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Ø Interesting topics not covered in this talk
• Observables for twist-3 TMD FF (see, e.g., data from CLAS and HERMES; Yang, 

Lu, Schmidt (2016),…)

• Observables for twist-3 DiFF (e.g.,       probed in single-longitudinal dihadron
production in SIDIS (data from COMPASS; Yang, Wang, Yang, Lu (2019),…))

• Connection of the chiral-odd twist-3 FF to dynamical chiral 
symmetry breaking (Accardi & Signori (2018, 2019)) and probing transversity in 
inclusive DIS (Accardi & Bacchetta (2017)))
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Definitions of Collinear Twist-3 FFs
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(Gamberg, Kang, DP, Schlegel, Yoshida JHEP 1901 (2019))
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Intrinsic FF
(p = Ph/z)
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Kinematical FF
(p = Ph/z + pT)
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Dynamical FF
(p = Ph/z; p’ = Ph/z’)
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β = z/z’
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Dynamical FF
(p = Ph/z; p’ = Ph/z’)
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Dynamical FF
(p = Ph/z; p’ = Ph/z’)
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We note that the (gluonic and fermionic) poles of the dynamical FF 
vanish (Meissner & Metz (2009)).  This makes the calculation of twist-3 
fragmentation effects different from the calculation of soft-gluon and 
soft-fermion poles on the PDF side.



Important Relations: EoMRs and LIRs
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QCD equation of motion relations (EoMRs) and Lorentz invariance 
relations (LIRs) are necessary to guarantee

Ø EM and color gauge invariance of the cross section

Ø Frame independence of the cross section

They are known for both twist-3 PDFs and FFs in the quark sector

EoMRs are known in the gluon sector but LIRs have not been derived
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(Kanazawa, Metz, DP, Schlegel, PLB 742 (2015); Kanazawa, Metz, DP, Schlegel, PLB 744 
(2015); Koike, DP, Takagi, Yoshida PLB 752 (2016); Koike, DP, Yoshida PLB 759 (2016); 
Kanazawa, Koike, Metz, DP, Schlegel, PRD 93 (2016); Gamberg, Kang, DP, Schlegel, 
Yoshida JHEP 1901 (2019))
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EoMR

LIR

(Kanazawa, Koike, Metz, DP, Schlegel, PRD 93 (2016))
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(Kanazawa, Koike, Metz, DP, Schlegel, PRD 93 (2016))
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EoMR

LIR
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(Kanazawa, Koike, Metz, DP, Schlegel, PRD 93 (2016))
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EoMR
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(Kanazawa, Koike, Metz, DP, Schlegel, PRD 93 (2016))
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All kinematical and intrinsic functions can be written in 
terms of dynamical functions (multi-parton correlators)!



Observables that Probe Twist-3 FFs
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AN in pp -> π X – PUZZLE FOR 40+ YEARS!

1976
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PHENIX (2014) 

STAR (2012) 

PHENIX, Talk by J. Bok (DIS 2018) 
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(Qiu & Sterman (1999), Kouvaris, et al. (2006))FFT ⇠ TF

For many years the Qiu-Sterman/Sivers-type contribution was thought   
to be the dominant source of TSSAs in p"p ! ⇡ X

d��
⇡ ⇠ H ⌦ f1 ⌦ FF T (x, x)
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d��
⇡ ⇠ H ⌦ f1 ⌦ FF T (x, x)

(Kang, Qiu, Vogelsang, Yuan (2011); Kang and Prokudin
(2012); Metz, DP, Schäfer, Schlegel, Vogelsang, Zhou (2012))
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(Metz & DP - PLB 723 (2013))
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Non-pole matrix 
element!
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(Metz & DP - PLB 723 (2013))
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1
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We now believe the TSSAs in                      
are due to fragmentation effects as the partons

form pions in the final state

p"p ! ⇡ X
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(Kanazawa, Koike, Metz, DP, PRD 89(RC) (2014); 
Gamberg, Kang, DP, Prokudin, PLB 770 (2017))
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(Gamberg, Kang, DP, Prokudin, PLB 770 (2017))
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EoMR & LIR 



(Gamberg, Kang, DP, Prokudin, PLB 770 (2017))
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Fragmentation term is the main cause of 
AN in pp -> π X

The AN data from RHIC can be used to 
constrain transversity at large x!
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EoMR & LIR 
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(Gamberg, Kang, DP, Prokudin, PLB 770 (2017))
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(Gamberg, Kang, DP, Prokudin, PLB 770 (2017))
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AN in
(Kanazawa, Koike, Metz, DP, 
Schlegel, PRD 93 (2016))

*Note: Only the fragmentation terms are shown.
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AN in

ALT in

ALT in

(Kanazawa, Metz, DP, 
Schlegel PLB 742 (2015))

(Koike, DP, Takagi, 
Yoshida PLB 752 (2016))

(Kanazawa, Koike, Metz, DP, 
Schlegel, PRD 93 (2016))

*Note: Only the fragmentation terms are shown.
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AN in

ALT in

ALT in

AN in

AN in  
(Koike, Metz, DP, Yabe, 
Yoshida PRD 1901 (2017))

(only qq and qgq FF)

(Kanazawa, Metz, DP, 
Schlegel PLB 742 (2015))

(Koike, DP, Takagi, 
Yoshida PLB 752 (2016))

(Kanazawa, Koike, Metz, DP, 
Schlegel, PRD 93 (2016))

(Kanazawa, Koike, Metz, DP, 
Schlegel, PRD 93 (2016))

*Note: Only the fragmentation terms are shown.
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in SIDIS integrated over PT
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(Mulders, Tangerman (1996); Bacchetta, et al. (2007); Wang & Lu (2016))

COMPASS, preliminary



D. Pitonyak

AN in e+e- è h X
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NLO calculation is available => evolution of DT 

Note that this observable probes the intrinsic FF DT and NOT the 
polarizing FF

(Gamberg, Kang, DP, Schlegel, Yoshida JHEP 1901 (2019))

(Boer, Jakob, Mulders (1997); Gamberg, Kang, DP, Schlegel, Yoshida JHEP 1901 (2019))
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AN in e+e- è h X
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(Boer, Jakob, Mulders (1997); Gamberg, Kang, DP, Schlegel, Yoshida JHEP 1901 (2019))

Belle (2018)
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in e+e- è h1h2 X integrated over qT
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(Boer, Jakob, Mulders (1997))

Belle (2018)



Connecting TMD FFs to Collinear (Twist-3) FF
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get extracted in analyses of transverse-spin TMD processes! 
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(Echevarria, Idilbi, Scimemi (2014); Kang, Prokudin, Sun, Yuan (2016))

TMD (b-space) Kinematical FF
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ALL transverse-spin observables are driven by 
multi-parton correlations!
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FF T
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Open Issues
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Ø NLO calculations of twist-3 observables (in particular those 
involving fragmentation) and fragmentation correlators
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Ø NLO calculations of twist-3 observables (in particular those 
involving fragmentation) and fragmentation correlators
• Does factorization hold at one-loop?
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Ø NLO calculations of twist-3 observables (in particular those 
involving fragmentation) and fragmentation correlators
• Does factorization hold at one-loop?

• Evolution known for                (Kang (2011); Ma, Zhang (2017)),                  

(Kang (2011)), ,          (Belitsky & Kuraev (1997); Ma & Zhang (2017)),

(Gamberg, Kang, DP, Schlegel, Yoshida, JHEP 1901 (2019))

• What is the evolution of chiral-even dynamical FFs like                                   ?
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Ø NLO calculations of twist-3 observables (in particular those 
involving fragmentation) and fragmentation correlators
• Does factorization hold at one-loop?

• Evolution known for                (Kang (2011); Ma, Zhang (2017)),                  

(Kang (2011)), ,          (Belitsky & Kuraev (1997); Ma & Zhang (2017)),

(Gamberg, Kang, DP, Schlegel, Yoshida, JHEP 1901 (2019))

• What is the evolution of chiral-even dynamical FFs like                                   ?

• Do the EoMRs and LIRs hold at NLO (crucial for validity of the twist-3 
framework!) 

Ø Derivation of LIRs for gluon FFs
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Ø Can twist-3 fragmentation explain AN results in pA from RHIC?  
(Hatta, Xiao, Yoshida, Yuan (2017); Bennic & Hatta (2019))
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Ø Can twist-3 fragmentation explain AN results in pA from RHIC?  
(Hatta, Xiao, Yoshida, Yuan (2017); Bennic & Hatta (2019))

Ø Updated analysis of AN in                   (Gamberg, Kang, Metz, DP, Prokudin,

PRD 90 (2014)) that includes constraints from LIRs (mandatory for an 
EIC!) 
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Ø Can twist-3 fragmentation explain AN results in pA from RHIC?  
(Hatta, Xiao, Yoshida, Yuan (2017); Bennic & Hatta (2019))

Ø Updated analysis of AN in                   (Gamberg, Kang, Metz, DP, Prokudin,

PRD 90 (2014)) that includes constraints from LIRs (mandatory for an 
EIC!) 

Ø Global fit of TMD and collinear transverse spin observables 
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(Gamberg, Kang, DP, Prokudin, Sato, …, on-going work)



Summary
D. Pitonyak

• Collinear twist-3 FFs can be probed in a variety of different processes, and 
they are fundamentally different than their PDF counterparts (complex-valued, 
non-pole matrix elements,…).

• Both TMD and collinear functions that are relevant for transverse-spin 
observables are driven by multi-parton correlations – global analysis is 
possible! 

• Several open issues remain for theory and phenomenology to validate the
twist-3 framework and connect analytical calculations to experimental data.
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Back-up Slides
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Ø What follows are very preliminary results of a global fit of 
1) Collins effect in e+e-

2) Collins effect in SIDIS
3) (Integrated)             in SIDIS 
4) AN in proton-proton collisions (fragmentation term) 
*Also will add Sivers and QS term of AN to the analysis

Ø Monte Carlo (MC) sampling was used to determine error bands. For now, we 
use a simple Gaussian ansatz for TMDs.

Ø We have found solutions for the relevant non-perturbative functions 
(including    !) that describe simultaneously a non-trivial amount of 
observables.

Ø Large errors in the (transversely polarized) deuteron SIDIS data make flavor 
separation subject to significant correlations which can only be estimated by 
MC – an EIC can hopefully deliver more accurate data.

Asin �s

UT

(Gamberg, Kang, DP, Prokudin, Sato, …, on-going work)
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Collins effect e+e- AUC AUL
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Collins effect SIDIS
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D. Pitonyak



D. Pitonyak

in SIDISAsin�S

UT
<latexit sha1_base64="Om8joUswvjLIb8db+EJAJM4pmjw=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYCywMBbRtJWaEDmO01p1nMh2kKooKwu/wsIAQqz8ARt/g9NmgJYjWT46517de0+QMiqVZX0bS8srq2vrtY365tb2zq65t9+VSSYwcXDCEtEPkCSMcuIoqhjpp4KgOGCkF4yvS7/3QISkCe+oSUq8GA05jShGSku+Cd0gYaGcxPrLL/3c6RT3uSspd9MR9e+KwjcbVtOaAi4SuyINUKHtm19umOAsJlxhhqQc2FaqvBwJRTEjRd3NJEkRHqMhGWjKUUykl08vKeCxVkIYJUI/ruBU/d2Ro1iWy+rKGKmRnPdK8T9vkKnowsspTzNFOJ4NijIGVQLLWGBIBcGKTTRBWFC9K8QjJBBWOry6DsGeP3mRdE+bttW0b88arasqjho4BEfgBNjgHLTADWgDB2DwCJ7BK3gznowX4934mJUuGVXPAfgD4/MHx6+bAg==</latexit><latexit sha1_base64="Om8joUswvjLIb8db+EJAJM4pmjw=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYCywMBbRtJWaEDmO01p1nMh2kKooKwu/wsIAQqz8ARt/g9NmgJYjWT46517de0+QMiqVZX0bS8srq2vrtY365tb2zq65t9+VSSYwcXDCEtEPkCSMcuIoqhjpp4KgOGCkF4yvS7/3QISkCe+oSUq8GA05jShGSku+Cd0gYaGcxPrLL/3c6RT3uSspd9MR9e+KwjcbVtOaAi4SuyINUKHtm19umOAsJlxhhqQc2FaqvBwJRTEjRd3NJEkRHqMhGWjKUUykl08vKeCxVkIYJUI/ruBU/d2Ro1iWy+rKGKmRnPdK8T9vkKnowsspTzNFOJ4NijIGVQLLWGBIBcGKTTRBWFC9K8QjJBBWOry6DsGeP3mRdE+bttW0b88arasqjho4BEfgBNjgHLTADWgDB2DwCJ7BK3gznowX4934mJUuGVXPAfgD4/MHx6+bAg==</latexit><latexit sha1_base64="Om8joUswvjLIb8db+EJAJM4pmjw=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYCywMBbRtJWaEDmO01p1nMh2kKooKwu/wsIAQqz8ARt/g9NmgJYjWT46517de0+QMiqVZX0bS8srq2vrtY365tb2zq65t9+VSSYwcXDCEtEPkCSMcuIoqhjpp4KgOGCkF4yvS7/3QISkCe+oSUq8GA05jShGSku+Cd0gYaGcxPrLL/3c6RT3uSspd9MR9e+KwjcbVtOaAi4SuyINUKHtm19umOAsJlxhhqQc2FaqvBwJRTEjRd3NJEkRHqMhGWjKUUykl08vKeCxVkIYJUI/ruBU/d2Ro1iWy+rKGKmRnPdK8T9vkKnowsspTzNFOJ4NijIGVQLLWGBIBcGKTTRBWFC9K8QjJBBWOry6DsGeP3mRdE+bttW0b88arasqjho4BEfgBNjgHLTADWgDB2DwCJ7BK3gznowX4934mJUuGVXPAfgD4/MHx6+bAg==</latexit><latexit sha1_base64="Om8joUswvjLIb8db+EJAJM4pmjw=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMVYKQYCywMBbRtJWaEDmO01p1nMh2kKooKwu/wsIAQqz8ARt/g9NmgJYjWT46517de0+QMiqVZX0bS8srq2vrtY365tb2zq65t9+VSSYwcXDCEtEPkCSMcuIoqhjpp4KgOGCkF4yvS7/3QISkCe+oSUq8GA05jShGSku+Cd0gYaGcxPrLL/3c6RT3uSspd9MR9e+KwjcbVtOaAi4SuyINUKHtm19umOAsJlxhhqQc2FaqvBwJRTEjRd3NJEkRHqMhGWjKUUykl08vKeCxVkIYJUI/ruBU/d2Ro1iWy+rKGKmRnPdK8T9vkKnowsspTzNFOJ4NijIGVQLLWGBIBcGKTTRBWFC9K8QjJBBWOry6DsGeP3mRdE+bttW0b88arasqjho4BEfgBNjgHLTADWgDB2DwCJ7BK3gznowX4934mJUuGVXPAfgD4/MHx6+bAg==</latexit>

h+ h�
<latexit sha1_base64="y8V4ZtMmA3033wmejyy4qRLhX4I=">AAACMXicbVDLSgMxFM34rPVVdelmsAiCWGZEUOim6KbLCvYBnVoymds2NPMguSOWYX7JjX8ibrpQxK0/YabtorZeCDmce+7NyXEjwRVa1thYWV1b39jMbeW3d3b39gsHhw0VxpJBnYUilC2XKhA8gDpyFNCKJFDfFdB0h3dZv/kEUvEweMBRBB2f9gPe44yiprqFqoPwjJM9iStiSBPHDYWnRr6+ksHjeZo6Zaecn5NJ8BZVF2naLRStkjUpcxnYM1Aks6p1C2+OF7LYhwCZoEq1bSvCTkIlciYgzTuxgoiyIe1DW8OA+qA6ycRCap5qxjN7odQnQHPCzk8k1FeZO630KQ7UYi8j/+u1Y+zddBIeRDFCwKYP9WJhYmhm8Zkel8BQjDSgTHLt1WQDKilDHXJeh2AvfnkZNC5LtlWy76+KldtZHDlyTE7IGbHJNamQKqmROmHkhbyTD/JpvBpj48v4nkpXjNnMEflTxs8vwVKs8A==</latexit><latexit sha1_base64="y8V4ZtMmA3033wmejyy4qRLhX4I=">AAACMXicbVDLSgMxFM34rPVVdelmsAiCWGZEUOim6KbLCvYBnVoymds2NPMguSOWYX7JjX8ibrpQxK0/YabtorZeCDmce+7NyXEjwRVa1thYWV1b39jMbeW3d3b39gsHhw0VxpJBnYUilC2XKhA8gDpyFNCKJFDfFdB0h3dZv/kEUvEweMBRBB2f9gPe44yiprqFqoPwjJM9iStiSBPHDYWnRr6+ksHjeZo6Zaecn5NJ8BZVF2naLRStkjUpcxnYM1Aks6p1C2+OF7LYhwCZoEq1bSvCTkIlciYgzTuxgoiyIe1DW8OA+qA6ycRCap5qxjN7odQnQHPCzk8k1FeZO630KQ7UYi8j/+u1Y+zddBIeRDFCwKYP9WJhYmhm8Zkel8BQjDSgTHLt1WQDKilDHXJeh2AvfnkZNC5LtlWy76+KldtZHDlyTE7IGbHJNamQKqmROmHkhbyTD/JpvBpj48v4nkpXjNnMEflTxs8vwVKs8A==</latexit><latexit sha1_base64="y8V4ZtMmA3033wmejyy4qRLhX4I=">AAACMXicbVDLSgMxFM34rPVVdelmsAiCWGZEUOim6KbLCvYBnVoymds2NPMguSOWYX7JjX8ibrpQxK0/YabtorZeCDmce+7NyXEjwRVa1thYWV1b39jMbeW3d3b39gsHhw0VxpJBnYUilC2XKhA8gDpyFNCKJFDfFdB0h3dZv/kEUvEweMBRBB2f9gPe44yiprqFqoPwjJM9iStiSBPHDYWnRr6+ksHjeZo6Zaecn5NJ8BZVF2naLRStkjUpcxnYM1Aks6p1C2+OF7LYhwCZoEq1bSvCTkIlciYgzTuxgoiyIe1DW8OA+qA6ycRCap5qxjN7odQnQHPCzk8k1FeZO630KQ7UYi8j/+u1Y+zddBIeRDFCwKYP9WJhYmhm8Zkel8BQjDSgTHLt1WQDKilDHXJeh2AvfnkZNC5LtlWy76+KldtZHDlyTE7IGbHJNamQKqmROmHkhbyTD/JpvBpj48v4nkpXjNnMEflTxs8vwVKs8A==</latexit><latexit sha1_base64="y8V4ZtMmA3033wmejyy4qRLhX4I=">AAACMXicbVDLSgMxFM34rPVVdelmsAiCWGZEUOim6KbLCvYBnVoymds2NPMguSOWYX7JjX8ibrpQxK0/YabtorZeCDmce+7NyXEjwRVa1thYWV1b39jMbeW3d3b39gsHhw0VxpJBnYUilC2XKhA8gDpyFNCKJFDfFdB0h3dZv/kEUvEweMBRBB2f9gPe44yiprqFqoPwjJM9iStiSBPHDYWnRr6+ksHjeZo6Zaecn5NJ8BZVF2naLRStkjUpcxnYM1Aks6p1C2+OF7LYhwCZoEq1bSvCTkIlciYgzTuxgoiyIe1DW8OA+qA6ycRCap5qxjN7odQnQHPCzk8k1FeZO630KQ7UYi8j/+u1Y+zddBIeRDFCwKYP9WJhYmhm8Zkel8BQjDSgTHLt1WQDKilDHXJeh2AvfnkZNC5LtlWy76+KldtZHDlyTE7IGbHJNamQKqmROmHkhbyTD/JpvBpj48v4nkpXjNnMEflTxs8vwVKs8A==</latexit>

D. Pitonyak



D. Pitonyak

AN in pp
⇡+ ⇡� ⇡0

<latexit sha1_base64="ZjXMxFp4r2mQ3CR2ubcN9WmlDLw="></latexit><latexit sha1_base64="ZjXMxFp4r2mQ3CR2ubcN9WmlDLw="></latexit><latexit sha1_base64="ZjXMxFp4r2mQ3CR2ubcN9WmlDLw="></latexit><latexit sha1_base64="ZjXMxFp4r2mQ3CR2ubcN9WmlDLw="></latexit>

3.3 < ⌘ < 4.1
<latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="W3kF5WYlvyLF1v3/eFIHSL0ypPA=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcDXMWEEXLgQ3LivYB7RDyaR32tBMZkgyhTL0n7hxoYg/x53/xvSx0NYDIR/nJOTmRJng2vj+t1Pa2t7Z3SvvVw6qh0fH7km1pdNcMWyyVKSqE1GNgktsGm4EdjKFNIkEtqPxwzxvT1BpnspnM80wTOhQ8pgzaqzVd926Vyd3pIeG2u3aC/puzff8hcgmBCuowUqNvvvVG6QsT1AaJqjW3cDPTFhQZTgTOKv0co0ZZWM6xK5FSRPUYbGYfEYurDMgcarskoYs3N83CppoPU0iezKhZqTXs7n5X9bNTXwbFlxmuUHJlg/FuSAmJfMayIArZEZMLVCmuJ2VsBFVlBlbVsWWEKx/eRNaV17ge8GTD2U4g3O4hABu4B4eoQFNYDCBF3iDd6dwXp2PZV0lZ9XbKfyR8/kDTyuPnA==</latexit><latexit sha1_base64="W3kF5WYlvyLF1v3/eFIHSL0ypPA=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcDXMWEEXLgQ3LivYB7RDyaR32tBMZkgyhTL0n7hxoYg/x53/xvSx0NYDIR/nJOTmRJng2vj+t1Pa2t7Z3SvvVw6qh0fH7km1pdNcMWyyVKSqE1GNgktsGm4EdjKFNIkEtqPxwzxvT1BpnspnM80wTOhQ8pgzaqzVd926Vyd3pIeG2u3aC/puzff8hcgmBCuowUqNvvvVG6QsT1AaJqjW3cDPTFhQZTgTOKv0co0ZZWM6xK5FSRPUYbGYfEYurDMgcarskoYs3N83CppoPU0iezKhZqTXs7n5X9bNTXwbFlxmuUHJlg/FuSAmJfMayIArZEZMLVCmuJ2VsBFVlBlbVsWWEKx/eRNaV17ge8GTD2U4g3O4hABu4B4eoQFNYDCBF3iDd6dwXp2PZV0lZ9XbKfyR8/kDTyuPnA==</latexit><latexit sha1_base64="sUHHJiLn4slpKYthBiX+6QdJjOg=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbB07Krgh48BL14jGAekCxhdjKbDJl9MNMbCEv+xIsHRbz6J978GyfJHjSxoOmiqpvpqSCVQqPrflultfWNza3ydmVnd2//wD48auokU4w3WCIT1Q6o5lLEvIECJW+nitMokLwVjO5nfmvMlRZJ/ISTlPsRHcQiFIyikXq2felcklvS5UhNu3K8nl11HXcOskq8glShQL1nf3X7CcsiHiOTVOuO56bo51ShYJJPK91M85SyER3wjqExjbj28/nlU3JmlD4JE2UqRjJXf2/kNNJ6EgVmMqI41MveTPzP62QY3vi5iNMMecwWD4WZJJiQWQykLxRnKCeGUKaEuZWwIVWUoQmrYkLwlr+8SpoXjuc63qNbrd0VcZThBE7hHDy4hho8QB0awGAMz/AKb1ZuvVjv1sditGQVO8fwB9bnD4uvkPw=</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit><latexit sha1_base64="kN2BoBGo0U5prXha7Wxn8pIh8vU=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbB07JrAnrwEPTiMYJ5QLKE2UknGTL7YKY3EJb8iRcPinj1T7z5N06SPWhiQdNFVTfTU0EihUbX/bYKG5tb2zvF3dLe/sHhkX180tRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gfD/3WxNQWsTRE04T8EM2jMRAcIZG6tl2xanQW9oFZKZVHa9nl13HXYCuEy8nZZKj3rO/uv2YpyFEyCXTuuO5CfoZUyi4hFmpm2pIGB+zIXQMjVgI2s8Wl8/ohVH6dBArUxHShfp7I2Oh1tMwMJMhw5Fe9ebif14nxcGNn4koSREivnxokEqKMZ3HQPtCAUc5NYRxJcytlI+YYhxNWCUTgrf65XXSvHI81/Eeq+XaXR5HkZyRc3JJPHJNauSB1EmDcDIhz+SVvFmZ9WK9Wx/L0YKV75ySP7A+fwCM75EA</latexit>

⌘ = 3.3
<latexit sha1_base64="7psW9WtQ5Rvu+/m4JKHsumFLsVY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0ItQ9OKxgv3ANpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5YEYpBjHtSx5xRo2VHjtoKLkm5+55t1zxXG8Gskz8nFQgR61b/ur0EpbFKA0TVOu276UmGFNlOBM4KXUyjSllQ9rHtqWSxqiD8eziCTmxSo9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh0/dJjytkRowsoUxxeythA6ooMzakkg3BX3x5mTTOXN9z/fuLSvUmj6MIR3AMp+DDJVThDmpQBwYSnuEV3hztvDjvzse8teDkM4fwB87nD5Bqj4U=</latexit><latexit sha1_base64="7psW9WtQ5Rvu+/m4JKHsumFLsVY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0ItQ9OKxgv3ANpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5YEYpBjHtSx5xRo2VHjtoKLkm5+55t1zxXG8Gskz8nFQgR61b/ur0EpbFKA0TVOu276UmGFNlOBM4KXUyjSllQ9rHtqWSxqiD8eziCTmxSo9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh0/dJjytkRowsoUxxeythA6ooMzakkg3BX3x5mTTOXN9z/fuLSvUmj6MIR3AMp+DDJVThDmpQBwYSnuEV3hztvDjvzse8teDkM4fwB87nD5Bqj4U=</latexit><latexit sha1_base64="7psW9WtQ5Rvu+/m4JKHsumFLsVY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0ItQ9OKxgv3ANpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5YEYpBjHtSx5xRo2VHjtoKLkm5+55t1zxXG8Gskz8nFQgR61b/ur0EpbFKA0TVOu276UmGFNlOBM4KXUyjSllQ9rHtqWSxqiD8eziCTmxSo9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh0/dJjytkRowsoUxxeythA6ooMzakkg3BX3x5mTTOXN9z/fuLSvUmj6MIR3AMp+DDJVThDmpQBwYSnuEV3hztvDjvzse8teDkM4fwB87nD5Bqj4U=</latexit><latexit sha1_base64="7psW9WtQ5Rvu+/m4JKHsumFLsVY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0ItQ9OKxgv3ANpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewsrq2vlHcLG1t7+zulfcPGjrJFMM6S0SiWiHVKLjEuuFGYCtVSONQYDMc3k795hMqzRP5YEYpBjHtSx5xRo2VHjtoKLkm5+55t1zxXG8Gskz8nFQgR61b/ur0EpbFKA0TVOu276UmGFNlOBM4KXUyjSllQ9rHtqWSxqiD8eziCTmxSo9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfif185MdBWMuUwzg5LNF0WZICYh0/dJjytkRowsoUxxeythA6ooMzakkg3BX3x5mTTOXN9z/fuLSvUmj6MIR3AMp+DDJVThDmpQBwYSnuEV3hztvDjvzse8teDkM4fwB87nD5Bqj4U=</latexit>

⌘ = 3.68
<latexit sha1_base64="IHAum2pzDRLdrFCRLFPQAaQbt10=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hUtBeh6MVjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoNUHA4/3ZpiZF6WCG/C8L6e0srq2vlHerGxt7+zuVfcP2kZlmrIWVULpbkQME1yyFnAQrJtqRpJIsE40vp35nUemDVfyASYpCxMylDzmlICVgh4Dgq/xuXtZ71drnuvNgf8SvyA1VKDZr372BopmCZNABTEm8L0Uwpxo4FSwaaWXGZYSOiZDFlgqScJMmM9PnuITqwxwrLQtCXiu/pzISWLMJIlsZ0JgZJa9mfifF2QQ18OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEoVG4K//PJf0j5zfc/17y9qjZsijjI6QsfoFPnoCjXQHWqiFqJIoSf0gl4dcJ6dN+d90VpyiplD9AvOxzcRhY/K</latexit><latexit sha1_base64="IHAum2pzDRLdrFCRLFPQAaQbt10=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hUtBeh6MVjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoNUHA4/3ZpiZF6WCG/C8L6e0srq2vlHerGxt7+zuVfcP2kZlmrIWVULpbkQME1yyFnAQrJtqRpJIsE40vp35nUemDVfyASYpCxMylDzmlICVgh4Dgq/xuXtZ71drnuvNgf8SvyA1VKDZr372BopmCZNABTEm8L0Uwpxo4FSwaaWXGZYSOiZDFlgqScJMmM9PnuITqwxwrLQtCXiu/pzISWLMJIlsZ0JgZJa9mfifF2QQ18OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEoVG4K//PJf0j5zfc/17y9qjZsijjI6QsfoFPnoCjXQHWqiFqJIoSf0gl4dcJ6dN+d90VpyiplD9AvOxzcRhY/K</latexit><latexit sha1_base64="IHAum2pzDRLdrFCRLFPQAaQbt10=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hUtBeh6MVjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoNUHA4/3ZpiZF6WCG/C8L6e0srq2vlHerGxt7+zuVfcP2kZlmrIWVULpbkQME1yyFnAQrJtqRpJIsE40vp35nUemDVfyASYpCxMylDzmlICVgh4Dgq/xuXtZ71drnuvNgf8SvyA1VKDZr372BopmCZNABTEm8L0Uwpxo4FSwaaWXGZYSOiZDFlgqScJMmM9PnuITqwxwrLQtCXiu/pzISWLMJIlsZ0JgZJa9mfifF2QQ18OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEoVG4K//PJf0j5zfc/17y9qjZsijjI6QsfoFPnoCjXQHWqiFqJIoSf0gl4dcJ6dN+d90VpyiplD9AvOxzcRhY/K</latexit><latexit sha1_base64="IHAum2pzDRLdrFCRLFPQAaQbt10=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hUtBeh6MVjBfsBaSib7aZdutkNuxOhhP4MLx4U8eqv8ea/cdvmoNUHA4/3ZpiZF6WCG/C8L6e0srq2vlHerGxt7+zuVfcP2kZlmrIWVULpbkQME1yyFnAQrJtqRpJIsE40vp35nUemDVfyASYpCxMylDzmlICVgh4Dgq/xuXtZ71drnuvNgf8SvyA1VKDZr372BopmCZNABTEm8L0Uwpxo4FSwaaWXGZYSOiZDFlgqScJMmM9PnuITqwxwrLQtCXiu/pzISWLMJIlsZ0JgZJa9mfifF2QQ18OcyzQDJuliUZwJDArP/scDrhkFMbGEUM3trZiOiCYUbEoVG4K//PJf0j5zfc/17y9qjZsijjI6QsfoFPnoCjXQHWqiFqJIoSf0gl4dcJ6dN+d90VpyiplD9AvOxzcRhY/K</latexit>

⌘ = 3.7
<latexit sha1_base64="eNy3ZDCVuRggUvr/YM6+d+8bNYs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hUqBeh6MVjBfuBbSib7aRdutmE3YlQSv+FFw+KePXfePPfuG1z0OqDgcd7M8zMC1MpDHrel1NYWV1b3yhulra2d3b3yvsHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIWjm5nfegRtRKLucZxCELOBEpHgDK300AVk9Iqeu9VeueK53hz0L/FzUiE56r3yZ7ef8CwGhVwyYzq+l2IwYRoFlzAtdTMDKeMjNoCOpYrFYILJ/OIpPbFKn0aJtqWQztWfExMWGzOOQ9sZMxyaZW8m/ud1Mowug4lQaYag+GJRlEmKCZ29T/tCA0c5toRxLeytlA+ZZhxtSCUbgr/88l/SPHN9z/XvLiq16zyOIjkix+SU+KRKauSW1EmDcKLIE3khr45xnp03533RWnDymUPyC87HN5Z6j4k=</latexit><latexit sha1_base64="eNy3ZDCVuRggUvr/YM6+d+8bNYs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hUqBeh6MVjBfuBbSib7aRdutmE3YlQSv+FFw+KePXfePPfuG1z0OqDgcd7M8zMC1MpDHrel1NYWV1b3yhulra2d3b3yvsHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIWjm5nfegRtRKLucZxCELOBEpHgDK300AVk9Iqeu9VeueK53hz0L/FzUiE56r3yZ7ef8CwGhVwyYzq+l2IwYRoFlzAtdTMDKeMjNoCOpYrFYILJ/OIpPbFKn0aJtqWQztWfExMWGzOOQ9sZMxyaZW8m/ud1Mowug4lQaYag+GJRlEmKCZ29T/tCA0c5toRxLeytlA+ZZhxtSCUbgr/88l/SPHN9z/XvLiq16zyOIjkix+SU+KRKauSW1EmDcKLIE3khr45xnp03533RWnDymUPyC87HN5Z6j4k=</latexit><latexit sha1_base64="eNy3ZDCVuRggUvr/YM6+d+8bNYs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hUqBeh6MVjBfuBbSib7aRdutmE3YlQSv+FFw+KePXfePPfuG1z0OqDgcd7M8zMC1MpDHrel1NYWV1b3yhulra2d3b3yvsHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIWjm5nfegRtRKLucZxCELOBEpHgDK300AVk9Iqeu9VeueK53hz0L/FzUiE56r3yZ7ef8CwGhVwyYzq+l2IwYRoFlzAtdTMDKeMjNoCOpYrFYILJ/OIpPbFKn0aJtqWQztWfExMWGzOOQ9sZMxyaZW8m/ud1Mowug4lQaYag+GJRlEmKCZ29T/tCA0c5toRxLeytlA+ZZhxtSCUbgr/88l/SPHN9z/XvLiq16zyOIjkix+SU+KRKauSW1EmDcKLIE3khr45xnp03533RWnDymUPyC87HN5Z6j4k=</latexit><latexit sha1_base64="eNy3ZDCVuRggUvr/YM6+d+8bNYs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0hUqBeh6MVjBfuBbSib7aRdutmE3YlQSv+FFw+KePXfePPfuG1z0OqDgcd7M8zMC1MpDHrel1NYWV1b3yhulra2d3b3yvsHTZNkmkODJzLR7ZAZkEJBAwVKaKcaWBxKaIWjm5nfegRtRKLucZxCELOBEpHgDK300AVk9Iqeu9VeueK53hz0L/FzUiE56r3yZ7ef8CwGhVwyYzq+l2IwYRoFlzAtdTMDKeMjNoCOpYrFYILJ/OIpPbFKn0aJtqWQztWfExMWGzOOQ9sZMxyaZW8m/ud1Mowug4lQaYag+GJRlEmKCZ29T/tCA0c5toRxLeytlA+ZZhxtSCUbgr/88l/SPHN9z/XvLiq16zyOIjkix+SU+KRKauSW1EmDcKLIE3khr45xnp03533RWnDymUPyC87HN5Z6j4k=</latexit>

h✓i = 2.3�
<latexit sha1_base64="1uU3pQbRaRH6WdRdMD5kGl6BrPs=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrtR0EYI2lhGMA/IxjA7uUmGzM4uM3eFEFLb+Cs2ForY+gV2/o2TR6GJBy6cOede5t4TJlIY9LxvJ7O0vLK6ll3PbWxube+4u3tVE6eaQ4XHMtb1kBmQQkEFBUqoJxpYFEqohf3rsV97AG1ErO5wkEAzYl0lOoIztFLLPQwkU10JNMAeIKOBnjwvabFweh9woXnLzXsFbwK6SPwZyZMZyi33K2jHPI1AIZfMmIbvJdgcMo2CSxjlgtRAwnifdaFhqWIRmOZwcsqIHlulTTuxtqWQTtTfE0MWGTOIQtsZMeyZeW8s/uc1UuxcNIdCJSmC4tOPOqmkGNNxLrQtNHCUA0sY18LuSnmPacbRppezIfjzJy+SarHgewX/9ixfuprFkSUH5IicEJ+ckxK5IWVSIZw8kmfySt6cJ+fFeXc+pq0ZZzazT/7A+fwBq/2Zlg==</latexit><latexit sha1_base64="1uU3pQbRaRH6WdRdMD5kGl6BrPs=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrtR0EYI2lhGMA/IxjA7uUmGzM4uM3eFEFLb+Cs2ForY+gV2/o2TR6GJBy6cOede5t4TJlIY9LxvJ7O0vLK6ll3PbWxube+4u3tVE6eaQ4XHMtb1kBmQQkEFBUqoJxpYFEqohf3rsV97AG1ErO5wkEAzYl0lOoIztFLLPQwkU10JNMAeIKOBnjwvabFweh9woXnLzXsFbwK6SPwZyZMZyi33K2jHPI1AIZfMmIbvJdgcMo2CSxjlgtRAwnifdaFhqWIRmOZwcsqIHlulTTuxtqWQTtTfE0MWGTOIQtsZMeyZeW8s/uc1UuxcNIdCJSmC4tOPOqmkGNNxLrQtNHCUA0sY18LuSnmPacbRppezIfjzJy+SarHgewX/9ixfuprFkSUH5IicEJ+ckxK5IWVSIZw8kmfySt6cJ+fFeXc+pq0ZZzazT/7A+fwBq/2Zlg==</latexit><latexit sha1_base64="1uU3pQbRaRH6WdRdMD5kGl6BrPs=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrtR0EYI2lhGMA/IxjA7uUmGzM4uM3eFEFLb+Cs2ForY+gV2/o2TR6GJBy6cOede5t4TJlIY9LxvJ7O0vLK6ll3PbWxube+4u3tVE6eaQ4XHMtb1kBmQQkEFBUqoJxpYFEqohf3rsV97AG1ErO5wkEAzYl0lOoIztFLLPQwkU10JNMAeIKOBnjwvabFweh9woXnLzXsFbwK6SPwZyZMZyi33K2jHPI1AIZfMmIbvJdgcMo2CSxjlgtRAwnifdaFhqWIRmOZwcsqIHlulTTuxtqWQTtTfE0MWGTOIQtsZMeyZeW8s/uc1UuxcNIdCJSmC4tOPOqmkGNNxLrQtNHCUA0sY18LuSnmPacbRppezIfjzJy+SarHgewX/9ixfuprFkSUH5IicEJ+ckxK5IWVSIZw8kmfySt6cJ+fFeXc+pq0ZZzazT/7A+fwBq/2Zlg==</latexit><latexit sha1_base64="1uU3pQbRaRH6WdRdMD5kGl6BrPs=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCrtR0EYI2lhGMA/IxjA7uUmGzM4uM3eFEFLb+Cs2ForY+gV2/o2TR6GJBy6cOede5t4TJlIY9LxvJ7O0vLK6ll3PbWxube+4u3tVE6eaQ4XHMtb1kBmQQkEFBUqoJxpYFEqohf3rsV97AG1ErO5wkEAzYl0lOoIztFLLPQwkU10JNMAeIKOBnjwvabFweh9woXnLzXsFbwK6SPwZyZMZyi33K2jHPI1AIZfMmIbvJdgcMo2CSxjlgtRAwnifdaFhqWIRmOZwcsqIHlulTTuxtqWQTtTfE0MWGTOIQtsZMeyZeW8s/uc1UuxcNIdCJSmC4tOPOqmkGNNxLrQtNHCUA0sY18LuSnmPacbRppezIfjzJy+SarHgewX/9ixfuprFkSUH5IicEJ+ckxK5IWVSIZw8kmfySt6cJ+fFeXc+pq0ZZzazT/7A+fwBq/2Zlg==</latexit>

h✓i = 4�
<latexit sha1_base64="V72i42KzYCY2cS8+hO0EVlL8ER8=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4EtBGCNpYRzAOya5id3CRDZmeXmbtCWFLa+Cs2ForY+gl2/o2TR6GJBy6cOede5t4TJlIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZxqDjUey1g3Q2ZACgU1FCihmWhgUSihEQ6ux37jAbQRsbrDYQJBxHpKdAVnaKV24ciXTPUkUB/7gIz6evK8pOV7nwvN24WiW3InoIvEm5EimaHaLnz5nZinESjkkhnT8twEg4xpFFzCKO+nBhLGB6wHLUsVi8AE2eSQET2xSod2Y21LIZ2ovycyFhkzjELbGTHsm3lvLP7ntVLsXgSZUEmKoPj0o24qKcZ0nArtCA0c5dASxrWwu1LeZ5pxtNnlbQje/MmLpH5W8tySd1suVq5mceTIITkmp8Qj56RCbkiV1Agnj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AL1AmSM=</latexit><latexit sha1_base64="V72i42KzYCY2cS8+hO0EVlL8ER8=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4EtBGCNpYRzAOya5id3CRDZmeXmbtCWFLa+Cs2ForY+gl2/o2TR6GJBy6cOede5t4TJlIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZxqDjUey1g3Q2ZACgU1FCihmWhgUSihEQ6ux37jAbQRsbrDYQJBxHpKdAVnaKV24ciXTPUkUB/7gIz6evK8pOV7nwvN24WiW3InoIvEm5EimaHaLnz5nZinESjkkhnT8twEg4xpFFzCKO+nBhLGB6wHLUsVi8AE2eSQET2xSod2Y21LIZ2ovycyFhkzjELbGTHsm3lvLP7ntVLsXgSZUEmKoPj0o24qKcZ0nArtCA0c5dASxrWwu1LeZ5pxtNnlbQje/MmLpH5W8tySd1suVq5mceTIITkmp8Qj56RCbkiV1Agnj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AL1AmSM=</latexit><latexit sha1_base64="V72i42KzYCY2cS8+hO0EVlL8ER8=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4EtBGCNpYRzAOya5id3CRDZmeXmbtCWFLa+Cs2ForY+gl2/o2TR6GJBy6cOede5t4TJlIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZxqDjUey1g3Q2ZACgU1FCihmWhgUSihEQ6ux37jAbQRsbrDYQJBxHpKdAVnaKV24ciXTPUkUB/7gIz6evK8pOV7nwvN24WiW3InoIvEm5EimaHaLnz5nZinESjkkhnT8twEg4xpFFzCKO+nBhLGB6wHLUsVi8AE2eSQET2xSod2Y21LIZ2ovycyFhkzjELbGTHsm3lvLP7ntVLsXgSZUEmKoPj0o24qKcZ0nArtCA0c5dASxrWwu1LeZ5pxtNnlbQje/MmLpH5W8tySd1suVq5mceTIITkmp8Qj56RCbkiV1Agnj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AL1AmSM=</latexit><latexit sha1_base64="V72i42KzYCY2cS8+hO0EVlL8ER8=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq4EtBGCNpYRzAOya5id3CRDZmeXmbtCWFLa+Cs2ForY+gl2/o2TR6GJBy6cOede5t4TJlIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZxqDjUey1g3Q2ZACgU1FCihmWhgUSihEQ6ux37jAbQRsbrDYQJBxHpKdAVnaKV24ciXTPUkUB/7gIz6evK8pOV7nwvN24WiW3InoIvEm5EimaHaLnz5nZinESjkkhnT8twEg4xpFFzCKO+nBhLGB6wHLUsVi8AE2eSQET2xSod2Y21LIZ2ovycyFhkzjELbGTHsm3lvLP7ntVLsXgSZUEmKoPj0o24qKcZ0nArtCA0c5dASxrWwu1LeZ5pxtNnlbQje/MmLpH5W8tySd1suVq5mceTIITkmp8Qj56RCbkiV1Agnj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AL1AmSM=</latexit>
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H̃
<latexit sha1_base64="LyWDxvKxLNMupuYucXYozzZ9/t0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJu3QySTMTIQSu/BX3LhQxK2/4c6/cdJmoa0Hhjmccy9z5gQpZ0o7zre1srq2vrFZ2apu7+zu7dsHhx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuPbwu8+UKlYIu71JKV+jIeCRYxgbaSBfewFCQ/VJDZX7mnGQ5o3p9OBXXPqzgxombglqUGJ1sD+8sKEZDEVmnCsVN91Uu3nWGpGOJ1WvUzRFJMxHtK+oQLHVPn5LP8UnRklRFEizREazdTfGzmOVRHRTMZYj9SiV4j/ef1MR9d+zkSaaSrI/KEo40gnqCgDhUxSovnEEEwkM1kRGWGJiTaVVU0J7uKXl0nnou46dffusta4KeuowAmcwjm4cAUNaEIL2kDgEZ7hFd6sJ+vFerc+5qMrVrlzBH9gff4ADISWwA==</latexit><latexit sha1_base64="LyWDxvKxLNMupuYucXYozzZ9/t0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJu3QySTMTIQSu/BX3LhQxK2/4c6/cdJmoa0Hhjmccy9z5gQpZ0o7zre1srq2vrFZ2apu7+zu7dsHhx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuPbwu8+UKlYIu71JKV+jIeCRYxgbaSBfewFCQ/VJDZX7mnGQ5o3p9OBXXPqzgxombglqUGJ1sD+8sKEZDEVmnCsVN91Uu3nWGpGOJ1WvUzRFJMxHtK+oQLHVPn5LP8UnRklRFEizREazdTfGzmOVRHRTMZYj9SiV4j/ef1MR9d+zkSaaSrI/KEo40gnqCgDhUxSovnEEEwkM1kRGWGJiTaVVU0J7uKXl0nnou46dffusta4KeuowAmcwjm4cAUNaEIL2kDgEZ7hFd6sJ+vFerc+5qMrVrlzBH9gff4ADISWwA==</latexit><latexit sha1_base64="LyWDxvKxLNMupuYucXYozzZ9/t0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJu3QySTMTIQSu/BX3LhQxK2/4c6/cdJmoa0Hhjmccy9z5gQpZ0o7zre1srq2vrFZ2apu7+zu7dsHhx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuPbwu8+UKlYIu71JKV+jIeCRYxgbaSBfewFCQ/VJDZX7mnGQ5o3p9OBXXPqzgxombglqUGJ1sD+8sKEZDEVmnCsVN91Uu3nWGpGOJ1WvUzRFJMxHtK+oQLHVPn5LP8UnRklRFEizREazdTfGzmOVRHRTMZYj9SiV4j/ef1MR9d+zkSaaSrI/KEo40gnqCgDhUxSovnEEEwkM1kRGWGJiTaVVU0J7uKXl0nnou46dffusta4KeuowAmcwjm4cAUNaEIL2kDgEZ7hFd6sJ+vFerc+5qMrVrlzBH9gff4ADISWwA==</latexit><latexit sha1_base64="LyWDxvKxLNMupuYucXYozzZ9/t0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURQZdFN11WsA9oQplMJu3QySTMTIQSu/BX3LhQxK2/4c6/cdJmoa0Hhjmccy9z5gQpZ0o7zre1srq2vrFZ2apu7+zu7dsHhx2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuPbwu8+UKlYIu71JKV+jIeCRYxgbaSBfewFCQ/VJDZX7mnGQ5o3p9OBXXPqzgxombglqUGJ1sD+8sKEZDEVmnCsVN91Uu3nWGpGOJ1WvUzRFJMxHtK+oQLHVPn5LP8UnRklRFEizREazdTfGzmOVRHRTMZYj9SiV4j/ef1MR9d+zkSaaSrI/KEo40gnqCgDhUxSovnEEEwkM1kRGWGJiTaVVU0J7uKXl0nnou46dffusta4KeuowAmcwjm4cAUNaEIL2kDgEZ7hFd6sJ+vFerc+5qMrVrlzBH9gff4ADISWwA==</latexit>Collins
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