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Bosonization  
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PV
<latexit sha1_base64="9log2NqkePXGyK9hfzr1yOCJiPc=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZbwYvHCjYttKFstpt27SYbdjdCCf0PXjwo4tX/481/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+PfCUySWiHCC5kL8SKcpbQjmaa014qKY5DTrvh9Krwu/dUKiaSWz1LaRDjccIiRrA2kj+QMWz7w2oN2ZfNuuvVIbIRajiuUxC34V140DFKgRpYoT2svg9GgmQxTTThWKm+g1Id5FhqRjidVwaZoikmUzymfUMTHFMV5Itr5/DMKCMYCWkq0XChfp/IcazULA5NZ4z1RP32CvEvr5/pqBnkLEkzTROyXBRlHGoBi9fhiElKNJ8Zgolk5lZIJlhiok1AFRPC16fwf+K7toNs58artbxVHGVwAk7BOXBAA7TANWiDDiDgDjyAJ/BsCevRerFel60lazVzDH7AevsEU+WO6w==</latexit><latexit sha1_base64="9log2NqkePXGyK9hfzr1yOCJiPc=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZbwYvHCjYttKFstpt27SYbdjdCCf0PXjwo4tX/481/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+PfCUySWiHCC5kL8SKcpbQjmaa014qKY5DTrvh9Krwu/dUKiaSWz1LaRDjccIiRrA2kj+QMWz7w2oN2ZfNuuvVIbIRajiuUxC34V140DFKgRpYoT2svg9GgmQxTTThWKm+g1Id5FhqRjidVwaZoikmUzymfUMTHFMV5Itr5/DMKCMYCWkq0XChfp/IcazULA5NZ4z1RP32CvEvr5/pqBnkLEkzTROyXBRlHGoBi9fhiElKNJ8Zgolk5lZIJlhiok1AFRPC16fwf+K7toNs58artbxVHGVwAk7BOXBAA7TANWiDDiDgDjyAJ/BsCevRerFel60lazVzDH7AevsEU+WO6w==</latexit><latexit sha1_base64="9log2NqkePXGyK9hfzr1yOCJiPc=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZbwYvHCjYttKFstpt27SYbdjdCCf0PXjwo4tX/481/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+PfCUySWiHCC5kL8SKcpbQjmaa014qKY5DTrvh9Krwu/dUKiaSWz1LaRDjccIiRrA2kj+QMWz7w2oN2ZfNuuvVIbIRajiuUxC34V140DFKgRpYoT2svg9GgmQxTTThWKm+g1Id5FhqRjidVwaZoikmUzymfUMTHFMV5Itr5/DMKCMYCWkq0XChfp/IcazULA5NZ4z1RP32CvEvr5/pqBnkLEkzTROyXBRlHGoBi9fhiElKNJ8Zgolk5lZIJlhiok1AFRPC16fwf+K7toNs58artbxVHGVwAk7BOXBAA7TANWiDDiDgDjyAJ/BsCevRerFel60lazVzDH7AevsEU+WO6w==</latexit><latexit sha1_base64="9log2NqkePXGyK9hfzr1yOCJiPc=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZbwYvHCjYttKFstpt27SYbdjdCCf0PXjwo4tX/481/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+PfCUySWiHCC5kL8SKcpbQjmaa014qKY5DTrvh9Krwu/dUKiaSWz1LaRDjccIiRrA2kj+QMWz7w2oN2ZfNuuvVIbIRajiuUxC34V140DFKgRpYoT2svg9GgmQxTTThWKm+g1Id5FhqRjidVwaZoikmUzymfUMTHFMV5Itr5/DMKCMYCWkq0XChfp/IcazULA5NZ4z1RP32CvEvr5/pqBnkLEkzTROyXBRlHGoBi9fhiElKNJ8Zgolk5lZIJlhiok1AFRPC16fwf+K7toNs58artbxVHGVwAk7BOXBAA7TANWiDDiDgDjyAJ/BsCevRerFel60lazVzDH7AevsEU+WO6w==</latexit>
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<latexit sha1_base64="k0X3Lebo6STRro8XkBcjUbueCe8="></latexit><latexit sha1_base64="k0X3Lebo6STRro8XkBcjUbueCe8="></latexit><latexit sha1_base64="k0X3Lebo6STRro8XkBcjUbueCe8="></latexit><latexit sha1_base64="k0X3Lebo6STRro8XkBcjUbueCe8="></latexit>
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<latexit sha1_base64="bk4lBHVVCkQJF+xxB+isgtTSjus="></latexit><latexit sha1_base64="bk4lBHVVCkQJF+xxB+isgtTSjus="></latexit><latexit sha1_base64="bk4lBHVVCkQJF+xxB+isgtTSjus="></latexit><latexit sha1_base64="bk4lBHVVCkQJF+xxB+isgtTSjus="></latexit>
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<latexit sha1_base64="V3cgLchdrkLu0CiWczx0drVe/Uo="></latexit><latexit sha1_base64="V3cgLchdrkLu0CiWczx0drVe/Uo="></latexit><latexit sha1_base64="V3cgLchdrkLu0CiWczx0drVe/Uo="></latexit><latexit sha1_base64="V3cgLchdrkLu0CiWczx0drVe/Uo="></latexit>
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<latexit sha1_base64="vByA/nZJOFLhMHxcZyLwtxYmT40="></latexit><latexit sha1_base64="vByA/nZJOFLhMHxcZyLwtxYmT40="></latexit><latexit sha1_base64="vByA/nZJOFLhMHxcZyLwtxYmT40="></latexit><latexit sha1_base64="vByA/nZJOFLhMHxcZyLwtxYmT40="></latexit>
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<latexit sha1_base64="8EMCbN+mBiXDB1QSt9BLrmkJxM4="></latexit><latexit sha1_base64="8EMCbN+mBiXDB1QSt9BLrmkJxM4="></latexit><latexit sha1_base64="8EMCbN+mBiXDB1QSt9BLrmkJxM4="></latexit><latexit sha1_base64="8EMCbN+mBiXDB1QSt9BLrmkJxM4="></latexit>
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<latexit sha1_base64="6DxHP6yvzuH9irbJWXIiOh/VWQI="></latexit><latexit sha1_base64="6DxHP6yvzuH9irbJWXIiOh/VWQI="></latexit><latexit sha1_base64="6DxHP6yvzuH9irbJWXIiOh/VWQI="></latexit><latexit sha1_base64="6DxHP6yvzuH9irbJWXIiOh/VWQI="></latexit>
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<latexit sha1_base64="SK53PF5ByeE6ilk5X913FVYFvBI="></latexit><latexit sha1_base64="SK53PF5ByeE6ilk5X913FVYFvBI="></latexit><latexit sha1_base64="SK53PF5ByeE6ilk5X913FVYFvBI="></latexit><latexit sha1_base64="SK53PF5ByeE6ilk5X913FVYFvBI="></latexit>
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<latexit sha1_base64="NnbNaRR6E1Dbmtb4UNJYZ0J6Gtg="></latexit><latexit sha1_base64="NnbNaRR6E1Dbmtb4UNJYZ0J6Gtg="></latexit><latexit sha1_base64="NnbNaRR6E1Dbmtb4UNJYZ0J6Gtg="></latexit><latexit sha1_base64="NnbNaRR6E1Dbmtb4UNJYZ0J6Gtg="></latexit>
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<latexit sha1_base64="CUoqFNnawT06Y2VrZOO2u8N5aaA="></latexit><latexit sha1_base64="CUoqFNnawT06Y2VrZOO2u8N5aaA="></latexit><latexit sha1_base64="CUoqFNnawT06Y2VrZOO2u8N5aaA="></latexit><latexit sha1_base64="CUoqFNnawT06Y2VrZOO2u8N5aaA="></latexit>
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<latexit sha1_base64="ReheofRNS+uYYbgRNTWSatBLvVM="></latexit><latexit sha1_base64="ReheofRNS+uYYbgRNTWSatBLvVM="></latexit><latexit sha1_base64="ReheofRNS+uYYbgRNTWSatBLvVM="></latexit><latexit sha1_base64="ReheofRNS+uYYbgRNTWSatBLvVM="></latexit>
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<latexit sha1_base64="KOMR9emgEdlFBr7GXidvDFEt4rY="></latexit><latexit sha1_base64="KOMR9emgEdlFBr7GXidvDFEt4rY="></latexit><latexit sha1_base64="KOMR9emgEdlFBr7GXidvDFEt4rY="></latexit><latexit sha1_base64="KOMR9emgEdlFBr7GXidvDFEt4rY="></latexit>
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<latexit sha1_base64="mG2+QuPLCuJujsZiqOe8tD83m2Q="></latexit><latexit sha1_base64="mG2+QuPLCuJujsZiqOe8tD83m2Q="></latexit><latexit sha1_base64="mG2+QuPLCuJujsZiqOe8tD83m2Q="></latexit><latexit sha1_base64="mG2+QuPLCuJujsZiqOe8tD83m2Q="></latexit>
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<latexit sha1_base64="IDkDvNIUF1nyn1FzBQmaT6Z0AOo="></latexit><latexit sha1_base64="IDkDvNIUF1nyn1FzBQmaT6Z0AOo="></latexit><latexit sha1_base64="IDkDvNIUF1nyn1FzBQmaT6Z0AOo="></latexit><latexit sha1_base64="IDkDvNIUF1nyn1FzBQmaT6Z0AOo="></latexit>
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<latexit sha1_base64="Ndk09aPZCC0FVHO09nly5ipaMys="></latexit><latexit sha1_base64="Ndk09aPZCC0FVHO09nly5ipaMys="></latexit><latexit sha1_base64="Ndk09aPZCC0FVHO09nly5ipaMys="></latexit><latexit sha1_base64="Ndk09aPZCC0FVHO09nly5ipaMys="></latexit>
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<latexit sha1_base64="hnp5FwaK2qehzQASzMXGXcb6ifw="></latexit><latexit sha1_base64="hnp5FwaK2qehzQASzMXGXcb6ifw="></latexit><latexit sha1_base64="hnp5FwaK2qehzQASzMXGXcb6ifw="></latexit><latexit sha1_base64="hnp5FwaK2qehzQASzMXGXcb6ifw="></latexit>
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<latexit sha1_base64="Ee879xQ3Q1weRgEzh69qzNqncNk="></latexit><latexit sha1_base64="Ee879xQ3Q1weRgEzh69qzNqncNk="></latexit><latexit sha1_base64="Ee879xQ3Q1weRgEzh69qzNqncNk="></latexit><latexit sha1_base64="Ee879xQ3Q1weRgEzh69qzNqncNk="></latexit>
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<latexit sha1_base64="nT9ENvEG3CBJ3lm+cUJbMKCCyeA="></latexit><latexit sha1_base64="nT9ENvEG3CBJ3lm+cUJbMKCCyeA="></latexit><latexit sha1_base64="nT9ENvEG3CBJ3lm+cUJbMKCCyeA="></latexit><latexit sha1_base64="nT9ENvEG3CBJ3lm+cUJbMKCCyeA="></latexit>
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<latexit sha1_base64="vktgHRj8IgluJMBTJ8YCIUXNJDs="></latexit><latexit sha1_base64="vktgHRj8IgluJMBTJ8YCIUXNJDs="></latexit><latexit sha1_base64="vktgHRj8IgluJMBTJ8YCIUXNJDs="></latexit><latexit sha1_base64="vktgHRj8IgluJMBTJ8YCIUXNJDs="></latexit>

x = 0, 1 !!
<latexit sha1_base64="sRK0mipgx/3LA75SuegNMADoPYk="></latexit><latexit sha1_base64="sRK0mipgx/3LA75SuegNMADoPYk="></latexit><latexit sha1_base64="sRK0mipgx/3LA75SuegNMADoPYk="></latexit><latexit sha1_base64="sRK0mipgx/3LA75SuegNMADoPYk="></latexit>



Spinor QCD1+1 
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<latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0DO0c4RoaCYKGgwvIg7dqnRA6Og="></latexit><latexit sha1_base64="0DO0c4RoaCYKGgwvIg7dqnRA6Og="></latexit><latexit sha1_base64="Df32vwaIPBfc+SHrcs1Ey/7BJR4="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit><latexit sha1_base64="I2FjzrxU0NgKdgWHYlLaWqJ0Pr0="></latexit>
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<latexit sha1_base64="FYdy/SgGlx+4AuLXqNSbRguuVzk="></latexit><latexit sha1_base64="FYdy/SgGlx+4AuLXqNSbRguuVzk="></latexit><latexit sha1_base64="FYdy/SgGlx+4AuLXqNSbRguuVzk="></latexit><latexit sha1_base64="FYdy/SgGlx+4AuLXqNSbRguuVzk="></latexit> Bars-Green 78’ 
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<latexit sha1_base64="l/1Gx/6fn27BDa9uESxM+4wfP5Q="></latexit><latexit sha1_base64="l/1Gx/6fn27BDa9uESxM+4wfP5Q="></latexit><latexit sha1_base64="l/1Gx/6fn27BDa9uESxM+4wfP5Q="></latexit><latexit sha1_base64="l/1Gx/6fn27BDa9uESxM+4wfP5Q="></latexit>
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<latexit sha1_base64="sSq8VTgN3/T7hB5n+04dH4zNU9A="></latexit><latexit sha1_base64="sSq8VTgN3/T7hB5n+04dH4zNU9A="></latexit><latexit sha1_base64="sSq8VTgN3/T7hB5n+04dH4zNU9A="></latexit><latexit sha1_base64="sSq8VTgN3/T7hB5n+04dH4zNU9A="></latexit>
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<latexit sha1_base64="AcRjOsIBTIjyy/iYTtPehfUmvH8="></latexit><latexit sha1_base64="AcRjOsIBTIjyy/iYTtPehfUmvH8="></latexit><latexit sha1_base64="AcRjOsIBTIjyy/iYTtPehfUmvH8="></latexit><latexit sha1_base64="AcRjOsIBTIjyy/iYTtPehfUmvH8="></latexit>
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<latexit sha1_base64="Q9cqzoHw4fS7QJjrTBMT1so+Bvs="></latexit><latexit sha1_base64="Q9cqzoHw4fS7QJjrTBMT1so+Bvs="></latexit><latexit sha1_base64="Q9cqzoHw4fS7QJjrTBMT1so+Bvs="></latexit><latexit sha1_base64="Q9cqzoHw4fS7QJjrTBMT1so+Bvs="></latexit>
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<latexit sha1_base64="+6PdJjk76HxpKY7JLwG30/EDGL4="></latexit><latexit sha1_base64="+6PdJjk76HxpKY7JLwG30/EDGL4="></latexit><latexit sha1_base64="+6PdJjk76HxpKY7JLwG30/EDGL4="></latexit><latexit sha1_base64="+6PdJjk76HxpKY7JLwG30/EDGL4="></latexit>

A� = 0 gauge
<latexit sha1_base64="HvCsWkvUm9RWHw29F7hV1d5aRkg="></latexit><latexit sha1_base64="HvCsWkvUm9RWHw29F7hV1d5aRkg="></latexit><latexit sha1_base64="HvCsWkvUm9RWHw29F7hV1d5aRkg="></latexit><latexit sha1_base64="HvCsWkvUm9RWHw29F7hV1d5aRkg="></latexit>

✓
1

Nc
m†m†mm

◆
m† |0i = 0

<latexit sha1_base64="h9NtjsUsgww9N8BaEEgpkESUp2E="></latexit><latexit sha1_base64="h9NtjsUsgww9N8BaEEgpkESUp2E="></latexit><latexit sha1_base64="h9NtjsUsgww9N8BaEEgpkESUp2E="></latexit><latexit sha1_base64="h9NtjsUsgww9N8BaEEgpkESUp2E="></latexit>



1/N-PDF  

�qi(x) =
X

kl

Z
dkdq

2⇡
�k

✓
xP

xP + q

◆
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✓
k

k + q

◆
1 hPi|

✓
m

†
k(xP + q)ml(k + q)p
(xP + q)(k + q)

◆
|Pii1

<latexit sha1_base64="w+P7ppXOxroSw8zzwcLwfoxIjxw="></latexit><latexit sha1_base64="w+P7ppXOxroSw8zzwcLwfoxIjxw="></latexit><latexit sha1_base64="w+P7ppXOxroSw8zzwcLwfoxIjxw="></latexit><latexit sha1_base64="w+P7ppXOxroSw8zzwcLwfoxIjxw="></latexit>
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<latexit sha1_base64="DQOybAg/uk+FwY2JEEjh1YjAnd4="></latexit><latexit sha1_base64="DQOybAg/uk+FwY2JEEjh1YjAnd4="></latexit><latexit sha1_base64="DQOybAg/uk+FwY2JEEjh1YjAnd4="></latexit><latexit sha1_base64="DQOybAg/uk+FwY2JEEjh1YjAnd4="></latexit>

�q

i

(x) =
�

2

⇡

2
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kli
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<latexit sha1_base64="EYGZ465sM7+nBxpW5xgAF2UE+LQ="></latexit><latexit sha1_base64="EYGZ465sM7+nBxpW5xgAF2UE+LQ="></latexit><latexit sha1_base64="EYGZ465sM7+nBxpW5xgAF2UE+LQ="></latexit><latexit sha1_base64="EYGZ465sM7+nBxpW5xgAF2UE+LQ="></latexit>



1/N-QPDF 

H1 =
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Nc

X
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f123m
†
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†
2m3
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1

Nc

X
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f1234m
†
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†
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†
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<latexit sha1_base64="2YNsakYDyEKqneLHbDB/A5/15As="></latexit><latexit sha1_base64="2YNsakYDyEKqneLHbDB/A5/15As="></latexit><latexit sha1_base64="2YNsakYDyEKqneLHbDB/A5/15As="></latexit><latexit sha1_base64="2YNsakYDyEKqneLHbDB/A5/15As="></latexit>

|ii1 =
1p
Nc

X

12

|12i↵12i

|ii2 =
1

Nc

X

123

|123i↵123i

<latexit sha1_base64="rT/C4Y202pBhU/qK+F5HzDjgghk="></latexit><latexit sha1_base64="rT/C4Y202pBhU/qK+F5HzDjgghk="></latexit><latexit sha1_base64="rT/C4Y202pBhU/qK+F5HzDjgghk="></latexit><latexit sha1_base64="rT/C4Y202pBhU/qK+F5HzDjgghk="></latexit>

�q̃i(x) = 2 sin
✓(xP )

2

X

kk0l
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+
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X
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|k|

⇥�

+
k (xP + pk, pk)�

+
k0(xP + pk, pk)

<latexit sha1_base64="xkO+tmUsVaZCZG6MRw/hTxMf7bY="></latexit><latexit sha1_base64="xkO+tmUsVaZCZG6MRw/hTxMf7bY="></latexit><latexit sha1_base64="xkO+tmUsVaZCZG6MRw/hTxMf7bY="></latexit><latexit sha1_base64="xkO+tmUsVaZCZG6MRw/hTxMf7bY="></latexit>



Summary 

      Ji’s proposal OK   

x ! 0, 1 after P ! 1
<latexit sha1_base64="uWHMqNgi0+lVqEfJNfSHXU5cSbI="></latexit><latexit sha1_base64="uWHMqNgi0+lVqEfJNfSHXU5cSbI="></latexit><latexit sha1_base64="uWHMqNgi0+lVqEfJNfSHXU5cSbI="></latexit><latexit sha1_base64="uWHMqNgi0+lVqEfJNfSHXU5cSbI="></latexit>



 QCD-4E 



Instanton vacuum: Pion 

g⇡f⇡ =
⌦
i † 

↵
=

4↵Ncp
2

||'0||2

||p'02||2
<latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit>

 =
N⇢4

2V4Nc
⌘ ↵2⇢4 ⇡ 2 10�3

<latexit sha1_base64="QMJ/4wGyt69qLILNp3n6+DjFYqo="></latexit><latexit sha1_base64="QMJ/4wGyt69qLILNp3n6+DjFYqo="></latexit><latexit sha1_base64="QMJ/4wGyt69qLILNp3n6+DjFYqo="></latexit><latexit sha1_base64="QMJ/4wGyt69qLILNp3n6+DjFYqo="></latexit>

M(p) =
↵p
2

|p'0(p)|2
||q'02||2 +O(↵2)

<latexit sha1_base64="ug8GLVNfaOoHL46p8quJkFDN8eU="></latexit><latexit sha1_base64="ug8GLVNfaOoHL46p8quJkFDN8eU="></latexit><latexit sha1_base64="ug8GLVNfaOoHL46p8quJkFDN8eU="></latexit><latexit sha1_base64="ug8GLVNfaOoHL46p8quJkFDN8eU="></latexit>

 0I,Ī(p) =
p
2'0(p)�± ⌘

p
2(4⇡⇢ e�p⇢/p)�±

<latexit sha1_base64="SArcTG9AqcZ2WbC2vWC4QwW3Evc="></latexit><latexit sha1_base64="SArcTG9AqcZ2WbC2vWC4QwW3Evc="></latexit><latexit sha1_base64="SArcTG9AqcZ2WbC2vWC4QwW3Evc="></latexit><latexit sha1_base64="SArcTG9AqcZ2WbC2vWC4QwW3Evc="></latexit>

regular gauge
<latexit sha1_base64="5o3DoQPjGfOsSNxQ/fRp0C9ruRg="></latexit><latexit sha1_base64="5o3DoQPjGfOsSNxQ/fRp0C9ruRg="></latexit><latexit sha1_base64="5o3DoQPjGfOsSNxQ/fRp0C9ruRg="></latexit><latexit sha1_base64="5o3DoQPjGfOsSNxQ/fRp0C9ruRg="></latexit>



QPDA in 4E 

�̃

⇡

(x, P
z

) =
i

f

⇡

Z
dz

2⇡
e

�i(x�x̄)zPz h⇡(p)| †(z�)�
z

�

5 [z�, z+] (z+) |0i
<latexit sha1_base64="XvXz1Sihet1dEDdwTWbmJWbDRmQ="></latexit><latexit sha1_base64="XvXz1Sihet1dEDdwTWbmJWbDRmQ="></latexit><latexit sha1_base64="XvXz1Sihet1dEDdwTWbmJWbDRmQ="></latexit><latexit sha1_base64="XvXz1Sihet1dEDdwTWbmJWbDRmQ="></latexit>

Z
dx �̃⇡(x, Pz) =

i

f⇡Pz

⌦
⇡(p)| †(0)�z�5 (0)|0

↵
= 1

<latexit sha1_base64="ATy2GZWpz8rqbHZ8ND3Se1kfPVE="></latexit><latexit sha1_base64="ATy2GZWpz8rqbHZ8ND3Se1kfPVE="></latexit><latexit sha1_base64="ATy2GZWpz8rqbHZ8ND3Se1kfPVE="></latexit><latexit sha1_base64="ATy2GZWpz8rqbHZ8ND3Se1kfPVE="></latexit>



1/N-QPDA 

�̃⇡(x, Pz) = lim
P 2!0
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d4k
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<latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Gilb5myw2bgh5hUmw35bAFVrnjs="></latexit><latexit sha1_base64="hG8XZIFQfeC3nNvD1Ak4/JqOVLQ="></latexit><latexit sha1_base64="ZebcTJqeVuJRTAS9mdo19eAW8wQ="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit><latexit sha1_base64="JwU32JFjl9E+Wq+vYCuqnGP3MOw="></latexit>

hJ5J5zi
<latexit sha1_base64="/NHwuD3qC0kEGlt3gWbp8LQQMzc="></latexit><latexit sha1_base64="/NHwuD3qC0kEGlt3gWbp8LQQMzc="></latexit><latexit sha1_base64="/NHwuD3qC0kEGlt3gWbp8LQQMzc="></latexit><latexit sha1_base64="/NHwuD3qC0kEGlt3gWbp8LQQMzc="></latexit>
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<latexit sha1_base64="WCLUYFI7ehTcLd3JVfybVrnDDs8="></latexit><latexit sha1_base64="WCLUYFI7ehTcLd3JVfybVrnDDs8="></latexit><latexit sha1_base64="WCLUYFI7ehTcLd3JVfybVrnDDs8="></latexit><latexit sha1_base64="WCLUYFI7ehTcLd3JVfybVrnDDs8="></latexit>

g⇡f⇡ =
⌦
i † 

↵
=

4↵Ncp
2

||'0||2

||p'02||2
<latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit><latexit sha1_base64="rCGJ/vOdwThEBkEOTLJ5VS0iXbU="></latexit>
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5�(k, P )�GI(k�, p�)
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<latexit sha1_base64="qmvTwje0bo/b6wHrPdVcKO9divg="></latexit><latexit sha1_base64="qmvTwje0bo/b6wHrPdVcKO9divg="></latexit><latexit sha1_base64="qmvTwje0bo/b6wHrPdVcKO9divg="></latexit><latexit sha1_base64="qmvTwje0bo/b6wHrPdVcKO9divg="></latexit>

�GI(p, k) = GI(p, k) + (2⇡)4�(k � p)
1

k/

�(p, P ) = �(P )
|p||p� P |'0(p)'0(p� P )

||p'02||2

�(P )

✓
1�

R
d4k
(2⇡)4'

02(k)'02(k � P )(k2 � k · P )

||p'02||2

◆
= 1

<latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="mJQc1ga3vREcvzjxw8H5LEGr2io="></latexit><latexit sha1_base64="qcMEPiHUlM/BomZVO8qaWanwHu0="></latexit><latexit sha1_base64="a/TawiAKRz59HQQd2/Ezq1hALxY="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit><latexit sha1_base64="g5zXeNe44v0PQRAbKS0rdznhGEM="></latexit>

Z 1

0
dx�⇡(x, Pz) = 1

<latexit sha1_base64="oSsf24PiaD3A35fqrSVIdtOXSJE="></latexit><latexit sha1_base64="oSsf24PiaD3A35fqrSVIdtOXSJE="></latexit><latexit sha1_base64="oSsf24PiaD3A35fqrSVIdtOXSJE="></latexit><latexit sha1_base64="oSsf24PiaD3A35fqrSVIdtOXSJE="></latexit>

pz = xPz

k

�
k � P , p

� = p� P

<latexit sha1_base64="UxiCIIgUWDShJGtdiAMcWyuN0Yg="></latexit><latexit sha1_base64="UxiCIIgUWDShJGtdiAMcWyuN0Yg="></latexit><latexit sha1_base64="UxiCIIgUWDShJGtdiAMcWyuN0Yg="></latexit><latexit sha1_base64="UxiCIIgUWDShJGtdiAMcWyuN0Yg="></latexit>

↵0
<latexit sha1_base64="gdACuNWo2gnl1oGe/uEcx/yqpoQ=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFSYxtNVVwY3LCvYBbSyT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTC5zv3NPpWKxuNHThPoRHgkWMoK1kbp9zJMxvkWDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftF3bQbZz7VUaF8s4iuAIHINT4IAaaIAr0AQtQAAHD+AJPFt31qP1Yr0uWgvWcuYQ/ID19gkPfo/0</latexit><latexit sha1_base64="gdACuNWo2gnl1oGe/uEcx/yqpoQ=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFSYxtNVVwY3LCvYBbSyT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTC5zv3NPpWKxuNHThPoRHgkWMoK1kbp9zJMxvkWDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftF3bQbZz7VUaF8s4iuAIHINT4IAaaIAr0AQtQAAHD+AJPFt31qP1Yr0uWgvWcuYQ/ID19gkPfo/0</latexit><latexit sha1_base64="gdACuNWo2gnl1oGe/uEcx/yqpoQ=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFSYxtNVVwY3LCvYBbSyT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTC5zv3NPpWKxuNHThPoRHgkWMoK1kbp9zJMxvkWDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftF3bQbZz7VUaF8s4iuAIHINT4IAaaIAr0AQtQAAHD+AJPFt31qP1Yr0uWgvWcuYQ/ID19gkPfo/0</latexit><latexit sha1_base64="gdACuNWo2gnl1oGe/uEcx/yqpoQ=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFSYxtNVVwY3LCvYBbSyT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ20FFT1w4XDOvdx7T5BwpjRCH1ZhZXVtfaO4Wdra3tndK+8ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTTC5zv3NPpWKxuNHThPoRHgkWMoK1kbp9zJMxvkWDcgXZ5/Wq61UhshGqOa6TE7fmnXnQMUqOCliiOSi/94cxSSMqNOFYqZ6DEu1nWGpGOJ2V+qmiCSYTPKI9QwWOqPKz+b0zeGKUIQxjaUpoOFe/T2Q4UmoaBaYzwnqsfnu5+JfXS3VY9zMmklRTQRaLwpRDHcP8eThkkhLNp4ZgIpm5FZIxlphoE1HJhPD1KfyftF3bQbZz7VUaF8s4iuAIHINT4IAaaIAr0AQtQAAHD+AJPFt31qP1Yr0uWgvWcuYQ/ID19gkPfo/0</latexit>



 QPDA: Preliminary  

Koch-Liu-Zahed 19’ 



Summary 

      Instantons :  QPDA, QPDF, QTMD 


