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https://indico.jlab.org/event/878/contributions/15260/attachments/11689/18162/axial_ff_from_minerva_v2.pdf
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Neutrino Oscillation
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[HyperK]
Neutrino oscillation: v spontaneously change flavor 7 ‘ Hyper-Kamiokande

Parameters of oscillation not completely known

= dcp?, m3 >my2?

Upcoming flagship accelerator experiments
— DUNE, HyperK
=—> Measure oscillation probability
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https://www.hyperk.org/
https://www.dunescience.org/

Measuring Oscillation Probability

Flux Cross Section

(I)<Eu)
E,

Nevent = fbin dE, ‘P(EV)O'(EU)

Nevent

E,
Event Rate

Broad flux & distribution of event E,
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Measuring Oscillation Probability

Cross Section Oscillation Probability

Flux
5 5 {
= Y o
E, i / E, E,
N(A;(u‘ Dete{-t’()r /
Nevent = [, dBy ®(E,)o(Ey) [ x P(L/E,)]
(o D},‘TE”( far detector only
~ [ _Nevent[FAR]
[P(L/E”)] bin [ NeventiNEARr] ]bin

Event Rate
Broad flux & distribution of event E,

far/near = oscillation probability, assuming we can get F, dependence correct...
6/ 29
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Neutrino Event Topologies

“Large” nucleus (A > 10)
= more nucleons to interact with

— target material = detector

Nuclear environment complicates measurements:
» Many allowed kinematic channels
» Reinteractions within nucleus

» Only final state particles are observable

Cannot isolate F, event-by-event
—> F, reconstructed from Monte Carlo distributions

— need precise & accurate nuclear models
built with nucleon amplitudes
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Neutrino Cross Sections from Elementary Targets

v, flux [arb.unit]
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Quasielastic is lowest E,, simplest =—> most important

Question:

How well do we know free nucleon quasielastic cross section from elementary target sources?
Three main sources:

» Hydrogen scattering » Deuterium scattering » Lattice QCD
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https://inspirehep.net/literature/1236362
https://inspirehep.net/literature/1672899
https://inspirehep.net/literature/1410824

Deuterium Fits
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Quasielastic Scattering

Vu
d
Mceqe ~ T |ve)(pl Tuln) =57 ~ [Macqel?

Prl(Vu — Au)lnp)

— | WF(@) + mowd B

n + s Fa(Q?) +ﬁQu’Y5FP(Q2) }U;n)

Simplest topology, lowest E,, — nucleon scatters elastically with neutrino

Nucleon response described by form factors:

» Fy, Fy: vector form factors, constrained by eN scattering

» Fp: “induced pseudoscalar” form factor, subleading in cross section
related to F'4 by pion pole dominance constraint

> F4: axial form factor

Nucleon cross section uncertainty dominated by axial form factor F'4

Aaron S. Meyer Section: Deuterium Fits

10/ 29



Form Factor Parameterizations

Dipole model ansatz —

Fa(Q%) =ga (1 + %) -

» Overconstrained by data

» Inconsistent with QCD
> Motivated by Q2 — oo limit, data restricted to low Q2

z expansion [Phys.Rev.D 84 (2011)] —

\/tcut + Q2 - \/tcut —to

Fa(z)=) apz®  2(Q%to,teu) =
; \/tcut+Q2+\/tcut—t()

> |z| < 1, bounded |ay| = rapid convergence
» Controlled procedure for introducing new parameters

» Optional sum rule constraints regulate large-Q? behavior

tcut S (3M7r)2
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https://inspirehep.net/literature/921784

Deuterium Constraints on Fy

with M. Betancourt, R. Gran, R. Hill

[Phys.Rev.D 93 (2016)] S

‘ ﬂmﬂm N,=4 z expansion :
1 E =1.014(14) dipole —

- Total O(10%) v, QE events L i () dipole ]

- Digitized event distributions only

» QOutdated bubble chamber experiments:

- Unknown corrections to data

FA(Q)

- Substantial uncertainty in/about flux

- Deficient deuterium correction r

» Dipole overconstrained by data, 0

1
underestimated uncertainty x10 QZ[G eVZ]

Aaron S. Meyer Section: Deuterium Fits 12/ 29


https://inspirehep.net/literature/1427020

Deuterium Constraints on Fy

with M. Betancourt, R. Gran, R. Hill

[Phys.Rev.D 93 (2016)]

Conclusions about discrepancies
depend on parameterization:

» Dipole —
— form factor uncertainty small
— discrepancies from nuclear only

> 2z expansion —
—> form factor uncertainty sizeable
—> discrepancies could be
nucleon form factors
nuclear modeling

and/or

do/dQ? [cm?GeV?]

N
o

=
a1

=
o

al

x10°%°

[:] GENIE RFG z-expansion
GENIE RFG dipole

—¢— MINERVA Data

z exp: [Phys.Rev.D 93 (2016)]
dipole:  [Eur.Phys.J.C 53 (2008)]
data: [Phys.Rev.Lett. 111 (2013)]

Dipole uncertainty unrealistically small — nucleon form factor not as precise as historical claims
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https://inspirehep.net/literature/1427020
https://inspirehep.net/literature/758296
https://inspirehep.net/literature/1232963
https://inspirehep.net/literature/1427020

LQCD Survey and Implications

Aaron S. Meyer Axial Form Factor from Elementary Targets 14/ 29



What is Lattice Quantum Chromodynamics (LQCD)?

LQCD is the only known mathematically rigorous method
to compute properties of hadrons in nonperturbative QCD

Constructed from quark and gluon degrees of freedom

After removing systematic biases, predictions of QCD (not an approximation!)

Experiment
/1 ',\7: Bl Lo
Complementary to experiment
Controlled nuclear effects / >< -
Realistic, robust uncertainty estimates /

K eon
Systematically improvable MC v o~
Computers are (relatively) inexpensive
Lattice QCD
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Lattice QCD Formalism

Numerical evaluation of path integral

Parameters:  am(y q) bare masses U 4
aMms bare
B =6/ ggar o coupling b
P M, Mg . A
Matching: €8 o My Mg  experiment »
1 per parameter
-

Results — first principles predictions from QCD,

gluons to all orders

Each gauge ensemble generated with fixed a, L/a, aMx...

“Complete” error budget = extrapolation in a, L, M, guided by EFT, FVxPT
> a—0 (continuum limit)
> L — o0 (infinite volume limit)

> M. — ME™S  (chiral limit)
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Successes of Lattice QCD

H W H H; B, BZ [Ann.Rev.Nucl.Part. 62 (2012)]
0T T T T T T T T T T T T T T T T3
F — ]
22001~ Open symbol: input =
2000 F — hl Closed symbol: (pre/post)diction E
F o e Line: experiment ]
1800 B
1600 |- S %{
_ 1400 - . R E
3 e — form %ﬂ E
1200 B
=S - ]
1000~ i L e
E -p +§ A b
800 # o E
600~ e E
o osta 1
400 — =
200 .
| oa°a ]
bl 1 L 1
T p K g n oy ® ¢ N A I = A 51 =0 Q
> <5 inputs, (very) many predictions » Heavily constrained by standard model

> Widely used in flavor physics (CKM matrix elements)
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https://inspirehep.net/literature/1092992

Axial Form Factor from LQCD

1.6
” RQCD 20 [LQCD]
L Mainz 22 [LQCD]
12 \ NME 22 [LQCD] (prelim)
Loy N PNDME 23 [LQCD)
gO.S -=-= Deuterium [Phys.Rev.D 93 (2016)]
~0.6
0.4
0.2
0.0
0.00 025 050 075 100 125 150 175 2.00

Q°/GeV?

LQCD results maturing:
» Many results, all physical My : independent “data” & different methods
> Small systematic effects observed (expectation: largest at Q2 — 0)

» Subject to nontrivial consistency checks from PCAC

LQCD prediction of slow Q? falloff, situation unlikely to change drastically
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Free Nucleon Cross Section

1.5
[Ann.Rev.Nucl.Part. 72 (2022)]
s S
=
5 1.1 . )
§ —_—
= 0919
-
-
Loy — BBBAOS
= = =z exp, vector
0.5 —-= zexp, D, axial
------ z exp, LQCD axial
0.3 T T T
0.2 04 1.0 4.0 10.0
E,/GeV

If LQCD form factor correct, implies big changes —

Integrate over Q? to get QE cross section o(E,)
— high-Q? discrepancy enhances cross section 30-40%!

= recent Monte Carlo tunes prefer ~20% enhancement of QE
[Phys.Rev.D 105 (2022)] [2206.11050 [hep-ph]]

3
63240%
(e, 2
&7, S,
) Sty
e )
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https://inspirehep.net/literature/2004370
https://inspirehep.net/literature/1953565
https://inspirehep.net/literature/2099491

Free Nucleon Cross Section

[Ann.Rev.Nucl.Part. 72 (2022)]

-
2 074
)
= = =z exp, vector
0.5 —-= zexp, D, axial
------ z exp, LQCD axial
0.3 +2 T T .
0.2 04 1.0 4.0 10.0
E,/GeV

If LQCD form factor correct, implies big changes —

Integrate over Q? to get QE cross section o(E,)
— high-Q? discrepancy enhances cross section 30-40%!
= recent Monte Carlo tunes prefer ~20% enhancement of QE

[Phys.Rev.D 105 (2022)] [2206.11050 [hep-ph]]

Current-generation LQCD about x2 more precise than vD scattering
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https://inspirehep.net/literature/2004370
https://inspirehep.net/literature/1953565
https://inspirehep.net/literature/2099491

Free Nucleon Cross Section

1.5
[Ann.Rev.Nucl.Part. 72 (2022)]
el T
o
5 1.1 § )
$ —
= 0919
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2 074
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==z exp, vector
0.5 —-= zexp, D, axial
------ z exp, LQCD axial
0.3 +2 T T .
0.2 04 1.0 4.0 10.0

E,/GeV
If LQCD form factor correct, implies big changes —

Integrate over Q? to get QE cross section o(E,)
— high-Q? discrepancy enhances cross section 30-40%!

= recent Monte Carlo tunes prefer ~20% enhancement of QE
[Phys.Rev.D 105 (2022)] [2206.11050 [hep-ph]]

Current-generation LQCD about x2 more precise than vD scattering
LQCD precision small enough to be sensitive to

} LQCD

<« % exp
<= BBBAO05
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https://inspirehep.net/literature/2004370
https://inspirehep.net/literature/1953565
https://inspirehep.net/literature/2099491

T2K Implications

~ - GENIE nominal —— Z-exp LQCD fit —~ - GENIE nominal —— Z-exp LQCD fit
-~ Nominal CCQE - Z-exp LQCD CCQE ---- Nominal CCQE - Z-exp LQCD CCQE
x10° Nominal 2p2h Nominal Other Nominal 2p2h Nominal Other
5 T T 3 5 r T T T
o T2K Near ] & [ T2K Far
YT Detector 7% o Detector
= 1= [
] 1% F
T of LQeb o Zog-
2 1x [
< nominal { 9@
A 1 & of
[ 1R 0.1j
0! 0!
T 1.4 T 1.4
£ £
£ 1€
2 18
= 2r LQCD 1=t
H nominal {2
2 18
g 1 Ao Rev.Nucl part. 72 20221 ] 8 7
o 1 [ 1 ( I)] o 1 1 1
0 05 0 0.5

15 15
EV© 9 (Gev) E % (Gev)
Insert new form factor into Monte Carlo event generator

Convolve with realistic flux, nuclear model; compute neutrino event rates

Dashed dark blue (GENIE nominal) vs solid magenta (z exp LQCD fit)
E,-dependent event rate changes, different for near/far detectors

— Potential source of bias — caution!

Aaron S. Meyer Section: LQCD Survey and Implications 22/ 29


https://inspirehep.net/literature/2004370

Rate /t /10* POT

Ratio w.r.t nominal

Insert new form factor

DUNE Implications

—— GENIE nominal -~ - Z-exp LQCD fit —— GENIE nominal -~ - Z-exp LQCD fit
5 Nominal CCQE Nominal CC-2p2h - Nominal CCQE Nominal CC-2p2h
*10 Nominal CC RES Ncmlnal CC-Other Nominal CC-RES Nominal CC-Other
= T T
o T -
o8 DUNE Near— a | i DUNE Far
] A
. Detector 1% T Detector
0.6 i 1z t "
, ]
s |
N < LQCD | %
04 4 r .
nominal | 20 L
) - ] L
02F B L
o= 0 L
= T T
12F S 12F
LQCD £ s
[ nominal 2 H T
i - N “ S 1 -
= i Lo e
Ei 13 “oee
1 o 1
[Ann.Rev.Nucl. Part. 72 (2022)] ] &
o L L 0. L L
-0 2 0 2 4
vec had

4E:,ec‘ had (Gev)

into Monte Carlo event generator

Convolve with realistic flux, nuclear model; compute neutrino event rates

Solid dark blue (GENIE nominal) vs dashed magenta (z exp LQCD fit)
Similar story, different E,, dependence = different potential bias
Moving target = other topologies adjusted to soften QE changes

(GeVv)

Aaron S. Meyer

Section: LQCD Survey and Implications

23/ 29


https://inspirehep.net/literature/2004370

Combined Hydrogen—Deuterium Fits
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Hydrogen vs Deuterium

Uy pt Yp I
b
g ®
n p

— Hydrogen fit Deuterium fit — BBBA2007 fit — LQCD fit

0.01 0.05 0.1 05 1 5 10

4 4

. . . 3 3

Work done with MINERvVA collaboration on published data . [Nature 614 (2023)] .
2

7

Spectal thanks: Tejin Cai, Kevin McFarland, Miriam Moore

1.014 Gev/c?)

MINERwVA result for 7—p scattering in plastic scintillator

Test consistency between hydrogen, deuterium fit together

Ratio to dipole F, (M,

Some visible disagreements between hydrogen, deuterium
—> how does this manifest in combined fit?

3
0.01 005 0.1 05 1 5 10
@ _(GeVic)
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https://inspirehep.net/literature/2628934
https://inspirehep.net/literature/2628934

Isotope Fit Comparisons

2 — 2 2 — 2
tmin = 0.06 GeV : tmin = 0.20 GeV
6
== Hydiogen » == Hydrogen
rrrrrrrr Deuterium Q2 = 0.06 GeV? ’ #555 Deuterium Q2 = 0.20 GeV?
Alllsotope Q2;, = 0.06 GV 12 [ AllIsotope Q2;, = 0.20 GV

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Q/GeV?
Inner band  —  uncertainty from axial only
Outer band —  uncertainty from axial + vector [Phys.Rev.D 102 (2020)]
Cut low Q2 in deuterium to avoid systematics (nominal Qﬁ‘in = 0.20 GeV?)

Degeneracy between cross section normalization and axial form factor in deuterium fits
2

— strong dependence on Q;; , suppressed by regularization in [Phys.Rev.D 93 (2016)]
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https://inspirehep.net/literature/1788630
https://inspirehep.net/literature/1427020

Isotope Fit Comparisons
Q2,;, = 0.20 GeV?

== Hydrogen
rrrrrrrr Deuterium Q2 = 0.20 GeV?

= All-Tsotope Q; .20 GeV?

min —
various [LQCD]
- Deuterium [Phys Rev.D 93 (2016)]

050 075 00 ] ) 7 2.0( 000 025 050 075 L0 125 150 L7 200
Q7/Gel Q/GeV?

Tension in fits:
AX2 =X} p—xb—x4~88 = Ax?/1DoF yields p-Value ~ 3.0 x 103

Test compatibility by fixing axial parameters (marginalize deuterium nuisance parameters):

‘ {ax}p D {ar}m PH
x%/DoFp | 94.9/94 0.45 167.7/96 8.3x10°°
x%/DoFy | 23.3/15 0.08  10.0/13 0.69

Deuterium is incompatible with hydrogen, LQCD

Aaron S. Meyer Section: Combined Hydrogen—Deuterium Fits 27/ 29


https://inspirehep.net/literature/1788630
https://inspirehep.net/literature/1427020

Concluding Remarks
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Comparison Summary 6

=— Hydrogen

RQCD 20 [LQCD)

Mainz 22 [LQCD]

NME 22 [LQCD] (prelim)
PNDME 23 [LQCD]

Deuterium [Phys.Rev.D 93 (2016)]

0.0

.75 1.00 1.25 1.50 1.75 2.

Q*/Gov?

Quasielastic F4(Q?) critical for success of accelerator neutrino oscillation experiments

Ongoing work to combine all sources of axial form factor constraint

Uncertainty historically underestimated by factor of 10 —
= Fa(Q?) at Q% =1 GeV? known at 20-25% level

Potential for high-impact tie-breaking result

Thank you for your attention!

— Tensions at > 50% level
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Backup
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Electro Pion Production

Mainz 22

\ NME 21
0s RQCD 20 | » Large model uncertainty,
vD 2z exp not included in world averages
> os | Valid only in M; — 0, ¢ — 0 limits

——
vy

Expansion to O(M2, Q?):
2 % - restricted Q? validity
same data, different model \?‘\ y - lacks shape freedom in Q?

Predates Heavy Baryon xPT,
no systematic power counting

v

02}
[J.Phys.G 28 (2002)]

0.8 1

0 02 04 06
Q" [GeV]
Modern experiments do not report F4(Q?) = averages out of date

Possible argument for comparing to ri from low Q2; high Q2 untrustworthy

Effort needed to update prediction from photo/electro pion production
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https://inspirehep.net/literature/559694

Vector Form Factors - Proton/Neutron

PROTON

NEUTRON

ELECTRIC

MAGNETIC

1.00

1.00

—— BBBAOS
Borah e al.

0.92

—— BBBAOS

=:= Borah ef al.
0.88 0.96

0.0 0.2 0.4 0.6 0.8 10 0.0 02 04 0.6 08 1.0
Q*/GeV? Q%/GeV?

0.40 1.20

—— BBBA05 =—— BBBAO05
0324 == Borah et al. 1161 =+= Borah ef al

1.00

00 0.2

0.4

Q*/GeV?

0.92

0.6 0.8 1.0 0.

Large tension in proton magnetic form factor

.0 0.2 0.4

Q*/GeV?

0.6

0.8

1.0
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Vector Form Factors - Isospin Symmetric

I3

F>

1.60 L
—— BBBA0S 1
g =:= Borah et al.
= 140
> =120
0 = 5
—_ BBBA05
1.00 == Borah ef al.
0.95 0.84
0.0 0.2 0.4 0.6 0.8 10 0.0 02 04 0.6 08 10
Q*/GeV? Q*/GeV?
1.25
—— BBBA05
E‘:i 190 == Borah et al
=
3
E —— BBBAO5
=:= Borah et al.
08 1.0
Q*/GeV?

Uncertain slope of F2V

Large uncertainty on isoscalar form factors
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Cumulative Updates to Deuterium

-=== Deuterium [Phys.Rev.D 93 (2016)]

2 expansion vector form factors

rrrrrrrr ty = —0.50 GeV”
D knax =6

A=0

Q2 = 0.20 GeV?

0.00 0.25 0.50 0.75 1.00 1.25 1.50 175 2.00
Q?/CeV?

Cumulative changes between fits
—> moving down legend labels, fits include same modifications as fits above them
Fits all 1o consistent until regularization removed

Q? cut emphasizes axial form factor + normalization degeneracy
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PCAC Checks

RQCD [JHEP 05 (2020)]

1.0

E250 m., = 130 MeV

0.4

0.0 0.2 0.4 0.6 0.8 1.0

Q%+ m2 [GeV?]

ETMC [prelim]

1 B64,2=0.080fm m,L=36 I C80,a=0.068m mL=38 I D96, a=0.057 fm, myL=39

rppp(0)=0.90(5), rppp(e)=1.11(15), x*=0.5

_ Gp(@?Y ]
TPPD =~ — |
maror Ga(Q%)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Q? [GeV]

NME [prelim]

GelQ®) @7 |, Go(Q) 2 _
GalQ?) 4MZ ~ G4(QF) 2M _

PCAC

2127m285 «+|a073m270460
3008m270 = 3072mP20 o
08 2004m270L ~v a071mAT70 1
2093m220 £ 3070m130 Bé
2093m220X &« 3056m280 ++
2001m170 r 2056m220 ¢

ool®mzm) siminor "
1] 0.2 0.4 06 0.8 1 12 14
Q2 1GeV?1

» Relation btw Fu, Fp, Fp via PCAC
» Contamination in F4 and Fp, Fp very different
— nontrivial consistency check
[Phys.Rev.D 99 (2019)]
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https://inspirehep.net/literature/1767624
https://inspirehep.net/literature/1711183

LQCD Excited States — xyPT and N7

Q2 1) and 2™ (Q2, 1)

Tq 7r( ) 7r(— ) ifq 0 % © gwe o o0 3 ‘Axfal'”'
q q 0.05 0.10 0.15 0.20 0.25
o Ve bt
- Pseudoscalar
-03 o
. [Phys.Rev.D 99 (2019)]
N(O) N(g) e

Q? [(Gev)?]
Contamination in g (Q?) primarily from enhanced N7, mostly from induced pseudoscalar
Correlator fits without axial current not sensitive to N7 [Phys.Rev.C 105 (2022)] [Phys.Rev.D 105 (2022)]

Alternate fit strategies:
» explicit N7 operators » Kinematic constraints (Fp = 0)
> include A4 (strong N7 coupling)

Prediction from xPT: [Phys.Rev.D 99 (2019)]

First demonstration of Nm: [Phys.Rev.Lett. 124 (2020)]

xPT-inspired fit methods for fitting form factor data
[Phys.Rev.D 105 (2022)] [JHEP 05 (2020) 126]
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https://inspirehep.net/literature/1711183
https://inspirehep.net/literature/1857791
https://inspirehep.net/literature/1850754
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Energy Regimes

S 9 O ¢ h
QN & O 0 a N b

v cross section / %(1 0 cm?/ GeV)

Deep Inelastic Scattering
—Axial quasi/pseudo PDF

E, (GeV)

Quasielastic
—Nucleon Form Factors
—Full Error Budgets

“Shallow Inelastic Scattering” (SIS)

—Hadronic Tensor

N — A, N —- N*

Transition Matrix Elements
Multiparticle Operators

~Four Point Functions
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LQCD Computation Anatomy

Correlation functions in euclidean time:
— e~ Fnt decay of excited state contribs

2-point function
(a(t)m(0)) =) (O|A|n)(n|M|0)eFnt
3-point function

(AO@(T)M(0)) =37 (0|A|n)(n|@|m)(m|M|0)e~ Fn (=)= EmT

Extract masses from 2-point, matrix elements from 3-point

Complications:
> exponentially degrading signal/noise with ¢

» n > 0 contaminations from excited states

Use many source/sink operators (M, A) to suppress excited states:

Cy;(t) = Zn zimz;‘ne_Ent =  oTC(t)v =~ e Fot  when EZ viTzi,n ~ 00.n
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Fit Setup q,7 0

~

|
source LQ
)

Surs

time

Fit exponential dependence of axial “3-point” functions:

Cipzt (t7 7, q) = <N(07 t)-AZ (q., T)N(_qv O)>

7E t—T 7E T
~ § Zn Anmzme i )

Towers of excited states m, n depend on momenta injected

Current A, couples to axial, induced pseudoscalar form factors

Overlaps, energies constrained by “2-point” functions

O (t,q) = (N(a, )N (~q,0)) ~ qu 23f e~ Emt

m
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Fit Setup q,7

—q,0 0,t
Plot ratio correlator: time
Ra. (6,7, ) citra) \/ C?i(7,0) C?P'(t — 7.q)
A0, T,q) =
/O (t — 7,0)C%t(r,q) | C2PE(£,0)  C2P°(t,q)
1 % ; 2 q 7 2
=== Fp(Q7) + (Eg + M)Fa(Q7)
t—7,7—00 2E8(E3+M) 2M

Q? = laf? - (E§ - M)?

N E34+M | .
Az withg: =0 = Ra.(t,7,9) =/ ~25a—34(Q%)
0

= No induced pseudoscalar
— Simplified analysis of F'4(Q?) = §4(Q2)
—> al12m130 ensemble only, Nstqte = 3 only
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Correlation Function Ratio

1.4

S s 2,
e S =
5 *E Eu I 1 T I 1 g
© ] = T = a
el = = = e @
w2 = = 0 <
° [} F, < = bS]
T 1.1 o dedede g I
3 = K T T AT =
o < = = 4\ i~ =
2 = b e < 4

H 11

8

&

< PRELIMINARY

105 —4 -2 0 2 4 6
tins = tyep/2
Euclidean time
» Color: source-sink separation time » Gray band: g4 posterior value
» Colored bands: fit » Curvature: excited state contamination
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G4(Q?) Correlators
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Axial Form Factor Fit

14 e dipole My = 1.285(26) GeV

2z expansion Ky, = 4 : LQCD (no sum rules)
1.2 z expansion k., = 8 : LQCD

z expansion Kye, = 8 1 Do
1.0

LQCD fit matrix elements

0.6
0.4
02| PRELIMINARY - ONE ENSEMBLE
0.0 02 04 06 08 10 12 4 16
Q*/Gev?

Trend of high-Q? enhancement seen in other LQCD results
2-4% LQCD uncertainty vs 10% uncertainty on Ds result
TODO list:

» qL/27 = (1,0,0) matrix element larger than expectation
» Deep dive into excited states systematics, prior dependence

» More momenta, g, 7# 0, full set of ensembles
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