Higher twist nucleon distribution amplitudes in

Wandzura-Wilczek approximation

I.V. Anikin (JINR, Dubna)
based on I.V.A and A. N. Manashov, Phys. Rev. D 89, 014011 (2014)

January 25, 2014

L.V. Anikin (JINR, Dubna) Higher twist nucleon distribution amplitudes in Wandzura-



We start with definitions of the twist (in a nutshell):

e geometrical twist: T=d —j defined for local quark-gluon
operators.

e collinear twist-t for non-local quark-gluon operators associated
with the behaviour on the light-cone or within the infinite
momentum frame (yr = 2.y with

Zi=NWFn)(nEtr)/b):
t=2=(y
t=3=(yp
t=4=(y_

er)?
vo), (vpyryy),
vo), (Vewgyo) et

+
+

e the light-cone basis: n* =(1/2,07,-1/2),
At =(1/2,07,1/2) with n”? =#*=0and n-/i=1/2.
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Matching:

leading twist-t <= leading twist-7
next-to-leading twist-t <= 7 < next-to-leading twist-t

That is, any “amplitude" can be presented as
(L-twist-t operator) & (NL-twist-t operator) & ....
where
(NL-twist-t operator) > (L-twist-T operator),
or

onl—tw — (aﬁ’*tw) + “genuine higher twist"
ﬁnl tw dEf (aﬁlftw) .
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see, for example, Balitsky-Braun‘88, Ball-Braun'96

o Geometrical twist 2;
=2
b dw0)| =
1 _ — —
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o Geometrical twist 3;
=3
[u-/(xm [x,—x]w(—x)} -
Z o1 e X Sis. e A W(0)Yu Dy - Dy, w(0) =
lsuaﬁc/duuxaaﬁ{ Y(ux)Ys¥s [ux, —ux]y(—u )}—i—

(VGuaxa XY) + (‘I/Guaxa XBY)
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see Efremov-Teryaev'86, Anikin-Teryaev'01

An alternative way to derive the WW-relations (or to extract the
W\W-type contributions) based on the n-independence condition:

i(factorized physical amplitude) =0
dn/g

and the QCD equation of motions.
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Spinor/Twistor Formalism

see, for example, Braun-Manashov,'10

The Dirac bispinors read

_(VYe) _ (oL 5= ot — (vB -
q (zﬁ) —-(¢R>, i=q"%=(x"Va)

where
(0, %) = @k = @r(p) = €72 Pr(0) = Mg,
(3.0) = 0= 0u(p) =& *01(0) = N
N+#.YMSLbut N=¢ME",

with

an arbitrary matrix . € SL(2,C), % =io»
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some definitions

)
(6")gp = (1,8), (6")*F =(1,-8) = (c*)P¢

Using €12 = €'2 = —¢;, = —€'? =1, we have
ua:{iaﬁUﬁ, UQIUB8ﬁa, Ua:I._IBEﬁa, I._Ia28dBL_Iﬁ;

(v) =1, (uv):=u%vg=—ugv%

(uv)* = (v@) and Tav* = —a%vg
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e The y, matrices take the forms

(o (oM, L [0 A
= (lons”™) o= G

and

_ 2.
0 5
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Let us introduce the so-called twistor basis:
0 o 1
(1) 2~ ()
-1 o 0
we (o) 0~ ()

with AgA% = ueu® =0 and (uA) = —(Au) = 1. Within this basic,
we are able to expand the spinors as

Vo =AaV- — oWy Z*=7TA%+% 0%,

P.S.We also remind

1 e~ i9/2 cos @ 1 —e 19/25in 8
a’(9.0)= < e"d’/?sin22 0 Sa?(0,0) = e"‘i’/Qcos22
> 2
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Within the twistor representation, the light-cone basis read

Naa = Aaha, Pas = Pad = Hofls -
The equation of motions for nucleon
myANT(P) =2(P.n)N"(P)  (BN~(P) = myN*(P))

will take the following form

2(p-n)y- = —my(UA)Z+

L.V. Anikin (JINR, Dubna) Higher twist nucleon distribution amplitudes in Wandzura-



Conformal Group and its Collinear Subgroup

see, Braun,Korchemsky,Muller'03

Among the general co-ordinate transformations that conserve
ds? = guv(x)dx*dx" there are the transformations that change
only the scale:

g;/w = w(X)guv
and conserve the angles and the light-cone invariant.
The full conformal algebra in d =4 includes 15 generators:
e P, — 4 translations;
e M,y = 6 Lorentz rotations;
e D=1 dilatation;
o K, =IP,I = 4 special conformal transformations;
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We remind the special conformal transformation (for an arbitrary a):

xu—i—a“x2
1+2a-x+a’x?

Xy =T PIxy =

and the special case is

X_
x =———— where x>=0,a=a,.
1—|—23+'X,

The collinear subgroup generates (®(z) = ®(zn)):

7z = az+b’ ad—bc=1,
cz+d
&'(2) = (cz+d)~ ¢( +d) -2
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Consider now the realization of conformal group. First, we
introduce the raising and lowering operators:

Ly =0L;+iL,,

Lo=5(D+M_), E=z(D-M_4),
where Ly = —iP and L_ =i/2K_. Working with the function
®(z) = ®(zn), we have

[Loy, ®(2)] = —0:9(2) = £, ®(2),
[L_,®(2)] = (220, +2jz)P(z) = L d(2),
Lo, ®(2)] = (20, +J)P(z) = L P(2).

Here, IL; act on the Hilbert space while .Z; — on the field
representation.
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Conformal Tower

Consider the Taylor expansion of ®(z):

zk
®(z) = Z r(k+1)ak ):zk:ckzkﬁk(o),

where

O =[Ly,..[Ly, (0)]..] = —(9)<d(2)

z=0 '

can be referred to the conformal tower.
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Notice that ®(0) is a conformal operator, i.e.

[L—, ®(0)] = 0 and [Lo, ®(0)] = j®(0),
Z[L:,[Ln 0)]] =j(j —1)®(0) = £>®(0).

Moreover, any local composite operator can be specified by a
polynomial:

where 2 (u) = (—u)k.

z=0

0k(0) = Z(9)®(2)
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The s/(2,IR)-algebra can be realized by different representations.
Indeed, we are able to introduce the operators L; acting on the
polynomial space instead .%; acting on the field:

P1(0)2.9(z2) L+ 2(9)®(2)

L], T Y 7=0
That is, we deal with the adjoint representation:
Ly Pi(u) = (u0?+2j0) Pi(v),

E,L@k(u) = (—u)Z(u),
Lo@k(u) (u3+j)32k(u).
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However, the above-mentioned repres., in not convenient one owing
to 2. To avoid the problem, we use the following trick based on
the observation that the derivatives of ® map into the vector space
spanned by |n) (n means the number of derivatives):

_n_ 9"9(0)
M =2 = o))

In other words, we can say that the polynomials z"” determine
completely the structure of the local composite operator &;:

2"(or Z") Z22 9" (0).
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Define the generator operators which act on the polynomials space:

an

W[LJF’ ®(0)] = (n+2/)Z"* = 5. 72",

[G,2°] =

where S| =27+ 720y,
Thus, to summarize we conclude that

o(z) =Y cn{SVI}{o"®(0)}.

P.S. Going over to the most general case, the trivial local conformal
operator ®(0) should be replaced by the local conformal composite
operator 0p,(0) with m— number of (covariant) derivatives:

[L—,0m(0)] =0 and [Lo, Om(0)] = (J + m)Om(0).
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Nucleon DAs

The leading twist DA is defined as
(0|eP* ut (zin)ul (zon)d ¥ (23n)|P) =

1
= ()N} / Dx e TP EXiZ @ (x) .

The integration goes here over the simplex, i.e.

Dx = dX1 dX2 dX3 5(1 —X] — X2 —X3) .
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The nucleon DAs of twist—4, &4, Wy, =4 are defined as
(Ole™ul (21)u (22)d*¥ (25| P) =
1 .
— Z(Hl)mNer/DXe"(p”)):szk Pq(x),
(0eP* uli(z1)u (2)d ¥ (z3)|P) =
— i(ﬂl)mNNL/DXe"(p")szXk Wy(x),
(0l u (z1)u (22)d (z3)|P) =

= Z(;,L?L)mNNi/Dxe_"(p”)szXk =4(x)
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WW term for twist four

To the one loop accuracy , the expansion of nonlocal operators in
terms of local multiplicatively renormalized operators reads

O3(2) = ), amk S Png(2) % OF’,
N.k,q

where d; = (nd) and S; = 51+ + So4+ + S3 1 is the sum of
one-particle generators.
The similar expansion can be written for the twist-4 operator:

O4(z) =Y b SkWng(2) 90X 0"
N.k,q

P.S. Here the coefficients are ayx = (2N +6)/(k!T (2N +6 + k)) and
bnk =T (2N +5)/(k!'T (2N +5+ k))
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Schematically, the local twist-4 operators can be formed by the
following combinations:

(0 RNV VA VA

O~y wy 0Ty ) @y w94y ).

More exactly, we have

= 1
Oy (1) = N+2(Na/1)@/\/q7

t=4,(2) B 1

N+2 t=4,(1
_2N+5'[P“’@’Vq | )(H)D'
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Notice that the non-local twist-4 operator can be expressed as
19,04(Z) = 03(2).
Therefore, we have the following relation:

Y aue Ston(2) 94 08’ = ¥ {bucSvi)() 9% 0f
N k,q N.k,q

by 1k Thu(2)  (=y 9k+1 t=3
+2(N+3)(2N+5)5+w’v+1q(z) %% Ong }

where S, =S, — 7.
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We now derive the recurrent relations:

e for k=0,
VR (2) = on();
o for k=1,
\US\?J)A(E) = (aNl 5+ —bN1[5+—21])¢N(})

_ {5(:11) _2(N+3)21}¢/v(3)-
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Thus, we derive the following expression for the contributions of the
descendants of the twist—3 operators to the light-ray operators
Oa4(2):

0M(2) = ¥ buSH{W{(2) L0 Vi)
N.k,q

+Vi(2) K0 D) ).
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In order to find WM (x), we take the nucleon matrix elements of
both sides of the above-mentioned equation. By definition

1 .
O[O (2)|P) = 3 (1A)mu N, / Dx e IPMEZYGWW (1 0 ).

In its turn, for the matrix elements of the operators Q7 4 (1)( ),
@M‘ (2)(u) one derives
t=4,1), oy _ 1 1 (—=ipn)N ong
<0|@Nq ‘P> - 4(”2’)mNN+ N+2 )
1 (—ipm)N* o
P)=—= N a_.
<0|©N+1q |P) = 8(Hl)mN +(N—|—3)2(2N—|—5)
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After some algebra, one can bring the matrix element to the form

1 .
Z([.Ll)mNNlZr(2N+5)¢Nq/_@)(X2X3 e—’(P")):Zka
Ng

1 1 1 2
X{MPI(V,)q(X) - Mpl(\lj-l,q(x)} ;

where the polynomials P,(\,l.)q(x), P,(\fll o(X) are given by the s/(2)
Fourier transform

k 3 ez(k
PR () = (Wil

Here (x,%) stands for the s/(2) invariant scalar product.
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We now have to express all polynomials in terms of Py, which
enter the expansion for twist—3 nucleon DA, ®3(x). It follows that

Crig Prg(x) = T(2N 4 6) (€XF2%9% [ g )11 -

And, one gets for P,(Vq),

PG (X) = rivg Oy X1 Prig(%)

where ryg = cng/T (2N +6).
Since the generators SJ and S/ (here j is multiindex j = (j1,)2,/3))

are conjugated with respect to the corresponding scalar product,
(V|SLd); = —(S_®|W);, we obtain

P () = g [(2N+5) —xmaxl]xl Prq(x).

where x123 = x1 + xo + x3.
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Finally, we derive the following expression

CngPg
v = _qu(/\/+g)(/,\v/+3)

X [N 42 — 9] x1 X2%3 Ppyg (32, X1, X3)
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