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Motivation

• Two different approaches to the determination of 𝛼s from hadronic 𝜏 decays:

    “truncated OPE’’ (tOPE) strategy (Pich and others) vs.  

    “duality-violation’’ (DV) strategy (Boito et al.)

• Many unsubstantiated criticisms of the DV strategy 
    Now finally a paper providing details (Pich & Rodríguez-Sánchez, JHEP 07 (2022) 145 (PRS))

    

• This talk:   all criticisms of PRS in the JHEP paper are misleading or incorrect
                       DV strategy has the tools to check this (and thus validate this strategy)

• In contrast, several criticisms of tOPE remain unanswered (Boito et al., PRD 95 (2017); PRD 100 (2019))
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Finite energy sum rules

1) Both methods are based on FESRs:

           is experimentally measured spectral function  (here, vector, non-strange, isospin 1)
           is (scalar) current two-point function,                                                               from theory (QCD)
           is polynomial in 

2) Approximate right-hand side by:

 
                                   known to         (Baikov et al. ‘08,  Herzog et al. ‘17) 
     OPE:  expansion in powers of         – known to be an asymptotic expansion (at best)
     DV:    resonance oscillations seen in spectral functions – not captured by pert.th. + OPE

3) Choose  strategy, tOPE (Pich and others) or DV (Boito et al.), next slide
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Strategies
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tOPE:         - set DV part equal to zero (this is a model for duality violations!)
                   - include high-degree polynomials (with DVs suppressed via zeros at              )
                   - use a single       value, as close as possible to         , dropping OPE parameters
                   until # fit parameters < # FESRs; OPE treated as if convergent to very high order (up to         ) 

DV:            Since OPE is asymptotic, use only to low orders (max           ), don’t drop OPE parameters
 ≥ 1 FESR with unsuppressed DVs, model with QCD-motivated ansatz (Regge theory and 1/Nc)

                  use, and test consistency of approach by varying,       between                          and     
                                                                                                                             (Catà et al. ‘05, Boito et al. ‘17)
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Experimental data   (non-strange vector spectral function):

OPAL:    Ackerstaff et al. ’98                                            Residual modes from (mostly) electroproduction
ALEPH:  Schael et al. ‘05, Davier et al. ‘14                    (instead of Monte-Carlo) Boito et al.  ‘20 
Combination:   Boito et al.  ‘20
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Criticism 1:    DV model is not stable against variations

Try varying the DV model:

PRS ‘22:     use

(Note huge values of    , this is not a small correction for                        )  

Obtained using non-strange ALEPH vector spectral function        
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Criticism 1:    DV model is not stable against variations

Try varying the DV model:

PRS ‘22:     use

ALEPH vector spectral function not precise enough for this test!   
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⌧ ) = 0.260± 0.089



Criticism 1:    DV model is not stable against variations

Try varying the DV model:

PRS ‘22:     use

ALEPH vector spectral function not precise enough for this test!   Use new vector spectral funtion:

<latexit sha1_base64="LpCo7rJlWdSgGDmlEIHLai1h+eI="></latexit>

⇢DV(s) =
⇣
1 +

c

s

⌘
e����s sin(↵+ �s)

11

12

13

14

15

16

17

18

19

20

�1 0 1 2 3 4 5

�
2

c

c = 0, result of Ref. [18]
c = �1.35 GeV2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

�1 0 1 2 3 4 5

↵
s(
m

⌧
)

c

c = 0, result of Ref. [18]
c = �1.35 GeV2 rather

spectacular
stability!
(red point is our
 central result)

7

<latexit sha1_base64="h/ecv9gA4+dPgdihseNqjopowDo="></latexit>

c = 0 ) ↵s(m
2
⌧ ) = 0.296± 0.010

c = �1.35 GeV2 ) ↵s(m
2
⌧ ) = 0.319± 0.016

c = �2 GeV2 ) ↵s(m
2
⌧ ) = 0.260± 0.089



Criticism 2:    Logarithmic corrections to OPE  
<latexit sha1_base64="5QJZo34LDBqpBiag32uNC+A3lno="></latexit>Z s0

0

dsw(s ⇢(s) = � 1

2⇡i

I

|z|=s0

dz w(z)
�
⇧pert.th.(z;↵s)+⇧OPE(z)

�
+

Z 1

s0

dsw(s) ⇢DV(s)

Choose                  constant, then                                                                                       : control which OPE 
                                                                                                                             terms contribute

Choose                                                                           then

⇒  higher-order logarithms (   ) affect sum rules with low-degree polynomials (   )!    

<latexit sha1_base64="sWWYi6TK9yxx/0ZbPMuAZ2Qk4hc=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCZdmrdFbpxWcE+pB1KJs20oZkHSUaoQ7/CjQtF3Po57vwbM20FFT1w4XDOvdx7jxdzJhVCH0ZubX1jcyu/XdjZ3ds/KB4edWSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXmzYzv3tHhWRReKNmMXUDPA6ZzwhWWrptDlN7Oi/fnw+LJWSimlO5dCAyHWTV7YzYjoVQBVomWqAEVmgNi++DUUSSgIaKcCxl30KxclMsFCOczguDRNIYkyke076mIQ6odNPFwXN4ppUR9COhK1RwoX6fSHEg5SzwdGeA1UT+9jLxL6+fKL/upiyME0VDslzkJxyqCGbfwxETlCg+0wQTwfStkEywwETpjAo6hK9P4f+kY5tWzXSuq6VGdRVHHpyAU1AGFrgADXAFWqANCAjAA3gCz4YwHo0X43XZmjNWM8fgB4y3T0n1kA4=</latexit>

C2k(z)

Wilson coefficients

<latexit sha1_base64="wWYTEut3537ytSrjBv+cGwzAko0="></latexit>

C2k(z) = C2k(µ
2)

✓
1 + L2k log

�s

µ2

◆

<latexit sha1_base64="6wA/Q3Wx+5N0+HBbxD6Bd8wKwYk=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6Z1al1ZcOOyBfuAdiiZNNPGZjJDkhHK0C9w40KRuvQv/A13/o2ZVkFFD1w4nHMv99zrx5wpjdC7tbS8srq2ntvIb25t7+wW9vZbKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHl5nfvqVSsUhc60lMvRAPBQsYwdpIjXG/UEQ2qrjlcxci20VOtZSRkusgVIaOjeYoXrzOMjzX+4W33iAiSUiFJhwr1XVQrL0US80Ip9N8L1E0xmSMh7RrqMAhVV46DzqFx0YZwCCSpoSGc/X7RIpDpSahbzpDrEfqt5eJf3ndRAdVL2UiTjQVZLEoSDjUEcyuhgMmKdF8YggmkpmskIywxESb3+TNE74uhf+TVsl2KrbbQMXaKVggBw7BETgBDjgDNXAF6qAJCKDgDjyAR+vGureerNmidcn6nDkAP2C9fABJl5Gy</latexit>

k
<latexit sha1_base64="Z/Qrnn2vPfehB7ucGKk/iSNNU0A=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6Z1al1ZcOOyBfuAdiiZNNPGZjJDkhHK0C9w40KRuvQv/A13/o2ZVkFFD1w4nHMv99zrx5wpjdC7tbS8srq2ntvIb25t7+wW9vZbKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHl5nfvqVSsUhc60lMvRAPBQsYwdpIDdEvFJGNKm753IXIdpFTLWWk5DoIlaFjozmKF6+zDM/1fuGtN4hIElKhCcdKdR0Uay/FUjPC6TTfSxSNMRnjIe0aKnBIlZfOg07hsVEGMIikKaHhXP0+keJQqUnom84Q65H67WXiX1430UHVS5mIE00FWSwKEg51BLOr4YBJSjSfGIKJZCYrJCMsMdHmN3nzhK9L4f+kVbKdiu02ULF2ChbIgUNwBE6AA85ADVyBOmgCAii4Aw/g0bqx7q0na7ZoXbI+Zw7AD1gvH04jkbU=</latexit>n

FESR:

8

<latexit sha1_base64="yZU/0uhlsa675NjPdjvhoz92k1w="></latexit>

⇧(q2) =
1X

k=1

C2k(q2)

(�q2)k
C2k(q

2)

<latexit sha1_base64="TObf33+N3oNw3Qc3KSCNY3ezJis="></latexit>

� 1

2⇡i

I

|z|=s0

dz

✓
z

s0

◆n C2k

(�z)k
=

C2(n+1)

(�s0)n

<latexit sha1_base64="KcBXVppZ2U95OxmZMX3l3LsALVQ="></latexit>

� 1

2⇡i

I

|z|=s0

dz

✓
z

s0

◆n C2k

(�z)k
=

C2(n+1)

(�s0)k

✓
�kn +

L2k

n� k
(1� �kn)

◆



Criticism 2:    Logarithmic corrections to OPE  

Choose                                                                           then

⇒  higher-order logarithms (   ) affect sum rules with low-degree polynomials (   )!

• Little is known about the values of          other than that they are suppressed by powers of    
      PRS ‘22 choose (rather arbitrarily)                      – is this reasonable?

• What we know:  k = 2 logs suppressed by two powers of       , very small 
      Using large-N factorization for k = 3  four-fermion operators:

• These are an order of magnitude smaller than PRS chose, and have no effect on the DV strategy                   

<latexit sha1_base64="wWYTEut3537ytSrjBv+cGwzAko0="></latexit>

C2k(z) = C2k(µ
2)

✓
1 + L2k log

�s

µ2

◆

<latexit sha1_base64="6wA/Q3Wx+5N0+HBbxD6Bd8wKwYk=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6Z1al1ZcOOyBfuAdiiZNNPGZjJDkhHK0C9w40KRuvQv/A13/o2ZVkFFD1w4nHMv99zrx5wpjdC7tbS8srq2ntvIb25t7+wW9vZbKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHl5nfvqVSsUhc60lMvRAPBQsYwdpIjXG/UEQ2qrjlcxci20VOtZSRkusgVIaOjeYoXrzOMjzX+4W33iAiSUiFJhwr1XVQrL0US80Ip9N8L1E0xmSMh7RrqMAhVV46DzqFx0YZwCCSpoSGc/X7RIpDpSahbzpDrEfqt5eJf3ndRAdVL2UiTjQVZLEoSDjUEcyuhgMmKdF8YggmkpmskIywxESb3+TNE74uhf+TVsl2KrbbQMXaKVggBw7BETgBDjgDNXAF6qAJCKDgDjyAR+vGureerNmidcn6nDkAP2C9fABJl5Gy</latexit>

k
<latexit sha1_base64="Z/Qrnn2vPfehB7ucGKk/iSNNU0A=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6Z1al1ZcOOyBfuAdiiZNNPGZjJDkhHK0C9w40KRuvQv/A13/o2ZVkFFD1w4nHMv99zrx5wpjdC7tbS8srq2ntvIb25t7+wW9vZbKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vbHl5nfvqVSsUhc60lMvRAPBQsYwdpIDdEvFJGNKm753IXIdpFTLWWk5DoIlaFjozmKF6+zDM/1fuGtN4hIElKhCcdKdR0Uay/FUjPC6TTfSxSNMRnjIe0aKnBIlZfOg07hsVEGMIikKaHhXP0+keJQqUnom84Q65H67WXiX1430UHVS5mIE00FWSwKEg51BLOr4YBJSjSfGIKJZCYrJCMsMdHmN3nzhK9L4f+kVbKdiu02ULF2ChbIgUNwBE6AA85ADVyBOmgCAii4Aw/g0bqx7q0na7ZoXbI+Zw7AD1gvH04jkbU=</latexit>n

<latexit sha1_base64="rQk86RxJIn2CXBgAsCOk7Kz96Ao=">AAAB8XicdVC7SgNBFJ2NrxhfMZY2Q4Jgtcxu3BgLIaCFhUUE88AkhNnJJBkyO7vMzAphyV/YWChiYeM3+AdWdv6Nk0RBRQ9cOJxzL/fe40ecKY3Qu5VaWFxaXkmvZtbWNza3stu5ugpjSWiNhDyUTR8rypmgNc00p81IUhz4nDb80cnUb1xTqVgoLvU4op0ADwTrM4K1ka7Ou4k7mhwj2+1mC8hGJa945EFke8gpu1Pieg5CRejYaIZCJf36kjt9yle72bd2LyRxQIUmHCvVclCkOwmWmhFOJ5l2rGiEyQgPaMtQgQOqOsns4gncM0oP9kNpSmg4U79PJDhQahz4pjPAeqh+e1PxL68V6365kzARxZoKMl/UjznUIZy+D3tMUqL52BBMJDO3QjLEEhNtQsqYEL4+hf+Tums7Jdu7MGkcgDnSYBfkwT5wwCGogDNQBTVAgAA34A7cW8q6tR6sx3lryvqc2QE/YD1/AHQzkw4=</latexit>

L2k = 0.2

<latexit sha1_base64="Ah8PeQ1nqi9IBXToNjdNGur0ch8=">AAAB7XicdVC7SgNBFJ31GeMrxtJmSBCsltmNG2MX0MLCIoJ5QLKE2clsMmb2wcysEJb8g42FIpb6Ff6BlZ1/42yioKIHLhzOuZd77/FizqRC6N1YWFxaXlnNreXXNza3tgs7xZaMEkFok0Q8Eh0PS8pZSJuKKU47saA48Dhte+OTzG9fUyFZFF6qSUzdAA9D5jOClZZa5/3UHk/7hTIyUdWpHDsQmQ6yanZGbMdCqAItE81QrudeX4qnT6VGv/DWG0QkCWioCMdSdi0UKzfFQjHC6TTfSySNMRnjIe1qGuKASjedXTuF+1oZQD8SukIFZ+r3iRQHUk4CT3cGWI3kby8T//K6ifJrbsrCOFE0JPNFfsKhimD2OhwwQYniE00wEUzfCskIC0yUDiivQ/j6FP5PWrZpVU3nQqdxCObIgT1QAgfAAkegDs5AAzQBAVfgBtyBeyMybo0H43HeumB8zuyCHzCePwCfWJIZ</latexit>

L2k
<latexit sha1_base64="dte7Jdgke41qpals7e3VRadzmBQ=">AAAB73icdVDLSgMxFM3UV62vWpduQovgasi0Tq27gi5cVrAPaIeSSdM2NJMZk4xQhv6EGxeKuBL8CP/AlTv/xkyroKIHLhzOuZd77/EjzpRG6N3KLC2vrK5l13Mbm1vbO/ndQkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uQ09dvXVCoWiks9jagX4JFgQ0awNlKnh3k0xn3Vz5eQjapu5cSFyHaRUyunpOw6CFWgY6M5SvXs60vh7KnY6OffeoOQxAEVmnCsVNdBkfYSLDUjnM5yvVjRCJMJHtGuoQIHVHnJ/N4ZPDDKAA5DaUpoOFe/TyQ4UGoa+KYzwHqsfnup+JfXjfWw5iVMRLGmgiwWDWMOdQjT5+GASUo0nxqCiWTmVkjGWGKiTUQ5E8LXp/B/0irbTtV2L0waR2CBLNgHRXAIHHAM6uAcNEATEMDBDbgD99aVdWs9WI+L1oz1ObMHfsB6/gBg65Mh</latexit>↵s

<latexit sha1_base64="d55uzDlSZh9URoGOoYFtm4lDCg0="></latexit>

|L2k=6| =
19

63⇡
↵s(s0) ' 0.03

9

<latexit sha1_base64="KcBXVppZ2U95OxmZMX3l3LsALVQ="></latexit>

� 1

2⇡i

I

|z|=s0

dz

✓
z

s0

◆n C2k

(�z)k
=

C2(n+1)

(�s0)k

✓
�kn +

L2k

n� k
(1� �kn)

◆

<latexit sha1_base64="dte7Jdgke41qpals7e3VRadzmBQ=">AAAB73icdVDLSgMxFM3UV62vWpduQovgasi0Tq27gi5cVrAPaIeSSdM2NJMZk4xQhv6EGxeKuBL8CP/AlTv/xkyroKIHLhzOuZd77/EjzpRG6N3KLC2vrK5l13Mbm1vbO/ndQkuFsSS0SUIeyo6PFeVM0KZmmtNOJCkOfE7b/uQ09dvXVCoWiks9jagX4JFgQ0awNlKnh3k0xn3Vz5eQjapu5cSFyHaRUyunpOw6CFWgY6M5SvXs60vh7KnY6OffeoOQxAEVmnCsVNdBkfYSLDUjnM5yvVjRCJMJHtGuoQIHVHnJ/N4ZPDDKAA5DaUpoOFe/TyQ4UGoa+KYzwHqsfnup+JfXjfWw5iVMRLGmgiwWDWMOdQjT5+GASUo0nxqCiWTmVkjGWGKiTUQ5E8LXp/B/0irbTtV2L0waR2CBLNgHRXAIHHAM6uAcNEATEMDBDbgD99aVdWs9WI+L1oz1ObMHfsB6/gBg65Mh</latexit>↵s



Criticism 3:    DV strategy is “redundant” – additional weights do not add information

PRS “Theorem”:   The weight                     in the DV strategy determines                 

                        while the other weights, such as                                        are completely redundant,

                        and only serve to determine higher-dimensional OPE coefficients, 
                        with no influence on                 and the fit quality.

• “Theorem” invalid due to logical/mathematical errors.

• No time for mathematics, but we’ll demonstrate this through a few examples.

• This criticism does, in fact, apply to the tOPE strategy (backup slides).

  10

<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="hAbq9hjzYAxCjxm8X3UWJUprgWc=">AAAB+XicdVDLSgMxFM34rPU1PnZugkVoF46Z1ql1IRTcuKxgH9DWkkkzbWjmQZKptEP/xI0LRdz6J+78G9NWQUUPXDiccy/33uNGnEmF0LuxsLi0vLKaWkuvb2xubZs7uzUZxoLQKgl5KBoulpSzgFYVU5w2IkGx73JadweXU78+pEKyMLhRo4i2fdwLmMcIVlrqmOZddpy7sI+z4xPZQbnbfMfMIAsVncK5A5HlILuUn5K8YyNUgLaFZsiU970ZKh3zrdUNSezTQBGOpWzaKFLtBAvFCKeTdCuWNMJkgHu0qWmAfSrbyezyCTzSShd6odAVKDhTv08k2Jdy5Lu608eqL397U/Evrxkrr9ROWBDFigZkvsiLOVQhnMYAu0xQovhIE0wE07dC0scCE6XDSusQvj6F/5Na3rKLlnOt0zgFc6TAATgEWWCDM1AGV6ACqoCAIbgHj+DJSIwH49l4mbcuGJ8ze+AHjNcPoMSUoA==</latexit>

w(z) = 1� (z/s0)
2

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )



Criticism 3:    DV strategy is “tautological” – additional weights do not add information

PRS “Theorem”:   The weight                     in the DV strategy determines                 

                        while the other weights, such as                                        are completely redundant,

                        and only serve to determine higher-dimensional OPE coefficients, 
                        with no influence on                 and the fit quality.

• Consider an example:   (i) fit                 and DV parameters to FESR with  

                                 Then:  (ii) fit again, now with weights                     and                                        (add       ) 

                                                  (a)   with correct            scaling for OPE term
                                                  (b)   with wrong             scaling for OPE term

• According to this “theorem,” fit should always give same value for                , adjusting       …

  11

<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="hAbq9hjzYAxCjxm8X3UWJUprgWc=">AAAB+XicdVDLSgMxFM34rPU1PnZugkVoF46Z1ql1IRTcuKxgH9DWkkkzbWjmQZKptEP/xI0LRdz6J+78G9NWQUUPXDiccy/33uNGnEmF0LuxsLi0vLKaWkuvb2xubZs7uzUZxoLQKgl5KBoulpSzgFYVU5w2IkGx73JadweXU78+pEKyMLhRo4i2fdwLmMcIVlrqmOZddpy7sI+z4xPZQbnbfMfMIAsVncK5A5HlILuUn5K8YyNUgLaFZsiU970ZKh3zrdUNSezTQBGOpWzaKFLtBAvFCKeTdCuWNMJkgHu0qWmAfSrbyezyCTzSShd6odAVKDhTv08k2Jdy5Lu608eqL397U/Evrxkrr9ROWBDFigZkvsiLOVQhnMYAu0xQovhIE0wE07dC0scCE6XDSusQvj6F/5Na3rKLlnOt0zgFc6TAATgEWWCDM1AGV6ACqoCAIbgHj+DJSIwH49l4mbcuGJ8ze+AHjNcPoMSUoA==</latexit>

w(z) = 1� (z/s0)
2

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="hAbq9hjzYAxCjxm8X3UWJUprgWc=">AAAB+XicdVDLSgMxFM34rPU1PnZugkVoF46Z1ql1IRTcuKxgH9DWkkkzbWjmQZKptEP/xI0LRdz6J+78G9NWQUUPXDiccy/33uNGnEmF0LuxsLi0vLKaWkuvb2xubZs7uzUZxoLQKgl5KBoulpSzgFYVU5w2IkGx73JadweXU78+pEKyMLhRo4i2fdwLmMcIVlrqmOZddpy7sI+z4xPZQbnbfMfMIAsVncK5A5HlILuUn5K8YyNUgLaFZsiU970ZKh3zrdUNSezTQBGOpWzaKFLtBAvFCKeTdCuWNMJkgHu0qWmAfSrbyezyCTzSShd6odAVKDhTv08k2Jdy5Lu608eqL397U/Evrxkrr9ROWBDFigZkvsiLOVQhnMYAu0xQovhIE0wE07dC0scCE6XDSusQvj6F/5Na3rKLlnOt0zgFc6TAATgEWWCDM1AGV6ACqoCAIbgHj+DJSIwH49l4mbcuGJ8ze+AHjNcPoMSUoA==</latexit>

w(z) = 1� (z/s0)
2

<latexit sha1_base64="nmGh+5NjX07Cq3EqKUTycMtexpM=">AAAB7nicdVDLSsNAFJ3UV62v+ti5GSyCqzhpTa27ghuXFewD2lgm00k7dDIJMxOhhH6EGxeKuPV73Pk3TlIFFT1w4XDOvdx7jx9zpjRC71ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tHpWKRuNGzmHohHgsWMIK1kbrOqRqi29qwXEE2qru1Cxci20VOo5qRqusgVIOOjXJUmgdBjtaw/DYYRSQJqdCEY6X6Doq1l2KpGeF0XhokisaYTPGY9g0VOKTKS/Nz5/DYKCMYRNKU0DBXv0+kOFRqFvqmM8R6on57mfiX10900PBSJuJEU0EWi4KEQx3B7Hc4YpISzWeGYCKZuRWSCZaYaJNQyYTw9Sn8n3SqtlO33WuTxhlYoAgOwRE4AQ44B01wBVqgDQiYgnvwCJ6s2Hqwnq2XRWvB+pzZBz9gvX4ABL2Rnw==</latexit>

1/s30
<latexit sha1_base64="lS4o6HBNvRkDoCeJSgrmykxe2/Q=">AAAB8nicdVDLSgMxFM3UV62vWpduQovgasi0Tq27Ql24rGAfMB1KJk3b0MxkSDJCGfoZblwoIrjyF/wDV+78G9NWQUUPBA7n3EvuOUHMmdIIvVuZldW19Y3sZm5re2d3L79faCuRSEJbRHAhuwFWlLOItjTTnHZjSXEYcNoJJo2537mmUjERXelpTP0QjyI2ZARrI3m9WIpYC9joV/v5ErJR1a2cuRDZLnJq5Tkpuw5CFejYaIFSPfv6Ujh/Kjb7+bfeQJAkpJEmHCvlOSjWfoqlZoTTWa6XKBpjMsEj6hka4ZAqP12cPINHRhnAoZDmRRou1O8bKQ6VmoaBmQyxHqvf3lz8y/MSPaz5KYviRNOILD8aJhyakPP8cMAkJZpPDcFEMnMrJGMsMdGmpZwp4Ssp/J+0y7ZTtd1L08YJWCILDkERHAMHnII6uABN0AIECHAD7sC9pa1b68F6XI5mrM+dA/AD1vMHA/yUAw==</latexit>

/ C6
<latexit sha1_base64="1s5GqJJUMGlLnMkif8WGK7KI+QA=">AAAB7nicdVDLSsNAFJ3UV62v+ti5GSyCqzhpTa27ghuXFewD2lgm00k7dDIJMxOhhH6EGxeKuPV73Pk3TlIFFT1w4XDOvdx7jx9zpjRC71ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tHpWKRuNGzmHohHgsWMIK1kbrOqRqiW3dYriAb1d3ahQuR7SKnUc1I1XUQqkHHRjkqzYMgR2tYfhuMIpKEVGjCsVJ9B8XaS7HUjHA6Lw0SRWNMpnhM+4YKHFLlpfm5c3hslBEMImlKaJir3ydSHCo1C33TGWI9Ub+9TPzL6yc6aHgpE3GiqSCLRUHCoY5g9jscMUmJ5jNDMJHM3ArJBEtMtEmoZEL4+hT+TzpV26nb7rVJ4wwsUASH4AicAAecgya4Ai3QBgRMwT14BE9WbD1Yz9bLorVgfc7sgx+wXj8AB8WRoQ==</latexit>

1/s50
<latexit sha1_base64="lS4o6HBNvRkDoCeJSgrmykxe2/Q=">AAAB8nicdVDLSgMxFM3UV62vWpduQovgasi0Tq27Ql24rGAfMB1KJk3b0MxkSDJCGfoZblwoIrjyF/wDV+78G9NWQUUPBA7n3EvuOUHMmdIIvVuZldW19Y3sZm5re2d3L79faCuRSEJbRHAhuwFWlLOItjTTnHZjSXEYcNoJJo2537mmUjERXelpTP0QjyI2ZARrI3m9WIpYC9joV/v5ErJR1a2cuRDZLnJq5Tkpuw5CFejYaIFSPfv6Ujh/Kjb7+bfeQJAkpJEmHCvlOSjWfoqlZoTTWa6XKBpjMsEj6hka4ZAqP12cPINHRhnAoZDmRRou1O8bKQ6VmoaBmQyxHqvf3lz8y/MSPaz5KYviRNOILD8aJhyakPP8cMAkJZpPDcFEMnMrJGMsMdGmpZwp4Ssp/J+0y7ZTtd1L08YJWCILDkERHAMHnII6uABN0AIECHAD7sC9pa1b68F6XI5mrM+dA/AD1vMHA/yUAw==</latexit>

/ C6

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="KmMzJLhOD9VGhc7zOyW5uqeUicM=">AAAB6nicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFe0D2qFk0rQNzWSGJCOUoZ/gxoUibsW/8A9cufNvzLQKKnrgwuGce7n3Hj/iTGmE3q2l5ZXVtfXMRnZza3tnN7eXb6kwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9RTv31NpWKhuNLTiHoBHgk2ZARrI13W+5V+rohsVHHLpy5EtoucaiklJddBqAwdG81RrGVeX/Jnz4VGP/fWG4QkDqjQhGOlug6KtJdgqRnhdJbtxYpGmEzwiHYNFTigykvmp87goVEGcBhKU0LDufp9IsGBUtPAN50B1mP120vFv7xurIdVL2EiijUVZLFoGHOoQ5j+DQdMUqL51BBMJDO3QjLGEhNt0smaEL4+hf+TVsl2KrZ7YdI4BgtkwAEogCPggBNQA+egAZqAgBG4AXfg3uLWrfVgPS5al6zPmX3wA9bTBwqJkJM=</latexit>

C6

<latexit sha1_base64="KmMzJLhOD9VGhc7zOyW5uqeUicM=">AAAB6nicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFe0D2qFk0rQNzWSGJCOUoZ/gxoUibsW/8A9cufNvzLQKKnrgwuGce7n3Hj/iTGmE3q2l5ZXVtfXMRnZza3tnN7eXb6kwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9RTv31NpWKhuNLTiHoBHgk2ZARrI13W+5V+rohsVHHLpy5EtoucaiklJddBqAwdG81RrGVeX/Jnz4VGP/fWG4QkDqjQhGOlug6KtJdgqRnhdJbtxYpGmEzwiHYNFTigykvmp87goVEGcBhKU0LDufp9IsGBUtPAN50B1mP120vFv7xurIdVL2EiijUVZLFoGHOoQ5j+DQdMUqL51BBMJDO3QjLGEhNt0smaEL4+hf+TVsl2KrZ7YdI4BgtkwAEogCPggBNQA+egAZqAgBG4AXfg3uLWrfVgPS5al6zPmX3wA9bTBwqJkJM=</latexit>

C6



Criticism 3:    DV strategy is “tautological” – additional weights do not add information

blue points:    fit with 

                                                                                                        green points: fit with 

                                                                                                                             and
                                                                                                                             scaling

                                                                                                        red points:     fit with 
                                                                                                                             and 

                                                                                                                             scaling

                                                                                                        blue and green fits not the same, 
                                                                                                                             but very consistent

                                                                                                        red fit very different and not consistent!
• According to this “theorem,” fit should always give same value for                :  based on math mistake!
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<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="hAbq9hjzYAxCjxm8X3UWJUprgWc=">AAAB+XicdVDLSgMxFM34rPU1PnZugkVoF46Z1ql1IRTcuKxgH9DWkkkzbWjmQZKptEP/xI0LRdz6J+78G9NWQUUPXDiccy/33uNGnEmF0LuxsLi0vLKaWkuvb2xubZs7uzUZxoLQKgl5KBoulpSzgFYVU5w2IkGx73JadweXU78+pEKyMLhRo4i2fdwLmMcIVlrqmOZddpy7sI+z4xPZQbnbfMfMIAsVncK5A5HlILuUn5K8YyNUgLaFZsiU970ZKh3zrdUNSezTQBGOpWzaKFLtBAvFCKeTdCuWNMJkgHu0qWmAfSrbyezyCTzSShd6odAVKDhTv08k2Jdy5Lu608eqL397U/Evrxkrr9ROWBDFigZkvsiLOVQhnMYAu0xQovhIE0wE07dC0scCE6XDSusQvj6F/5Na3rKLlnOt0zgFc6TAATgEWWCDM1AGV6ACqoCAIbgHj+DJSIwH49l4mbcuGJ8ze+AHjNcPoMSUoA==</latexit>

w(z) = 1� (z/s0)
2

<latexit sha1_base64="nmGh+5NjX07Cq3EqKUTycMtexpM=">AAAB7nicdVDLSsNAFJ3UV62v+ti5GSyCqzhpTa27ghuXFewD2lgm00k7dDIJMxOhhH6EGxeKuPV73Pk3TlIFFT1w4XDOvdx7jx9zpjRC71ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tHpWKRuNGzmHohHgsWMIK1kbrOqRqi29qwXEE2qru1Cxci20VOo5qRqusgVIOOjXJUmgdBjtaw/DYYRSQJqdCEY6X6Doq1l2KpGeF0XhokisaYTPGY9g0VOKTKS/Nz5/DYKCMYRNKU0DBXv0+kOFRqFvqmM8R6on57mfiX10900PBSJuJEU0EWi4KEQx3B7Hc4YpISzWeGYCKZuRWSCZaYaJNQyYTw9Sn8n3SqtlO33WuTxhlYoAgOwRE4AQ44B01wBVqgDQiYgnvwCJ6s2Hqwnq2XRWvB+pzZBz9gvX4ABL2Rnw==</latexit>

1/s30
<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="hAbq9hjzYAxCjxm8X3UWJUprgWc=">AAAB+XicdVDLSgMxFM34rPU1PnZugkVoF46Z1ql1IRTcuKxgH9DWkkkzbWjmQZKptEP/xI0LRdz6J+78G9NWQUUPXDiccy/33uNGnEmF0LuxsLi0vLKaWkuvb2xubZs7uzUZxoLQKgl5KBoulpSzgFYVU5w2IkGx73JadweXU78+pEKyMLhRo4i2fdwLmMcIVlrqmOZddpy7sI+z4xPZQbnbfMfMIAsVncK5A5HlILuUn5K8YyNUgLaFZsiU970ZKh3zrdUNSezTQBGOpWzaKFLtBAvFCKeTdCuWNMJkgHu0qWmAfSrbyezyCTzSShd6odAVKDhTv08k2Jdy5Lu608eqL397U/Evrxkrr9ROWBDFigZkvsiLOVQhnMYAu0xQovhIE0wE07dC0scCE6XDSusQvj6F/5Na3rKLlnOt0zgFc6TAATgEWWCDM1AGV6ACqoCAIbgHj+DJSIwH49l4mbcuGJ8ze+AHjNcPoMSUoA==</latexit>

w(z) = 1� (z/s0)
2

<latexit sha1_base64="1s5GqJJUMGlLnMkif8WGK7KI+QA=">AAAB7nicdVDLSsNAFJ3UV62v+ti5GSyCqzhpTa27ghuXFewD2lgm00k7dDIJMxOhhH6EGxeKuPV73Pk3TlIFFT1w4XDOvdx7jx9zpjRC71ZhaXllda24XtrY3NreKe/udVSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrTy8zv3tHpWKRuNGzmHohHgsWMIK1kbrOqRqiW3dYriAb1d3ahQuR7SKnUc1I1XUQqkHHRjkqzYMgR2tYfhuMIpKEVGjCsVJ9B8XaS7HUjHA6Lw0SRWNMpnhM+4YKHFLlpfm5c3hslBEMImlKaJir3ydSHCo1C33TGWI9Ub+9TPzL6yc6aHgpE3GiqSCLRUHCoY5g9jscMUmJ5jNDMJHM3ArJBEtMtEmoZEL4+hT+TzpV26nb7rVJ4wwsUASH4AicAAecgya4Ai3QBgRMwT14BE9WbD1Yz9bLorVgfc7sgx+wXj8AB8WRoQ==</latexit>

1/s50

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )



Criticism 4:    DV strategy determines       at 1.55 GeV2 

PRS claim:             Using the weight                     in the DV strategy determines                 at

                                and uses the spectral function for                   to fit the DV parameters.
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<latexit sha1_base64="FdS2ZarMOhdHgtPCN3fz5Jxipy8=">AAAB7XicdVDLSgMxFM3UV62v+ti5CRahboZM69S6EApuXFawD2iHkkkzbWzmQZJR6tB/cONCEbf+jzv/xsxUQUUPXDiccy/33uNGnEmF0LuRW1hcWl7JrxbW1jc2t4rbO20ZxoLQFgl5KLoulpSzgLYUU5x2I0Gx73LacSfnqd+5oUKyMLhS04g6Ph4FzGMEKy21b8t3R2fWoFhCJqrZ1VMbItNGVr2SkoptIVSFlokylBp7XobmoPjWH4Yk9mmgCMdS9iwUKSfBQjHC6azQjyWNMJngEe1pGmCfSifJrp3BQ60MoRcKXYGCmfp9IsG+lFPf1Z0+VmP520vFv7xerLy6k7AgihUNyHyRF3OoQpi+DodMUKL4VBNMBNO3QjLGAhOlAyroEL4+hf+TdsW0aqZ9qdM4BnPkwT44AGVggRPQABegCVqAgGtwDx7BkxEaD8az8TJvzRmfM7vgB4zXD3lskVI=</latexit>

w(z) = 1
<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="6DyIcG668vemZ9/QYQaq8tHOdHA=">AAAB9HicdVDLSgMxFM3UR7W+6mPnJlgENw6Z1qm6E9y4VLAPbMeSSdM2NMmMSaZShn6HGxFF3Pox7vwb01ZBRQ9cOJxzL/feE8acaYPQu5OZmZ2bzy4s5paWV1bX8usbVR0litAKiXik6iHWlDNJK4YZTuuxoliEnNbC/unYrw2o0iySl2YY00DgrmQdRrCxUqBb6DptKgEFk6NWvoBcVPZLxz5Ero+8o+KYFH0PoRL0XDRB4WRrv3ubfbg6b+Xfmu2IJIJKQzjWuuGh2AQpVoYRTke5ZqJpjEkfd2nDUokF1UE6OXoEd63Shp1I2ZIGTtTvEykWWg9FaDsFNj392xuLf3mNxHSOgpTJODFUkumiTsKhieA4AdhmihLDh5Zgopi9FZIeVpgYm1POhvD1KfyfVIuuV3b9C5vGAZhiAWyDHbAHPHAITsAZOAcVQMANuAOP4MkZOPfOs/Mybc04nzOb4Aec1w8Sp5SF</latexit>

smin
0

Logical alternative: 

DV strategy determines
at           and uses the spectral
function for                   to fit DV 
parameters

Reality:  all parameters obtained
from fits using all data

   

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="sqWnA9gmQlOTZOrBUQOxP4vTok8=">AAAB9HicdVDLSgMxFM34aq2v+ti5CRbBjUOmdWrdFdy4rGAf2I4lk6ZtaDIzJplqGfodbkQUcevHuPNvTFsFFT1w4XDOvdx7jx9xpjRC79bc/MLiUiq9nFlZXVvfyG5u1VQYS0KrJOShbPhYUc4CWtVMc9qIJMXC57TuD04nfn1IpWJhcKFHEfUE7gWsywjWRvJUG10lLSmgwLfjdjaHbFR0CycuRLaLnFJ+QvKug1ABOjaaIlfeOezdpB4uK+3sW6sTkljQQBOOlWo6KNJegqVmhNNxphUrGmEywD3aNDTAgiovmR49hvtG6cBuKE0FGk7V7xMJFkqNhG86BdZ99dubiH95zVh3S17CgijWNCCzRd2YQx3CSQKwwyQlmo8MwUQycyskfSwx0SanjAnh61P4P6nlbadou+cmjSMwQxrsgj1wABxwDMrgDFRAFRBwDe7AI3iyhta99Wy9zFrnrM+ZbfAD1usHFamUhw==</latexit>

smax
0

<latexit sha1_base64="b/sy6U+yBPy/4uY75JGm/xRzEW8=">AAAB+HicdVDLSgMxFM34tr7Gx85NsAhuHDLV8bERwY1LBfvAdiyZNG1Dk8yQZJQ69EsEcaGIWz/FnX9jplVQ0QMXDufcy733RAln2iD07oyNT0xOTc/MFubmFxaX3OWVio5TRWiZxDxWtQhrypmkZcMMp7VEUSwiTqtR7yT3q9dUaRbLC9NPaChwR7I2I9hYqeku6SPdRFdZQwkomBw03SLy0F6wcxhA5AXIPyjlpBT4CO1A30NDFI/Xtjs30/eXZ033rdGKSSqoNIRjres+SkyYYWUY4XRQaKSaJpj0cIfWLZVYUB1mw8MHcNMqLdiOlS1p4FD9PpFhoXVfRLZTYNPVv71c/Murp6Z9EGZMJqmhkowWtVMOTQzzFGCLKUoM71uCiWL2Vki6WGFibFYFG8LXp/B/Uil5/p4XnNs0dsEIM2AdbIAt4IN9cAxOwRkoAwJScAcewZNz6zw4z87LqHXM+ZxZBT/gvH4A6hmVew==</latexit>

s > smin
0

<latexit sha1_base64="nlFWGSBf7/tMnqC5uQ9oX98xm8Y=">AAAB+HicdVDLSgMxFM3UR2t9tD52boJFcOOQaZ1awUXBjcsK9oFtLZk0bUOTmSHJqHXolwjiQhG3foo7/8a0VVDRAxcO59zLvfd4IWdKI/RuJebmFxaTqaX08srqWia7vlFTQSQJrZKAB7LhYUU582lVM81pI5QUC4/Tujc8mfj1KyoVC/xzPQppW+C+z3qMYG2kTjajjlUHXcYtKaDAN+NONodsVHQLRy5EtoucUn5C8q6DUAE6NpoiV97a718n7y8qnexbqxuQSFBfE46Vajoo1O0YS80Ip+N0K1I0xGSI+7RpqI8FVe14evgY7hqlC3uBNOVrOFW/T8RYKDUSnukUWA/Ub28i/uU1I90rtWPmh5GmPpkt6kUc6gBOUoBdJinRfGQIJpKZWyEZYImJNlmlTQhfn8L/SS1vO0XbPTNpHIAZUmAb7IA94IBDUAanoAKqgIAI3IFH8GTdWg/Ws/Uya01YnzOb4Aes1w/p+ZV7</latexit>

s < smax
0

<latexit sha1_base64="5MVMSdBaf6+gVuLRrOWNrDgA+Ww=">AAAB73icdVBNS8NAEN3UrxqtVj16WSwFTyUpWNNbQRCPFewHtKFMtpt26WYTdzdCKf0TXjwo4knwb/gTvPlv3LQKKvpg4PHeDDPzgoQzpR3n3cqtrK6tb+Q37a3tws5ucW+/reJUEtoiMY9lNwBFORO0pZnmtJtIClHAaSeYnGV+54ZKxWJxpacJ9SMYCRYyAtpI3T7wZAwDNSiWnIpjUKvhjLie4xpSr3vVah27C8txSo3Ca1o+t5+bg+JbfxiTNKJCEw5K9Vwn0f4MpGaE07ndTxVNgExgRHuGCoio8meLe+e4bJQhDmNpSmi8UL9PzCBSahoFpjMCPVa/vUz8y+ulOvT8GRNJqqkgy0VhyrGOcfY8HjJJieZTQ4BIZm7FZAwSiDYR2SaEr0/x/6Rdrbi1ysmlScNDS+TRITpCx8hFp6iBLlATtRBBHN2ie/RgXVt31qP1tGzNWZ8zB+gHrJcP9dSS1g==</latexit>↵s



Conclusions

• Longstanding controversy between truncated OPE and DV strategies for determining

                    from hadronic 𝜏 decays; new paper by PRS (finally) provides details of the criticisms

• All PRS criticism of DV strategy refuted – based on math mistakes/insufficient scrutiny of assumptions

• Answers to criticisms, however, do provide useful further tests of DV strategy

• Our result stands:                                                                            (Boito et al. ‘21)

• Our criticism of the truncated OPE strategy remains unanswered (PRD 95 (2017); PRD 100 (2019))
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<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="FxKS7M9qpoiVftVFh0vv1V4N+Vg="></latexit>

↵(m⌧ ) = 0.3077± 0.0075

) ↵(mZ) = 0.1171± 0.0010



BACKUP

15



Redundancy of tOPE strategy

• Consider “optimal weights”:         (PRS, ‘16)

• Set                                              and set                              , hence                    determine only
    (even with correlations), with          fixed by          , etc.     Fit to ALEPH V+A non-strange data

    

16

<latexit sha1_base64="ch7m6ziwNB1/919jcakz3vnGTtw="></latexit>

w21(y) = 1� 3y2 + 2y3 ↵s, C6, C8

w22(y) = 1� 4y3 + 3y4 ↵s, C8, C10

w23(y) = 1� 5y4 + 4y5 ↵s, C10, C12

w24(y) = 1� 6y5 + 5y6 ↵s, C12, C14

w25(y) = 1� 7y6 + 6y7 ↵s, C14, C16

<latexit sha1_base64="gw7NKhhs8W5M9RxegRnoCwo5U9E="></latexit>

C12 = C14 = C16 = 0 <latexit sha1_base64="ImNTXMDJDR4xc4TYvxISxJq95j4=">AAAB+HicdVDLSgMxFM34rPXRqks3wSIoyJBpO7WuLIjgsoJ9QDsMmTRtQzMPkoxSh36JGxeKuHXrX7jzE/wLM62Cih64cDjnXu69x4s4kwqhN2NufmFxaTmzkl1dW9/I5Te3mjKMBaENEvJQtD0sKWcBbSimOG1HgmLf47TljU5Tv3VFhWRhcKnGEXV8PAhYnxGstOTmc9duUixPDrswJfbEzReQiSp26diGyLSRVS2mpGhbCJWgZaIpCrXc+8lB9uWs7uZfu72QxD4NFOFYyo6FIuUkWChGOJ1ku7GkESYjPKAdTQPsU+kk08MncE8rPdgPha5Awan6fSLBvpRj39OdPlZD+dtLxb+8Tqz6VSdhQRQrGpDZon7MoQphmgLsMUGJ4mNNMBFM3wrJEAtMlM4qq0P4+hT+T5pF06qY9oVOowxmyIAdsAv2gQWOQA2cgzpoAAJicAvuwYNxY9wZj8bTrHXO+JzZBj9gPH8AaoKVMA==</latexit>w24, w25

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="BAXN8fwP5THjS2eLFRZKNFPNLw0=">AAAB7XicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFewD2qFk0rSNzUyGJCOUof/gxoUiLvUr/ANX7vwbM62Cih64cDjnXu69x484Uxqhd2tpeWV1bT2zkd3c2t7Zze3lW0rEktAmEVzIjo8V5SykTc00p51IUhz4nLb9ST3129dUKibCSz2NqBfgUciGjGBtpFa9nzho1s8VkY0qbvnUhch2kVMtpaTkOgiVoWOjOYq1zOtL/uyp0Ojn3noDQeKAhppwrFTXQZH2Eiw1I5zOsr1Y0QiTCR7RrqEhDqjykvm1M3holAEcCmkq1HCufp9IcKDUNPBNZ4D1WP32UvEvrxvrYdVLWBjFmoZksWgYc6gFTF+HAyYp0XxqCCaSmVshGWOJiTYBZU0IX5/C/0mrZDsV270waRyDBTLgABTAEXDACaiBc9AATUDAFbgBd+DeEtat9WA9LlqXrM+ZffAD1vMHNlqR1A==</latexit>

C10
<latexit sha1_base64="AwKAxC4+wzZ1wbXDkqau30Fz4Us=">AAAB7XicdVDLSgMxFM34rPVV69JNaBFcDZmpU+uuoAuXFewD2qFk0kwbm3mQZJQy9B/cuFDEpX6Ff+DKnX9jplVQ0QMXDufcy733eDFnUiH0biwsLi2vrObW8usbm1vbhZ1iS0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa98Unmt6+okCwKL9Qkpm6AhyHzGcFKS63rfmpXpv1CGZmo6lSOHYhMB1k1OyO2YyFUgZaJZijXc68vxdOnUqNfeOsNIpIENFSEYym7FoqVm2KhGOF0mu8lksaYjPGQdjUNcUClm86uncJ9rQygHwldoYIz9ftEigMpJ4GnOwOsRvK3l4l/ed1E+TU3ZWGcKBqS+SI/4VBFMHsdDpigRPGJJpgIpm+FZIQFJkoHlNchfH0K/yct27SqpnOu0zgEc+TAHiiBA2CBI1AHZ6ABmoCAS3AD7sC9ERm3xoPxOG9dMD5ndsEPGM8fjEOSDA==</latexit>w23

<latexit sha1_base64="TQD4bX+N8XS9xbWrgTA0xaJZrMQ="></latexit>

s0 = 2.8 GeV2



Redundancy of tOPE strategy                                                                                       (PRS ‘22)

• Consider “optimal weights”:      (PRS, ‘16)

• Results:

•                purely from perturbation theory, no effect from OPE; OPE coefficients not fitted
   Can also get                 from only          (not a fit!):                                  tests only pert.th., not the OPE!       
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<latexit sha1_base64="Pf7lpreGTT8Jtv3skn7uVLLxHNs="></latexit>

w24, w25 : ↵s = 0.3146(28), �2 = 2.376717

w23, . . . w25 : ↵s = 0.3146(28), �2 = 2.376717, C10 = 0.00030(12)

w22, . . . w25 : ↵s = 0.3146(28), �2 = 2.376717, C10 = 0.00030(12), C8 = �0.00078(21)

w21, . . . w25 : ↵s = 0.3146(28), �2 = 2.376717, C10 = 0.00030(12), C8 = �0.00078(21), C6 = 0.00125(24)

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="yXbOXqbmHaSZ7uLG1uSYJfq1y8w="></latexit>

w21(y) = 1� 3y2 + 2y3 ↵s, C6, C8

w22(y) = 1� 4y3 + 3y4 ↵s, C8, C10

w23(y) = 1� 5y4 + 4y5 ↵s, C10

w24(y) = 1� 6y5 + 5y6 ↵s

w25(y) = 1� 7y6 + 6y7 ↵s

<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="hTwtPRPgcxFpoUFc8KgrIiZJFqA=">AAAB7XicdVDLSgMxFM34rPVV69JNaBFcDZmpU+uuoAuXFewD2qFk0kwbm3mQZJQy9B/cuFDEpX6Ff+DKnX9jplVQ0QMXDufcy733eDFnUiH0biwsLi2vrObW8usbm1vbhZ1iS0aJILRJIh6Jjocl5SykTcUUp51YUBx4nLa98Unmt6+okCwKL9Qkpm6AhyHzGcFKS63rfmo7036hjExUdSrHDkSmg6yanRHbsRCqQMtEM5TrudeX4ulTqdEvvPUGEUkCGirCsZRdC8XKTbFQjHA6zfcSSWNMxnhIu5qGOKDSTWfXTuG+VgbQj4SuUMGZ+n0ixYGUk8DTnQFWI/nby8S/vG6i/JqbsjBOFA3JfJGfcKgimL0OB0xQovhEE0wE07dCMsICE6UDyusQvj6F/5OWbVpV0znXaRyCOXJgD5TAAbDAEaiDM9AATUDAJbgBd+DeiIxb48F4nLcuGJ8zu+AHjOcPj02SDg==</latexit>w25

<latexit sha1_base64="ySvgPsuz/KRJcZ3O42F1znpJEYY=">AAAB/HicdVDLSgMxFM3UV62v0bpzEyxC3QyZaafWhVBw47KCfUBbhkyaaUMzD5KMMJT6K25cKOLWD3Hn35i2Cip64MLhnHu59x4/4UwqhN6N3Mrq2vpGfrOwtb2zu2fuH7RlnApCWyTmsej6WFLOItpSTHHaTQTFoc9px59czv3OLRWSxdGNyhI6CPEoYgEjWGnJM4t9zJMx9uQFsioOQuVq9dQzS8hCNbdy7kJkuciuO3PiuDZCFWhbaIFS4zBYoOmZb/1hTNKQRopwLGXPRokaTLFQjHA6K/RTSRNMJnhEe5pGOKRyMF0cP4MnWhnCIBa6IgUX6veJKQ6lzEJfd4ZYjeVvby7+5fVSFdQHUxYlqaIRWS4KUg5VDOdJwCETlCieaYKJYPpWSMZYYKJ0XgUdwten8H/Sdiy7ZrnXOo0qWCIPjsAxKAMbnIEGuAJN0AIEZOAePIIn4854MJ6Nl2VrzvicKYIfMF4/AIDdlaI=</latexit>

↵s = 0.3200(44)

fixes
<latexit sha1_base64="s4zg1SYjXTP1juXPL3hjUSbJ8sM=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8ts4sZ4C3jxGME8IIlL72Q2GTL7YGZWDCG/4sWDIl79EW/+jZNEQUULGoqqbrq7/ERwpQl5t5aWV1bX1jMb2c2t7Z3d3F6+qeJUUtagsYhl2wfFBI9YQ3MtWDuRDEJfsJY/upj5rVsmFY+jaz1OWC+EQcQDTkEbycvluyCSIXiqGHpdDelN6cTLFYhNKm753MXEdolTLc1IyXUIKWPHJnMUagfBHHUv99btxzQNWaSpAKU6Dkl0bwJScyrYNNtNFUuAjmDAOoZGEDLVm8xvn+Jjo/RxEEtTkcZz9fvEBEKlxqFvOkPQQ/Xbm4l/eZ1UB9XehEdJqllEF4uCVGAd41kQuM8lo1qMDQEqubkV0yFIoNrElTUhfH2K/yfNku1UbPfKpHGKFsigQ3SEishBZ6iGLlEdNRBFd+gePaIna2o9WM/Wy6J1yfqc2Uc/YL1+ADlZltI=</latexit>

↵s(m
2
⌧ )

adds
<latexit sha1_base64="BAXN8fwP5THjS2eLFRZKNFPNLw0=">AAAB7XicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFewD2qFk0rSNzUyGJCOUof/gxoUiLvUr/ANX7vwbM62Cih64cDjnXu69x484Uxqhd2tpeWV1bT2zkd3c2t7Zze3lW0rEktAmEVzIjo8V5SykTc00p51IUhz4nLb9ST3129dUKibCSz2NqBfgUciGjGBtpFa9nzho1s8VkY0qbvnUhch2kVMtpaTkOgiVoWOjOYq1zOtL/uyp0Ojn3noDQeKAhppwrFTXQZH2Eiw1I5zOsr1Y0QiTCR7RrqEhDqjykvm1M3holAEcCmkq1HCufp9IcKDUNPBNZ4D1WP32UvEvrxvrYdVLWBjFmoZksWgYc6gFTF+HAyYp0XxqCCaSmVshGWOJiTYBZU0IX5/C/0mrZDsV270waRyDBTLgABTAEXDACaiBc9AATUDAFbgBd+DeEtat9WA9LlqXrM+ZffAD1vMHNlqR1A==</latexit>

C10

adds
adds

<latexit sha1_base64="3+X8iDA7eNLCvk9XC0PT38GfwjM=">AAAB6nicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFe0D2qFk0rQNzWSGJCOUoZ/gxoUibsW/8A9cufNvzLQKKnrgwuGce7n3Hj/iTGmE3q2l5ZXVtfXMRnZza3tnN7eXb6kwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9RTv31NpWKhuNLTiHoBHgk2ZARrI13W+9V+rohsVHHLpy5EtoucaiklJddBqAwdG81RrGVeX/Jnz4VGP/fWG4QkDqjQhGOlug6KtJdgqRnhdJbtxYpGmEzwiHYNFTigykvmp87goVEGcBhKU0LDufp9IsGBUtPAN50B1mP120vFv7xurIdVL2EiijUVZLFoGHOoQ5j+DQdMUqL51BBMJDO3QjLGEhNt0smaEL4+hf+TVsl2KrZ7YdI4BgtkwAEogCPggBNQA+egAZqAgBG4AXfg3uLWrfVgPS5al6zPmX3wA9bTBw2RkJU=</latexit>

C8

<latexit sha1_base64="KmMzJLhOD9VGhc7zOyW5uqeUicM=">AAAB6nicdVDLSgMxFM34rPVV69JNaBFcDZnWqXVXqAuXFe0D2qFk0rQNzWSGJCOUoZ/gxoUibsW/8A9cufNvzLQKKnrgwuGce7n3Hj/iTGmE3q2l5ZXVtfXMRnZza3tnN7eXb6kwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9RTv31NpWKhuNLTiHoBHgk2ZARrI13W+5V+rohsVHHLpy5EtoucaiklJddBqAwdG81RrGVeX/Jnz4VGP/fWG4QkDqjQhGOlug6KtJdgqRnhdJbtxYpGmEzwiHYNFTigykvmp87goVEGcBhKU0LDufp9IsGBUtPAN50B1mP120vFv7xurIdVL2EiijUVZLFoGHOoQ5j+DQdMUqL51BBMJDO3QjLGEhNt0smaEL4+hf+TVsl2KrZ7YdI4BgtkwAEogCPggBNQA+egAZqAgBG4AXfg3uLWrfVgPS5al6zPmX3wA9bTBwqJkJM=</latexit>

C6

irrelevant


