
W(ap,ap.,81,82,83, P4, Ph PY DY PY)~ 5a3g—m " yt(an.ap.81,8,, P4 DK .PF DY), (212
m<,n Pm:P3Pn-P
m<n

Next, one must integrate over the soft region of phase space definEg<bys\2p,- pe/2. This is easily done using the
integrals given in the appendix of R¢6]. The resulting soft contribution may be written as

.1 (4mag)? AS A
do = X axas aA,aBE,al,az GaA/A(XA)GaB/B(XB)Dhl/al(Zl)th/aZ(Zz)dXAdXdeldzzm > ?"'?"'Ao dr’;
(2.13
where
=; C(ay) ¥ (a,p) (2.14
— (4) _ pm pn (40)
AS= 2In620 ) M(a,p) —2 In| == | y{3%(a,p) (2.15
m,n Pa-Ps
m#n
P1-P3 P2-P3 P1-P3
AS=21n? 8., C(a,) ¢ (a,p)+ (i + “C’[ |2( )+L )+2| 5In( ”
E(nw(m (Y + s S T or D
P2-P3 . [ P1-P3 P2-P3
+ (5 + )| S n? )+L| +21ns, In( 2.1
(Va2 ) 2 Pa-Ps 2 Pa-Ps s A Ps (2.16

After the collinear singularities associated with the parton distribution functions and fragmentation function have been
factorized and absorbed into the corresponding bare functions, there will be soft-collinear terms left over due to the mismatch
between the integration limits of the collinear singularity terms and the factorization counterterms. Collecting together the
various collinear terms, the result can be written as follows:

doreoll = > G G D D dxadradzidz, T % i0”+A°°” dr
g _maA,aB,al,ag a,/A(Xa)Gag 8(Xg)Dh, 1a,(21) D, 1a,(Z2) dXadXgdZy sz o\ e o 2
(2.1
where
AT= 20 [2In5.C(an) + v(ay)] (2.18
coll _ 2pa-Ps 2pa-Ps
AS 2 [21n8.C(ay) + y(ay)]In + 2 [21n8,C(ay) + y(ay)]In — . (2.19
Mf f
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Here u andM; are the initial and final state factorization scales.
After the mass factorization has been performed, the bare parton distribution functions and fragmentation functions have

been replaced by scale dependeTﬁ functions. In addition, there are finite remainders involving functiGhsaind D,
expressions for which may be found [if]:

PR (MA@ 2 s e dredzdz,d TG 26 2)b M?)D
T 2XAXaS a ony o, W(aA)W(ap) 5.V (a,p)dXadxgd2,d2,d1 5[ G, 1a(Xa  147) Gag 18(Xe  47) D, 12, (21, M) Dy, 1a,
X(23,M§)+ Gy, ja(Xa 1t5) G s6(Xg  1£5)Dhy 10, (21, M7) D, ja (22,M7)

+Ga, /a(Xa 1) Gay 8(Xp ,4F) D a (21, MF) D ja,(22,M?)

+Ga, 1a(Xa 147) Gay 18(Xg  5) Dy 12, (21, MF)Di, ja (22, M)]. (2.20

At this point, all of the singular terms have been isolated as polesoinhave been factorized and absorbed into the bare
parton distribution and fragmentation functions. Thdependent pole terms all cancel amongst each other:

5 +AS=0, (2.21
bEAS+HAS=0. (2.22
The finite two-body contribution is given by

(417015)2

do?2=do®+do+ —
XaXgS ap,ap,ap,ay W( aA)W(aB)

Ga, /a(Xa 1£7)Gay 18(Xe ) Dh 1a,(21,M$)Dhy, 1a, (22, M)

o
><ﬁ[AngAngAgo”]dxAdedzldzzsz. (2.23

The three-body contribution, now evaluated in four dimen- In the following, unless otherwise stated, the theoretical
sions, was given in Eq2.10 where now the soft and col- results have been obtained using the CTEQHAM] parton
linear regions of phase space are excluded. distributions and the Kniehl-Kramer-Pott@¢KP) [11] frag-

The structure of the final result is two finite contributions, mentation functions. For the calculation of the cross section
both of which depend on the soft and collinear cutoffs—onegat fixed values of the dihadron mass, the renormalization
explicitly and one through the boundaries imposed on theynd factorization scales have been chosen to be proportional

three-body phase space. However, when both contributiong, \1  as this is the only observed hadronic variable with the
are added while calculating an observable quantity, all deappropriate dimension.

pendence on the cutoffs cancels when sufficiently small val- " |, Fig. 1 the E-71116] data are shown with the leading-

ues of the cutoffs are used. order (LO) and next-to-leading-ordeiNLO) theoretical re-
sults with two choices for the common factorization and
renormalization scales. Cuts were applied to the rapidity of
Two sets of next-to-leading-order fragmentation functionsthe pair,Y, the transverse momentum of the paif,,;,, and
have become available recenfiil,12. Both sets have been cosd*, an estimate of the cosine of the scattering angle in the
fit to high statistics data frone* e~ experiments. Accord- parton-parton center of mass frame. For these datag*cos
ingly, only charge symmetric combinations, e.g’+h™, was defined by first transforming to the frame where the
have been determined and the sets do not have fragmentatioromentum of the hadron pair had no longitudinal compo-
functions for individual charge states. Nevertheless, thesaent. In general, the two hadrons will not be exactly back-
sets can be used to generate predictions for experiments-back in this frame, due to their differing values of trans-
which measured either’7° final states or symmetric com- verse momentum. The two values of the cosine of the angle
binations of charged hadrons. The NA-pP¥B], CCOR[14], between the hadron direction and the beam direction were
and E-70415] experiments each measured the production ofiveraged to obtain c@&. The cuts used for the data shown
w0 pairs while the E-71116] experiment measured the pro- in Fig. 1 were—0.4<Y<0.2, Prpair<2 GeV and|cosé*|
duction ofh*h™, h™h~, andh*h~ pairs. In the latter case, <0.25. The NLO results can be seen to bracket the data
one can combine the tabulated results to give the cross seaile, for the scale choices shown, the LO results are sig-
tion for producing the symmetric combinatiom {+h™) nificantly below the data. The large scale dependence evident
+(h*+h"). at lowest order is due to the two powersafin combination

IIl. COMPARISON TO DATA
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p N ——> (h"+h7) + (h"+h) + X pN-—>(h"+h") + (h"+h") + X

Vs=388GeV -04<Y<02 p, <2GeV Vs=388GeV -04<Y<02 pr, <2GeV
100 ‘ : .

0.5 i

o g
e
© = L
f o1& . § ol -t I t I ]
s «E711 £ P TRTEEEELEEC s el B
2 —— NLO p=.7M (upper) e
o° L —— NLO pu=M (lower) 4 k]
0.01 ”
© ——-LO pn=.7M (upper) 2 05| .« E-711 ]
——-LO u =M (lower) CTEQSM = .85 M
——- CTEQSHJ
0.001 £ E L ---- MRS (standard gluon) i
\\\\ —-— MRS (lower gluon)
N
0 5 10 15 -15 5 1'0 1‘5

M (GeV) M (GeV)

FIG. 1. Comparison of the NL@solid) and LO(dashegiresults

FIG. 3. Comparison between the CTEQ5M predictions with
with data from the E-711 experimefi6]. P Q b

those from the CTEQ5H[IL7] set and several MRS[IL8] sets.

with the scale dependence of the four distribution and frag- o ) .

mentation functions. In the kinematic regime covered by theshoice of parton distributions is shown, relative to the
data, the distribution and fragmentation function momentunfcTEQSM results. For each curve the scale has been set to
fractions are large, so that the functions decrease with ink=0-89M. The CTEQS5HJ seft17] has a gluon distribution
creasing values of the scale. These scale dependences res¥fich has been enhanced in the higlregion in order to

in a significant decrease of the cross section with increasir:%%e'fter describe the highy jet data from the CDF and DO
Sca|e, as shown in F|g 1. The band covered by the corr ollaborations. Rela“ve. to the CTEQ5M dIStrIbutIQn I‘eS.ultS,
sponding NLO curves is narrower, although significant scal@n€ can see an pverall increase in the cross section, with the
dependence remains. This is further examined in Fig. 2ncrease becoming larger towards the high mass end. Note
where the NLO results are compared to the E-711 data foihat an increase in the scale from 0MB30 M would bring
three choices of scale. The forméfata-theoryitheory is the CTEQ5HJ curve down to the level of the data. Also
used in order to more C|ear|y show the scale dependence_ shown are the results for two of the Martin-RObertS-Stir”ng-

In Fig. 3 the dependence of the results on variations in thd horne (MRST) [18] sets, one with the standard gluon and
one with a reduced gluon. Although the two curves lie below

p N —> (h"+h) + ("+h") + X the CTEQSM results, a modest decrease in the scale choice
would raise the curves to be in accord with the data. The

: results for a third MRST set with an increased gluon distri-

bution are essentially identical with the CTEQ5M results.

In Fig. 4 the relative contributions of the quark-quark,
quark-gluon, and gluon-gluon subprocesses are shown versus
J7=M/\/s. This dimensionless variable is approximately the
05 . value of the parton momentum fraction which is probed in
__________________ %_____ the production of the high mass hadron pair. As expected,
L o= R { T quark-quark scattering dominates at the upper end of the

' mass range covered by the data. Nevertheless, there is a sig-
nificant contribution from quark-gluon scattering over much
05 L ] of the mass range. This is similar to the situation for higgh-

CE714 jet production and, indeed, the results in Fig. 3 do show
—— NLOp=85M some sensitivity to the choice of the parton distributions,
ar T mtg”jm"o&‘epf)’e” 1 e.g., CTEQ5M vs CTEQS5HJ. Unfortunately, the scale depen-

: dence, even at NLO, is such as to preclude favoring one set
. . over the other.
5 ";’ 15 Next, in Fig. 5 the dependence on the choice of the frag-
(GeV) i ; s
mentation functions is shown. The results from the two sets

FIG. 2. CTEQ5M results compared to the E-711 data for differ-agree to within about 10% across the mass range shown.
ent scale choices. The renormalization and initial and final state From the results shown thus far, several conclusions can
factorization scales have been set equal to each other. be drawn. First, the NLO results give a very good description

Vs=388GeV -04<Y<0.2 p, <2GeV

(data — theory) / theory
<
L
-
ol
-
e
—f—
|
|
l—'+
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pN—=>(h"+h") + (h"+h") + X pp—>x"w" + X

Vs=888GeV —0.4<Y<02 pr,<2GeV 0 CTEQSM u=.85M
1 ; , ‘

o CCOR Vs = 62.4 GeV
» CCOR Vs = 44.8 GeV
v NA-24 Vs = 23.7 GeV

o

subprocess fraction
do/dMdY (nb/GeV)
o
2

0.001 ¢

0.0001

M (GeV)

FIG. 6. Comparison between the CTEQ5M results and data
FIG. 4. Relative contributions of theq, qg, andgg subpro-  from the NA-24[13] and CCOR[14] Collaborations.

cesses to the CTEQ5M results with=0.85M. . L . .
gives a good description of the experimental results. Again,

of the mass distribution for symmetric hadron pairs meathe CTEQSM and KKP distribution and fragmentation func-
sured by the E-711 Collaboration. The variations observedons have been used. The same results are shown in Fig. 7 in
due to different choices of the distribution and fragmentatiord data/theory format versugr. For the NA-24 data, the
functions are easily compensated for by changes in the renogtatistical and systematic errors have been added in quadra-
malization and factorization scales. Nevertheless, extrem@ire. No discussion of errors was contained in the CCOR

variations of these scales are not needed in order to descrilf@per[14]. However, in an earlier publication on singte
the data. production[19] the CCOR Collaboration quotes an overall

Next, consider the data for producing pairs of neutralerror of 25% for both energies with an additional 5% relative
pions. In Fig. 6 the theoretical results are compared to datgormalization error between the results for the two energies.
for the procespp— 77"+ X as measured by the NA-24 Thus, the three data sets are seen to agree within the quoted
[13] and CCOR{14] Collaborations. The cuts used for these €rrors. Furthermore, given these errors, the agreement with
data are-0.35<Y<0.35, prpair<1, and|cos#*|<0.4. The the theoretical results is acceptable, although deviations are

same scale choice gf=0.85M as used for the E-711 data apparent in Figs. 6 and 7. .
Noting the tendency for the data to lie below the theory

p N ——> (h"+h") + (h"+h") + X for small /7 and above it for largex/z, it is natural to ask
Ve =388GeV -04<Y <02 p, <2GeV whether the CTEQ5HJ distributions might yield better agree-

\ ment with the data. These results are shown in Fig. 8 with a
scale choice ofu=M. Although the agreement is slightly
better, the modified gluon distribution is unable to bring the
theory and the data into complete agreement. Nevertheless,
given the size of the errors, no definitive conclusion can be
1 drawn.

] In Fig. 9 the NLO predictions are compared with data for

*‘"““‘T‘P--L\ I ] dipion production as measured by the E-706 Collaboration

1 [15]. For these data the pions were separately required to

satisfy p;>25 GeV and —0.8<y<0.8 (—1.05<y

CE711 ] <0.55) for the\s=31.6 (38.8) GeV data. The difference

KKP fragmentation functions between the azimuthal angles for the two pioash, was

— - BFGW fragmentation functions required to be greater than 105 degrees. No cuts were placed

il on cos#* or onpry,ir - There is good agreement between the

theory and the data when a scale choiceusf0.35M is

‘ ‘ used. This value is significantly smaller than that used in the

3 1I\5IJ(GeV) 15 previous comparisons. Of course, the cuts used for the E-706

data set are far different than those used for the other sets. As

FIG. 5. Comparison between the results obtained using the KKR consistency check on their data the E-706 Collaboration

[11] and BFGW[12] fragmentation functions. [15] also presented results obtained using cuts similar to

o
n
T

(data — theory) / theory
o
T
-
-
-
]
e
.
—
{
{
—

1

o

n
T
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pp-—>nn +X pp-—>rn 1"+ X
CTEQSM p=.85M E-706data u=035M CTEQSM

100

o CCOR Vs =62.4 GeV
10 » CCOR Vs =44.8 GeV
v NA-24 Vs = 23.7 GeV s

T
> &
ﬁ +ﬁ‘ 2 o1
§ I* IH*W ’ = s =31.6 GeV
3 . 2 » Vs =38.8 GeV
H3 m ¢*H# + + ] 3 0.01
o O
g
0.001
. ‘ 0 5 10 15
0.1 0.2 0.3 0.4 M (GeV)
vt
) ) FIG. 9. Comparison between the NLO results and data from the
FIG. 7. The same as for Fig. 6 presented in the data/theory_;qg Collaboratioff15].
format.

11 and 12. At lowest order, with collinear fragmentation and
those used for the E-711 data. These data are compared distribution functions, the theoretical predictions have the
the NLO predictions in Fig. 10 witlk=0.50M and 0.85M.  two hadrons being produced back-to-back, i.e., witkp
The two curves bracket the data, suggesting that E706 resultés180°. At next-to-leading-order, the-23 subprocesses al-
are compatible with those of the other experiments when thiow for the A ¢ distribution to develop a non-zero width.
same cuts are used. This suggests that the need for a mullevertheless, it is still narrower than the experimental obser-
smaller scale when comparing with the E-706 data in Fig. S9ations. The acceptance for the CCOR and E-711 experi-
is a problem due to the calculation not being able to properlynents was limited td ¢>140°, and this cut was also placed
reproduce the effects of the different sets of cuts. on the NA-24 data shown previously, so essentially none of

In order to investigate this situation further, consider thethe NLO generated cross section was rejected. Opening up
effects of a cut imA ¢. The significance of thA ¢ cuts liesin  the cuts to the valué ¢>105° used by the E-706 experi-
the fact that the observell¢ distributions are broader than ment does not, therefore, result in any increase of the theo-
those given by the NLO calculations, as can be seen in Figsetical cross section. However, it does result in an increase in

the experimental cross section. The net result is that the NLO

pp-—>nn +X

U U
CTEQSHJ p=M pBe-—>mm +X

T Proar <2GOV —04<Y <02 |cos0|<0.25 CTEQSM
10 ; . ; . : . . .
o CCOR Vs =62.4 GeV .
10¢ » CCOR Vs = 44.8 GeV ] 1TE~
v NA-24 Vs = 23.7 GeV N ¢ E-706 Vs =38.8 GeV
LN NLO 1= 0.50 M
s ——- NLOp=085M
> < N
g + Z% 01 \~\ i
= =
5 i f 2
s =
a +4* i W 3
1t mmmmmm mmmmmﬂlﬁl%;* + + 1 8 0.01 |
0.001 | J
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FIG. 8. The same as for Fig. 7 except using the CTEQ5HJ FIG. 10. Comparison between the NLO results and data from
distributions. the E-706 Collaboratiof15].
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FIG. 11. Comparison of the NLQ ¢ distribution with data

from E-706[15]. FIG. 13. Comparison of the NL@r 4, distribution with data

from E-706[15].

calculation will not correctly reproduce the effects of differ- served in the data. Comparisons to data which integrate over
entA¢ cuts because the theoretical distribution is too narthe full prp,; distribution will differ from comparisons to
row. This results in a relative normalization shift when com-data sets which place cuts on this variable. _

paring experiments which used different cutsArp. This This situation should, in fact, come as no surprise. Both
shift can be accommodated by altering the renormalizatiof1€A ¢ andprq; distributions are examples which are delta
and factorization scales used in the theoretical calculationgunctions at the lowest order parton level. Non-trivial contri-
Alternatively, one can restrict the comparison to data set®utions to these observables only start in next-to-leading or-
which use the sama ¢ cut. Similar considerations apply to der. In that sense, the curves shown here for these distribu-
cuts on other variables such as the net transverse momentUfins are really leading-order only and they diverge at the
of the hadron paifpr ;. The comparison with E-706 data end points corresponding to the third parton being soft and/or

[15] is shown in Fig. 13 where one can see that the theoretcollinéar (A¢=180° or pry,;;=0). A more realistic treat-
ical prpa distribution is significantly narrower than is ob- ment of these observables would require the application of

soft gluon resummation techniques. Note, however, that
there are compensating singularities at the end points of the
distributions, so that a finite result is obtained after integrat-
ing over the distribution and the normalization of the inte-
grated distribution is thus calculated to next-to-leading
order?

From the standpoint of comparing to NLO calculations, it
would be better if the data sets were defined only by cuts on
variables whose distributions are well described by the cal-
ar 1 culation. In this sense, the E-706 procedure is to be preferred
since a large portion of both thk¢ andprp,;, distributions
| were integrated over.

} The cuts utilized in the analysis of the E-706 data differ

pp-—>n'n +X
Vs=38.8GeV n=0.35M CTEQ5M
3 T T T T T T T

25

® E-706 data
NLO theory

do/d¢ (nb/degree)
&

substantially from those which were used for the CCOR,
NA-24, and E-711 data sets. Therefore, separate comparisons
are required and the optimum choice of scale will differ be-

os | tween the two sets of experiments. It must be stressed that

L]

0 L . I L L

100 110 120 130 140 150 160 170 180
¢ (degrees)

1Because of the use of finite width bins, the divergent behavior at
the end point of th@r,;, distribution in Fig. 13 is not evident. The
first bin remains finite as it contains the end point contribution, as
well. Furthermore, the lowest order delta function is smeared some-
what by the fragmentation process.

FIG. 12. Comparison of the NLQ ¢ distribution with data
from E-706[15].
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7 T . T ; 7 T . T ;
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5t 4 5t 4
. ¢E-711 7.0 <M< 7.5GeV . ¢E-711 M>7.5GeV
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FIG. 14. Comparison between the CTEQ5M results and the FIG. 15. Same as for Fig. 14 except flgr>7.5 GeV.
E-711 angular distribution data for<tM<7.5 GeV using two
choices for the scale parameter. distribution is normalized to unity at c@& =0, the end result

is a steeper angular distribution.

this is not an experimental problem, but rather the result of
the fact that the NLO calculation does not properly describe IV. SUMMARY AND CONCLUSIONS
the distributions in some of the variables used for making the = A next-to-leading-log Monte Carlo program has been con-
cuts. structed for symmetric dihadron production using the two

The E-711, E-706, and CCOR Collaborations each meaeut-off phase space slicing formalism described in Refs.
sured the angular distribution of the dihadron pair in the[4,5]. This process serves as a probe of the underlying hard-
parton-parton center-of-momentum frame. None of the exscattering subprocesses which complements that provided by
periments observed any significant variation of this distribu-single particle production. For high mass pairs the relevant
tion with dihadron mass or with energy. The theoretical re-range of the fragmentation momentum fractiors compa-
sults for the normalized ca distribution are compared to rable to that for single particle production. The results pre-
the E-711 dat{l16,20 in Fig. 14 for 7<M<7.5 GeV and in s_er_lted here show th_at _the NLO QCD formallsm_ is capable of
Fig. 15 for M>7.5 GeV. In each figure two curves are 91Ving a good_de;cnptmn of the data for the dihadron mass
shown corresponding to the NLO results with scale choice nd angular distributions. There appears to be no anomalous

AN o . ehavior with respect to either the dihadron mass or the
of 0.8M and y(py), where(py) is the average of the center-of-mass energy. This is in marked contrast to the cases

squared transverse momentum for the two observed hadrogg; irect photon and single hadron production at fixed target
in the event. Note that for the case of two-body kinematics aénergies. This process, therefore, provides encouraging evi-

fixed M, the parton transverse momentumB4/@)sing* and  gence that the underlying hard scattering is correctly de-
the parton and hadron transverse momenta are nearly th@ribed by QCD and that the problems with the single photon
same since the fragmentation varialzlés near one. Thus, and single hadron cross sections may be ascribed to a com-
one can argue that for fixed and 6* eitherM or \/<pT2 is  bination of effects due to an incomplete application of the
a valid choice for the scale. The choice d(p%) gives a theory and possible inconsistencies amongst the various data
steeper distribution which is in better agreement with theS€ts.
data than is the result obtained with the choice of M&6r

the scales. This steepening occurs because at fikeas

cosé* —1,\(p?) decreases. This decreasing scale causes an The author wishes to thank Brian Harris for useful discus-
increase in the theoretical cross section. However, since thsions.
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