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Overview

@ Isovector Form factors, charges, charge radii, magnetic moment

(NGB A(Q)INGB)) = T(5) [GA( Y+ 0 G )] u(B)

g=pr—pi, @*=—-¢*=p; —(E—M)?, B; =0
ol (SA9)
=55 (G

(NG|, (@)IN() = a(Br) [Fl( SR TP CRI S

GA(O) = 8A

Q2=0

Ge(@?) = Fi(@) — iz Fa(@) = (1), Ge(0) = &
Gu(Q%) = A(Q%) + F2(Q%) — (rin)
Gm(0) _ =u=1+4r, (p=p’ —p",k=r"—r&")

Ge(0)
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@ PCAC: 2 independent FF

(N(BAIA@IN(E) = T(5) [GA(QM a0 )] e

q=pr—pi, @ =-¢=p} —(E-M)? ;=0
(N(E)IPu(@)IN(B)) = a(Fr) [Gr(@)s] u(B)

Q2
2My

2mGp(Q%) = 2MnGa(Q%) — Gr(Q?)  [PCAC]

@ Pion pole dominance hypothesis: 1 independent FF

my ~ 2 my, 4',\412\1 :| 2
G, = ——— | G,
2Mnga #(Q7) 2Mnga {02 + M2 A(Q°)
@ gr = 2M/\/Gp(Q”) Q7 =088m, [u +p—vutn
: M2 + M
@ grwn = Q2£TM% M FQ GP(Q ),  &xnn = I’__Vg (Goldberger-Treiman)
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Lattice Setup
@ Clover on Nf =2+ 1+ 1 HISQ

Ensemble ID | a(fm)  M® (MeV) M¥@ (MeV) | L3xT MPL tep/a Neont  NID - NAMA
al2m310 0.1207(11)  305.3(4)  310.2(2.8) | 243 x 64 455 {8,10,12} 1013 8104 64,832
al2m220L | 0.1189(09)  217.0(2)  227.6(1.7) | 40°x 64 549 | {8,10,12,14} 1010 8080 68,680
a09m310 0.0888(08)  312.7(6)  313.0(2.8) | 323x96 451 | {10,12,14} 881 7048
a09m220 0.0872(07)  220.3(2)  225.9(1.8) | 483x96 479 | {10,12,14} 890 7120
a09m130 0.0871(06)  128.2(1)  138.1(1.0) | 643> x 96 3.90 | {10,12,14} 883 7064 60,044
a06m310 0.0582(04)  319.3(5)  319.6(2.2) | 48%x 144 452 | {16,20,22,24} 1000 8000 64,000
a06m220 0.0578(04)  229.2(4)  235.2(1.7) | 643 x 144 4.41 | {16,20,22,24} 650 2600 41,600
a06m135 0.0570(01)  135.5(2)  135.6(1.4) | 96 x 192 3.7 | {16,18,20,22} 322 1610 51,520
@ Clover on Nf =2 + 1 Clover

Ensemble 1D a(fm) My (MeV) | L3xT ML teep/a Neont  NHD - NAMA

al27m285 0.127(2)  285(3) | 32°x96 585 | {8,10,12,14} 1000 4020 128480

a094m280 S5Ss | 0.094(1)  278(3) | 323 x 64 4.11 | {10,12,14,16,18} 1005 3015 96480

a094m280 S;S; {10,12,14,16,18}

a094m280 SoSo {8,10,12,14,16}

a091m170 0.091(1)  166(2) | 483 x9 3.7 | {8,10,12,14,16} 629 2516 80512

a091m170L 0.091(1)  172(6) | 64®x 128 5.08 | {8,10,12,14,16} 467 2335 74720

Yong-Chull Jang (LANL) Nucleon Form Factors

(LATTICE 2017) June 19

4/2



Correlator Fits: 2-pt
@ two versus four states fit
C(t,p) = [Aof’e™ ™" + [ A e + [ AoPe ™" 4 | AsPe ™™ -
@ plot effective mass from fits and data

C?(t)
Eeff(t) = |Og m

0.55 0.55

2-state, a06m220 AMA 4-state, a06m220 AMA

0.5 0.5

0.45 0.45
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- 508509
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. _ [ R
D f,w fox)
) o0
0.3 ‘ 0.3 ‘
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2-state 4-state

We now use 4-state fits.



Correlator Fits: A, 3-pt

@ Results obtained by using following fit.

Pt mi P, p) = |G| Ao (0| Or[0) e~ M0 4 |47 | Ay (1| Or 1) M0
+ | A || AL (0 |Or [1)e M 4 LA | Ao| (1| Orf0) e B¢

@ Data is displayed using the following ratio.

C“”‘)(t 7ip.p) | [C(e,p)C (7 p)COP(r — tp) ]

R t7 bl l7 = ><
(BT P = Ty | CE(e p) CE(r p) CEI(r — 1)

r: s7(Im) 7572(1111) ¥5y3(Im) 75(Re)

— 019:Gp —42q3Gp —¢2Gp + 2M(M + E)Ga, q3Gp
13 [ a06m35 tagy =6.m2=0 ] 13 F 206m35, typ=6.m2<2 ]
12 T O O 5 < 1.2+ |

1.1 P -
10} Rs3,q3 =0,n° =0 ] 10} Rs3,q3 = 0,n? =2 1
TI00 — ‘16‘»-7,—«‘ 18‘%‘ Z‘OHQ--‘< ‘22*‘64 TIo0 — ‘16‘»—?-«‘ 18‘*6*‘ 2‘067 ‘22*‘64
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
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Controlling Excited State Contribution to (N|A,|N

250 306m135, typ = 6,1

1.3 | a06m135, tyqp = 6, n?

06m135, tp = 6.,

Tipo 16w | 188 20 20w Tioo — 160w 18eer 20 A 22w 16,5 18re 20 A 22
210 8 6 4 2 0 2 4 6 8 10 12 12 10 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4
1.2 | a06m135, ty, = 6, 15.0 1 306m135 , tyep = 6, 1 208135, oy = 6.

T 167 | 180 20 A 2o Tio0 —
-2 -10 8 6 4 2 0 2 4 6 8 10 12 -12 -10 -8
1.1 | a06m135, ty, = 6,n* 206m135,

20 o 22 1o Tioo — 16r5  18v8y 20 A 22
4 6 8 10 12 1210 8 6 -4 2 0 2 4 6 8 10 12
206m135, typ = 6

1.0
09
08
Tioo — 16 18 20w 22 ke Tl — 16w 18 20 2re Tioe — 160w 18.e 20 22
12 10 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 1012
1.1 F a06m135, by — 6.0 06m135, tygy = 6,1 200
10.0
1.0 15.0
— _— $$838 5
09 50 = 100
0.2 8.8 ¥
08 5.0
00
Tioo — 16w 1 20 22k Tioo — 165 186y 204 221 Tioo — 160w 18.e  20a 22:e
1210 & 6 4 2 0 2 4 6 8 10 12 420 8 6 4 2 0 2 4 6 & 10 12 1210 8 6 4 2 0 2 4 6 8 10 12

Im Rs3, g3 = 0 = Ga(Q2?) ImRs1 — Gp(Q?) ReRs — Gp(Q2?)
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Fitting Q> dependence of the Axial Form Factor

@ dipole Ga(0)

1+ Q2/M3)?

s 12

Ga(Q%) = = ()=

@ z-expansion w/o sumrule constraints Q"Ga(Q?) — 0

_ \/tcut“l‘QZ_\/tcut“!‘tO

Ga(Q?) iakZ(Qz

M

3+4 z“*"

Ga(0) = Vet @+ Ve F o
Z k(k—1)...(k—n+1)ag=0 n=0,1,2,3 (sumrule)
1.4 T T
dipole (D) —
L . ;i: ) i 09 F B 2sm(p,/2)
= 08 [ x : ls?lrn
5 B E o7} %‘HH %H%
& < 06} %H)
4 oL %%H% % i
D 2
00T =012 \ ‘
a06m135

. . . .
0 02 04 06 08 1
@(p)
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Axial Charge Radius (2): dipole versus z°**

(r2) =do + d1a + doM2 4 dsM2e~MrL

035 [ . - , 035 ! ! ,
a12m310 ~g a09m130 "M+ extrap. +¥e a12m310 rg- | a09m130 ‘M« extrap. v
al2m220L +&+  a06m310 A a extrap. X al2m220L +&« | 06m310 4 a extrap. %«

a09m310 &+ a06m220 200m310 4 | 306m220

030  a09m220 ~e-  a06mi35 |5 030  a09m220 e~ | a06mi35 5

& 025 & 025
£ F £
IS IS
= 020 = 020

0.15 | 4 0.15

(%) [fm?]
(r3) [fm?]

010 L . . . . 010 L . .
002 004 006 008 01 0.12 002 004 006 008 0.1 0.12
M2 [GeV?] M2 [GeV?]

dipole (d3 = 0) 2™ (d3 = 0)
Yong-Chull Jang (LANL) Nucleon Form Factors (LATTICE 2017) June 19 9/24




G4: Clover-on-HISQ

a— 0, Mz — 135 MeV extrapolation

versus

Ga/ga

(r3) with FV without FV
dipole  0.24(3) 0.23(2)
22 0.22(4) 0.20(3)
Z2+4 0.19(4) 0.17(3)
23 0.23(6) 0.18(4)
Z3+4 0.24(7) 0.18(5)
1.0 T T T T T T
Exp
Ma = 1.026 GeV -----
Ma=139 GeV —
0.8 | a12m310 ro~ |
al2m220L o~
a09m310 +a~
. a09m220 e
sost 1Y, R =]
g i s
04| }L ..... L 4 ]
0.2t i i
0.0 0‘.2 0‘.4 0‘6 018 1‘0 1‘2 1‘.4
Q% [GeV?]

Clover-on-Clover

Noa— 0, M, — 135 MeV

extrapolation yet

1.0 : : : : ! ! ,
a127m285 o+
2094m280 (S555) o+
y a094m280 (5757) -
08}F @ 2094m280 (SoSe) ¢
g a091m170 +o+
%5 2091m170L r&-
g, Ma = 1.026 GeV --n-
0.6 \@ﬁ@ Ma =1.39GeV — ]
P% 5
04| ﬁ % 1
00 02 04 06 08 10 12 14
Q?[GeV?]
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Induced Pseudoscalar Form Factor (~§p

& 2 AM? G 2
My (@) = M 27”2 A(Q7) : pion pole dominance
2My  ga 2My | Q>+ M3 8aA
<o 5 .
~-———-+c+c : fit
Mz +a+a i
¢ " 206m310, §/ga = 1.600(081)[0.310] rAx ° ' ' ' T 206m310 A
a06m220, G/ga = 2.111(070)[1.350] r&- 206m220 &+
i a06m135, Gb/ga = 3.471(146)[3.167) - 206m135 =
5r 1 S
s s
& )
E K‘.m +
1t ] <]
)
o
%%B%—ﬁw._g‘ ,,,,,,,,,,, "
%.0 0.2 0.4 0.6 08 1.0 ! 00 02 0.4 06 08 10
Q?[GeVv?] Q?[GeVv?]
Cco X (2MN/m“) [GeVz] c X (2MN/m“) Cc X (2MN/mu) [GeV“]
a06m310 3.94(27) -1.85(82) -0.10(62)
206m220 2.64(12) 0.93(61) -2.54(84)
a06m135 1.66(09) 3.84(63) -6.4(1.1)
Pion pole dominance does not work as the M; — 135 MeV
LT ) e L 2



g5 and g;yy from fits to Gp(Q?)

for each ensemble:

2 2
my . Mz + Q° ~ M
= _— " Gp(0.88m? gy = _lim ——Gp _ NgA
P P m ™ o 2 AMn F. 8rNN =
2Mpy Q*——Mz NFx
4
° 212310 r- 2m310 300m220 “&~ 206m220 S+ 2m310 300m220 “@~ a06m220 &+
a12m220L ren 14.0 alZmZZOL 2. Soomi30 i a06m135 5 14.0 al2m220L 2. S09mi30 o a06m135 15
a09m310 4 200m310 & 206m310 = extrap. v 400m310 & a06m310 =+ extrap. s
a00m220 8-
200m130 120
06m310 2
30 306m220 -
206m135 100

extrap. r¥+

0.02 0.04 ,\?’:D[BGSVZIDDS 01 0.12 20 0.02 0.04 /gﬁﬂ[ﬁcev?lﬂﬁﬁ 01 0.12 0.02 0.04 AszESGEVQ]ODB 0.1 0.12
extrapolation to a —+ 0, M, — 135MeV:
* hO 2
=——————+hmh+h hsM. 48(14
gp/ga 0.88m2 + M2 + M+ hat+ M, — 3.48(14)
grnn/ga = di + dha+ dsM>  —  4.53(45)
from fit  gp = 4.44(18) 8.06(55) [Mucap], 8.297%%% & 0.52[xPT]
from fit grnv = 5.78(57) 13.69 £ 0.12 £ 0.15 [7 Nscattering lenght]

from GT gryn = 12.87(34) 13.00 [ga = 1.276, My = 939 MeV, F = 92.2 MeV]

Yong-Chull Jang (LANL) Nucleon Form Factors (LATTICE 2017) June 19 12 /24



Testing PCAC:

1.4 , . . .
12} ]
X3 §$+ a06m135
1ol oo®d
o it i A
06 - % Ry %A
e X Ro
04} x . X s Rl+g§~vf
s 8
. Rq o~
02 . Ry ros]
00 + MRS ) )
0.0 0.2 0.4 0.6 0.8 1.0
Q?[GeV?)
@ R; + Ry, =1 tests PCAC relation.
= Q2 — 0, deviation from 1 increases.
@ R3 =1 tests pion-pole dominance hypothesis.
= Q% — 0, it remains close to the PCAC Ry + R».
@ R3 =1 s provided Ry = 1 if PCAC is satisfied.
@ Ry — Ry + 2caRs by the O(a) improvement of A,,.

Yong-Chull Jang (LANL) Nucleon Form Factors

2mGp Q2) = 2MNGA(Q2)

—Gp(@)

2Mn
@ (@)
4M2 GA(Q?)
Ry — 2m Gp(Q?)
2My Ga(@?)
Ry — Q@+ M2 Gp(Q?)
4My Ga(Q?)
4mMy Gp(Q?)
Ry = =
Mz Gp(@?)
Rs — aQ? Gp(Q%)
4My Ga(Q?)
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O(a) improvement of A,

14 . ; ; :
12} 4
¢ ¢ ?é 206m135
1ol sede
sl ¥ i f ]
. & X Ry =
Ri+R
04 x s ¥ A 1+R§~v~i
.t Ry o
02} e o]
N ERAE R TI ‘
0.0 0.2 0.4 0.6 0.8 1.0
Q2 [Gev?]
Q® Gp(@%)

R3

Ry

Ro

4M2 Ga(Q?)
@+ M2 Gp(Q?)
Mm% GA(Q?)

amMy Gp(Q?)
M2 Gp(Q?)

2@ Gp(Q%)
2My GA(Q?)

does not fix PCAC.

1.4 ‘ ‘ ‘ ‘
12} % i
Qé é# a06m135
NEESE:
os | i A |
¢ X Ri+ R
R(
041 x Ri :
02} i
0.0 : : : :
0.0 02 04 0.6 038 1.0
@ [Gev?]
L o @ Gp@)
1T aM2 Ga(@?)
2 2 &2
— RéziQ +2" P(Qz)
aM2 GaA(@?)
| 2m2My Gp(Q?)
— R= 2 2l
MZ Gp(@?)
aQ* Gp(Q?)

® T aMy Ga(@)
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Vector Form Factors Gg(Q?), Gy(Q?)

@ Results obtained by using following fit.

CEP(ti ', p) = [ Ab]| Aol (0'|Or [0 ™00 4 |4 Ay (1| Orf 1y 54—
A5l A (0|0 )&= M A | Ag| (1|0 0y 570

@ Data is displayed using the following ratio.

1/2
Gt Tiplp) | [ CE(e, ) CPI(r p) CPI(r — t,p)]Y

/ —_
Relt.mPoP) = = cam(rp) | Com (e, p)COR (r, p) COI(r — ,p')
M. m(Re) 72(Re) m(Im)  (Im)  ~3(Im) 74(Re)
-  —qGu, qGu, q1GE, q2GE, q3GE, (M+ E)Gg
11} 206mi3s, tp —6.02=0 10 F 206mi3s, typ = 6,02 =2

0.9 |

09t Ra,n? =0 . 08t
T 16, 18 0 2 T 16, 18, 0 2
-12 -10 -8 6 -4 -2 0 2 4 6 8 10 12 -12 -10 8 6 -4 -2 0 2 4 6 8 10 12
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Controlling Excited State Contribution to (N|V,|N)

L0 | 206m135, ty, = 6.n* 20 F 2 06m135, tup = 6. 07 = 2 40 [ 200m135, tup = 6,2 =2
15
1.0
0.0
~05 il
TI00 — 16 18 o 20 -2 22 o TI00 16 i 18 e 20 & 22 1o TI00 — 16 5 18 o 20 & 22 o
1210 8 6 4 2 0 2 4 6 8 10 12 1210 6 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 10 12
206m135, tp = 6,0 20 F06m135, tup — 6,07 = 4 35 | 06MI35, tup = 6.0 =4
15
08
1.0
05 30
07
' o0 G
-0.5 25
06 F71:00 — 16 18 o 20 -2 22 o Tio0 16 18 e 20 & 22 o TI00 — 16 18 o 20 & 22 o
1210 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 10 12
206m135, tg, = 6,0 20 F06m135. tap = 6,07 =8 g | 206mI35, tup =0,0° =8
15 -
06
10 3 S
05 N 20
0.5
$3edd LRiz T
0.0
-05 15
047100 — 16 18 o 20 w& 22 o TI00 16 18 w1 20 & 22 1o TI00 — 16 18 o 20 & 22 o
-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 -12 10 8 6 4 -2 0 2 4 6 8 10 12 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
20
0.6 | a06m135, tyqp, = 6, 0% a06m135, tyqp = 6.0% = 10 s a06m135, typ = 6, 0% = 10
15
1.0 -
05 % 20
05F = -
2 = T i §é
$4ed 00 Te
0.4
-0.5 15
rioo — 16 1800 20 A 22 ke Tioe — 160w 186y 20 22 e Tioo — 16w | 18k 20 20 ke
1210 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8 10 12 1210 8 6 4 2 0 2 4 6 8§ 10 12

ReR4 — GE(Q?) ImR1 — Ge(Q?) ReR1 — Gu(Q?)

Yong-Chull Jang (LANL) Nucleon Form Factors (LATTICE 2017) June 19 16 / 24



Q? Fits to Electromagnetic Form Factors

@ dipole Ga(0)
(14 Q?/M?2)?

s 12

Ga(Q@*) = = (ra)= M
A

@ z-expansion w/o sumrule constraints

GA(Qz) _ - 2\ k _ Vtcut+Q2_vtcut+tO
= Z az(Q9)<, z= )
Ga(0) = Vit + @ + Vi + fo

kmax

> k(k—1)...(k—n+1)a,=0 n=0,1,2,3.
k=n

12

T T T T
‘dlpole (b) —_ 4 dipole (D) —
Z° —_— 2
25—
1 ”
2244
234 3
08l 244
s
& S
0.6 2
04 =012 1L =012
a06m135 a06m135
0.2 . . . h . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Q(p) @(p)
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Electric Charge Radius (2): dipole versus z>*

() [fm]

() [fm?]

4

(r2) =do + dra + daM2 + dzM2e~MnlL

1.0 [

09 F

0.8 F

07 F

0.5 F

04 [

al2m310 v | a09m130 1M+ extrap. v¥«
al2m220L ~&«  206m310 4 a extrap. e
a09m310 ~a~  a06m220 ~S+ 1
209m220 @+ a06m135
q; ]

09

0.8

002 004 006 008 0.1 0.12
M2 [GeV?]

dipole (d3 = 0)

() [fm]

(i) [fm?]

1.0 [

09 F

0.8 F

0.7 F

0.6

0.5

04 [

al2m310 v a09m130 M- extrap. v«
al2m220L ~&~  a06m310 -4~ aextrap. w4«
a09m310 &~ a06m220 ++ 1
a09m220 @~ a06m1357 -

004 006 008 0.1 0.12
M2 [GeV?]
2+4
p4 + (d3 = 0)
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Gg: Clover-on-HISQ

a— 0, My — 135 MeV extrapolation

(r2) with FV without FV
dipole  0.53(03) 0.55(02)
22 0.61(05) 0.63(04)
z2+4  0.60(07) 0.61(06)
23 0.72(09) 0.71(07)
3+ 0.88(13) 0.89(11)
10 ' ' ' T a1om310 rom
212m220L +&-
a09m310 +a~
0.8 | a09m220 e 1
a09m130 rm—
a06m310 ~A
06 [ a0bm220 o~ ]
~ a06m135 =+
> Clover-on-Clover —e—
g Kelly, 2004 —
© o4l 5 ]
g y
02l % 5 :é 1
s
0.0 . . . . .

0.0 0.2 0.4 0.6 0.8

Q*[GeV?]

1.0 12 1.4

Ge/gv

versus

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

Clover-on-Clover

No a — 0, M, — 135 MeV
extrapolation yet

‘ ‘ ‘ ‘ T a127m285 1o

a094m280 (SsSs) o

2094m280 (5,57) -
2094m280 (SoSg) -
2091m170 o
2091m170L o

s Kelly, 2004 —

ey

[ o@ ]

Q?[GeV?]
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Magnetic Charge Radius (2): dipole versus z>*

(1) [fm?)

() [Fm?]

Yong-Chull Jang (LANL) Nucleon Form Factors
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(r3)) =do + dia+ da M2 + dsM2 e~ Mrl

al2m310 v | a09m130 1M+ extrap. v¥«
0o  al2m220L &« 206m310 A« aextrap. e
200m310 4 06m220 r
os b 209m220 @+ a06m135 ]
o7k El

0.2 F

01F

1.0 T

09 F
0.8 F
0.7 F

02 F

0.1F

0.02

004 006 008
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dipole (d3 = 0)

(1) [fm?]

() [Fm?]

1.0

09 F
0.8 F

0.7
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al2m310 v | a09m130, M- extrap. v«
al2m220L &+ | a06m310| -4~  a extrap. =% J

a09m310 &~ | a06m220| -+

a09m220 @~ | a06m135| =

0.02 0.04 0.06 0.08 0.1 0.12

M2 [GeV?]
Z2+4 (d3 = 0)
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Magnetic Moment ., — 4,: dipole versus z°**

(1) =do + dra+ daM2 + dsM2 e~ M=t

al2m310 w7~ a09m130 ~m- extrap. ¥« al2m310 w7~ a09m130 ~m- extrap. =¥«
al2m220L &+  a06m310 2~  a extrap. »é+ al2m220L &+  a06m310 A~  aextrap. »é+
a09m310 A~ a06m220 S+ a09m310 ~4~  a06m220 o+
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Gp: Clover-on-HISQ

a— 0, Mz — 135 MeV extrapolation

(r2)) with FV without FV
dipole 0.45(04) 0.44(03)
22 0.52(08) 0.51(06)
22+ 0.28(17) 0.30(16)
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z? 3.56(21) 3.45(14)
224 3.32(30) 3.24(21)
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Summary

@ ra=0.47(7)(5) fm, Ma = 1.46(27) GeV from z—expansion fit
@ rp=0.4933) fm, My =1.39(8) GeV from dipole fit
@ My is larger than phenomenology 1.026(21) (v, U scattering),

1.069(16) (Electroproduction), and 1.00(24) (Deuterium) but
consistent with the miniBooNE result 1.35(17) GeV.

@ gp and gy from the extrapolation of GP(Qz) are significantly
smaller than the phenomenology.

@ Three FFs Gy, 5,:, Gp do not satisfy PCAC relation.
— need to understand it

re, ry, W are smaller than the phenomenology.
Dipole ansatz is surprisingly good.

Estimates from dipole and z-expansion are consistent.

Fits to Gy, are the least stable.
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Thank you for your attention.

Thanks for computing reasource allocations at
NERSC, USQCD-Fermilab, and LANL and
ALCC allocation on TITAN at OLCF
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