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The Twist Expansion:
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The Cornwall-Norton Moment:

The moment of a structure function is a x-Bjorken weighted integral:

1
an)(QQ):/O drp 2% °Fy(zp, Q%)

The moment can be computed using the momentum-space OPE:
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Leading Moment data for F2: e e e-cus cosoron

Cornwall—Norton Moments
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Puzzle: Where are the power corrections in the moment?
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Cancellation of HIgher TWISt? s e wmsraic-cus cosorion
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TWiSt_4 OperatOr BaSiS (R.L. Jaffe & M. Soldate - Phys. Rev. D V26 No.1)

® At twist-4, a “canonical” basis of operators has been proposed by Jaffe &
Soldate:

® Twist-4 Operators must satisfy three conditions:
a) Totally Symmetric
b) Traceless
c) Contain no contracted derivatives

® The first two conditions project out the highest spin portion of the operator.

® The last condition ensures the basis is not over-complete. These operators can be
eliminated via QCD equations of motion.
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The Operator Basis:

® 14 Operators appear at twist-4, which can be divided into two groups: 6 four-
quark operators, 8 two-quark operators, and pure-gluonic operators:

® Operators of the following form appear at twist-4:

A - QEFD = glpp A d 't d Fpg|[WrA d "2l g]
A . Qi(k) i Mgkfjnq—kw
A . G%k,Z) _ Tr[fajn—k—zfajkfﬁjzfﬁ]
e Notation:

AN-Op=0 AP On s AP =0
d=A-D
fBEFpBAp
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The Complete Set of Operators:

A-Qy o =gPr Ad d*yr P Ad" T2 7* "yp
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The Anomalous Dimension For Twist 4:
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Preliminary Results:
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Concluding Remarks:

e DGLAP evolution equations can be incorporated by leading twist, but there is
no DGLAP analog for higher twist, we expect power corrections to scaling at
lower QN2.

e At twist-4, these scaling violations include involved mixings among many
operators.

e \We hope to extend this analysis to arbitrary spin, employing a technique
called non-local operator renormalization.
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Thanks!
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Kinematics of Deep Inelastic Scattering:

v=F —F'

d?o B Ao
dQdE’  MQA

@ — o0, v— oo } — 2MW1(Q?,v) — Fi(zp,Q°)
i vWo(Q%,v) — Fy(zp, Q%)

Fy(r) = 2zFy(x) = x ) ej(q(e) + ()

0
Wo(Q?, V)COS2g + 21 (@7, V)sin2§}
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Physics on the Light Cone:

DIS corresponds to the kinematic limit: »@° — 00,25 = o=
In this limit, the forward Compton amplitude

T = i / Beei® < plT(J,()Jy(0))]p >

Receives its greatest contributions from the light-cone, where:

22 ~ ()
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Introduction to the OPE:

In general, time ordered products of operators at the same space-time point,
contain singularities:

< O[T (6(2)$(0))[0 >= — () +

g (z2) [Jl(m\/ﬁ) — 1N, (m\/ﬁ)}

g
8#\/?

Wilson hypothesized that this product can be expanded in a basis of operators:

T{J(2)Jy(2)} ~ Ty Syt .. O (z2) 0 (0)

1.../,Ln(

It is useful to systematically organize these operators based on their scaling
behavior
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Twist Expansion

The scaling of operators is controlled by their twist.

Fourier transforming the OPE:

T{J, (%), ()} ~ TS st ... a#C (22O
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“Twist” of an Operator:

To do this, we compare the mass dimension on both sides of the OPE:

T{J,(2) ()} ~ TS’ ... C @)0™ — (0)

k,,ul...,un

1\ 2(2dy) 1\ 2(—ntdetdo)
LHS — (—) RHS — ( >

2 T2

Solving for the dimension of the coefficient function:

L@2d;—1)
1 2
1= ()

We define the “twist” of an operatoras: 7 =dpn — n
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Momentum Sum Rule;

Using Lorentz invariance and gauge invariance, one can write down a general
expression for the hadronic tensor in DIS:

1% Hq” 1% W V?Qz pq 1% pq 1%
w =W1<v,@2><qqg *’”)* 25\42 )(p“‘—qO( S

This expression of the hadronic tensor allows us to relate the forward
Compton amplitude to the structure functions W1 and W2.

21

Monday, May 10, 2010



Operator Scaling:

To determine the behavior of the moments at various values of QA2, one must solve
a Callan-Symanzik equation for the coefficient functions:

0 9\ ~(n) (n) ~(n)
(15093 ) 5" = T

() _ 94 )
Vik _'u@_,ulnzjk
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Light-Cone Backup Slide: & . on B n (Mome Rule
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RGE for Coefficient Functions: DGLAP Equations:

‘1:‘- N %tﬁl:l - 3}) .Jr di |:':':: JI'” dx L {.
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| i
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Leading Twist and DGLAP: Leading Twist and DGLAP:

The scaling behavior of the parten distributions functions in QCD can ba computed by +  Defining the tollowing momants and using the DGLAF aquation:
solving the Dokshitzer-Gribov-Lipatov-Altarelli-Pans (DGLAF) equations. 1
fr(z) = fi(z) - fy(z) — Mg =f dzz" " f; ()
- ) o
l . 4 1 = :d g -
%, —_— Fealz) = 3|1-22 T g':"al - %)  We armive at a diffarential equation for the above mament:
d a,(Q? g P
M, 22" Preglz) ! r )
dlogty ;'. = L[ o I Fy II.'E-J.[ H'Eh"[ -ir, ()
d a,(Q%) [ ds x x -
doga 1@ =" {Pl,hl,[.:],r;[;.ca] .+.R,hu[a:.f_.,|:=.—:g}} & "

atving tha above differemtial eguation 1or the momeant, we armve at the same scaling bahavior tar
e moment as found In the operator analysis. Thus twist 2 s equivalent 1o the DGLAF meaihod.

The DGELAF aquations (n QGO predict the scaling behavior of the FOFS. |s therz 8
comespondence betwaen DGLAF and the twist axpansion? «  However, there Is not DGLAP analog for higher twist. ..

B -
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Summary Of Goals:

Extend our understanding of QCD scaling violations past twist-2 to twist-4, which
Incorporates power corrections to scaling.

Develop a correct theoretical understanding of Higher Twist contributions to the
leading moments of the structure functions.

A proper understanding of HT effects can also inform electroweak observables.
Nuclear effects must be understood before claims of new physics can be made for
NuTeV, as well as future JLAB semi-leptonic experiments.

26

Monday, May 10, 2010



