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Factorization in exclusive processes

Elastic scattering eM (P) — eM (P'), M = m, K = E-M form factors
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Lattice QCD setup

2+1 flavor HISQ (HotQCD) lattices, pions boosted along the z-direction

HYP smeared clover action for valence quarks, m** ~ 300 MeV
64%, a = 0.04 fm, P = 3 GeV

64*, a = 0.076 fm, m, = 140 MeV, P™%* = 2.3GeV

o H(t) 4
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Boosted sources (Bali et al, PRD 93 (“16) 094515 ) with Gaussian
size rg in Coulomb gauge ts
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Form factor

Cspt(P1, P 7, t5) = (Ms(P7,t,)0,, (1) MI (P, 0)) H(0) |

Near Breit frame

ME = lim  R(7,ts), RTt ~ 3pt kinematics Py = —P;
ts—00,T—+00 2pt
Meson DA
Cpt_spht (Pi, ts) — <O’75 73( ) M| f (PZ ())> Iso-vector, no disconnected

diagrams for the pion

Or(2) = |u(z)IT'W (z,0)u(0) — d(z)IT'W (z,0)d(0)

Extrapolation is done using 2 and 3 exp. Fits with energy levels from 2pt functions
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Meson DA matrix elements
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Moments of meson distribution amplitudes

Start with quasi-DA iP, H® (z - P,, 2%, 1) = (0|04, (2, )| M; P) and use short
distance factorization:
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Renormalization and meson quasi-DA in x-space

Co(z, 1)/ Co(z — a, p)
hB(z,0,a)/hB(z — a,0,a)

Hybrid scheme: adm =In

renormalon ambiguity when matching lattice scheme to M S scheme
= Leading Renormalon Resummation (LRR):
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Renormalization Group Resummation (RGR)
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Renormalization and meson quasi-DA in x-space
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Results on quasi-DA in x-space
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Meson distribution amplitude from x-space matching
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Threshold logs for x — vy
C(z,y, u, Py) —2% Hga:Pz,i:Pz,u) ® {(|x —y|P., 1) + O((y — x)°).
Sudakov factor Jet function Holligan et al, NPB 993 (°23)116282

Sudakov factor and Jet function satisfy RG equation with known I'***P, v¢ and
~v; = by solving these RG equations and mathcing to the NLO result we resum
the threshold logarithms
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Meson distribution amplitude from x-space matching
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Moments of meson DAs and transition form-factor
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Pion and kaon form factor at large momentum transfer
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Pion and kaon form factor at large momentum transfer

H.-T. Ding, X. Gao, A.D. Hanlon, S. Mukherjee, PP, P. Scior, Q1 Shi, S. Syritsyn, R. Zhang, Y.
Zhao, arXi1v:24.04.04412
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* The lattice results are compatible with DSE and VDM model, BSE calculations tend to be on
the low side compared to the lattice data for O >3 GeV?

* Collinear pQCD factorization approach with lattice DA can explain the high Q2 lattice results
on the form factors => verification of QCD factorization in exclusive processes

* pQCD kr factorization approach with higher twist contributions seems to overpredict the

kaon form factor but works for pion form factor
13



Summary

« The x-dependence of pion and kaon DA can be from the lattice using LaMET
combined with short distance factorization

« The pion DA is very different from the asymptotic regime or flat form and leads
to pion transition form factors that agrees with newest results from Belle

« Pion and kaon form factor have been studied at large momentum transfer

using lattice QCD providing predictions for Jlab and EIC meson programs; Within
errors lattice QCD results agree with NNLO results in collinear factorization scheme
with DA obtained from lattice QCD

« pQCD k; factorization approach with higher twist contributions overpredicts the
kaon form factor
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BACK-UP Slides
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(z?) = 0.2848(52)(71),
(z*) = 0.124(11)(20).

Very different from asymptotic values:
(z?) = 0.2 and (z?) = 0.0857

or flat DA (¢(z) = 1/2):

(x?) = 1/3 and (2?) = 0.2

Results are cross-checked with conformal OPE

as = 0.227(18)(23), a4 = —0.16(13)(30) =
same Mellin moments
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Pion distribution amplitude

o X. Gao, A.D. Hanlon, N. Karthik, S.
Conformal OPE inspired fit form z = 2u — 1 Mukherjee, PP, P. Scior, S. Syritsyn, Y. Zhao,

Ng+1 . PRD 106 (‘22) 074505

d(u) = Nu®(1 —u)® Z sn,C2 (1= 2u), so=1 |sn| <8, n>0
n=0

1.6 ir
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1 2 3 1 o 6
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u

P(x) = (%) = 0.2845(44)(58), (z*) = 0.1497(50)(38)

Agreement with direct fits of moments .



Back-up: perturbative convergence at small z
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Pion form factor

Form factors are sensitive to the light quark masses

64*, a = 0.076 fm, m, = 140 MeV, P, ~ 2GeV

Colangelo et, al 18 1.8} Colangelo et, al 18 ‘
I CERN I CERN i |||||
t Fyr collaboration 16L ¢ a=0.076 fm ||||||q

{ a=0.076 fm

0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.1 0.3 0.4

0.2
Q?(GeV?) Q?(GeV?)
Lattice and experimental results on the pion form factor agree

Lattice results also agree with the results of the dispersive analysis of the time-

like pion form factor ¢ ).101e0, Hofferichter, Stoffer, JHEP 02 (2019) 006

The monopole Ansatz F(Q?) = (1 +Q*/M?)~1, M ~ 0.8 GeV works well
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Pion form factor (con’t)

Pion charge radius: (r2) = _GdF”—((’f)\ (r2) = 6/M? for monopole fit
. TW = dQQ Q2:0 T
6(1/F.(Q%) —1) .
The effective radius r? If (Q?) = 1/ gz )~ 1) is constant for all Q2
monopole Ansatz works for extended () range
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& il S '
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%0 02 o4 ofg 0.8 , 10 12 14 0.0, 5 10 15 >0 >5
Q< (GeV~) Q2/m?

Pion form factor is very sensitive to the quark mass

(r2) = 0.42(2) fm?  (monopole fit, z-expansion) (r2)ppc = 0.434(5) fm?
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