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Triple hadronic-energy correlations are suggested as a natural means for characterizing three-jet
events and testing QCD in high-energy e “e™ annihilation with ¥ +Z° exchange. The general
analysis of the triple correlation is given in terms of possible structure functions, and lowest-order

QCD contributions are presented.

I. INTRODUCTION

A few years ago Brown and collaborators! suggested a
hierarchy of increasingly finely grained, but still inclusive
cross sections, which can be calculated in QCD. This
hierarchy consists of energy-weighted cross sections. So
far the most useful one has been the energy-energy corre-
lation cross section (or energy-weighted angular correla-
tion), extensively studied both theoretically>*® and experi-
mentally* in e "e* annihilation. What has been actually
measured is the normalized, angle-integrated energy-
energy correlation

1 d3
Oy d cosX

and the corresponding asymmetry, where X is the angle
between the two directions in which the hadronic energies
are detected. (One has to sum up over all the directions,
keeping X fixed.)

The next member of the hierarchy is the normalized tri-
ple energy correlation

1 d’s
Otot dQldQ2dQ3 ’

In this case the energies deposited into three directions
(with unit vectors 7y,7,,73, respectively) should be mea-
sured. Actually, this is the first member of the hierarchy
including threefold energy correlations of three particles
belonging to three jets, while the double energy correlation
takes into account such cases by counting the three parti-
cles in the corresponding pairs. Obviously, it is again use-
ful to integrate over some angles in order to obtain quanti-
ties, which may be measured with better statistics. In the
present paper we define and calculate the triple energy
correlation for high-energy e “e™ annihilation, i.e., in-
cluding both the virtual ¥ and Z° annihilation channels.
We argue that the normalized, angle-integrated triple en-
ergy correlation is a natural way to study both three- and
four-jet events.

Choosing the three calorimeters to lie in a plane, the tri-
ple energy correlation is measured as a twice-differential
quantity. Experimentally one measures

1 dzplanar
O d cosX d cosX,

6 1 X
= N . ~r > 1
AX,sinX AX,sinX, N A2=12 w3 M

where W means the total c.m. energy, A4 specifies the
events (A4 =1,...,N), while a,b,c specify the individual
particles with energies E 4;,E 4,E .. The momenta of
the particles a,b,c lie in a plane and the angle between the
momenta of particles @ and b (a and ¢) is X; to X;+AX,
(X5 to X5+ AX,). The second sum runs over all triplets of
particles of the event 4 with the appropriate geometry.
Each distinct triplet of particles is counted only once,
while an individual particle may contribute in several trip-
lets. Since the three calorimeters lie in a plane, it is clear
that this quantity is sensitive to the three-jet events, and
the multijets contribute little.

Choosing the three calorimeters in nonplanar positions,
the triple energy correlation is measured as a threefold
differential quantity. Experimentally it is measured as

1 dz
Oyt @ cosXd cosX,d cosX 3

6
- AX] SillX]AXz SinX2AX3 sinX3

where the meaning of X; and X, is the same as above and
the angle between the momenta of particles b and c lies
between X; and X;+AX;. Since the kinematics is nonpla-
nar, this. quantity is sensitive to four-jet events; two and
three jets do not contribute. Including all the self-
correlations (b =c at X3=0, etc.) in Eq. (2) assures that
the integral of Eq. (2) over the whole allowed X,X1,X3
spaces is one.

Since triple-energy-correlation measurements involve
the determination of at least a twice-differential quantity,
ie,

1 dzplanar
O d cosXd cosX, ’

the most hopeful situation for measuring it is around the
Z° peak. This is why we have included in our calculation
both y and Z° exchanges. A measurement at the Z° peak
is also advantageous from the point of view of fragmenta-
tion corrections and next-to-the-lowest-order QCD correc-
tions, which are much smaller at the Z° peak than at
presently accessible energies. The fragmentation correc-
tion is expected® to decrease as W2 i.e., we get almost a
factor-of-15 suppression. Note that for the usual double
energy correlation the fragmentation correction decreases
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only as 1/ W. II. TRIPLE ENERGY CORRELATION IN THE
The organization of the paper is as follows. In Sec. II NONPLANAR-DETECTOR-POSITION CASE

we discuss the triple energy correlation for general, non-

planar calorimeter positions. Section III deals with the

planar positions and the corresponding O (a;) QCD con- In terms of exclusive cross sections, the triple energy
tributions. Section IV contains a discussion. correlation cross section is defined! as
J
d32 0 N 1 ‘ dNO'
—_— -1(d? S
dQdQ,dQ; N2=2f 1—__-1 Pa) E,\~Yd%p,) - Exy~Ud’y) N
N E,EE
x| 3 T80, —0,)080,—-0,)80;,—0,) |, 3)
: a,b,c=1 W

where dVo/E;~1d%p,) - - - Ex~!(d?py) denotes the exclusive N-particle cross section and Sy is a factor taking into ac-
count phase-space reduction for identical particles. The unit vectors pointing into the directions of the calorimeters will
be denoted by 71,7,,73, with the corresponding solid angles Q,Q,,Q;. Inclusion of the diagonal terms (a =b,a =c, etc.)
assures that the integral of Eq. (3) with respect to any of the solid angles ; reproduces the double energy correlation.

The calculation of the triple energy correlation goes parallel to that of the energy-energy correlation. We shall there-
fore follow Ref. 3. To lowest order in the electroweak interaction, the triple energy correlations are given by an energy-
weighted phase-space integral of a squared amplitude | T |2, with

' 2

: O le=etY| , @

W2_M2+iM,T,

]leocz el Zml 0 <011';|e e ) +{f+ | Fweak |0)

where j4(weak) (:Fy(weak)) is the lepton (hadron) electromagnetic (weak) current, and | f, ) is an arbitrary outgoing ha-
dronic final state that can occur. We rewrite this as

| T | 2«2 l‘alv"<f+ [ Vu|0)+awh(f, | A, |0)+aza#{f, |V, |0)+asa#{f,|A4,]|0)|*, (5

where v# (a“) is the matrix element of the vector (axial-vector) leptonic current and V, (A,) means the hadronic vector
(axial-vector) current. All the coupling constants as well as the ¥ and Z° propagators are 1nc1uded inay...,a, which
are given in Ref. 3 in the standard model, for hadron production through a quark-antiquark pair of flavor f .

As recognized by Brown and Li,? the final state is effectively invariant under charge conjugation, therefore

SO V*|fL){fy|AY|0)=0. ©
f
Moreover, for massless quarks (i.e., much above any quark threshold) we also have for hadron production through one
99 pair ,
SO VEF IS | V0)= (0| 4A*|f ){f4|A¥|0)=VH. ‘ -
! !

Neglecting final state interactions, TCP invariance yields
17 By _ Vvy . (8

Now, we perform the necessary integrations and polarization sums over the final-state variables and multiply by the
necessary energy factors. The final result is denoted by V*". This is again a symmetric tensor depending on W and the
directions 7,7,,73. (In the planar case only 7,7, enter.) Thus, the triple energy correlation is proportional to

Voo™ (| ay |2+ |ay | D +a*a™(|as | *+ | a4 | D) +vFa**(a a3 +aza} ) +atv*™*(alas +a3as)] . 9

The leptonic tensors v*v™, ... are easily calculated and are given, e.g., in Ref. 3. The leptons are taken to be massless,
‘therefore only the space-space part of V enters in Eq. (9). Vj is a symmetric tensor, hence we get the decomposition

VE= A\ PP T+ Ap 3 (FIPSHFFD + A3 3 (PRSP + AP S+ AT PRS- PIPE + AcPiFE (10)
so that in general the six structure functions A4; are sufficient for describing V’*. The 4,’s depend on W and the angles
X1,X2,X3 (where cosX=F ‘F,, cosX,=F}‘F3, cosX3=F,"F3). Since the three detectors are interchangeable, we obtain rela-
tions among the 4;’s:

As(X 1, X2 X3)=A1(X1,X3,X2), Ae(X1,X2,X3)=A1(X3,X2,X}) ,
(11)
A3(X1,X2,X3)=A2(X2,X1,X3), As(X1,X2,X3)=A3(X3,X2,X1) ,
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and
A (X1,X2,X3)=A1(X2,X1,X3), Ax(X1,X2,X3)=A45(X1,X3,X3) . (12)
Putting in all the details we have
d3z

= =WV, F [vp(|aif |2+ |ayr | D) +aiag (| asp | P+ | asp | ) +viak(aya’s +aypaiy)
d0,d 0,40, ?[ k(| aip |+ |azr | P +aiae(|ass | *+ | asy| iak(ayass+aspays

+avg(airays+aspas)l, (13)

where the sum goes over quark flavors.
This expression is rather complicated. However, our purpose is to integrate out over some of the angles, eventually we
want to keep only the X,X,,X; dependences. First, we transform

dQ 1szdQ3 =d C0891d¢1d 00892d¢2d 00863d¢3
to the set of new variables
d cosX1d cosXd cosXzd cos0,d cosO,d ¢ .

(6; and ¢; are polar and azimuthal angles measured in a coordinate system where the e ™ moves along the z axis.) The
result of this variable transformation is not simple, therefore we present only the result integrated over ¢, and normal-
ized to the total cross section calculated to lowest order in o, through ¥ and Z° exchanges:

1 d3
Ot d cosX d cosX,d cosXyd cos6,d cosb,

=877 3 [A,;sin’0;424,(cosX|—cosB; cos,)+2A43(cosX,—cosd; cosbs)+ A4 sinZ0,

03=0;_,0;
. 1
2A5(cosX3—cos6; cos3) + A g sin?0;] ——————
+2A5(cosX3—cosf, cosO3) + Ag sin“0;] AG,.6,0,)
X sin’6y (14)
| (cosXy cosf; —cos0,)A(6,,03,X,) —el + A(6),0,,X NcosX, cosO; —coshs) |
where
—cosX 3(cosX | cosf; —cosB;,) —cosXy(cosX | cosf, —cosO) +A(X ,X2,X3)A(X4,04,6,)
COSO3+(_)= ) ’
sin“X
el  (_y=sgn[+A(X,X2,X3)(cosX | cosf, —cos0,)+ A(X,0,,0,)(cosX3—cosX;cosX,)] ,
(15)

2

A(a, B,y )=(142 cosa cosf3 cosy —cos’a — cos?B—cos?y )72,

A(a,B,y) is real if cosy E[cos(a+B),cos(a—B)] .

This is the condition which ensures that a,,7 (0<a,[3,¥ < 180°) are the sides of a convex spherical triangle. The reality
conditions imposed on the various A’s entering Eqgs. (14) and (15) restrict the possible values of the various angles. Car-
rying out the sum over 6; in Eq. (14) one has to use e/, for the 0; term and el _ for the 6;_ term.

Equation (14) still looks quite complicated, however, its structure is simple. It is important, that initial-state polariza-
tions and weak-interaction parameters (i.e., Z° mass and width and coupling constants) do not appear in Eq. (14). Simi-
lar results are valid for the normalized energy-energy correlations integrated over at least one azimuthal angle.® Integrat-
ing over the remaining 0 angles leads to

1 ds e
Ot dcosX d cosXod cosXs  3A(X1,X2,X3)

where 0 <X; < 180° with the condition A(X,X,,X;)=real. The right-hand side of Eq. (16) is invariant under interchanges
of the calorimeters, as may be checked using Egs. (11) and (12).

The structure functions 4; may be calculated in lowest-order QCD from the known® e e * —g7g7,qqgg cross sec-
tions.” Here we are concerned with the lowest-order QCD calculation for the planar case, when three-jet final states con-
tribute.

(Al+2A2COSX1+2A3COSX2+A4+2A5COSX3+A6) , (16)

III. TRIPLE ENERGY CORRELATION IN THE PLANAR-DETECTOR-POSITION CASE

The analysis of the triple energy correlation in this case goes parallel to that of the nonplanar case. As a consequence
of the planarity the most differential quantity is
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d 2p]anar
dXdX,d cos6,d cosb,dd,
Still we may start the calculation from d 32plana,/d 0,dQ,dQ5, keeping in mind that this quantity contains a 8 function,
ensuring the planarity. The invariant decomposition of Vj; can be written as

1
la |

V= [8\PIF T+ 8,755+ 833 (FIFS+7F 1) +5,8%]

X8 i—[sineg, sin@; cosO, sin(¢, —@3) +sind; sind, cosO, sin(¢3 — P, ) +sinb, sinbd, cosO; sin(Pp, — @)1 | ,

(17)
a =(cosf; —cos0,) sinf; cosd; + (cosf; — cosh; ) sinb, cosd, + (cosd, — cosB3) sind; cosd; ,

where the S;’s depend only on X,X, and W. In a more suggestive form the & function can be rewritten as
8(75+(Fyx¥,)/a), where ¥ x7, denotes the vector product. The symmetry properties of the S;’s are

sin?(X +X)
SI(XI’X2)=_—.——;—_'Z_SI(ZW_XI_XZ:XZ)a So2(X,X2)=81(X,2m—X1—X32) ,
sin“X,
sinX, sin(X;+X3)
. S3(X1,X2)— sin()(1+)(2) [S,(Xz,)(l)—Sl(Xl,Xz)]— SiIle Sl(Xl,Zﬂ—Xl—Xz) s (18)

S4(X1,X2)=S4(X1,21T—X1-—X2)=S4(27T—X1—Xz,X2)=S4(X2,X1) .

In terms of V', d32p1,ma,/d 0,dQ,dQ; is expressed as in Eq. (13). Now, we transform to the variables
dX dX,d cosf,d cos0,d$dB; and integrate over the variables ¢,,60;. The normalized result is again simple, independent
of initial-state polarizations and weak-interaction parameters. It reads as

1 dzp]anar _ 16#2
Ot AX1dXd cosOid cosf, — A(X4,0,,6,

Integrating over the remaining angles, we get the following general form of the normalized planar triple energy correla-
tion:

) [Sl sin291 +Sz Sin202+S3(COSX1 -—00591 C0592)+2S4] . (19)

1 @ 64T (o | ) LS cosk1+3S4), (0<X1,Xo < 180°, 180° < X1 +X; < 360) 20)
Tot dx,dX, 3 1 2 3 1 47 SApAS ’ <X 2 < .

Using Eq. (18) it is easy to see that
1 dzplanar
O dX1dX;
is symmetric under exchange of any two of the angles X,X,X3=360°—X;—X,. On the other hand,
d 3 janar/d cosX1d cosX, is not a completely symmetric function. Equation (20) is again valid for arbitrary initial-state

polarizations and does not depend on weak-interaction parameters. The structure functions S;,S,,S; may be easily cal-
culated from the known e e ¥ —¢gg cross sections in lowest-order QCD with the result

Siy—— B EVEVES : + 2 -

)= = e TS U W _2E (W —2E,) | (W—2E\\W —2E;) | (W—2E, W —2E) |’

(21)
Si(X1,X3)=—(S;+S,+S3cosX;) ,
where a, (W) is the strong coupling constant,
—sin(X1 +X2) SinXZ SinXl

E\=W- N - y Ey=E|———————, E;=E;—; .

! sinX+sinX, —sin(X;+X,) "~ 2 | —sin(X;+Xp) 7 T ZsinX, @2

EE i,E 3 are the energies detected in the calorimeters 1,2,3 lying in the directions 7;,7,,73, respectively. S, and S; may
be obtained using Eq. (18). These expressions of S; determine

dzplanar
dXdX,d cos6,d cos6,dd,

even in the fully polarized case. The normalized and integrated energy correlation is obtained by combining the S;’s as
in Eq. (20). Finally
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1 d3pinar _ 64, (W) 55y 1 E{’+E;’ E\*+Ey? E2+E;?
O AX1dX, 3w VE233 6 | (W —2E (W —2E,) | (W —2E (W —2E;) ' (W —2E,)(W —2E;) |~
23)
A simple check of this result is that the sum rule
—cosX, d 2plan,z\r w dX
o ——pamr L 7 g - 24
f ~1 d cosXd cosX, E3 cosX? d cosX @4

is valid, where dX/d cosX, is the well known energy-energy correlation at lowest-order QCD. The O(«,) result, Eq.
(23), is expected to be a good approximation (provided fragmentation corrections are also added), when the three angles
(X1,X2,X3=360°—X;—X,) among the detectors are away from 0° and 180°. We may assume 8 <X; < 180°—8, with

8~20°-30°. Since we have conditions for all the three angles, this region is quite restricted. Figure 1 shows

1 dzplanar
atot dX]dXZ

as a two-variable function for §=30°. The function is quite smooth, the smallest value is 0.0073, the largest value is
0.0175. If we choose a smaller value for 8, the function will be more sharply peaked at the edges. Obviously for X; =0°

or 180° the O (a;) result diverges.

Following Ref. 8, for comparison we have calculated the planar triple energy correlation in a theory with vector gluons

and scalar quarks. The result is
1 dzplanar _ 32as( W) E12E22E‘32 4

E1E2 COSX[

E1E3 COSX2

Tiot XmdXZ - s W6

T3 (W—2E,)(W—2E,)
4 E;E;cos(X1+X,)

4
" 3 (W —2E,) W —2E,)

(25)

T3 (W_2E, (W —_2E,) |’

where o, is the total cross section for scalar-quark pro-
duction. Although this function looks at first sight quite
different from the spin-half-quark result, numerically the
two functions are very close to each other. For §=30°
they agree within 10%. Thus it would be difficult to dis-
tinguish experimentally QCD from the scalar-quark
theory from a measurement of

RL s
R etstatetecss 1

I

QOO0
ARAOAD
- SXQOODRD
NN stotot s

FIG. 1. Axonometric view of the normalized, planar triple-
energy-correlation function for §=30°". The largest value of the
function is at X;=60°, X,=150% X;=150°, X,=60%
X1=X>2=150°; while the smallest value is at X;=X,=120°. For
X1+X2<180°+48 (a region where the QCD result is not applic-
able) the function has been arbitrarily set equal to zero.

[
1 dz planar

Utot XmdXz )

Similar statements have been made for several other
angle-integrated quantities in Ref. 8.

IV. DISCUSSION

In summary, we have worked out triple energy correla-
tions for high-energy e “e™ annihilation. There are two
kinematical configurations in which triple energy correla-
tions may be studied. The planar case is a measure of
three-jet production, while in the nonplanar case the
four-jet final states contribute.

It is a new feature of the triple energy correlation that it
provides a possibility to study both the three- and four-jet
events. A similar treatment of the usual energy-energy
correlations (i.e., double energy correlations) leads to a
trivial result. In that case the two possible kinematical
configurations are back-to-back directions (#; = —#,) and
717% —F3. The former is sensitive to two-jet events, while
the latter is sensitive to three-jet events. However, in this
case the analog of d3,,,,/dXdX; is the fully integrated
energy-energy correlation, i.e., the total cross section.

The calculation of triple energy correlations has been
carried out for arbitrary initial-state polarizations. It is
important that after normalization with the total cross
section and integrating over at least one azimuthal angle,
initial-state polarization and weak-interaction parameters
(i.e., Z° mass and width and coupling constants) drop out.
This is similar to what happens with the double energy
correlations.?

There is no doubt that measurements of
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1 dzplanar

atot dX ldXZ
will be easier than those of

1 ds
Otot XmdXZdX:; )

The QCD result for the planar case is given by Egs. (22)
and (23). We emphasize that for measuring triple energy
correlations a detailed event-by-event analysis is not re-
quired. This is a common advantage of the whole hierar-
chy of energy-weighted cross sections. We believe that

1 dzplanar
Ot dX1dX;

probes the three-jet final state in a more natural way than
the double energy correlation. In this case all the three
jets figure in the same way, while in the double energy
correlation one of the jets is always integrated over. The
ZO-peak energy region will be a particularly good possibil-
ity for measuring these quantities. At this energy the to-
tal cross section is large, and fragmentation and higher-
order QCD corrections are expected to be small.

APPENDIX

To determine the size of the fragmentation correction
the best method is to perform a complete Monte Carlo
calculation making use of one (or more) of the existing
fragmentation models. While we postpone this to a forth-
coming publication, we present here a simple treatment,

|

dz¥ _[a do_  hi’dhy hy’dhy hs’dhy
dQ,dQ,dQ; ?dQ, hS hd hS
hihhS

W3
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which already determines the energy dependence of the
fragmentation correction. The line of reasoning strictly
follows Ref. 9.

The average number of hadrons, hadron pairs, hadron
triplets produced by a quark moving with three momen-
tum P is given in terms of the functions f;(h;P),
Fo(H,1,;P), and f£5(h ), h,, h3;P), respectively, as

d3h, -
d”=‘—ha_f1(h1;P),
1
) d*hy d*hy, . o
d’n=—1"—5 fa(h,h;P), (26)
1 2
d3n=d3hl d’h, d3h3f(l_l, B Bes)
htl) h(z) hg 3\, Ny, n3pl,

where H,,ﬂz, H3 denote the momenta of the produced
hadrons. By energy-momentum conservation we have the
sum rules!®

hy
[ o kSR B) =p
1

d3h - —
J o B By )=k )1 (B, B) 27)
2

dh, - o o RN

J =5 5B by By B)=(p# —ht —h8)f(B, B B) -
3

In terms of the functions f; we express the contribution of

the g7 final state to the triple energy correlation as

([A1(0 3 B)f2(hy, By —B)+f1(hy; B)fo(h, By —B)

+f1(H3;§)f2(HI:HZ;_§)+f3(H1vH2aH3;§)

+h8(H,—hy)f1(hy;B)f1(hy; —B)+h38(h,—hy)fo(hy, by B)

+h98(h,— N3 fy (hy B)f 1 (hy; —B)+h38(Hy— h3)fo(hs By B)

+h38(h,—h3)f1 (W3 B)f1(hy —B)+h38(H,— h3)f,(Rs, By B)

+h98(h,— h)h38(h,—h3)f 1 (h; B)1+[B——FBl} , (28)

where do/dQ, is the cross section of g7 production. The inclusion of self-correlations in Eq. (28) ensures the normali-

zation condition

[ a0 d’z9 d*z9
3d0,d0,dQ;  d0dQ,’

(29)

where the right-hand side is the gg contribution to the usual double energy correlation. Introduce now® the new func-

tions Fy,F,,F; as
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2 T
Fyn)=—; [ hidhifi(hyB)

2
Fy(my,maX1)= {—2"7] J hi%dnihy2dhy[fo(R) By B)+A08(h —By)f (s B)I, (30)

3
2
F3(11,M2,M3:,X1,X2,X3) = {W] fhlzdhlhzzdh2h32dh3
><[fs(Hl,ﬁz,ﬁs;3)+h?5(ﬁl*Hz)fz(ﬁlyﬁa;ﬁ)
+h98(h,—hy)fo(hy, By B)+h38(H, — Hy)fo (13, By B)

+(h)8(h;—h)8(h,— hs)f1 (BT,
where 7; is the angle between H- and P; and the meaning of X; is as before. The normalization conditions are
f dQ\F(n)=1, fdQZFZ(nlr"Iz:Xl)—Fl("ll fdQ3F3("71"’72,773’X1aX2’X3)—F2(771’772’X1) (31)
In terms of these functions we have

d3zag

1
40,40,40, ° fd de —a L1 q)F(m—m5,m—13,X3) +F 1 (m—01)F2(12,73,X3)

+F(0)Fy(m—m,m—13,X2) + F(m—m3)F(11,13,X2)
+Fy(q3)F o (m—n1,m— 12, X )+ F(m—m3)F2(11,m2,X 1)

+F3(01,M2,M3,X 1,X2X3) +F3(1 — 1, T =12, T—13,X 1,X2,X3)] . (32)

The properties of the functions F,F, have been determined in Ref. 9 under the assumption of scaling, limited transverse
momentum, and no backward production. The properties of F; are determined in a similar way. The results are as fol-
lows. F)(7) has a peak at 7~0 with a height « W? and width « 1/W; while for n>>(h, )/W

Fi()=C{h,)/2aW sin’y,

with C{A, ) constant. When both 7, and 7, are large compared to 1/ W, F,(1;,1,X1) < 1/W?, and it is strongly peaked
when either 7, or 17, becomes very small. Similarly,

F3(n1,m2,m3,X1,X2,X3) < 1/ W3

when all ; are large compared to 1/ W, and it is strongly peaked whenever one 7; becomes very small. The existence of
the peaks for small 7; follows from the normalization conditions (31).

Using the above properties we observe that the integral in Eq. (32) yields nonleading contributions as W— « except
for small angular regions about directions which are aligned either collinearly or antlcollmearly with the detection direc-
tions {2, Q,, or ;. Note that we assume X;50, X;m. Consider, e.g., the region when 7, =0, i.e., Q, =Qy, X1=7
X2=~mn3. We get in this case

1d
3 a0 AT Xur=XoX) [ dQF i) +Fim—xy) [ dQiFstnmaXo)+Fiim—=Xs) [ dQiFsmmXy)
+ [ AR5 X0 Xo X5) ] = S [y — X, Xo X) 4y (7= X)Fy 0) + Fy (= Xa Fy Xy
1
+F2(X17X21X3)] . (33)
Adding up all the other contributions we get the leading contribution '
A2V _ 149 1p XX+ Frlm—XFy )+ Fy (X0 () + Fy (XX )
d0dQ,dQ;  4dQ," *? b 2X3)+Fy(m—X)F 1 (Xy) +F(m—X3)F (X 1)+ F»(X1,X2,X3)]
+'j—_:g [Filr—X)F1(X3)+Fylm—X1,m—X3,X2) +F(m—X3)F (X)) +F5(X,X3,X3)]
2
+ll!"o_[Fﬂ’iT—-Xz)Fl(Xﬂ+F1(7;X3)F1(X2)+F2(7T——X2,1T—X3,X1)+F2(X2,X3,X1)] . (34)

4 dQ;
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Since the arguments of the F; and F, functions which enter Eq. (34) are away from the peaking regions, we can use the
estimates Fy o< 1/W, F, « 1/W? together with the well known expression of do/dQ; to secure the result

1 d3z9 o1
Ot d01dQd Q3 W2

(35)

Similarly to the double-energy-correlation case, Eq. (35) does not imply that at present energies ( W ~30 GeV) the correc-
tion is small. The only point we want to emphasize is the energy dependence of this correction.
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