Evolution equations of twist-3 parton
distributions

PRD 80 (2009) 114002 (Braun, Manashov, BP)

Bjorn Pirnay
Universitdt Regensburg

April 2011

Evolution equations of twist-3 parton distributions Bjorn Pirnay



Introduction

Relevant twist-3 operators

Tu(z) =& E](zl)Fu+(22)’y+q(z3)
AT,(2) = gq(z1)Fus+(22)iv4759(23)

Twist-3 correlation function
(P,sT|3" T, (2)|P,sT) ~ /Dx e P2 zixi Tarq(x1, X2, x3)
(P, sT|s"AT,(2)|P,sT) ~ /Dx e P+ 217X AT p(x1, X2, X3)

where ¥ = —e"P7s,n,h, and n, 7 light-like, (nf) = 1.

1
/Dx = / dxydxpdxs 0(x1 + x2 + x3)
1
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Introduction

The relevant operators have a representation in terms of
“quasipartonic” operators

§-T(2),s- AT(z) € span {¢1(21) ® ¢2(22) ® P3(z3)}
with
¢i € {Vr i, Xps Xos Frr Pt |
eg.
§-T(2) ~ ¥ (21) i (22) 004 (23) + .

“Quasipartonic”:
e Twist = number of fields.

e Closed under renormalization.
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Introduction

Scale dependence at one-loop level (schematically)

d Qs
Md_u T(z,p) = ~5 (le + Hos + H31> T(z, p)

e Only two-particle renormalization kernels required!

e Two-particle kernels are known
Bukhvostov, Frolov, Lipatov, Kuraev, NPB 258 (1985) 601
Braun, Manashov, Rohrwild NPB 807 (2009) 89
o Conformal symmetry of QCD: Hj; are SL(2, R)-invariant
operators.
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BFLK

Only a few non-trivial building blocks possible
1 ' da —2j1—1, _(_a —2j,—1 o
[7'1@](21722):/0 ?[280(21,22)_@]1 o(zfh, 22) — a2 Y p(z1, 251
1
[Hel(ar,2) = | doa 1o (e o)
1 @
(M Az ) = [ da [ a2 (e 25)
o+ ! a —2ji—272p—2 AP a B
(el z) = [ da [ dpa2ino? (22) (e, 25)
0 0 af
1 1
M el(z1, 22) = / da [ 5252 o(a 25)
[Hi (P] 21722 / dad 2k 1 1‘)0(2{12722)

Notation: @ =1 — o, z{5 = az1 + az.
Quarks: j=1 Gluons: j =3/2
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Non-singlet Singlet

[ [ X1(z1) ® X2(22) [ HX; ® Xo]

A RS A e | M Izﬂ[ — 20q] X 1) ® X2(2)
| VIR [ X 5 X
. . i ,,1,,552, [’H HE - 2aq}x1(zl) @ X3 ()
B Y+ @ Y+, X+ @ X+ —at ,Hd (21, 22)
—2izp{(e7?) [HT + AT + 21T} () © P ()
c F, ® P, 2, ® Xt —2(rb, @) A [A—oq—ag] X7 (1) ® X7 (22)
P, ®%s, I @ xe 2 )y Prat &0 X7 (21) @ X7 (22)
D L ®Py, 1y ® X4, -2 /®f )[ —2H+—Uq_ag] X7 (z1) ® X7 (22)
';1 ® Yy, F2, ® x4t a7 t )”,H X7 (1) ®X "(2)
E fLoeff, L offy —2th,t8) [H - 2"4 X () @ X (22)
. oL, —2(t, tcc,)[ —aHt — 271‘r - 204 7 (21) @ 7, (22)
+12(¢2 0 yH T fi+(21)® ( 2)
+2 21 Py — Pac] (1 - 6’Hd) (2, 21)

Table of BFLK kernels.
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BFLK

Simple example

e Consider matrix element
o(z1,22) = (Pl (21)+(22) |P) s
e Evolution
9 (71 2) = 25— M — 3/2)p(21, )
Mdu¢1a2—2ﬂ_F w\Z1, 22

DGLAP-equation

H=2Cr <¢(J12 + 1)+ Y(dp — 1) — 2y — g)

J12 <> SL(2) Casimir operator.
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Strategy

e Apply this formalism to products of three fields,
Tgrq(x1, X2, x3) etc. — arbitrary momentum fractions.
e Compare with soft-gluon pole projected equations.

Z. B. Kang, J. W. Qiu, Phys. Rev. D 79 (2009) 016003
W. Vogelsang, F. Yuan, arXiv:0904.0410 [hep-ph]
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¢ Constraints/support:
o x; €[-1,1]
e x3+x+x3=0.
o Separating lines correspond to SGP and SFP configurations.

2+(13)~

(23)t1~ (12)*3~

3t(12)” 17(23)~

(13)*t2~

(12)+3_ ix1 >0, >0,x3 <0
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Evolution: ,u% Tarq(x) = —5= <H12 + Hos + H31) TaFq(x)
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Evolution, flavor non-singlet

”d% Tara(x) = == | (H + PuHPs ) Targ(x) + (H = PuaHPxs ) ATarg(x)|

“Hamiltonian”

~ ~ 1 A G _
H = N, (Hu o+ Flos — 2H1+2) - (H13 — M - P + 2%12) —3Cr

(=

Explicit expressions in momentum space are very long — PRD 80
(2009) 114002
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Non-singlet

Soft gluon pole, xo — 0, x3 = —x; = x

d s 1de
P T ) = “;{ / T {qumn,p(s,a)
Ne (14 2)Tg F(x, &) — 22)Tg r (&,
b (( +2)Tq,r ( 5)1_(11+ )Tq,F (£ €) 7TM’F(X!£)>]

1 f1de
= NeTo )+ g [ S [0 = 20T o x = ©) = Tag o x = )] } ,

. z=x/¢
b q,F(X7Y): Tc_]Fq(_.y7.y_X7X)
Red terms are missing in PRD 79 (2009) 016003, arXiv:0904.0410.
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Non-singlet

Non-diagonal term,

2_l1\lc fxl %[(1 —22)Tqr(x,x = &) — Taqr(x. x —&)]

1 2 3

[

S

S

[®

(e,

(&,

(e,

[®,

(e,

e,

(o,

e,

&

Xx1>0, x2<0, x3>I

2 1 3

“Exchange diagram”, mixing of different regions
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Non-singlet

Diagonal term, —N.7, r(x, x)

Large x
d as (1 d€ nso1
/’Ld_ﬂﬂ,f:(xax) — ?5 i ?P(LF’ - (Z)%,F(€7€)
SSA
NS,z—1 1 3 ] .
Pq,F (Z):2CF m++15(1—2) —Nc()(].*Z)

Twist-2 structure function Fi(x, @?)

1 3

NS,z—1 _ 2 _
Pgyq (z) =2CF —(1_2)++ 4(5(1 z)
Pol. structure function g(x, Q?)
NS,z—1/_\ _ 1 351 - _Nesq
P,, (z) =2CF (1_2)+—|— 4(5(1 z) 5 o(1—2z2)
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Non-singlet

Results in suppression of twist-3 function

Tar(x,x, Q%) /Fi(x, Q%) N(M

)2Nc/b0
as(to)

g2t3(X’ Qz)/Fl(x, Qz) N( as(Q) )N‘/b‘)
4

N

Spectrum of anomalous dimensions.
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Evolution, flavor singlet

e Flavor singlet: mixing with 3-gluon operators.é_%

e Change of basis
&E(z) = & [sj(z) + P135;(z)}

S, (2) = ga(21) [Fos (22) £ inFpi(22)] 71 q(23)

.Fi(z) = 2gCibC§p(1 F Py3 £ P12)F_f_’y(21)/:£p(22)FiV(Z:g)
Cibc — I-fabc7 Cibc — dabc

e Evolution

v (7)== (52 5) (%)
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Singlet

d (&* as (Hoo Hgp) (67
o (7 ) =5 (e s
du \F dr \Hpy Hge ) \F

Hamiltonians

Héo = Hus + 4nsHis Heoq = Hus

HE: = N, [7:{12 + Flos + Ha — 4(Hin + His
— 2(Fs + ks % 6(Ha + M) - o

H??EF = —infzi3 [’HE +HGF 27{1_3]

Hig = iNe(1 — /323;);13 [27{1*3P13 + 1] Mo

2_
o = M4

1
(1+ Px)— [2H1+3P13 - 1]
Z13
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Singlet

Evolution, 3-gluon, SGP

T; ~ (1 + P13)F:t,

d asNe 1 d¢ _ z
o TE ) = == <—T§(x7x) +/X ?{Zng(z)T?(a,o 1 [T - T E 9

—-2) (o4 2) TEE O+ 2 [TE ) - ATE (. 0)]

1
F 0= 2[TECox— 8 = ATF (o x — 8)]

ar %Aipgq(z) [Tq,F(fa &)+ Tq,F(_57 —f)} }>

Analogous disagreement with PRD 79 (2009) 016003 as in flavor
non-singlet case.
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Summary and outlook

o BFLK-type formalism is very powerful, can be applied to
operators up to twist-4.

e Neither SGP nor SFP evolution is autonomous. Complete
“hexagonal” evolution required.

e Dynamical models needed for the correlation functions
(partially done).
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