
We use MadGraph to generate gg(qq)→ZZ→e- e+ u-u+ events. 
Generator level cuts are applied as, pT{l}>10 GeV, 𝞰{l} < 2.5, m{ll} > 50 
GeV, and m{4l} > 560 GeV. We further require in the final state a pair 
of electrons and muons with basic cuts, 

(Basic Cuts) 
The generic NP signal is gg→h*→4l -like, dominated by LL mode. 
Backgrounds are the SM qq → ZZ, gg→ZZ processes, dominated by 
TT mode in the high mass scale. 

Besides the polar angle cut cos𝜭1 on the leading Z decay, another 
useful variable is cos𝜭*, the angle between the Z from u-u+ pair, and 
the beam line in the center of mass frame. The angular cuts are: 

(Angluar Cuts) 
To further suppress the qq-initiated background and maximize the 
sensitivity to new physics, we perform a 6-variable BDT analysis. 
The significance at HL-LHC for our benchmark scenarios are: 

We study the the high mass tail region of the pp→ZZ→4l channel, 
which is sensitive to modification to the Higgs sector. We point out 
that the deviation is mostly detectable in the LL-mode of Z bosons. 
Thus the sensitivity over a general class of NP models would be 
improved by suppressing TT-mode utilizing simple angular cuts, as 
we show for three NP benchmark cases. We would also like to point 
out that, our method of improvement is applicable to all di-boson 
and Higgs associated production channels, and a combined search 
would accumulatively improve the sensitivity for NP at the tail of 
the off-shell Higgs. Inclusion of these additional channels could be 
extended from our study. 
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<latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit>

0.0
<latexit sha1_base64="OvpA8Fkl18hW7y7IwnMftxRcuxk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTRg0dMLJhAQ7bLFjZst83u1IQ0/AYvHjTGqz/Im//GBXpQ8CWbfXlvJjPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZtxniUz0Y0gNl0JxHwVK/phqTuNQ8m44uZn73SeujUjUA05THsR0pEQkGEUr+XW34dYH1Zr9FiDrxCtIDQq0B9Wv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvlp2RC6sMSZRo+xSShfq7I6exMdM4tJUxxbFZ9ebif14vw+g6yIVKM+SKLQdFmSSYkPnlZCg0ZyinllCmhd2VsDHVlKHNp2JD8FZPXiedZsOz/L5Za90WcZThDM7hEjy4ghbcQRt8YCDgGV7hzVHOi/PufCxLS07Rcwp/4Hz+AAoTjYI=</latexit><latexit sha1_base64="OvpA8Fkl18hW7y7IwnMftxRcuxk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTRg0dMLJhAQ7bLFjZst83u1IQ0/AYvHjTGqz/Im//GBXpQ8CWbfXlvJjPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZtxniUz0Y0gNl0JxHwVK/phqTuNQ8m44uZn73SeujUjUA05THsR0pEQkGEUr+XW34dYH1Zr9FiDrxCtIDQq0B9Wv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvlp2RC6sMSZRo+xSShfq7I6exMdM4tJUxxbFZ9ebif14vw+g6yIVKM+SKLQdFmSSYkPnlZCg0ZyinllCmhd2VsDHVlKHNp2JD8FZPXiedZsOz/L5Za90WcZThDM7hEjy4ghbcQRt8YCDgGV7hzVHOi/PufCxLS07Rcwp/4Hz+AAoTjYI=</latexit><latexit sha1_base64="OvpA8Fkl18hW7y7IwnMftxRcuxk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTRg0dMLJhAQ7bLFjZst83u1IQ0/AYvHjTGqz/Im//GBXpQ8CWbfXlvJjPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZtxniUz0Y0gNl0JxHwVK/phqTuNQ8m44uZn73SeujUjUA05THsR0pEQkGEUr+XW34dYH1Zr9FiDrxCtIDQq0B9Wv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvlp2RC6sMSZRo+xSShfq7I6exMdM4tJUxxbFZ9ebif14vw+g6yIVKM+SKLQdFmSSYkPnlZCg0ZyinllCmhd2VsDHVlKHNp2JD8FZPXiedZsOz/L5Za90WcZThDM7hEjy4ghbcQRt8YCDgGV7hzVHOi/PufCxLS07Rcwp/4Hz+AAoTjYI=</latexit><latexit sha1_base64="OvpA8Fkl18hW7y7IwnMftxRcuxk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTRg0dMLJhAQ7bLFjZst83u1IQ0/AYvHjTGqz/Im//GBXpQ8CWbfXlvJjPzwlQKg6777ZQ2Nre2d8q7lb39g8Oj6vFJxySZZtxniUz0Y0gNl0JxHwVK/phqTuNQ8m44uZn73SeujUjUA05THsR0pEQkGEUr+XW34dYH1Zr9FiDrxCtIDQq0B9Wv/jBhWcwVMkmN6XluikFONQom+azSzwxPKZvQEe9ZqmjMTZAvlp2RC6sMSZRo+xSShfq7I6exMdM4tJUxxbFZ9ebif14vw+g6yIVKM+SKLQdFmSSYkPnlZCg0ZyinllCmhd2VsDHVlKHNp2JD8FZPXiedZsOz/L5Za90WcZThDM7hEjy4ghbcQRt8YCDgGV7hzVHOi/PufCxLS07Rcwp/4Hz+AAoTjYI=</latexit>

0.2
<latexit sha1_base64="7lJp0vu/j2nwsDTV+kqi9BwumWQ=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7dbTTrg2rNbbgLkXXwCqhBofag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnkVJY9RBvlh2Ri6sMyRRouyThizc3xM5jbWexqHtjKkZ69Xa3Pyv1stMdB3kXKaZQcmWH0WZICYh88vJkCtkRkwtUKa43ZWwMVWUGZtPxYbgrZ68Dp1mw7N836y1bos4ynAG53AJHlxBC+6gDT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9yPn8ADR2NhA==</latexit><latexit sha1_base64="7lJp0vu/j2nwsDTV+kqi9BwumWQ=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7dbTTrg2rNbbgLkXXwCqhBofag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnkVJY9RBvlh2Ri6sMyRRouyThizc3xM5jbWexqHtjKkZ69Xa3Pyv1stMdB3kXKaZQcmWH0WZICYh88vJkCtkRkwtUKa43ZWwMVWUGZtPxYbgrZ68Dp1mw7N836y1bos4ynAG53AJHlxBC+6gDT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9yPn8ADR2NhA==</latexit><latexit sha1_base64="7lJp0vu/j2nwsDTV+kqi9BwumWQ=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7dbTTrg2rNbbgLkXXwCqhBofag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnkVJY9RBvlh2Ri6sMyRRouyThizc3xM5jbWexqHtjKkZ69Xa3Pyv1stMdB3kXKaZQcmWH0WZICYh88vJkCtkRkwtUKa43ZWwMVWUGZtPxYbgrZ68Dp1mw7N836y1bos4ynAG53AJHlxBC+6gDT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9yPn8ADR2NhA==</latexit><latexit sha1_base64="7lJp0vu/j2nwsDTV+kqi9BwumWQ=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7dbTTrg2rNbbgLkXXwCqhBofag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnkVJY9RBvlh2Ri6sMyRRouyThizc3xM5jbWexqHtjKkZ69Xa3Pyv1stMdB3kXKaZQcmWH0WZICYh88vJkCtkRkwtUKa43ZWwMVWUGZtPxYbgrZ68Dp1mw7N836y1bos4ynAG53AJHlxBC+6gDT4w4PAMr/DmSOfFeXc+lq0lp5g5hT9yPn8ADR2NhA==</latexit>

0.4
<latexit sha1_base64="MvUmqQbxuuSXIaGDVmdF5A6PMxc=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rOC2hXYp2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDSTFIOYDiWPOKPGWn7VrV1V++WKW3MXIuvg5VCBXM1++as3SFgWozRMUK27npuaYEqV4UzgrNTLNKaUjekQuxYljVEH08WyM3JhnQGJEmWfNGTh/p6Y0ljrSRzazpiakV6tzc3/at3MRDfBlMs0MyjZ8qMoE8QkZH45GXCFzIiJBcoUt7sSNqKKMmPzKdkQvNWT16FVr3mWH+qVxl0eRxHO4BwuwYNraMA9NMEHBhye4RXeHOm8OO/Ox7K14OQzp/BHzucPECeNhg==</latexit><latexit sha1_base64="MvUmqQbxuuSXIaGDVmdF5A6PMxc=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rOC2hXYp2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDSTFIOYDiWPOKPGWn7VrV1V++WKW3MXIuvg5VCBXM1++as3SFgWozRMUK27npuaYEqV4UzgrNTLNKaUjekQuxYljVEH08WyM3JhnQGJEmWfNGTh/p6Y0ljrSRzazpiakV6tzc3/at3MRDfBlMs0MyjZ8qMoE8QkZH45GXCFzIiJBcoUt7sSNqKKMmPzKdkQvNWT16FVr3mWH+qVxl0eRxHO4BwuwYNraMA9NMEHBhye4RXeHOm8OO/Ox7K14OQzp/BHzucPECeNhg==</latexit><latexit sha1_base64="MvUmqQbxuuSXIaGDVmdF5A6PMxc=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rOC2hXYp2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDSTFIOYDiWPOKPGWn7VrV1V++WKW3MXIuvg5VCBXM1++as3SFgWozRMUK27npuaYEqV4UzgrNTLNKaUjekQuxYljVEH08WyM3JhnQGJEmWfNGTh/p6Y0ljrSRzazpiakV6tzc3/at3MRDfBlMs0MyjZ8qMoE8QkZH45GXCFzIiJBcoUt7sSNqKKMmPzKdkQvNWT16FVr3mWH+qVxl0eRxHO4BwuwYNraMA9NMEHBhye4RXeHOm8OO/Ox7K14OQzp/BHzucPECeNhg==</latexit><latexit sha1_base64="MvUmqQbxuuSXIaGDVmdF5A6PMxc=">AAAB7HicbZBNSwMxEIZn61etX1WPXoKt4KnsFkGPBT14rOC2hXYp2XS2Dc1mlyQrlNLf4MWDIl79Qd78N6btHrT1hcDDOzNk5g1TwbVx3W+nsLG5tb1T3C3t7R8cHpWPT1o6yRRDnyUiUZ2QahRcom+4EdhJFdI4FNgOx7fzevsJleaJfDSTFIOYDiWPOKPGWn7VrV1V++WKW3MXIuvg5VCBXM1++as3SFgWozRMUK27npuaYEqV4UzgrNTLNKaUjekQuxYljVEH08WyM3JhnQGJEmWfNGTh/p6Y0ljrSRzazpiakV6tzc3/at3MRDfBlMs0MyjZ8qMoE8QkZH45GXCFzIiJBcoUt7sSNqKKMmPzKdkQvNWT16FVr3mWH+qVxl0eRxHO4BwuwYNraMA9NMEHBhye4RXeHOm8OO/Ox7K14OQzp/BHzucPECeNhg==</latexit>

0.6
<latexit sha1_base64="/L1YYmX8y8RR1jfaGGqDL822G38=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSOQi1JtLDExAMSuJC9ZQ427O1ddvdMCOE32FhojK0/yM5/4wJXKPgmmzx5ZyY784ap4Nq47rdT2Njc2t4p7pb29g8Oj8rHJy2dZIqhzxKRqE5INQou0TfcCOykCmkcCmyH49t5vf2ESvNEPppJikFMh5JHnFFjLb/q1q6q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzLD/VK4y6PowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gj5/MHEzGNiA==</latexit><latexit sha1_base64="/L1YYmX8y8RR1jfaGGqDL822G38=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSOQi1JtLDExAMSuJC9ZQ427O1ddvdMCOE32FhojK0/yM5/4wJXKPgmmzx5ZyY784ap4Nq47rdT2Njc2t4p7pb29g8Oj8rHJy2dZIqhzxKRqE5INQou0TfcCOykCmkcCmyH49t5vf2ESvNEPppJikFMh5JHnFFjLb/q1q6q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzLD/VK4y6PowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gj5/MHEzGNiA==</latexit><latexit sha1_base64="/L1YYmX8y8RR1jfaGGqDL822G38=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSOQi1JtLDExAMSuJC9ZQ427O1ddvdMCOE32FhojK0/yM5/4wJXKPgmmzx5ZyY784ap4Nq47rdT2Njc2t4p7pb29g8Oj8rHJy2dZIqhzxKRqE5INQou0TfcCOykCmkcCmyH49t5vf2ESvNEPppJikFMh5JHnFFjLb/q1q6q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzLD/VK4y6PowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gj5/MHEzGNiA==</latexit><latexit sha1_base64="/L1YYmX8y8RR1jfaGGqDL822G38=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSOQi1JtLDExAMSuJC9ZQ427O1ddvdMCOE32FhojK0/yM5/4wJXKPgmmzx5ZyY784ap4Nq47rdT2Njc2t4p7pb29g8Oj8rHJy2dZIqhzxKRqE5INQou0TfcCOykCmkcCmyH49t5vf2ESvNEPppJikFMh5JHnFFjLb/q1q6q/XLFrbkLkXXwcqhArma//NUbJCyLURomqNZdz01NMKXKcCZwVuplGlPKxnSIXYuSxqiD6WLZGbmwzoBEibJPGrJwf09Maaz1JA5tZ0zNSK/W5uZ/tW5moptgymWaGZRs+VGUCWISMr+cDLhCZsTEAmWK210JG1FFmbH5lGwI3urJ69Cq1zzLD/VK4y6PowhncA6X4ME1NOAemuADAw7P8ApvjnRenHfnY9lacPKZU/gj5/MHEzGNiA==</latexit>

0.8
<latexit sha1_base64="equA7fgUXkb1oAZQaT7Pz3Chs3U=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkoSLSwx8YAELmRvGWDD3t5ld8+EXPgNNhYaY+sPsvPfuMAVCr7JJk/emcnOvGEiuDau++0UtrZ3dveK+6WDw6Pjk/LpWVvHqWLos1jEqhtSjYJL9A03AruJQhqFAjvh9HZR7zyh0jyWj2aWYBDRseQjzqixll91a43qoFxxa+5SZBO8HCqQqzUof/WHMUsjlIYJqnXPcxMTZFQZzgTOS/1UY0LZlI6xZ1HSCHWQLZedkyvrDMkoVvZJQ5bu74mMRlrPotB2RtRM9HptYf5X66Vm1AgyLpPUoGSrj0apICYmi8vJkCtkRswsUKa43ZWwCVWUGZtPyYbgrZ+8Ce16zbP8UK807/I4inABl3ANHtxAE+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9yPn8AFjuNig==</latexit><latexit sha1_base64="equA7fgUXkb1oAZQaT7Pz3Chs3U=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkoSLSwx8YAELmRvGWDD3t5ld8+EXPgNNhYaY+sPsvPfuMAVCr7JJk/emcnOvGEiuDau++0UtrZ3dveK+6WDw6Pjk/LpWVvHqWLos1jEqhtSjYJL9A03AruJQhqFAjvh9HZR7zyh0jyWj2aWYBDRseQjzqixll91a43qoFxxa+5SZBO8HCqQqzUof/WHMUsjlIYJqnXPcxMTZFQZzgTOS/1UY0LZlI6xZ1HSCHWQLZedkyvrDMkoVvZJQ5bu74mMRlrPotB2RtRM9HptYf5X66Vm1AgyLpPUoGSrj0apICYmi8vJkCtkRswsUKa43ZWwCVWUGZtPyYbgrZ+8Ce16zbP8UK807/I4inABl3ANHtxAE+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9yPn8AFjuNig==</latexit><latexit sha1_base64="equA7fgUXkb1oAZQaT7Pz3Chs3U=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkoSLSwx8YAELmRvGWDD3t5ld8+EXPgNNhYaY+sPsvPfuMAVCr7JJk/emcnOvGEiuDau++0UtrZ3dveK+6WDw6Pjk/LpWVvHqWLos1jEqhtSjYJL9A03AruJQhqFAjvh9HZR7zyh0jyWj2aWYBDRseQjzqixll91a43qoFxxa+5SZBO8HCqQqzUof/WHMUsjlIYJqnXPcxMTZFQZzgTOS/1UY0LZlI6xZ1HSCHWQLZedkyvrDMkoVvZJQ5bu74mMRlrPotB2RtRM9HptYf5X66Vm1AgyLpPUoGSrj0apICYmi8vJkCtkRswsUKa43ZWwCVWUGZtPyYbgrZ+8Ce16zbP8UK807/I4inABl3ANHtxAE+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9yPn8AFjuNig==</latexit><latexit sha1_base64="equA7fgUXkb1oAZQaT7Pz3Chs3U=">AAAB7HicbZA9TwJBEIbn8AvxC7W02QgmVuSORkoSLSwx8YAELmRvGWDD3t5ld8+EXPgNNhYaY+sPsvPfuMAVCr7JJk/emcnOvGEiuDau++0UtrZ3dveK+6WDw6Pjk/LpWVvHqWLos1jEqhtSjYJL9A03AruJQhqFAjvh9HZR7zyh0jyWj2aWYBDRseQjzqixll91a43qoFxxa+5SZBO8HCqQqzUof/WHMUsjlIYJqnXPcxMTZFQZzgTOS/1UY0LZlI6xZ1HSCHWQLZedkyvrDMkoVvZJQ5bu74mMRlrPotB2RtRM9HptYf5X66Vm1AgyLpPUoGSrj0apICYmi8vJkCtkRswsUKa43ZWwCVWUGZtPyYbgrZ+8Ce16zbP8UK807/I4inABl3ANHtxAE+6hBT4w4PAMr/DmSOfFeXc+Vq0FJ585hz9yPn8AFjuNig==</latexit>

1.0
<latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit><latexit sha1_base64="NaUEN9sAeOHA4KEtMarbH9ahM3Y=">AAAB7HicbZBNT8JAEIan+IX4hXr0shFMPJGWix5J9OAREwsm0JDtMoUN222zuzUhDb/BiweN8eoP8ua/cYEeFHyTTZ68M5OdecNUcG1c99spbWxube+Udyt7+weHR9Xjk45OMsXQZ4lI1GNINQou0TfcCHxMFdI4FNgNJzfzevcJleaJfDDTFIOYjiSPOKPGWn7da7j1QbXmNtyFyDp4BdSgUHtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz6KkMeogXyw7IxfWGZIoUfZJQxbu74mcxlpP49B2xtSM9Wptbv5X62Umug5yLtPMoGTLj6JMEJOQ+eVkyBUyI6YWKFPc7krYmCrKjM2nYkPwVk9eh06z4Vm+b9Zat0UcZTiDc7gED66gBXfQBh8YcHiGV3hzpPPivDsfy9aSU8ycwh85nz8Lmo2D</latexit>

gg
!

Z
Z

ac
ce

p
ta

n
ce

<latexit sha1_base64="4mrjBUYWGMEhrqnH+QuAYp6hxRY=">AAACAXicbZBLSwMxFIUzPmt9Vd0IboKt4KrMdKPLgiAuK9gHbYeSSe+0oZnMkNwRSqkI/hU3LhRx679w578xfSy09ULg45wbknOCRAqDrvvtrKyurW9sZray2zu7e/u5g8OaiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg8HVxK/fgzYiVnc4TMCPWE+JUHCGVurkjgs92qNtjGmzSQuUcQ4JMsWhk8u7RXc6dBm8OeTJfCqd3Fe7G/M0AoVcMmNanpugP2IaBZcwzrZTAwnjA9aDlkXFIjD+aJpgTM+s0qVhrO1RSKfq7xsjFhkzjAK7GTHsm0VvIv7ntVIML/2RUEmKoPjsoTCV1Aae1EG7QgNHObTAuBb2r5T3mWYcbWlZW4K3GHkZaqWiZ/m2lC9fP87qyJATckrOiUcuSJnckAqpEk4eyDN5JW/Ok/PivDsfs9UVZ17hEfkzzucPGb+VzQ==</latexit><latexit sha1_base64="4mrjBUYWGMEhrqnH+QuAYp6hxRY=">AAACAXicbZBLSwMxFIUzPmt9Vd0IboKt4KrMdKPLgiAuK9gHbYeSSe+0oZnMkNwRSqkI/hU3LhRx679w578xfSy09ULg45wbknOCRAqDrvvtrKyurW9sZray2zu7e/u5g8OaiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg8HVxK/fgzYiVnc4TMCPWE+JUHCGVurkjgs92qNtjGmzSQuUcQ4JMsWhk8u7RXc6dBm8OeTJfCqd3Fe7G/M0AoVcMmNanpugP2IaBZcwzrZTAwnjA9aDlkXFIjD+aJpgTM+s0qVhrO1RSKfq7xsjFhkzjAK7GTHsm0VvIv7ntVIML/2RUEmKoPjsoTCV1Aae1EG7QgNHObTAuBb2r5T3mWYcbWlZW4K3GHkZaqWiZ/m2lC9fP87qyJATckrOiUcuSJnckAqpEk4eyDN5JW/Ok/PivDsfs9UVZ17hEfkzzucPGb+VzQ==</latexit><latexit sha1_base64="4mrjBUYWGMEhrqnH+QuAYp6hxRY=">AAACAXicbZBLSwMxFIUzPmt9Vd0IboKt4KrMdKPLgiAuK9gHbYeSSe+0oZnMkNwRSqkI/hU3LhRx679w578xfSy09ULg45wbknOCRAqDrvvtrKyurW9sZray2zu7e/u5g8OaiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg8HVxK/fgzYiVnc4TMCPWE+JUHCGVurkjgs92qNtjGmzSQuUcQ4JMsWhk8u7RXc6dBm8OeTJfCqd3Fe7G/M0AoVcMmNanpugP2IaBZcwzrZTAwnjA9aDlkXFIjD+aJpgTM+s0qVhrO1RSKfq7xsjFhkzjAK7GTHsm0VvIv7ntVIML/2RUEmKoPjsoTCV1Aae1EG7QgNHObTAuBb2r5T3mWYcbWlZW4K3GHkZaqWiZ/m2lC9fP87qyJATckrOiUcuSJnckAqpEk4eyDN5JW/Ok/PivDsfs9UVZ17hEfkzzucPGb+VzQ==</latexit><latexit sha1_base64="4mrjBUYWGMEhrqnH+QuAYp6hxRY=">AAACAXicbZBLSwMxFIUzPmt9Vd0IboKt4KrMdKPLgiAuK9gHbYeSSe+0oZnMkNwRSqkI/hU3LhRx679w578xfSy09ULg45wbknOCRAqDrvvtrKyurW9sZray2zu7e/u5g8OaiVPNocpjGetGwAxIoaCKAiU0Eg0sCiTUg8HVxK/fgzYiVnc4TMCPWE+JUHCGVurkjgs92qNtjGmzSQuUcQ4JMsWhk8u7RXc6dBm8OeTJfCqd3Fe7G/M0AoVcMmNanpugP2IaBZcwzrZTAwnjA9aDlkXFIjD+aJpgTM+s0qVhrO1RSKfq7xsjFhkzjAK7GTHsm0VvIv7ntVIML/2RUEmKoPjsoTCV1Aae1EG7QgNHObTAuBb2r5T3mWYcbWlZW4K3GHkZaqWiZ/m2lC9fP87qyJATckrOiUcuSJnckAqpEk4eyDN5JW/Ok/PivDsfs9UVZ17hEfkzzucPGb+VzQ==</latexit>

qq̄ ! ZZ rejection
<latexit sha1_base64="wWHsI7REBkV/R9Dveb9C7m+oUmk=">AAACBHicbZBLTwIxFIXv4Avxhbpk0wgmrsgMG12SmBiXmMgjMIR0Sgcqnc7QdkzIhEQ3/hU3LjTGrT/Cnf/GwrBQ8CZNvpxzm/YcL+JMadv+tjJr6xubW9nt3M7u3v5B/vCoocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01vdDnzm/dUKhaKWz2JaDfAA8F8RrA2Ui9fKI2R62GJxq4OUbuNSkjSO0pSt2iX7fmgVXAWUITF1Hr5L7cfkjigQhOOleo4dqS7CZaaEU6nOTdWNMJkhAe0Y1DggKpuMg8xRadG6SM/lOYIjebq7xsJDpSaBJ7ZDLAeqmVvJv7ndWLtX3QTJqJYU0HSh/yYI5N31gjqM2ny8okBTCQzf0VkiCUm2vSWMyU4y5FXoVEpO4ZvKsXq1UNaRxYKcAJn4MA5VOEaalAHAo/wDK/wZj1ZL9a79ZGuZqxFhcfwZ6zPH79sl0w=</latexit><latexit sha1_base64="wWHsI7REBkV/R9Dveb9C7m+oUmk=">AAACBHicbZBLTwIxFIXv4Avxhbpk0wgmrsgMG12SmBiXmMgjMIR0Sgcqnc7QdkzIhEQ3/hU3LjTGrT/Cnf/GwrBQ8CZNvpxzm/YcL+JMadv+tjJr6xubW9nt3M7u3v5B/vCoocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01vdDnzm/dUKhaKWz2JaDfAA8F8RrA2Ui9fKI2R62GJxq4OUbuNSkjSO0pSt2iX7fmgVXAWUITF1Hr5L7cfkjigQhOOleo4dqS7CZaaEU6nOTdWNMJkhAe0Y1DggKpuMg8xRadG6SM/lOYIjebq7xsJDpSaBJ7ZDLAeqmVvJv7ndWLtX3QTJqJYU0HSh/yYI5N31gjqM2ny8okBTCQzf0VkiCUm2vSWMyU4y5FXoVEpO4ZvKsXq1UNaRxYKcAJn4MA5VOEaalAHAo/wDK/wZj1ZL9a79ZGuZqxFhcfwZ6zPH79sl0w=</latexit><latexit sha1_base64="wWHsI7REBkV/R9Dveb9C7m+oUmk=">AAACBHicbZBLTwIxFIXv4Avxhbpk0wgmrsgMG12SmBiXmMgjMIR0Sgcqnc7QdkzIhEQ3/hU3LjTGrT/Cnf/GwrBQ8CZNvpxzm/YcL+JMadv+tjJr6xubW9nt3M7u3v5B/vCoocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01vdDnzm/dUKhaKWz2JaDfAA8F8RrA2Ui9fKI2R62GJxq4OUbuNSkjSO0pSt2iX7fmgVXAWUITF1Hr5L7cfkjigQhOOleo4dqS7CZaaEU6nOTdWNMJkhAe0Y1DggKpuMg8xRadG6SM/lOYIjebq7xsJDpSaBJ7ZDLAeqmVvJv7ndWLtX3QTJqJYU0HSh/yYI5N31gjqM2ny8okBTCQzf0VkiCUm2vSWMyU4y5FXoVEpO4ZvKsXq1UNaRxYKcAJn4MA5VOEaalAHAo/wDK/wZj1ZL9a79ZGuZqxFhcfwZ6zPH79sl0w=</latexit><latexit sha1_base64="wWHsI7REBkV/R9Dveb9C7m+oUmk=">AAACBHicbZBLTwIxFIXv4Avxhbpk0wgmrsgMG12SmBiXmMgjMIR0Sgcqnc7QdkzIhEQ3/hU3LjTGrT/Cnf/GwrBQ8CZNvpxzm/YcL+JMadv+tjJr6xubW9nt3M7u3v5B/vCoocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01vdDnzm/dUKhaKWz2JaDfAA8F8RrA2Ui9fKI2R62GJxq4OUbuNSkjSO0pSt2iX7fmgVXAWUITF1Hr5L7cfkjigQhOOleo4dqS7CZaaEU6nOTdWNMJkhAe0Y1DggKpuMg8xRadG6SM/lOYIjebq7xsJDpSaBJ7ZDLAeqmVvJv7ndWLtX3QTJqJYU0HSh/yYI5N31gjqM2ny8okBTCQzf0VkiCUm2vSWMyU4y5FXoVEpO4ZvKsXq1UNaRxYKcAJn4MA5VOEaalAHAo/wDK/wZj1ZL9a79ZGuZqxFhcfwZ6zPH79sl0w=</latexit>

gg ! ZZ [A]
<latexit sha1_base64="PQ0nNcC62pM322OsOpPy2y1o2LE=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxFQtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxhfz+rdByoVS8SdnqTUj3EkWMgI1sYa2OVqFKG+TtD9fRV5TX9gV5yaMxdaB3cJFViqNbC/+sOEZDEVmnCslOc6qfZzLDUjnE5L/UzRFJMxjqhnUOCYKj+fLz5F58YZojCR5gmN5u7vHzmOlZrEgemMsR6p1drM/K/mZTq88nMm0kxTQRaDwowjc+gsBTRkkhLNJwYwkczsisgIS0y0yapkQnBXT16HTr3mGr6tVxrNp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/lpCSIA==</latexit><latexit sha1_base64="PQ0nNcC62pM322OsOpPy2y1o2LE=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxFQtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxhfz+rdByoVS8SdnqTUj3EkWMgI1sYa2OVqFKG+TtD9fRV5TX9gV5yaMxdaB3cJFViqNbC/+sOEZDEVmnCslOc6qfZzLDUjnE5L/UzRFJMxjqhnUOCYKj+fLz5F58YZojCR5gmN5u7vHzmOlZrEgemMsR6p1drM/K/mZTq88nMm0kxTQRaDwowjc+gsBTRkkhLNJwYwkczsisgIS0y0yapkQnBXT16HTr3mGr6tVxrNp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/lpCSIA==</latexit><latexit sha1_base64="PQ0nNcC62pM322OsOpPy2y1o2LE=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxFQtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxhfz+rdByoVS8SdnqTUj3EkWMgI1sYa2OVqFKG+TtD9fRV5TX9gV5yaMxdaB3cJFViqNbC/+sOEZDEVmnCslOc6qfZzLDUjnE5L/UzRFJMxjqhnUOCYKj+fLz5F58YZojCR5gmN5u7vHzmOlZrEgemMsR6p1drM/K/mZTq88nMm0kxTQRaDwowjc+gsBTRkkhLNJwYwkczsisgIS0y0yapkQnBXT16HTr3mGr6tVxrNp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/lpCSIA==</latexit><latexit sha1_base64="PQ0nNcC62pM322OsOpPy2y1o2LE=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxFQtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxhfz+rdByoVS8SdnqTUj3EkWMgI1sYa2OVqFKG+TtD9fRV5TX9gV5yaMxdaB3cJFViqNbC/+sOEZDEVmnCslOc6qfZzLDUjnE5L/UzRFJMxjqhnUOCYKj+fLz5F58YZojCR5gmN5u7vHzmOlZrEgemMsR6p1drM/K/mZTq88nMm0kxTQRaDwowjc+gsBTRkkhLNJwYwkczsisgIS0y0yapkQnBXT16HTr3mGr6tVxrNp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/lpCSIA==</latexit>

gg ! ZZ [B]
<latexit sha1_base64="y38DmoS1K3iUVo3Qerjs9AOA/u0=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxwMJYJHoRaVQ5rpNadZzIdpBKVIn3YGEAIVYehY23wb0M0PJLlj7951jnnD9IOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqySShLZLwRHYDrChngrY005x2U0lxHHDaCUbX03rngUrFEnGnxyn1YxwJFjKCtbH6drkaRainE3R/X0Xeld+3K07NmQmtgruACizU7NtfvUFCspgKTThWynOdVPs5lpoRTielXqZoiskIR9QzKHBMlZ/PFp+gU+MMUJhI84RGM/f3jxzHSo3jwHTGWA/Vcm1q/lfzMh1e+DkTaaapIPNBYcaROXSaAhowSYnmYwOYSGZ2RWSIJSbaZFUyIbjLJ69Cu15zDd/WK43Lp3kcRTiGEzgDF86hATfQhBYQyOAZXuHNerRerHfrY95asBYRHsEfWZ8/mBWSIQ==</latexit><latexit sha1_base64="y38DmoS1K3iUVo3Qerjs9AOA/u0=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxwMJYJHoRaVQ5rpNadZzIdpBKVIn3YGEAIVYehY23wb0M0PJLlj7951jnnD9IOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqySShLZLwRHYDrChngrY005x2U0lxHHDaCUbX03rngUrFEnGnxyn1YxwJFjKCtbH6drkaRainE3R/X0Xeld+3K07NmQmtgruACizU7NtfvUFCspgKTThWynOdVPs5lpoRTielXqZoiskIR9QzKHBMlZ/PFp+gU+MMUJhI84RGM/f3jxzHSo3jwHTGWA/Vcm1q/lfzMh1e+DkTaaapIPNBYcaROXSaAhowSYnmYwOYSGZ2RWSIJSbaZFUyIbjLJ69Cu15zDd/WK43Lp3kcRTiGEzgDF86hATfQhBYQyOAZXuHNerRerHfrY95asBYRHsEfWZ8/mBWSIQ==</latexit><latexit sha1_base64="y38DmoS1K3iUVo3Qerjs9AOA/u0=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxwMJYJHoRaVQ5rpNadZzIdpBKVIn3YGEAIVYehY23wb0M0PJLlj7951jnnD9IOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqySShLZLwRHYDrChngrY005x2U0lxHHDaCUbX03rngUrFEnGnxyn1YxwJFjKCtbH6drkaRainE3R/X0Xeld+3K07NmQmtgruACizU7NtfvUFCspgKTThWynOdVPs5lpoRTielXqZoiskIR9QzKHBMlZ/PFp+gU+MMUJhI84RGM/f3jxzHSo3jwHTGWA/Vcm1q/lfzMh1e+DkTaaapIPNBYcaROXSaAhowSYnmYwOYSGZ2RWSIJSbaZFUyIbjLJ69Cu15zDd/WK43Lp3kcRTiGEzgDF86hATfQhBYQyOAZXuHNerRerHfrY95asBYRHsEfWZ8/mBWSIQ==</latexit><latexit sha1_base64="y38DmoS1K3iUVo3Qerjs9AOA/u0=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxwMJYJHoRaVQ5rpNadZzIdpBKVIn3YGEAIVYehY23wb0M0PJLlj7951jnnD9IOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqySShLZLwRHYDrChngrY005x2U0lxHHDaCUbX03rngUrFEnGnxyn1YxwJFjKCtbH6drkaRainE3R/X0Xeld+3K07NmQmtgruACizU7NtfvUFCspgKTThWynOdVPs5lpoRTielXqZoiskIR9QzKHBMlZ/PFp+gU+MMUJhI84RGM/f3jxzHSo3jwHTGWA/Vcm1q/lfzMh1e+DkTaaapIPNBYcaROXSaAhowSYnmYwOYSGZ2RWSIJSbaZFUyIbjLJ69Cu15zDd/WK43Lp3kcRTiGEzgDF86hATfQhBYQyOAZXuHNerRerHfrY95asBYRHsEfWZ8/mBWSIQ==</latexit>

gg ! ZZ [C]
<latexit sha1_base64="iyr8lQtnfpuuCOnmuU/uS9WyMa8=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxqAtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxg3Z/XuA5WKJeJOT1LqxzgSLGQEa2MN7HI1ilBfJ+j+voq8pj+wK07NmQutg7uECizVGthf/WFCspgKTThWynOdVPs5lpoRTqelfqZoiskYR9QzKHBMlZ/PF5+ic+MMUZhI84RGc/f3jxzHSk3iwHTGWI/Uam1m/lfzMh1e+TkTaaapIItBYcaROXSWAhoySYnmEwOYSGZ2RWSEJSbaZFUyIbirJ69Dp15zDd/WK43rp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/mZqSIg==</latexit><latexit sha1_base64="iyr8lQtnfpuuCOnmuU/uS9WyMa8=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxqAtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxg3Z/XuA5WKJeJOT1LqxzgSLGQEa2MN7HI1ilBfJ+j+voq8pj+wK07NmQutg7uECizVGthf/WFCspgKTThWynOdVPs5lpoRTqelfqZoiskYR9QzKHBMlZ/PF5+ic+MMUZhI84RGc/f3jxzHSk3iwHTGWI/Uam1m/lfzMh1e+TkTaaapIItBYcaROXSWAhoySYnmEwOYSGZ2RWSEJSbaZFUyIbirJ69Dp15zDd/WK43rp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/mZqSIg==</latexit><latexit sha1_base64="iyr8lQtnfpuuCOnmuU/uS9WyMa8=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxqAtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxg3Z/XuA5WKJeJOT1LqxzgSLGQEa2MN7HI1ilBfJ+j+voq8pj+wK07NmQutg7uECizVGthf/WFCspgKTThWynOdVPs5lpoRTqelfqZoiskYR9QzKHBMlZ/PF5+ic+MMUZhI84RGc/f3jxzHSk3iwHTGWI/Uam1m/lfzMh1e+TkTaaapIItBYcaROXSWAhoySYnmEwOYSGZ2RWSEJSbaZFUyIbirJ69Dp15zDd/WK43rp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/mZqSIg==</latexit><latexit sha1_base64="iyr8lQtnfpuuCOnmuU/uS9WyMa8=">AAAB+HicbZC7TsMwFIZPyq2USwOMLBYtElOVdIGxqAtjkehFpFHluE5q1XEi20EqUSXeg4UBhFh5FDbeBvcyQMsvWfr0n2Odc/4g5Uxpx/m2ChubW9s7xd3S3v7BYdk+Ou6oJJOEtknCE9kLsKKcCdrWTHPaSyXFccBpNxg3Z/XuA5WKJeJOT1LqxzgSLGQEa2MN7HI1ilBfJ+j+voq8pj+wK07NmQutg7uECizVGthf/WFCspgKTThWynOdVPs5lpoRTqelfqZoiskYR9QzKHBMlZ/PF5+ic+MMUZhI84RGc/f3jxzHSk3iwHTGWI/Uam1m/lfzMh1e+TkTaaapIItBYcaROXSWAhoySYnmEwOYSGZ2RWSEJSbaZFUyIbirJ69Dp15zDd/WK43rp0UcRTiFM7gAFy6hATfQgjYQyOAZXuHNerRerHfrY9FasJYRnsAfWZ8/mZqSIg==</latexit>

gg ! ZZ [SM]
<latexit sha1_base64="qRY5ddc5+223jm+b68KdAXanzAo=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FWcFWSbnRZceNGqGhbaRrKZDpJh04mYWZSKKHgg7hxoYhb38Sdb+P0stDWHwY+/nOGc84fpJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKskkoU2S8EQ+BlhRzgRtaqY5fUwlxXHAaTsYXk/r7RGViiXiQY9T6sc4EixkBGtj9Wy7EkWoqxPU6VSQd3/r9+yyU3VmQqvgLqAMCzV69le3n5AspkITjpXyXCfVfo6lZoTTSambKZpiMsQR9QwKHFPl57PNJ+jMOH0UJtI8odHM/f0jx7FS4zgwnTHWA7Vcm5r/1bxMh5d+zkSaaSrIfFCYcWQuncaA+kxSovnYACaSmV0RGWCJiTZhlUwI7vLJq9CqVV3Dd7Vy/eppHkcRTuAUzsGFC6jDDTSgCQRG8Ayv8Gbl1ov1bn3MWwvWIsJj+CPr8wdQMJKJ</latexit><latexit sha1_base64="qRY5ddc5+223jm+b68KdAXanzAo=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FWcFWSbnRZceNGqGhbaRrKZDpJh04mYWZSKKHgg7hxoYhb38Sdb+P0stDWHwY+/nOGc84fpJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKskkoU2S8EQ+BlhRzgRtaqY5fUwlxXHAaTsYXk/r7RGViiXiQY9T6sc4EixkBGtj9Wy7EkWoqxPU6VSQd3/r9+yyU3VmQqvgLqAMCzV69le3n5AspkITjpXyXCfVfo6lZoTTSambKZpiMsQR9QwKHFPl57PNJ+jMOH0UJtI8odHM/f0jx7FS4zgwnTHWA7Vcm5r/1bxMh5d+zkSaaSrIfFCYcWQuncaA+kxSovnYACaSmV0RGWCJiTZhlUwI7vLJq9CqVV3Dd7Vy/eppHkcRTuAUzsGFC6jDDTSgCQRG8Ayv8Gbl1ov1bn3MWwvWIsJj+CPr8wdQMJKJ</latexit><latexit sha1_base64="qRY5ddc5+223jm+b68KdAXanzAo=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FWcFWSbnRZceNGqGhbaRrKZDpJh04mYWZSKKHgg7hxoYhb38Sdb+P0stDWHwY+/nOGc84fpJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKskkoU2S8EQ+BlhRzgRtaqY5fUwlxXHAaTsYXk/r7RGViiXiQY9T6sc4EixkBGtj9Wy7EkWoqxPU6VSQd3/r9+yyU3VmQqvgLqAMCzV69le3n5AspkITjpXyXCfVfo6lZoTTSambKZpiMsQR9QwKHFPl57PNJ+jMOH0UJtI8odHM/f0jx7FS4zgwnTHWA7Vcm5r/1bxMh5d+zkSaaSrIfFCYcWQuncaA+kxSovnYACaSmV0RGWCJiTZhlUwI7vLJq9CqVV3Dd7Vy/eppHkcRTuAUzsGFC6jDDTSgCQRG8Ayv8Gbl1ov1bn3MWwvWIsJj+CPr8wdQMJKJ</latexit><latexit sha1_base64="qRY5ddc5+223jm+b68KdAXanzAo=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FWcFWSbnRZceNGqGhbaRrKZDpJh04mYWZSKKHgg7hxoYhb38Sdb+P0stDWHwY+/nOGc84fpJwp7TjfVmFtfWNzq7hd2tnd2z+wD49aKskkoU2S8EQ+BlhRzgRtaqY5fUwlxXHAaTsYXk/r7RGViiXiQY9T6sc4EixkBGtj9Wy7EkWoqxPU6VSQd3/r9+yyU3VmQqvgLqAMCzV69le3n5AspkITjpXyXCfVfo6lZoTTSambKZpiMsQR9QwKHFPl57PNJ+jMOH0UJtI8odHM/f0jx7FS4zgwnTHWA7Vcm5r/1bxMh5d+zkSaaSrIfFCYcWQuncaA+kxSovnYACaSmV0RGWCJiTZhlUwI7vLJq9CqVV3Dd7Vy/eppHkcRTuAUzsGFC6jDDTSgCQRG8Ayv8Gbl1ov1bn3MWwvWIsJj+CPr8wdQMJKJ</latexit>

FIG. 2: (Left)The normalized cos ✓1 distribution for signal and background. (Middle) The normalized cos ✓⇤

distribution for signal and background. The dashed lines are fitted curves with simulated data points, and solid
curves the theory prediction without cuts. (Right) The ROC showing acceptance rate of the gg-initiated processes

against the rejection rate of the SM qq̄-initiated process.

Significance case A case B case C
with basic cuts 2.01 0.634 4.71

with basic + angle cuts 2.32 0.838 5.78
with basic cuts + BDT 2.45 0.92 7.01

Luminosity L needed for 3� discovery 4.2ab�1 29ab�1 0.5ab�1

TABLE I: Summary table of the achievable sensitivities for the NP cases at 3 ab�1 HL-LHC with the benchmark
points taken to be still allowed by current LHC search. Here basic cuts are in eq. (10) and angle cuts are in eq. (12)

LHC data at 13 TeV with about 100 fb�1 and a simple
angular cut requiring cos ✓1 < 0.68, this one-operator is
constrained at 1� to be about ⇤ > 1.3 TeV, and the BDT
analysis improves the bound slightly up to 1.5 TeV.

As studied in the Ref. [8], there are ZTZT channels
that get enhanced in general as well. The reach to these
TT-mode enhancing operators is comparable to the LL-
mode at around ⇤ > 1.3 TeV, due to the larger interfer-
ence with the SM TT-mode dominant background but
smaller center-of-mass-energy enhancement.

V. SUMMARY AND DISCUSSION

We study the the high energy tail region of the pp !
ZZ ! 4` channel, which is sensitive to the modification
of the Higgs sector in a NP scenario. Especially, we point
out that the deviation is mostly from the LL-mode of Z
bosons. We demonstrate how the LHC analysis would
improve the sensitivity to NP signals by suppressing TT-
mode through various observables sensitive to angular
correlations. To cover a case where a NP is within the
LHC search scale, we evaluate three di↵erent scenarios
of Higgs sector NP which a↵ect the scalar mediated di-
agrams for the gg ! ZZ process. Despite the di↵erent
energy dependence, the simple angular cuts favoring the
central and ZLZL mode would improve the sensitivity to
probe all these scenarios by 20%-30%. A BDT analysis
optimized for an assumed signal pp ! h⇤ ! ZZ ! 4`
that includes the the energy dependence and angular
variables as well, would further improve all the sensi-
tivities by about 20%. If any of these Higgs sector new

dynamics were just around the corner for discovery, the
HL-LHC would likely to observe a definite deviation in
the tail region.

We also examine the dimension-8 EFT operator for
ZZ final states, which could arise to importance over the
dimension-6 ones favored by certain symmetry models
[8]. The particular operator we study enhances the ZLZL

mode in the final state, but shows di↵erent distribution
in the other variables such as cos ✓⇤ compared to the
Higgs sector NP scenarios we consider. A simple angular
cut requiring cos ✓1 < 0.68 which favors the longitudinal
mode alone improves the current sensitivity by about 7%.

As we have demonstrated, a simple angular cut fa-
voring the longitudinal vector boson across these vari-
ous processes, increases the sensitivity to all these Higgs
sector NP. A BDT analysis with an exemplified Higgs
signal process further improves the sensitivity across the
various NP cases. We would like to point out that, a
combined search with all the di-boson and Higgs associ-
ated production channels such as VLVL(V = W, Z) and
VL h would accumulatively improve the sensitivity for the
NP searches at the tail of o↵-shell Higgs distribution.
The study of these additional channels could be extended
from our analysis in a similar manner. Once deviations
in the high mass tail of VLVL(h) are identified with su�-
cient data at HL-LHC to indicate NP in the Higgs sector,
the next step is to discriminate among the NP scenar-
ios. The di↵erent energy dependences as shown in Fig. 1
is one remaining variable, on which binned analysis or
energy-dependent-functional fitting with the data could
be employed to favor one scenario over another.

80 < mll < 100 GeV, m4l > 600 GeV .
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FIG. 1: (Left top) The di↵erential cross sections of qq̄ ! ZZ, gg ! ZZ for relevant processes, and the ratio (left
bottom) between the BSM cases A, B, C, D and the SM backgrounds. (Right top) The di↵erential cross section in

the LL polarization mode for relevant processes, and the ratio (right bottom) of LL and TT mode components
compared to the total rate for gg(qq̄) ! ZZ processes.

III. ANALYSIS

Focusing on the polarization composition of above NP
cases, from Fig. 1, we see the deviation of BSM com-
pared to the SM in the total rate (Left plot) is mainly
from deviation in the LL mode (Right plot). Given this
physical feature, we enhance the experimental sensitivity
on generic Higgs sector new physics, that shows up in the
high energy scale.

We use MadGraph5 aMC@NLO [31] to generate
gg(qq̄) ! ZZ ! e�e+µ�µ+ events at QCD leading or-
der, and rescale with a k-factor of 1.8 (1.5) for the gg(qq̄)
initiated processes respectively [32, 33]. For NP exam-
ples, we generate gg ! ZZ ! e�e+µ�µ+ events for
the light scalar case (case A), heavy Higgs case (case B)
and QCH model (case C) with model parameters given
in Sec. II. Generator level cuts are applied as pT ` > 10
GeV, |⌘`| < 2.5, m`�`+ > 50 GeV, and m4` > 560 GeV.
After detector simulation with Delphes [35], we further
require in the final state a pair of electrons and muons
with basic cuts,

80 < mll < 100 GeV, m4l > 600 GeV. (8)

The generic NP signal is (gg ! h⇤ ! 4`)-like, domi-
nated by LL mode. We set mh = m4` to remove Higgs
mass dependence in our analyses. Backgrounds are the
SM qq̄ ! ZZ, and gg ! ZZ processes, dominated by
TT mode in the high mass scale.

One variable we find useful is cos ✓⇤. It’s the cosine of
the angle between one final state Z that is reconstructed
from µ�µ+ pair, with respective to the beam line at the
center of mass frame. The cos ✓⇤ distribution for sig-
nal is flat, as expected from a s-channel scalar mediator.
For the major background qq̄ ! ZZ, the contribution is

mostly from t/u-channel diagrams,

d�(qq̄!ZZ)

d cos ✓⇤
' d�(qq̄!ZTZT )

d cos ✓⇤
/ 1 + cos2 ✓⇤

1 � cos2 ✓⇤
(9)

in the limit
p

ŝ � mZ , which is a good approximation
at the energy scale we are interested in. In the left
plot of Fig. 2, we show the normalized cos ✓⇤ distribu-
tion from simulated events (dots) as well as the theo-
retical prediction without cuts (solid curve) for both the
dominant background qq̄ ! e�e+µ�µ+, and the signal
gg ! h⇤ ! e�e+µ�µ+. The agreement worsens at the
edges due to detector e�ciencies, while the qualitative
features remain. We choose the optimized cut on cos ✓⇤

at the maximum of S/
p

B. Both simulation and ana-
lytic expression agrees at a cut around | cos ✓⇤| < 0.7.
We then apply a polar angle cut on the leading Z1 decay
of | cos ✓1| < 0.68, whose theoretical and simulated-event
distributions are shown in the middle plot of Fig. 2. Our
angular cuts are defined as,

| cos ✓⇤| < 0.7, | cos ✓1| < 0.68. (10)

To further suppress the qq̄-initiated background and
maximize the sensitivity to new physics, we separately
perform a Boosted Decision Tree (BDT) analysis. First
we feed BDT analysis with 6 variables: m4`, cos ✓⇤,
cos ✓1, cos ✓2, �� and KD. �� is the angle between the
two decay planes of the Z bosons. KD is defined as,

KD = ln

✓
fg(x1)fg(x2)|M(gg ! h⇤ ! 4`)|2P

fq(x1)fq̄(x2)|M(qq̄ ! 4`)|2
◆

, (11)

which is the ratio of the squared amplitudes between
the signal and background processes, weighted with the
respective PDFs [34]. We use an adaptive boosting al-
gorithm with 850 number of decision trees, and maxi-
mum depth of 3. Most important variables under BDT
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Vector boson pair production could be categorized into TT 
(transverse-transverse), TL(transverse-longitudinal), and 
LL(longitudinal-longitudinal) modes. In the Standard Model (SM), Z 
boson pair production is mostly from qq → ZZ process, dominated 
by TT mode. For gg → ZZ, the destructive interference between the 
massive quark box-loops and triangle-Higgs diagrams leaves the 
total cross section dominated by TT mode as well. 

The log-divergent terms from the box and Higgs diagrams cancel 
exactly, and unitarity restored in the SM. However, this exact 
cancellation may be delayed in the presence of new physics (NP) at 
a scale probable by the LHC. In this case, a modification of gg → 
VLVL amplitude can be established from 1) a change in Higgs 
propagator 2) introduction of a new propagator 3) a variation in 
hVLVL form factor.  These cases are portrayed with following 
examples, and tagging the LL mode in the tail of off-shell Higgs 
provides a sensitive probe to all these NP scenarios.

Probing New Physics by the Tail of the Off-shell 
Higgs via Polarization Tagging

Based on Work with Seung J. Lee, Myeonghun Park (arXiv:1812.02679) 
Zhuoni Qian, IBS-CTPU

Abstract
Off-shell Higgs at the high mass tail may shed light on the underlying mechanism of the electroweak symmetry breaking. In the Standard 
Model, there is an exact cancellation of the logarithmic divergence between the box and Higgs-mediated triangle diagrams due to unitarity, 
such that the gg → ZZ (WW) process in the SM is dominated by the VTVT transverse-mode. The cancellation can be delayed to a higher scale, 
when there is sufficiently large new physics contribution resulting in VLVL longitudinal mode, which is commonly the case when the Higgs 
sector is modified. Thus the VLVL final states in the high mass tail can be utilized as a sensitive probe for new physics. In this letter, we propose 
to utilize the information in angular observables to maximize the hint of a new physics hiding in the polarization of gauge bosons.

Analysis and Results

Introduction

New Physics Examples
A. Higgs Portal Light Scalar 

A Higgs portal light scalar with mass of mS>mh/2, which evades 
constraints from Higgs invisible decay searches, would contribute 
through loop effects to the Higgs self energy, and modify the mZZ 
distribution at high energy scale. To study, we write a simplified 
Lagrangian of a SM plus a complex scalar in the form: 

At Next Leading Order (NLO), the scalar S modifies the Higgs 
propagator through loop. The deviation from the SM at high 
energy becomes apparent in the LL mode as expected. We set the 
benchmark point with 𝜿 = 9 and mS = 80 GeV, where 𝜿 is set to be 
largest value allowed by current experimental search. 

B. Broad-Width Heavy Scalar 
Another example is a heavy scalar S that decays to ZZ, with 
amplitude proportional to its mixing with the SM Higgs. We take a 
representative example of an additional real scalar: 

Through mixing, all the Higgs couplings to the other SM particles 
are rescaled by cos𝜭, while the SXX couplings are sin𝜭 times the 
SM Higgs coupling value. We take the scalar mass at MS = 700 GeV 
and sin𝜭 = 0.4 as still allowed by current Higgs data, and assume a 
relatively broad width 𝜞S = 140 GeV which manifests large 
interference. 

C. Quantum Critical Higgs 
Quantum critical Higgs type of models typically predict a higher 
scale continuum which modify the Higgs off-shell region. In 
general, the Higgs couplings to other SM particles could depend on 
the details of the UV theory, the conformal symmetry breaking and 
the scale.

ℒ = ℒSM + ∂μS∂μS* − μ2 |S |2 − κ |S |2 |Φ |2 .

ℒ ∋ ℒSM − μSS |Φ |2 .

We consider a minimal scenario where the propagator of the 
physical Higgs field and the hZZ coupling are modified as, 

The non-standard hZZ form factor arises from gauge invariant 
form of the Higgs two-point function. The continuum scale u and 
the anomalous dimension 𝚫 are the two new parameters in this 
case. u =600 GeV and 𝚫 =1.6 are chosen as benchmark point. We 
show the differential m{4l} distribution below for total and in LL-
mode below for all relevant processes.

Gh(p) = − iZh

(μ2 − p2 − iϵ)2−Δ − (μ2 − m2
h)2−Δ

ghZZ = − (μ2)2−Δ − (μ2 − p2)2−Δ

̂s
gSM

hZZ .

|cos θ* | < 0.7, |cos θ1 | < 0.68.


