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key insight: entanglement depends on the kinematical region

 A.Tornqvist,
``Suggestion for Einstein-Podolsky-Rosen Experiments Using Reactions Like $e^+ e^- \to \Lambda \bar{\Lambda} \to \pi^- p \pi^+ \bar{p}$,''
Found. Phys. 11 (1981)  171

Y. Afik and J. R. M. de Nova,
``Entanglement and quantum tomography with top quarks at the LHC,''
Eur. Phys. J. Plus 136 (2021) 907 [arXiv:2003.02280 [quant-ph]]
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<latexit sha1_base64="S5qC+hnQexIVyvzvav1eiFhniOM=">AAACJXicbZDLSgMxFIYz9VbrbdSlm2ARKmiZqUVdKBS7cVnBXmBmKJlMpg3NXEgyYil9GTe+ihsXFhFc+Sqm7Vi09YfAx3/OSXJ+N2ZUSMP41DJLyyura9n13Mbm1vaOvrvXEFHCManjiEW85SJBGA1JXVLJSCvmBAUuI023Vx3Xmw+ECxqF97IfEydAnZD6FCOprLZ+VbVs3o0ceA3tAD3CAjROoM3UBR5qm6c/VJrR2YzKx209bxSNieAimCnkQapaWx/ZXoSTgIQSMySEZRqxdAaIS4oZGebsRJAY4R7qEEthiAIinMFkyyE8Uo4H/YirE0o4cX9PDFAgRD9wVWeAZFfM18bmfzUrkf6lM6BhnEgS4ulDfsKgjOA4MuhRTrBkfQUIc6r+CnEXcYSlCjanQjDnV16ERqlonhfLd+V85SaNIwsOwCEoABNcgAq4BTVQBxg8gRfwBkbas/aqvWsf09aMls7sgz/Svr4BF0qimQ==</latexit>

C[⇢] = max(0,�1 � �2 � �3 � �4)

<latexit sha1_base64="7pnr6/dqg+MbYQj8nDLB8cIweVM=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh2IsXoUK/oF1LNs22odnsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDaO841yK6tr6xv5zcLW9s7uXnH/oKmjRFHWoJGIVNsnmgkuWcNwI1g7VoyEvmAtf1Sd+q0npjSPZN2MY+aFZCB5wCkxVmrfXePqQx1Xe8WSU3ZmwMvEzUgJMtR6xa9uP6JJyKShgmjdcZ3YeClRhlPBJoVuollM6IgMWMdSSUKmvXR27wSfWKWPg0jZkgbP1N8TKQm1Hoe+7QyJGepFbyr+53USE1x5KZdxYpik80VBIrCJ8PR53OeKUSPGlhCquL0V0yFRhBobUcGG4C6+vEyaZ2X3onx+f16q3GRx5OEIjuEUXLiECtxCDRpAQcAzvMIbekQv6B19zFtzKJs5hD9Anz9ICI7V</latexit>

M = CTC
<latexit sha1_base64="oIbV2+lBJVjeONJliZxxHtJXEEM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuKeqx6MVjBfuB7bJk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E49uZ33miSrNYPphJQn2Bh5JFjGBjpUcReOgCiaCGgnLFrbpzoFXi5aQCOZpB+as/iEkqqDSEY617npsYP8PKMMLptNRPNU0wGeMh7VkqsaDaz+YXT9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66UmuvYzJpPUUEkWi6KUIxOj2ftowBQlhk8swUQxeysiI6wwMTakkg3BW355lbRrVe+yWr+vVxo3eRxFOIFTOAcPrqABd9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwBfaI9t</latexit>

m1 +m2

JF. Clauser, M.A. Horne, A. Shimony and R.A. Holt,
Phys. Rev. Lett. 23 (1969) 880

R. Horodecki et al., Phys. Lett. A200 (1995) 340.

observables

(best for Bell inequalities)

(concurrence)
<latexit sha1_base64="J+eEtATQ6VI0X+DExMsspZOh+As=">AAACNnicfVDLSsNAFJ3UV62vqEs3g0WoIiUpRV0W3bgRKtgHNLFMppN26CQTZiZCCf0qN36Hu25cKOLWT3DSRtBWPDBwOOdc7tzjRYxKZVkTI7e0vLK6ll8vbGxube+Yu3tNyWOBSQNzxkXbQ5IwGpKGooqRdiQICjxGWt7wKvVbD0RIysM7NYqIG6B+SH2KkdJS17xxxIBD5xTCkiNpP0DdCnS4ogGR8Fs4Tv00d3+Ssn+CXbNola0p4CKxM1IEGepd89npcRwHJFSYISk7thUpN0FCUczIuODEkkQID1GfdDQNkV7nJtOzx/BIKz3oc6FfqOBU/TmRoEDKUeDpZIDUQM57qfiX14mVf+EmNIxiRUI8W+THDCoO0w5hjwqCFRtpgrCg+q8QD5BAWOmmC7oEe/7kRdKslO2zcvW2WqxdZnXkwQE4BCVgg3NQA9egDhoAg0cwAa/gzXgyXox342MWzRnZzD74BePzC7dZqPQ=</latexit>

⇢ (�2 ⌦ �2) ⇢
⇤ (�2 ⌦ �2)



5

the study of entanglement leads to that  
of Bell inequalities violation
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what is the uncertainty?

at the level of pseudo-observables: significance of 20!

at the level of observables: significance of 2 (?)

spin correlations of top quarks

spin correlations of final leptons in the detector
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<latexit sha1_base64="HfLcaUvL8Ws4qsQcrhMsiP/zn/w=">AAACEnicbZDLSsNAFIYn9VbrLerSzWAR2oUlKaJuhKIblxXsBZpQJtNJO3QyCTMTIYQ8gxtfxY0LRdy6cufbOE2z0NYfBj7+cw5nzu9FjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyjAUmHRyyUPQ9JAmjnHQUVYz0I0FQ4DHS86Y3s3rvgQhJQ36vkoi4ARpz6lOMlLaGZt2ZIAUFvIKOLxBO7SwVGazB3I7gKUzmOK0PzarVsHLBZbALqIJC7aH55YxCHAeEK8yQlAPbipSbIqEoZiSrOLEkEcJTNCYDjRwFRLppflIGT7Qzgn4o9OMK5u7viRQFUiaBpzsDpCZysTYz/6sNYuVfuinlUawIx/NFfsygCuEsHziigmDFEg0IC6r/CvEE6WiUTrGiQ7AXT16GbrNhnzead2fV1nURRxkcgWNQAza4AC1wC9qgAzB4BM/gFbwZT8aL8W58zFtLRjFzCP7I+PwBXkSbYw==</latexit>

r̂ =
1

r
(p̂� yk̂)

<latexit sha1_base64="uMwDis4FTrTHfUmWwBqIo/kSmgs=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCRF1I1QdOOygn1AU8pkOmmHTiZh5kYooT/hxl9x40IRt4I7/8ZpmoW2Hhg495x7uXOPHwuuwXG+raXlldW19cJGcXNre2fX3ttv6ihRlDVoJCLV9olmgkvWAA6CtWPFSOgL1vJHN1O/9cCU5pG8h3HMuiEZSB5wSsBIPfvUGxLAEl9hL1CEpu4kVRNcxpkcYw94yPSsGp307JJTcTLgReLmpIRy1Hv2l9ePaBIyCVQQrTuuE0M3JQo4FWxS9BLNYkJHZMA6hkpilnXT7KoJPjZKHweRMk8CztTfEykJtR6HvukMCQz1vDcV//M6CQSX3ZTLOAEm6WxRkAgMEZ5GhPtcMQpibAihipu/YjokJh0wQRZNCO78yYukWa2455Xq3Vmpdp3HUUCH6AiVkYsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4Ak7CdNQ==</latexit>

n̂ =
1

r
(p̂⇥ k̂)

<latexit sha1_base64="J/FUt1J9dZ2bxu2RqbUJNSPWqx8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdSNUHTjsoJ9QBPKZDJph04yYeZGCKUbf8WNC0Xc+hnu/BunbRbaeuDCmXPuZe49QSq4Bsf5tkorq2vrG+XNytb2zu6evX/Q1jJTlLWoFFJ1A6KZ4AlrAQfBuqliJA4E6wSj26nfeWRKc5k8QJ4yPyaDhEecEjBS3z7K8TX2hgRwij0aSpg/Rn276tScGfAycQtSRQWaffvLCyXNYpYAFUTrnuuk4I+JAk4Fm1S8TLOU0BEZsJ6hCYmZ9sezAyb41CghjqQylQCeqb8nxiTWOo8D0xkTGOpFbyr+5/UyiK78MU/SDFhC5x9FmcAg8TQNHHLFKIjcEEIVN7tiOiSKUDCZVUwI7uLJy6Rdr7kXtfr9ebVxU8RRRsfoBJ0hF12iBrpDTdRCFE3QM3pFb9aT9WK9Wx/z1pJVzByiP7A+fwCU4pUh</latexit>

y = p̂ · k̂
<latexit sha1_base64="m+hh0ekh2rA4aby7mWpONC2Jdzs=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYkmKqBeh6MVjBfsBbSyb7aZdutnE3YlYQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58eCa3Ccb2tpeWV1bb2wUdzc2t7ZtfdKTR0lirIGjUSk2j7RTHDJGsBBsHasGAl9wVr+6Hritx6Z0jySdzCOmReSgeQBpwSM1LNLCl/irn5QkLr4BI/vq1nPLjsVZwq8SNyclFGOes/+6vYjmoRMAhVE647rxOClRAGngmXFbqJZTOiIDFjHUElCpr10enuGj4zSx0GkTEnAU/X3REpCrcehbzpDAkM9703E/7xOAsGFl3IZJ8AknS0KEoEhwpMgcJ8rRkGMDSFUcXMrpkOiCAUTV9GE4M6/vEia1Yp7VqnenpZrV3kcBXSADtExctE5qqEbVEcNRNETekav6M3KrBfr3fqYtS5Z+cw++gPr8wf0X5Ma</latexit>

r =
p

1� y2

<latexit sha1_base64="Qut4jMl4p/FGGu9sfhc33FIGE5Q="></latexit>

pp ! t+ t̄ ! `±`⌥ + jets + Emiss
T

Down the rabbit hole

<latexit sha1_base64="/YxYhRf8nfY2Lh82cyDiUnhYEUs=">AAACFHicbVA9SwNBEN3z2/gVtbRZFCEghDtBtBFEG0sFo0IuHnObiVncuz1254RwxB9gZ+Mf8EfYWChia2Fn7R9xk1j49WDg8d4MM/PiTElLvv/uDQ2PjI6NT0yWpqZnZufK8wvHVudGYE1opc1pDBaVTLFGkhSeZgYhiRWexBd7Pf/kEo2VOj2iToaNBM5T2ZICyElReS0U2vKQ2khwBtEa3+ZhG6gIUalu5NympoEC3ai84lf9PvhfEnyRlZ1K5eP6yt4dROW3sKlFnmBKQoG19cDPqFGAISkUdkthbjEDcQHnWHc0hQRto+g/1eWrTmnyljauUuJ99ftEAYm1nSR2nQlQ2/72euJ/Xj2n1lajkGmWE6ZisKiVK06a9xLiTWlQkOo4AsJIdysXbTAgyOVYciEEv1/+S47Xq8FG1T90aeyyASbYEltmFRawTbbD9tkBqzHBbtg9e2RP3q334D17L4PWIe9rZpH9gPf6CbWaoa8=</latexit>

cos ✓a+ = ˆ̀
+ · â

<latexit sha1_base64="eNNXf6jxXa+J+coc4rIVCZM3tcw=">AAACFHicbVC7SgNBFJ31GeMramkzKEJADLuCaCMEbSwjmAdk4zI7uTGDszvLzF0hLPED7Gz8AT/CxkIRWws7a3/EyaPwdeDC4Zx7ufeeMJHCoOt+OBOTU9Mzs7m5/PzC4tJyYWW1ZlSqOVS5kko3QmZAihiqKFBCI9HAolBCPbw8Hvj1K9BGqPgMewm0InYRi47gDK0UFLZ9rgz1sQvIzsNghx5Sv8sw80HKfrDj87bCkRL2g8KmW3KHoH+JNyab5WLx8+ba3FeCwrvfVjyNIEYumTFNz02wlTGNgkvo5/3UQML4JbuApqUxi8C0suFTfbpllTbtKG0rRjpUv09kLDKmF4W2M2LYNb+9gfif10yxc9DKRJykCDEfLeqkkqKig4RoW2jgKHuWMK6FvZXyLtOMo80xb0Pwfr/8l9R2S95eyT21aRyREXJknWyQIvHIPimTE1IhVcLJLXkgT+TZuXMenRfnddQ64Yxn1sgPOG9fvyOhtQ==</latexit>

cos ✓b� = ˆ̀� · b̂

W. Bernreuther, D. Heisler and Z. G. Si, JHEP 12, 026 (2015)



 1.0  1.1  1.1  1.0  1.0  1.0  1.0  1.0  1.0  1.0

 1.0  0.8  0.8  0.8  0.8  0.7  0.7  0.7  0.7  0.7

 0.8  0.8  0.6  0.5  0.5  0.4  0.4  0.4  0.3  0.3

 0.8  0.6  0.4  0.3  0.3  0.2  0.2  0.2  0.2  0.2

 0.8  0.6  0.3  0.2  0.1  0.1  0.2  0.3  0.3  0.4

 0.8  0.5  0.2  0.1  0.1  0.2  0.2  0.4  0.5  0.6

 0.7  0.5  0.2  0.0  0.1  0.2  0.4  0.5  0.6  0.6

 0.8  0.3  0.1  0.0  0.1  0.3  0.5  0.6  0.8  0.8

 0.7  0.3  0.0  0.1  0.2  0.4  0.5  0.7  0.9  1.0

 0.7  0.2  0.0  0.1  0.3  0.4  0.6  0.9  1.1  1.2

 0.7  0.1  0.0  0.2  0.4  0.5  0.7  1.0  1.2  1.4

 0.5  0.0  0.1  0.4  0.6  0.8  0.9  1.1  1.3  1.6
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both qq and gg 
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max. entangled

only  gg 
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MF, R. Floreanini, G. Panizzo, PRL 127 (2021) 16



An intrinsically differential observable

■ increasing the cell size decreases the expected value of 
(expected feature considering its meaning)
 
■ In order to increase statistical significance,
  statistically combine measurements on different cells 

<latexit sha1_base64="3YJ1yovObFVta1zPZveBjx7Baic=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBEMpuKdVj0YvHCvYD2mXJptk2NMkuSVYoS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNJ3dzv/tElWaxfDTThPoCjySLGMHGSl0ReFciqAXlilt1F0DrxMtJBXK0gvLXYBiTVFBpCMda9z03MX6GlWGE01lpkGqaYDLBI9q3VGJBtZ8tzp2hC6sMURQrW9Kghfp7IsNC66kIbafAZqxXvbn4n9dPTXTjZ0wmqaGSLBdFKUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf68jrp1Kpeo1p/qFeat3kcRTiDc7gED66hCffQgjYQmMAzvMKbkzgvzrvzsWwtOPnMKfyB8/kDWXiO7w==</latexit>

m1 +m2
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Results

violation: 98% CL  w/ Run II data (139 fb-1)

99.99% CL with Run III

null hypothesis: 
<latexit sha1_base64="0aI08CIzSTIZXN+jpmoLLD7WyHY=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgCELYDYgeQ7x4TMA8IFmW2clsMmRmdzMzGwhLvsOLB0U86lf4Bd68+C1OHgdNLGgoqrrp7vJjzpS27S8rs7a+sbmV3c7t7O7tH+QPjxoqSiShdRLxSLZ8rChnIa1rpjltxZJi4XPa9Ae3U785olKxKLzX45i6AvdCFjCCtZFc4TmXwit1OB0ix8sX7KI9A1olzoIUyie1b/ZW+ah6+c9ONyKJoKEmHCvVduxYuymWmhFOJ7lOomiMyQD3aNvQEAuq3HR29ASdG6WLgkiaCjWaqb8nUiyUGgvfdAqs+2rZm4r/ee1EBzduysI40TQk80VBwpGO0DQB1GWSEs3HhmAimbkVkT6WmGiTU86E4Cy/vEoapaJzVbRrJo0KzJGFUziDC3DgGspwB1WoA4EhPMATPFsj69F6sV7nrRlrMXMMf2C9/wAVS5Sy</latexit>

m1 +m2  1

systematic uncertainties (e.g. from unfolding) not included

<latexit sha1_base64="3ySllg+qRSe/PyJehaG19HFo2GQ=">AAACC3icbVC7SgNBFJ31GeMraiFiMyQIFrLsBiQpgzaWEfKC7BJmJ7PJkNkHM3eFsKS38VdsLBSxtRc7bWz9DCePQhMPDBzOuYc793ix4Aos68NYWl5ZXVvPbGQ3t7Z3dnN7+w0VJZKyOo1EJFseUUzwkNWBg2CtWDISeII1vcHl2G/eMKl4FNZgGDM3IL2Q+5wS0FInl3d8SWhadM6wU+szIKPUifkIOz3QoQBbZqmTK1imNQFeJPaMFCrlr7fDz++jaif37nQjmgQsBCqIUm3bisFNiQROBRtlnUSxmNAB6bG2piEJmHLTyS0jfKKVLvYjqV8IeKL+TqQkUGoYeHoyINBX895Y/M9rJ+CX3ZSHcQIspNNFfiIwRHhcDO5yySiIoSaESq7/immf6HJA15fVJdjzJy+SRtG0z03rWrdxgabIoGOUR6fIRiVUQVeoiuqIolt0jx7Rk3FnPBjPxst0dMmYZQ7QHxivPwnnnig=</latexit>

2⇥

⇡
& 0.7

<latexit sha1_base64="A1sL2T9wvoA4ddCjbCfFUpVF6vE=">AAACDnicbVC7SgNBFJ2NrxhfUcs0gyFgFXYFUbEJ2lhGyAuyIcxOJsmQmd1l5q4Ylv0CG1sb/8HGQhE7sU4jfouNk0eh0QMDh3PO5c49Xii4Btv+tFILi0vLK+nVzNr6xuZWdnunpoNIUValgQhUwyOaCe6zKnAQrBEqRqQnWN0bnI/9+hVTmgd+BYYha0nS83mXUwJGamcLsh2D6xEVQ5JgtwcmKrFdPHFPsSu94DqusFrSzubtoj0B/kucGcmXcnf3H29fo3I7O3I7AY0k84EKonXTsUNoxUQBp4IlGTfSLCR0QHqsaahPJNOteHJOggtG6eBuoMzzAU/UnxMxkVoPpWeSkkBfz3tj8T+vGUH3uBVzP4yA+XS6qBsJDAEed4M7XDEKYmgIoYqbv2LaJ4pQMA1mTAnO/Ml/Se2g6BwW7UvTxhmaIo1yaA/tIwcdoRK6QGVURRTdoAf0hJ6tW+vRerFep9GUNZvZRb9gvX8DfrOg5w==</latexit>

mtt̄ & 0.9 TeV

Hypothesis test 
<latexit sha1_base64="bP8Swn0CZURSJMtb49FwJWKLbCE="></latexit>

�2 =
X

i

(1�mi
1 �mi

2)
2

s2i

bins
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can we use entanglement to study new physics? 
it would be a new and powerful tool

example: magnetic dipole moment in top-gluon interaction

<latexit sha1_base64="sapG3ycp0533wOMJ1k5x5g6OUsU="></latexit>

Ldipole = �µ
gs
2mt

t̄�µ⌫ T a tGa
µ⌫

<latexit sha1_base64="HRNP19IG6pFxiY3MNU0VzEcilLI=">AAACDnicbVC7TsMwFHXKq5RXgZHFoqrEQpWgChgrGGAsUl9S00Y3rtNatZNgO0hV1C9g4VdYGECIlZmNv8F9DNBypCsdn3OvfO/xY86Utu1vK7Oyura+kd3MbW3v7O7l9w8aKkokoXUS8Ui2fFCUs5DWNdOctmJJQficNv3h9cRvPlCpWBTW9CimHQH9kAWMgDaSly+e4r6nsOuDxPfY7YMQ0HVFgmtdwBrfdMEzLy9fsEv2FHiZOHNSQHNUvfyX24tIImioCQel2o4d604KUjPC6TjnJorGQIbQp21DQxBUddLpOWNcNEoPB5E0FWo8VX9PpCCUGgnfdArQA7XoTcT/vHaig8tOysI40TQks4+ChGMd4Uk2uMckJZqPDAEimdkVkwFIINokmDMhOIsnL5PGWck5L5XvyoXK1TyOLDpCx+gEOegCVdAtqqI6IugRPaNX9GY9WS/Wu/Uxa81Y85lD9AfW5w+RjJqT</latexit>

�gsq̄�
µT atGa

µ

sign
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consistency conditions on density matrix

Hermitian, Tr =1, definite positive
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again, what is the uncertainty?

<latexit sha1_base64="gmuBaxCJBrKkqNlHEAVo32y/X2o=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUTdC0Y3LCvYB06Fk0kwbmkyGJCOUoZ/hxoUibv0ad/6NmXYWWj0QcjjnXu69J0w408Z1v5zSyura+kZ5s7K1vbO7V90/6GiZKkLbRHKpeiHWlLOYtg0znPYSRbEIOe2Gk9vc7z5SpZmMH8w0oYHAo5hFjGBjJb8vUnSN3Lrrng+qtfzPgf4SryA1KNAaVD/7Q0lSQWNDONba99zEBBlWhhFOZ5V+qmmCyQSPqG9pjAXVQTZfeYZOrDJEkVT2xQbN1Z8dGRZaT0VoKwU2Y73s5eJ/np+a6CrIWJykhsZkMShKOTIS5fejIVOUGD61BBPF7K6IjLHCxNiUKjYEb/nkv6RzVvcu6o37Rq15U8RRhiM4hlPw4BKacActaAMBCU/wAq+OcZ6dN+d9UVpyip5D+AXn4xvBYY+d</latexit>

µ = 0.003



h1_mean
Entries  1000
Mean    1.518
Std Dev    0.01461
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significance: 3
<latexit sha1_base64="gmuBaxCJBrKkqNlHEAVo32y/X2o=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUTdC0Y3LCvYB06Fk0kwbmkyGJCOUoZ/hxoUibv0ad/6NmXYWWj0QcjjnXu69J0w408Z1v5zSyura+kZ5s7K1vbO7V90/6GiZKkLbRHKpeiHWlLOYtg0znPYSRbEIOe2Gk9vc7z5SpZmMH8w0oYHAo5hFjGBjJb8vUnSN3Lrrng+qtfzPgf4SryA1KNAaVD/7Q0lSQWNDONba99zEBBlWhhFOZ5V+qmmCyQSPqG9pjAXVQTZfeYZOrDJEkVT2xQbN1Z8dGRZaT0VoKwU2Y73s5eJ/np+a6CrIWJykhsZkMShKOTIS5fejIVOUGD61BBPF7K6IjLHCxNiUKjYEb/nkv6RzVvcu6o37Rq15U8RRhiM4hlPw4BKacActaAMBCU/wAq+OcZ6dN+d9UVpyip5D+AXn4xvBYY+d</latexit>

µ = 0.003



in case someone  asks
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<latexit sha1_base64="+xAbjrmh9QXdgnsHGIyn27YCWTI="></latexit>

mtt̄ ' 1.1TeV 2⇥/⇡ ' 0.95

consistent estimator



Event generation

                                            

                                            

                                            

                                            

                                                                                        

at least 2 anti-k_t jets with R=0.4

at least 1 b-tagged jet
<latexit sha1_base64="jlKbHjwzucFHj4iju9I433z1y/k=">AAACEHicbVDJSgNBEO1xjXEb9eilSRAFIcwEgoIiQQ96jJANMiH0dCpJk57F7h4xTPIJXsQ/8eJBEa8eveVv7CwHTXxQ8Hiviqp6bsiZVJY1NBYWl5ZXVhNryfWNza1tc2e3LINIUCjRgAei6hIJnPlQUkxxqIYCiOdyqLjdq5FfuQchWeAXVS+EukfaPmsxSpSWGuZh2CjiC5zNYecMO54bPMTXUB5g5y4iTdx3QJH+eTaTa5hpK2ONgeeJPSXpfMo5fh7me4WG+e00Axp54CvKiZQ12wpVPSZCMcphkHQiCSGhXdKGmqY+8UDW4/FDA3yglSZuBUKXr/BY/T0RE0/KnufqTo+ojpz1RuJ/Xi1SrdN6zPwwUuDTyaJWxLEK8Cgd3GQCqOI9TQgVTN+KaYcIQpXOMKlDsGdfniflbMbOZaxbncYlmiCB9lEKHSEbnaA8ukEFVEIUPaIX9IbejSfj1fgwPietC8Z0Zg/9gfH1AzmBndE=</latexit>

pT > 25 GeV |⌘| < 2.5
<latexit sha1_base64="HuhzV2Zh6c7giba526Y8Vf5exzg="></latexit>

pT > 20 GeV |⌘| < 2.47

neutrino weighting technique (top quark momenta)

MadGraph5 (NNPDF23)

DELPHES (fast simulation

                      ATLAS detector)

jets
leptons

exactly two opposite sign leptons (e,mu) of different flavor
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<latexit sha1_base64="sZ62I8R/NykUDVRRTyciGWarN4Y=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2gyIExbAriDZC0MYyglEhG5e7k0kyZPbBzF0xLPEDrGz8Av/BxkIRWxs7a3/ESWKhxgMXzpxzL3PvCRIpNDrOh5UbG5+YnMpPF2Zm5+YX7MWlUx2nivEqi2WszgPQXIqIV1Gg5OeJ4hAGkp8FncO+f3bJlRZxdILdhNdDaEWiKRigkXx7w7sSfgZBj+5Tj8WaetjmCBfgb/56B/6Wb685JWcAOkrcb7JWLhY/b671fcW3371GzNKQR8gkaF1znQTrGSgUTPJewUs1T4B1oMVrhkYQcl3PBjf16LpRGrQZK1MR0oH6cyKDUOtuaBZfDwHb+q/XF//zaik29+qZiJIUecSGHzVTSTGm/YBoQyjOUHYNAaaE2ZWyNihgaGIsmBDcvyePktPtkrtTco5NGgdkiDxZIaukSFyyS8rkiFRIlTBySx7IE3m27qxH68V6HbbmrO+ZZfIL1tsXPiSgzw==</latexit>

⇠ab = cos ✓a+ cos ✓b�

<latexit sha1_base64="Qut4jMl4p/FGGu9sfhc33FIGE5Q="></latexit>

pp ! t+ t̄ ! `±`⌥ + jets + Emiss
T

Implementing  at the LHC

<latexit sha1_base64="CqUawna4i7LMnMR21CLfz8ptMsk=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMpuKepJil48VrAf0C5LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL6b+Z0nqjSL5aOZJNQXeChZxAg2VuqLwEMXSAQ1dOMF5YpbdedAq8TLSQVyNIPyV38Qk1RQaQjHWvc8NzF+hpVhhNNpqZ9qmmAyxkPas1RiQbWfzW+eojOrDFAUK1vSoLn6eyLDQuuJCG2nwGakl72Z+J/XS0107WdMJqmhkiwWRSlHJkazANCAKUoMn1iCiWL2VkRGWGFibEwlG4K3/PIqadeq3mW19lCvNG7zOIpwAqdwDh5cQQPuoQktIJDAM7zCm5M6L86787FoLTj5zDH8gfP5A1ZHj+4=</latexit>

m1 +m2 > 1

3 x 3 matrix

diagonalization for each value 

of invariant mass and scattering angle

<latexit sha1_base64="Ouiiz7KcWc4gDzPMu1hi2eWhuBM="></latexit>

Cab

⇥
�(mtt̄, cos⇥)

⇤
= �9

1

�

Z
d⇠ab

d�

d⇠ab
⇠ab
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