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For N particles with equal mass, ting with

§-function interaction of the

same strength, thc&mkkbupﬂuﬂygmud:hunhhwmgtﬁeﬁmdmmy:&;ﬁhmﬁn‘

:gmtguqﬂutumymndhmmdww&uwﬂum

not ch in the

but
ADC+BE. Only distinguishable particles are considered.

L. INTRODUCTION
FOR the one-dimensional N-body problem

He—3 0o+ 2 T doms), (1)
1 i<

with positive or negative ¢, the § matrix was discussed
by McGuire! and by Zinn-Justine and Brezin? (Note
added in proof. K, Hepp kindly informed the author
that F. A. Berezin and V. N, Sushko, Zh. Eksperim. i
Teor. Fiz. 48, 1293 (1965) [English transl.: Soviet
Phys—JETP 21, 865 (1965)] have also discussed this
problem.) We give in this paper a complete explicit
expression for S. Only distinguishable particles are
considered.

2. METHOD

The method used follows that of Sec, 1 of a recent
paper.? We observe that all formulas there are also
applicable to the case ¢<0.

If boundary conditions are not imposed, it is clear
that all solutions of the Schridinger equation are super-
positions of solutions of the type (¥'2). In other words,
Bethe’s hypothesis is proved in such a case.

3. INCOMING AND OUTGOING STATES

To construct scattering states, we need real values of
the p’s. Let us choose them so that

Pr<pa<s <pw. @)

A term in (¥2) that has P=identity penmutation=1,
then, represents an oufgoing wave. [A wave packet con-
structed out of such a term would have the left-most
particle (at X qi) travel with velocity 24;; the second
left-most particle (at X ¢») travel with velocity 2ps, etc.
Thus the wave pawj:et in future movement develops no
collisions, meaning it is an outgoing wave packet.] A

1J. B. McGuire, J. Math. Phys. 5, 622 (1964). This is a very

paper in which by geometrical ion meny of
the results nfthepmtplpuwm obtained.
* K. Brezin an: ijmtme,CnmptRmdAud.Sd.m

€. N, Yang, Phys. Rev, Latters, 19, 1312 (1967), Fo
of this paper will be catied (¥ix) n the préssit papen 0 )

168

are exch d, such as ABC+D£—'

term in (V2) that has P=[N, N~1, .-+, 1]=1 ie,,
the * ” permutation, repmuntu an dncoming
wave,

Now each permutation () represents a definite order-
ing of the coordinates and Tepresents & scattering
channel. A lcattermg state (J; — (o is obtained if there
are only incoming waves in channel Q;:

[0u'3=1, ®
[QL]=0 for @sQ..
In other words,
(Q‘IE")-II (4)

Qler)=0 for Q#Q:.

The amplitudes of the outgoing waves are the elements
of £r. Now Er can be related to £r through repeated use
of (¥2):
b= oV y# g - F g ™8]

KLF Y™ o F @DV [ ¥ gy T (5)
Thus the scattering amplitude for Q;— Q, is

(@151Q9), ()
where 5§ is the right-hand side of (5) with £ deleted.

4. OPERATOR: {ij)

We did not eall the matrix 8’ in (6) the S matrix be-
cause it differs from the usual one in that the labeling of
the columns is not in accordance with the usual rules.
‘This is so because the incoming wave in (;, represented
by the [Q,,0"] term, describes particle Q1 with momen-
tum py, 02 with momentum py—y, etc. Thus the correct
§ matrix is
S=S’[P"‘P(”"”' . ]

=§'[pu][pupu] pupnpa]...[pPN-DN...pH] (7)
If in (7) one explicitly writes ', as given in (5), one
observed thet the sy the ¥'s are the same
as those for the P's, but in reverse order. One now
permutes the last factor P through to just behind the
first factor ¥ 5,*; then the new last factor P** through to
just behind the second factor ¥y, etc. The final
1920
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2.2 NNLO correction to universal anomalous dimension
The final three-loop result ! for the universal anomalous dimension Yani(J) for N = 4 SYM is
_ alN,

(0) 22, (1) a_(2)

W)= 9uili) = UG+ B + E D)+ = T, )

where
PG+ = -8, (10)
%711.’.(”2) = (Sa+85) ~ 25,50 +25, (82 + 5), )

1 . . 3
Gl +2) = 2508 S —285.05 — 35,54 6(S-us + S-32 + S-23) + 245 a100

~12(S-a0a + Soaia Soaan) = (524257385 + S~ 25.31)
~SUBS g+ 8%, 4 4552+ 257 435, — 1283, — 108502+ 165_004)  (12)

and S, = 5,(7), Sap = Sapld), Sape = Sabelj) are harmonic sums

i ] J
S0) = Lo Sul) = XS, Sesanl) = 3 Suelm), (19)

u
m=1 ™M m=1 m=1

a0 = £ EL s ety = 3V, ),
m=l m=]
Feanerli) = (=1) S_anold) 4 Sape(o0) (1= (=1)%) (14)

The expression (14) is defined for all integer values (see [28, 7]) and can be easily analytically
continued to real and complex j values by the method of Refs. [29, 7].

2.3 j — oo limit

In the limit j — oo the AD results (10)-(12) are simplified significantly. Note, that this limit
is related to the study of the asymptotics of structure functions and cross-sections at z — 1
corresponding to the quasi-clastic kinematics of the deep-inelastic ep scattering,

The great interest to this limit comes from the recent formulation of the AdS/CFT corre-
spondence (see Refs. [30, 31, 32] and Section 3).

Using Tqs. (13) and (14), we obtain for the harmonic sums at large j with the accuracy

oG
Sii - 0) = Inj 4y Safoo) = Gy Saafoo) = —16 (15)

5() = G Saalo) = =36 Sauloo) = =265 (16)

!Note, that in an accordance with Ref. [9] our normalization of ¥(j) contains the extra factor ~1/2 in
comparison with the standard normalization (see [1, 2, 3]) and differs by sign in comparison with Vermaseren-
Moch-Vogt ane [10].
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