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"I would not call [entanglement] one but rather the 
characteristic trait of quantum mechanics"

- E. Schrodinger
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Fresh new!
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Fresh new!
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Fastly growing sub-field (since ’21)

Top-quark Diboson

Tripartite+

+more

Bipartite

+ 2 specialised workshops

[Afik and de Nova, ’21]

[Fabbrichesi, Floreanini, Panizzo, ’21]

[Severi, Degli, Maltoni, Sioli, ’21]

[Aoude, Madge, Maltoni, Mantani, ’22]
[Afik and de Nova, ’22]

[Aguilar-Saavedra, Casas, ’22]

[Fabbrichesi, Floreanini, Gabrielli, ’22]

[Severi, Vryinidou, ’22]

[Dong, Gonçalves, Kong, Navarro ’23]

[Aguilar-Saavedra, Casas, ’23]

[Han, Low, Wu ’23]

…

[Barr, ’21]

[Barr, Caban, Rembielisnki, ’22]

[Aguilar-Saavedra et al  ’22]

[Ashby-Pickering, Barr Wierchucka ’22]

[Fabbrichesi et al ’23]

[Aoude, Madge, Maltoni, Mantani, ’23]
[Aguilar-Saavedra ’23]

[Morales ’23]

[Altomonte, Barr ’23]

[Fabbri, Howarth, Maurin, ’23]

[Bernal, Caban, Rembielinski ’23]

[Bi, Qing-Hong Cao, Cheng, Zhang ’23]

…

[Fabbrichesi et al ’23]

…

[Sakurai, Spannowsky, ’23]
[Bernal, ’23]

Quantum Observables for Collider Physics
Nov 6-10, 2023

Foundational tests of Quantum Mechanics at the LHC
Mar 20-23, 2023
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Top-pair entanglement
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Why top quarks?
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10�23s
<latexit sha1_base64="8A0jfomPI9ScapldnQph5QG7EcM=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLEmpj2XRjcsK9gFtLJPppB06mYSZm2IJ+RM3LhRx65+482+ctllo64ELh3Pu5d57/FhwDY7zba2srq1vbBa2its7u3v79sFhU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/up36rTFTmkfyASYx80IykDzglICRerbtOo/peeUi6wJ7glRnPbvklJ0Z8DJxc1JCOeo9+6vbj2gSMglUEK07rhODlxIFnAqWFbuJZjGhIzJgHUMlCZn20tnlGT41Sh8HkTIlAc/U3xMpCbWehL7pDAkM9aI3Ff/zOgkE117KZZwAk3S+KEgEhghPY8B9rhgFMTGEUMXNrZgOiSIUTFhFE4K7+PIyaVbK7mW5el8t1W7yOAroGJ2gM+SiK1RDd6iOGoiiMXpGr+jNSq0X6936mLeuWPnMEfoD6/MH1VWTKw==</latexit>

10�25s
<latexit sha1_base64="rJw3vWf+C8RKxD4Ap7mmWhmuoYs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBiyUpRT0WvXisYD+gjWWz3bRLN5uwOymWkH/ixYMiXv0n3vw3btsctPXBwOO9GWbm+bHgGhzn2yqsrW9sbhW3Szu7e/sH9uFRS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp357QlTmkfyAaYx80IylDzglICR+rbtOo/pRdXNesCeINVZ3y47FWcOvErcnJRRjkbf/uoNIpqETAIVROuu68TgpUQBp4JlpV6iWUzomAxZ11BJQqa9dH55hs+MMsBBpExJwHP190RKQq2noW86QwIjvezNxP+8bgLBtZdyGSfAJF0sChKBIcKzGPCAK0ZBTA0hVHFzK6YjoggFE1bJhOAuv7xKWtWKe1mp3dfK9Zs8jiI6QafoHLnoCtXRHWqgJqJogp7RK3qzUuvFerc+Fq0FK585Rn9gff4AzyGTJw==</latexit>

10�21s
<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t

lifetime hadronization spin-decorelation

- allows to efficiently reconstruct the spin from decay products

- top spin correlations vastly studied:

D0 and CDF at Tevatron and ATLAS and CMS at LHC

- Observation from ATLAS
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Entanglement in spin-space

SM:

We want the entanglement in the top pair spin

<latexit sha1_base64="yNxvu+Ijo9j6pIZkdHUfNBpFqt0="></latexit>

|t(")t̄(")i+ |t(#)t̄(#)ip
2

for instance: would be a maximal entangled state
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Spin production density matrix

where

The state-density matrix is obtained from the R-matrix

[Afik and de Nova, 21’]

I = gg, qq̄
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Spin production density matrix

where

The state-density matrix is obtained from the R-matrix

[Afik and de Nova, 21’]

I = gg, qq̄

SM:
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Spin production density matrix

where

The state-density matrix is obtained from the R-matrix

[Afik and de Nova, 21’]

I = gg, qq̄

SM:

Mixed state of qq and gg initiated channels, 

weighted by the luminosity functions
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Spin production density matrix

4x4 matrix in spin-space of the top pair.

Fano decomposition: (spanned by tensor prod. of Pauli and Identity)

[Afik and de Nova, 21’]

16-coefficients where the norm
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Spin production density matrix

4x4 matrix in spin-space of the top pair.

Fano decomposition: (spanned by tensor prod. of Pauli and Identity)

[Afik and de Nova, 21’]

Normalize the state as

16-coefficients where the norm
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Density matrix and helicity-basis

Helicity basis:

Phase-space parametrized by: �2 = (1� 4m2
t/ŝ) and

✓

k̂

p̂
n̂

To expand in this basis, e.g.

Cnn = tr[Cij ⌦ ]

<latexit sha1_base64="B/xOdshR5VjfJPoP7+n6BzlfCOs=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2AJpTNdtMu3WzC7kSopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2yE1XArFGyhQ8naqOY1DyVvh8Hbqtx65NiJRDzhKeRDTvhKRYBSt5D9d+ywxPg440m654lbdGcgy8XJSgRz1bvnL7yUsi7lCJqkxHc9NMRhTjYJJPin5meEpZUPa5x1LFY25CcazmyfkxCo9EiXalkIyU39PjGlszCgObWdMcWAWvan4n9fJMLoKxkKlGXLF5ouiTBJMyDQA0hOaM5QjSyjTwt5K2IBqytDGVLIheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwSOEZXuHNyZwX5935mLcWnHzmEP7A+fwBJfGRxQ==</latexit>

z = cos ✓
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R-matrix coefficients at LO QCD

CP invariance

only generated at one-loop
<latexit sha1_base64="q4M+1kBi/tNq3CUB5guyBEhQJW8=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIDKhKUAWMVbswFok+pDZEjuu0Vm0nsh2kKsrCr7AwgBArn8HG3+C0GaDlSNY9OudeXd8TxIwq7Tjf1srq2vrGZmmrvL2zu7dvHxx2VJRITNo4YpHsBUgRRgVpa6oZ6cWSIB4w0g0mzdzvPhKpaCTu9TQmHkcjQUOKkTaSbx83/XQisgtoqsxrwxcPg5j7dsWpOjPAZeIWpAIKtHz7azCMcMKJ0JghpfquE2svRVJTzEhWHiSKxAhP0Ij0DRWIE+WlswMyeGaUIQwjaZ7QcKb+nkgRV2rKA9PJkR6rRS8X//P6iQ5vvJSKONFE4PmiMGFQRzBPAw6pJFizqSEIS2r+CvEYSYS1yaxsQnAXT14mncuqe1Wt3dUq9UYRRwmcgFNwDlxwDergFrRAG2CQgWfwCt6sJ+vFerc+5q0rVjFzBP7A+vwBlLKVxQ==</latexit>

Ckn, Crn, B
±
n

<latexit sha1_base64="arL+B06+SBDumThSry+wSscXquc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LvXisYD+gXUo2zbZps8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTtpaJIrRFJJeqG2BNORO0ZZjhtBsriqOA004wbSz8zhNVmknxaGYx9SM8EixkBBsrtRuDlE3mg3LFrboZ0DrxclKBHM1B+as/lCSJqDCEY617nhsbP8XKMMLpvNRPNI0xmeIR7VkqcES1n2bXztGFVYYolMqWMChTf0+kONJ6FgW2M8JmrFe9hfif10tMeOunTMSJoYIsF4UJR0aixetoyBQlhs8swUQxeysiY6wwMTagkg3BW315nbSvqt51tfZQq9Tv8jiKcAbncAke3EAd7qEJLSAwgWd4hTdHOi/Ou/OxbC04+cwp/IHz+QOet48s</latexit>

Cij

<latexit sha1_base64="viNlPJKXJ2/1Y1/yQP8cNqp1RWc=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIYkmkqBeh1IvHCvYD2jRstpt26WYTdzeFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rZWVtfWNzZzW/ntnd29/cLBYUNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBu6jdHVCoWiUc9jqkb4r5gASNYG8mtds89hm5R1WPdC69QtEv2DGiZOBkpQoaaV/jq9CKShFRowrFSbceOtZtiqRnhdJLvJIrGmAxxn7YNFTikyk1nR0/QqVF6KIikKaHRTP09keJQqXHom84Q64Fa9Kbif1470cGNmzIRJ5oKMl8UJBzpCE0TQD0mKdF8bAgmkplbERlgiYk2OeVNCM7iy8ukcVlyrkrlh3KxUs3iyMExnMAZOHANFbiHGtSBwBM8wyu8WSPrxXq3PuatK1Y2cwR/YH3+AIqqkKo=</latexit>

B+
i = B�

isymmetric and

For gg-initiated SM

require P-odd
<latexit sha1_base64="0cYiUo6GI8tIaXkW7kwGqA1/p1w=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRT2WevFYwX5Au5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpn57SeqNIvlvZkkNBB4KFnECDZW6tT76qGXCNR3y17FmwOtEj8nZcjR6LtfvUFMUkGlIRxr3fW9xAQZVoYRTqelXqppgskYD2nXUokF1UE2v3eKzqwyQFGsbEmD5urviQwLrScitJ0Cm5Fe9mbif143NdF1kDGZpIZKslgUpRyZGM2eRwOmKDF8YgkmitlbERlhhYmxEZVsCP7yy6ukdVHxLyvVu2q5Vs/jKMIJnMI5+HAFNbiFBjSBAIdneIU359F5cd6dj0VrwclnjuEPnM8fejuPnQ==</latexit>

B±
r

<latexit sha1_base64="aKKpTtmJx7KzfpN2h1M9m+fuTW4=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRT2WevFYwX5Au5Zsmm1Dk+yaZIWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpn57SeqNIvlvZkkNBB4KFnECDZW6tT744deIlDfLXsVbw60SvyclCFHo+9+9QYxSQWVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSyUWVAfZ/N4pOrPKAEWxsiUNmqu/JzIstJ6I0HYKbEZ62ZuJ/3nd1ETXQcZkkhoqyWJRlHJkYjR7Hg2YosTwiSWYKGZvRWSEFSbGRlSyIfjLL6+S1kXFv6xU76rlWj2PowgncArn4MMV1OAWGtAEAhye4RXenEfnxXl3PhatBSefOYY/cD5/AG98j5Y=</latexit>

B±
k vanish for QCD

1.

2.

3.
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Entanglement in bipartite systems

Can you write ? No? Then it is entangled.

Maximally entangled states (e.g Bell states):

| abi = | ai ⌦ | bi

Given a bipartite system

Or more generally as product (mixed states):

| ±i = |"#i± |#"ip
2|�±i = |""i± |##ip

2

Hab = Ha ⌦Hb

or
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Entanglement in bipartite systems

Entanglement measures are more useful:

Concurrence:

Peres-Horodecki Criterion:

C[⇢] = max(�/2, 0)

(in the helicity-basis)

C[⇢] = 1 (maximally entangled)

(entangled)
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What’s the story for the SM?

White regions: zero-entanglement

Maximal entanglement points/regions

[Afik and de Nova, 21’]

�2 ! 1, cos ✓ = 0

�2 = 0, 8✓At threshold:

high-E:
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What’s the story for the SM?

Maximal entanglement points/regions

[Afik and de Nova, 21’]

�2 ! 1, cos ✓ = 0

�2 = 0, 8✓At threshold:

high-E:

(singlet)

(triplet)
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What’s the story for the SM?

Maximal entanglement points/regions

[Afik and de Nova, 21’]

�2 ! 1, cos ✓ = 0

�2 = 0, 8✓At threshold:

high-E:

mixed but separable

(triplet: same as gg)



22

Tomography and reconstruction of the state
[Afik and de Nova, 21’]

[Mahlon, Parke 10’]

<latexit sha1_base64="F84dUXJszacxrfqbTH2ypwrQsno=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlqMegh3iMYB6QDWF20kmGzOwuM71iWAJe/BUvHhTx6k9482+cPA6aWNBQVHXT3RXEUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDcCZkCKEKooUEIj1sBUIKEeDK7Hfv0etBFReIfDGFqK9ULRFZyhldq5Q7/MlGJtpL4RinrUR3jAtAy1UTuXdwvuBHSReDOSJzNU2rkvvxPxREGIXDJjmp4bYytlGgWXMMr6iYGY8QHrQdPSkCkwrXTyw4ieWKVDu5G2FSKdqL8nUqaMGarAdiqGfTPvjcX/vGaC3ctWKsI4QQj5dFE3kRQjOg6EdoQGjnJoCeNa2Fsp7zPNONrYsjYEb/7lRVI7K3jnheJtMV+6msWRIUfkmJwSj1yQErkhFVIlnDySZ/JK3pwn58V5dz6mrUvObOaA/IHz+QP2zZcb</latexit>

�t ⇠ 1GeV top quickly decays spin-info to decay products

[Baumgart, Tweede 12’]

<latexit sha1_base64="f4Lj7nGUhP592MnwrXClKxK6Vd4=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCUCi7UtRj0YvHCvYD2lqyabYNzSZLMquUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz84JYcAOe9+0sLa+srq3nNvKbW9s7u+7eft2oRFNWo0oo3QyIYYJLVgMOgjVjzUgUCNYIhtcTv/HAtOFK3sEoZp2I9CUPOSVgpa57CLiteX8ARGv1iBv3RVzEQdcteCVvCrxI/IwUUIZq1/1q9xRNIiaBCmJMy/di6KREA6eCjfPtxLCY0CHps5alkkTMdNLp+WN8YpUeDpW2JQFP1d8TKYmMGUWB7YwIDMy8NxH/81oJhJedlMs4ASbpbFGYCAwKT7LAPa4ZBTGyhFDN7a2YDogmFGxieRuCP//yIqmflfzzUvm2XKhcZXHk0BE6RqfIRxeogm5QFdUQRSl6Rq/ozXlyXpx352PWuuRkMwfoD5zPH4JalIw=</latexit>

t ! W+ + b
<latexit sha1_base64="KSStJF6G3rkg2KigZPHfDsgPi0M="></latexit>

(W+ ! `+ + ⌫ or d̄+ u)

<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b

<latexit sha1_base64="t+L49HsKO8mrOCmndNtHYbbNXp8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcPspDcZMzu7zMwKYck/ePGgiFf/x5t/4+Rx0MSChqKqm+6uIBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5CFn1Fip0UEhHs66xZJbdqcgy8SbkxLMUesWvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTa8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMXic9rpAZMbKEMsXtrYQNqKLM2IAKNgRv8eVl0jgvexflyl2lVL2ex5GHIziGU/DgEqpwCzWoA4NHeIZXeHNi58V5dz5mrTlnPnMIf+B8/gAtbY7h</latexit>

`+

<latexit sha1_base64="jlD9/9pAQ7L3LL+VI8x2Y6ped9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ic0oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRDrDJfprNBtebW3RxolXgFqUGB1qD65Q9jkgoqDeFY677nJibIsDKMcDqr+KmmCSYTPKJ9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif14/NdF1kDGZpIZKslgUpRyZGM2/R0OmKDF8agkmitlbERljhYmxGVVsCN7yy6ukc1H3LuuN+0ateVPEUYYTOIVz8OAKmnAHLWgDAQHP8ApvjnJenHfnY9FacoqZY/gD5/MHJIeQpQ==</latexit>

⌫̄

<latexit sha1_base64="Sp77k94cfYfTFIeU4UAaliQDymk=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEoSRS1GPRi8cK9gOaWDbbSbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLh7dRvjVAqFosHPU7Qj0hfsJBRoo3ke3TAupmHnD+eT7qlslNxZrCXiZuTMuSod0tfXi+maYRCU06U6rhOov2MSM0ox0nRSxUmhA5JHzuGChKh8rPZ0RP71Cg9O4ylKaHtmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUKOl8UptzWsT1NwO4xiVTzsSGESmZutemASEK1yaloQnAXX14mzYuKe1mp3lfLtZs8jgIcwwmcgQtXUIM7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD69Jkg4=</latexit>�`+
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Tomography and reconstruction of the state
[Afik and de Nova, 21’]

[Mahlon, Parke 10’]

<latexit sha1_base64="F84dUXJszacxrfqbTH2ypwrQsno=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlqMegh3iMYB6QDWF20kmGzOwuM71iWAJe/BUvHhTx6k9482+cPA6aWNBQVHXT3RXEUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDcCZkCKEKooUEIj1sBUIKEeDK7Hfv0etBFReIfDGFqK9ULRFZyhldq5Q7/MlGJtpL4RinrUR3jAtAy1UTuXdwvuBHSReDOSJzNU2rkvvxPxREGIXDJjmp4bYytlGgWXMMr6iYGY8QHrQdPSkCkwrXTyw4ieWKVDu5G2FSKdqL8nUqaMGarAdiqGfTPvjcX/vGaC3ctWKsI4QQj5dFE3kRQjOg6EdoQGjnJoCeNa2Fsp7zPNONrYsjYEb/7lRVI7K3jnheJtMV+6msWRIUfkmJwSj1yQErkhFVIlnDySZ/JK3pwn58V5dz6mrUvObOaA/IHz+QP2zZcb</latexit>

�t ⇠ 1GeV top quickly decays spin-info to decay products

[Baumgart, Tweede 12’]

<latexit sha1_base64="f4Lj7nGUhP592MnwrXClKxK6Vd4=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCUCi7UtRj0YvHCvYD2lqyabYNzSZLMquUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz84JYcAOe9+0sLa+srq3nNvKbW9s7u+7eft2oRFNWo0oo3QyIYYJLVgMOgjVjzUgUCNYIhtcTv/HAtOFK3sEoZp2I9CUPOSVgpa57CLiteX8ARGv1iBv3RVzEQdcteCVvCrxI/IwUUIZq1/1q9xRNIiaBCmJMy/di6KREA6eCjfPtxLCY0CHps5alkkTMdNLp+WN8YpUeDpW2JQFP1d8TKYmMGUWB7YwIDMy8NxH/81oJhJedlMs4ASbpbFGYCAwKT7LAPa4ZBTGyhFDN7a2YDogmFGxieRuCP//yIqmflfzzUvm2XKhcZXHk0BE6RqfIRxeogm5QFdUQRSl6Rq/ozXlyXpx352PWuuRkMwfoD5zPH4JalIw=</latexit>

t ! W+ + b
<latexit sha1_base64="Vauwdir7f/GerDEQtmL0pnWcXd8="></latexit>

1

�t

d�

d cos�i
= (1 + ↵i cos�i)/2

<latexit sha1_base64="B9FfRi9PEDHXIAbpQ8XSzodNHlA="></latexit>

↵i =

8
><

>:

+1.0 `+ or d̄-quark

�0.31 ⌫̄ or u-quark

�0.41 b-quark

<latexit sha1_base64="KSStJF6G3rkg2KigZPHfDsgPi0M="></latexit>

(W+ ! `+ + ⌫ or d̄+ u)

<latexit sha1_base64="CMGyS4UtDRzLsISWNW/NnWme1lk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq0dHvM/75YpX9ebAq8TPSQVyNPrlr95A0TRm0lJBjOn6XmKDjGjLqWDTUi81LCF0TIas66gkMTNBNr92is+cMsCR0q6kxXP190RGYmMmceg6Y2JHZtmbif953dRG10HGZZJaJuliUZQKbBWevY4HXDNqxcQRQjV3t2I6IppQ6wIquRD85ZdXSeui6l9Wa/e1Sv0mj6MIJ3AK5+DDFdThDhrQBAqP8Ayv8IYUekHv6GPRWkD5zDH8Afr8AX8sjxc=</latexit>�i angle between i-th particle and top spin (top rest frame)

<latexit sha1_base64="fVYtN1fO879ZvvbO3E/FpGNntaU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx8+M7w==</latexit>

b

<latexit sha1_base64="t+L49HsKO8mrOCmndNtHYbbNXp8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevEYwTwgWcPspDcZMzu7zMwKYck/ePGgiFf/x5t/4+Rx0MSChqKqm+6uIBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+goeNUMayzWMSqFVCNgkusG24EthKFNAoENoPhzcRvPqHSPJb3ZpSgH9G+5CFn1Fip0UEhHs66xZJbdqcgy8SbkxLMUesWvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTa8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMXic9rpAZMbKEMsXtrYQNqKLM2IAKNgRv8eVl0jgvexflyl2lVL2ex5GHIziGU/DgEqpwCzWoA4NHeIZXeHNi58V5dz5mrTlnPnMIf+B8/gAtbY7h</latexit>

`+

<latexit sha1_base64="jlD9/9pAQ7L3LL+VI8x2Y6ped9o=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ic0oWy2m3bp7ibsboQS+iu8eFDEqz/Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ373SeqNIvlg5kmNBB4JFnECDZWevRDrDJfprNBtebW3RxolXgFqUGB1qD65Q9jkgoqDeFY677nJibIsDKMcDqr+KmmCSYTPKJ9SyUWVAdZfvAMnVlliKJY2ZIG5erviQwLracitJ0Cm7Fe9ubif14/NdF1kDGZpIZKslgUpRyZGM2/R0OmKDF8agkmitlbERljhYmxGVVsCN7yy6ukc1H3LuuN+0ateVPEUYYTOIVz8OAKmnAHLWgDAQHP8ApvjnJenHfnY9FacoqZY/gD5/MHJIeQpQ==</latexit>

⌫̄

<latexit sha1_base64="Sp77k94cfYfTFIeU4UAaliQDymk=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBEEoSRS1GPRi8cK9gOaWDbbSbt0s4m7m0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekHCmtON8Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLh7dRvjVAqFosHPU7Qj0hfsJBRoo3ke3TAupmHnD+eT7qlslNxZrCXiZuTMuSod0tfXi+maYRCU06U6rhOov2MSM0ox0nRSxUmhA5JHzuGChKh8rPZ0RP71Cg9O4ylKaHtmfp7IiORUuMoMJ0R0QO16E3F/7xOqsNrP2MiSTUKOl8UptzWsT1NwO4xiVTzsSGESmZutemASEK1yaloQnAXX14mzYuKe1mp3lfLtZs8jgIcwwmcgQtXUIM7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD69Jkg4=</latexit>�`+
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Tomography and reconstruction of the state
[Afik and de Nova, 21’]

[Mahlon, Parke 10’]

When both top/antitop have lepton in the decay, the angles
<latexit sha1_base64="qD4THa230A6i0wY4INzLn0GK+UI="></latexit>

1

�

d�

d⌦+d⌦�
=

1 +B+ · q̂+ �B� · q̂� � q̂+ ·C · q̂�
(4⇡)2

<latexit sha1_base64="F84dUXJszacxrfqbTH2ypwrQsno=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHYlqMegh3iMYB6QDWF20kmGzOwuM71iWAJe/BUvHhTx6k9482+cPA6aWNBQVHXT3RXEUhh03W9naXlldW09s5Hd3Nre2c3t7ddMlGgOVR7JSDcCZkCKEKooUEIj1sBUIKEeDK7Hfv0etBFReIfDGFqK9ULRFZyhldq5Q7/MlGJtpL4RinrUR3jAtAy1UTuXdwvuBHSReDOSJzNU2rkvvxPxREGIXDJjmp4bYytlGgWXMMr6iYGY8QHrQdPSkCkwrXTyw4ieWKVDu5G2FSKdqL8nUqaMGarAdiqGfTPvjcX/vGaC3ctWKsI4QQj5dFE3kRQjOg6EdoQGjnJoCeNa2Fsp7zPNONrYsjYEb/7lRVI7K3jnheJtMV+6msWRIUfkmJwSj1yQErkhFVIlnDySZ/JK3pwn58V5dz6mrUvObOaA/IHz+QP2zZcb</latexit>

�t ⇠ 1GeV top quickly decays spin-info to decay products

<latexit sha1_base64="mZBH/DkTP/+zo8SUd6w8StwXOkk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiRT0WvXisYD+gCWGz3bRLd5O4OxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwlRwDY7zbZXW1jc2t8rblZ3dvf2qfXDY0UmmKGvTRCSqFxLNBI9ZGzgI1ksVIzIUrBuOb2Z+95EpzZP4HiYp8yUZxjzilICRArvqjQjkXhjhh2ngpTKwa07dmQOvErcgNVSgFdhf3iChmWQxUEG07rtOCn5OFHAq2LTiZZqlhI7JkPUNjYlk2s/nh0/xqVEGOEqUqRjwXP09kROp9USGplMSGOllbyb+5/UziK78nMdpBiymi0VRJjAkeJYCHnDFKIiJIYQqbm7FdEQUoWCyqpgQ3OWXV0nnvO5e1Bt3jVrzuoijjI7RCTpDLrpETXSLWqiNKMrQM3pFb9aT9WK9Wx+L1pJVzByhP7A+fwC+MZMo</latexit>

q̂± lepton (antilepton) directions in the parent top (antitop) rest frame

(fixed beam basis)

[Baumgart, Tweede 12’]

<latexit sha1_base64="f4Lj7nGUhP592MnwrXClKxK6Vd4=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCUCi7UtRj0YvHCvYD2lqyabYNzSZLMquUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz84JYcAOe9+0sLa+srq3nNvKbW9s7u+7eft2oRFNWo0oo3QyIYYJLVgMOgjVjzUgUCNYIhtcTv/HAtOFK3sEoZp2I9CUPOSVgpa57CLiteX8ARGv1iBv3RVzEQdcteCVvCrxI/IwUUIZq1/1q9xRNIiaBCmJMy/di6KREA6eCjfPtxLCY0CHps5alkkTMdNLp+WN8YpUeDpW2JQFP1d8TKYmMGUWB7YwIDMy8NxH/81oJhJedlMs4ASbpbFGYCAwKT7LAPa4ZBTGyhFDN7a2YDogmFGxieRuCP//yIqmflfzzUvm2XKhcZXHk0BE6RqfIRxeogm5QFdUQRSl6Rq/ozXlyXpx352PWuuRkMwfoD5zPH4JalIw=</latexit>

t ! W+ + b
<latexit sha1_base64="Vauwdir7f/GerDEQtmL0pnWcXd8="></latexit>

1

�t

d�

d cos�i
= (1 + ↵i cos�i)/2

<latexit sha1_base64="B9FfRi9PEDHXIAbpQ8XSzodNHlA="></latexit>

↵i =

8
><

>:

+1.0 `+ or d̄-quark

�0.31 ⌫̄ or u-quark

�0.41 b-quark

<latexit sha1_base64="KSStJF6G3rkg2KigZPHfDsgPi0M="></latexit>

(W+ ! `+ + ⌫ or d̄+ u)

[CMS, PRD 100, 072002]



      angle between leptons in 

each parent direction rest frames
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Experimental detection
[Afik and de Nova, 21’]

[Baumgart, Tweede 12’]

However, there is a direct experimental signature
<latexit sha1_base64="apHDT/yFE0xfiV7CpgfC6cYmI+8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIt6kYo1oXLCvYBTSiT6aQdOnkwcyOWkK0bf8WNC0Xc+gfu/BunbRbaeuDC4Zx7ufceLxZcgWV9G4Wl5ZXVteJ6aWNza3vH3N1rqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2N6hO/fc+k4lF4B+OYuQEZhNznlICWeia+xpfY8SWhqQPsAVKQWTd1PB/XMzdLT7OeWbYq1hR4kdg5KaMcjZ755fQjmgQsBCqIUl3bisFNiQROBctKTqJYTOiIDFhX05AETLnp9JMMH2mlj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//O6CfgXbsrDOAEW0tkiPxEYIjyJBfe5ZBTEWBNCJde3YjokOhbQ4ZV0CPb8y4ukdVKxzyrV22q5dpXHUUQH6BAdIxudoxq6QQ3URBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AJy2aBg==</latexit>

D =
tr[C]

3

<latexit sha1_base64="WXdOToy/WQvaF3tfzy7hHSa6ig8="></latexit>

1

�

d�

d cos'
=

1

2
(1�D cos')

<latexit sha1_base64="ZzvFPvhnZJ0JneP7avanZeEbXXM=">AAACB3icbVDJSgNBEO2JW4zbqEdBGoMQQeNMDOpFCMaDxwhmgWQIPZ1O0qRnobtGEobcvPgrXjwo4tVf8Obf2FkOmvig4PFeFVX13FBwBZb1bSQWFpeWV5KrqbX1jc0tc3unooJIUlamgQhkzSWKCe6zMnAQrBZKRjxXsKrbK4786gOTigf+PQxC5nik4/M2pwS01DT3i/WG7AYOvsINYH2IPdIfZuyTs5tj6+g01zTTVtYaA88Te0rSaIpS0/xqtAIaecwHKohSddsKwYmJBE4FG6YakWIhoT3SYXVNfeIx5cTjP4b4UCst3A6kLh/wWP09ERNPqYHn6k6PQFfNeiPxP68eQfvSibkfRsB8OlnUjgSGAI9CwS0uGQUx0IRQyfWtmHaJJBR0dCkdgj378jyp5LL2eTZ/l08XrqdxJNEeOkAZZKMLVEC3qITKiKJH9Ixe0ZvxZLwY78bHpDVhTGd20R8Ynz+oLZc/</latexit>

C[⇢] = max(1� 3D, 0)/2
<latexit sha1_base64="uMNvrxnzAs7j+F1k9iYnsYsTX9Q=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhBsjHca1MIiqIVlBPMByRH2NnvJkr3dc3dPCEf+hI2FIrb+HTv/jZvkCk18MPB4b4aZeUHMmTau++0sLC4tr6zm1vLrG5tb24Wd3bqWiSK0RiSXqhlgTTkTtGaY4bQZK4qjgNNGMLgZ+40nqjST4sEMY+pHuCdYyAg2Vmreoit07J2cdQpFt+ROgOaJl5EiZKh2Cl/triRJRIUhHGvd8tzY+ClWhhFOR/l2ommMyQD3aMtSgSOq/XRy7wgdWqWLQqlsCYMm6u+JFEdaD6PAdkbY9PWsNxb/81qJCS/9lIk4MVSQ6aIw4chINH4edZmixPChJZgoZm9FpI8VJsZGlLcheLMvz5P6ack7L5Xvy8XKdRZHDvbhAI7AgwuowB1UoQYEODzDK7w5j86L8+58TFsXnGxmD/7A+fwBgTqOUw==</latexit>

D < �1/3entangled if

<latexit sha1_base64="VYegSXrWFWGv9Msy7Nh/i0Rq2IE=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21oNhuSbKEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZeqAQ31vO+UWFjc2t7p7hb2ts/ODwqH5+0TJJqypo0EYnuhMQwwSVrWm4F6yjNSBwK1g7H93O/PWHa8EQ+2aliQUyGkkecEuukdm9CtBrxfrniVb0F8Drxc1KBHI1++as3SGgaM2mpIMZ0fU/ZICPacirYrNRLDVOEjsmQdR2VJGYmyBbnzvCFUwY4SrQrafFC/T2RkdiYaRy6zpjYkVn15uJ/Xje10W2QcalSyyRdLopSgW2C57/jAdeMWjF1hFDN3a2Yjogm1LqESi4Ef/XlddK6qvrX1dpjrVK/y+MowhmcwyX4cAN1eIAGNIHCGJ7hFd6QQi/oHX0sWwsonzmFP0CfP344j68=</latexit>'

* things are actually more subtle due to mass window constraints

[Aguilar-Saavedra, Casas, ’22]
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Experimental detection
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Experimental detection

MC disagreement
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Experimental detection

Threshold effects?

Too early for any fit or claim in this region!!
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SM particles

[Fig from CMS collaboration]
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[Fig from CMS collaboration]

New particle?

AI generated image:

prompt: new particle

[craiyon.com]

……

BSM particles?

http://craiyon.com
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SMEFT

LUV

⇤

LO-QCD in ttbar prod.

+4F operators
O

(8,1)
Qq ,O(8,3)

Qq ,O(8)
tu ,O(8)

td ,O(8)
Qu,O

(8)
Qd,O

(8)
tq

[SMEFTatNLO: Degrande et. al, 20’]

[Grzadkowski, Iskrzynski, Misiak, Rosiek, 10’]
[Aguilar-Saavedra et. al, 18’]
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SMEFT

LUV

⇤

LO-QCD in ttbar prod.

+4F operators
O

(8,1)
Qq ,O(8,3)

Qq ,O(8)
tu ,O(8)

td ,O(8)
Qu,O

(8)
Qd,O

(8)
tq

Maximal points are affected by SMEFT?

Can SMEFT induce new regions?

[SMEFTatNLO: Degrande et. al, 20’]

[Grzadkowski, Iskrzynski, Misiak, Rosiek, 10’]
[Aguilar-Saavedra et. al, 18’]
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SMEFT

Back to the R-matrix…

M↵� = MSM
↵� +

1

⇤2
M(d6)

↵�

With dim-six contributions:

The Fano coefficients where

 from dim-6 sq.O(⇤�4)
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SMEFT

Back to the R-matrix…

M↵� = MSM
↵� +

1

⇤2
M(d6)

↵�

With dim-six contributions:

At O(⇤�2)
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SMEFT entanglement: gg-initiated

gg-initiated at threshold

linear interference exactly cancel, maximally entangled state unchanged 

OtG,OG,O'G

�2 = 0, 8✓

quadratics vanish forOtG,OG,O'G and decreases for OtG,OG,O'G

contributesonly

gg-initiated at high-E: �2 ! 1 : EFT not valid but

linear interference: sign dependent

quadratics always decreases

[Aoude, Madge, 

Maltoni, Mantani, 22’]
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SMEFT entanglement: qq-initiated

qq-initiated at threshold

no contributions for linear and quad

OtG,OG,O'G

�2 = 0, 8✓

and 4F contributesonly

qq-initiated at high-E:

sign dependent for linear and quadratics always decreases 

everything gets more involved for pp 

[Aoude, Madge, 

Maltoni, Mantani, 22’]
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SMEFT entanglement

SM linear quad
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SMEFT entanglement marker

�0 calculated with SM R’s

�1 ⌘ ���0

calculated with SMEFT R’s up to

calculated with SMEFT R’s up to

�2 ⌘ ���1 ��0

O(⇤�2)

O(⇤�4)
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SMEFT entanglement marker

separate channels

mixed state
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SMEFT averaged concurrence

Average over the solid angle PHC implies

C[⇢] = max(�/2, 0)

(fixed beam basis)
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SMEFT averaged concurrence

Average over the solid angle PHC implies

C[⇢] = max(�/2, 0)

(fixed beam basis)
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Tomography and reconstruction of the state
[Afik and de Nova, 21’]

[Mahlon, Parke 10’]
[Baumgart, Tweede 12’]

<latexit sha1_base64="f4Lj7nGUhP592MnwrXClKxK6Vd4=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCUCi7UtRj0YvHCvYD2lqyabYNzSZLMquUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz84JYcAOe9+0sLa+srq3nNvKbW9s7u+7eft2oRFNWo0oo3QyIYYJLVgMOgjVjzUgUCNYIhtcTv/HAtOFK3sEoZp2I9CUPOSVgpa57CLiteX8ARGv1iBv3RVzEQdcteCVvCrxI/IwUUIZq1/1q9xRNIiaBCmJMy/di6KREA6eCjfPtxLCY0CHps5alkkTMdNLp+WN8YpUeDpW2JQFP1d8TKYmMGUWB7YwIDMy8NxH/81oJhJedlMs4ASbpbFGYCAwKT7LAPa4ZBTGyhFDN7a2YDogmFGxieRuCP//yIqmflfzzUvm2XKhcZXHk0BE6RqfIRxeogm5QFdUQRSl6Rq/ozXlyXpx352PWuuRkMwfoD5zPH4JalIw=</latexit>

t ! W+ + b

<latexit sha1_base64="Vauwdir7f/GerDEQtmL0pnWcXd8="></latexit>

1

�t

d�

d cos�i
= (1 + ↵i cos�i)/2

<latexit sha1_base64="KSStJF6G3rkg2KigZPHfDsgPi0M="></latexit>

(W+ ! `+ + ⌫ or d̄+ u)

<latexit sha1_base64="B9FfRi9PEDHXIAbpQ8XSzodNHlA="></latexit>

↵i =

8
><

>:

+1.0 `+ or d̄-quark

�0.31 ⌫̄ or u-quark

�0.41 b-quark

In the SM:
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Tomography and reconstruction of the state
[Afik and de Nova, 21’]

[Mahlon, Parke 10’]
[Baumgart, Tweede 12’]

<latexit sha1_base64="f4Lj7nGUhP592MnwrXClKxK6Vd4=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCUCi7UtRj0YvHCvYD2lqyabYNzSZLMquUpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz84JYcAOe9+0sLa+srq3nNvKbW9s7u+7eft2oRFNWo0oo3QyIYYJLVgMOgjVjzUgUCNYIhtcTv/HAtOFK3sEoZp2I9CUPOSVgpa57CLiteX8ARGv1iBv3RVzEQdcteCVvCrxI/IwUUIZq1/1q9xRNIiaBCmJMy/di6KREA6eCjfPtxLCY0CHps5alkkTMdNLp+WN8YpUeDpW2JQFP1d8TKYmMGUWB7YwIDMy8NxH/81oJhJedlMs4ASbpbFGYCAwKT7LAPa4ZBTGyhFDN7a2YDogmFGxieRuCP//yIqmflfzzUvm2XKhcZXHk0BE6RqfIRxeogm5QFdUQRSl6Rq/ozXlyXpx352PWuuRkMwfoD5zPH4JalIw=</latexit>

t ! W+ + b

<latexit sha1_base64="Vauwdir7f/GerDEQtmL0pnWcXd8="></latexit>

1

�t

d�

d cos�i
= (1 + ↵i cos�i)/2

<latexit sha1_base64="KSStJF6G3rkg2KigZPHfDsgPi0M="></latexit>

(W+ ! `+ + ⌫ or d̄+ u)

In the SMEFT:
<latexit sha1_base64="B9FfRi9PEDHXIAbpQ8XSzodNHlA="></latexit>

↵i =

8
><

>:

+1.0 `+ or d̄-quark

�0.31 ⌫̄ or u-quark

�0.41 b-quark

In the SM:

<latexit sha1_base64="PxPtOwKxhqqbMgBnICJ2dlqga0g=">AAAB+3icbVBNS8NAEN34WetXrEcvwSIIhZJIUS9C0YvHCvYDmhg220m7dLMJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL0gYlcq2v42V1bX1jc3SVnl7Z3dv3zyodGScCgJtErNY9AIsgVEObUUVg14iAEcBg24wvpn63UcQksb8Xk0S8CI85DSkBCst+WbFxSwZYT9zgbGHWn5Vc3yzatftGaxl4hSkigq0fPPLHcQkjYArwrCUfcdOlJdhoShhkJfdVEKCyRgPoa8pxxFIL5vdnlsnWhlYYSx0cWXN1N8TGY6knESB7oywGslFbyr+5/VTFV56GeVJqoCT+aIwZZaKrWkQ1oAKIIpNNMFEUH2rRUZYYKJ0XGUdgrP48jLpnNWd83rjrlFtXhdxlNAROkanyEEXqIluUQu1EUFP6Bm9ojcjN16Md+Nj3rpiFDOH6A+Mzx8j9ZPc</latexit>

↵`+ = +1 unchanged by dim-6 linear effects

[Zhang, Willenbrock, 11’]

* can be changed to dim-6 squared but very small
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Diboson entanglement
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Diboson entanglement

Massive spin-1 bosons (W,Z) have three polarisations Qutrits!

Single vector boson

are Gell-Mann matrices�i
<latexit sha1_base64="byepXngIaAee2KIQA1vfrexxKVU=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A7uvkFk=</latexit><latexit sha1_base64="byepXngIaAee2KIQA1vfrexxKVU=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A7uvkFk=</latexit><latexit sha1_base64="byepXngIaAee2KIQA1vfrexxKVU=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A7uvkFk=</latexit><latexit sha1_base64="byepXngIaAee2KIQA1vfrexxKVU=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDPqjWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A7uvkFk=</latexit>

⇢ =
1

3
I+

8X

i=1

ai�i

<latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xdChO7rfzZtIqQFXY2iOnas/IDQ=">AAACGnicbZDLSgMxGIX/qbdaq45u3QSLIAhlRhd2YUFwo7sK9gKdOmQymTY0cyHJCCXMy7jxVdy4sIjg25heFlr9IfBxTm7nBBlnUjnOl1VaW9/Y3CpvV3aqu3v79kG1I9NcENomKU9FL8CScpbQtmKK014mKI4DTrvB+Gbmd5+okCxNHtQko4MYDxMWMYKVkXz7yhOjFDWRFwlMtFvoiwJ5MVajINB3BTpDnsxjX7OmWzzqRoGwz5DHzf2hId+uOXVnPugvuEuowXJavj31wpTkMU0U4VjKvutkaqCxUIxwWlS8XNIMkzEe0r7BBMdUDvQ8ZYFOjBKiKBVmJQrN1Z8nNI6lnMSB2TkLIFe9mfif189V1BholmS5oglZPBTlHKkUzSpDIROUKD4xgIlg5q+IjLDpS5liK6YEdzXyX+ic112n7t47UIYjOIZTcOESruEWWtAGAs/wCu8wtV6sN+tjUVfJWvZ2CL/G+vwGB72i0g==</latexit><latexit sha1_base64="xdChO7rfzZtIqQFXY2iOnas/IDQ=">AAACGnicbZDLSgMxGIX/qbdaq45u3QSLIAhlRhd2YUFwo7sK9gKdOmQymTY0cyHJCCXMy7jxVdy4sIjg25heFlr9IfBxTm7nBBlnUjnOl1VaW9/Y3CpvV3aqu3v79kG1I9NcENomKU9FL8CScpbQtmKK014mKI4DTrvB+Gbmd5+okCxNHtQko4MYDxMWMYKVkXz7yhOjFDWRFwlMtFvoiwJ5MVajINB3BTpDnsxjX7OmWzzqRoGwz5DHzf2hId+uOXVnPugvuEuowXJavj31wpTkMU0U4VjKvutkaqCxUIxwWlS8XNIMkzEe0r7BBMdUDvQ8ZYFOjBKiKBVmJQrN1Z8nNI6lnMSB2TkLIFe9mfif189V1BholmS5oglZPBTlHKkUzSpDIROUKD4xgIlg5q+IjLDpS5liK6YEdzXyX+ic112n7t47UIYjOIZTcOESruEWWtAGAs/wCu8wtV6sN+tjUVfJWvZ2CL/G+vwGB72i0g==</latexit><latexit sha1_base64="+WEut7+fys8I43VHcr2DWm9bfHc="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit><latexit sha1_base64="l/nC/ySDf5VcN/fiRXKaFwkhXuU="></latexit>

Two vector bosons

ai :
<latexit sha1_base64="7mE5xgHEvfeVgMWEL1j8tBS4RRg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoHgqevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpf7nSemDY/Vo50mLJBkpHjEKbG5RAb8ZlCteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URtdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7diOiaaUOviqbgQ/OWXV0n7ou57df/hsta4LeIowwmcwjn4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0CfP7t/jgU=</latexit><latexit sha1_base64="7mE5xgHEvfeVgMWEL1j8tBS4RRg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoHgqevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpf7nSemDY/Vo50mLJBkpHjEKbG5RAb8ZlCteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URtdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7diOiaaUOviqbgQ/OWXV0n7ou57df/hsta4LeIowwmcwjn4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0CfP7t/jgU=</latexit><latexit sha1_base64="7mE5xgHEvfeVgMWEL1j8tBS4RRg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoHgqevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpf7nSemDY/Vo50mLJBkpHjEKbG5RAb8ZlCteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URtdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7diOiaaUOviqbgQ/OWXV0n7ou57df/hsta4LeIowwmcwjn4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0CfP7t/jgU=</latexit><latexit sha1_base64="7mE5xgHEvfeVgMWEL1j8tBS4RRg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoHgqevFYwX5Au5Rsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcpf7nSemDY/Vo50mLJBkpHjEKbG5RAb8ZlCteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URtdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7diOiaaUOviqbgQ/OWXV0n7ou57df/hsta4LeIowwmcwjn4cAUNuIcmtIDCGJ7hFd6QRC/oHX0sWkuomDmGP0CfP7t/jgU=</latexit>

8 real parameters

8+8+64 real parametersai, bj , cij
<latexit sha1_base64="o+gDIRn5LkAdqM/MBoE2GupcIcE=">AAAB9XicbVBNSwMxEJ34WetX1aOXYBE8lLIrgh6LXjxWsB/Qrks2zbZps9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0c3Ubz0ypXks7804YV5E+pKHnBJjpQfi80rgDyvUz/hw4pfKTtWZAS8TNydlyFH3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0BHps46lkkRMe9ns6gk+tUoPh7GyJQ2eqb8nMhJpPY4C2xkRM9CL3lT8z+ukJrzyMi6T1DBJ54vCVGAT42kEuMcVo0aMLSFUcXsrpgOiCDU2qKINwV18eZk0z6uuU3XvLsq16zyOAhzDCZyBC5dQg1uoQwMoKHiGV3hDT+gFvaOPeesKymeO4A/Q5w8bj5I/</latexit><latexit sha1_base64="o+gDIRn5LkAdqM/MBoE2GupcIcE=">AAAB9XicbVBNSwMxEJ34WetX1aOXYBE8lLIrgh6LXjxWsB/Qrks2zbZps9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0c3Ubz0ypXks7804YV5E+pKHnBJjpQfi80rgDyvUz/hw4pfKTtWZAS8TNydlyFH3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0BHps46lkkRMe9ns6gk+tUoPh7GyJQ2eqb8nMhJpPY4C2xkRM9CL3lT8z+ukJrzyMi6T1DBJ54vCVGAT42kEuMcVo0aMLSFUcXsrpgOiCDU2qKINwV18eZk0z6uuU3XvLsq16zyOAhzDCZyBC5dQg1uoQwMoKHiGV3hDT+gFvaOPeesKymeO4A/Q5w8bj5I/</latexit><latexit sha1_base64="o+gDIRn5LkAdqM/MBoE2GupcIcE=">AAAB9XicbVBNSwMxEJ34WetX1aOXYBE8lLIrgh6LXjxWsB/Qrks2zbZps9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0c3Ubz0ypXks7804YV5E+pKHnBJjpQfi80rgDyvUz/hw4pfKTtWZAS8TNydlyFH3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0BHps46lkkRMe9ns6gk+tUoPh7GyJQ2eqb8nMhJpPY4C2xkRM9CL3lT8z+ukJrzyMi6T1DBJ54vCVGAT42kEuMcVo0aMLSFUcXsrpgOiCDU2qKINwV18eZk0z6uuU3XvLsq16zyOAhzDCZyBC5dQg1uoQwMoKHiGV3hDT+gFvaOPeesKymeO4A/Q5w8bj5I/</latexit><latexit sha1_base64="o+gDIRn5LkAdqM/MBoE2GupcIcE=">AAAB9XicbVBNSwMxEJ34WetX1aOXYBE8lLIrgh6LXjxWsB/Qrks2zbZps9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC0c3Ubz0ypXks7804YV5E+pKHnBJjpQfi80rgDyvUz/hw4pfKTtWZAS8TNydlyFH3S1/dXkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0BHps46lkkRMe9ns6gk+tUoPh7GyJQ2eqb8nMhJpPY4C2xkRM9CL3lT8z+ukJrzyMi6T1DBJ54vCVGAT42kEuMcVo0aMLSFUcXsrpgOiCDU2qKINwV18eZk0z6uuU3XvLsq16zyOAhzDCZyBC5dQg1uoQwMoKHiGV3hDT+gFvaOPeesKymeO4A/Q5w8bj5I/</latexit>
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Concurrence for qutrits

How is the concurrence for qutrits? Not as simple as in the qubit case

Infimum of all ensembles of the decomposition

… complicated optimisation problem

[Horodecki, Horodecki, Horodecki, Horodecki, 09’]
[Ashby-Pickering, Barr, Wierzchuca, ‘22]

c(| ii) =
p

2(1� trA[(trB | iih i|)2])
<latexit sha1_base64="JcOih1Qn0+L0h0XOnkMBfAXxd5g="></latexit><latexit sha1_base64="JcOih1Qn0+L0h0XOnkMBfAXxd5g="></latexit><latexit sha1_base64="JcOih1Qn0+L0h0XOnkMBfAXxd5g="></latexit><latexit sha1_base64="JcOih1Qn0+L0h0XOnkMBfAXxd5g="></latexit>

0  C(⇢)  2p
3

<latexit sha1_base64="3eK2kns7CjPc6U62jFUq9FgaoEI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWomzJTBV0Wu3FZwT6gM5RMmmlDM8k0yQhlmN9w46+4caGIS135N6btLLT1QOBwzr3cnBPEjCrtON9WYW19Y3OruF3a2d3bP7APj9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wbgx8zsPRCoq+L2exsSP0JDTkGKkjdS3HQd6jEygFyE9woiljaziyZE4z+VQIpzWstRTE6nTiyzr22Wn6swBV4mbkzLI0ezbn95A4CQiXGOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGcpRRJSfzpNl8MwoAxgKaR7XcK7+3khRpNQ0CszkLIBa9mbif14v0eG1n1IeJ5pwvDgUJgxqAWc1wQGVBGs2NQRhSc1fIR4hU4Y2ZZZMCe5y5FXSrlVdp+reXZbrN3kdRXACTkEFuOAK1MEtaIIWwOARPINX8GY9WS/Wu/WxGC1Y+c4x+APr6wftO6BJ</latexit><latexit sha1_base64="3eK2kns7CjPc6U62jFUq9FgaoEI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWomzJTBV0Wu3FZwT6gM5RMmmlDM8k0yQhlmN9w46+4caGIS135N6btLLT1QOBwzr3cnBPEjCrtON9WYW19Y3OruF3a2d3bP7APj9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wbgx8zsPRCoq+L2exsSP0JDTkGKkjdS3HQd6jEygFyE9woiljaziyZE4z+VQIpzWstRTE6nTiyzr22Wn6swBV4mbkzLI0ezbn95A4CQiXGOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGcpRRJSfzpNl8MwoAxgKaR7XcK7+3khRpNQ0CszkLIBa9mbif14v0eG1n1IeJ5pwvDgUJgxqAWc1wQGVBGs2NQRhSc1fIR4hU4Y2ZZZMCe5y5FXSrlVdp+reXZbrN3kdRXACTkEFuOAK1MEtaIIWwOARPINX8GY9WS/Wu/WxGC1Y+c4x+APr6wftO6BJ</latexit><latexit sha1_base64="3eK2kns7CjPc6U62jFUq9FgaoEI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWomzJTBV0Wu3FZwT6gM5RMmmlDM8k0yQhlmN9w46+4caGIS135N6btLLT1QOBwzr3cnBPEjCrtON9WYW19Y3OruF3a2d3bP7APj9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wbgx8zsPRCoq+L2exsSP0JDTkGKkjdS3HQd6jEygFyE9woiljaziyZE4z+VQIpzWstRTE6nTiyzr22Wn6swBV4mbkzLI0ezbn95A4CQiXGOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGcpRRJSfzpNl8MwoAxgKaR7XcK7+3khRpNQ0CszkLIBa9mbif14v0eG1n1IeJ5pwvDgUJgxqAWc1wQGVBGs2NQRhSc1fIR4hU4Y2ZZZMCe5y5FXSrlVdp+reXZbrN3kdRXACTkEFuOAK1MEtaIIWwOARPINX8GY9WS/Wu/WxGC1Y+c4x+APr6wftO6BJ</latexit><latexit sha1_base64="3eK2kns7CjPc6U62jFUq9FgaoEI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWomzJTBV0Wu3FZwT6gM5RMmmlDM8k0yQhlmN9w46+4caGIS135N6btLLT1QOBwzr3cnBPEjCrtON9WYW19Y3OruF3a2d3bP7APj9pKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wbgx8zsPRCoq+L2exsSP0JDTkGKkjdS3HQd6jEygFyE9woiljaziyZE4z+VQIpzWstRTE6nTiyzr22Wn6swBV4mbkzLI0ezbn95A4CQiXGOGlOq5Tqz9FElNMSNZyUsUiREeoyHpGcpRRJSfzpNl8MwoAxgKaR7XcK7+3khRpNQ0CszkLIBa9mbif14v0eG1n1IeJ5pwvDgUJgxqAWc1wQGVBGs2NQRhSc1fIR4hU4Y2ZZZMCe5y5FXSrlVdp+reXZbrN3kdRXACTkEFuOAK1MEtaIIWwOARPINX8GY9WS/Wu/WxGC1Y+c4x+APr6wftO6BJ</latexit>

C(⇢) > 0
<latexit sha1_base64="0ZXcpMs4mjyNKzFo1sPkEuk/++o=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8Ei1E1JRNCVFLtxWcE+oAllMp20QyeZMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hhg4nHMv98wJEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctJVJJaJMILmQnwIpyFtOmZprTTiIpjgJO28GoPvXbD1QqJuJ7PU6oH+FBzEJGsDZSzz7yIqyHBPOsPql4cijO0DVyUM8uO1VnBrRM3JyUIUejZ395fUHSiMaacKxU13US7WdYakY4nZS8VNEEkxEe0K6hMY6o8rNZ/gk6NUofhUKaF2s0U39vZDhSahwFZnKaVi16U/E/r5vq8MrPWJykmsZkfihMOdICTctAfSYp0XxsCCaSmayIDLHERJvKSqYEd/HLy6R1XnWdqnt3Ua7d5HUU4RhOoAIuXEINbqEBTSDwCM/wCm/Wk/VivVsf89GCle8cwh9Ynz/1hpS8</latexit><latexit sha1_base64="0ZXcpMs4mjyNKzFo1sPkEuk/++o=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8Ei1E1JRNCVFLtxWcE+oAllMp20QyeZMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hhg4nHMv98wJEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctJVJJaJMILmQnwIpyFtOmZprTTiIpjgJO28GoPvXbD1QqJuJ7PU6oH+FBzEJGsDZSzz7yIqyHBPOsPql4cijO0DVyUM8uO1VnBrRM3JyUIUejZ395fUHSiMaacKxU13US7WdYakY4nZS8VNEEkxEe0K6hMY6o8rNZ/gk6NUofhUKaF2s0U39vZDhSahwFZnKaVi16U/E/r5vq8MrPWJykmsZkfihMOdICTctAfSYp0XxsCCaSmayIDLHERJvKSqYEd/HLy6R1XnWdqnt3Ua7d5HUU4RhOoAIuXEINbqEBTSDwCM/wCm/Wk/VivVsf89GCle8cwh9Ynz/1hpS8</latexit><latexit sha1_base64="0ZXcpMs4mjyNKzFo1sPkEuk/++o=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8Ei1E1JRNCVFLtxWcE+oAllMp20QyeZMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hhg4nHMv98wJEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctJVJJaJMILmQnwIpyFtOmZprTTiIpjgJO28GoPvXbD1QqJuJ7PU6oH+FBzEJGsDZSzz7yIqyHBPOsPql4cijO0DVyUM8uO1VnBrRM3JyUIUejZ395fUHSiMaacKxU13US7WdYakY4nZS8VNEEkxEe0K6hMY6o8rNZ/gk6NUofhUKaF2s0U39vZDhSahwFZnKaVi16U/E/r5vq8MrPWJykmsZkfihMOdICTctAfSYp0XxsCCaSmayIDLHERJvKSqYEd/HLy6R1XnWdqnt3Ua7d5HUU4RhOoAIuXEINbqEBTSDwCM/wCm/Wk/VivVsf89GCle8cwh9Ynz/1hpS8</latexit><latexit sha1_base64="0ZXcpMs4mjyNKzFo1sPkEuk/++o=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8Ei1E1JRNCVFLtxWcE+oAllMp20QyeZMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hhg4nHMv98wJEs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctJVJJaJMILmQnwIpyFtOmZprTTiIpjgJO28GoPvXbD1QqJuJ7PU6oH+FBzEJGsDZSzz7yIqyHBPOsPql4cijO0DVyUM8uO1VnBrRM3JyUIUejZ395fUHSiMaacKxU13US7WdYakY4nZS8VNEEkxEe0K6hMY6o8rNZ/gk6NUofhUKaF2s0U39vZDhSahwFZnKaVi16U/E/r5vq8MrPWJykmsZkfihMOdICTctAfSYp0XxsCCaSmayIDLHERJvKSqYEd/HLy6R1XnWdqnt3Ua7d5HUU4RhOoAIuXEINbqEBTSDwCM/wCm/Wk/VivVsf89GCle8cwh9Ynz/1hpS8</latexit>

entangled

Only calculable for pure states.
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However, we can define lower and upper bounds

Lower:

Upper:

Concurrence Bounds for qutrits

For a pure state: P (⇢) = tr⇢2 = 1
<latexit sha1_base64="r7r/d6aaFAejDIxaaJv3nmVTFYk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRF0E2h6MZlBfuAJpbJdNIOnTyYuRFL6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HuPFwuuwLK+jaXlldW19cJGcXNre2fX3NtvqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK/fc+k4lF4C+OYuQEZhNznlICWeuZRo+zIYXSKa9gB9gApyAnOlLsqrtk9s2RVrCnwIrFzUkI5Gj3zy+lHNAlYCFQQpbq2FYObEgmcCjYpOoliMaEjMmBdTUMSMOWm0zcm+EQrfexHUlcIeKr+nkhJoNQ48HRnQGCo5r1M/M/rJuBfuCkP4wRYSGeL/ERgiHCWCe5zySiIsSaESq5vxXRIJKGgkyvqEOz5lxdJq1qxrYp9c1aqX+ZxFNAhOkZlZKNzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/c4Zdy</latexit><latexit sha1_base64="r7r/d6aaFAejDIxaaJv3nmVTFYk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRF0E2h6MZlBfuAJpbJdNIOnTyYuRFL6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HuPFwuuwLK+jaXlldW19cJGcXNre2fX3NtvqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK/fc+k4lF4C+OYuQEZhNznlICWeuZRo+zIYXSKa9gB9gApyAnOlLsqrtk9s2RVrCnwIrFzUkI5Gj3zy+lHNAlYCFQQpbq2FYObEgmcCjYpOoliMaEjMmBdTUMSMOWm0zcm+EQrfexHUlcIeKr+nkhJoNQ48HRnQGCo5r1M/M/rJuBfuCkP4wRYSGeL/ERgiHCWCe5zySiIsSaESq5vxXRIJKGgkyvqEOz5lxdJq1qxrYp9c1aqX+ZxFNAhOkZlZKNzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/c4Zdy</latexit><latexit sha1_base64="r7r/d6aaFAejDIxaaJv3nmVTFYk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRF0E2h6MZlBfuAJpbJdNIOnTyYuRFL6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HuPFwuuwLK+jaXlldW19cJGcXNre2fX3NtvqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK/fc+k4lF4C+OYuQEZhNznlICWeuZRo+zIYXSKa9gB9gApyAnOlLsqrtk9s2RVrCnwIrFzUkI5Gj3zy+lHNAlYCFQQpbq2FYObEgmcCjYpOoliMaEjMmBdTUMSMOWm0zcm+EQrfexHUlcIeKr+nkhJoNQ48HRnQGCo5r1M/M/rJuBfuCkP4wRYSGeL/ERgiHCWCe5zySiIsSaESq5vxXRIJKGgkyvqEOz5lxdJq1qxrYp9c1aqX+ZxFNAhOkZlZKNzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/c4Zdy</latexit><latexit sha1_base64="r7r/d6aaFAejDIxaaJv3nmVTFYk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiRF0E2h6MZlBfuAJpbJdNIOnTyYuRFL6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HuPFwuuwLK+jaXlldW19cJGcXNre2fX3NtvqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO2NrjK/fc+k4lF4C+OYuQEZhNznlICWeuZRo+zIYXSKa9gB9gApyAnOlLsqrtk9s2RVrCnwIrFzUkI5Gj3zy+lHNAlYCFQQpbq2FYObEgmcCjYpOoliMaEjMmBdTUMSMOWm0zcm+EQrfexHUlcIeKr+nkhJoNQ48HRnQGCo5r1M/M/rJuBfuCkP4wRYSGeL/ERgiHCWCe5zySiIsSaESq5vxXRIJKGgkyvqEOz5lxdJq1qxrYp9c1aqX+ZxFNAhOkZlZKNzVEfXqIGaiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/c4Zdy</latexit>

CLB(⇢) = C(⇢) = CUB(⇢)
<latexit sha1_base64="h9hYic8XRYq6j7N3qJWuIsPS3FM=">AAACNXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuhtBsXXVQwbaEJYTKdtEMnD2YmQgn5KTf+hytduFDErb/gpI2irQcGDuecy9x7vJhRIQ3jWSutrK6tb5Q3K1vbO7t7+v5BV0QJx8TCEYt430OCMBoSS1LJSD/mBAUeIz1v0sr93h3hgkbhrZzGxAnQKKQ+xUgqydXbdoDkGCOWtjI3tXkA282sZvNxdAqv4C/zW1vKWz956OpVo27MAJeJWZAqKNBx9Ud7GOEkIKHEDAkxMI1YOinikmJGsoqdCBIjPEEjMlA0RAERTjq7OoMnShlCP+LqhRLO1N8TKQqEmAaeSuY7i0UvF//zBon0L52UhnEiSYjnH/kJgzKCeYVwSDnBkk0VQZhTtSvEY8QRlqroiirBXDx5mXTP6qZRN2/Oq41mUUcZHIFjUAMmuAANcA06wAIY3IMn8AretAftRXvXPubRklbMHII/0D6/AFFfqns=</latexit><latexit sha1_base64="h9hYic8XRYq6j7N3qJWuIsPS3FM=">AAACNXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuhtBsXXVQwbaEJYTKdtEMnD2YmQgn5KTf+hytduFDErb/gpI2irQcGDuecy9x7vJhRIQ3jWSutrK6tb5Q3K1vbO7t7+v5BV0QJx8TCEYt430OCMBoSS1LJSD/mBAUeIz1v0sr93h3hgkbhrZzGxAnQKKQ+xUgqydXbdoDkGCOWtjI3tXkA282sZvNxdAqv4C/zW1vKWz956OpVo27MAJeJWZAqKNBx9Ud7GOEkIKHEDAkxMI1YOinikmJGsoqdCBIjPEEjMlA0RAERTjq7OoMnShlCP+LqhRLO1N8TKQqEmAaeSuY7i0UvF//zBon0L52UhnEiSYjnH/kJgzKCeYVwSDnBkk0VQZhTtSvEY8QRlqroiirBXDx5mXTP6qZRN2/Oq41mUUcZHIFjUAMmuAANcA06wAIY3IMn8AretAftRXvXPubRklbMHII/0D6/AFFfqns=</latexit><latexit sha1_base64="h9hYic8XRYq6j7N3qJWuIsPS3FM=">AAACNXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuhtBsXXVQwbaEJYTKdtEMnD2YmQgn5KTf+hytduFDErb/gpI2irQcGDuecy9x7vJhRIQ3jWSutrK6tb5Q3K1vbO7t7+v5BV0QJx8TCEYt430OCMBoSS1LJSD/mBAUeIz1v0sr93h3hgkbhrZzGxAnQKKQ+xUgqydXbdoDkGCOWtjI3tXkA282sZvNxdAqv4C/zW1vKWz956OpVo27MAJeJWZAqKNBx9Ud7GOEkIKHEDAkxMI1YOinikmJGsoqdCBIjPEEjMlA0RAERTjq7OoMnShlCP+LqhRLO1N8TKQqEmAaeSuY7i0UvF//zBon0L52UhnEiSYjnH/kJgzKCeYVwSDnBkk0VQZhTtSvEY8QRlqroiirBXDx5mXTP6qZRN2/Oq41mUUcZHIFjUAMmuAANcA06wAIY3IMn8AretAftRXvXPubRklbMHII/0D6/AFFfqns=</latexit><latexit sha1_base64="h9hYic8XRYq6j7N3qJWuIsPS3FM=">AAACNXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuhtBsXXVQwbaEJYTKdtEMnD2YmQgn5KTf+hytduFDErb/gpI2irQcGDuecy9x7vJhRIQ3jWSutrK6tb5Q3K1vbO7t7+v5BV0QJx8TCEYt430OCMBoSS1LJSD/mBAUeIz1v0sr93h3hgkbhrZzGxAnQKKQ+xUgqydXbdoDkGCOWtjI3tXkA282sZvNxdAqv4C/zW1vKWz956OpVo27MAJeJWZAqKNBx9Ud7GOEkIKHEDAkxMI1YOinikmJGsoqdCBIjPEEjMlA0RAERTjq7OoMnShlCP+LqhRLO1N8TKQqEmAaeSuY7i0UvF//zBon0L52UhnEiSYjnH/kJgzKCeYVwSDnBkk0VQZhTtSvEY8QRlqroiirBXDx5mXTP6qZRN2/Oq41mUUcZHIFjUAMmuAANcA06wAIY3IMn8AretAftRXvXPubRklbMHII/0D6/AFFfqns=</latexit>
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EW boson production at colliders

ZZ: WZ:

WW:
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EW boson production at colliders

WW:

ZZ: WZ:
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What’s the story for the Standard Model?
e+e� ! W+W�

<latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit>

Lower bound:

No symmetry around                 as in ttbar 

Entanglement is mostly present across 

the phase space

Zero entanglement at

✓ = ⇡/2
<latexit sha1_base64="HdUfdKMiR/dDKMG4D+GYVt/sOCM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0ItQ9OKxgv2AJpTNdtMu3WyW3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFynBDXret1NYW9/Y3Cpul3Z29/YPyodHLZNmmrImTUWqOxExTHDJmshRsI7SjCSRYO1odDfz209MG57KRxwrFiZkIHnMKUErBQEOGZKbQPGLWq9c8areHO4q8XNSgRyNXvkr6Kc0S5hEKogxXd9TGE6IRk4Fm5aCzDBF6IgMWNdSSRJmwsn85ql7ZpW+G6falkR3rv6emJDEmHES2c6E4NAsezPxP6+bYXwdTrhUGTJJF4viTLiYurMA3D7XjKIYW0Ko5vZWlw6JJhRtTCUbgr/88ipp1aq+V/UfLiv12zyOIpzAKZyDD1dQh3toQBMoKHiGV3hzMufFeXc+Fq0FJ585hj9wPn8AWU+RNw==</latexit><latexit sha1_base64="HdUfdKMiR/dDKMG4D+GYVt/sOCM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0ItQ9OKxgv2AJpTNdtMu3WyW3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFynBDXret1NYW9/Y3Cpul3Z29/YPyodHLZNmmrImTUWqOxExTHDJmshRsI7SjCSRYO1odDfz209MG57KRxwrFiZkIHnMKUErBQEOGZKbQPGLWq9c8areHO4q8XNSgRyNXvkr6Kc0S5hEKogxXd9TGE6IRk4Fm5aCzDBF6IgMWNdSSRJmwsn85ql7ZpW+G6falkR3rv6emJDEmHES2c6E4NAsezPxP6+bYXwdTrhUGTJJF4viTLiYurMA3D7XjKIYW0Ko5vZWlw6JJhRtTCUbgr/88ipp1aq+V/UfLiv12zyOIpzAKZyDD1dQh3toQBMoKHiGV3hzMufFeXc+Fq0FJ585hj9wPn8AWU+RNw==</latexit><latexit sha1_base64="HdUfdKMiR/dDKMG4D+GYVt/sOCM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0ItQ9OKxgv2AJpTNdtMu3WyW3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFynBDXret1NYW9/Y3Cpul3Z29/YPyodHLZNmmrImTUWqOxExTHDJmshRsI7SjCSRYO1odDfz209MG57KRxwrFiZkIHnMKUErBQEOGZKbQPGLWq9c8areHO4q8XNSgRyNXvkr6Kc0S5hEKogxXd9TGE6IRk4Fm5aCzDBF6IgMWNdSSRJmwsn85ql7ZpW+G6falkR3rv6emJDEmHES2c6E4NAsezPxP6+bYXwdTrhUGTJJF4viTLiYurMA3D7XjKIYW0Ko5vZWlw6JJhRtTCUbgr/88ipp1aq+V/UfLiv12zyOIpzAKZyDD1dQh3toQBMoKHiGV3hzMufFeXc+Fq0FJ585hj9wPn8AWU+RNw==</latexit><latexit sha1_base64="HdUfdKMiR/dDKMG4D+GYVt/sOCM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0ItQ9OKxgv2AJpTNdtMu3WyW3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFynBDXret1NYW9/Y3Cpul3Z29/YPyodHLZNmmrImTUWqOxExTHDJmshRsI7SjCSRYO1odDfz209MG57KRxwrFiZkIHnMKUErBQEOGZKbQPGLWq9c8areHO4q8XNSgRyNXvkr6Kc0S5hEKogxXd9TGE6IRk4Fm5aCzDBF6IgMWNdSSRJmwsn85ql7ZpW+G6falkR3rv6emJDEmHES2c6E4NAsezPxP6+bYXwdTrhUGTJJF4viTLiYurMA3D7XjKIYW0Ko5vZWlw6JJhRtTCUbgr/88ipp1aq+V/UfLiv12zyOIpzAKZyDD1dQh3toQBMoKHiGV3hzMufFeXc+Fq0FJ585hj9wPn8AWU+RNw==</latexit>

✓ = 0
<latexit sha1_base64="INIeYvmeUlF536syhCtjHiaT9Bc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwdZCG8pmO22XbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhYkUhjzv2ymsrK6tbxQ3S1vbO7t75f2DpolTzbHBYxnrVsgMSqGwQYIkthKNLAolPoSjm6n/8ITaiFjd0zjBIGIDJfqCM7JSq0NDJHbldcsVr+rN4C4TPycVyFHvlr86vZinESrikhnT9r2EgoxpElzipNRJDSaMj9gA25YqFqEJstm9E/fEKj23H2tbityZ+nsiY5Ex4yi0nRGjoVn0puJ/Xjul/mWQCZWkhIrPF/VT6VLsTp93e0IjJzm2hHEt7K0uHzLNONmISjYEf/HlZdI8q/pe1b87r9Su8ziKcATHcAo+XEANbqEODeAg4Rle4c15dF6cd+dj3lpw8plD+APn8weYOY+p</latexit><latexit sha1_base64="INIeYvmeUlF536syhCtjHiaT9Bc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwdZCG8pmO22XbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhYkUhjzv2ymsrK6tbxQ3S1vbO7t75f2DpolTzbHBYxnrVsgMSqGwQYIkthKNLAolPoSjm6n/8ITaiFjd0zjBIGIDJfqCM7JSq0NDJHbldcsVr+rN4C4TPycVyFHvlr86vZinESrikhnT9r2EgoxpElzipNRJDSaMj9gA25YqFqEJstm9E/fEKj23H2tbityZ+nsiY5Ex4yi0nRGjoVn0puJ/Xjul/mWQCZWkhIrPF/VT6VLsTp93e0IjJzm2hHEt7K0uHzLNONmISjYEf/HlZdI8q/pe1b87r9Su8ziKcATHcAo+XEANbqEODeAg4Rle4c15dF6cd+dj3lpw8plD+APn8weYOY+p</latexit><latexit sha1_base64="INIeYvmeUlF536syhCtjHiaT9Bc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwdZCG8pmO22XbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhYkUhjzv2ymsrK6tbxQ3S1vbO7t75f2DpolTzbHBYxnrVsgMSqGwQYIkthKNLAolPoSjm6n/8ITaiFjd0zjBIGIDJfqCM7JSq0NDJHbldcsVr+rN4C4TPycVyFHvlr86vZinESrikhnT9r2EgoxpElzipNRJDSaMj9gA25YqFqEJstm9E/fEKj23H2tbityZ+nsiY5Ex4yi0nRGjoVn0puJ/Xjul/mWQCZWkhIrPF/VT6VLsTp93e0IjJzm2hHEt7K0uHzLNONmISjYEf/HlZdI8q/pe1b87r9Su8ziKcATHcAo+XEANbqEODeAg4Rle4c15dF6cd+dj3lpw8plD+APn8weYOY+p</latexit><latexit sha1_base64="INIeYvmeUlF536syhCtjHiaT9Bc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6EUoevFYwdZCG8pmO22XbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmhYkUhjzv2ymsrK6tbxQ3S1vbO7t75f2DpolTzbHBYxnrVsgMSqGwQYIkthKNLAolPoSjm6n/8ITaiFjd0zjBIGIDJfqCM7JSq0NDJHbldcsVr+rN4C4TPycVyFHvlr86vZinESrikhnT9r2EgoxpElzipNRJDSaMj9gA25YqFqEJstm9E/fEKj23H2tbityZ+nsiY5Ex4yi0nRGjoVn0puJ/Xjul/mWQCZWkhIrPF/VT6VLsTp93e0IjJzm2hHEt7K0uHzLNONmISjYEf/HlZdI8q/pe1b87r9Su8ziKcATHcAo+XEANbqEODeAg4Rle4c15dF6cd+dj3lpw8plD+APn8weYOY+p</latexit>

High entanglement at central HE region
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Relevant SMEFT Operators for diboson

Bounds from [SMEFit Collaboration ’21]
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SMEFT entanglement deviations

c'e =
0.1

TeV2
<latexit sha1_base64="xDd28Ud67A6j7/L1/6JGkuJZK7k=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAZBm7AbBG2EoI1lhNwguy6zk7PJkNkLM7OBMOwz2PgqNhaK2FrZ+TZOLoUm/jDw859zOHO+IOVMKtv+tlZW19Y3Ngtbxe2d3b390sFhSyaZoNCkCU9EJyASOIuhqZji0EkFkCjg0A6Gt5N6ewRCsiRuqHEKXkT6MQsZJcpEfumc+todEZEOGIYcX2M3FIRqu+LkWrsiwg1o5Q+6mud+qWxX7KnwsnHmpozmqvulL7eX0CyCWFFOpOw6dqo8TYRilENedDMJKaFD0oeusTGJQHp6elKOT03Sw2EizIsVnqa/JzSJpBxHgemMiBrIxdok/K/WzVR45WkWp5mCmM4WhRnHKsETPrjHBFDFx8YQKpj5K6YDYpgoQ7FoIDiLJy+bVrXiGIL3F+XazRxHAR2jE3SGHHSJaugO1VETUfSIntErerOerBfr3fqYta5Y85kj9EfW5w9h2p1I</latexit><latexit sha1_base64="xDd28Ud67A6j7/L1/6JGkuJZK7k=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAZBm7AbBG2EoI1lhNwguy6zk7PJkNkLM7OBMOwz2PgqNhaK2FrZ+TZOLoUm/jDw859zOHO+IOVMKtv+tlZW19Y3Ngtbxe2d3b390sFhSyaZoNCkCU9EJyASOIuhqZji0EkFkCjg0A6Gt5N6ewRCsiRuqHEKXkT6MQsZJcpEfumc+todEZEOGIYcX2M3FIRqu+LkWrsiwg1o5Q+6mud+qWxX7KnwsnHmpozmqvulL7eX0CyCWFFOpOw6dqo8TYRilENedDMJKaFD0oeusTGJQHp6elKOT03Sw2EizIsVnqa/JzSJpBxHgemMiBrIxdok/K/WzVR45WkWp5mCmM4WhRnHKsETPrjHBFDFx8YQKpj5K6YDYpgoQ7FoIDiLJy+bVrXiGIL3F+XazRxHAR2jE3SGHHSJaugO1VETUfSIntErerOerBfr3fqYta5Y85kj9EfW5w9h2p1I</latexit><latexit sha1_base64="xDd28Ud67A6j7/L1/6JGkuJZK7k=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAZBm7AbBG2EoI1lhNwguy6zk7PJkNkLM7OBMOwz2PgqNhaK2FrZ+TZOLoUm/jDw859zOHO+IOVMKtv+tlZW19Y3Ngtbxe2d3b390sFhSyaZoNCkCU9EJyASOIuhqZji0EkFkCjg0A6Gt5N6ewRCsiRuqHEKXkT6MQsZJcpEfumc+todEZEOGIYcX2M3FIRqu+LkWrsiwg1o5Q+6mud+qWxX7KnwsnHmpozmqvulL7eX0CyCWFFOpOw6dqo8TYRilENedDMJKaFD0oeusTGJQHp6elKOT03Sw2EizIsVnqa/JzSJpBxHgemMiBrIxdok/K/WzVR45WkWp5mCmM4WhRnHKsETPrjHBFDFx8YQKpj5K6YDYpgoQ7FoIDiLJy+bVrXiGIL3F+XazRxHAR2jE3SGHHSJaugO1VETUfSIntErerOerBfr3fqYta5Y85kj9EfW5w9h2p1I</latexit><latexit sha1_base64="xDd28Ud67A6j7/L1/6JGkuJZK7k=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAZBm7AbBG2EoI1lhNwguy6zk7PJkNkLM7OBMOwz2PgqNhaK2FrZ+TZOLoUm/jDw859zOHO+IOVMKtv+tlZW19Y3Ngtbxe2d3b390sFhSyaZoNCkCU9EJyASOIuhqZji0EkFkCjg0A6Gt5N6ewRCsiRuqHEKXkT6MQsZJcpEfumc+todEZEOGIYcX2M3FIRqu+LkWrsiwg1o5Q+6mud+qWxX7KnwsnHmpozmqvulL7eX0CyCWFFOpOw6dqo8TYRilENedDMJKaFD0oeusTGJQHp6elKOT03Sw2EizIsVnqa/JzSJpBxHgemMiBrIxdok/K/WzVR45WkWp5mCmM4WhRnHKsETPrjHBFDFx8YQKpj5K6YDYpgoQ7FoIDiLJy+bVrXiGIL3F+XazRxHAR2jE3SGHHSJaugO1VETUfSIntErerOerBfr3fqYta5Y85kj9EfW5w9h2p1I</latexit>

c(1)'l =
0.1

TeV2
<latexit sha1_base64="IaHXhuqCBZjJegcDyeE+gJ8LErE=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyxC3dSZIuhGKLpxWaE36Iwlk2ba0GRmSDKFEuYx3Pgqblwo4rY738a0nYW2Hgj8/P85nJwvSBiVynG+rbX1jc2t7cJOcXdv/+DQPjpuyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3c/y9pgISeOooSYJ8TkaRDSkGClj9exL3NPeGIlkSCHLnnTZvcjgLfRCgbB2Km6mtSc4bJCWCatZ1rNLTsWZF1wVbi5KIK96z556/RinnEQKMyRl13US5WskFMWMZEUvlSRBeIQGpGtkhDiRvp4flsFz4/RhGAvzIgXn7u8JjbiUEx6YTo7UUC5nM/O/rJuq8MbXNEpSRSK8WBSmDKoYzijBPhUEKzYxAmFBzV8hHiLDRBmWRQPBXT55VbSqFdcQfLwq1e5yHAVwCs5AGbjgGtTAA6iDJsDgGbyCd/BhvVhv1qf1tWhds/KZE/CnrOkPcFqfYw==</latexit><latexit sha1_base64="IaHXhuqCBZjJegcDyeE+gJ8LErE=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyxC3dSZIuhGKLpxWaE36Iwlk2ba0GRmSDKFEuYx3Pgqblwo4rY738a0nYW2Hgj8/P85nJwvSBiVynG+rbX1jc2t7cJOcXdv/+DQPjpuyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3c/y9pgISeOooSYJ8TkaRDSkGClj9exL3NPeGIlkSCHLnnTZvcjgLfRCgbB2Km6mtSc4bJCWCatZ1rNLTsWZF1wVbi5KIK96z556/RinnEQKMyRl13US5WskFMWMZEUvlSRBeIQGpGtkhDiRvp4flsFz4/RhGAvzIgXn7u8JjbiUEx6YTo7UUC5nM/O/rJuq8MbXNEpSRSK8WBSmDKoYzijBPhUEKzYxAmFBzV8hHiLDRBmWRQPBXT55VbSqFdcQfLwq1e5yHAVwCs5AGbjgGtTAA6iDJsDgGbyCd/BhvVhv1qf1tWhds/KZE/CnrOkPcFqfYw==</latexit><latexit sha1_base64="IaHXhuqCBZjJegcDyeE+gJ8LErE=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyxC3dSZIuhGKLpxWaE36Iwlk2ba0GRmSDKFEuYx3Pgqblwo4rY738a0nYW2Hgj8/P85nJwvSBiVynG+rbX1jc2t7cJOcXdv/+DQPjpuyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3c/y9pgISeOooSYJ8TkaRDSkGClj9exL3NPeGIlkSCHLnnTZvcjgLfRCgbB2Km6mtSc4bJCWCatZ1rNLTsWZF1wVbi5KIK96z556/RinnEQKMyRl13US5WskFMWMZEUvlSRBeIQGpGtkhDiRvp4flsFz4/RhGAvzIgXn7u8JjbiUEx6YTo7UUC5nM/O/rJuq8MbXNEpSRSK8WBSmDKoYzijBPhUEKzYxAmFBzV8hHiLDRBmWRQPBXT55VbSqFdcQfLwq1e5yHAVwCs5AGbjgGtTAA6iDJsDgGbyCd/BhvVhv1qf1tWhds/KZE/CnrOkPcFqfYw==</latexit><latexit sha1_base64="IaHXhuqCBZjJegcDyeE+gJ8LErE=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyxC3dSZIuhGKLpxWaE36Iwlk2ba0GRmSDKFEuYx3Pgqblwo4rY738a0nYW2Hgj8/P85nJwvSBiVynG+rbX1jc2t7cJOcXdv/+DQPjpuyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3c/y9pgISeOooSYJ8TkaRDSkGClj9exL3NPeGIlkSCHLnnTZvcjgLfRCgbB2Km6mtSc4bJCWCatZ1rNLTsWZF1wVbi5KIK96z556/RinnEQKMyRl13US5WskFMWMZEUvlSRBeIQGpGtkhDiRvp4flsFz4/RhGAvzIgXn7u8JjbiUEx6YTo7UUC5nM/O/rJuq8MbXNEpSRSK8WBSmDKoYzijBPhUEKzYxAmFBzV8hHiLDRBmWRQPBXT55VbSqFdcQfLwq1e5yHAVwCs5AGbjgGtTAA6iDJsDgGbyCd/BhvVhv1qf1tWhds/KZE/CnrOkPcFqfYw==</latexit>

c'WB =
0.25

TeV2
<latexit sha1_base64="veYLfc734J//Rv+4NRrxyFWFBFk=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFZKi6EYodeOyQl/QxDCZTtqhkwczk0IZ8hdu/BU3LhRxqzv/xmmbhbYeuHA4517uvSdIGRXStr+N0tr6xuZWebuys7u3f2AeHnVEknFM2jhhCe8FSBBGY9KWVDLSSzlBUcBINxjfzvzuhHBBk7glpynxIjSMaUgxklryTQv7yp0gno4o7DbyB5XDG+iGHGFlW7XLXCmXR7BFOtqq5blvVm3LngOuEqcgVVCg6Ztf7iDBWURiiRkSou/YqfQU4pJiRvKKmwmSIjxGQ9LXNEYREZ6a/5XDM60MYJhwXbGEc/X3hEKRENMo0J0RkiOx7M3E/7x+JsNrT9E4zSSJ8WJRmDEoEzgLCQ4oJ1iyqSYIc6pvhXiEdChSR1nRITjLL6+STs1ybMu5v6jWG0UcZXACTsE5cMAVqIM70ARtgMEjeAav4M14Ml6Md+Nj0Voyiplj8AfG5w8SgJ86</latexit><latexit sha1_base64="veYLfc734J//Rv+4NRrxyFWFBFk=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFZKi6EYodeOyQl/QxDCZTtqhkwczk0IZ8hdu/BU3LhRxqzv/xmmbhbYeuHA4517uvSdIGRXStr+N0tr6xuZWebuys7u3f2AeHnVEknFM2jhhCe8FSBBGY9KWVDLSSzlBUcBINxjfzvzuhHBBk7glpynxIjSMaUgxklryTQv7yp0gno4o7DbyB5XDG+iGHGFlW7XLXCmXR7BFOtqq5blvVm3LngOuEqcgVVCg6Ztf7iDBWURiiRkSou/YqfQU4pJiRvKKmwmSIjxGQ9LXNEYREZ6a/5XDM60MYJhwXbGEc/X3hEKRENMo0J0RkiOx7M3E/7x+JsNrT9E4zSSJ8WJRmDEoEzgLCQ4oJ1iyqSYIc6pvhXiEdChSR1nRITjLL6+STs1ybMu5v6jWG0UcZXACTsE5cMAVqIM70ARtgMEjeAav4M14Ml6Md+Nj0Voyiplj8AfG5w8SgJ86</latexit><latexit sha1_base64="veYLfc734J//Rv+4NRrxyFWFBFk=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFZKi6EYodeOyQl/QxDCZTtqhkwczk0IZ8hdu/BU3LhRxqzv/xmmbhbYeuHA4517uvSdIGRXStr+N0tr6xuZWebuys7u3f2AeHnVEknFM2jhhCe8FSBBGY9KWVDLSSzlBUcBINxjfzvzuhHBBk7glpynxIjSMaUgxklryTQv7yp0gno4o7DbyB5XDG+iGHGFlW7XLXCmXR7BFOtqq5blvVm3LngOuEqcgVVCg6Ztf7iDBWURiiRkSou/YqfQU4pJiRvKKmwmSIjxGQ9LXNEYREZ6a/5XDM60MYJhwXbGEc/X3hEKRENMo0J0RkiOx7M3E/7x+JsNrT9E4zSSJ8WJRmDEoEzgLCQ4oJ1iyqSYIc6pvhXiEdChSR1nRITjLL6+STs1ybMu5v6jWG0UcZXACTsE5cMAVqIM70ARtgMEjeAav4M14Ml6Md+Nj0Voyiplj8AfG5w8SgJ86</latexit><latexit sha1_base64="veYLfc734J//Rv+4NRrxyFWFBFk=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFZKi6EYodeOyQl/QxDCZTtqhkwczk0IZ8hdu/BU3LhRxqzv/xmmbhbYeuHA4517uvSdIGRXStr+N0tr6xuZWebuys7u3f2AeHnVEknFM2jhhCe8FSBBGY9KWVDLSSzlBUcBINxjfzvzuhHBBk7glpynxIjSMaUgxklryTQv7yp0gno4o7DbyB5XDG+iGHGFlW7XLXCmXR7BFOtqq5blvVm3LngOuEqcgVVCg6Ztf7iDBWURiiRkSou/YqfQU4pJiRvKKmwmSIjxGQ9LXNEYREZ6a/5XDM60MYJhwXbGEc/X3hEKRENMo0J0RkiOx7M3E/7x+JsNrT9E4zSSJ8WJRmDEoEzgLCQ4oJ1iyqSYIc6pvhXiEdChSR1nRITjLL6+STs1ybMu5v6jWG0UcZXACTsE5cMAVqIM70ARtgMEjeAav4M14Ml6Md+Nj0Voyiplj8AfG5w8SgJ86</latexit>

c'W =
0.25

TeV2
<latexit sha1_base64="uA4JRCr6venL/UKg6bmhbZwD/fU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0iKohuh6MZlhb6giWEynbRDJw9mJoUy5Cvc+CtuXCjiVtz5N07bLLT1wIXDOfdy7z1ByqiQtv1tlFZW19Y3ypuVre2d3T1z/6Atkoxj0sIJS3g3QIIwGpOWpJKRbsoJigJGOsHodup3xoQLmsRNOUmJF6FBTEOKkdSSb55hX7ljxNMhhZ38QeXwGrohR1jZVu0iV8rlEWyStrZqee6bVduyZ4DLxClIFRRo+OaX209wFpFYYoaE6Dl2Kj2FuKSYkbziZoKkCI/QgPQ0jVFEhKdmb+XwRCt9GCZcVyzhTP09oVAkxCQKdGeE5FAselPxP6+XyfDKUzROM0liPF8UZgzKBE4zgn3KCZZsognCnOpbIR4iHYrUSVZ0CM7iy8ukXbMc23Luz6v1myKOMjgCx+AUOOAS1MEdaIAWwOARPINX8GY8GS/Gu/Exby0Zxcwh+APj8wd78p7u</latexit><latexit sha1_base64="uA4JRCr6venL/UKg6bmhbZwD/fU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0iKohuh6MZlhb6giWEynbRDJw9mJoUy5Cvc+CtuXCjiVtz5N07bLLT1wIXDOfdy7z1ByqiQtv1tlFZW19Y3ypuVre2d3T1z/6Atkoxj0sIJS3g3QIIwGpOWpJKRbsoJigJGOsHodup3xoQLmsRNOUmJF6FBTEOKkdSSb55hX7ljxNMhhZ38QeXwGrohR1jZVu0iV8rlEWyStrZqee6bVduyZ4DLxClIFRRo+OaX209wFpFYYoaE6Dl2Kj2FuKSYkbziZoKkCI/QgPQ0jVFEhKdmb+XwRCt9GCZcVyzhTP09oVAkxCQKdGeE5FAselPxP6+XyfDKUzROM0liPF8UZgzKBE4zgn3KCZZsognCnOpbIR4iHYrUSVZ0CM7iy8ukXbMc23Luz6v1myKOMjgCx+AUOOAS1MEdaIAWwOARPINX8GY8GS/Gu/Exby0Zxcwh+APj8wd78p7u</latexit><latexit sha1_base64="uA4JRCr6venL/UKg6bmhbZwD/fU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0iKohuh6MZlhb6giWEynbRDJw9mJoUy5Cvc+CtuXCjiVtz5N07bLLT1wIXDOfdy7z1ByqiQtv1tlFZW19Y3ypuVre2d3T1z/6Atkoxj0sIJS3g3QIIwGpOWpJKRbsoJigJGOsHodup3xoQLmsRNOUmJF6FBTEOKkdSSb55hX7ljxNMhhZ38QeXwGrohR1jZVu0iV8rlEWyStrZqee6bVduyZ4DLxClIFRRo+OaX209wFpFYYoaE6Dl2Kj2FuKSYkbziZoKkCI/QgPQ0jVFEhKdmb+XwRCt9GCZcVyzhTP09oVAkxCQKdGeE5FAselPxP6+XyfDKUzROM0liPF8UZgzKBE4zgn3KCZZsognCnOpbIR4iHYrUSVZ0CM7iy8ukXbMc23Luz6v1myKOMjgCx+AUOOAS1MEdaIAWwOARPINX8GY8GS/Gu/Exby0Zxcwh+APj8wd78p7u</latexit><latexit sha1_base64="uA4JRCr6venL/UKg6bmhbZwD/fU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0iKohuh6MZlhb6giWEynbRDJw9mJoUy5Cvc+CtuXCjiVtz5N07bLLT1wIXDOfdy7z1ByqiQtv1tlFZW19Y3ypuVre2d3T1z/6Atkoxj0sIJS3g3QIIwGpOWpJKRbsoJigJGOsHodup3xoQLmsRNOUmJF6FBTEOKkdSSb55hX7ljxNMhhZ38QeXwGrohR1jZVu0iV8rlEWyStrZqee6bVduyZ4DLxClIFRRo+OaX209wFpFYYoaE6Dl2Kj2FuKSYkbziZoKkCI/QgPQ0jVFEhKdmb+XwRCt9GCZcVyzhTP09oVAkxCQKdGeE5FAselPxP6+XyfDKUzROM0liPF8UZgzKBE4zgn3KCZZsognCnOpbIR4iHYrUSVZ0CM7iy8ukXbMc23Luz6v1myKOMjgCx+AUOOAS1MEdaIAWwOARPINX8GY8GS/Gu/Exby0Zxcwh+APj8wd78p7u</latexit>

O'e
<latexit sha1_base64="c4xAzQYjp0Jb40XXrfrrn5zuRpM=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OLNCvYDmhA222m7dLMJu5tCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLww4Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCt4lRSaNGYx7IbEgWcCWhppjl0EwkkCjl0wvFt4XcmIBWLxaOeJuBHZCjYgFGijRTYx15E9IgSnt3nQeZNiExGDEMe2DWn7syAl4lbkhoq0QzsL68f0zQCoSknSvVcJ9F+RqRmlENe9VIFCaFjMoSeoYJEoPxs9kCOz4zSx4NYmhIaz9TfExmJlJpGoekszlWLXiH+5/VSPbj2MyaSVIOg80WDlGMd4yIN3GcSqOZTQwiVzNyK6YhIQrXJrGpCcBdfXibti7rr1N2Hy1rjpoyjgk7QKTpHLrpCDXSHmqiFKMrRM3pFb9aT9WK9Wx/z1hWrnDlCf2B9/gBBsZbQ</latexit><latexit sha1_base64="c4xAzQYjp0Jb40XXrfrrn5zuRpM=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OLNCvYDmhA222m7dLMJu5tCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLww4Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCt4lRSaNGYx7IbEgWcCWhppjl0EwkkCjl0wvFt4XcmIBWLxaOeJuBHZCjYgFGijRTYx15E9IgSnt3nQeZNiExGDEMe2DWn7syAl4lbkhoq0QzsL68f0zQCoSknSvVcJ9F+RqRmlENe9VIFCaFjMoSeoYJEoPxs9kCOz4zSx4NYmhIaz9TfExmJlJpGoekszlWLXiH+5/VSPbj2MyaSVIOg80WDlGMd4yIN3GcSqOZTQwiVzNyK6YhIQrXJrGpCcBdfXibti7rr1N2Hy1rjpoyjgk7QKTpHLrpCDXSHmqiFKMrRM3pFb9aT9WK9Wx/z1hWrnDlCf2B9/gBBsZbQ</latexit><latexit sha1_base64="c4xAzQYjp0Jb40XXrfrrn5zuRpM=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OLNCvYDmhA222m7dLMJu5tCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLww4Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCt4lRSaNGYx7IbEgWcCWhppjl0EwkkCjl0wvFt4XcmIBWLxaOeJuBHZCjYgFGijRTYx15E9IgSnt3nQeZNiExGDEMe2DWn7syAl4lbkhoq0QzsL68f0zQCoSknSvVcJ9F+RqRmlENe9VIFCaFjMoSeoYJEoPxs9kCOz4zSx4NYmhIaz9TfExmJlJpGoekszlWLXiH+5/VSPbj2MyaSVIOg80WDlGMd4yIN3GcSqOZTQwiVzNyK6YhIQrXJrGpCcBdfXibti7rr1N2Hy1rjpoyjgk7QKTpHLrpCDXSHmqiFKMrRM3pFb9aT9WK9Wx/z1hWrnDlCf2B9/gBBsZbQ</latexit><latexit sha1_base64="c4xAzQYjp0Jb40XXrfrrn5zuRpM=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OLNCvYDmhA222m7dLMJu5tCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLww4Uxpx/m2VlbX1jc2K1vV7Z3dvX374LCt4lRSaNGYx7IbEgWcCWhppjl0EwkkCjl0wvFt4XcmIBWLxaOeJuBHZCjYgFGijRTYx15E9IgSnt3nQeZNiExGDEMe2DWn7syAl4lbkhoq0QzsL68f0zQCoSknSvVcJ9F+RqRmlENe9VIFCaFjMoSeoYJEoPxs9kCOz4zSx4NYmhIaz9TfExmJlJpGoekszlWLXiH+5/VSPbj2MyaSVIOg80WDlGMd4yIN3GcSqOZTQwiVzNyK6YhIQrXJrGpCcBdfXibti7rr1N2Hy1rjpoyjgk7QKTpHLrpCDXSHmqiFKMrRM3pFb9aT9WK9Wx/z1hWrnDlCf2B9/gBBsZbQ</latexit>

changes Ze+Re
�
R

<latexit sha1_base64="qxEAHiJFkJhWMYqymBP6/REzLfs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiGVGBF0W3bisYh84HUsmTdvQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gMJh3Pu5d57wpgzbVz32yksLa+srhXXSxubW9s75d29ppaJIrRBJJeqHWJNORO0YZjhtB0riqOQ01Y4us781hNVmklxb8YxDSI8EKzPCDZW8h9o9+7xJPtOu+WKW3WnQIvEy0kFctS75a9OT5IkosIQjrX2PTc2QYqVYYTTSamTaBpjMsID6lsqcER1kE5XnqAjq/RQXyr7hEFT9XdHiiOtx1FoKyNshnrey8T/PD8x/csgZSJODBVkNqifcGQkyu5HPaYoMXxsCSaK2V0RGWKFibEplWwI3vzJi6R5VvXcqnd7Xqld5XEU4QAO4Rg8uIAa3EAdGkBAwjO8wptjnBfn3fmYlRacvGcf/sD5/AEqcZCC</latexit><latexit sha1_base64="qxEAHiJFkJhWMYqymBP6/REzLfs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiGVGBF0W3bisYh84HUsmTdvQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gMJh3Pu5d57wpgzbVz32yksLa+srhXXSxubW9s75d29ppaJIrRBJJeqHWJNORO0YZjhtB0riqOQ01Y4us781hNVmklxb8YxDSI8EKzPCDZW8h9o9+7xJPtOu+WKW3WnQIvEy0kFctS75a9OT5IkosIQjrX2PTc2QYqVYYTTSamTaBpjMsID6lsqcER1kE5XnqAjq/RQXyr7hEFT9XdHiiOtx1FoKyNshnrey8T/PD8x/csgZSJODBVkNqifcGQkyu5HPaYoMXxsCSaK2V0RGWKFibEplWwI3vzJi6R5VvXcqnd7Xqld5XEU4QAO4Rg8uIAa3EAdGkBAwjO8wptjnBfn3fmYlRacvGcf/sD5/AEqcZCC</latexit><latexit sha1_base64="qxEAHiJFkJhWMYqymBP6/REzLfs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiGVGBF0W3bisYh84HUsmTdvQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gMJh3Pu5d57wpgzbVz32yksLa+srhXXSxubW9s75d29ppaJIrRBJJeqHWJNORO0YZjhtB0riqOQ01Y4us781hNVmklxb8YxDSI8EKzPCDZW8h9o9+7xJPtOu+WKW3WnQIvEy0kFctS75a9OT5IkosIQjrX2PTc2QYqVYYTTSamTaBpjMsID6lsqcER1kE5XnqAjq/RQXyr7hEFT9XdHiiOtx1FoKyNshnrey8T/PD8x/csgZSJODBVkNqifcGQkyu5HPaYoMXxsCSaK2V0RGWKFibEplWwI3vzJi6R5VvXcqnd7Xqld5XEU4QAO4Rg8uIAa3EAdGkBAwjO8wptjnBfn3fmYlRacvGcf/sD5/AEqcZCC</latexit><latexit sha1_base64="qxEAHiJFkJhWMYqymBP6/REzLfs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIsgiGVGBF0W3bisYh84HUsmTdvQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gMJh3Pu5d57wpgzbVz32yksLa+srhXXSxubW9s75d29ppaJIrRBJJeqHWJNORO0YZjhtB0riqOQ01Y4us781hNVmklxb8YxDSI8EKzPCDZW8h9o9+7xJPtOu+WKW3WnQIvEy0kFctS75a9OT5IkosIQjrX2PTc2QYqVYYTTSamTaBpjMsID6lsqcER1kE5XnqAjq/RQXyr7hEFT9XdHiiOtx1FoKyNshnrey8T/PD8x/csgZSJODBVkNqifcGQkyu5HPaYoMXxsCSaK2V0RGWKFibEplWwI3vzJi6R5VvXcqnd7Xqld5XEU4QAO4Rg8uIAa3EAdGkBAwjO8wptjnBfn3fmYlRacvGcf/sD5/AEqcZCC</latexit>

vertex 

O
(1)
'l

<latexit sha1_base64="wH+GRy3p9eaKu/IW6fOqAddcDtc=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLoxp0V7AOaWG6mk3bo5MHMpFBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdDyTlLKRNxRSnnVhQCDxO297oOvfbYyoki8J7NYmpG8AgZD4joLTUM4+cANSQAE9vs17qjEHEQ4Z59pBW7dOsZ1asmjUFXiR2QSqoQKNnfjn9iCQBDRXhIGXXtmLlpiAUI5xmZSeRNAYyggHtahpCQKWbTt/I8IlW+tiPhK5Q4an6eyKFQMpJ4OnO/Gg57+Xif143Uf6lm7IwThQNyWyRn3CsIpxngvtMUKL4RBMggulbMRmCAKJ0cmUdgj3/8iJpndVsq2bfnVfqV0UcJXSIjlEV2egC1dENaqAmIugRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w8zkZjr</latexit><latexit sha1_base64="wH+GRy3p9eaKu/IW6fOqAddcDtc=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLoxp0V7AOaWG6mk3bo5MHMpFBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdDyTlLKRNxRSnnVhQCDxO297oOvfbYyoki8J7NYmpG8AgZD4joLTUM4+cANSQAE9vs17qjEHEQ4Z59pBW7dOsZ1asmjUFXiR2QSqoQKNnfjn9iCQBDRXhIGXXtmLlpiAUI5xmZSeRNAYyggHtahpCQKWbTt/I8IlW+tiPhK5Q4an6eyKFQMpJ4OnO/Gg57+Xif143Uf6lm7IwThQNyWyRn3CsIpxngvtMUKL4RBMggulbMRmCAKJ0cmUdgj3/8iJpndVsq2bfnVfqV0UcJXSIjlEV2egC1dENaqAmIugRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w8zkZjr</latexit><latexit sha1_base64="wH+GRy3p9eaKu/IW6fOqAddcDtc=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLoxp0V7AOaWG6mk3bo5MHMpFBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdDyTlLKRNxRSnnVhQCDxO297oOvfbYyoki8J7NYmpG8AgZD4joLTUM4+cANSQAE9vs17qjEHEQ4Z59pBW7dOsZ1asmjUFXiR2QSqoQKNnfjn9iCQBDRXhIGXXtmLlpiAUI5xmZSeRNAYyggHtahpCQKWbTt/I8IlW+tiPhK5Q4an6eyKFQMpJ4OnO/Gg57+Xif143Uf6lm7IwThQNyWyRn3CsIpxngvtMUKL4RBMggulbMRmCAKJ0cmUdgj3/8iJpndVsq2bfnVfqV0UcJXSIjlEV2egC1dENaqAmIugRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w8zkZjr</latexit><latexit sha1_base64="wH+GRy3p9eaKu/IW6fOqAddcDtc=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHqpiQi6LLoxp0V7AOaWG6mk3bo5MHMpFBCVm78FTcuFHHrN7jzb5y0WWjrgQuHc+7l3nu8mDOpLOvbWFpeWV1bL22UN7e2d3bNvf2WjBJBaJNEPBIdDyTlLKRNxRSnnVhQCDxO297oOvfbYyoki8J7NYmpG8AgZD4joLTUM4+cANSQAE9vs17qjEHEQ4Z59pBW7dOsZ1asmjUFXiR2QSqoQKNnfjn9iCQBDRXhIGXXtmLlpiAUI5xmZSeRNAYyggHtahpCQKWbTt/I8IlW+tiPhK5Q4an6eyKFQMpJ4OnO/Gg57+Xif143Uf6lm7IwThQNyWyRn3CsIpxngvtMUKL4RBMggulbMRmCAKJ0cmUdgj3/8iJpndVsq2bfnVfqV0UcJXSIjlEV2egC1dENaqAmIugRPaNX9GY8GS/Gu/Exa10yipkD9AfG5w8zkZjr</latexit>

Ze+Le
�
L

<latexit sha1_base64="ynSKWWyjWIJ/XrblxaJcY9TVS6k=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy5cVLAPnI4lk6ZtaCYZkjtCGfoZblwo4tavceffmGlnoa0HEg7n3Mu994Sx4AZc99spLC2vrK4V10sbm1vbO+XdvaZRiaasQZVQuh0SwwSXrAEcBGvHmpEoFKwVjq4zv/XEtOFK3sM4ZkFEBpL3OSVgJf+BdW8fT7LvtFuuuFV3CrxIvJxUUI56t/zV6SmaREwCFcQY33NjCFKigVPBJqVOYlhM6IgMmG+pJBEzQTpdeYKPrNLDfaXtk4Cn6u+OlETGjKPQVkYEhmbey8T/PD+B/mWQchknwCSdDeonAoPC2f24xzWjIMaWEKq53RXTIdGEgk2pZEPw5k9eJM2zqudWvbvzSu0qj6OIDtAhOkYeukA1dIPqqIEoUugZvaI3B5wX5935mJUWnLxnH/2B8/kDGAuQdg==</latexit><latexit sha1_base64="ynSKWWyjWIJ/XrblxaJcY9TVS6k=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy5cVLAPnI4lk6ZtaCYZkjtCGfoZblwo4tavceffmGlnoa0HEg7n3Mu994Sx4AZc99spLC2vrK4V10sbm1vbO+XdvaZRiaasQZVQuh0SwwSXrAEcBGvHmpEoFKwVjq4zv/XEtOFK3sM4ZkFEBpL3OSVgJf+BdW8fT7LvtFuuuFV3CrxIvJxUUI56t/zV6SmaREwCFcQY33NjCFKigVPBJqVOYlhM6IgMmG+pJBEzQTpdeYKPrNLDfaXtk4Cn6u+OlETGjKPQVkYEhmbey8T/PD+B/mWQchknwCSdDeonAoPC2f24xzWjIMaWEKq53RXTIdGEgk2pZEPw5k9eJM2zqudWvbvzSu0qj6OIDtAhOkYeukA1dIPqqIEoUugZvaI3B5wX5935mJUWnLxnH/2B8/kDGAuQdg==</latexit><latexit sha1_base64="ynSKWWyjWIJ/XrblxaJcY9TVS6k=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy5cVLAPnI4lk6ZtaCYZkjtCGfoZblwo4tavceffmGlnoa0HEg7n3Mu994Sx4AZc99spLC2vrK4V10sbm1vbO+XdvaZRiaasQZVQuh0SwwSXrAEcBGvHmpEoFKwVjq4zv/XEtOFK3sM4ZkFEBpL3OSVgJf+BdW8fT7LvtFuuuFV3CrxIvJxUUI56t/zV6SmaREwCFcQY33NjCFKigVPBJqVOYlhM6IgMmG+pJBEzQTpdeYKPrNLDfaXtk4Cn6u+OlETGjKPQVkYEhmbey8T/PD+B/mWQchknwCSdDeonAoPC2f24xzWjIMaWEKq53RXTIdGEgk2pZEPw5k9eJM2zqudWvbvzSu0qj6OIDtAhOkYeukA1dIPqqIEoUugZvaI3B5wX5935mJUWnLxnH/2B8/kDGAuQdg==</latexit><latexit sha1_base64="ynSKWWyjWIJ/XrblxaJcY9TVS6k=">AAAB8nicbVDLSgMxFM3UV62vqks3wSIIYpkRQZdFNy5cVLAPnI4lk6ZtaCYZkjtCGfoZblwo4tavceffmGlnoa0HEg7n3Mu994Sx4AZc99spLC2vrK4V10sbm1vbO+XdvaZRiaasQZVQuh0SwwSXrAEcBGvHmpEoFKwVjq4zv/XEtOFK3sM4ZkFEBpL3OSVgJf+BdW8fT7LvtFuuuFV3CrxIvJxUUI56t/zV6SmaREwCFcQY33NjCFKigVPBJqVOYlhM6IgMmG+pJBEzQTpdeYKPrNLDfaXtk4Cn6u+OlETGjKPQVkYEhmbey8T/PD+B/mWQchknwCSdDeonAoPC2f24xzWjIMaWEKq53RXTIdGEgk2pZEPw5k9eJM2zqudWvbvzSu0qj6OIDtAhOkYeukA1dIPqqIEoUugZvaI3B5wX5935mJUWnLxnH/2B8/kDGAuQdg==</latexit>

changes vertex 

O'WB
<latexit sha1_base64="DPhhuwOfThWCfFpJixJ0/gBqU4c=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQZelbtxZwT6gCWEynbRDJw9mJoUS4sZfceNCEbf+hTv/xkmbhbYeuHA4517uvcdPOJPKsr6NldW19Y3NylZ1e2d3b988OOzIOBWEtknMY9HzsaScRbStmOK0lwiKQ5/Trj++KfzuhArJ4uhBTRPqhngYsYARrLTkmcdOiNWIYJ7d5V7mTLBIRgx1m7ln1qy6NQNaJnZJalCi5ZlfziAmaUgjRTiWsm9biXIzLBQjnOZVJ5U0wWSMh7SvaYRDKt1s9kGOzrQyQEEsdEUKzdTfExkOpZyGvu4s7pWLXiH+5/VTFVy7GYuSVNGIzBcFKUcqRkUcaMAEJYpPNcFEMH0rIiMsMFE6tKoOwV58eZl0Luq2VbfvL2uNZhlHBU7gFM7BhitowC20oA0EHuEZXuHNeDJejHfjY966YpQzR/AHxucPvpiXDg==</latexit><latexit sha1_base64="DPhhuwOfThWCfFpJixJ0/gBqU4c=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQZelbtxZwT6gCWEynbRDJw9mJoUS4sZfceNCEbf+hTv/xkmbhbYeuHA4517uvcdPOJPKsr6NldW19Y3NylZ1e2d3b988OOzIOBWEtknMY9HzsaScRbStmOK0lwiKQ5/Trj++KfzuhArJ4uhBTRPqhngYsYARrLTkmcdOiNWIYJ7d5V7mTLBIRgx1m7ln1qy6NQNaJnZJalCi5ZlfziAmaUgjRTiWsm9biXIzLBQjnOZVJ5U0wWSMh7SvaYRDKt1s9kGOzrQyQEEsdEUKzdTfExkOpZyGvu4s7pWLXiH+5/VTFVy7GYuSVNGIzBcFKUcqRkUcaMAEJYpPNcFEMH0rIiMsMFE6tKoOwV58eZl0Luq2VbfvL2uNZhlHBU7gFM7BhitowC20oA0EHuEZXuHNeDJejHfjY966YpQzR/AHxucPvpiXDg==</latexit><latexit sha1_base64="DPhhuwOfThWCfFpJixJ0/gBqU4c=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQZelbtxZwT6gCWEynbRDJw9mJoUS4sZfceNCEbf+hTv/xkmbhbYeuHA4517uvcdPOJPKsr6NldW19Y3NylZ1e2d3b988OOzIOBWEtknMY9HzsaScRbStmOK0lwiKQ5/Trj++KfzuhArJ4uhBTRPqhngYsYARrLTkmcdOiNWIYJ7d5V7mTLBIRgx1m7ln1qy6NQNaJnZJalCi5ZlfziAmaUgjRTiWsm9biXIzLBQjnOZVJ5U0wWSMh7SvaYRDKt1s9kGOzrQyQEEsdEUKzdTfExkOpZyGvu4s7pWLXiH+5/VTFVy7GYuSVNGIzBcFKUcqRkUcaMAEJYpPNcFEMH0rIiMsMFE6tKoOwV58eZl0Luq2VbfvL2uNZhlHBU7gFM7BhitowC20oA0EHuEZXuHNeDJejHfjY966YpQzR/AHxucPvpiXDg==</latexit><latexit sha1_base64="DPhhuwOfThWCfFpJixJ0/gBqU4c=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyURQZelbtxZwT6gCWEynbRDJw9mJoUS4sZfceNCEbf+hTv/xkmbhbYeuHA4517uvcdPOJPKsr6NldW19Y3NylZ1e2d3b988OOzIOBWEtknMY9HzsaScRbStmOK0lwiKQ5/Trj++KfzuhArJ4uhBTRPqhngYsYARrLTkmcdOiNWIYJ7d5V7mTLBIRgx1m7ln1qy6NQNaJnZJalCi5ZlfziAmaUgjRTiWsm9biXIzLBQjnOZVJ5U0wWSMh7SvaYRDKt1s9kGOzrQyQEEsdEUKzdTfExkOpZyGvu4s7pWLXiH+5/VTFVy7GYuSVNGIzBcFKUcqRkUcaMAEJYpPNcFEMH0rIiMsMFE6tKoOwV58eZl0Luq2VbfvL2uNZhlHBU7gFM7BhitowC20oA0EHuEZXuHNeDJejHfjY966YpQzR/AHxucPvpiXDg==</latexit>

changes TGC coupling

OW
<latexit sha1_base64="TZCK6Peu5UuydUh1DgaFs/z0AxA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFN+6sYB/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n26qsrW9sblW3azu7e/t1++Cwq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelP4vUcqFYvFg54l1IvwWLCQEayN5Nv1YYT1hGCe3eV+1st9u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXYakZ4TSvDVNFE0ymeEwHhgocUeVl8+A5OjXKCIWxNE9oNFd/b2Q4UmoWBWayiKmWvUL8zxukOrzyMiaSVFNBFofClCMdo6IFNGKSEs1nhmAimcmKyARLTLTpqmZKcJe/vEq6503Xabr3F43WdVlHFY7hBM7AhUtowS20oQMEUniGV3iznqwX6936WIxWrHLnCP7A+vwBMYeTbA==</latexit><latexit sha1_base64="TZCK6Peu5UuydUh1DgaFs/z0AxA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFN+6sYB/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n26qsrW9sblW3azu7e/t1++Cwq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelP4vUcqFYvFg54l1IvwWLCQEayN5Nv1YYT1hGCe3eV+1st9u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXYakZ4TSvDVNFE0ymeEwHhgocUeVl8+A5OjXKCIWxNE9oNFd/b2Q4UmoWBWayiKmWvUL8zxukOrzyMiaSVFNBFofClCMdo6IFNGKSEs1nhmAimcmKyARLTLTpqmZKcJe/vEq6503Xabr3F43WdVlHFY7hBM7AhUtowS20oQMEUniGV3iznqwX6936WIxWrHLnCP7A+vwBMYeTbA==</latexit><latexit sha1_base64="TZCK6Peu5UuydUh1DgaFs/z0AxA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFN+6sYB/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n26qsrW9sblW3azu7e/t1++Cwq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelP4vUcqFYvFg54l1IvwWLCQEayN5Nv1YYT1hGCe3eV+1st9u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXYakZ4TSvDVNFE0ymeEwHhgocUeVl8+A5OjXKCIWxNE9oNFd/b2Q4UmoWBWayiKmWvUL8zxukOrzyMiaSVFNBFofClCMdo6IFNGKSEs1nhmAimcmKyARLTLTpqmZKcJe/vEq6503Xabr3F43WdVlHFY7hBM7AhUtowS20oQMEUniGV3iznqwX6936WIxWrHLnCP7A+vwBMYeTbA==</latexit><latexit sha1_base64="TZCK6Peu5UuydUh1DgaFs/z0AxA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFN+6sYB/QhjCZTtqhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1zgoQzpR3n26qsrW9sblW3azu7e/t1++Cwq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelP4vUcqFYvFg54l1IvwWLCQEayN5Nv1YYT1hGCe3eV+1st9u+E0nTnQKnFL0oASbd/+Go5ikkZUaMKxUgPXSbSXYakZ4TSvDVNFE0ymeEwHhgocUeVl8+A5OjXKCIWxNE9oNFd/b2Q4UmoWBWayiKmWvUL8zxukOrzyMiaSVFNBFofClCMdo6IFNGKSEs1nhmAimcmKyARLTLTpqmZKcJe/vEq6503Xabr3F43WdVlHFY7hBM7AhUtowS20oQMEUniGV3iznqwX6936WIxWrHLnCP7A+vwBMYeTbA==</latexit>

new Lorentz structure

• more ent. in central and backward HE 

• less ent. in central and backward HE 

• small effect

e+e� ! W+W�
<latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit>
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SMEFT entanglement deviations pp ! W+W�
<latexit sha1_base64="5P91g5Q7H3JXCT8LOoNhkpct454=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARBLHsiqDHohePFWy30G5LNs22odkkJFmlLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRdJRrXxvG+nsLS8srpWXC9tbG5t77i7ew0tUoVJHQsmVDNCmjDKSd1Qw0hTKoKSiJEgGt5M/OCBKE0FvzcjScIE9TmNKUbGSl33QErYVrQ/MEgp8QiDzmnQOeu6Za/iTQEXiZ+TMshR67pf7Z7AaUK4wQxp3fI9acIMKUMxI+NSO9VEIjxEfdKylKOE6DCbnj+Gx1bpwVgoW9zAqfp7IkOJ1qMksp0JMgM9703E/7xWauKrMKNcpoZwPFsUpwwaASdZwB5VBBs2sgRhRe2tEA+QQtjYxEo2BH/+5UXSOK/4XsW/uyhXr/M4iuAQHIET4INLUAW3oAbqAIMMPINX8OY8OS/Ou/Mxay04+cw++APn8wdFcJUE</latexit><latexit sha1_base64="5P91g5Q7H3JXCT8LOoNhkpct454=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARBLHsiqDHohePFWy30G5LNs22odkkJFmlLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRdJRrXxvG+nsLS8srpWXC9tbG5t77i7ew0tUoVJHQsmVDNCmjDKSd1Qw0hTKoKSiJEgGt5M/OCBKE0FvzcjScIE9TmNKUbGSl33QErYVrQ/MEgp8QiDzmnQOeu6Za/iTQEXiZ+TMshR67pf7Z7AaUK4wQxp3fI9acIMKUMxI+NSO9VEIjxEfdKylKOE6DCbnj+Gx1bpwVgoW9zAqfp7IkOJ1qMksp0JMgM9703E/7xWauKrMKNcpoZwPFsUpwwaASdZwB5VBBs2sgRhRe2tEA+QQtjYxEo2BH/+5UXSOK/4XsW/uyhXr/M4iuAQHIET4INLUAW3oAbqAIMMPINX8OY8OS/Ou/Mxay04+cw++APn8wdFcJUE</latexit><latexit sha1_base64="5P91g5Q7H3JXCT8LOoNhkpct454=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARBLHsiqDHohePFWy30G5LNs22odkkJFmlLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRdJRrXxvG+nsLS8srpWXC9tbG5t77i7ew0tUoVJHQsmVDNCmjDKSd1Qw0hTKoKSiJEgGt5M/OCBKE0FvzcjScIE9TmNKUbGSl33QErYVrQ/MEgp8QiDzmnQOeu6Za/iTQEXiZ+TMshR67pf7Z7AaUK4wQxp3fI9acIMKUMxI+NSO9VEIjxEfdKylKOE6DCbnj+Gx1bpwVgoW9zAqfp7IkOJ1qMksp0JMgM9703E/7xWauKrMKNcpoZwPFsUpwwaASdZwB5VBBs2sgRhRe2tEA+QQtjYxEo2BH/+5UXSOK/4XsW/uyhXr/M4iuAQHIET4INLUAW3oAbqAIMMPINX8OY8OS/Ou/Mxay04+cw++APn8wdFcJUE</latexit><latexit sha1_base64="5P91g5Q7H3JXCT8LOoNhkpct454=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARBLHsiqDHohePFWy30G5LNs22odkkJFmlLAX/ihcPinj1d3jz35i2e9DWBwOP92aYmRdJRrXxvG+nsLS8srpWXC9tbG5t77i7ew0tUoVJHQsmVDNCmjDKSd1Qw0hTKoKSiJEgGt5M/OCBKE0FvzcjScIE9TmNKUbGSl33QErYVrQ/MEgp8QiDzmnQOeu6Za/iTQEXiZ+TMshR67pf7Z7AaUK4wQxp3fI9acIMKUMxI+NSO9VEIjxEfdKylKOE6DCbnj+Gx1bpwVgoW9zAqfp7IkOJ1qMksp0JMgM9703E/7xWauKrMKNcpoZwPFsUpwwaASdZwB5VBBs2sgRhRe2tEA+QQtjYxEo2BH/+5UXSOK/4XsW/uyhXr/M4iuAQHIET4INLUAW3oAbqAIMMPINX8OY8OS/Ou/Mxay04+cw++APn8wdFcJUE</latexit>

SM

Similar balance changes 

for hadron collider.
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SMEFT entanglement deviations: Central region

linear+squared dim-6 Linear dim-6

mWW = 500GeV cos ✓ = 0
<latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="t+8Ij7yXj6MhO39bm9IcqIfMD48=">AAACCnicbZDLSgMxFIbPeLfeqls3wSK4kJIRRDeC4EKXCvYCnVIy6WkbmrmYnBHL0Jdw46u4caGID+DOtzGtXWjrD4GP/084OX+YamWJ8y9vbn5hcWl5ZbWwtr6xuVXcXq/aJDMSKzLRiamHwqJWMVZIkcZ6alBEocZa2L8Y5bV7NFYl8S0NUmxGohurjpKCnNUqHkatvFYbsjN2zHlwyALCB8ovsToM7jLRZoFMbEA9JMHOeKtY4mU+FpsFfwIlmOi6VfwM2onMIoxJamFtw+cpNXNhSEmNw0KQWUyF7IsuNhzGIkLbzMdbDdm+c9qskxh3YmJj9/eLXETWDqLQ3YwE9ex0NjL/yxoZdU6buYrTjDCWP4M6mWaUsFFFrK0MStIDB0Ia5f7KZE8YIckVWXAl+NMrz0L1qOzzsn/DYQV2YQ8OwIcTOIcruIYKSHiEZ3iFN+/Je/Hef+qa8ya97cAfeR/fM4Ob8Q==</latexit><latexit sha1_base64="t+8Ij7yXj6MhO39bm9IcqIfMD48=">AAACCnicbZDLSgMxFIbPeLfeqls3wSK4kJIRRDeC4EKXCvYCnVIy6WkbmrmYnBHL0Jdw46u4caGID+DOtzGtXWjrD4GP/084OX+YamWJ8y9vbn5hcWl5ZbWwtr6xuVXcXq/aJDMSKzLRiamHwqJWMVZIkcZ6alBEocZa2L8Y5bV7NFYl8S0NUmxGohurjpKCnNUqHkatvFYbsjN2zHlwyALCB8ovsToM7jLRZoFMbEA9JMHOeKtY4mU+FpsFfwIlmOi6VfwM2onMIoxJamFtw+cpNXNhSEmNw0KQWUyF7IsuNhzGIkLbzMdbDdm+c9qskxh3YmJj9/eLXETWDqLQ3YwE9ex0NjL/yxoZdU6buYrTjDCWP4M6mWaUsFFFrK0MStIDB0Ia5f7KZE8YIckVWXAl+NMrz0L1qOzzsn/DYQV2YQ8OwIcTOIcruIYKSHiEZ3iFN+/Je/Hef+qa8ya97cAfeR/fM4Ob8Q==</latexit><latexit sha1_base64="BH6sZWRSyhs/d1S+eUAnFfB9ocU=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBA8SJgVRC+C6EGPEcwDskuYnXTM4OzDmV4xLPkJL/6KFw+KeBW8+TdOkj1oYkFDUdVNd1eQKGmQsW9nZnZufmGxsFRcXlldWy9tbNZNnGoBNRGrWDcDbkDJCGooUUEz0cDDQEEjuD0f+o170EbG0TX2E/BDfhPJrhQcrdQu7YftrNEY0BN6yJi3Tz2EB8wuoD7w7lLeoZ6IjYc9QE5PWLtUZhU2Ap0mbk7KJEe1XfryOrFIQ4hQKG5My2UJ+hnXKIWCQdFLDSRc3PIbaFka8RCMn42+GtBdq3RoN9a2IqQj9fdExkNj+mFgO0OOPTPpDcX/vFaK3WM/k1GSIkRivKibKooxHUZEO1KDQNW3hAst7a1U9LjmAm2QRRuCO/nyNKkfVFxWca9Y+fQsj6NAtskO2SMuOSKn5JJUSY0I8kieySt5c56cF+fd+Ri3zjj5zBb5A+fzB/PanW0=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit><latexit sha1_base64="LZoXVJP5kOmLtn3Om6VqumI5gVc=">AAACFXicbVDJSgNBEO1xN25Rj14ag+BBQo8oegmIHvQYwSyQGYaeTsU09ix214hhyE948Ve8eFDEq+DNv7GzHNT4oODxXhVV9cJUSYOMfTlT0zOzc/MLi4Wl5ZXVteL6Rt0kmRZQE4lKdDPkBpSMoYYSFTRTDTwKFTTCm7OB37gDbWQSX2EvBT/i17HsSMHRSkFxLwryRqNPK/SQMW+Pegj3mJ9Dve/dZrxNPZEYD7uAnFZYUCyxMhuCThJ3TEpkjGpQ/PTaicgiiFEobkzLZSn6OdcohYJ+wcsMpFzc8GtoWRrzCIyfD7/q0x2rtGkn0bZipEP150TOI2N6UWg7I45d89cbiP95rQw7x34u4zRDiMVoUSdTFBM6iIi2pQaBqmcJF1raW6nocs0F2iALNgT378uTpL5fdlnZvTwonZyO41ggW2Sb7BKXHJETckGqpEYEeSBP5IW8Oo/Os/PmvI9ap5zxzCb5BefjG/UanXE=</latexit>
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EW boson production at colliders

WW:

ZZ: WZ:
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EW boson production at colliders e+e� ! ZZ
<latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit>

SM
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EW boson production at colliders e+e� ! ZZ
<latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit>

SM

me ! 0
<latexit sha1_base64="JMBRYmDyJi6OQdczp/NpSFhj8DM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6LLoxmUF2wpNCJPJTTt08mBmopSQnRt/xY0LRdz6C+78G6dpFtp64MLhnHtn7j1+yplUlvVt1JaWV1bX6uuNjc2t7R1zd68nk0xQ6NKEJ+LOJxI4i6GrmOJwlwogkc+h74+vpn7/HoRkSXyrJim4ERnGLGSUKC155mHulI/kAoICRx44gg1HigiRPGCr8Mym1bJK4EViV6SJKnQ888sJEppFECvKiZQD20qVmxOhGOVQNJxMQkromAxhoGlMIpBuXq5Q4GOtBDhMhK5Y4VL9PZGTSMpJ5OvOiKiRnPem4n/eIFPhhZuzOM0UxHT2UZhxrBI8DQUHTABVfKIJoYLpXTEdEUGo0tE1dAj2/MmLpHfasq2WfXPWbF9WcdTRATpCJ8hG56iNrlEHdRFFj+gZvaI348l4Md6Nj1lrzahm9tEfGJ8/n9CZww==</latexit><latexit sha1_base64="JMBRYmDyJi6OQdczp/NpSFhj8DM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6LLoxmUF2wpNCJPJTTt08mBmopSQnRt/xY0LRdz6C+78G6dpFtp64MLhnHtn7j1+yplUlvVt1JaWV1bX6uuNjc2t7R1zd68nk0xQ6NKEJ+LOJxI4i6GrmOJwlwogkc+h74+vpn7/HoRkSXyrJim4ERnGLGSUKC155mHulI/kAoICRx44gg1HigiRPGCr8Mym1bJK4EViV6SJKnQ888sJEppFECvKiZQD20qVmxOhGOVQNJxMQkromAxhoGlMIpBuXq5Q4GOtBDhMhK5Y4VL9PZGTSMpJ5OvOiKiRnPem4n/eIFPhhZuzOM0UxHT2UZhxrBI8DQUHTABVfKIJoYLpXTEdEUGo0tE1dAj2/MmLpHfasq2WfXPWbF9WcdTRATpCJ8hG56iNrlEHdRFFj+gZvaI348l4Md6Nj1lrzahm9tEfGJ8/n9CZww==</latexit><latexit sha1_base64="JMBRYmDyJi6OQdczp/NpSFhj8DM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6LLoxmUF2wpNCJPJTTt08mBmopSQnRt/xY0LRdz6C+78G6dpFtp64MLhnHtn7j1+yplUlvVt1JaWV1bX6uuNjc2t7R1zd68nk0xQ6NKEJ+LOJxI4i6GrmOJwlwogkc+h74+vpn7/HoRkSXyrJim4ERnGLGSUKC155mHulI/kAoICRx44gg1HigiRPGCr8Mym1bJK4EViV6SJKnQ888sJEppFECvKiZQD20qVmxOhGOVQNJxMQkromAxhoGlMIpBuXq5Q4GOtBDhMhK5Y4VL9PZGTSMpJ5OvOiKiRnPem4n/eIFPhhZuzOM0UxHT2UZhxrBI8DQUHTABVfKIJoYLpXTEdEUGo0tE1dAj2/MmLpHfasq2WfXPWbF9WcdTRATpCJ8hG56iNrlEHdRFFj+gZvaI348l4Md6Nj1lrzahm9tEfGJ8/n9CZww==</latexit><latexit sha1_base64="JMBRYmDyJi6OQdczp/NpSFhj8DM=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6LLoxmUF2wpNCJPJTTt08mBmopSQnRt/xY0LRdz6C+78G6dpFtp64MLhnHtn7j1+yplUlvVt1JaWV1bX6uuNjc2t7R1zd68nk0xQ6NKEJ+LOJxI4i6GrmOJwlwogkc+h74+vpn7/HoRkSXyrJim4ERnGLGSUKC155mHulI/kAoICRx44gg1HigiRPGCr8Mym1bJK4EViV6SJKnQ888sJEppFECvKiZQD20qVmxOhGOVQNJxMQkromAxhoGlMIpBuXq5Q4GOtBDhMhK5Y4VL9PZGTSMpJ5OvOiKiRnPem4n/eIFPhhZuzOM0UxHT2UZhxrBI8DQUHTABVfKIJoYLpXTEdEUGo0tE1dAj2/MmLpHfasq2WfXPWbF9WcdTRATpCJ8hG56iNrlEHdRFFj+gZvaI348l4Md6Nj1lrzahm9tEfGJ8/n9CZww==</latexit>

SMEFT just change the balance

between RH and LH couplings

effects are reduced in pp ! ZZ
<latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit>
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Perturbative Unitarity and Entanglement
The density matrix (and angular observables) are sensitive to new directions

e+e� ! W+W�
<latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit>
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Perturbative Unitarity and Entanglement

e+e� ! W+W�
<latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit><latexit sha1_base64="uwHAk3AUasF34IO5eVU2M3W84XQ=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCUFoSEfRY9OKxgm0KbVI220m7dPPB7kYpoXjxr3jxoIhXf4U3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tFzaKm1vbO7vm3n5Txqmg0KAxj0XLJxI4i6ChmOLQSgSQ0Ofg+MPrie/cg5Asju7UKAE3JP2IBYwSpaWueQheGbwK7gjWHygiRPyAHa/seJWuWbKq1hR4kdg5KaEc9a751enFNA0hUpQTKdu2lSg3I0IxymFc7KQSEkKHpA9tTSMSgnSz6QtjfKKVHg5ioStSeKr+nshIKOUo9HVnSNRAznsT8T+vnarg0s1YlKQKIjpbFKQcqxhP8sA9JoAqPtKEUMH0rZgOiCBU6dSKOgR7/uVF0jyr2lbVvj0v1a7yOAroCB2jU2SjC1RDN6iOGoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/csKWKg==</latexit>

Ã(OW ) ⇠ 0
<latexit sha1_base64="ZKY5u4ls7kUF2Y3UQjqDG54luTI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi6rbtxZwT6gCWEymbRDZ5IwMxFKyNKNv+LGhSJu/QR3/o2TNgttPXDhcM693HuPnzAqlWV9G5Wl5ZXVtep6bWNza3vH3N3ryjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fXxd+74EISePoXk0S4nI0jGhIMVJa8sxDR1EWkOwybzgcqRFGLLvNvd4JdCTl0PLMutW0poCLxC5JHZRoe+aXE8Q45SRSmCEpB7aVKDdDQlHMSF5zUkkShMdoSAaaRogT6WbTR3J4rJUAhrHQFSk4VX9PZIhLOeG+7iyOlfNeIf7nDVIVXrgZjZJUkQjPFoUpgyqGRSowoIJgxSaaICyovhXiERIIK51dTYdgz7+8SLqnTdtq2ndn9dZVGUcVHIAj0AA2OActcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AcFGmSE=</latexit><latexit sha1_base64="ZKY5u4ls7kUF2Y3UQjqDG54luTI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi6rbtxZwT6gCWEymbRDZ5IwMxFKyNKNv+LGhSJu/QR3/o2TNgttPXDhcM693HuPnzAqlWV9G5Wl5ZXVtep6bWNza3vH3N3ryjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fXxd+74EISePoXk0S4nI0jGhIMVJa8sxDR1EWkOwybzgcqRFGLLvNvd4JdCTl0PLMutW0poCLxC5JHZRoe+aXE8Q45SRSmCEpB7aVKDdDQlHMSF5zUkkShMdoSAaaRogT6WbTR3J4rJUAhrHQFSk4VX9PZIhLOeG+7iyOlfNeIf7nDVIVXrgZjZJUkQjPFoUpgyqGRSowoIJgxSaaICyovhXiERIIK51dTYdgz7+8SLqnTdtq2ndn9dZVGUcVHIAj0AA2OActcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AcFGmSE=</latexit><latexit sha1_base64="ZKY5u4ls7kUF2Y3UQjqDG54luTI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi6rbtxZwT6gCWEymbRDZ5IwMxFKyNKNv+LGhSJu/QR3/o2TNgttPXDhcM693HuPnzAqlWV9G5Wl5ZXVtep6bWNza3vH3N3ryjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fXxd+74EISePoXk0S4nI0jGhIMVJa8sxDR1EWkOwybzgcqRFGLLvNvd4JdCTl0PLMutW0poCLxC5JHZRoe+aXE8Q45SRSmCEpB7aVKDdDQlHMSF5zUkkShMdoSAaaRogT6WbTR3J4rJUAhrHQFSk4VX9PZIhLOeG+7iyOlfNeIf7nDVIVXrgZjZJUkQjPFoUpgyqGRSowoIJgxSaaICyovhXiERIIK51dTYdgz7+8SLqnTdtq2ndn9dZVGUcVHIAj0AA2OActcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AcFGmSE=</latexit><latexit sha1_base64="ZKY5u4ls7kUF2Y3UQjqDG54luTI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoigi6rbtxZwT6gCWEymbRDZ5IwMxFKyNKNv+LGhSJu/QR3/o2TNgttPXDhcM693HuPnzAqlWV9G5Wl5ZXVtep6bWNza3vH3N3ryjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fXxd+74EISePoXk0S4nI0jGhIMVJa8sxDR1EWkOwybzgcqRFGLLvNvd4JdCTl0PLMutW0poCLxC5JHZRoe+aXE8Q45SRSmCEpB7aVKDdDQlHMSF5zUkkShMdoSAaaRogT6WbTR3J4rJUAhrHQFSk4VX9PZIhLOeG+7iyOlfNeIf7nDVIVXrgZjZJUkQjPFoUpgyqGRSowoIJgxSaaICyovhXiERIIK51dTYdgz7+8SLqnTdtq2ndn9dZVGUcVHIAj0AA2OActcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AcFGmSE=</latexit>

Cross-sectionNo interference!

The density matrix (and angular observables) are sensitive to new directions
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Perturbative Unitarity and Entanglement

The spin-density matrix 

has different helicity products

Entanglement is sensitive

to off-diagonal contractions

Recovers the energy growth!
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Conclusions

SM induces maximal entanglement points/regions in ttbar

Purely linear interference SMEFT effects vanish in these regions! 

Quadratic interference decreases the entanglement at these points 

Missing dim-8 linear interference and double-insertions at O(⇤�4)



62

Conclusions

SM induces maximal entanglement points/regions in ttbar

Purely linear interference SMEFT effects vanish in these regions! 

Quadratic interference decreases the entanglement at these points 

Missing dim-8 linear interference and double-insertions at O(⇤�4)

Diboson production: Qutrits           Entanglement measures are more subtle

e+e� ! W+W�, pp ! W+W�
<latexit sha1_base64="5KtFVucPO5XLT2rp/g1CL7G4TdQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARBG1JVNBl0Y3LCrYptGmZTE/aoZMLMxOlhD6IG1/FjQtF3LgQfBunbRba9oeBn++cw5nzezFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29uowSQaFGIx6JhkckcBZCTTHFoRELIIHHwfEGN+O68wBCsii8V8MY3ID0QuYzSpRGHfMc2icY2iXcEqzXV0SI6BE7mjnt0imO40W8YxatsjURnjd2ZoooU7VjfrW6EU0CCBXlRMqmbcXKTYlQjHIYFVqJhJjQAelBU9uQBCDddHLcCB9p0sV+JPQLFZ7QvxMpCaQcBp7uDIjqy9naGC6qNRPlX7kpC+NEQUini/yEYxXhcVK4ywRQxYfaECqY/iumfSIIVTrPgg7Bnj153tTPyrZVtu8uipXrLI48OkCH6BjZ6BJV0C2qohqi6Am9oDf0bjwbr8aH8TltzRnZzD76J+P7F+amn2E=</latexit><latexit sha1_base64="5KtFVucPO5XLT2rp/g1CL7G4TdQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARBG1JVNBl0Y3LCrYptGmZTE/aoZMLMxOlhD6IG1/FjQtF3LgQfBunbRba9oeBn++cw5nzezFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29uowSQaFGIx6JhkckcBZCTTHFoRELIIHHwfEGN+O68wBCsii8V8MY3ID0QuYzSpRGHfMc2icY2iXcEqzXV0SI6BE7mjnt0imO40W8YxatsjURnjd2ZoooU7VjfrW6EU0CCBXlRMqmbcXKTYlQjHIYFVqJhJjQAelBU9uQBCDddHLcCB9p0sV+JPQLFZ7QvxMpCaQcBp7uDIjqy9naGC6qNRPlX7kpC+NEQUini/yEYxXhcVK4ywRQxYfaECqY/iumfSIIVTrPgg7Bnj153tTPyrZVtu8uipXrLI48OkCH6BjZ6BJV0C2qohqi6Am9oDf0bjwbr8aH8TltzRnZzD76J+P7F+amn2E=</latexit><latexit sha1_base64="5KtFVucPO5XLT2rp/g1CL7G4TdQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARBG1JVNBl0Y3LCrYptGmZTE/aoZMLMxOlhD6IG1/FjQtF3LgQfBunbRba9oeBn++cw5nzezFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29uowSQaFGIx6JhkckcBZCTTHFoRELIIHHwfEGN+O68wBCsii8V8MY3ID0QuYzSpRGHfMc2icY2iXcEqzXV0SI6BE7mjnt0imO40W8YxatsjURnjd2ZoooU7VjfrW6EU0CCBXlRMqmbcXKTYlQjHIYFVqJhJjQAelBU9uQBCDddHLcCB9p0sV+JPQLFZ7QvxMpCaQcBp7uDIjqy9naGC6qNRPlX7kpC+NEQUini/yEYxXhcVK4ywRQxYfaECqY/iumfSIIVTrPgg7Bnj153tTPyrZVtu8uipXrLI48OkCH6BjZ6BJV0C2qohqi6Am9oDf0bjwbr8aH8TltzRnZzD76J+P7F+amn2E=</latexit><latexit sha1_base64="5KtFVucPO5XLT2rp/g1CL7G4TdQ=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARBG1JVNBl0Y3LCrYptGmZTE/aoZMLMxOlhD6IG1/FjQtF3LgQfBunbRba9oeBn++cw5nzezFnUlnWj5FbWl5ZXcuvFzY2t7Z3zN29uowSQaFGIx6JhkckcBZCTTHFoRELIIHHwfEGN+O68wBCsii8V8MY3ID0QuYzSpRGHfMc2icY2iXcEqzXV0SI6BE7mjnt0imO40W8YxatsjURnjd2ZoooU7VjfrW6EU0CCBXlRMqmbcXKTYlQjHIYFVqJhJjQAelBU9uQBCDddHLcCB9p0sV+JPQLFZ7QvxMpCaQcBp7uDIjqy9naGC6qNRPlX7kpC+NEQUini/yEYxXhcVK4ywRQxYfaECqY/iumfSIIVTrPgg7Bnj153tTPyrZVtu8uipXrLI48OkCH6BjZ6BJV0C2qohqi6Am9oDf0bjwbr8aH8TltzRnZzD76J+P7F+amn2E=</latexit>

pp ! WZ
<latexit sha1_base64="JnXvSzOE0IXunYQjjjjf/yo+glE=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwVHZF0GPRi8cK9gPbpWTTbBuaTUIyq5bSv+LFgyJe/SPe/Dem7R609cHA470ZZubFWnALQfDtrayurW9sFraK2zu7e/v+QalhVWYoq1MllGnFxDLBJasDB8Fa2jCSxoI14+H11G8+MGO5kncw0ixKSV/yhFMCTur6Ja1xx/D+AIgx6hE38X3XLweVYAa8TMKclFGOWtf/6vQUzVImgQpibTsMNERjYoBTwSbFTmaZJnRI+qztqCQps9F4dvsEnzilhxNlXEnAM/X3xJik1o7S2HWmBAZ20ZuK/3ntDJLLaMylzoBJOl+UZAKDwtMgcI8bRkGMHCHUcHcrpgNiCAUXV9GFEC6+vEwaZ5UwqIS35+XqVR5HAR2hY3SKQnSBqugG1VAdUfSEntErevMm3ov37n3MW1e8fOYQ/YH3+QNTYJP1</latexit><latexit sha1_base64="JnXvSzOE0IXunYQjjjjf/yo+glE=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwVHZF0GPRi8cK9gPbpWTTbBuaTUIyq5bSv+LFgyJe/SPe/Dem7R609cHA470ZZubFWnALQfDtrayurW9sFraK2zu7e/v+QalhVWYoq1MllGnFxDLBJasDB8Fa2jCSxoI14+H11G8+MGO5kncw0ixKSV/yhFMCTur6Ja1xx/D+AIgx6hE38X3XLweVYAa8TMKclFGOWtf/6vQUzVImgQpibTsMNERjYoBTwSbFTmaZJnRI+qztqCQps9F4dvsEnzilhxNlXEnAM/X3xJik1o7S2HWmBAZ20ZuK/3ntDJLLaMylzoBJOl+UZAKDwtMgcI8bRkGMHCHUcHcrpgNiCAUXV9GFEC6+vEwaZ5UwqIS35+XqVR5HAR2hY3SKQnSBqugG1VAdUfSEntErevMm3ov37n3MW1e8fOYQ/YH3+QNTYJP1</latexit><latexit sha1_base64="JnXvSzOE0IXunYQjjjjf/yo+glE=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwVHZF0GPRi8cK9gPbpWTTbBuaTUIyq5bSv+LFgyJe/SPe/Dem7R609cHA470ZZubFWnALQfDtrayurW9sFraK2zu7e/v+QalhVWYoq1MllGnFxDLBJasDB8Fa2jCSxoI14+H11G8+MGO5kncw0ixKSV/yhFMCTur6Ja1xx/D+AIgx6hE38X3XLweVYAa8TMKclFGOWtf/6vQUzVImgQpibTsMNERjYoBTwSbFTmaZJnRI+qztqCQps9F4dvsEnzilhxNlXEnAM/X3xJik1o7S2HWmBAZ20ZuK/3ntDJLLaMylzoBJOl+UZAKDwtMgcI8bRkGMHCHUcHcrpgNiCAUXV9GFEC6+vEwaZ5UwqIS35+XqVR5HAR2hY3SKQnSBqugG1VAdUfSEntErevMm3ov37n3MW1e8fOYQ/YH3+QNTYJP1</latexit><latexit sha1_base64="JnXvSzOE0IXunYQjjjjf/yo+glE=">AAAB+3icbVBNSwMxEM36WevXWo9egkXwVHZF0GPRi8cK9gPbpWTTbBuaTUIyq5bSv+LFgyJe/SPe/Dem7R609cHA470ZZubFWnALQfDtrayurW9sFraK2zu7e/v+QalhVWYoq1MllGnFxDLBJasDB8Fa2jCSxoI14+H11G8+MGO5kncw0ixKSV/yhFMCTur6Ja1xx/D+AIgx6hE38X3XLweVYAa8TMKclFGOWtf/6vQUzVImgQpibTsMNERjYoBTwSbFTmaZJnRI+qztqCQps9F4dvsEnzilhxNlXEnAM/X3xJik1o7S2HWmBAZ20ZuK/3ntDJLLaMylzoBJOl+UZAKDwtMgcI8bRkGMHCHUcHcrpgNiCAUXV9GFEC6+vEwaZ5UwqIS35+XqVR5HAR2hY3SKQnSBqugG1VAdUfSEntErevMm3ov37n3MW1e8fOYQ/YH3+QNTYJP1</latexit>

and are sensitive to dim-6 modifications 

e+e� ! ZZ
<latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit><latexit sha1_base64="EOjPbCTvQr91xsfKbDZaZdMKMd4=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBLEkIuix6MVjBftB27RstpN26SYbdjdKCQX/ihcPinj1d3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF392pKJJJClQouZMMnCjiLoKqZ5tCIJZDQ51D3hzcTv/4AUjER3etRDF5I+hELGCXaSF37ADqn0DnDbcn6A02kFI+42ezaRafkTIEXiZuRIspQ6dpf7Z6gSQiRppwo1XKdWHspkZpRDuNCO1EQEzokfWgZGpEQlJdOzx/jY6P0cCCkqUjjqfp7IiWhUqPQN50h0QM1703E/7xWooMrL2VRnGiI6GxRkHCsBZ5kgXtMAtV8ZAihkplbMR0QSag2iRVMCO78y4ukdl5ynZJ7d1EsX2dx5NEhOkInyEWXqIxuUQVVEUUpekav6M16sl6sd+tj1pqzspl99AfW5w8lSpT0</latexit>

pp ! ZZ
<latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit><latexit sha1_base64="TYF1zEEEflQYwbNwhdMeahNjIPM=">AAAB+nicbVBNSwMxEJ31s9avrR69BIvgqeyKoMeiF48V7Adtl5JNs21oNhuSrKWs/SlePCji1V/izX9j2u5BWx8MPN6bYWZeKDnTxvO+nbX1jc2t7cJOcXdv/+DQLR01dJIqQusk4YlqhVhTzgStG2Y4bUlFcRxy2gxHtzO/+UiVZol4MBNJgxgPBIsYwcZKPbckJeoqNhgarFQyRu12zy17FW8OtEr8nJQhR63nfnX7CUljKgzhWOuO70kTZFgZRjidFrupphKTER7QjqUCx1QH2fz0KTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQLAfUZ4oSwyeWYKKYvRWRIVaYGJtW0YbgL7+8ShoXFd+r+PeX5epNHkcBTuAUzsGHK6jCHdSgDgTG8Ayv8OY8OS/Ou/OxaF1z8plj+APn8wf8AZPO</latexit>

while and are less (but potentially for dim-8)




