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Forward Compton Amplitude

» The process of virtual scattering on a hadron (we will consider a proton)

> Q2 = —g? - Photon virtuality
> x = ﬁ\f—q - Bjorken scaling variable

> w= % - Inverse Bjorken scaling

variable
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Forward Compton Amplitude

» The process of virtual scattering on a hadron (we will consider a proton)
> Q2 = —g? - Photon virtuality

2
> x = ﬁ;’; - Bjorken scaling variable
» w = l -
X

variable

Inverse Bjorken scaling

Spin-averaged Compton amplitude:

Too(poq) = i / iz €7 p, o (p, S/ |T{Tu(2) T (0)} . )
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Subtraction function

» Compton amplitude can be decomposed into Lorentz invariant structure
functions

_ quqv 2 p-q p-q _I_Q((,u7 Q2)
ke @) = (g + ) T @)+ (= P (oo P ) D)

T1, T are the ‘Compton structure functions’
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Subtraction function

» Compton amplitude can be decomposed into Lorentz invariant structure
functions

quqy 2 p-q pP-q \ Ta(w, Q)
Tanlps0) = (g + %) T 0+ (= 2 ) (o= Pan) P
T1, T are the ‘Compton structure functions’
» T; and T, be related to DIS structure functions F; and F»:

» Recently calculated using Feynman-Hellmann methods (K. U. Can et al.
Phys. Rev. D 102, 114505)

XFl(X7 Q2)
1—x2w? —je
F2(Xa Q2)

1— x2w? —je

1
Ti(w, Q%) — T(0, Q) = 4u? / dx
0

1
To(w, @) = 4w/ dx
0
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XFl(X7 Q2)
1—x2w? —je
F2(Xa Q2)

1— x2w? —je

1
Ti(w, Q%) — T(0, Q) = 4u? / dx
0

1
To(w, @) = 4w/ dx
0

Define: $1(Q?) = T1(0, Q?)

» Inaccessible directly from experiment
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Why do we care?

» Renewed interest;
> F. Hagelstein, V. Pascalutsa arXiv:2010.11898 [hep-ph] (2020)
P J. Gasser, H. Leutwyler, A. Rusetsky Phys. Letters B, Volume 814, (2021)
» |, Caprini Eur. Phys. J. C 81, 309 (2021)

» Although not directly physically measurable provides direct contribution to
physical quantities e.g.
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» Although not directly physically measurable provides direct contribution to
physical quantities e.g.
Proton-Neutron mass difference

» The Cottingham sum rule relates the electromagnetic self-energy dM” to
forward Compton scattering

» The need for a subtraction contribution has long been understood

P P
André Walker-Loud et al. arXiv:1210.7777 [hep-lat]

M, — M, = M"Y + §M™a=md
with SMY = §M® + §M™e 5Pt 1 § et

» Subtraction function contribution is dominating uncertainty
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Muonic-hydrogen Lamb shift

» Corrections of the two-photon exchange contribution to the Lamb shift are

explicitly dependent on the Compton structure functions
k K

> > >
> > »
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» Corrections of the two-photon exchange contribution to the Lamb shift are

explicitly dependent on the Compton structure functions
k K

> >
> > >

’

P p
M.Gorchtein, F.J.lanes-Estrada and A. P. Szczepaniak, Phys. Rev. A87, 052501 (2013)
AE = AEe/ + AEinel + AESubt

» Again the subtraction function is the dominating uncertainty
P> These corrections are needed to extract the proton charge radius
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Muonic-hydrogen Lamb shift

» Corrections of the two-photon exchange contribution to the Lamb shift are

explicitly dependent on the Compton structure functions
k K

> >
- > Ll

p o
M.Gorchtein, F.J.lanes-Estrada and A. P. Szczepaniak, Phys. Rev. A87, 052501 (2013)
AE = AEeI + AEinel + AESubt

» Again the subtraction function is the dominating uncertainty
P> These corrections are needed to extract the proton charge radius

Dominant uncertainties to two precision calculations. A model
independent calculation of the subtraction function is needed.
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Preliminary calculations

Operator product expansion (OPE) predictions of the SUQ2.)
asymptotic behaviour give: 1\ Ylarge

1
Q

Calculating Compton amplitude with appropriate kinematics we can access Si(Q?)

N¢ BxT a[fm] m[GeV] Z, N,
2+1 32°x64 0.074(2) 0.467(12) 0.8611(84) 600 — 10000
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Operator product expansion (OPE) predictions of the
asymptotic behaviour give:

Calculating Compton amplitude with appropriate kinematics we can access Si(Q?)

Sl(learge) X

1

@

N¢ BxT a[fm] m[GeV] Z,

Ner

2+1 32°x64 0.074(2) 0.467(12) 0.8611(84)

600 — 10000

0.0

OPE — BREAKING?

o 2 4 6 10

8
Q2 [GeV?]

12 14

Eddie Sankey

Data from: K.Y. Somfleth, PhD thesis, Uni. of Adelaide (2020)

6/15



Second order Feynman Hellmann

> A weakly coupled external field is introduced to the lattice action, S +— S(\)
» Calculate energy shifts to access matrix elements
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(G)s = / Bxe® T (x()x(0))
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Second order Feynman Hellmann

> A weakly coupled external field is introduced to the lattice action, S +— S(\)
» Calculate energy shifts to access matrix elements

(G)s = / Bxe® T (x()x(0))

)Y G (250 A gazs(,\)
. R N ERCIVAN
equating to second derivative of the spectral decomposition (See K. U. Can et al. Phys. Rev. D 102, 114505
for full derivation with a linear action shift):

9%En,A(P)

2nd order FH:
nd order Iz

A=0 2En

TP, ) + Tun(p —a) | <ga25<x)>
ON2
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2nd order FH:
nd order Iz
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Diagrams introduced through action shift:

In our chosen kinematics p = q, = 0 with p =3

PEAB)|  _ Su@) N <ga25(x)>'

N2

A=0 En o2
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nd order Iz
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Diagrams introduced through action shift:

In our chosen kinematics p = q, = 0 with p =3

linear gction shift — 0
8En,A(P) _ _S(@) N 9025
2% A0 En ON2 '
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Current discretisations

Commonly implemented current “Connected local vector current”
Recall the fermion action

Se=a" " §(n)D(n, m)q(m).

n,men

Introducing the quark bilinear to connected part of the action

“I Previous Local Results

Sk SEN) = SE A (€97 e ) vie(n), 5. F

neA s : F ]
with V,ioc(n) = Z,q9(n)v.q(n).

B

T IR
Q2 [Gev?]
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Recall the fermion action

Se=a" " §(n)D(n, m)q(m).

n,men

Introducing the quark bilinear to connected part of the action

Sk SF(/\) —SF +)\Z (eiq-n + e—icrn) V/ioc(n)’

neN
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“I Previous Local Results
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T
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» Not conserved on the lattice, requires renormalisation factor
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Current discretisations

Commonly implemented current “Connected local vector current”

Recall the fermion action

Se=a" " §(n)D(n, m)q(m).

n,men

Introducing the quark bilinear to connected part of the action

SF N SF(/\) _ SF +)\Z (eiq-n + eficrn) Vplaoc(n)’

neN
with Vi*(n) = Z,§(n)v,q(n).

B

“I Previous Local Results

A1

T
Q2 [Gev?]

» Not conserved on the lattice, requires renormalisation factor

» s this OPE-breaking behaviour a result of our current implementation?
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8/15



Conserved current

To implement a conserved vector current we transform the gauge links:
Un(n) = Un(m)e™®) ~ U, (n)+id(m)AUL(n) + O(X),  6(n) = 9" + o™,
Taking the derivative of our modified Wilson fermion action:

65F /\) 4 Z ld) Vcons + O()\)

for some specified direction p.
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Conserved current results
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Conserved current results
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2
The extra <885/\(2)‘)> needs to be accounted for in order to isolate the
subtraction function.
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Seagull

> T = 62G(n) Cpmen |30 +78) U3 (0)dnm-2 + 3(r = 73 Us(n)Snmz] a(m)
» Can be calculated using regular 3pt methods

o
2 a

g
L

0 Q
0 5 10 15 20 25 30
t/a

» Independent of Q?, only needs to be calculated once!
T,=3.03+£0.17 T4=12.08=+0.12
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Lattice spacing/volumes

» Does this OPE-breaking behaviour survive the continuum limit?
> How sensitive is this to lattice spacing/volume?
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Lattice spacing/volumes

13xT Jy Jé; a[fm]  m.[GeV] Q?[GeV?] Neonf
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Lattice spacing/volumes
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Lattice spacing/volumes
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Lattice spacing/volumes

Some minor evidence of spacing and volume dependence

B Vi 32°x64B=5.50
0.01 B Ve 483x96 f=5.65

Viec 483 x 96 B =5.80
T V323 x64 =550
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{ g
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What is issue?
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Current work

» Feynman-Hellmann methods feature a sum over time-slices

» Leads to temporal contact terms

» Implementing our currents such

that they are ‘interlaced’
temporally

» Reduces OPE-breaking 'ﬂ’
behaviour significantly

» So far has only been applied to
local results

See the poster “Temporal Contact Terms in Lattice Feynman-Hellmann Methods”
- Alec Hannaford-Gunn, for a detailed treatment
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Summary & Outlook
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Summary & Outlook

Summary
> Interested in calculating S;(Q?) using Lattice QCD
» However behaviour is not following OPE predictions

» Investigations into the affect of varying discretisations of the current were
conducted

» The removal of contact terms through a minimal temporal seperation are
showing a reduction in OPE breaking behaviour

Outlook
» Apply interlacing method to full set of current results including conserved
current

» Quantify effect of temporal contact terms and the continuum limit

» Compare structure of S;(Q?) with existing parametrisations

Thank you for listening! Questions?
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