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Motivation and general strategy

W.Detmold and CJDL, Phys.Rev.D73, 014501 (2006) [hep-lat/0507007]



Parton distribution from lattice QCD

The “traditional” approach

Hadronic tensor
Wg"(p,q) = /d4xeiq'“3<p75| S (2), JY(0)] |p, S)

(optical theorem ) § (" Imaginary part)/'\—*CCha”eﬂgiﬂg in Euclidean QCD)

14 (pa) = [ d'oe™ (5.5 T (7" (@) (0)] Ip.S)

Light-cone OPE

T[J*(x)JY(0)] = ZCZ- (2%, 1) Ty -y, O H (1)
(Iooal operators, issue of operator mixing) (Ieading moments in practii-e_b

\» CPower divergences arising from Lorentz symmetry breaking)




Introducing the valence heavy quark

- Valence —m= not in the action.

» The “heavy quark™ 1s relativistic.

\*Cpropagatmg in both space and tlme)

» The current for computing the even moments of the PDF
T (@) = W(x)y"(z) + ¢ (2)y" ¥ (x)

’ CEucIidean Compton tensoD
T4, (p,0) = > (p, S|t (@)Ip, ) =) / d*z e (p, S|T {Jq”}ﬂp(w)%,w(@)} p, S)
S
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Strategy for extracting the moments

-

=

T4 (p,q) = ) (p,S|th,

S

T o) = Ty (@) + D)y ()
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Simple renormalisation for quark bilinears.

- Work with the hierarchy of scales

1 . .
AQep K my ~ \/@? K - = CNeed very fine Iatt|069
a

- Extrapolate Ty",(p,q) to the continuum limit first.

—=— Then match to the Euclidean OPE results.
—=— Extract the moments without power divergence.



Euclidean OPE and valence heavy quark

(These are the leading-twist contributions that we are afteD

! !

Geading twist, absent in Ty, = Ty, — T&,‘ZD Qeading and higher twisD

@igher twist, absenD




[Lattice OPE and structure functions

W.Detmold and CJDL, Phys.Rev.D73, 014501 (2006) [hep-lat/0507007]



Key features of the Euclidean OPE

5

—i(Ip )+ my —ﬂf + my o
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CStandard way to proceed, just like the Minkowskian case)
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(physical) (in principle can fit) <—/




Results for structure function

Simplifying via choosing » = (0,0,0,4 M) & ¢=(0,0,/q5 — Q2,7 qo)
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Results for f(n)
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Lattice OPE
and the pion light-cone wavetunction

W.Detmold, CJDL, S.Mondal, work in progress



Pion light-cone wavefunction

Important input for flavour physics

(7t (p)|a(z/2)v579d(~2/2)[0) = —ip,fx / de (&5 —605) ¢ (¢)
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Lattice OPE, VV type setup

Vi = OV + 7"
Vi .y = Uy + Ppy¥ U

(" | N
UL 0) = [ i e (wt )TV, @)V, )0

1 and v anti-symmetrised

\_ )




Lattice OPE, VV type result

[For simplicity, set the Wilson coefficients to unity)

U[/W] — i Cn+1anf7r
n—+1

2nC2 (n) (p[“q”])]




Lattice OPE, VA type setup

(d =q+p]

Vi oy = Uy + gy
Ay = UV + Pty

| )
S (p.q) = / diz e 0%+ ()| TV, (2) A%, (0)][0)

d trised
L 1 and v symmetrise y




Lattice OPE, VA type result
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(Extremely) exploratory numerical result

W.Detmold, CJDL, S.Mondal, work in progress



The correlators

ﬁm‘ 1 ﬁe Y

Euclidean time Euclidean time
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Extracting the VV and VA matrix elements
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Simulation details

testing our approach with fine quenched lattices

* |n this talk: exploratory study with 24 configs:
a1l ~2GeV, L3 xT =243 x 48.

my ~ 1.1 GeV, M, ~ 370 GeV.
* Available (~200 each) configs at L = 32,48, 64, 96.

—=— (Cut-off scale as high as 8 GeV.



VA type, “diagonal”

= £ 3 s % 5 85 1 3
|E___ _ TTTT _ _..E_ _ —___._._._u_ll . H_________________________________________________________I
| _|.|
n I lo—] i N _
— b r. —{ o B H
W e - N P
b M q<e [ 1]
B % i — o —
ITI nm N _
A —o o ~
- pE - — o —
> i i
B 111 _ M _ H | _ __=._._._|_I| < H:__________ﬂ_________________________________________H
(111="d"2) "IN
I_“_ _.________ | ________ | ________ | ________ | ________ | ________ | ________ |
| “ ®
- —e— | o S — AN N T n
0O O\ — o o =
- _lo, “ o __e __e __e __e __e __e __e __e
i o | o ol P P P P P P PP
| lo—to-| el ¢o e o o o o °
-y Teetel s Feifie
- o of teijeited]| f-oi—H-e | -
L e e e e jof o todllod - v b ool e s s a —
. o (o] [of (8  [ot{oto— .
= of o o o  |etete— —
. o o o o fetele] -
= 8o e fedete —
. _ ¥ _: b __._ l Lo+
= S S S = g S =
000="d‘T11="d"2-1=0) ¢ y

34 5 6 7 8 9 10 11

12 14

10



000)]

m

111, P

€

(P

Re[R'"?

3t >71

m

€

0.01

0.001

0.0001

1le-05

1e-06

1e-07

1e-08

1e-09

le-10

VA type, symmetric

o T-=
T =10
c

° ’Ce=11

| IIIIIII| | [T T TTTTIT

-

10

000)]

m

111, P

’ce>1:m (Pe

DIEN

Re[R'"*! .

0.0004

0.00036

0.00032

0.00028

0.00024

0.0002

0.00016

0.00012

8e-05

4e-05

o T-=
T =10
c

° ’Ee=11

IIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII| TTTTITTITITTTTTTTd

E
i
Iy

)
(\&]
@)}



111, P_=100)]

e

(P

Re[ R

3.1 >1

0.001

0.0001

le-05

le-06

le-07

1e-08

1e-09

VV type, anti-symmetric

° ’Ce=10
° ’Ce=11

m

111, P_=100)]

T >’Cm(Pe

DIEN

Re| R[12]3

8e-05

6e-05

4e-05

2e-05

| o T=10 L e I
| @ ’Cezll _
: o :
- 1 e .
g | :
— - [ ; L I -
0 2 6 8 10
T



Outlook

* Finishing the quenched numerical study of the pion
LC wavefunction.

* Parton distribution of the pion.

e Parton distribution of the nucleon.



Backup slides

W.Detmold, CJDL, S.Mondal, work in progress



Behaviour of the 3-point function
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Behaviour of the 3-point function

Te > Ty >> 0
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