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Motivation ...
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Physics at disparate scales factorizes

• Wilson coefficients:  short distance, perturbative 

• hadronic matrix elements:  long distance, nonperturbative  

4f0 , f+ , & fTform factors:

Role of LQCD ...

dΓ
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2

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

B
<latexit sha1_base64="wW6OXYFoJg3RvlrYIdlxqPzQzSE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJWvjMo=</latexit>

⇡
<latexit sha1_base64="MMfoOZUbGzRkaB76umvTEWj+CN8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBRC43R</latexit>

u, d
<latexit sha1_base64="OYA7DYO/Kl5s3KcV8CwZRhRRGyg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2g9oQ9lsNu3SzSbsToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqEUcp92PaVyISjKKVHrLzsFcquxV3BrJMvJyUIUe9V/rqhgnLYq6QSWpMx3NT9MdUo2CST4rdzPCUsiHt846lisbc+OPZqRNyapWQRIm2pZDM1N8TYxobM4oD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMv2bhEJzhnJkCWVa2FsJG1BNGdp0ijYEb/HlZdKsVryLSvX+sly7yeMowDGcwBl4cAU1uIM6NIBBH57hFd4c6bw4787HvHXFyWeO4A+czx8IOY2h</latexit>

u, d
<latexit sha1_base64="OYA7DYO/Kl5s3KcV8CwZRhRRGyg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2g9oQ9lsNu3SzSbsToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqEUcp92PaVyISjKKVHrLzsFcquxV3BrJMvJyUIUe9V/rqhgnLYq6QSWpMx3NT9MdUo2CST4rdzPCUsiHt846lisbc+OPZqRNyapWQRIm2pZDM1N8TYxobM4oD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMv2bhEJzhnJkCWVa2FsJG1BNGdp0ijYEb/HlZdKsVryLSvX+sly7yeMowDGcwBl4cAU1uIM6NIBBH57hFd4c6bw4787HvHXFyWeO4A+czx8IOY2h</latexit>

q2
<latexit sha1_base64="U7RD6NmttWogmj82R9fPbV7SEew=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4xyiOBlcwODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoeuo3n1BpHsl7M47RD+lA8j5n1Fjp7vGh0i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/6KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNStk7K1duz0vVqyyOPBzBMZyCBxdQhRuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AAlONnQ==</latexit>

u, d
<latexit sha1_base64="OYA7DYO/Kl5s3KcV8CwZRhRRGyg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2g9oQ9lsNu3SzSbsToRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqEUcp92PaVyISjKKVHrLzsFcquxV3BrJMvJyUIUe9V/rqhgnLYq6QSWpMx3NT9MdUo2CST4rdzPCUsiHt846lisbc+OPZqRNyapWQRIm2pZDM1N8TYxobM4oD2xlTHJhFbyr+53UyjK79sVBphlyx+aIokwQTMv2bhEJzhnJkCWVa2FsJG1BNGdp0ijYEb/HlZdKsVryLSvX+sly7yeMowDGcwBl4cAU1uIM6NIBBH57hFd4c6bw4787HvHXFyWeO4A+czx8IOY2h</latexit>



• motivation & role of LQCD 

• simulation & correlator construction 

• correlator fitting 

• chiral, continuum, & kinematic extrapolation 

• phenomenology 

• summary/outlook 

5



MILC nf = 2+1 asqtad ensembles
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ensemble a / fm Mπ / MeV Ns3 x Nt Nsrcs Ncfg

C1  A 0.12 267 243 x 64 4 2096

C2  A 0.12 348 203 x 64 2 2242

C3  A 0.12 489 203 x 64 2 1200

F1  A 0.09 313 323 x 96 4 1896

F2  A 0.09 438 323 x 96 4 1200

Bazavov et al, RMP 82, 1349 (2010)



ensemble a / fm Mπ / MeV
pπ L / (2π)

q2 / GeV2

C1  A 0.12 267
(0,0,0),  (1,0,0),  (1,1,0),  (1,1,1),  (2,0,0)

25.5,      22.9,      21.2,     19.9,      18.7

C2  A 0.12 348
(0,0,0),  (1,0,0),  (1,1,0),  (1,1,1)

24.8,      21.8,      19.8,     18.2

C3  A 0.12 489
(0,0,0),  (1,0,0),  (1,1,0),  (1,1,1),  (2,0,0),  (3,0,0),  (4,0,0),  (5,0,0)

23.7,      21.2,      19.4,     17.9,     16.5,       11.3,      5.9,        0.4

F1  A 0.09 313
(0,0,0),  (1,0,0),  (1,1,0),  (1,1,1),                              (4,0,0)

24.9,      21.8,      19.7,     18.1,                                  5.8

F2  A 0.09 438
(0,0,0),  (1,0,0),  (1,1,0),  (1,1,1),  (2,0,0),  (3,0,0)*

23.9,      21.3,      19.4,     17.8,      16.5,      11.2

7

* Generated 300 cfgs with pπ L / (2π) = (2,2,1) to search for Lorentz-violating effects 
relative to (3,0,0).  None found.

Simulated momenta reaches q2 = 0.4 GeV2
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  :  current insertion, with momentum 

               :  local and Gaussian smeared NRQCD b quark 

                 :  U(1) phases for random wall HISQ sources, with momentum 

   :  separations of 12, 13, 14, 15 (21, 22, 23, 24) used on 0.12 fm (0.09 fm) ensembles

J

ϕ(y′�− y)

ξ(x′�), ξ(x)

T

3pt correlator construction ...

ℓ = u, d

ℓ = u, d

HISQ

HISQ

NRQCD



𝒱(0)
μ = q̄γμb , 𝒱(2)

μ =
−1

2amb
q̄γ ⋅ ∇γ0γμb ,𝒱(1)

μ =
−1

2amb
q̄γμγ ⋅ ∇b ,

𝒱(3)
k =

−1
2amb

q̄∇kb , 𝒱(4)
k =

−1
2amb

q̄ ∇kb .

⟨V0⟩ = (1 + αsρ(0)
0 )⟨𝒱(0)

0 ⟩ + (1 + αsρ(1)
0 )⟨𝒱(1),sub

0 ⟩ + αsρ(2)
0 ⟨𝒱(2)

0 ⟩

⟨Vk⟩ = (1 + αsρ(0)
k )⟨𝒱(0)

k ⟩ + (1 + αsρ(1)
k )⟨𝒱(1),sub

k ⟩ + αs

4

∑
i=2

ρ(i)
k ⟨𝒱(i)

k ⟩

⟨Tk0⟩ = (1 + αsρ(0)
T )⟨𝒯(0)

k0 ⟩ + ⟨𝒯(1),sub
0k ⟩

• Match through                                           : 𝒪(αs
ΛQCD

mb
,

αs

amb
, αsaΛQCD)

⟨J(1),sub⟩ = ⟨J(1)⟩ − αsξJ⟨J(0)⟩ .with power-law subtraction

• Correlator data are combined with priors for matching coefficients.
Monahan et al, PRD 87, 034017 (2013) Gulez et al, PRD 73, 074502 (2006); D75, 119906(E) (2007)

• Generate 3pt correlator data for the following currents,

Matching NRQCD ...

9
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Correlator fitting ...

• Bayesian, using lsqfit 

• simultaneous fit to (2pt + 3pt)p

• posteriors from (2pt + 3pt)(0,0,0) are priors in (2pt + 3pt)(1,0,0) 

• posteriors from (2pt + 3pt)(1,0,0) are priors in (2pt + 3pt)(1,1,0) ...

Lepage, github.com/gplepage/lsqfit

Cπ
2pt(p; t) = ∑

n

|Zπ
n (p) |2 (−1)nt (e−Eπ

n (p)t + e−Eπ
n (p)(Nt−t))

CBπ
3pt(p; t) = ∑

n,m

Zπ
n (p) Anm(p) ZB (−1)mt+n(T−t) e−Eb

mt e−Eπ
n (p)(T−t)
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( E2
π − M2

π )fit / ( p2
π )sim

1 ± (apπ

π )
2

 0.7

 0.8

 0.9

 1

 1.1

 1.2

 0  0.2  0.4  0.6  0.8  1  1.2  1.4  1.6
a p

C1
C2
C3
F1
F2

apπ

Dispersion relation ...
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• Uncertainty from omitted higher order matching effects are accounted for after 
correlator fitting:

f∥,⊥,T → f∥,⊥,T (1 + μ∥,⊥,T + μ̃∥,⊥,T
pπ

pmax
π

)

• Matrix elements written in terms of intermediate form factors

⟨V0⟩ = 2MB f∥ , ⟨Vk⟩ = 2MB pk
π f⊥ , ⟨Tk0⟩ =

2MBpk
π

MB + Mπ
fT .

where the coefficients

μ∥,⊥,T :  generic pπ -independent effects

μ̃∥,⊥,T :  generic pπ -dependent effects

are priors in subsequent fit, with values set by observed size of               .J(i) / J(0)

Matching NRQCD (account for missing higher order effects) ...

14

μ∥,⊥,T = 0 ± 0.04
μ̃∥ = 0 ± 0.02
μ̃⊥ = 0 ± 0.03
μ̃T = 0 ± 0.05
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Chiral, continuum, and kinematic extrapolation...
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• HISQ permits large momenta simulations 

• want to fit all this data
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• kinematics:  trade Eπ for z Bouchard, Lepage, Monahan, Na, and Shigemitsu, PRD 90, 054506 (2014)

Bijnens and Jemos, NPB 840, 54 (2010); B 844, 182(E) (2011) 
Bijnens and Jemos, NPB 846, 145 (2011) 

f(E⇡) = (1 + [logs])K(E⇡) �! f(z) = (1 + [logs])K(z)
<latexit sha1_base64="JXth3oWLZztmxkZs7wkuoheZSaY="></latexit>

[logs]SU(2) = �3

8
(1 + 3g2BB⇤⇡)x⇡


log

✓
M2

⇡

⇤2
�

◆
+ �FV

�

<latexit sha1_base64="pTPbWTyj3qdU8N1xfo9xBaEG1jk="></latexit>

• where the hard pion ChPT log is

• Use hard pion ChPT to factorize chiral logs from kinematics

Chiral, continuum, and kinematic extrapolation...
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• analytic chiral and continuum terms are

• with expansion parameters

D(i)
k = 1 + c(i)1,kx⇡ + c(i)2,kx

2
⇡

+ d(i)0,k

⇣ a

r1

⌘2�
1 + l(i)0,kx⇡ + l(i)1,kx

2
⇡

��
1 + h(i)

0,kxb + h(i)
1,kx

2
b

�

+ d(i)1,k

⇣ a

r1

⌘4�
1 + l(i)2,kx⇡ + l(i)3,kx

2
⇡

��
1 + h(i)

2,kxb + h(i)
3,kx

2
b

�

+ e(i)0,k

⇣ap⇡

⇡

⌘2
+ e(i)1,k

⇣ap⇡

⇡

⌘4

+ c(i)3,k

⇣�⇡
2

+ �K
⌘
+ c(i)4,k

M2
⌘s

� (Mphys.
⌘s

)2

(4⇡f⇡)2
(1)

<latexit sha1_base64="+1o/9fnxUwBTMzPyzVcoYD13T3U="></latexit>

x⇡ =

✓
M⇡

4⇡f⇡

◆2
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�X =
M2

X, asqtad �M2
X

(4⇡f⇡)2
<latexit sha1_base64="ZUVBNG2F1HHmvN/vC28qTqoLA80="></latexit>

xb =
amb � avg(amb)

avg(amb)
<latexit sha1_base64="9ZtYcQHFPpCP+WWeHQp7kqoen4g=">AAACH3icbVDLSgMxFM34rPVVdekmWIS6sMxUUTdC0Y3LCvYB7TBk0kwbmskMyZ3SMvRP3PgrblwoIu76N6aPhbYeCJyccy/33uPHgmuw7bG1srq2vrGZ2cpu7+zu7ecODms6ShRlVRqJSDV8opngklWBg2CNWDES+oLV/d79xK/3mdI8kk8wjJkbko7kAacEjOTlrgaej29xK1CEpiQ0n3PcAjaAlPQ7o8JEORulS4qXy9tFewq8TJw5yaM5Kl7uu9WOaBIyCVQQrZuOHYObEgWcCjbKthLNYkJ7pMOahkoSMu2m0/tG+NQobRxEyjwJeKr+7jCLaz0MfVMZEujqRW8i/uc1Ewhu3JTLOAEm6WxQkAgMEZ6EhdtcMQpiaAihiptdMe0SExWYSLMmBGfx5GVSKxWdi2Lp8TJfvpvHkUHH6AQVkIOuURk9oAqqIoqe0St6Rx/Wi/VmfVpfs9IVa95zhP7AGv8AvKii0w==</latexit>

Pi(q
2)fi(q

2) =
�
1 + [logs]

� KX

k=0

a(i)k D(i)
k z(q2)k

<latexit sha1_base64="ZhfmL8egTcy1+jWlWYSotPvXV6Q="></latexit>

• write kinematic term K(z) as polynomial in z

Chiral, continuum, and kinematic extrapolation...
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• fit stable from K = 3

• impose constraints in continuum: 

- large q2 scaling of f+ and fT (i.e. BCL type z-expansion) 

- kinematic 

• in physical limit, the BCL z-expansion coefficients are then 

f0(q
2 = 0) = f+(q

2 = 0)
<latexit sha1_base64="pdThIIbKabwl8SuABmvRBbWPoTg=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDEBHCbhS0CQRtLCOYByTrMjuZTYbMPpyZFcKSxl+xsVDE1s+w82+cJFto4oELZ865l7n3eDFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29powSQWiDRDwSbQ9LyllIG4opTtuxoDjwOG15w+uJ33qkQrIovFOjmDoB7ofMZwQrLbnmge9apYf7StU6QVXku6fZwzWLVtmaAi0SOyNFyFB3za9uLyJJQENFOJayY1uxclIsFCOcjgvdRNIYkyHu046mIQ6odNLpAWN0rJUe8iOhK1Roqv6eSHEg5SjwdGeA1UDOexPxP6+TKP/SSVkYJ4qGZPaRn3CkIjRJA/WYoETxkSaYCKZ3RWSABSZKZ1bQIdjzJy+SZqVsn5Urt+fF2lUWRx4O4QhKYMMF1OAG6tAAAmN4hld4M56MF+Pd+Ji15oxsZh/+wPj8AQPTk3U=</latexit>

• write kinematic term K(z) as polynomial in z

Pi(q
2)fi(q

2) =
�
1 + [logs]

� KX

k=0

a(i)k D(i)
k z(q2)k

<latexit sha1_base64="ZhfmL8egTcy1+jWlWYSotPvXV6Q="></latexit>

Chiral, continuum, and kinematic extrapolation...



19O(z3), �
2
/dof = 60.8/76

<latexit sha1_base64="l66lNGMPt4VrkwfRFq9fGX8V4oY=">AAACDXicbVDLTgJBEJz1ifhCPXqZiCaYGNwFA1xMiF68iYmACQtkdpiFCbOPzPQaccMPePFXvHjQGK/evfk3Do+DopV0UqnqTneXEwquwDS/jLn5hcWl5cRKcnVtfWMztbVdU0EkKavSQATyxiGKCe6zKnAQ7CaUjHiOYHWnfz7y67dMKh741zAIWdMjXZ+7nBLQUju1f5m5b+UPj2xs0x5v5Y5tYHcQdwJ3iE9xwcyWjouFdiptZs0x8F9iTUkaTVFppz7tTkAjj/lABVGqYZkhNGMigVPBhkk7UiwktE+6rKGpTzymmvH4myE+0EoHu4HU5QMeqz8nYuIpNfAc3ekR6KlZbyT+5zUicEvNmPthBMynk0VuJDAEeBQN7nDJKIiBJoRKrm/FtEckoaADTOoQrNmX/5JaLmvls7mrk3T5bBpHAu2iPZRBFiqiMrpAFVRFFD2gJ/SCXo1H49l4M94nrXPGdGYH/YLx8Q3zRZjw</latexit>



• motivation & role of LQCD 

• simulation & correlator construction 

• correlator fitting 

• chiral, continuum, & kinematic extrapolation 

• phenomenology 

• summary/outlook 
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Incorporate Experimental Results...

• redo mod-z fit, including BaBar and Belle results for the differnital branching fraction

dB(B ! ⇡`⌫)

dq2
=

⌧BG2
F |Vub|2

24⇡3

(q2 �m2
`)

2
p

E2
⇡ �M2

⇡

q4M2
B

⇥
✓

1 +
m2

`

2q2

◆2

M2
B(E

2
⇡ �M2

⇡)|f+(q2)|2 +
3m2

`

8q2
�
M2

B �M2
⇡

�2 |f0(q2)|2
�

(1)
<latexit sha1_base64="cPHFJg1ejFdt+TByl9Jg5Nqlyiw="></latexit>

• output: improved form factors & |Vub|

BaBar, PRD83, 032007 (2011)
BaBar, PRD86, 092004 (2012) 

Belle, PRD83, 071101 (2011)

Belle, PRD88, 032005 (2013)
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O(z3), �
2
/dof = 152.4/127 = 1.2, Q = 0.05

<latexit sha1_base64="Xa5A4PuVuzXSvuZhj8K4EcCiF4w="></latexit>
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this work (PRELIMINARY)

FNAL/MILC 

RBC/UKQCD

HFLAV, exclusive

HFLAV, inclusive

PDG

PRD92 (2015) 014024 

PRD91 (2015) 074510

|Vub | x 10
3
  

3 3.5 4 4.5 5

     

PRD98 (2018) 030001, with 2019 update



• motivation & role of LQCD 

• simulation & correlator construction 

• correlator fitting 

• chiral, continuum, & kinematic extrapolation 

• phenomenology 

• summary/outlook 
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Summary/outlook ...

• preliminary results for f 0,+,T 

- momenta over full kinematic range 

- hard pion ChPT modified z expansion 

• preliminary |Vub| 

- ~equal error from LQCD & expt 

• To do: 

- Cross-checks (e.g. vs. 2-step extrapolations) 

- More phenomenology, including FCNC 

- Full error budget 

- Uncertainty dominated by statistics and NRQCD matching... 
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• To do: 

- Cross-checks (e.g. vs. 2-step extrapolations) 

- More phenomenology, including FCNC 

- Full error budget 

- Uncertainty dominated by statistics and NRQCD matching... 
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All-HISQ b decays (Will Parrot)



Back up slides ...

Thank you.
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|/M0
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/J0
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|~p|/mb
<latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit>

↵s = 0.3047
<latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit>

a|~p|max = ⇡/2
<latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit>

amb = 2.650
<latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit>

ensemble C3

m̃k ⇠ O

 
J (2)
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J (0)
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⇥O

✓
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|~p|2

m2
b

,↵2
s
|~p|

mb

◆

⇠ 0.15⇥ (0.11, 0.055)

=) prior[m̃k] = 0(0.02)
<latexit sha1_base64="JaUvLytYBawwIp36xlHrM/ZqRoA="></latexit><latexit sha1_base64="JaUvLytYBawwIp36xlHrM/ZqRoA="></latexit><latexit sha1_base64="JaUvLytYBawwIp36xlHrM/ZqRoA="></latexit><latexit sha1_base64="JaUvLytYBawwIp36xlHrM/ZqRoA="></latexit>
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|~p|/mb
<latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit>

|~p|/mb
<latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit>

↵s = 0.3047
<latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit>

a|~p|max = ⇡/2
<latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit>

amb = 2.650
<latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit><latexit sha1_base64="/g9sjaGloxPREvH4V9pWeabxMjE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbB07JbrHpRCl48VrAf0C4lm2bb0CS7JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/N/PYTVZrF8tFMEhoIPJQsYgQbK/Ww6IfoBlXdy5rXL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RD85ZdXSavq+p7rP1xU6rd5HEU4gVM4Bx+uoA730IAmEEjgGV7hzUmdF+fd+Vi0Fpx85hj+wPn8AXAKj/U=</latexit>

ensemble C3
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=) prior[m̃?] = 0(0.03)
<latexit sha1_base64="POTc3YRbnhmzCmSePqn9IuncEjg="></latexit><latexit sha1_base64="POTc3YRbnhmzCmSePqn9IuncEjg="></latexit><latexit sha1_base64="POTc3YRbnhmzCmSePqn9IuncEjg="></latexit><latexit sha1_base64="POTc3YRbnhmzCmSePqn9IuncEjg="></latexit>
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|~p|/mb
<latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit>

|~p|/mb
<latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit><latexit sha1_base64="Bv/sdNLItn8WP5P+W6OD0zwWxIQ=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90VQU9S8OKxgq2F7lKyabYNTbIhyRZK27/hxYMiXv0z3vw3pu0etPXBwOO9GWbmxYozY33/2yusrW9sbhW3Szu7e/sH5cOjpkkzTWiDpDzVrRgbypmkDcsspy2lKRYxp0/x4G7mPw2pNiyVj3akaCRwT7KEEWydFE7CISVITS5EJ+6UK37VnwOtkiAnFchR75S/wm5KMkGlJRwb0w58ZaMx1pYRTqelMDNUYTLAPdp2VGJBTTSe3zxFZ07poiTVrqRFc/X3xBgLY0Yidp0C275Z9mbif147s8lNNGZSZZZKsliUZBzZFM0CQF2mKbF85AgmmrlbEeljjYl1MZVcCMHyy6ukeVkN/GrwcFWp3eZxFOEETuEcAriGGtxDHRpAQMEzvMKbl3kv3rv3sWgtePnMMfyB9/kDr+iRbQ==</latexit>

↵s = 0.3047
<latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit><latexit sha1_base64="jJKNtVQoBDF9vrD/ct2kT8ACjcc=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp2VWA/GiBLx4jGAekCxL72SSDJl9MDOrhDWf4sWDIl79Em/+jZNkD5pY0FBUddPdFSSCK03It1VYW9/Y3Cpul3Z29/YP7PJhS8WppKxJYxHLTgCKCR6xpuZasE4iGYSBYO1gfDPz2w9MKh5H93qSMC+EYcQHnII2km+XeyCSEfgKX2HiXJBqzbcrxCFz4FXi5qSCcjR8+6vXj2kaskhTAUp1XZJoLwOpORVsWuqliiVAxzBkXUMjCJnysvnpU3xqlD4exNJUpPFc/T2RQajUJAxMZwh6pJa9mfif10314NLLeJSkmkV0sWiQCqxjPMsB97lkVIuJIUAlN7diOgIJVJu0SiYEd/nlVdI6d1ziuHfVSv06j6OIjtEJOkMuqqE6ukUN1EQUPaJn9IrerCfrxXq3PhatBSufOUJ/YH3+AIPlki4=</latexit>

a|~p|max = ⇡/2
<latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit><latexit sha1_base64="TiiOlH1S0dFVcvpzGgmbncSapGw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFc1aQIulEKblxWsA9oQphMJ+3QmWSYmRRL2oUbf8WNC0Xc+hHu/BunbRbaeuDC4Zx7ufeeUDCqtON8Wyura+sbm4Wt4vbO7t6+fXDYVEkqMWnghCWyHSJFGI1JQ1PNSFtIgnjISCsc3Ez91pBIRZP4Xo8E8TnqxTSiGGkjBXYJjb0hwVCMg8yTHHL0MIFX0BP0rBrYZafizACXiZuTMshRD+wvr5vglJNYY4aU6riO0H6GpKaYkUnRSxURCA9Qj3QMjREnys9mT0zgiVG6MEqkqVjDmfp7IkNcqREPTSdHuq8Wvan4n9dJdXTpZzQWqSYxni+KUgZ1AqeJwC6VBGs2MgRhSc2tEPeRRFib3IomBHfx5WXSrFZcp+LenZdr13kcBVACx+AUuOAC1MAtqIMGwOARPINX8GY9WS/Wu/Uxb12x8pkj8AfW5w9rypdD</latexit>

amb = 2.650
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