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TAKEAWAYS

Light cone distribution amplitude (LCDA) important in factorization
theorem for pion electromagnetic form factor.

Heavy-quark Operator Product Expansion (HOPE) — moments of
LCDA.

Preliminary results for (¢*) at range of finite lattice spacings,
twist-suppressions.



FACTORIZATION FOR F,(Q?): 1979

ém(x, pu?): Light Cone Distribution Amplitude (LCDA): Probability
amplitude

Factorization theorem:
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Figure 1: Data from Amendolia et al. (1986), Huber et al. (2008)



CALCULATING THE PioN LCDA

Only ab-initio method to calculate non-perturbative QCD: Lattice
QCD.
Problem: LCDA defined as

(| (z-)vuvsWz—, —z_|p(—2z_)| m(p)) = lpufn/ dee’sP = ¢ (€, 1)
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Consider matrix element
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OVERVIEW OF CALCULATION

Pion LCDA ¢ (&, 4?) important in description of F,(Q?)
Long-range sensitive: non-perturbative.
HOPE method allows for determination of moments:
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OPTIMIZING KINEMATICS

Vi(pq) = K[L+3% (@) 43t () +.), o= 2t
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10 THE
— p=(0,0,0),q=(0,0,1)
O 8- — p= (17070)7 q= (1/27071) COLLABORATION
| — p=(4,0,0),q=(2,0,1)
% 0.61
<)
0.2-/\/_\
0.0




LATTICE DETAILS

BxT a(fm) Ny Ny
243 x 48 0.0813 6500 2
323 x 64 0.0600 4500 3

4
5

40% x 80 0.0502 (O(5000)
483 x 96 0.0407 O(5000)

Quenched approximation with m, = 550 MeV
Wilson-clover fermions with non-perturbatively tuned csw

With clover term, results fully O(a) improved



LATTICE DETAILS

BxT a(fm) Ny Ny
243 x 48 0.0813 6500 2
323 x 64 0.0600 4500 3

4
5

40° x 80 0.0502 (O(5000)
483 x 96 0.0407 O(5000)

Still to come...

Quenched approximation with m, = 550 MeV
Wilson-clover fermions with non-perturbatively tuned csw

With clover term, results fully O(a) improved



MATRIX ELEMENT CALCULATED
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RATIO METHOD

Excited state dependent only on sum &, + &,.

v » Zn B
C; (Les tm; Pes Pm) = R (fe — tm; P, q)ZE((pp)) e~ Ex(P)(tettm)/2 |
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C:f; (e, tm; Pe, Pm) = R (t_; p, q)ZE((pp))e Efr(P)t-s-/Z_*_'”,

Consider two sets of time; (t,, tm) and (2, t,) = (te + 9, bty — 0)

=(e+8)+(tm—0)=te+tm=14
! =(te+8)—(tm—0)=te— bty +25 #
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RATIO METHOD

Construct ratio with fixed £, varying t_ (6 = —1)

G (te = 1, tm + 1;Pe, Pm)
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Need two 1., ie t, and t, — 1
No need for 2-point data!

No renormalization required.
No fr



RATIO METHOD

Construct ratio with fixed #;, varying f_ (6 = —1)
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OPERATOR OPTIMIZATION

Momentum smearing (Bali et al)

Variational analysis:
O (x) = a101(%) + 02(x),  O1(x) = P15, O2(X) = P59
C;ZEVP(te’ Im; Pe, Pm) = C1 Céfzs(t& tm; Pe, Pm)

+ Gy (e, tm; Pe, Pm)



EXCITED STATE CONTAMINATION

ZW() — L e m
_ R¥(te— tn— 2P, q) 3. (p)° EW{1+ ]

R# (te — tm; P, Q) ;E:%)e/fir(pmmm)/z

] f o
0.254 {  GEVP
- t teja=38
T
1‘50.20 }
ERRN
Q P *‘} ;*
0.151
tofa=4(te =3ty +1-))
1
15 20 25 0 —610.0 —7.5 —5.0 —2.5 0.0

ty/a t_/a



EXAMPLE AT FIXED LATTICE SPACING

R(t—a P, q, My, <€2> ) <§2> ; 61) = RHOPE(t—7p7 q, My, <§2> ) <£2>) + O(az)

0.3 1.0
0.81
4 39 .
g % 0.41
I 0.1 o
0.21
00 —10 -5 0 00 —10 -5 0
t_/a t-/a

L/a=24, mgy =2.0 GeV, (£2) =0.17 £ 0.04, (¢*) = 0.07 +£0.02



STATUS OF CALCULATION
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FURTHER WORK & CONCLUSIONS

HOPE can be used to extract Mellin moments.
Introduced ratio method: no renormalzation.
2 lattice spacings, 3 heavy quark masses.

Aim for 2 more lattice spacings + more heavy quark masses to enable
continuum, twist-2 extrapolation.



HIGHER-TWIST / LATTICE ARTIFACTS TRADEOFF
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