One-loop Renormalisa
Non-forward Matrix Ele

( Introduction — GPDs

Generalised parton distributions (GPDs) contain
more information about the hadron structure than
the usual structure functions:

transverse structure, orbital angular momentum
carried by quarks and gluons,. . .

GPDs " Garbuion 0
unify parametrisations for large class

of hadronic correlators, e.g. form

factors and distribution functions

combine inclusive, semi-inclusive

and exclusive processes

well-defined QCD objects studied in perturbation
theory (Geyer, Miiller, Robaschik,. . ., Ji, Radyushkin,. . .)
Limited experimental access, e.g.:

ep — epy, ep — eprn T

Need complementary information from lattice QCD
(first results from QCDSF and LHPC/SESAM)

Relate lattice results to continuum by
renormalisation

[ Operator choice and Feynman rules

)

Consider non-forward matrix elements between off-
shell quark states of operators
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In addition spin-dependent and “transversity” ope-
rators: v, — Yu V5, Yu — Opur

Operators O?P and Oguw absent in continuum

Lattice operators at g =~ 0:
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Feynman rule example O(g")
P=@+r)/2.a=p"-p
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( One-loop results Il

Bclover — B(O) + Cow B(l) 4+ Ciw B(2)

1.491
(12127 ( _2'737> 0.368

0 20.618 0

~8.015 4.431
3.306 ( 18.184> —14.852 (_4'302

0 0 0 20.6
0 3.264 0
\ 0 3.264 0

—0.213 0.015
[ 2.022 (_0'686) —0.033 (0'173

0 4.746 0

0
—0.766 1.206
0.333 ( _0.055 ) 2.152 ( 0.970 )
46
0
0

0 0 4.7
—1.441 0
—1.441 0

—0.078 0.035
—0.101 ) —0.029 ( 0.042 )
0

—0.543 0

—0.551 0.371
) —1.707 <0‘116>
43
0
0

0 0 —0.5
1.416 0
1.416 0

( GPDs and non-forward matrix elements )

Use local composite operators with twist 2

(- -+ ): index symmetrisation and trace subtraction
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Calculate non-forward matrix elements (A =p— ', P =

p+'p' )
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Generalised form factors A, B, C' related to moments
of GPDS, €.g. H(x, 5, A2) (E=-n-A,n-p=1):

n—1
1 2 [_2_] 2 : 2
/ [dral T 6 A%) = 5T Ay 5i(AT)(=20)% + Mod(n +1,2)On(A7)(-28)"
B 1=0

Ordinary quark distribution: ¢(z) = lim H(z, €, A%
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(Mixing for 2nd moment of GPDs (and DAs))

Define index combinations

1
Olvvgrsy = 5 (Ovivous + Ovyvguy

+ OV2V11/3 + OV2V3I/1 + OV3V1V2 + Ou3y2yl)
Ollvyvgug)l = Ovivorg — Ovirgug
+ OI/3V1V2 — 01/31/21/1 —2 OV2V3I/1 + 2 OV2V1V3

Olvgrsg)y =  Ovivorg + Ovyvgrg — Ovgrgvg = Ovgrary

Classify operators according to irrep T]il) and given charge

conjugation parity C' (I dimension, k labels inequivalent irreps of same 1)
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An additional operator is zero in one-loop
Operator of lower dimension with different chirality:
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( One-loop results 111

BV (one realisation of the non-forward derivative)
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{O1, Og} mixing problem

In one-loop 1/a contributions to the matrix element of opera-
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1/a mixing absent for clover and overlap fermions
9.

Clover fermion: Mixing of operator O with the lower dimen-
sional operator of opposite chirality Og

One-loop result (multiplicative mixing)
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Need nonperturbative subtraction from matrix element of O,

Overlap fermions: 1/a mixing absent!

| Renormalisation and mixing

Well known: operators in higher moments (two or
more D's) mix: One-loop structure differs from Born
(tree) structure

The mixing operators belong to the same irreducible
representation of H(4) and have identical charge
conjugation parity’

GPDs:

First moment (one D): no mixing, renormalisation
as in forward case

Second moment (two D's:) additional mixing with
operators containing external ordinary derivatives 0's
new compared to forward case

e Renormalisation matrix Z° in scheme S:
OF (1) =3 Zjj,(a, 1) Op(a)
k

e Z° in MOM scheme (A; amputated Green function of
O;)
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9 = Agree + other Dirac structures

e Conversion to the MS scheme:

MS,MOM ,MOM

Z%S(a, @) = sz Z e (a, ) nosummation

zMS,MOM «_ continuum perturbation theory

IM. Géckeler et al., PR D54 (1996) 5705

( One-loop results |

Form of renormalisation matrix
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Summary & outlook

First steps made to renormalise GPDs and DAs in a syste-
matic way

Complete results for Wilson fermions, see?

1-link operators: results as in forward case

2-link operators: One-loop Z-factors obtained for clover®

and overlap* fermions
Results concerning mixing are valid in general

Tadpole/mean field improvement possible (not discussed
here)

Mixing is more complicated than for forward matrix elements

Small mixing for 7-2(4) (three different indices)

No contributions from lower dimensional operators in one
loop

Mixing sizeable for 7'1(8) (two indices equal)

Clover: Additional mixing with a lower dimensional operator,
breakdown of perturbation theory

Overlap: No mixing

favours the use of chiral fermions in future simulations
related to GPDs and DAs

Adding of improved gauge actions to overlap fermions

Is the 3rd moment in the nonforward case feasible having
completely free Lorentz indices?
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