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Strong coupling determina1ons:

• From the FLAG-19 review:

“Since the size of the nonperturbative effects is very hard to estimate one should try to avoid

such regions [i.e., below the tau mass] of the coupling.”

• Strong coupling from tau decays:   no such luxury!
1)   high precision (if non-perturbative effects can be controlled)

2)   direct test of QCD-running based on experimental data

• Need to face the need to control non-perturbative effects:  

Operator Product Expansion and quark-hadron duality violations:      Test assumptions!
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Finite Energy Sum Rules

Linear combinations of

is V+A or EM vacuum polarization 

• OPE does not converge – (at best) asymptotic series;          sum rule picks out                     (residue thrm)    

• Resonances correspond to cut on positive axis, effect decreases exponentially with    , but,                   ! 
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Non-strange spectral func1ons from hadronic tau decays:   data (ALEPH, OPAL, …)
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⟵ perturba3on
theory, no DVs

4M. Golterman @ TAU2021



Blow up of large-s region (subtracting      -independent parton-model contribution):
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Quark-hadron duality viola_ons – resonance effects – are not small!
⟹ suppress duality viola_ons (DVs), or take into account in fits
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Two strategies to non-perturbative “contamination”

• ALEPH (Davier et al.), OPAL,  Pich et al.  (“Truncated-OPE strategy”):
Ignore Duality Violations, but attempt to suppress dangerous region by “pinching”:
use polynomials with multiple zeroes at                            , up to degree 7  
Fit                  and                                        , set higher orders in OPE and DVs to zero by hand                         
Difficulty:   inconsistent treatment of the OPE                    THIS TALK

• Boito et al. (“DV-model strategy”): 
Treat OPE consistently, use low-degree weights (up to degree 3 or 4)
Keep and model DVs with ansatz based on theory (Boito et al., Phys. Rev. D97 (2018) 5, 054007)
Vary       over a range of values below                                       
Fit                  and OPE/DV parameters 
Difficulty:   need to model DVs                                               D. Boito’s talk
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Truncated OPE strategy: example

• Choose weights, e.g., the Pich & Rodríguez-Sánchez (’16)  “op_mal” set:   

In principle OPE terms up to dimension 16 (and suppresses       ;                for non-strange case ) 
• Set                                             by hand,                  :   5 data points,  4 parameters, 

• Argue DV and OPE-trunca_on effects less severe in V+A   ⟹ consider this case
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w(2,1) = 1� 3x2 + 2x3

w(2,2) = 1� 4x3 + 3x4

w(2,3) = 1� 5x4 + 4x5

w(2,4) = 1� 6x5 + 5x6

w(2,5) = 1� 7x6 + 6x7

<latexit sha1_base64="RxRCwkaV+sZdwTcJlXdXUYfg1Kg=">AAAB6nicdVDLSgMxFM3UV62vWpduQovgasiUmdploS5cVrQPqEPJpJk2NJMZkoxQhn6CGxeKuBX/wj9w5c6/MW0VVPTAhcM593LvPUHCmdIIvVu5ldW19Y38ZmFre2d3r7hf6qg4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mDTnfveaSsVicamnCfUjPBIsZARrI100B+6gWEE2qnmuU4fI9pBTdzxDqp6DUBU6Nlqg0si/vpROn8utQfHtahiTNKJCE46V6jso0X6GpWaE01nhKlU0wWSCR7RvqMARVX62OHUGj4wyhGEsTQkNF+r3iQxHSk2jwHRGWI/Vb28u/uX1Ux3W/YyJJNVUkOWiMOVQx3D+NxwySYnmU0MwkczcCskYS0y0SadgQvj6FP5POlXbqdnuuUnDBUvkwSEog2PggBPQAGegBdqAgBG4AXfg3uLWrfVgPS5bc9bnzAH4AevpA/5ekIo=</latexit>

C4
<latexit sha1_base64="cI5pEarELuiCfFd77I9nBhTQQQo=">AAAB/3icdVDLSgMxFM3UV62vsYIbN6FFcDUkpa3dFAp14bKCfUAtJZOmbWjmQZIRytiFv+JCF4q4deEfuHLn35hpFVT0QLiHc+7l3hw3FFxphN6t1NLyyupaej2zsbm1vWPvZlsqiCRlTRqIQHZcopjgPmtqrgXrhJIRzxWs7U7qid++ZFLxwD/X05D1PDLy+ZBToo3Ut/fr/RgXZtWkFBelPKuivp1HDiqXirgCkVNCuIJLhhRKGKECxA6aI19Lv75kT25zjb79djEIaOQxX1NBlOpiFOpeTKTmVLBZ5iJSLCR0Qkasa6hPPKZ68fz+GTw0ygAOA2mer+Fc/T4RE0+pqeeaTo/osfrtJeJfXjfSw0ov5n4YaebTxaJhJKAOYBIGHHDJqBZTQwiV3NwK6ZhIQrWJLGNC+Pop/J+0Cg4uO8Uzk0YRLJAGByAHjgAGx6AGTkEDNAEFV+AG3IMH69q6sx6tp0Vryvqc2QM/YD1/AKyHl4c=</latexit>

C12 = C14 = C16 = 0
<latexit sha1_base64="5A9HAK7ogOOCgeARWg8n5bfjlxQ=">AAAB83icdVDLSsNAFJ34aq2v+ti5GSyCG8MkNLUboeDGZQX7wCaGyXTSDp08mJkoJfQ33Agq4tafceffOG0VVPTAhcM593LvPUHKmVQIvRsLi0vLK4XiamltfWNzq7y905ZJJghtkYQnohtgSTmLaUsxxWk3FRRHAaedYHQ29Ts3VEiWxJdqnFIvwoOYhYxgpSVX+ug08l2Fs2vbL1eQiWpO1apDZDrIqluOJrZjIWRDy0QzVBp7x4PbwsNV0y+/uf2EZBGNFeFYyp6FUuXlWChGOJ2U3EzSFJMRHtCepjGOqPTy2c0TeKiVPgwToStWcKZ+n8hxJOU4CnRnhNVQ/vam4l9eL1Nh3ctZnGaKxmS+KMw4VAmcBgD7TFCi+FgTTATTt0IyxAITpWMq6RC+PoX/k7ZtWjWzeqHTqII5imAfHIAjYIET0ADnoAlagIAU3IFH8GRkxr3xbLzMWxeMz5ld8APG6wfLR5O+</latexit>

s0 = m2
⌧

<latexit sha1_base64="3tR54Fu2BvlRWgg4JNO1M0eFAew="></latexit>

↵s, C6, C8, C10

<latexit sha1_base64="doSxcgaXeFG85fUod2R3YeyM5fI=">AAAB83icdVDLSgMxFM34rPVV69JNaBFcDZmhU7ss1IXLCvYBnVIyaaYNzcyEJCOWob/hxoUi4s5P8A9cufNvTFsFFT1w4XDOvdx7TyA4Uxqhd2tldW19YzO3ld/e2d3bLxwU2ypJJaEtkvBEdgOsKGcxbWmmOe0KSXEUcNoJJo2537miUrEkvtRTQfsRHsUsZARrI/mNgetjIWRyDdGgUEY2qnoVpwaR7SGn5niGuJ6DkAsdGy1QrudeX4pnT6XmoPDmDxOSRjTWhGOleg4Sup9hqRnhdJb3U0UFJhM8oj1DYxxR1c8WN8/gsVGGMEykqVjDhfp9IsORUtMoMJ0R1mP125uLf3m9VIe1fsZikWoak+WiMOVQJ3AeABwySYnmU0MwkczcCskYS0y0iSlvQvj6FP5P2q7tVO3KhUmjApbIgSNQAifAAaegDs5BE7QAAQLcgDtwb6XWrfVgPS5bV6zPmUPwA9bzB1Q3lCg=</latexit>

C2 ⇡ 0

all doubly pinched
(double zero @             ) 

<latexit sha1_base64="uqV4RE8eV9rS5mLdF4hRt9sAPAA=">AAAB7nicdVDLSgMxFM34rPVVHzs3wSK4GpPSqd0IBTcuK9gHtEPJpJk2NJMZkoxYhn6EGxeKuPV73Pk3plMFFT1w4XDOvdx7T5AIrg1C787S8srq2npho7i5tb2zW9rbb+s4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFzO/c4tU5rH8sZME+ZHZCR5yCkxVurcXegzPUCDUhm5qOZVcR0i10O4jj1LKh5GqAKxi3KUG4dhjuag9NYfxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/m5M3hilSEMY2VLGpir3ycyEmk9jQLbGREz1r+9ufiX10tNWPczLpPUMEkXi8JUQBPD+e9wyBWjRkwtIVRxeyukY6IINTahog3h61P4P2lXXFxzq9c2jSpYoACOwDE4BRicgwa4Ak3QAhRMwD14BE9O4jw4z87LonXJ+Zw5AD/gvH4AmCiR/g==</latexit>

x = s/s0

<latexit sha1_base64="FQMLTTERD1wtFZ2Bt0FanNzsk1Y="></latexit>Z s0

0
dsw(s) ⇢(s) = � 1

2⇡i

I

|z|=s0

dz w(z)⇧(z)

<latexit sha1_base64="g67Dra3jAOoIqDx35/gntAnHHAY=">AAAB7HicdVDLSgMxFM3UV62vWpduQovgasiUTu1GKOjCZQWnLbRDyaSZNjSTGZKMUIZ+gxsXirjtX/gHrtz5N6atgooeuHA4517uvSdIOFMaoXcrt7a+sbmV3y7s7O7tHxQPS20Vp5JQj8Q8lt0AK8qZoJ5mmtNuIimOAk47weRi4XduqVQsFjd6mlA/wiPBQkawNpKnztUADYoVZKO6W3MaENkuchqOa0jVdRCqQsdGS1Sa+deX0uW83BoU3/rDmKQRFZpwrFTPQYn2Myw1I5zOCv1U0QSTCR7RnqECR1T52fLYGTwxyhCGsTQlNFyq3ycyHCk1jQLTGWE9Vr+9hfiX10t12PAzJpJUU0FWi8KUQx3DxedwyCQlmk8NwUQycyskYywx0Safggnh61P4P2lXbadu165NGjWwQh4cgzI4BQ44A01wBVrAAwQwcAcewKMlrHvryXpeteasz5kj8APW/AOYoZF6</latexit>s = s0
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Compare two choices with different D = 12, 14, 16 assumed input:

(1) (Pich & Rodríguez-Sánchez ‘16, Davier et al. ‘14)

(2) equally arbitrary, but reasonable

FOPT fits of free parameters to ALEPH V+A non-strange spectral data:   

Errors statistical only,          in               ; similar results for CIPT

OPE coefficients all reasonable; grow with order, but consistent with asymptotic expansion
Huge effect on                 :   7% shift of central value – double the total P&R-S error 

8

<latexit sha1_base64="cI5pEarELuiCfFd77I9nBhTQQQo=">AAAB/3icdVDLSgMxFM3UV62vsYIbN6FFcDUkpa3dFAp14bKCfUAtJZOmbWjmQZIRytiFv+JCF4q4deEfuHLn35hpFVT0QLiHc+7l3hw3FFxphN6t1NLyyupaej2zsbm1vWPvZlsqiCRlTRqIQHZcopjgPmtqrgXrhJIRzxWs7U7qid++ZFLxwD/X05D1PDLy+ZBToo3Ut/fr/RgXZtWkFBelPKuivp1HDiqXirgCkVNCuIJLhhRKGKECxA6aI19Lv75kT25zjb79djEIaOQxX1NBlOpiFOpeTKTmVLBZ5iJSLCR0Qkasa6hPPKZ68fz+GTw0ygAOA2mer+Fc/T4RE0+pqeeaTo/osfrtJeJfXjfSw0ov5n4YaebTxaJhJKAOYBIGHHDJqBZTQwiV3NwK6ZhIQrWJLGNC+Pop/J+0Cg4uO8Uzk0YRLJAGByAHjgAGx6AGTkEDNAEFV+AG3IMH69q6sx6tp0Vryvqc2QM/YD1/AKyHl4c=</latexit>

C12 = C14 = C16 = 0

<latexit sha1_base64="opQgCTVua7Aliq4Id2qebSMcIco="></latexit>

C12 = 0.161 GeV12, C14 = �0.17 GeV14, C16 = �0.55 GeV16

<latexit sha1_base64="/wcZVzO9oE8GsTO6+/11xbdpHko=">AAAB6nicdVDLSgMxFM3UV62vWpduQovgasiUTu2y0C5cVrQPaIeSSTNtaCYzJBmhDP0ENy4UcSv+hX/gyp1/Y9oqqOiBC4dz7uXee/yYM6URercya+sbm1vZ7dzO7t7+Qf6w0FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP20s/O41lYpF4krPYuqFeCxYwAjWRrpsDJvDfAnZqOpWnBpEtoucmuMaUnYdhMrQsdESpXr29aXQfC62hvm3wSgiSUiFJhwr1XdQrL0US80Ip/PcIFE0xmSKx7RvqMAhVV66PHUOT4wygkEkTQkNl+r3iRSHSs1C33SGWE/Ub28h/uX1Ex3UvJSJONFUkNWiIOFQR3DxNxwxSYnmM0MwkczcCskES0y0SSdnQvj6FP5POmXbqdqVC5NGBayQBcegCE6BA85AHZyDFmgDAsbgBtyBe4tbt9aD9bhqzVifM0fgB6ynDxatkJo=</latexit>

CD

<latexit sha1_base64="XxiqcenRbG+9okSmW79TILvkCM4=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6Z0ancWFHRZwT6gHUsmzbShmcmQZMQy9DcEdaGIWz/A33Dn35hpFVT0wIXDOfdy7z1+zJnSCL1bc/MLi0vLuZX86tr6xmZha7upRCIJbRDBhWz7WFHOItrQTHPajiXFoc9pyx8dZ37rikrFRHShxzH1QjyIWMAI1kbqdkNfXKentDm5POkVishGFbfsVCGyXeRUHdeQkusgVIKOjaYoHr3eZrir9wpv3b4gSUgjTThWquOgWHsplpoRTif5bqJojMkID2jH0AiHVHnp9OYJ3DdKHwZCmoo0nKrfJ1IcKjUOfdMZYj1Uv71M/MvrJDqoeimL4kTTiMwWBQmHWsAsANhnkhLNx4ZgIpm5FZIhlphoE1PehPD1KfyfNEu2U7HL56hYK4MZcmAX7IED4IBDUANnoA4agIAY3IAH8Ggl1r31ZD3PWuesz5kd8APWywdnXJZc</latexit>

GeVD

<latexit sha1_base64="5nu92j4Ohns1JrN4YzxZ0h4VYjo=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8tsSGKOAS8eI5gHZNeldzKbDJl9MDMrhpBf8eJBEa/+iDf/xkmioKIFDUVVN91dQSq40oS8Wyura+sbm7mt/PbO7t5+4aDYUUkmKWvTRCSyF4BigsesrbkWrJdKBlEgWDcYX8z97i2TiifxtZ6kzItgGPOQU9BG8gtFF0Q6Al+VI9/VkN1UzvxCidikXqs6DUzsGnEaTs2QSs0hpIIdmyxQah6FC7T8wps7SGgWsVhTAUr1HZJqbwpScyrYLO9miqVAxzBkfUNjiJjypovbZ/jUKAMcJtJUrPFC/T4xhUipSRSYzgj0SP325uJfXj/TYcOb8jjNNIvpclGYCawTPA8CD7hkVIuJIUAlN7diOgIJVJu48iaEr0/x/6RTsZ26Xb0yaVTREjl0jE5QGTnoHDXRJWqhNqLoDt2jR/RkzawH69l6WbauWJ8zh+gHrNcPMEWWyw==</latexit>

↵s(m
2
⌧ )
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Test of the Truncated OPE strategy on data for  

• R-ratio data not limited by tau mass, use this to test Truncated OPE approach:

If the truncated OPE approach works at                   , it should work at                   !  

• Differences with tau isospin-1 ud V+A analysis:
(1)   V only:    Davier et al., Pich et al. find V fits consistent with and as good as V+A (p-value).
(2)   Additional isospin-0 component (SU(3)-flavor partner of isospin-1 V).

• Use R-ratio data from Keshavarzi et al. ‘18 for                                        (exclusive region)

• “Diagonal” fits:   only diagonal errors in fit, include full data covariance matrix in fit errors
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<latexit sha1_base64="WWt5mkuvIj7BTSaMjdbvHK7vhFM="></latexit>

e+e� ! hadrons

<latexit sha1_base64="5A9HAK7ogOOCgeARWg8n5bfjlxQ=">AAAB83icdVDLSsNAFJ34aq2v+ti5GSyCG8MkNLUboeDGZQX7wCaGyXTSDp08mJkoJfQ33Agq4tafceffOG0VVPTAhcM593LvPUHKmVQIvRsLi0vLK4XiamltfWNzq7y905ZJJghtkYQnohtgSTmLaUsxxWk3FRRHAaedYHQ29Ts3VEiWxJdqnFIvwoOYhYxgpSVX+ug08l2Fs2vbL1eQiWpO1apDZDrIqluOJrZjIWRDy0QzVBp7x4PbwsNV0y+/uf2EZBGNFeFYyp6FUuXlWChGOJ2U3EzSFJMRHtCepjGOqPTy2c0TeKiVPgwToStWcKZ+n8hxJOU4CnRnhNVQ/vam4l9eL1Nh3ctZnGaKxmS+KMw4VAmcBgD7TFCi+FgTTATTt0IyxAITpWMq6RC+PoX/k7ZtWjWzeqHTqII5imAfHIAjYIET0ADnoAlagIAU3IFH8GRkxr3xbLzMWxeMz5ld8APG6wfLR5O+</latexit>

s0 = m2
⌧

<latexit sha1_base64="fHWkt8sHB/BffDxbBNp+7J1w+uE=">AAAB83icdVDLSsNAFJ34aq2v+ti5GSyCG8MkNLUrKbhxWcE+sIlhMp20QycPZiZKCf0NN4KKuPVn3Pk3TlsFFT1w4XDOvdx7T5ByJhVC78bC4tLySqG4Wlpb39jcKm/vtGWSCUJbJOGJ6AZYUs5i2lJMcdpNBcVRwGknGJ1N/c4NFZIl8aUap9SL8CBmISNYacmVPjqNfFfh7Nr2yxVkoppTteoQmQ6y6pajie1YCNnQMtEMlcbe8eC28HDV9Mtvbj8hWURjRTiWsmehVHk5FooRTiclN5M0xWSEB7SnaYwjKr18dvMEHmqlD8NE6IoVnKnfJ3IcSTmOAt0ZYTWUv72p+JfXy1RY93IWp5miMZkvCjMOVQKnAcA+E5QoPtYEE8H0rZAMscBE6ZhKOoSvT+H/pG2bVs2sXug0qmCOItgHB+AIWOAENMA5aIIWICAFd+ARPBmZcW88Gy/z1gXjc2YX/IDx+gHM05O/</latexit>

s0 > m2
⌧

<latexit sha1_base64="xhEov0fispudb4VX9Y4zDLCMp7U="></latexit>

m2
⌧  s0  4 GeV2
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Test of the Truncated OPE strategy – R-ratio with optimal weights:  sample fits

• First,                   :

fit:

diagonal fit:  
This is a disaster.

• Try larger      :                                    (this gets p-value above 10%)  

fit:

diagonal fit:  
Good fit, with consistent, but extremely low values for                :                                    !   

• Other sets of weights used in Truncated OPE strategy:  very similar results.    
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<latexit sha1_base64="5A9HAK7ogOOCgeARWg8n5bfjlxQ=">AAAB83icdVDLSsNAFJ34aq2v+ti5GSyCG8MkNLUboeDGZQX7wCaGyXTSDp08mJkoJfQ33Agq4tafceffOG0VVPTAhcM593LvPUHKmVQIvRsLi0vLK4XiamltfWNzq7y905ZJJghtkYQnohtgSTmLaUsxxWk3FRRHAaedYHQ29Ts3VEiWxJdqnFIvwoOYhYxgpSVX+ug08l2Fs2vbL1eQiWpO1apDZDrIqluOJrZjIWRDy0QzVBp7x4PbwsNV0y+/uf2EZBGNFeFYyp6FUuXlWChGOJ2U3EzSFJMRHtCepjGOqPTy2c0TeKiVPgwToStWcKZ+n8hxJOU4CnRnhNVQ/vam4l9eL1Nh3ctZnGaKxmS+KMw4VAmcBgD7TFCi+FgTTATTt0IyxAITpWMq6RC+PoX/k7ZtWjWzeqHTqII5imAfHIAjYIET0ADnoAlagIAU3IFH8GRkxr3xbLzMWxeMz5ld8APG6wfLR5O+</latexit>

s0 = m2
⌧

<latexit sha1_base64="Lxac8r4c9fP3V8IOZHdChvie3Z8="></latexit>

↵s(m
2
⌧ ) = 0.308(4) p�value = 2⇥ 10�15

<latexit sha1_base64="KHN/OuK1u0nYANFQdDJagCMJKa8="></latexit>

↵s(m
2
⌧ ) = 0.245(10)

<latexit sha1_base64="MM75AcVRGL4aPFx+Dc+6MeWLfn8="></latexit>

↵s(m
2
⌧ ) = 0.264(5) p�value = 0.41

<latexit sha1_base64="uuSlWUinXfIOd1v0ZSQkomfAqP4="></latexit>

↵s(m
2
⌧ ) = 0.256(12)

<latexit sha1_base64="iCTDmf6QUhpt7BH4O7oqGZ3Vzxc=">AAAB6nicdVDLSgMxFM3UV62vWpduQovgakhKp3ZZ0IXLivYB7VAyadqGZjJDkhHK0E9w40IRt+Jf+Aeu3Pk3pq2Cih64cDjnXu69J4gF1wahdyezsrq2vpHdzG1t7+zu5fcLLR0lirImjUSkOgHRTHDJmoYbwTqxYiQMBGsHk9O5375mSvNIXplpzPyQjCQfckqMlS51H/XzJeSiqlfBNYhcD+Ea9iwpexihMsQuWqBUz76+FM6ei41+/q03iGgSMmmoIFp3MYqNnxJlOBVsluslmsWETsiIdS2VJGTaTxenzuCRVQZwGClb0sCF+n0iJaHW0zCwnSExY/3bm4t/ed3EDGt+ymWcGCbpctEwEdBEcP43HHDFqBFTSwhV3N4K6ZgoQo1NJ2dD+PoU/k9aZRdX3cqFTaMClsiCQ1AExwCDE1AH56ABmoCCEbgBd+DeEc6t8+A8LlszzufMAfgB5+kDQX2Qtg==</latexit>s0
<latexit sha1_base64="ij67LKJiEsSBsfctpfk+3CE8q14="></latexit>

s0 = 3.6 GeV2

<latexit sha1_base64="5nu92j4Ohns1JrN4YzxZ0h4VYjo=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8tsSGKOAS8eI5gHZNeldzKbDJl9MDMrhpBf8eJBEa/+iDf/xkmioKIFDUVVN91dQSq40oS8Wyura+sbm7mt/PbO7t5+4aDYUUkmKWvTRCSyF4BigsesrbkWrJdKBlEgWDcYX8z97i2TiifxtZ6kzItgGPOQU9BG8gtFF0Q6Al+VI9/VkN1UzvxCidikXqs6DUzsGnEaTs2QSs0hpIIdmyxQah6FC7T8wps7SGgWsVhTAUr1HZJqbwpScyrYLO9miqVAxzBkfUNjiJjypovbZ/jUKAMcJtJUrPFC/T4xhUipSRSYzgj0SP325uJfXj/TYcOb8jjNNIvpclGYCawTPA8CD7hkVIuJIUAlN7diOgIJVJu48iaEr0/x/6RTsZ26Xb0yaVTREjl0jE5QGTnoHDXRJWqhNqLoDt2jR/RkzawH69l6WbauWJ8zh+gHrNcPMEWWyw==</latexit>

↵s(m
2
⌧ )

<latexit sha1_base64="2KzSoOf5Eo+CXO33Fp3boKLDi9c=">AAAB/nicdVDLSgMxFM3UV62v+lq5CRahboZkaGs3QsGNywq2Fds6ZNJMG5p5kGSEMhT8FTcuFHHrd7jzb0ynCip64MLhnHu59x4vFlxphN6t3MLi0vJKfrWwtr6xuVXc3mmrKJGUtWgkInnlEcUED1lLcy3YVSwZCTzBOt74bOZ3bplUPAov9SRm/YAMQ+5zSrSR3OJ+j4h4RFxVDtzrG+f4FNkYI7dYQjaqVSu4DpFdRbiOq4Y4VYyQA7GNMpQae36Gplt86w0imgQs1FQQpboYxbqfEqk5FWxa6CWKxYSOyZB1DQ1JwFQ/zc6fwiOjDKAfSVOhhpn6fSIlgVKTwDOdAdEj9dubiX953UT79X7KwzjRLKTzRX4ioI7gLAs44JJRLSaGECq5uRXSEZGEapNYwYTw9Sn8n7QdG9fsyoVJowLmyIMDcAjKAIMT0ADnoAlagIIU3INH8GTdWQ/Ws/Uyb81ZnzO74Aes1w+AdZbK</latexit>

↵s(m
2
Z) = 0.110

<latexit sha1_base64="1pZrmURCCrrVGh54WjTecYVQivs=">AAAB7XicbVDLSgNBEOyNr7g+EvXoZTAIegm7Iag3AyJ4jGAekKxhdjKbjJmdWWZmhRDyD148KOLVj/AvvPkJ/oWTxIMmFjQUVd10d4UJZ9p43qeTWVpeWV3Lrrsbm1vbufzObl3LVBFaI5JL1QyxppwJWjPMcNpMFMVxyGkjHFxM/MY9VZpJcWOGCQ1i3BMsYgQbK9XbpM9uS518wSt6U6BF4v+QQiX3dX7svl9WO/mPdleSNKbCEI61bvleYoIRVoYRTsduO9U0wWSAe7RlqcAx1cFoeu0YHVqliyKpbAmDpurviRGOtR7Goe2MsenreW8i/ue1UhOdBSMmktRQQWaLopQjI9HkddRlihLDh5Zgopi9FZE+VpgYG5BrQ/DnX14k9VLRPymWr20aZZghC/twAEfgwylU4AqqUAMCd/AAT/DsSOfReXFeZ60Z52dmD/7AefsGumGRdw==</latexit>

�2

<latexit sha1_base64="1pZrmURCCrrVGh54WjTecYVQivs=">AAAB7XicbVDLSgNBEOyNr7g+EvXoZTAIegm7Iag3AyJ4jGAekKxhdjKbjJmdWWZmhRDyD148KOLVj/AvvPkJ/oWTxIMmFjQUVd10d4UJZ9p43qeTWVpeWV3Lrrsbm1vbufzObl3LVBFaI5JL1QyxppwJWjPMcNpMFMVxyGkjHFxM/MY9VZpJcWOGCQ1i3BMsYgQbK9XbpM9uS518wSt6U6BF4v+QQiX3dX7svl9WO/mPdleSNKbCEI61bvleYoIRVoYRTsduO9U0wWSAe7RlqcAx1cFoeu0YHVqliyKpbAmDpurviRGOtR7Goe2MsenreW8i/ue1UhOdBSMmktRQQWaLopQjI9HkddRlihLDh5Zgopi9FZE+VpgYG5BrQ/DnX14k9VLRPymWr20aZZghC/twAEfgwylU4AqqUAMCd/AAT/DsSOfReXFeZ60Z52dmD/7AefsGumGRdw==</latexit>

�2

M. Golterman @ TAU2021



Test of the Truncated OPE strategy – R-ra1o with op1mal weights:      dependence  

If the truncated OPE provides a valid strategy above the tau mass, there should be a good match

between theory and experiment for all                  , using R-ratio data.

11

<latexit sha1_base64="uBuenwOEeSzbqvnI+X1+tgAka6Q=">AAAB+HicdVDJSgNBEO2JS2JcEpebl8YgeHHoGZKYY8CLxwhmwSQOPZ2eSZOehV6UGPIlgnhQxKuf4s2/sZMoqOiDgsd7VVTV81POpELo3cosLa+sZnNr+fWNza1CcXunJRMtCG2ShCei42NJOYtpUzHFaScVFEc+p21/dDrz29dUSJbEF2qc0n6Ew5gFjGBlJK9YkB7qhRRGXk9hfeV6xRKyUbVSdmoQ2RXk1JyKIW7FQciFjo3mKNX3jsOb7P1lwyu+9QYJ0RGNFeFYyq6DUtWfYKEY4XSa72lJU0xGOKRdQ2McUdmfzA+fwkOjDGCQCFOxgnP1+8QER1KOI990RlgN5W9vJv7ldbUKav0Ji1OtaEwWiwLNoUrgLAU4YIISxceGYCKYuRWSIRaYKJNV3oTw9Sn8n7Rc26na5XOTRhkskAP74AAcAQecgDo4Aw3QBARocAcewZN1az1Yz9bLojVjfc7sgh+wXj8AVG6VGA==</latexit>

s0 � m2
⌧

<latexit sha1_base64="DHwQRGWKsYHbk6+UJG+E3SAWotU=">AAAB6nicdVDLSgMxFM34rKPVqks3wVJwVZIi7XRXEMRlRfuAdiiZNG1DM5khyQhl6Ce4caGIW/FD/AR3/o2ZVkFFD1w4nHMv994TxIJrg9C7s7K6tr6xmdtyt3fyu3uF/YO2jhJFWYtGIlLdgGgmuGQtw41g3VgxEgaCdYLpWeZ3bpjSPJLXZhYzPyRjyUecEmOlKz1Ag0IRlRFCGGOYEVyrIkvqda+CPYgzy6LYyL8mpXP3pTkovPWHEU1CJg0VROseRrHxU6IMp4LN3X6iWUzolIxZz1JJQqb9dHHqHJasMoSjSNmSBi7U7xMpCbWehYHtDImZ6N9eJv7l9RIz8vyUyzgxTNLlolEioIlg9jcccsWoETNLCFXc3grphChCjU3HtSF8fQr/J+1KGVfLp5c2DQ8skQNH4BicAAxqoAEuQBO0AAVjcAvuwYMjnDvn0Xlatq44nzOH4Aec5w/U2ZBq</latexit>s0

Fits using optimal weights with 

points:  

curves:

<latexit sha1_base64="xZi4hNl5uE9/d5edHw/D89URm1E=">AAAB+3icdVDLSgMxFM3UV62vWt25CRahboZM6dQuC250V8E+oB2HTJppQzMPkoy2DPMrblwo4tYfceffmLYKKnrgwuGce7n3Hi/mTCqE3o3cyura+kZ+s7C1vbO7V9wvdWSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm5zP/e4tFZJF4bWaxdQJ8ChkPiNYacktli5v0oEIIJ3GmXtXkS46dYtlZKK6XbMaEJk2shqWrUnVthCqQstEC5Sbh/4CLbf4NhhGJAloqAjHUvYtFCsnxUIxwmlWGCSSxphM8Ij2NQ1xQKWTLm7P4IlWhtCPhK5QwYX6fSLFgZSzwNOdAVZj+dubi395/UT5DSdlYZwoGpLlIj/hUEVwHgQcMkGJ4jNNMBFM3wrJGAtMlI6roEP4+hT+TzpV06qbtSudRg0skQdH4BhUgAXOQBNcgBZoAwKm4B48gicjMx6MZ+Nl2ZozPmcOwA8Yrx8MgZa0</latexit>

Iexpw (s0)

<latexit sha1_base64="WlFGj1m7X4m9MwyOH5AupcVyx64=">AAAB+nicdVDLSgMxFM3UV62vqbpzEyxC3QyZ0qldFtzoroJ9QFuHTJppQzMPkoyljP0UNy4UceuXuPNvTKcKKnrgwuGce7n3Hi/mTCqE3o3cyura+kZ+s7C1vbO7Zxb32zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47TjTc4XfueWCsmi8FrNYjoI8ChkPiNYack1i5c3aV8EUI3n7rQsXXTqmiVkoZpTtesQWQ6y67ajScWxEapA20IZSo1DP0PTNd/6w4gkAQ0V4VjKno1iNUixUIxwOi/0E0ljTCZ4RHuahjigcpBmp8/hiVaG0I+ErlDBTP0+keJAylng6c4Aq7H87S3Ev7xeovz6IGVhnCgakuUiP+FQRXCRAxwyQYniM00wEUzfCskYC0yUTqugQ/j6FP5P2hXLrlnVK51GFSyRB0fgGJSBDc5AA1yAJmgBAqbgHjyCJ+POeDCejZdla874nDkAP2C8fgA1OJY5</latexit>

Ithw (s0)

<latexit sha1_base64="Cx1BpXyLrDg6mqxEDcgzaiPHEIA="></latexit>

s⇤0 = 3.6 GeV2

M. Golterman @ TAU2021



Test of the Truncated OPE strategy – R-ratio with optimal weights:      dependence  

If the Truncated OPE provides a valid strategy above the tau mass, there should be a good match

between theory and experiment for all                  , using R-ra_o data.
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<latexit sha1_base64="uBuenwOEeSzbqvnI+X1+tgAka6Q=">AAAB+HicdVDJSgNBEO2JS2JcEpebl8YgeHHoGZKYY8CLxwhmwSQOPZ2eSZOehV6UGPIlgnhQxKuf4s2/sZMoqOiDgsd7VVTV81POpELo3cosLa+sZnNr+fWNza1CcXunJRMtCG2ShCei42NJOYtpUzHFaScVFEc+p21/dDrz29dUSJbEF2qc0n6Ew5gFjGBlJK9YkB7qhRRGXk9hfeV6xRKyUbVSdmoQ2RXk1JyKIW7FQciFjo3mKNX3jsOb7P1lwyu+9QYJ0RGNFeFYyq6DUtWfYKEY4XSa72lJU0xGOKRdQ2McUdmfzA+fwkOjDGCQCFOxgnP1+8QER1KOI990RlgN5W9vJv7ldbUKav0Ji1OtaEwWiwLNoUrgLAU4YIISxceGYCKYuRWSIRaYKJNV3oTw9Sn8n7Rc26na5XOTRhkskAP74AAcAQecgDo4Aw3QBARocAcewZN1az1Yz9bLojVjfc7sgh+wXj8AVG6VGA==</latexit>

s0 � m2
⌧

<latexit sha1_base64="DHwQRGWKsYHbk6+UJG+E3SAWotU=">AAAB6nicdVDLSgMxFM34rKPVqks3wVJwVZIi7XRXEMRlRfuAdiiZNG1DM5khyQhl6Ce4caGIW/FD/AR3/o2ZVkFFD1w4nHMv994TxIJrg9C7s7K6tr6xmdtyt3fyu3uF/YO2jhJFWYtGIlLdgGgmuGQtw41g3VgxEgaCdYLpWeZ3bpjSPJLXZhYzPyRjyUecEmOlKz1Ag0IRlRFCGGOYEVyrIkvqda+CPYgzy6LYyL8mpXP3pTkovPWHEU1CJg0VROseRrHxU6IMp4LN3X6iWUzolIxZz1JJQqb9dHHqHJasMoSjSNmSBi7U7xMpCbWehYHtDImZ6N9eJv7l9RIz8vyUyzgxTNLlolEioIlg9jcccsWoETNLCFXc3grphChCjU3HtSF8fQr/J+1KGVfLp5c2DQ8skQNH4BicAAxqoAEuQBO0AAVjcAvuwYMjnDvn0Xlatq44nzOH4Aec5w/U2ZBq</latexit>s0

Fits using op_mal weights with 

points:  

curves:

<latexit sha1_base64="xZi4hNl5uE9/d5edHw/D89URm1E=">AAAB+3icdVDLSgMxFM3UV62vWt25CRahboZM6dQuC250V8E+oB2HTJppQzMPkoy2DPMrblwo4tYfceffmLYKKnrgwuGce7n3Hi/mTCqE3o3cyura+kZ+s7C1vbO7V9wvdWSUCELbJOKR6HlYUs5C2lZMcdqLBcWBx2nXm5zP/e4tFZJF4bWaxdQJ8ChkPiNYacktli5v0oEIIJ3GmXtXkS46dYtlZKK6XbMaEJk2shqWrUnVthCqQstEC5Sbh/4CLbf4NhhGJAloqAjHUvYtFCsnxUIxwmlWGCSSxphM8Ij2NQ1xQKWTLm7P4IlWhtCPhK5QwYX6fSLFgZSzwNOdAVZj+dubi395/UT5DSdlYZwoGpLlIj/hUEVwHgQcMkGJ4jNNMBFM3wrJGAtMlI6roEP4+hT+TzpV06qbtSudRg0skQdH4BhUgAXOQBNcgBZoAwKm4B48gicjMx6MZ+Nl2ZozPmcOwA8Yrx8MgZa0</latexit>

Iexpw (s0)

<latexit sha1_base64="WlFGj1m7X4m9MwyOH5AupcVyx64=">AAAB+nicdVDLSgMxFM3UV62vqbpzEyxC3QyZ0qldFtzoroJ9QFuHTJppQzMPkoyljP0UNy4UceuXuPNvTKcKKnrgwuGce7n3Hi/mTCqE3o3cyura+kZ+s7C1vbO7Zxb32zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47TjTc4XfueWCsmi8FrNYjoI8ChkPiNYack1i5c3aV8EUI3n7rQsXXTqmiVkoZpTtesQWQ6y67ajScWxEapA20IZSo1DP0PTNd/6w4gkAQ0V4VjKno1iNUixUIxwOi/0E0ljTCZ4RHuahjigcpBmp8/hiVaG0I+ErlDBTP0+keJAylng6c4Aq7H87S3Ev7xeovz6IGVhnCgakuUiP+FQRXCRAxwyQYniM00wEUzfCskYC0yUTqugQ/j6FP5P2hXLrlnVK51GFSyRB0fgGJSBDc5AA1yAJmgBAqbgHjyCJ+POeDCejZdla874nDkAP2C8fgA1OJY5</latexit>

Ithw (s0)

<latexit sha1_base64="Cx1BpXyLrDg6mqxEDcgzaiPHEIA="></latexit>

s⇤0 = 3.6 GeV2

theory and exp.
slopes very different;
strong correlations!

M. Golterman @ TAU2021



• Assessment of agreement between experimental and theory moments is hard because 

of strong correlations between theory and experiment and between different      values. 

• Resolve using double differences:  for fit at                , consider

is exp/theory side of FESR with weight     .

• This compares theory with experiment, as a function of      , relative to a reference value      .

Take all correlations into account, including those between data and fitted parameter values!  

• This double difference should be consistent with zero for the Truncated OPE strategy to be valid.
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<latexit sha1_base64="kwe3mEXTmIO65rPUBURIFJMVFPM=">AAAB8HicdVDLSgMxFM34aq2v+ti5CRZBBIekdGo3QsGNywr2oe1YMmmmDc08SDJKGfoVblz4wK2f486/MW0VVPTAhcM593LvPV4suNIIvVtz8wuLS5nscm5ldW19I7+51VBRIimr00hEsuURxQQPWV1zLVgrlowEnmBNb3g68Zs3TCoehRd6FDM3IP2Q+5wSbaRL1UUnpq4Pu/kCslHZKeEKRLaDcAU7hhQdjFARYhtNUajuHPVvM09XtW7+rdOLaBKwUFNBlGpjFGs3JVJzKtg410kUiwkdkj5rGxqSgCk3nR48hvtG6UE/kqZCDafq94mUBEqNAs90BkQP1G9vIv7ltRPtV9yUh3GiWUhni/xEQB3ByfewxyWjWowMIVRycyukAyIJ1SajnAnh61P4P2kUbVy2S+cmjRKYIQt2wR44ABgcgyo4AzVQBxQE4A48gEdLWvfWs/Uya52zPme2wQ9Yrx8XFZIo</latexit>

s0 = s⇤0
<latexit sha1_base64="Dg9F7lYp3Fkl3iHruEHrV7+fcLI="></latexit>

�(2)
w (s0; s

⇤
0) =

⇥
Ithw (s0)� Iexpw (s0)

⇤
�

⇥
Ithw (s⇤0)� Iexpw (s⇤0)

⇤

<latexit sha1_base64="p21cr8EHqqXwj7N1PsjcXpOE/1Y=">AAAB/nicdVDLSgMxFM3UV62v8bVyEyxC3YyZ0qldFtzoroJthXYcMmmmDc08SDJqGQr+ihsXirj1O9z5N6atgooeuHA4517uvcdPOJMKoXcjNze/sLiUXy6srK6tb5ibWy0Zp4LQJol5LC59LClnEW0qpji9TATFoc9p2x+eTPz2NRWSxdGFGiXUDXE/YgEjWGnJM3fPrrKuCCG9TY7UYOzdlKSHDj2ziCxUdSp2DSLLQXbNdjQpOzZCZWhbaIpifSeYouGZb91eTNKQRopwLGXHRolyMywUI5yOC91U0gSTIe7TjqYRDql0s+n5Y3iglR4MYqErUnCqfp/IcCjlKPR1Z4jVQP72JuJfXidVQc3NWJSkikZktihIOVQxnGQBe0xQovhIE0wE07dCMsACE6UTK+gQvj6F/5NW2bKrVuVcp1EBM+TBHtgHJWCDY1AHp6ABmoCADNyDR/Bk3BkPxrPxMmvNGZ8z2+AHjNcPJUiX3Q==</latexit>

Iexp/thw (s0)

<latexit sha1_base64="iCTDmf6QUhpt7BH4O7oqGZ3Vzxc=">AAAB6nicdVDLSgMxFM3UV62vWpduQovgakhKp3ZZ0IXLivYB7VAyadqGZjJDkhHK0E9w40IRt+Jf+Aeu3Pk3pq2Cih64cDjnXu69J4gF1wahdyezsrq2vpHdzG1t7+zu5fcLLR0lirImjUSkOgHRTHDJmoYbwTqxYiQMBGsHk9O5375mSvNIXplpzPyQjCQfckqMlS51H/XzJeSiqlfBNYhcD+Ea9iwpexihMsQuWqBUz76+FM6ei41+/q03iGgSMmmoIFp3MYqNnxJlOBVsluslmsWETsiIdS2VJGTaTxenzuCRVQZwGClb0sCF+n0iJaHW0zCwnSExY/3bm4t/ed3EDGt+ymWcGCbpctEwEdBEcP43HHDFqBFTSwhV3N4K6ZgoQo1NJ2dD+PoU/k9aZRdX3cqFTaMClsiCQ1AExwCDE1AH56ABmoCCEbgBd+DeEc6t8+A8LlszzufMAfgB5+kDQX2Qtg==</latexit>s0
<latexit sha1_base64="R15/SvoGut1ToWUFR4G0wXDYZs0=">AAAB7HicdVDLSgMxFM34aq2v+ti5CRZBBIdM6dQuC25cVnDaYjuWTJppQzOZIckoZeg3uHGhiC79IHf+jWmroKIHLhzOuZd77wkSzpRG6N1aWFxaXsnlVwtr6xubW8XtnaaKU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQ29Vs3VCoWi0s9Tqgf4YFgISNYG8lTPXR93CuWkI2qbsWpQWS7yKk5riFl10GoDB0bzVCq750MbnMvV41e8a3bj0kaUaEJx0p1HJRoP8NSM8LppNBNFU0wGeEB7RgqcESVn82OncBDo/RhGEtTQsOZ+n0iw5FS4ygwnRHWQ/Xbm4p/eZ1UhzU/YyJJNRVkvihMOdQxnH4O+0xSovnYEEwkM7dCMsQSE23yKZgQvj6F/5Nm2XaqduXCpFEBc+TBPjgAR8ABp6AOzkEDeIAABu7AA3i0hHVvPVnP89YF63NmF/yA9foBly6QwQ==</latexit>

s⇤0

<latexit sha1_base64="h1mhJKq7zld+NkSU3WVJXxPOij0=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjKlU7uz4MZlC/YB7VAyaaaNzWSGJKOUoV/gxoUidelf+Bvu/BszrYKKHrhwOOde7rnXjzlTGqF3K7eyura+kd8sbG3v7O4V9w/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnF5nfuaFSsUhc6WlMvRCPBAsYwdpIzdtBsYRsVHUrTg0i20VOzXENKbsOQmXo2GiB0vnrPMNzY1B86w8jkoRUaMKxUj0HxdpLsdSMcDor9BNFY0wmeER7hgocUuWli6AzeGKUIQwiaUpouFC/T6Q4VGoa+qYzxHqsfnuZ+JfXS3RQ81Im4kRTQZaLgoRDHcHsajhkkhLNp4ZgIpnJCskYS0y0+U3BPOHrUvg/aZdtp2pXmqhUr4Al8uAIHINT4IAzUAeXoAFagAAK7sADeLSurXvryZovW3PW58wh+AHr5QNSs5G3</latexit>w

<latexit sha1_base64="iCTDmf6QUhpt7BH4O7oqGZ3Vzxc=">AAAB6nicdVDLSgMxFM3UV62vWpduQovgakhKp3ZZ0IXLivYB7VAyadqGZjJDkhHK0E9w40IRt+Jf+Aeu3Pk3pq2Cih64cDjnXu69J4gF1wahdyezsrq2vpHdzG1t7+zu5fcLLR0lirImjUSkOgHRTHDJmoYbwTqxYiQMBGsHk9O5375mSvNIXplpzPyQjCQfckqMlS51H/XzJeSiqlfBNYhcD+Ea9iwpexihMsQuWqBUz76+FM6ei41+/q03iGgSMmmoIFp3MYqNnxJlOBVsluslmsWETsiIdS2VJGTaTxenzuCRVQZwGClb0sCF+n0iJaHW0zCwnSExY/3bm4t/ed3EDGt+ymWcGCbpctEwEdBEcP43HHDFqBFTSwhV3N4K6ZgoQo1NJ2dD+PoU/k9aZRdX3cqFTaMClsiCQ1AExwCDE1AH56ABmoCCEbgBd+DeEc6t8+A8LlszzufMAfgB5+kDQX2Qtg==</latexit>s0
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Sum rule for op1mal weights with                              : double differences 
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<latexit sha1_base64="YfYHRSVPhnnYV6QlGKLAmpwBJVg="></latexit>

s⇤0 = 3.6 GeV2

• All correla_ons taken into account
• Diffs should vanish for all weights

• Fits based on Truncated OPE strategy
clearly fail!
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Conclusions

• Assumptions for dealing with non-perturbative effects in hadronic tau decays are needed;

here we considered the Truncated OPE strategy, a model in which higher-order terms in the OPE   

are neglected.  Setting                                                           is arbitrary. Is this dangerous given the 
asymptotic nature of the OPE?

• YES:  Truncated OPE strategy does not pass EM based self-consistency tests.

• YES:  Truncated OPE strategy does not pass tau non-strange V+A based self-consistency tests.

• Truncated OPE strategy fails if the goal is to obtain                 with competitive accuracy; its 
value depends strongly on arbitrary assumptions made about the OPE in this approach.
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<latexit sha1_base64="2qpg5GIGl2dMKakP3cRlCyFabY0=">AAACCHicdVDLSgMxFM3UV62v+ti5MFiEuhmS0tZuCoVuXFawD2hLyaSZNjTzIMkIZZilG3/FjQtF3PoJ7vwbM62Cih4I93DOvdzc44SCK43Qu5VZWV1b38hu5ra2d3b38vsHHRVEkrI2DUQgew5RTHCftTXXgvVCyYjnCNZ1Zs3U794wqXjgX+t5yIYemfjc5ZRoI43yJ8XmKMYoqZ+ntZTU01JelmpSR6N8AdmoWinjGkR2BeEarhhSqmCEShDbaIFC48hdoDXKvw3GAY085msqiFJ9jEI9jInUnAqW5AaRYiGhMzJhfUN94jE1jBeHJPDMKGPoBtI8X8OF+n0iJp5Sc88xnR7RU/XbS8W/vH6k3dow5n4YaebT5SI3ElAHME0FjrlkVIu5IYRKbv4K6ZRIQrXJLmdC+LoU/k86JRtX7fKVSaMMlsiCY3AKigCDC9AAl6AF2oCCW3APHsGTdWc9WM/Wy7I1Y33OHIIfsF4/AMoFmjM=</latexit>

(C10 =)C12 = C14 = C16 = 0

<latexit sha1_base64="5nu92j4Ohns1JrN4YzxZ0h4VYjo=">AAAB+3icdVDLSgNBEJz1GeMrRm9eBoMQL8tsSGKOAS8eI5gHZNeldzKbDJl9MDMrhpBf8eJBEa/+iDf/xkmioKIFDUVVN91dQSq40oS8Wyura+sbm7mt/PbO7t5+4aDYUUkmKWvTRCSyF4BigsesrbkWrJdKBlEgWDcYX8z97i2TiifxtZ6kzItgGPOQU9BG8gtFF0Q6Al+VI9/VkN1UzvxCidikXqs6DUzsGnEaTs2QSs0hpIIdmyxQah6FC7T8wps7SGgWsVhTAUr1HZJqbwpScyrYLO9miqVAxzBkfUNjiJjypovbZ/jUKAMcJtJUrPFC/T4xhUipSRSYzgj0SP325uJfXj/TYcOb8jjNNIvpclGYCawTPA8CD7hkVIuJIUAlN7diOgIJVJu48iaEr0/x/6RTsZ26Xb0yaVTREjl0jE5QGTnoHDXRJWqhNqLoDt2jR/RkzawH69l6WbauWJ8zh+gHrNcPMEWWyw==</latexit>

↵s(m
2
⌧ )
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BACK-UP
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Why does the truncated-OPE approach get it wrong?

• Rely on uncontrolled assump\on about the OPE in higher orders.
• Assume that duality viola\ons (resonance effects) can be neglected,

at least in V+A, without tes4ng this.

• Poten\ally large
effect at

!
Not excluded  
by data.
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⬍
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