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Topics

DSE modeling of QCD: rainbow-ladder truncation
Extension to valence quark PDFs in pion, kaon

Feynman Integral Representation fo allow more
and faster applications

Euclidean DSE method to get many PDF moments,
and thence the PDFs

Extending DSE form factor approach tfo large Q*
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Lattice-QCD and DSE-based modeling

® Lattice: (O) = [ DgqG O(q,q,G) eS¢
s Euclidean metric, x-space, Monte-Carlo

s |ssues: lattice spacing and vol, sea and valence m,,
fermion Det

s Large time limit = nearest hadronic mass pole

® EOMSs (DSEs): 0 = | DgqG ; () ¢ —S0:4.Gl+(1,9)+(3:n)+(J,G)

s Euclidean metric, p-space, continuum integral egns

s Issues: truncation and phenomenology —not full QCD
s Analtyic contin. = nearest hadronic mass pole

s Can be quick to identify systematics, mechanisms, - - -
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Modern Context for Ladder-Rainbow Kernel
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Summary of light meson results
My—g = 3.5 MeV m; =125MeVatji =1 GeV

Pseudoscalar (PM, Roberts, PRCS56, 3369)

Vector mesons

(PM, Tandy, PRCE0, 055214)

Mp 0770 GeV  0.742

Jojw 0216 GeV  0.207

Mg 0892 GeV 0936

b 0225 GeV 0241

My, 1.020 GeV  1.072

T 0236 GeV  0.259

Strong decay (Jarecke, PM, Tandy, PRCGE7, 035202)
gpmn 6.02 5.4

SoKE 4.64 4.3

grtEn 4.60 41

Radiative decay (PM, nucl-th/0112022)
Epry/Mp 0.74 0.69

oy M 231 207

(gk+ry/mg)" | 083 0.99

(Br+Ey/ME) 1.28 1.19

calc.
-{qq}ﬁ (0236 GeV)®  (0.2417)
My 0.1385GeV  0.138
f 0.0924 GeV  0.0937
My 0.496 GeV 0.4977
fr 0.113 GeV 0.109
Charge radii (PM, Tandy, PRCGE2, 055204)
rz 0.44 fm? 0.45
It 0.34 fm? 0.38
o -0.054 fm’ -0.086
Yy transition (PM, Tandy, PRCE5, 045211)
Sy 0.50 0.50
. 0.42 fm” 0.41
Weak K73 decay  (PM, Ji, PRD&4, 014032)
A.(e3) | 0.028 0.027
INKs) | 76-10°s—1 738
INKs) | 52-108s71 490

Scattering length

(PM, Cotanch, PRD&EG, 116010)

|—-=:I|—-

0.220
0.044
0.038

0170
0.045
0.036

In summary: 3| exptl data
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@ RMS error of 15%
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Quarkonia

| I B

All GeV Mu. | Jne | Mysy | Jaju
expt 2.98 | 0.340 3.09 0.411
calc with A75oms 3.02 | 0.239 3.19 0.198
calc with SPSE(2) | 3.04 | 0.387 | 3.24 | 0.415

All GeV My, Iy M-~ fr

expt 9.4 7 ? | 9.46 | 0.708
calc with 1/7goms 9.6 | 0.244 | 9.65 | 0.210
calc with =P5%(p?) | 9.59 | 0.692 | 9.66 | 0.682

QQ and gQ decay constants too low by 30-50% in constituent mass approximation
Quarkonia decay constants much better for DSE dressed quarks (within 5% of expt.)

IR sector (gluon k below ~ 0.8 GeV) contribute little for bb or cc quarkonia in DSE,
BSEs

QQ states are more point-like than gq or qQ states
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DSE and Lattice results for ), and M,

|GeV |

=== phen. model Maris-Tandy, N=4, PRC60. 055214 (1999)
= Ng=2, CP-Pacs: PRD65, 054505 (2002), PRD70, 074503 (2004)
« N=0,JLQCD: PRD68. 054502 (2003)
« NZ=2,JLQCD: PRD68. 054502 (2003)
S Nf:O, phen. model
« »v» N=3, phen. model
——- N=0, coupled ghost-gluon DSEs input for quark DSE
—— Ng=3. coupled quark-gluon-ghost DSEs
|

|

\ L | 1 | | 1 I
0.2 0.4 0.6 0.8 1 .2
Mps [GeV]
— — — — C.S8.Fischer, PWatson, W.Cassing, PRD, (2005)
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Pion electromagnetic form factor

— Our prediction
VMD p pole

+ CERN ’80s

¢ JLab, 2001

o JLab at 12 GeV
—— pert. QCD

A JlLab, 2006b

¢ JLab, 2006a

PM and Tandy, PRC62,055204 (2000) [nucl-th/0005015]
2006a: V. Tadevosyan et al, [nucl-ex/0607007], 2006b: T. Horn et al, [nucl-ex/0607005]
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Beyond LR

* Deficiencies of ladder-rainbow truncation:
* Axial vector (al, bl) and scalar mesons (L >0) are too light
* This does not bode well for exotic/hybrid hadron states

* Eg, 71-1(1—+) exotic soln of LR-BSE is at 0.9 GeV. Expected to have L >0, so fix
that.

* Craig Roberts & Lei Chang have developed a semi-phenomenological extension of
LR BSE kernel that is a major advance and performs well for L>0 u/d quark
mesons.

* No hadronic decay widths of states--must calc independently

* Any important chiral loop effects have to be added later---(however LR cant be
characterized as quenched either)
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Now Back to Ladder-Rainbow....

PDFs and Form Factors....
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DSE Approach QCD’s Parton Distributions

® Unify DSE treatment of PDFs with other aspects of hadron
structure: masses, decays, charge form factors, transition form

® PDFs have their own blend of hard and soft, perturbative and non-
perturbative, aspects of QCD.

® E.g. (x™): small m ~ F.(Q? =~ 0), large m ~ uv structure of bound state

® (Can a DSE approach to PDFs compete with a lattice-QCD
approach ? Eg, how difficult is it to calculate a lot of moments,
enough to reproduce the distribution!?
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SRRSO ()t ) S el

’, q q
* Drell-Yan data exists 2 - 5
o < 7

* Pion and Kaon/Pion Ratio

* E’:mploy | R DSE model
XS Ijjorken limit fixes quark k" //< >\

'« Covariant formulation, explicitlg integrate: / dk~ I'(k® k- P)

. @ Evolve from model scale via LO DGLAP
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DIS in F)Jorken Kinematic Limit
e / dz 9% (n(P)| T () 34(0) | 7(P)).

Bjorken limit seeks out dominant singularity : z* = 0%

1
3 — +:_ P == 2 ==l s
k+q
q.qu_:2y = z-n=z ~0
71 k
S(k
thtg) = 2(k-n—xP - -n)+ie

DIS is hard & fast,

confinement is soft & slow

%

>\

WHY o {T""(e) — T"(—e€)} = Euclidean model elements can be continued

e el A i P A S FEw S—— AL

v kg
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To Leading Order in OPE

1

ar(x) = 5= [ A\ &P (x()] Gr(an) o r(0) In(P))e

qf(x>_—1/ R L P

(2m)*

An infinite subset of Fock space components
enter via use of LR dressed objects

s —%trcd / T, Su(0)T"(£:X)Su(l) Ty Sa(l — P)

\

So ® i d(k-n—xP-n)=S(¢) I'"(4;x) S(¥)

/

T2(x) =i 6(f-n—xP-n) + -

= b (TP TOIRPN =1 g
JLab Conf 2012 %@3




Valence u,(z) from DSE-BSE solutions

. |
: Valence quarks, han&bagchagram Nguyen, Bashir, Roberts, PCT, arXiv : 1102.2448 (2011).

<+ Data: Conway et al, PRD?9, 92 04— U _
(1989). My = 4.05 GeV : g /"{;' 3 :
= I a | } { \{“\\“ |
' 03 A } { { { | ]
fo=PreviDSE (Phen): Hecht et al, - Fa } ‘ .
PSR 65, 029215 (2001, - i \
—~ . / N
(k% k-P=0)~iyBo(k?)/f2+--- §’> 02 | \\ i |
o B ' \
S ) _ \ i&
L I DSE-BSA, this work 27 GeV” |\ N |
- | ZAtes L ' 0.1 ®  E615 nN Drell-Yan 16.4 GeV’ T\ _|
.’ Large o behavnor. (1 X) - — — — Expt NLO analysis 27 GeV’ \\\ \*\H .
.= — DSE (Hecht er al.) 27 GeV® S\ M
‘=== Aicher et al. 27 GeV* AN\ ]
* T Nguyen, PhD 2010, KSU, 1 == ZZT ° | | AT
" 080 0.2 04 0.6 0.8 1.0

X

- 0 Wijesooriga, Reimeré»Holt, PR
. 06520% (2005)
Momentum Sum Rule: (z)g2 = 0.76

.. e e e ——— e S ———— B = il - T e St T ——— il e —e "A".
e
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ur(x) at large x; pQCD

Scale for PQCD onset i1s
modeL&ePn.

Global DIS fits: o~ 1.5

Const. g models, NJL, clualitg:

a~ 1
PQCD: Farrardackson)
Broclskg, Ezawa, DSEs:

a=2+(Q%)

Full DSE-BSA, q = 4.05 GeV

E615 =N Drell-Yan 4GeV
Hecht, g = 4.05 GeV

fit to DSE (0. = 2.41)
— — fit to Hecht (o = 2.32)
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KENT STATE

High x: Recent Development

Soft Gluon Resummation

=

0.4 | T T T f|lt_E| I % .

I SIS 3 Aicher, Schafer, Vogelsang,

035 - Heoht o al, - | & arXiv:1009.248|
=

0.3 f -
=,
=

0.25 )
E

{:I-E B E
=

015

0.1

0.05 f

{:l 1 1 1 1
0 0.2 0.4 0.6 0.8

X

.'r.'fﬁ-(.‘f-') = Ay x® (1— .'r.')'H (1 + f}“;;-_-ei)

QCD and Dyson-Schwinger survive!
pQCD: xq(x)/ (1x)P =2
DSE: xq(x)/ (1-x)P B 4 1.9

---from Paul Reimer, 3rd Int Workshop on Nucleon Structure at High x
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Nguyen, Bashir, Rob(?rts, PCT, arXiv:1102.2448 {2011).
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Valence PDF Moments in Pion

80 - I I I I I I I I P S
__ e DSE, this work __
5 70 i m DSE, Hecht et al. (2001) ¢ -
< 60 | ¢ E615 data, analysis by WRH (2005) -
= . | — E615 data, analysis by ASV (2010) ¢ -
®
& 50r . ]
A i _
- B _
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s Or . ., s e -
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£ 10k * -
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Quark Distributions in = and K

Evolved to g =4.05 GeV

B I | | I | | I I I | I |

04— —

i xuk(x) (kaon) .
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Environmental depn of u(z) in accordance with effective quark mass

L I

u(z), s(zx) difference in K in accordance with effective quark mass

20
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Environmental Dependence of Valence u(z)
Nguyen, Bashir, Roberts, PCT, arXiv : 1102.2448 (2011).

1 .2 | | | | | | | | | | | | | | | | | | | | | | ]
T :
=" 1 T Z B
0.8 -
u/u_0.6 — — scale invariant
I ®  1-N Drell-Yan, <Q2> =27 GeV’ A N - 1 /
0.4 Q° =27 GeV", Full BSE O
| ——- Q=27GeV’ (I =v,,v.y.P; q.P=0) ]
0.2F =
O | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 0.2 04 0.6 0.8 1

e CERN-SPS data: J. Badier et al, PLB 93, 354 (1980)  (valence is not isolated)

e e
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|arge x Estimate of ‘;K((;‘))

e Approximations : Tk/.(q*) ~ 75 Nk/x / (q® + A%, S(k)~1/(1k+ My)

D

d AaNE D2 st M2
T SN e Dot

= uK(x>=N/OOOdﬂ[

1—x

(@A)
M4

spect

2
a
1 >> any other mass scale = UK /7 (X) X NK/T('

— X

In a covariant and properly regularized formulation, (1—x)? is due totally
to the divergence of the relative momentum argument of both I'k /. (q*)
ie 1 — gluon exchange binding in pQCD

uk (1) Nﬁ My\4 0.3 cf 0.35 from DSE — BSE
ur (1) f?{ (Ms) i
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PD'Fs via dire-mL calcn 'oF momenfs

i 6,
Euclidean, ladder — rainbow : z &

P fol dx x™ q(x) € e

(x™) = JRtr [ (£2) T, (k—L2)Sk)y nSk) I, (k—L)Sk-P)

{ Only trivial analytic continuation needed : (k- n)™ = (—iky + k3)™

Method can easily exceed the Lattice — QCD practical limit : m = 3

1
1+ m

Note point limit : I'; — const = < x™ > =

KENT STATE:! JLab Conf2012  PoaNiss




Feynman Integral Method/Representation

For friangle diagram, need all momentum integral variables to appear in
denominators that are powers of quadratic forms, with necessary finite
powers in numerator

[Could apply to BSE eqn]---see 1960-70s---Perturbation Integral Repn, and
Nakanashi Repn of BSE amplitudes

Here we use it as a convenient fit/representation of existing numerical solns
of DSE for q propagtor, and of BSE for meson BSE ampls.

Momentum integrals done analytically, remaining Feyn parameter integrations
done numerically

Only singularities in the resulting physical quantity are those demanded by
unitarity and physical thresholds from open hadronic decays

Accommodates confining propagators via complex conjugate location of
spectral properties--non-positive spectral densities

Trust in essential content of QFT: analyticity, unitarity, principal mass scales,
causality.....etc.

JLab Conf 2012
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Fit Existing DSE Quark Propagators

S(q) Z

-
2k

( ﬂ(+mk—|_

i +my

)

:IIIIIIIII|IIIIIIIII Frrrrrrrrprrrrrrrerprrrrrrr i prrrrrrrrrprrrrrrrnd IIIIIIIII|IIIIIIIII:
- I e :55{3::{1:#} -
E _."al_. -..ms @ (3cCp) E
= i o (DSE) |3
= - 0 ,(DSE) |
= | 1 Dirac vector ampl =
S -
E 3 . .
= \ Dirac scalar ampl E
§IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII§
1 0 ! 2 3 4 5 6 7 g
pl{Gm'g]

0.5

Similar repns also

e

work for
c-, b-quarks

R - = e .
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Fit Existing BSE Amplitudes, for PDF moments

(k% k.P)=~[iE; +~v - PF; +v- - PGr+]

E.(k* k- P) = kaAQ

1 , 1
Er(k* k- P) = N{ k2 fok-P+A2 k2—ak-P+A2}

< iy 1 | 1
Eﬁ(k27 o P) = N(l 2 k2/>‘2 22 {(k2—|— ik-P+A2)2 " (k2—au;k-P+A?)? }

Similarly Fy (k% k- P)
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Euclidean loop integral, analytic
continuation in external hadron P

EOe P M e fd ek PG

+ [d'k 22— I(k,P,Q), above”threshold”

——M?

Im k?

V)
e Sl T

= e
—
el =

—_
—
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Pion Valence g PDF Moments at q0: Ratio to

1
0.9
0.8
0.7
0.6

<X >/pt 0.5

KENT STATE

0.4
0.3
0.2
0.1

0

I I I I I I I I H
y e—e DSE-BSE w spectator approx —
. =—a Feyn Int Model |
Ve + o0 Feyn Int Model w spectator approx
— \\\.\‘\ e—e Hecht DSE model w spectator approx -
RN o o i
v\ <X > /<x >
- N RN m pt _
N e,
B N . Na ,\'\.\ at model scale q0
N .
| o, e
I I I I I
0 1 2 3 4 5 6 7 8 9 10
m
28

Point
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Euclidean DSEs: Chiral Pion Valence PDF Moments

Running quark masses & photon-quark vertex dressing dont really matter
for the mostly soft PDF

100 X T T T T T T | T | T | T | T F

i &—o ASV 5 GeV i

i =—u DSE-BSE, Trang et al |

1 0-1 - o— DSE, Hecht et al 1

- =~ —u Feyn Int Model (EE,EF,FF), ch lim 1

" i _

<X > r .

-2

10 F E
} a__

10 3 | | | | | | | | | | | | | | | | | | | \T

0) 1 2 3 4 5 6 7 8 9 10

r$"‘"9 '
29 ‘@ﬁ.,
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: <X >/ pt 0.7

T e
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Feyn In’régfal Method: 'Capfure Défails of BSE Ampls

2 .
I k,kP)=yJ[1E +yPF +ykG_+ ]

DSE-BSE at Q,” = (0.245 GeV)’ [F: 1,C, C-m]
14 [ | | | | | | | H
1.2_ HEn=CFn(k)=N/(k +A) —
1.1 e E,F(k,kP)==""QF" —
I

0.9
0.8

0.6
0.5
0.4
0.3
0.2
0.1

° E,F (k' ,kP)=(1+k/n)z ™ QF~

= I ———— e ., il




I (k,kP) FitC-m March2012

¢ DSE-BSE: Q= (0.245 GeV)’

® DSE-BSE: Q° =160 GeV’
® Expt: ASV (2010),Q” = 16.0 GeV~

¢

\ 4
\ 4

m m
<X >n/<X >

pt




Pion electromagnetic form factor

7

A, = (P'+P), F.(Q%) = N, / (;1;‘;4 Tr[[™ ST, ST™ S

JU
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P
-

1

— DSE-BSE (LR: M-T 2001) :
----- VMD p pole -

+ CERN '80s

o JLab at 12 GeV
e JlLab 2000
S
A

JLab 2006 ————————
JLab 2007
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Asymptotic Pion Transition Form Factor
(Brodsky, Lepage...)

J(w
F(Qi,Q3) — 4772f7%{Q§(+()Q§

4 1 ¢ (x
= U Xm—wz((Zx)—l)

dA ¢iXx (0| §(0) v - n 75 q(An) |7(P))

P2V (x) < x(1 —x) A finite size Bethe — Salpeter bound state

LC pQCD (BL) = J(1) =2 [ DSELR = I x 2]

JLab Conf 2012
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v*v* Asymptotic Limit

Lepage and Brodsky, PRD22, 2157 (1980): LC-QCD/OPE =

IIlllIII | l|||ll||

= DSE results
—— VMD dipole

--—— bare vertices
— @3/ Q°




Fit Existing BSE Amplitudes, for pion FF

(k% k.P)=~[iE; +~v - PF; +v- - PGr+]

Er(k* k- P) = kaAQ

1 , 1
Er(k* k- P) = N{ k2 fok-P+A2 k2—ak-P+A2}

< iy 1 | 1
Eﬁ(k27 o P) = N(l 2 k2/>‘2 22 {(k2—|— ik-P+A2)2 " (k2—au;k-P+A?)? }

Similarly Fy (k% k- P)
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Sum oF standard analyfic Feynrﬁan loop integrals

0.5

0.4

0.3

Q° F.(Q°) [GeV’]

=S e ——

KENT STATE

——
p—
-
-
-

— DSE-BSE Prediction (LR: M-T 2000)
----- VMD p pole

+ CERN '80s
— Prelim NON-Prediction [naive uv in T"_fit]

pQCD Asym (BL)

e — P o i

—— o — o e P e

o0
o
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Effect of running‘ quark amp_ls, eg mass fn?
Recall:

Qu-lattice S(p), D(q) mapped to a DSE kernel

S(p) =Z(p)[i ¥+ M(p)]~*

* Old data
+ New ’improved action’ data
— m = 0.168GeV
05 — mq =0.030GeV
— m = 0.225GeV
0.4 — m = 0.055GeV
— m =0.110GeV
> q
< — m_=0.0GeV
03 S
@ T 2.X.
=
0.2
0.1
0
0 4
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Pion Charge Form Factor

— Contact
-- Maris-Tandy

s JLab, 2006
e JLab, 2007

=
o0

=
o

>
)
9,
g :

asympt pQCD

Farrar-Jackson

167f2 ag(Q?)
~ 0.15 at 10 GeV?

F

— 20:(Q%) [gr2p2 | 2]

VMD : F(Q?) ~ M2?/(Q? + M?) — M2?/Q?; M?2>>0.15
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Sum oF standard analyfic Feynrﬁan loop integrals

0.5

0.4

0.3

Q° F.(Q°) [GeV’]

=S e ——

KENT STATE

——
p—
-
-
-

— DSE-BSE Prediction (LR: M-T 2000)
----- VMD p pole

+ CERN '80s
— Prelim NON-Prediction [naive uv in T"_fit]

pQCD Asym (BL)

e — P o i

—— o — o e P e

o0
o
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Summary

DSE-modeling of QCD, PDFs and Form Factors

Unified DSE treatment of PDFs with other aspects of hadron
structure: masses, decays, charge form factors, transition form

Ladder-rainbow truncated, LR modeling of QCD

With no free parameters, u’(x) agrees quite well with Drell-Yan
data

The ratio uk(x)/u,(x) also agrees with Drell-Yan data

Feynman Integral Repn eliminates apparent numerical obstacles
from singularities, all mom integrals evaluated analytically, form
factors in the uv are accessible, retains essential elements of QFT

KENT STATE 4l JLab Conf 2012




Collaborators:

® Craig Roberts, Argonne National Lab
® Adnan Bashir, University of Morelia, Mexico
® Trang Nguyen, PhD thesis, Kent State Univ, Ohio

® Konstantin Khitrin, student, Kent State Univ
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Constraints on Modeling

9

°

o o

Preserve vector WTI, and axial vector WT]
E.Q.
—i P, L5, (k; P) = S_l(k+>%% T 75%5—1“{—)
—2mg(p) Us(k; P)
= kernels of DSE, and Kggg are related
Ladder-rainbow is the simplest implementation

Goldstone Theorem preserved, ps octet masses good,
iIndep of model details

DCSB = 7 F?T(pQ):ifio5 [}ItrSO_l(pQ)] + -

Here, 1-body and 2-body systems are the same
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Quenched lattice = m, Depn of DSE Kernel

"

4mo(q)q
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— V(¢"m=0)*D(q")
V(g’. m)*D(q")

T T TTTTT

T IIIII[I' T lll?lll' T III[II]I

| Illlllll | llllllll | lIIlIIIl | Illlllll 1 llllllll 1 IIIlIIII | IlIIlllI

T IIIIII‘

1 1 IIIllll 1 1 IIIIIII 1 1 |||||l| 1 1 lllllll | | IIIIII
10" 10 10" 10° 10°
q [GeV’]

Bhagwat,Pichowsky,Roberts, Tandy, PRC68, 015203 (2003)
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Pion electromagnetic form factor

— Our prediction
VMD p pole

+ CERN ’80s
e Cornell '70s

PM and Tandy, PRC62,055204 (2000) [nucl-th/0005015]

Weihai 2011 Reiese,




Ladder-Rainbow Model Landau gauge only

® Kpsp — =5 Amaes(q?) Di(q) 7o

> &eﬁ(qz) % <QC]>u:1 GeV — —(240M6V)3 , Incl vertex dressing

1—loop

< Ofeff<q2) U_>_V Qg (q2>
p-k
) ) fw%%
P = P +
o o

k

® P. Maris & P.C. Tandy, PRC60, 055214 (1999)
M,, My, M+ good to 5%, f,, f4, fx+ good to 10%
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Exact Mass Relation for Flavor Non-Singlet PS Mesons

— _— = = — - s —

PCAC = (§(x)a(y) (3, J5, = 2mgJs)) = AV — WTI :

_iP, Ts,(k; P) = S~} (k+P/2) ’y5%+’y5% S~1(k—P/2)—2m, I's(k; P)

i X

. | 1 Pr
Fﬂ'(k7P) P2 _I_ m72r Fﬂ'(k7P) P2 —|—m72r
mg=0: S3l(k)=1ikAo(k?) + Bo(k?)
By (k2 :
e — 0P =0 — GTq . I‘W(kz; ()) = ivs T O( ) + ... le,Goldstone Thm

£

" % ! 2 % ! Fy . i - - 1-
mg#0: = fm;=2mgp;(my) [for all m,, all ps mesons

pps(tr) = —(0[Avs q|ps) - +E<::@}:

Maris, Roberts, PCT, Phys. Lett. B420,267(1998) — —an exact result in QCD

- - = —_— = = —— - e —_—
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Deep Inelastic Lepton Scattering

K 0 Bjorken limit:
________ l/:q-P/M—>oo; _q2:Q2—>OO
q 0 B Q2
— >« <z =55, <1

= L Disc T (v)

Wes —

0! Q B ! B
Web = —(gh — 9" By - PT(CIP)).ST(Q) F,
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High x: Recent Development

Soft Gluon Resummation

. d.’]l dr 9
fo‘Ei.ff} JGZ[ /;u o 9z (1) gy (22)

X Wab (:?r'fl 5‘1 L2, Ta Q/:“)}

" w,, is hard scattering function

"  Resum large logarithmic “soft” gluon contributions which
arise as

5 T1Lo

= Accomplished with combined Mellin and Fourier transform
of the cross section

Aicher, Schifer and Vogelsang, arXiv:1009.2481
= Refit of pion Drell-Yan data

---from Paul Reimer, 3rd Int Workshop on Nucleon Structure at High x
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KENT STATE

Qu-lattice S(p), D(q) mapped to a DSE kernel

S(p) = Z(p)[i p+ M(p)] "

e Old data
l ' ' + New ’improved action’ data
— m = 0.168GeV
05 — m = 0.030GeV
— m = 0.225GeV
04 — m = 0.055GeV
— m_ =0.110GeV
> q
> — m_=0.0GeV
=03 —
3 R
=
0.2
0.1
0
0 4
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