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Flavour dependence in QCD parton showers 2

Gluon-initiated shower

Broader shower profile
Higher number of emissions

Quark-initiated shower

narrower shower profile
Fewer emissions in the shower

Casimir Colour factors

Different emission properties due to the 
different amount of colour charge carried by 

quarks and gluons



Flavour dependence in QCD parton showers 3

Quark-initiated shower

narrower shower profile
Fewer emissions in the shower

The dead-cone effect

A suppression of emissions in a cone of size 
m/E around the direction of the emitter

Sizeable effect for low energy heavy quarks

Heavy-quark-initiated shower

Suppression of small angle emissions
Harder fragmentation



Previous indirect measurements 4

pT density around the initial scattered b-quark 
direction is depleted compared to the density 

around light quarks and gluons

Consequence of the suppression of emissions 
in the dead cone of the b-quark

ATLAS Collaboration, Eur. Phys. J. C (2013) 73:2676



What is needed for a direct measurement? 5

What is missing for a direct observation of the dead cone?

ATLAS Collaboration, Eur. Phys. J. C (2013) 73:2676

Requirements for a direct observation of the dead cone
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What is missing for a direct observation of the dead cone?

ATLAS Collaboration, Eur. Phys. J. C (2013) 73:2676

Requirements for a direct observation of the dead cone

The dead-cone angle appears in emissions at the 
partonic level  - need to reconstruct the 

dynamically evolving direction of the heavy quark

jet axis

Direction of emitting quark



What is needed for a direct measurement? 7

ATLAS Collaboration, Eur. Phys. J. C (2013) 73:2676

Requirements for a direct observation of the dead cone

The dead-cone angle appears in emissions at the 
partonic level  - need to reconstruct the 

dynamically evolving direction of the heavy quark

Sources such as the decay products of the heavy-
flavour hadron can populate the dead-cone 

region

decay products of 
heavy-flavour hadron



Dynamically reconstructing a parton shower 8

Final state hadrons Jet clustering algorithms select the final state 
particles belonging to a given shower
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Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 
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Jet clustering algorithms select the final state 
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Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 



Dynamically reconstructing a parton shower 16

first splitting

Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 

Unwind the clustering history and follow a 
given branch of emissions through the shower



Dynamically reconstructing a parton shower 17

second splitting

Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 

Unwind the clustering history and follow a 
given branch of emissions through the shower



Dynamically reconstructing a parton shower 18

third splitting

Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 

Unwind the clustering history and follow a 
given branch of emissions through the shower



Dynamically reconstructing a parton shower 19

fourth splitting

Jet clustering algorithms select the final state 
particles belonging to a given shower

Take advantage of the angular ordering of QCD 
emissions to reconstruct  the shower using the 

C/A algorithm 

Unwind the clustering history and follow a 
given branch of emissions through the shower

The parton flavour is not necessarily
conserved along the followed branch



Using heavy-flavour jets to isolate c->cg splittings 20

Charm 
hadron

decay daughter

decay daughter

L. Cunqueiro, M. Ploskon, Phys. Rev. D 99, 074027 (2019)

Heavy-flavour quarks retain their flavour 
throughout the shower evolution

Only QuarkHF -> QuarkHF + Gluon emissions

Due to their large mass HF quarks production
is supressed during hadronisation
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c     cg
Charm 
hadron

L. Cunqueiro, M. Ploskon, Phys. Rev. D 99, 074027 (2019)

Heavy-flavour quarks retain their flavour 
throughout the shower evolution

Only QuarkHF -> QuarkHF + Gluon emissions

Due to their large mass HF quarks production
is supressed during hadronisation

The shower of a jet tagged via a reconstructed 
heavy-flavour hadron would contain a 

traceable branch of                                    
QuarkHF -> QuarkHF + Gluon emissions
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c     cg

c     cg
Charm 
hadron

L. Cunqueiro, M. Ploskon, Phys. Rev. D 99, 074027 (2019)
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throughout the shower evolution

Only QuarkHF -> QuarkHF + Gluon emissions

Due to their large mass HF quarks production
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c     cg

c     cg

c     cg
Charm 
hadron

L. Cunqueiro, M. Ploskon, Phys. Rev. D 99, 074027 (2019)

Heavy-flavour quarks retain their flavour 
throughout the shower evolution

Only QuarkHF -> QuarkHF + Gluon emissions

Due to their large mass HF quarks production
is supressed during hadronisation

The shower of a jet tagged via a reconstructed 
heavy-flavour hadron would contain a 

traceable branch of                                    
QuarkHF -> QuarkHF + Gluon emissions
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c     cg

c     cg

c     cg c     cg
Charm 
hadron

L. Cunqueiro, M. Ploskon, Phys. Rev. D 99, 074027 (2019)

Heavy-flavour quarks retain their flavour 
throughout the shower evolution

Only QuarkHF -> QuarkHF + Gluon emissions

Due to their large mass HF quarks production
is supressed during hadronisation

The shower of a jet tagged via a reconstructed 
heavy-flavour hadron would contain a 

traceable branch of                                    
QuarkHF -> QuarkHF + Gluon emissions

Can follow a quark sample of emissions



Taking a closer look at a reconstructed splitting 25

c     cg

c     cg

c     cg c     cg
Charm 
hadron

,

emission angle

energy of the 
emitting charm

fraction of momentum 
carried by the emitted gluon

transverse scale 
of the splitting

The angle of each gluon emission directly probes 
the dead-cone effect 

The energy of the charm quark at each emission 
point directly sets the size of the dead-cone region

The transverse scale of each splitting will be used 
to suppress non-perturbative effects



Tagging a jet with a fully reconstructed HF hadron 26

Reconstruct the D0 meson

D0 mesons are reconstructed through the
(and charge conjugate) decay channel

Selections on decay topology and PID are used to
identify D0-meson candidates

D0 ! K�⇡+
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Jet Finding

The analysis is performed using Run 2 pp collisions at

The D0 decay daughters are replaced by the D0 prior to jet finding

Jet finding is performed using the anti-kT algorithm with R =0.4

Jets with a D0-meson candidate amongst their constituents are selected

Lint = 25 nb�1
<latexit sha1_base64="rxxyeGXTQJigcE9m4uume34PpWQ=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPCRQX7gCaGyXTSDp1MwsxEKCEf4cZfceNCEbcu3Pk3TtostPXAwOGce7lzjh8zKpVlfRtz8wuLS8ullfLq2vrGprm13ZJRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7zK/fYDEZJG/E6NYuKGqM9pQDFSWvLMQydEaoARS28yL3VEmFKusgxewNoJdM5hrnA/u0+P7MwzK1bVGgPOErsgFVCg4ZlfTi/CSUi4wgxJ2bWtWLkpEopiRrKyk0gSIzxEfdLVlKOQSDcdh8rgvlZ6MIiEflzBsfp7I0WhlKPQ15N5BDnt5eJ/XjdRwZmrY8aJIhxPDgUJgyqCeUOwRwXBio00QVhQ/VeIB0ggrHSPZV2CPR15lrRqVVvz2+NK/bKoowR2wR44ADY4BXVwDRqgCTB4BM/gFbwZT8aL8W58TEbnjGJnB/yB8fkD+QSeGQ==</latexit><latexit sha1_base64="j18Pbihc+3xUG40Ikt5irT7KCH0=">AAACOXicjVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPChYJ9QBPDZDpph04mYWYilJCP8GtcuPEb3Ll0I+LWH3DSZqGtCw8MHM65lzvn+DGjUlnWqzEzOze/sFhaKi+vrK6tmxubTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g4vcb90TIWnEb9UwJm6IepwGFCOlJc/cd0Kk+hix9CrzUkeEKeUqy+AZrB1B5xTmCvezu/TAzjyzYlWtEeA0sQtSAQX+N+6ZL043wklIuMIMSdmxrVi5KRKKYkayspNIEiM8QD3S0ZSjkEg3HSXP4K5WujCIhH5cwZH6cyNFoZTD0NeTeU456eXiX14nUcGJq7uIE0U4Hh8KEgZVBPMaYZcKghUbaoKwoPqvEPeRQFjpsss6uj0ZdJo0a1Vb85vDSv286KwEtsEO2AM2OAZ1cAmuQQNg8AAewTN4N56MN+PD+ByPzhjFzhb4BePrG5/jpZI=</latexit><latexit sha1_base64="j18Pbihc+3xUG40Ikt5irT7KCH0=">AAACOXicjVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPChYJ9QBPDZDpph04mYWYilJCP8GtcuPEb3Ll0I+LWH3DSZqGtCw8MHM65lzvn+DGjUlnWqzEzOze/sFhaKi+vrK6tmxubTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g4vcb90TIWnEb9UwJm6IepwGFCOlJc/cd0Kk+hix9CrzUkeEKeUqy+AZrB1B5xTmCvezu/TAzjyzYlWtEeA0sQtSAQX+N+6ZL043wklIuMIMSdmxrVi5KRKKYkayspNIEiM8QD3S0ZSjkEg3HSXP4K5WujCIhH5cwZH6cyNFoZTD0NeTeU456eXiX14nUcGJq7uIE0U4Hh8KEgZVBPMaYZcKghUbaoKwoPqvEPeRQFjpsss6uj0ZdJo0a1Vb85vDSv286KwEtsEO2AM2OAZ1cAmuQQNg8AAewTN4N56MN+PD+ByPzhjFzhb4BePrG5/jpZI=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="q5cFNHr0Cyine5w++Dyyq99t3y8=">AAACCXicbZBPS8MwGMbf+nfOqdWrl+AQBHG0A1EEQfDiwcME9wfWWtIs28LStCSpMEo/hBe/ihcPivgFvPltTLcddPOFwI/nSXjzPGHCmdKO820tLa+srq2XNsqbla3tHXu30lJxKgltkpjHshNiRTkTtKmZ5rSTSIqjkNN2OLou/PYjlYrF4l6PE+pHeCBYnxGsjRTYx16E9ZBgnt3mQebJKGNC5zm6RPVT5F2gQhFh/pCduHlgV52aMxm0CO4MqjCbRmB/eb2YpBEVmnCsVNd1Eu1nWGpGOM3LXqpogskID2jXoMARVX42CZWjQ6P0UD+W5giNJurvFxmOlBpHoblZRFDzXiH+53VT3T/3Tcwk1VSQ6aJ+ypGOUdEQ6jFJieZjA5hIZv6KyBBLTLTpsWxKcOcjL0KrXnMN3zlQgn04gCNw4Qyu4AYa0AQCT/ACb/BuPVuv1se0riVr1tse/Bnr8wcwB5ya</latexit><latexit sha1_base64="q5cFNHr0Cyine5w++Dyyq99t3y8=">AAACCXicbZBPS8MwGMbf+nfOqdWrl+AQBHG0A1EEQfDiwcME9wfWWtIs28LStCSpMEo/hBe/ihcPivgFvPltTLcddPOFwI/nSXjzPGHCmdKO820tLa+srq2XNsqbla3tHXu30lJxKgltkpjHshNiRTkTtKmZ5rSTSIqjkNN2OLou/PYjlYrF4l6PE+pHeCBYnxGsjRTYx16E9ZBgnt3mQebJKGNC5zm6RPVT5F2gQhFh/pCduHlgV52aMxm0CO4MqjCbRmB/eb2YpBEVmnCsVNd1Eu1nWGpGOM3LXqpogskID2jXoMARVX42CZWjQ6P0UD+W5giNJurvFxmOlBpHoblZRFDzXiH+53VT3T/3Tcwk1VSQ6aJ+ypGOUdEQ6jFJieZjA5hIZv6KyBBLTLTpsWxKcOcjL0KrXnMN3zlQgn04gCNw4Qyu4AYa0AQCT/ACb/BuPVuv1se0riVr1tse/Bnr8wcwB5ya</latexit><latexit sha1_base64="23GwYRWUEAArhBVjL1plttIE7jk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQxJIURBGEohsXLirYBzQxTKaTduhkEmYmQgn5CDf+ihsXirh14c6/cdJmoa0HBg7n3Mudc/yYUaks69soLSwuLa+UVytr6xubW+b2TltGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ugq9zsPREga8Ts1jokbogGnAcVIackzj5wQqSFGLL3JvNQRYUq5yjJ4Aesn0DmHucL97D49tjPPrFo1awI4T+yCVEGBpmd+Of0IJyHhCjMkZc+2YuWmSCiKGckqTiJJjPAIDUhPU45CIt10EiqDB1rpwyAS+nEFJ+rvjRSFUo5DX0/mEeSsl4v/eb1EBWeujhkninA8PRQkDKoI5g3BPhUEKzbWBGFB9V8hHiKBsNI9VnQJ9mzkedKu12zNb61q47Koowz2wD44BDY4BQ1wDZqgBTB4BM/gFbwZT8aL8W58TEdLRrGzC/7A+PwB98SeFQ==</latexit><latexit sha1_base64="rxxyeGXTQJigcE9m4uume34PpWQ=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPCRQX7gCaGyXTSDp1MwsxEKCEf4cZfceNCEbcu3Pk3TtostPXAwOGce7lzjh8zKpVlfRtz8wuLS8ullfLq2vrGprm13ZJRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7zK/fYDEZJG/E6NYuKGqM9pQDFSWvLMQydEaoARS28yL3VEmFKusgxewNoJdM5hrnA/u0+P7MwzK1bVGgPOErsgFVCg4ZlfTi/CSUi4wgxJ2bWtWLkpEopiRrKyk0gSIzxEfdLVlKOQSDcdh8rgvlZ6MIiEflzBsfp7I0WhlKPQ15N5BDnt5eJ/XjdRwZmrY8aJIhxPDgUJgyqCeUOwRwXBio00QVhQ/VeIB0ggrHSPZV2CPR15lrRqVVvz2+NK/bKoowR2wR44ADY4BXVwDRqgCTB4BM/gFbwZT8aL8W58TEbnjGJnB/yB8fkD+QSeGQ==</latexit><latexit sha1_base64="rxxyeGXTQJigcE9m4uume34PpWQ=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPCRQX7gCaGyXTSDp1MwsxEKCEf4cZfceNCEbcu3Pk3TtostPXAwOGce7lzjh8zKpVlfRtz8wuLS8ullfLq2vrGprm13ZJRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7zK/fYDEZJG/E6NYuKGqM9pQDFSWvLMQydEaoARS28yL3VEmFKusgxewNoJdM5hrnA/u0+P7MwzK1bVGgPOErsgFVCg4ZlfTi/CSUi4wgxJ2bWtWLkpEopiRrKyk0gSIzxEfdLVlKOQSDcdh8rgvlZ6MIiEflzBsfp7I0WhlKPQ15N5BDnt5eJ/XjdRwZmrY8aJIhxPDgUJgyqCeUOwRwXBio00QVhQ/VeIB0ggrHSPZV2CPR15lrRqVVvz2+NK/bKoowR2wR44ADY4BXVwDRqgCTB4BM/gFbwZT8aL8W58TEbnjGJnB/yB8fkD+QSeGQ==</latexit><latexit sha1_base64="rxxyeGXTQJigcE9m4uume34PpWQ=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCWJKiKIJQdOPCRQX7gCaGyXTSDp1MwsxEKCEf4cZfceNCEbcu3Pk3TtostPXAwOGce7lzjh8zKpVlfRtz8wuLS8ullfLq2vrGprm13ZJRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P7zK/fYDEZJG/E6NYuKGqM9pQDFSWvLMQydEaoARS28yL3VEmFKusgxewNoJdM5hrnA/u0+P7MwzK1bVGgPOErsgFVCg4ZlfTi/CSUi4wgxJ2bWtWLkpEopiRrKyk0gSIzxEfdLVlKOQSDcdh8rgvlZ6MIiEflzBsfp7I0WhlKPQ15N5BDnt5eJ/XjdRwZmrY8aJIhxPDgUJgyqCeUOwRwXBio00QVhQ/VeIB0ggrHSPZV2CPR15lrRqVVvz2+NK/bKoowR2wR44ADY4BXVwDRqgCTB4BM/gFbwZT8aL8W58TEbnjGJnB/yB8fkD+QSeGQ==</latexit><latexit sha1_base64="7fg5uW8ndeEpfyPEsha9YM0i5Rs="></latexit><latexit sha1_base64="7fg5uW8ndeEpfyPEsha9YM0i5Rs="></latexit><latexit sha1_base64="7fg5uW8ndeEpfyPEsha9YM0i5Rs="></latexit>

5 < pjetT < 50 GeV/c
<latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="GAFa0gotWwxnaODXnQccM2VmaJQ=">AAACOXicjZC7SgNBFIZnvcZ4i1raDAZBEOKuGLWwCFhoqZAbJHGZnZwkY2Z2l5lZISzrO/g0FjY+g52ljYitL+Ak2UITC38Y+PjPfzhzjhdyprRtv1ozs3PzC4uZpezyyuraem5js6qCSFKo0IAHsu4RBZz5UNFMc6iHEojwONS8/vmwXrsDqVjgl/UghJYgXZ91GCXaWG5uv4jPcOjGTSnicpLcjOAWdJIYv2jjezw0LqCaHFA3l7cL9kh4GpwU8ijV/+Ju7qXZDmgkwNeUE6Uajh3qVkykZpRDkm1GCkJC+6QLDYM+EaBa8WjzBO8ap407gTTP13jk/uyIiVBqIDyTFET31GRtaP5Va0S6c9qKmR9GGnw6HtSJONYBHp4Rt5kEqvnAAKGSmb9i2iOSUG2OnTWrO5OLTkP1sOAYvj7Kl47Tm2XQNtpBe8hBJ6iELtEVqiCKHtAjekbv1pP1Zn1Yn+PojJX2bKFfsr6+AZaepPc=</latexit><latexit sha1_base64="GAFa0gotWwxnaODXnQccM2VmaJQ=">AAACOXicjZC7SgNBFIZnvcZ4i1raDAZBEOKuGLWwCFhoqZAbJHGZnZwkY2Z2l5lZISzrO/g0FjY+g52ljYitL+Ak2UITC38Y+PjPfzhzjhdyprRtv1ozs3PzC4uZpezyyuraem5js6qCSFKo0IAHsu4RBZz5UNFMc6iHEojwONS8/vmwXrsDqVjgl/UghJYgXZ91GCXaWG5uv4jPcOjGTSnicpLcjOAWdJIYv2jjezw0LqCaHFA3l7cL9kh4GpwU8ijV/+Ju7qXZDmgkwNeUE6Uajh3qVkykZpRDkm1GCkJC+6QLDYM+EaBa8WjzBO8ap407gTTP13jk/uyIiVBqIDyTFET31GRtaP5Va0S6c9qKmR9GGnw6HtSJONYBHp4Rt5kEqvnAAKGSmb9i2iOSUG2OnTWrO5OLTkP1sOAYvj7Kl47Tm2XQNtpBe8hBJ6iELtEVqiCKHtAjekbv1pP1Zn1Yn+PojJX2bKFfsr6+AZaepPc=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="U1WRZpNolXfu67zVYYpAgVdZxas=">AAACCXicbZDNSgMxFIXv+Ftr1erWTbAIglBnhKILF4ILXVboH7RjyaS3bWzmhyQjlGF8Bze+ihsXivgC7nwb02kX2nog8HFOws09XiS40rb9bS0tr6yurec28puFre2d4m6hocJYMqyzUISy5VGFggdY11wLbEUSqe8JbHqjq0nefECpeBjU9DhC16eDgPc5o9pY3eJxhVyQqJt0pJ/U0vQug3vUaWr8ik0eycS4xkZ6wrrFkl22M5FFcGZQgpmq3eJXpxey2MdAM0GVajt2pN2ESs2ZwDTfiRVGlI3oANsGA+qjcpNsqZQcGqdH+qE0J9Akc3+/SKiv1Nj3zE2f6qGazybmf1k71v1zN+FBFGsM2HRQPxZEh2TSEOlxiUyLsQHKJDd/JWxIJWXa9Jg3JTjzKy9C47TsGL61IQf7cABH4MAZXMINVKEODJ7gBd7g3Xq2Xq2PaV1L1qy3Pfgj6/MHRS6cCw==</latexit><latexit sha1_base64="U1WRZpNolXfu67zVYYpAgVdZxas=">AAACCXicbZDNSgMxFIXv+Ftr1erWTbAIglBnhKILF4ILXVboH7RjyaS3bWzmhyQjlGF8Bze+ihsXivgC7nwb02kX2nog8HFOws09XiS40rb9bS0tr6yurec28puFre2d4m6hocJYMqyzUISy5VGFggdY11wLbEUSqe8JbHqjq0nefECpeBjU9DhC16eDgPc5o9pY3eJxhVyQqJt0pJ/U0vQug3vUaWr8ik0eycS4xkZ6wrrFkl22M5FFcGZQgpmq3eJXpxey2MdAM0GVajt2pN2ESs2ZwDTfiRVGlI3oANsGA+qjcpNsqZQcGqdH+qE0J9Akc3+/SKiv1Nj3zE2f6qGazybmf1k71v1zN+FBFGsM2HRQPxZEh2TSEOlxiUyLsQHKJDd/JWxIJWXa9Jg3JTjzKy9C47TsGL61IQf7cABH4MAZXMINVKEODJ7gBd7g3Xq2Xq2PaV1L1qy3Pfgj6/MHRS6cCw==</latexit><latexit sha1_base64="qWnaEDzhVqlB1Lr0YZ2YwF+CA4M=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCHuClELi4CFlhFygySG2clJMmb2wsysEJb1HWx8FRsLRWwt7HwbZzdbaOIPAx//OYcz53cCzqSyrG8jt7C4tLySXy2srW9sbpnbOw3ph4JCnfrcFy2HSODMg7piikMrEEBch0PTGV8m9eY9CMl8r6YmAXRdMvTYgFGitNUzj8r4Age9qCPcqBbHtyncgYpj7Zct/IAT4woa8THtmUWrZKXC82BnUESZqj3zq9P3aeiCpygnUrZtK1DdiAjFKIe40AklBISOyRDaGj3iguxG6VExPtBOHw98oZ+ncOr+noiIK+XEdXSnS9RIztYS879aO1SD827EvCBU4NHpokHIsfJxkhDuMwFU8YkGQgXTf8V0RAShSudY0CHYsyfPQ+OkZGu+sYqV0yyOPNpD++gQ2egMVdA1qqI6ougRPaNX9GY8GS/Gu/Exbc0Z2cwu+iPj8wcDOZ16</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="9V3UWaLOej/Tc/XQ7H9a52YaLXQ="></latexit><latexit sha1_base64="9V3UWaLOej/Tc/XQ7H9a52YaLXQ="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="U1WRZpNolXfu67zVYYpAgVdZxas=">AAACCXicbZDNSgMxFIXv+Ftr1erWTbAIglBnhKILF4ILXVboH7RjyaS3bWzmhyQjlGF8Bze+ihsXivgC7nwb02kX2nog8HFOws09XiS40rb9bS0tr6yurec28puFre2d4m6hocJYMqyzUISy5VGFggdY11wLbEUSqe8JbHqjq0nefECpeBjU9DhC16eDgPc5o9pY3eJxhVyQqJt0pJ/U0vQug3vUaWr8ik0eycS4xkZ6wrrFkl22M5FFcGZQgpmq3eJXpxey2MdAM0GVajt2pN2ESs2ZwDTfiRVGlI3oANsGA+qjcpNsqZQcGqdH+qE0J9Akc3+/SKiv1Nj3zE2f6qGazybmf1k71v1zN+FBFGsM2HRQPxZEh2TSEOlxiUyLsQHKJDd/JWxIJWXa9Jg3JTjzKy9C47TsGL61IQf7cABH4MAZXMINVKEODJ7gBd7g3Xq2Xq2PaV1L1qy3Pfgj6/MHRS6cCw==</latexit><latexit sha1_base64="U1WRZpNolXfu67zVYYpAgVdZxas=">AAACCXicbZDNSgMxFIXv+Ftr1erWTbAIglBnhKILF4ILXVboH7RjyaS3bWzmhyQjlGF8Bze+ihsXivgC7nwb02kX2nog8HFOws09XiS40rb9bS0tr6yurec28puFre2d4m6hocJYMqyzUISy5VGFggdY11wLbEUSqe8JbHqjq0nefECpeBjU9DhC16eDgPc5o9pY3eJxhVyQqJt0pJ/U0vQug3vUaWr8ik0eycS4xkZ6wrrFkl22M5FFcGZQgpmq3eJXpxey2MdAM0GVajt2pN2ESs2ZwDTfiRVGlI3oANsGA+qjcpNsqZQcGqdH+qE0J9Akc3+/SKiv1Nj3zE2f6qGazybmf1k71v1zN+FBFGsM2HRQPxZEh2TSEOlxiUyLsQHKJDd/JWxIJWXa9Jg3JTjzKy9C47TsGL61IQf7cABH4MAZXMINVKEODJ7gBd7g3Xq2Xq2PaV1L1qy3Pfgj6/MHRS6cCw==</latexit><latexit sha1_base64="qWnaEDzhVqlB1Lr0YZ2YwF+CA4M=">AAACFHicbZC7SgNBFIZn4y3G26qlzWAQBCHuClELi4CFlhFygySG2clJMmb2wsysEJb1HWx8FRsLRWwt7HwbZzdbaOIPAx//OYcz53cCzqSyrG8jt7C4tLySXy2srW9sbpnbOw3ph4JCnfrcFy2HSODMg7piikMrEEBch0PTGV8m9eY9CMl8r6YmAXRdMvTYgFGitNUzj8r4Age9qCPcqBbHtyncgYpj7Zct/IAT4woa8THtmUWrZKXC82BnUESZqj3zq9P3aeiCpygnUrZtK1DdiAjFKIe40AklBISOyRDaGj3iguxG6VExPtBOHw98oZ+ncOr+noiIK+XEdXSnS9RIztYS879aO1SD827EvCBU4NHpokHIsfJxkhDuMwFU8YkGQgXTf8V0RAShSudY0CHYsyfPQ+OkZGu+sYqV0yyOPNpD++gQ2egMVdA1qqI6ougRPaNX9GY8GS/Gu/Exbc0Z2cwu+iPj8wcDOZ16</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="lSAv2SqApdJ0WAf2kKCpBpOV6rk=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCIMRdMWphEbDQMkJukMQwOzlJxsxemJkVwrK+g42vYmOhiK2FnW/j7GYLTfxh4OM/53Dm/E7AmVSW9W3MzS8sLi3nVvKra+sbm+bWdl36oaBQoz73RdMhEjjzoKaY4tAMBBDX4dBwRpdJvXEPQjLfq6pxAB2XDDzWZ5QobXXNwxK+wEE3ags3qsbxbQp3oOJY+yULP+DEuIJ6fES7ZsEqWqnwLNgZFFCmStf8avd8GrrgKcqJlC3bClQnIkIxyiHOt0MJAaEjMoCWRo+4IDtRelSM97XTw31f6OcpnLq/JyLiSjl2Hd3pEjWU07XE/K/WClX/vBMxLwgVeHSyqB9yrHycJIR7TABVfKyBUMH0XzEdEkGo0jnmdQj29MmzUD8u2ppvTgrl0yyOHNpFe+gA2egMldE1qqAaougRPaNX9GY8GS/Gu/ExaZ0zspkd9EfG5w8EeZ1+</latexit><latexit sha1_base64="9V3UWaLOej/Tc/XQ7H9a52YaLXQ="></latexit><latexit sha1_base64="9V3UWaLOej/Tc/XQ7H9a52YaLXQ="></latexit><latexit sha1_base64="9V3UWaLOej/Tc/XQ7H9a52YaLXQ="></latexit>

2 < pD
0

T < 36 GeV/c
<latexit sha1_base64="Ss1HoS1vQwiZUgbT6EmIYW7Gb7g=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCG2tSpbpwUVDQZYXeoE3DZDpph04uzEyEEuJLuPFV3LhQxK24822cpFlo64GBj/8/hzPnd0JGhTSMb21hcWl5ZbWwVlzf2Nza1nd2WyKIOCZNHLCAdxwkCKM+aUoqGemEnCDPYaTtjK9Sv31PuKCB35CTkFgeGvrUpRhJJdn6cQVewtCOe9yLG0nSz+C6HxtJkijntAofYCrdkFZygm29ZJSNrOA8mDmUQF51W//qDQIcecSXmCEhuqYRSitGXFLMSFLsRYKECI/RkHQV+sgjwoqzsxJ4qJQBdAOuni9hpv6eiJEnxMRzVKeH5EjMeqn4n9eNpHthxdQPI0l8PF3kRgzKAKYZwQHlBEs2UYAwp+qvEI8QR1iqJIsqBHP25HloVcqm4ruzUq2ax1EA++AAHAETnIMauAV10AQYPIJn8AretCftRXvXPqatC1o+swf+lPb5AzjFnho=</latexit><latexit sha1_base64="vL681AHp7+Pi7Piku2P8cJ4le9A=">AAACO3icjZC7TsMwFIYdrqXcAowsFhUSCyUpqDAwVAIJRpB6k9o0clyntepcZDtIVRRegqdhYOER2JhZEGJlx0kzQMvAL1n69P/n6PgcJ2RUSMN41ebmFxaXlgsrxdW19Y1NfWu7KYKIY9LAAQt420GCMOqThqSSkXbICfIcRlrO6CLNW3eECxr4dTkOieWhgU9dipFUlq0fVuA5DO24y724niS9DC57sZEkiUqOq/AeptYVaSZH2NZLRtnIBGfBzKEEcv2v3NZfuv0ARx7xJWZIiI5phNKKEZcUM5IUu5EgIcIjNCAdhT7yiLDibPcE7iunD92Aq+dLmLk/O2LkCTH2HFXpITkU01lq/pV1IumeWTH1w0gSH08GuRGDMoDpIWGfcoIlGytAmFP1V4iHiCMs1bmLanVzetFZaFbKpuLbk1Ktmt+sAHbBHjgAJjgFNXANbkADYPAAHsEzeNeetDftQ/uclM5pec8O+CXt6xve3KWT</latexit><latexit sha1_base64="vL681AHp7+Pi7Piku2P8cJ4le9A=">AAACO3icjZC7TsMwFIYdrqXcAowsFhUSCyUpqDAwVAIJRpB6k9o0clyntepcZDtIVRRegqdhYOER2JhZEGJlx0kzQMvAL1n69P/n6PgcJ2RUSMN41ebmFxaXlgsrxdW19Y1NfWu7KYKIY9LAAQt420GCMOqThqSSkXbICfIcRlrO6CLNW3eECxr4dTkOieWhgU9dipFUlq0fVuA5DO24y724niS9DC57sZEkiUqOq/AeptYVaSZH2NZLRtnIBGfBzKEEcv2v3NZfuv0ARx7xJWZIiI5phNKKEZcUM5IUu5EgIcIjNCAdhT7yiLDibPcE7iunD92Aq+dLmLk/O2LkCTH2HFXpITkU01lq/pV1IumeWTH1w0gSH08GuRGDMoDpIWGfcoIlGytAmFP1V4iHiCMs1bmLanVzetFZaFbKpuLbk1Ktmt+sAHbBHjgAJjgFNXANbkADYPAAHsEzeNeetDftQ/uclM5pec8O+CXt6xve3KWT</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="/WXipQwCFPhakQFtkZ8jx90XlY4=">AAACC3icbZBLSwMxFIXv+Ky16ujWTbAIbqwzFdSFC0FBlxX6gnY6ZNK0Dc08SDJCGcY/4ca/4saFIu7d+W/MTLvQ1gOBj3MSbu7xIs6ksqxvY2l5ZXVtvbBR3Cxtbe+Yu6WmDGNBaIOEPBRtD0vKWUAbiilO25Gg2Pc4bXnj6yxvPVAhWRjU1SSijo+HARswgpW2XPO4ii5R5CZd4Sf1NO3lcNNLrDRNdXJ6hh5RZt3SZnpCXLNsVaxcaBHsGZRhppprfnX7IYl9GijCsZQd24qUk2ChGOE0LXZjSSNMxnhIOxoD7FPpJPlaKTrUTh8NQqFPoFDu/n6RYF/Kie/pmz5WIzmfZeZ/WSdWgwsnYUEUKxqQ6aBBzJEKUdYR6jNBieITDZgIpv+KyAgLTJRusqhLsOdXXoRmtWJrvregAPtwAEdgwzlcwR3UoAEEnuAF3uDdeDZejY9pXUvGrLc9+CPj8wdzIpyl</latexit><latexit sha1_base64="/WXipQwCFPhakQFtkZ8jx90XlY4=">AAACC3icbZBLSwMxFIXv+Ky16ujWTbAIbqwzFdSFC0FBlxX6gnY6ZNK0Dc08SDJCGcY/4ca/4saFIu7d+W/MTLvQ1gOBj3MSbu7xIs6ksqxvY2l5ZXVtvbBR3Cxtbe+Yu6WmDGNBaIOEPBRtD0vKWUAbiilO25Gg2Pc4bXnj6yxvPVAhWRjU1SSijo+HARswgpW2XPO4ii5R5CZd4Sf1NO3lcNNLrDRNdXJ6hh5RZt3SZnpCXLNsVaxcaBHsGZRhppprfnX7IYl9GijCsZQd24qUk2ChGOE0LXZjSSNMxnhIOxoD7FPpJPlaKTrUTh8NQqFPoFDu/n6RYF/Kie/pmz5WIzmfZeZ/WSdWgwsnYUEUKxqQ6aBBzJEKUdYR6jNBieITDZgIpv+KyAgLTJRusqhLsOdXXoRmtWJrvregAPtwAEdgwzlcwR3UoAEEnuAF3uDdeDZejY9pXUvGrLc9+CPj8wdzIpyl</latexit><latexit sha1_base64="izQAy86byy05ZjFitl669qOKz7k=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR3FiTCtWFi4KCLiv0Bm0aJtNJO3RyYWYilBBfwo2v4saFIm7FnW/jJM1CWw8MfPz/OZw5vxMyKqRhfGuFpeWV1bXiemljc2t7R9/da4sg4pi0cMAC3nWQIIz6pCWpZKQbcoI8h5GOM7lK/c494YIGflNOQ2J5aORTl2IklWTrJ1V4CUM77nMvbibJIIPrQWwkSaKcsxp8gKl0Q9rJKbb1slExsoKLYOZQBnk1bP2rPwxw5BFfYoaE6JlGKK0YcUkxI0mpHwkSIjxBI9JT6COPCCvOzkrgkVKG0A24er6Emfp7IkaeEFPPUZ0ekmMx76Xif14vku6FFVM/jCTx8WyRGzEoA5hmBIeUEyzZVAHCnKq/QjxGHGGpkiypEMz5kxehXa2Yiu+Mcr2Wx1EEB+AQHAMTnIM6uAUN0AIYPIJn8AretCftRXvXPmatBS2f2Qd/Svv8ATeFnhY=</latexit><latexit sha1_base64="Ss1HoS1vQwiZUgbT6EmIYW7Gb7g=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCG2tSpbpwUVDQZYXeoE3DZDpph04uzEyEEuJLuPFV3LhQxK24822cpFlo64GBj/8/hzPnd0JGhTSMb21hcWl5ZbWwVlzf2Nza1nd2WyKIOCZNHLCAdxwkCKM+aUoqGemEnCDPYaTtjK9Sv31PuKCB35CTkFgeGvrUpRhJJdn6cQVewtCOe9yLG0nSz+C6HxtJkijntAofYCrdkFZygm29ZJSNrOA8mDmUQF51W//qDQIcecSXmCEhuqYRSitGXFLMSFLsRYKECI/RkHQV+sgjwoqzsxJ4qJQBdAOuni9hpv6eiJEnxMRzVKeH5EjMeqn4n9eNpHthxdQPI0l8PF3kRgzKAKYZwQHlBEs2UYAwp+qvEI8QR1iqJIsqBHP25HloVcqm4ruzUq2ax1EA++AAHAETnIMauAV10AQYPIJn8AretCftRXvXPqatC1o+swf+lPb5AzjFnho=</latexit><latexit sha1_base64="Ss1HoS1vQwiZUgbT6EmIYW7Gb7g=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCG2tSpbpwUVDQZYXeoE3DZDpph04uzEyEEuJLuPFV3LhQxK24822cpFlo64GBj/8/hzPnd0JGhTSMb21hcWl5ZbWwVlzf2Nza1nd2WyKIOCZNHLCAdxwkCKM+aUoqGemEnCDPYaTtjK9Sv31PuKCB35CTkFgeGvrUpRhJJdn6cQVewtCOe9yLG0nSz+C6HxtJkijntAofYCrdkFZygm29ZJSNrOA8mDmUQF51W//qDQIcecSXmCEhuqYRSitGXFLMSFLsRYKECI/RkHQV+sgjwoqzsxJ4qJQBdAOuni9hpv6eiJEnxMRzVKeH5EjMeqn4n9eNpHthxdQPI0l8PF3kRgzKAKYZwQHlBEs2UYAwp+qvEI8QR1iqJIsqBHP25HloVcqm4ruzUq2ax1EA++AAHAETnIMauAV10AQYPIJn8AretCftRXvXPqatC1o+swf+lPb5AzjFnho=</latexit><latexit sha1_base64="Ss1HoS1vQwiZUgbT6EmIYW7Gb7g=">AAACFnicbZDLSsNAFIYnXmu9RV26GSyCG2tSpbpwUVDQZYXeoE3DZDpph04uzEyEEuJLuPFV3LhQxK24822cpFlo64GBj/8/hzPnd0JGhTSMb21hcWl5ZbWwVlzf2Nza1nd2WyKIOCZNHLCAdxwkCKM+aUoqGemEnCDPYaTtjK9Sv31PuKCB35CTkFgeGvrUpRhJJdn6cQVewtCOe9yLG0nSz+C6HxtJkijntAofYCrdkFZygm29ZJSNrOA8mDmUQF51W//qDQIcecSXmCEhuqYRSitGXFLMSFLsRYKECI/RkHQV+sgjwoqzsxJ4qJQBdAOuni9hpv6eiJEnxMRzVKeH5EjMeqn4n9eNpHthxdQPI0l8PF3kRgzKAKYZwQHlBEs2UYAwp+qvEI8QR1iqJIsqBHP25HloVcqm4ruzUq2ax1EA++AAHAETnIMauAV10AQYPIJn8AretCftRXvXPqatC1o+swf+lPb5AzjFnho=</latexit><latexit sha1_base64="tCfgB4w5+oyhhSYc6GsPBAw41Ik="></latexit><latexit sha1_base64="tCfgB4w5+oyhhSYc6GsPBAw41Ik="></latexit><latexit sha1_base64="tCfgB4w5+oyhhSYc6GsPBAw41Ik="></latexit>

p
s = 13 TeV

<latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="fceSiZ2ja1/SSF0AyA6hn4m5S3E=">AAACJXicjVDLSsNAFJ3UV62vqAsXbgaL4KokKiiCUHTjUqEvaEKZTG/boZNJnJkIJeRrXLjxV9wUEVz5K07bLLR14YGBwznncueeIOZMacf5tApLyyura8X10sbm1vaOvbvXUFEiKdRpxCPZCogCzgTUNdMcWrEEEgYcmsHwduI3n0AqFomaHsXgh6QvWI9Roo3UsQ889Sh1qrJr9wx7V9iTYVqDRtaxy07FmQIvEjcnZZTjf/GOPfa6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpPp1dm+NgoXdyLpHlC46n6cyIloVKjMDDJkOiBmvcm4l9eO9G9Sz9lIk40CDpb1Es41hGeVIa7TALVfGQIoZKZv2I6IJJQbYotmdPd+UMXSeO04hr+cF6u3uSdFdEhOkInyEUXqIru0D2qI4oy9Ixe0dh6sd6sd+tjFi1Y+cw++gXr6xtUbZ1U</latexit><latexit sha1_base64="fceSiZ2ja1/SSF0AyA6hn4m5S3E=">AAACJXicjVDLSsNAFJ3UV62vqAsXbgaL4KokKiiCUHTjUqEvaEKZTG/boZNJnJkIJeRrXLjxV9wUEVz5K07bLLR14YGBwznncueeIOZMacf5tApLyyura8X10sbm1vaOvbvXUFEiKdRpxCPZCogCzgTUNdMcWrEEEgYcmsHwduI3n0AqFomaHsXgh6QvWI9Roo3UsQ889Sh1qrJr9wx7V9iTYVqDRtaxy07FmQIvEjcnZZTjf/GOPfa6EU1CEJpyolTbdWLtp0RqRjlkJS9REBM6JH1oGypICMpPp1dm+NgoXdyLpHlC46n6cyIloVKjMDDJkOiBmvcm4l9eO9G9Sz9lIk40CDpb1Es41hGeVIa7TALVfGQIoZKZv2I6IJJQbYotmdPd+UMXSeO04hr+cF6u3uSdFdEhOkInyEUXqIru0D2qI4oy9Ixe0dh6sd6sd+tjFi1Y+cw++gXr6xtUbZ1U</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="XeXRRao96Oskk+BqPO258Ka8rJg=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzOhCEQTBjcsKfUFnKJk004YmmTHJCGWYjX/FjQtF/Cvu/Demj4W2Hgh8nJNwc0+UcqaN5307pbX1jc2t8nZlp7q7t+8eVNs6yRShLZLwRHUjrClnkrYMM5x2U0WxiDjtROO7ad55okqzRDbNJKWhwEPJYkawsVbfPQr0ozK5Lm78CxRco0CJvEnbRd+teXVvJrQK/gJqsFCj734Fg4RkgkpDONa653upCXOsDCOcFpUg0zTFZIyHtGdRYkF1mM8WKNCpdQYoTpQ90qCZ+/tFjoXWExHZmwKbkV7OpuZ/WS8z8VWYM5lmhkoyHxRnHJkETdtAA6YoMXxiARPF7F8RGWGFibGdVWwJ/vLKq9A+r/uWHzwowzGcwBn4cAm3cA8NaAGBAl7gDd6dZ+fV+ZjXVXIWvR3CHzmfP1KklHA=</latexit><latexit sha1_base64="XeXRRao96Oskk+BqPO258Ka8rJg=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzOhCEQTBjcsKfUFnKJk004YmmTHJCGWYjX/FjQtF/Cvu/Demj4W2Hgh8nJNwc0+UcqaN5307pbX1jc2t8nZlp7q7t+8eVNs6yRShLZLwRHUjrClnkrYMM5x2U0WxiDjtROO7ad55okqzRDbNJKWhwEPJYkawsVbfPQr0ozK5Lm78CxRco0CJvEnbRd+teXVvJrQK/gJqsFCj734Fg4RkgkpDONa653upCXOsDCOcFpUg0zTFZIyHtGdRYkF1mM8WKNCpdQYoTpQ90qCZ+/tFjoXWExHZmwKbkV7OpuZ/WS8z8VWYM5lmhkoyHxRnHJkETdtAA6YoMXxiARPF7F8RGWGFibGdVWwJ/vLKq9A+r/uWHzwowzGcwBn4cAm3cA8NaAGBAl7gDd6dZ+fV+ZjXVXIWvR3CHzmfP1KklHA=</latexit><latexit sha1_base64="C+lqAXPJeYH4TQVeLaTsK6LP0Dg=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBFcl0YUiCEU3Liv0Bk0ok+lJO3QyiTMToYRsfBU3LhRx62O4822ctllo6w8DH/85hzPnDxLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsY3U7q7UeQisWioccJ+BEZCBYySrSxevahpx6kzlR+7Z5j7wp7Msoa0Mp7dsWpOlPhRXALqKBC9Z795fVjmkYgNOVEqa7rJNrPiNSMcsjLXqogIXREBtA1KEgEys+mB+T4xDh9HMbSPKHx1P09kZFIqXEUmM6I6KGar03M/2rdVIeXfsZEkmoQdLYoTDnWMZ6kgftMAtV8bIBQycxfMR0SSag2mZVNCO78yYvQOqu6hu+dSu2miKOEjtAxOkUuukA1dIfqqIkoytEzekVv1pP1Yr1bH7PWJauYOUB/ZH3+AMNPldc=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="iIMzD6yhj9kLj50bZ+El1we5XUc=">AAACCXicbZDLSsNAFIYn9VbrrerChZvBIrgqiQqKIBTduBLF3qQJZTKdtEMnkzhzIpSQJ/Ax3LpxI+LWN3Dn2zi9LLT1h4GP/5zDmfP7seAabPvbys3NLywu5ZcLK6tr6xvFza26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/Oaw3HpnSPJJVGMTMC0lX8oBTAsZqF3dc/aAg1dm5c4TdM+yqMK2yetYuluyyPRKeBWcCJTTR/fVdWYPistsufrmdiCYhk0AF0brl2DF4KVHAqWBZwU00iwntky5rGZQkZNpLR5dkeN84HRxEyjwJeOT+nkhJqPUg9E1nSKCnp2tD879aK4Hg1Eu5jBNgko4XBYnAEOFhLLjDFaMgBgYIVdz8FdMeUYSCCa9g0nCmb5+F+mHZMXx7XKpcTHLJo120hw6Qg05QBV2hG1RDFGXoGb2gN+vJerXerY9xa86azGyjP7I+fwApd5mA</latexit><latexit sha1_base64="iIMzD6yhj9kLj50bZ+El1we5XUc=">AAACCXicbZDLSsNAFIYn9VbrrerChZvBIrgqiQqKIBTduBLF3qQJZTKdtEMnkzhzIpSQJ/Ax3LpxI+LWN3Dn2zi9LLT1h4GP/5zDmfP7seAabPvbys3NLywu5ZcLK6tr6xvFza26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/Oaw3HpnSPJJVGMTMC0lX8oBTAsZqF3dc/aAg1dm5c4TdM+yqMK2yetYuluyyPRKeBWcCJTTR/fVdWYPistsufrmdiCYhk0AF0brl2DF4KVHAqWBZwU00iwntky5rGZQkZNpLR5dkeN84HRxEyjwJeOT+nkhJqPUg9E1nSKCnp2tD879aK4Hg1Eu5jBNgko4XBYnAEOFhLLjDFaMgBgYIVdz8FdMeUYSCCa9g0nCmb5+F+mHZMXx7XKpcTHLJo120hw6Qg05QBV2hG1RDFGXoGb2gN+vJerXerY9xa86azGyjP7I+fwApd5mA</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="XeXRRao96Oskk+BqPO258Ka8rJg=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzOhCEQTBjcsKfUFnKJk004YmmTHJCGWYjX/FjQtF/Cvu/Demj4W2Hgh8nJNwc0+UcqaN5307pbX1jc2t8nZlp7q7t+8eVNs6yRShLZLwRHUjrClnkrYMM5x2U0WxiDjtROO7ad55okqzRDbNJKWhwEPJYkawsVbfPQr0ozK5Lm78CxRco0CJvEnbRd+teXVvJrQK/gJqsFCj734Fg4RkgkpDONa653upCXOsDCOcFpUg0zTFZIyHtGdRYkF1mM8WKNCpdQYoTpQ90qCZ+/tFjoXWExHZmwKbkV7OpuZ/WS8z8VWYM5lmhkoyHxRnHJkETdtAA6YoMXxiARPF7F8RGWGFibGdVWwJ/vLKq9A+r/uWHzwowzGcwBn4cAm3cA8NaAGBAl7gDd6dZ+fV+ZjXVXIWvR3CHzmfP1KklHA=</latexit><latexit sha1_base64="XeXRRao96Oskk+BqPO258Ka8rJg=">AAAB9XicbZBLSwMxFIXv1FetVUc3LtwEi+CqzOhCEQTBjcsKfUFnKJk004YmmTHJCGWYjX/FjQtF/Cvu/Demj4W2Hgh8nJNwc0+UcqaN5307pbX1jc2t8nZlp7q7t+8eVNs6yRShLZLwRHUjrClnkrYMM5x2U0WxiDjtROO7ad55okqzRDbNJKWhwEPJYkawsVbfPQr0ozK5Lm78CxRco0CJvEnbRd+teXVvJrQK/gJqsFCj734Fg4RkgkpDONa653upCXOsDCOcFpUg0zTFZIyHtGdRYkF1mM8WKNCpdQYoTpQ90qCZ+/tFjoXWExHZmwKbkV7OpuZ/WS8z8VWYM5lmhkoyHxRnHJkETdtAA6YoMXxiARPF7F8RGWGFibGdVWwJ/vLKq9A+r/uWHzwowzGcwBn4cAm3cA8NaAGBAl7gDd6dZ+fV+ZjXVXIWvR3CHzmfP1KklHA=</latexit><latexit sha1_base64="C+lqAXPJeYH4TQVeLaTsK6LP0Dg=">AAACAHicbZDLSsNAFIYnXmu9RV24cDNYBFcl0YUiCEU3Liv0Bk0ok+lJO3QyiTMToYRsfBU3LhRx62O4822ctllo6w8DH/85hzPnDxLOlHacb2tpeWV1bb20Ud7c2t7Ztff2WypOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsY3U7q7UeQisWioccJ+BEZCBYySrSxevahpx6kzlR+7Z5j7wp7Msoa0Mp7dsWpOlPhRXALqKBC9Z795fVjmkYgNOVEqa7rJNrPiNSMcsjLXqogIXREBtA1KEgEys+mB+T4xDh9HMbSPKHx1P09kZFIqXEUmM6I6KGar03M/2rdVIeXfsZEkmoQdLYoTDnWMZ6kgftMAtV8bIBQycxfMR0SSag2mZVNCO78yYvQOqu6hu+dSu2miKOEjtAxOkUuukA1dIfqqIkoytEzekVv1pP1Yr1bH7PWJauYOUB/ZH3+AMNPldc=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="08io8v4l1acMhyiRQQ5iseamcDY=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhUUQSi6cVmhN2hCmUyn7dDJJM5MhBKy8VXcuFDErY/hzrdx2mahrT8MfPznHM6cP4g5U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjG4n9dYjlYpFoq7HMfVDPBCszwjWxuraB556kDpV2bV7hrwr5MkwrdNm1rXLTsWZCi2Cm0MZctW69pfXi0gSUqEJx0p1XCfWfoqlZoTTrOQlisaYjPCAdgwKHFLlp9MDMnRsnB7qR9I8odHU/T2R4lCpcRiYzhDroZqvTcz/ap1E9y/9lIk40VSQ2aJ+wpGO0CQN1GOSEs3HBjCRzPwVkSGWmGiTWcmE4M6fvAjN04pr+P68XL3J4yjCIRzBCbhwAVW4gxo0gEAGz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP8SPlds=</latexit><latexit sha1_base64="iIMzD6yhj9kLj50bZ+El1we5XUc=">AAACCXicbZDLSsNAFIYn9VbrrerChZvBIrgqiQqKIBTduBLF3qQJZTKdtEMnkzhzIpSQJ/Ax3LpxI+LWN3Dn2zi9LLT1h4GP/5zDmfP7seAabPvbys3NLywu5ZcLK6tr6xvFza26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/Oaw3HpnSPJJVGMTMC0lX8oBTAsZqF3dc/aAg1dm5c4TdM+yqMK2yetYuluyyPRKeBWcCJTTR/fVdWYPistsufrmdiCYhk0AF0brl2DF4KVHAqWBZwU00iwntky5rGZQkZNpLR5dkeN84HRxEyjwJeOT+nkhJqPUg9E1nSKCnp2tD879aK4Hg1Eu5jBNgko4XBYnAEOFhLLjDFaMgBgYIVdz8FdMeUYSCCa9g0nCmb5+F+mHZMXx7XKpcTHLJo120hw6Qg05QBV2hG1RDFGXoGb2gN+vJerXerY9xa86azGyjP7I+fwApd5mA</latexit><latexit sha1_base64="iIMzD6yhj9kLj50bZ+El1we5XUc=">AAACCXicbZDLSsNAFIYn9VbrrerChZvBIrgqiQqKIBTduBLF3qQJZTKdtEMnkzhzIpSQJ/Ax3LpxI+LWN3Dn2zi9LLT1h4GP/5zDmfP7seAabPvbys3NLywu5ZcLK6tr6xvFza26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/Oaw3HpnSPJJVGMTMC0lX8oBTAsZqF3dc/aAg1dm5c4TdM+yqMK2yetYuluyyPRKeBWcCJTTR/fVdWYPistsufrmdiCYhk0AF0brl2DF4KVHAqWBZwU00iwntky5rGZQkZNpLR5dkeN84HRxEyjwJeOT+nkhJqPUg9E1nSKCnp2tD879aK4Hg1Eu5jBNgko4XBYnAEOFhLLjDFaMgBgYIVdz8FdMeUYSCCa9g0nCmb5+F+mHZMXx7XKpcTHLJo120hw6Qg05QBV2hG1RDFGXoGb2gN+vJerXerY9xa86azGyjP7I+fwApd5mA</latexit><latexit sha1_base64="iIMzD6yhj9kLj50bZ+El1we5XUc=">AAACCXicbZDLSsNAFIYn9VbrrerChZvBIrgqiQqKIBTduBLF3qQJZTKdtEMnkzhzIpSQJ/Ax3LpxI+LWN3Dn2zi9LLT1h4GP/5zDmfP7seAabPvbys3NLywu5ZcLK6tr6xvFza26jhJFWY1GIlJNn2gmuGQ14CBYM1aMhL5gDb9/Oaw3HpnSPJJVGMTMC0lX8oBTAsZqF3dc/aAg1dm5c4TdM+yqMK2yetYuluyyPRKeBWcCJTTR/fVdWYPistsufrmdiCYhk0AF0brl2DF4KVHAqWBZwU00iwntky5rGZQkZNpLR5dkeN84HRxEyjwJeOT+nkhJqPUg9E1nSKCnp2tD879aK4Hg1Eu5jBNgko4XBYnAEOFhLLjDFaMgBgYIVdz8FdMeUYSCCa9g0nCmb5+F+mHZMXx7XKpcTHLJo120hw6Qg05QBV2hG1RDFGXoGb2gN+vJerXerY9xa86azGyjP7I+fwApd5mA</latexit>
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Compare the angular distribution of charm-quark 
emissions to those of light quarks and gluons



Uncovering the QCD dead cone 29

1 1.5 2 2.5 3
0

0.5

1

1.5

)
θ(

R

 < 10 GeVRadiatorE5 < 

0.37 0.22 0.14 0.08

ALICE Data no dead cone limit
PYTHIA 8 q / inclusive

PYTHIA 8
SHERPA no dead cone limit

SHERPA q / inclusive

1 1.5 2 2.5 3
0

0.5

1

1.5

- t
ag

ge
d 

je
ts

 / 
In

cl
us

iv
e 

 je
ts

0 D

 = 13 TeVspp 

=0.4R, Tkcharged jets, anti-

C/A reclustering

 < 20 GeVRadiatorE10 < 

0.22 0.14 0.08

1 1.5 2 2.5 3
)θln(1/

0

0.5

1

1.5

- t
ag

ge
d 

je
ts

 / 
In

cl
us

iv
e 

 je
ts

0 D

c 2.8 GeV/≥ ch,leading track
T,inclusive jet
p

c = 200 MeV/QCDΛ , QCDΛ > Tk

| < 0.5
lab

η|

 < 35 GeVRadiatorE20 < 

0.22 0.14 0.08 0.05
 (rad)θ

Smaller angles

Compare the angular distribution of charm-quark 
emissions to those of light quarks and gluons

7.7σ  
significance

Nature 605 (2022) 440-446
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Compare the angular distribution of charm-quark 
emissions to those of light quarks and gluons
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Compare the angular distribution of charm-quark 
emissions to those of light quarks and gluons

Shaded regions are expected dead-cone 
region for a charm mass of 1.275 GeV/c

Nature 605 (2022) 440-446
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Compare the angular distribution of charm-quark 
emissions to those of light quarks and gluons

Real baseline is the ratio of light 
quark to inclusive emissions

Nature 605 (2022) 440-446
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Dead cone of B+ - tagged jets 
Dead cone of D0 - tagged jets

Low pT charm and inclusive sensitive to both mass and 
Casmir colour effects (Run 2)

Beauty and charm-quark emissions isolate mass effects

High pT charm and inclusive comparisons isolate Casmir 
colour factors



Summary 35

1 1.5 2 2.5 3
0

0.5

1

1.5

)
θ(

R

 < 10 GeVRadiatorE5 < 

0.37 0.22 0.14 0.08

ALICE Data no dead cone limit
PYTHIA 8 q / inclusive

PYTHIA 8
SHERPA no dead cone limit

SHERPA q / inclusive

1 1.5 2 2.5 3
0

0.5

1

1.5

- t
ag

ge
d 

je
ts

 / 
In

cl
us

iv
e 

 je
ts

0 D

 = 13 TeVspp 

=0.4R, Tkcharged jets, anti-

C/A reclustering

 < 20 GeVRadiatorE10 < 

0.22 0.14 0.08

1 1.5 2 2.5 3
)θln(1/

0

0.5

1

1.5

- t
ag

ge
d 

je
ts

 / 
In

cl
us

iv
e 

 je
ts

0 D

c 2.8 GeV/≥ ch,leading track
T,inclusive jet
p

c = 200 MeV/QCDΛ , QCDΛ > Tk

| < 0.5
lab

η|

 < 35 GeVRadiatorE20 < 

0.22 0.14 0.08 0.05
 (rad)θ

New experimental technique to 
reconstruct emissions of heavy-flavour 

quarks in the parton shower 
Direct observation of the dead-cone effect

Constraining the role of parton 
mass and Casimir colour factors 

in the parton shower

See G. M. Innocenti’s talk on Tuesday
for more details
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Previous indirect measurements 37

Difference in average multiplicity between 
events containing a b-quark jet and and those 
with a light-quark jet compatible with flavour 

dependent QCD calculations

DELPHI Collaboration, Phys.Lett.B479:118-128,2000

pT density around the initial scattered b-quark 
direction is depleted compared to the density 

around light quarks and gluons

ATLAS Collaboration, Eur. Phys. J. C (2013) 73:2676
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Following the branch containing 
the D0 coincides with following the 

hardest branch in 99% of cases
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The hardest branch is followed at 
each declustering step

Following the branch containing 
the D0 coincides with following the 

hardest branch in 99% of cases
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Contains almost all of the 
signal and some 

background candidates

Entirely composed of 
background candidates

|M � µfit| < 2�fit
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4�fit < |M � µfit| < 9�fit
<latexit sha1_base64="imezLiSE0VjU3BC57O8eTGL9ZVE=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIbiwztdgKXRTduBEq2At0hiGTZtrQZGZIMkKZ9mXc+CpuXFhEcOWrmF6Q2vpD4Oc753Byfi9iVCrT/DJSa+sbm1vp7czO7t7+QfbwqCHDWGBSxyELRctDkjAakLqiipFWJAjiHiNNr387qTefiJA0DB7VICIOR92A+hQjpZGbrRRtSbscuYkteOJTNRrBChzeX9g8XmBDDa9XOt1szsybU0Ezf3VZLpkF+EusucmBuWpudmx3QhxzEijMkJRty4yUkyChKGZklLFjSSKE+6hL2toGiBPpJNMrR/BMkw70Q6FfoOCULk4kiEs54J7u5Ej15HJtAv+rtWPll52EBlGsSIBni/yYQRXCSWSwQwXBig20QVhQ/VeIe0ggrHSwGR2CtXzyqmkU8pb2D8Vc9WYeRxqcgFNwDixQAlVwB2qgDjB4Bq/gHYyNF+PN+DA+Z60pYz5zDP7I+P4BZvOmcw==</latexit><latexit sha1_base64="sMdVkNRfotD2droX61T7YmYFiLk="></latexit><latexit sha1_base64="sMdVkNRfotD2droX61T7YmYFiLk="></latexit><latexit sha1_base64="sMdVkNRfotD2droX61T7YmYFiLk="></latexit>

µfit
<latexit sha1_base64="MpMbZbkz8fNvZpXdIY+TZeeMd1A=">AAAB9XicbZBNS8NAEIYnftb6VfXoJVgETyURQY9FLx4r2A9oY9lsN+3S3U3YnSgl5H948aCIV/+LN/+N2zYHbX1h4eGdGWb2DRPBDXret7Oyura+sVnaKm/v7O7tVw4OWyZONWVNGotYd0JimOCKNZGjYJ1EMyJDwdrh+GZabz8ybXis7nGSsECSoeIRpwSt9dCTaT/raZlFHPO8X6l6NW8mdxn8AqpQqNGvfPUGMU0lU0gFMabrewkGGdHIqWB5uZcalhA6JkPWtaiIZCbIZlfn7ql1Bm4Ua/sUujP390RGpDETGdpOSXBkFmtT879aN8XoKsi4SlJkis4XRalwMXanEbgDrhlFMbFAqOb2VpeOiCYUbVBlG4K/+OVlaJ3XfMt3F9X6dRFHCY7hBM7Ah0uowy00oAkUNDzDK7w5T86L8+58zFtXnGLmCP7I+fwBX9+TEQ==</latexit><latexit sha1_base64="PjuwNJRtGOTxnNsGHe1MZDk3Eng=">AAACGnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckaZiezyZCZ2WXmrhCW/Q8LG3/FRsRObPwbJ8kWmlh4YOBwzrncuSdMBDfoeV/O0vLK6tp6aaO8ubW9s1vZ22+aONWUNWgsYt0OiWGCK9ZAjoK1E82IDAVrhaOrid96YNrwWN3hOGGBJAPFI04JWum+K9Ne1tUyizjmea9S9WreFO4i8QtShQL/i/cqH91+TFPJFFJBjOn4XoJBRjRyKlhe7qaGJYSOyIB1LFVEMhNk09Ny99gqfTeKtX0K3an6cyIj0pixDG1SEhyaeW8i/uV1UowugoyrJEWm6GxRlAoXY3fSk9vnmlEUY0sI1dz+1aVDoglF22bZnu7PH7pImqc13/Lbs2r9suisBIdwBCfgwznU4RpuoAEUNDzCM7w6T86L8+a8z6JLTjFzAL/gfH4Dlsuaig==</latexit><latexit sha1_base64="PjuwNJRtGOTxnNsGHe1MZDk3Eng=">AAACGnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckaZiezyZCZ2WXmrhCW/Q8LG3/FRsRObPwbJ8kWmlh4YOBwzrncuSdMBDfoeV/O0vLK6tp6aaO8ubW9s1vZ22+aONWUNWgsYt0OiWGCK9ZAjoK1E82IDAVrhaOrid96YNrwWN3hOGGBJAPFI04JWum+K9Ne1tUyizjmea9S9WreFO4i8QtShQL/i/cqH91+TFPJFFJBjOn4XoJBRjRyKlhe7qaGJYSOyIB1LFVEMhNk09Ny99gqfTeKtX0K3an6cyIj0pixDG1SEhyaeW8i/uV1UowugoyrJEWm6GxRlAoXY3fSk9vnmlEUY0sI1dz+1aVDoglF22bZnu7PH7pImqc13/Lbs2r9suisBIdwBCfgwznU4RpuoAEUNDzCM7w6T86L8+a8z6JLTjFzAL/gfH4Dlsuaig==</latexit><latexit sha1_base64="PjuwNJRtGOTxnNsGHe1MZDk3Eng=">AAACGnicjVC7SgNBFL3rM8ZX1NJmMQhWYVcELYM2lgrmAckaZiezyZCZ2WXmrhCW/Q8LG3/FRsRObPwbJ8kWmlh4YOBwzrncuSdMBDfoeV/O0vLK6tp6aaO8ubW9s1vZ22+aONWUNWgsYt0OiWGCK9ZAjoK1E82IDAVrhaOrid96YNrwWN3hOGGBJAPFI04JWum+K9Ne1tUyizjmea9S9WreFO4i8QtShQL/i/cqH91+TFPJFFJBjOn4XoJBRjRyKlhe7qaGJYSOyIB1LFVEMhNk09Ny99gqfTeKtX0K3an6cyIj0pixDG1SEhyaeW8i/uV1UowugoyrJEWm6GxRlAoXY3fSk9vnmlEUY0sI1dz+1aVDoglF22bZnu7PH7pImqc13/Lbs2r9suisBIdwBCfgwznU4RpuoAEUNDzCM7w6T86L8+a8z6JLTjFzAL/gfH4Dlsuaig==</latexit>

�fit
<latexit sha1_base64="OuqQDGmkAWwvvbM2lAECQMYWaEc=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm8EiuCqJCLosunFZwV6gCWEynbRDZ5Iwc6KUmEdx40IRtz6JO9/GaZuFtv4w8PGfczhn/jAVXIPjfFuVtfWNza3qdm1nd2//wK4fdnWSKco6NBGJ6odEM8Fj1gEOgvVTxYgMBeuFk5tZvffAlOZJfA/TlPmSjGIecUrAWIFd9zQfSRLknpJ5xKEoArvhNJ258Cq4JTRQqXZgf3nDhGaSxUAF0XrgOin4OVHAqWBFzcs0SwmdkBEbGIyJZNrP56cX+NQ4QxwlyrwY8Nz9PZETqfVUhqZTEhjr5drM/K82yCC68nMepxmwmC4WRZnAkOBZDnjIFaMgpgYIVdzciumYKELBpFUzIbjLX16F7nnTNXx30Whdl3FU0TE6QWfIRZeohW5RG3UQRY/oGb2iN+vJerHerY9Fa8UqZ47QH1mfPyQplI8=</latexit><latexit sha1_base64="x1j+JosMElU8n0VzU+Wu6FiJcoA=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjUsF+4AmhMl00g6dScLMRCkhn+LCjb/iRkTc9W+ctllo68IDA4dzzuXOPWHKmdKOM7Uqa+sbm1vV7drO7t7+gV0/7Kgkk4S2ScIT2QuxopzFtK2Z5rSXSopFyGk3HN/M/O4jlYol8YOepNQXeBiziBGsjRTYdU+xocBB7kmRR0wXRWA3nKYzB1olbkkaUOJ/8cD+8gYJyQSNNeFYqb7rpNrPsdSMcFrUvEzRFJMxHtK+oTEWVPn5/L4CnRplgKJEmhdrNFd/TuRYKDURoUkKrEdq2ZuJf3n9TEdXfs7iNNM0JotFUcaRTtCsLDRgkhLNJ4ZgIpn5KyIjLDHRptKaOd1dPnSVdM6bruH3F43WddlZFY7hBM7AhUtowS3cQRsIPMEzvMK79WK9WR/W5yJascqZI/gFa/oNi8qcCA==</latexit><latexit sha1_base64="x1j+JosMElU8n0VzU+Wu6FiJcoA=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjUsF+4AmhMl00g6dScLMRCkhn+LCjb/iRkTc9W+ctllo68IDA4dzzuXOPWHKmdKOM7Uqa+sbm1vV7drO7t7+gV0/7Kgkk4S2ScIT2QuxopzFtK2Z5rSXSopFyGk3HN/M/O4jlYol8YOepNQXeBiziBGsjRTYdU+xocBB7kmRR0wXRWA3nKYzB1olbkkaUOJ/8cD+8gYJyQSNNeFYqb7rpNrPsdSMcFrUvEzRFJMxHtK+oTEWVPn5/L4CnRplgKJEmhdrNFd/TuRYKDURoUkKrEdq2ZuJf3n9TEdXfs7iNNM0JotFUcaRTtCsLDRgkhLNJ4ZgIpn5KyIjLDHRptKaOd1dPnSVdM6bruH3F43WddlZFY7hBM7AhUtowS3cQRsIPMEzvMK79WK9WR/W5yJascqZI/gFa/oNi8qcCA==</latexit><latexit sha1_base64="x1j+JosMElU8n0VzU+Wu6FiJcoA=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBbBVUlE0GXRjUsF+4AmhMl00g6dScLMRCkhn+LCjb/iRkTc9W+ctllo68IDA4dzzuXOPWHKmdKOM7Uqa+sbm1vV7drO7t7+gV0/7Kgkk4S2ScIT2QuxopzFtK2Z5rSXSopFyGk3HN/M/O4jlYol8YOepNQXeBiziBGsjRTYdU+xocBB7kmRR0wXRWA3nKYzB1olbkkaUOJ/8cD+8gYJyQSNNeFYqb7rpNrPsdSMcFrUvEzRFJMxHtK+oTEWVPn5/L4CnRplgKJEmhdrNFd/TuRYKDURoUkKrEdq2ZuJf3n9TEdXfs7iNNM0JotFUcaRTtCsLDRgkhLNJ4ZgIpn5KyIjLDHRptKaOd1dPnSVdM6bruH3F43WddlZFY7hBM7AhUtowS3cQRsIPMEzvMK79WK9WR/W5yJascqZI/gFa/oNi8qcCA==</latexit>

Gaussian meanGaussian width

Performed in intervals of pT,D0
<latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="yttFrlaDlGLI+nuNvTqldXU2+wM=">AAACHnicjVDLSsNAFL3xWesr6tLNYBFcSElE0GVRFy4V+oI2hsl00g6dTMLMpFBC/sSFG3/FjYjgSv/GaZuFti48MHA451zu3BMknCntOF/W0vLK6tp6aaO8ubW9s2vv7TdVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJ35rRKVisajrcUK9CPcFCxnB2ki+bSd+1pVRVj+9ecicPM99u+JUnSnQInELUoEC/4v79ke3F5M0okITjpXquE6ivQxLzQinebmbKppgMsR92jFU4IgqL5uel6Njo/RQGEvzhEZT9edEhiOlxlFgkhHWAzXvTcS/vE6qw0svYyJJNRVktihMOdIxmnSFekxSovnYEEwkM39FZIAlJto0Wjanu/OHLpLmWdU1/P68UrsqOivBIRzBCbhwATW4hTtoAIERPMIzvFpP1ov1Zr3PoktWMXMAv2B9fgPFEJsI</latexit><latexit sha1_base64="yttFrlaDlGLI+nuNvTqldXU2+wM=">AAACHnicjVDLSsNAFL3xWesr6tLNYBFcSElE0GVRFy4V+oI2hsl00g6dTMLMpFBC/sSFG3/FjYjgSv/GaZuFti48MHA451zu3BMknCntOF/W0vLK6tp6aaO8ubW9s2vv7TdVnEpCGyTmsWwHWFHOBG1opjltJ5LiKOC0FQyvJ35rRKVisajrcUK9CPcFCxnB2ki+bSd+1pVRVj+9ecicPM99u+JUnSnQInELUoEC/4v79ke3F5M0okITjpXquE6ivQxLzQinebmbKppgMsR92jFU4IgqL5uel6Njo/RQGEvzhEZT9edEhiOlxlFgkhHWAzXvTcS/vE6qw0svYyJJNRVktihMOdIxmnSFekxSovnYEEwkM39FZIAlJto0Wjanu/OHLpLmWdU1/P68UrsqOivBIRzBCbhwATW4hTtoAIERPMIzvFpP1ov1Zr3PoktWMXMAv2B9fgPFEJsI</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Lx+8BGVq40CxcYtYrGN2skkIoTI=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcCFlxo0uBV24rNAXtOOQSdM2NMkMSaZQwvwTNy4U8ee489+YPhbaeiDwcU7CvTlJxpk2QfDtlba2d3b3yvuVg+rh0bF/Um3rNFeEtkjKU9VNsKacSdoyzHDazRTFIuG0k0zu53lnSpVmqWyaWUYjgUeSDRnBxlmx72ex7Sthm1cPzzYoiiL2a0E9WAhtQriCGqzUiP2v/iAluaDSEI617oVBZiKLlWGE06LSzzXNMJngEe05lFhQHdnF5gW6cM4ADVPljjRo4f5+YbHQeiYSd1NgM9br2dz8L+vlZngbWSaz3FBJloOGOUcmRfMa0IApSgyfOcBEMbcrImOsMDGurIorIVz/8ia0r+uh46cAynAG53AJIdzAHTxCA1pAYAov8AbvnvVevY9lXSVv1dsp/JH3+QMnOZIr</latexit><latexit sha1_base64="Lx+8BGVq40CxcYtYrGN2skkIoTI=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcCFlxo0uBV24rNAXtOOQSdM2NMkMSaZQwvwTNy4U8ee489+YPhbaeiDwcU7CvTlJxpk2QfDtlba2d3b3yvuVg+rh0bF/Um3rNFeEtkjKU9VNsKacSdoyzHDazRTFIuG0k0zu53lnSpVmqWyaWUYjgUeSDRnBxlmx72ex7Sthm1cPzzYoiiL2a0E9WAhtQriCGqzUiP2v/iAluaDSEI617oVBZiKLlWGE06LSzzXNMJngEe05lFhQHdnF5gW6cM4ADVPljjRo4f5+YbHQeiYSd1NgM9br2dz8L+vlZngbWSaz3FBJloOGOUcmRfMa0IApSgyfOcBEMbcrImOsMDGurIorIVz/8ia0r+uh46cAynAG53AJIdzAHTxCA1pAYAov8AbvnvVevY9lXSVv1dsp/JH3+QMnOZIr</latexit><latexit sha1_base64="R0bJtXsL8kzAw9SvzDDfP/5nBJI=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqTMuNFlURcuK/QG7Thk0rQNTWaGJFMoYd7EjQtF3Pom7nwb03YW2vpD4OM/53BO/ijlTGnP+3bW1jc2t7ZLO+Xdvf2DQ/fouKWSTBLaJAlPZCfCinIW06ZmmtNOKikWEaftaHw3q7cnVCqWxA09TWkg8DBmA0awtlboumloelKYxuX9k/HyPA/dilf15kKr4BdQgUL10P3q9ROSCRprwrFSXd9LdWCw1Ixwmpd7maIpJmM8pF2LMRZUBWZ+eY7OrdNHg0TaF2s0d39PGCyUmorIdgqsR2q5NjP/q3UzPbgJDIvTTNOYLBYNMo50gmYxoD6TlGg+tYCJZPZWREZYYqJtWGUbgr/85VVoXVV9y49epXZbxFGCUziDC/DhGmrwAHVoAoEJPMMrvDnGeXHenY9F65pTzJzAHzmfP3/ik4s=</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="jXDPpPXkVL5iu55I3I0jwpHMnso=">AAACAnicbZDLSsNAFIYnXmu9RV26GSyCCymJCLos6sKVKPYmbQyT6bQdOpmEmZNCCdn5GG7duBFx61O4822ctllo6w8DH/85hzPnD2LBNTjOt7WwuLS8slpYK65vbG5t2zu7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB4HJcbwyZ0jySVRjFzAtJT/IupwSM5dt27KdtFabV46vH1MmyzLdLTtmZCM+Dm0MJ5Xq4uS9rUFz2fPur3YloEjIJVBCtW64Tg5cSBZwKlhXbiWYxoQPSYy2DkoRMe+nkhAwfGqeDu5EyTwKeuL8nUhJqPQoD0xkS6OvZ2tj8r9ZKoHvupVzGCTBJp4u6icAQ4XEeuMMVoyBGBghV3PwV0z5RhIJJrWjScGdvn4f6Sdk1fHdaqlzkuRTQPjpAR8hFZ6iCrtEtqiGKhugZvaA368l6td6tj2nrgpXP7KE/sj5/ANOGlzQ=</latexit><latexit sha1_base64="jXDPpPXkVL5iu55I3I0jwpHMnso=">AAACAnicbZDLSsNAFIYnXmu9RV26GSyCCymJCLos6sKVKPYmbQyT6bQdOpmEmZNCCdn5GG7duBFx61O4822ctllo6w8DH/85hzPnD2LBNTjOt7WwuLS8slpYK65vbG5t2zu7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB4HJcbwyZ0jySVRjFzAtJT/IupwSM5dt27KdtFabV46vH1MmyzLdLTtmZCM+Dm0MJ5Xq4uS9rUFz2fPur3YloEjIJVBCtW64Tg5cSBZwKlhXbiWYxoQPSYy2DkoRMe+nkhAwfGqeDu5EyTwKeuL8nUhJqPQoD0xkS6OvZ2tj8r9ZKoHvupVzGCTBJp4u6icAQ4XEeuMMVoyBGBghV3PwV0z5RhIJJrWjScGdvn4f6Sdk1fHdaqlzkuRTQPjpAR8hFZ6iCrtEtqiGKhugZvaA368l6td6tj2nrgpXP7KE/sj5/ANOGlzQ=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Lx+8BGVq40CxcYtYrGN2skkIoTI=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcCFlxo0uBV24rNAXtOOQSdM2NMkMSaZQwvwTNy4U8ee489+YPhbaeiDwcU7CvTlJxpk2QfDtlba2d3b3yvuVg+rh0bF/Um3rNFeEtkjKU9VNsKacSdoyzHDazRTFIuG0k0zu53lnSpVmqWyaWUYjgUeSDRnBxlmx72ex7Sthm1cPzzYoiiL2a0E9WAhtQriCGqzUiP2v/iAluaDSEI617oVBZiKLlWGE06LSzzXNMJngEe05lFhQHdnF5gW6cM4ADVPljjRo4f5+YbHQeiYSd1NgM9br2dz8L+vlZngbWSaz3FBJloOGOUcmRfMa0IApSgyfOcBEMbcrImOsMDGurIorIVz/8ia0r+uh46cAynAG53AJIdzAHTxCA1pAYAov8AbvnvVevY9lXSVv1dsp/JH3+QMnOZIr</latexit><latexit sha1_base64="Lx+8BGVq40CxcYtYrGN2skkIoTI=">AAAB7nicbZBLSwMxFIXv1FetVUe3boJFcCFlxo0uBV24rNAXtOOQSdM2NMkMSaZQwvwTNy4U8ee489+YPhbaeiDwcU7CvTlJxpk2QfDtlba2d3b3yvuVg+rh0bF/Um3rNFeEtkjKU9VNsKacSdoyzHDazRTFIuG0k0zu53lnSpVmqWyaWUYjgUeSDRnBxlmx72ex7Sthm1cPzzYoiiL2a0E9WAhtQriCGqzUiP2v/iAluaDSEI617oVBZiKLlWGE06LSzzXNMJngEe05lFhQHdnF5gW6cM4ADVPljjRo4f5+YbHQeiYSd1NgM9br2dz8L+vlZngbWSaz3FBJloOGOUcmRfMa0IApSgyfOcBEMbcrImOsMDGurIorIVz/8ia0r+uh46cAynAG53AJIdzAHTxCA1pAYAov8AbvnvVevY9lXSVv1dsp/JH3+QMnOZIr</latexit><latexit sha1_base64="R0bJtXsL8kzAw9SvzDDfP/5nBJI=">AAAB+XicbZDLSgMxFIbPeK31NurSTbAILqTMuNFlURcuK/QG7Thk0rQNTWaGJFMoYd7EjQtF3Pom7nwb03YW2vpD4OM/53BO/ijlTGnP+3bW1jc2t7ZLO+Xdvf2DQ/fouKWSTBLaJAlPZCfCinIW06ZmmtNOKikWEaftaHw3q7cnVCqWxA09TWkg8DBmA0awtlboumloelKYxuX9k/HyPA/dilf15kKr4BdQgUL10P3q9ROSCRprwrFSXd9LdWCw1Ixwmpd7maIpJmM8pF2LMRZUBWZ+eY7OrdNHg0TaF2s0d39PGCyUmorIdgqsR2q5NjP/q3UzPbgJDIvTTNOYLBYNMo50gmYxoD6TlGg+tYCJZPZWREZYYqJtWGUbgr/85VVoXVV9y49epXZbxFGCUziDC/DhGmrwAHVoAoEJPMMrvDnGeXHenY9F65pTzJzAHzmfP3/ik4s=</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="TeFEz0MeEM+3HXt6hrM6a5/BlBA=">AAAB+XicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEUGXRV24rNAbtOOQSTNtaJIZkkyhhHkTNy4UceubuPNtTNtZaOsPgY//nMM5+aOUUaU979spra1vbG6Vtys7u3v7B+7hUVslmcSkhROWyG6EFGFUkJammpFuKgniESOdaHw3q3cmRCqaiKaepiTgaChoTDHS1gpdNw1NX3LTvLh/Ml6e56Fb9WreXHAV/AKqoFAjdL/6gwRnnAiNGVKq53upDgySmmJG8ko/UyRFeIyGpGdRIE5UYOaX5/DMOgMYJ9I+oeHc/T1hEFdqyiPbyZEeqeXazPyv1st0fBMYKtJME4EXi+KMQZ3AWQxwQCXBmk0tICypvRXiEZIIaxtWxYbgL395FdqXNd/y41W1flvEUQYn4BScAx9cgzp4AA3QAhhMwDN4BW+OcV6cd+dj0Vpyiplj8EfO5w+BIpOP</latexit><latexit sha1_base64="jXDPpPXkVL5iu55I3I0jwpHMnso=">AAACAnicbZDLSsNAFIYnXmu9RV26GSyCCymJCLos6sKVKPYmbQyT6bQdOpmEmZNCCdn5GG7duBFx61O4822ctllo6w8DH/85hzPnD2LBNTjOt7WwuLS8slpYK65vbG5t2zu7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB4HJcbwyZ0jySVRjFzAtJT/IupwSM5dt27KdtFabV46vH1MmyzLdLTtmZCM+Dm0MJ5Xq4uS9rUFz2fPur3YloEjIJVBCtW64Tg5cSBZwKlhXbiWYxoQPSYy2DkoRMe+nkhAwfGqeDu5EyTwKeuL8nUhJqPQoD0xkS6OvZ2tj8r9ZKoHvupVzGCTBJp4u6icAQ4XEeuMMVoyBGBghV3PwV0z5RhIJJrWjScGdvn4f6Sdk1fHdaqlzkuRTQPjpAR8hFZ6iCrtEtqiGKhugZvaA368l6td6tj2nrgpXP7KE/sj5/ANOGlzQ=</latexit><latexit sha1_base64="jXDPpPXkVL5iu55I3I0jwpHMnso=">AAACAnicbZDLSsNAFIYnXmu9RV26GSyCCymJCLos6sKVKPYmbQyT6bQdOpmEmZNCCdn5GG7duBFx61O4822ctllo6w8DH/85hzPnD2LBNTjOt7WwuLS8slpYK65vbG5t2zu7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB4HJcbwyZ0jySVRjFzAtJT/IupwSM5dt27KdtFabV46vH1MmyzLdLTtmZCM+Dm0MJ5Xq4uS9rUFz2fPur3YloEjIJVBCtW64Tg5cSBZwKlhXbiWYxoQPSYy2DkoRMe+nkhAwfGqeDu5EyTwKeuL8nUhJqPQoD0xkS6OvZ2tj8r9ZKoHvupVzGCTBJp4u6icAQ4XEeuMMVoyBGBghV3PwV0z5RhIJJrWjScGdvn4f6Sdk1fHdaqlzkuRTQPjpAR8hFZ6iCrtEtqiGKhugZvaA368l6td6tj2nrgpXP7KE/sj5/ANOGlzQ=</latexit><latexit sha1_base64="jXDPpPXkVL5iu55I3I0jwpHMnso=">AAACAnicbZDLSsNAFIYnXmu9RV26GSyCCymJCLos6sKVKPYmbQyT6bQdOpmEmZNCCdn5GG7duBFx61O4822ctllo6w8DH/85hzPnD2LBNTjOt7WwuLS8slpYK65vbG5t2zu7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB4HJcbwyZ0jySVRjFzAtJT/IupwSM5dt27KdtFabV46vH1MmyzLdLTtmZCM+Dm0MJ5Xq4uS9rUFz2fPur3YloEjIJVBCtW64Tg5cSBZwKlhXbiWYxoQPSYy2DkoRMe+nkhAwfGqeDu5EyTwKeuL8nUhJqPQoD0xkS6OvZ2tj8r9ZKoHvupVzGCTBJp4u6icAQ4XEeuMMVoyBGBghV3PwV0z5RhIJJrWjScGdvn4f6Sdk1fHdaqlzkuRTQPjpAR8hFZ6iCrtEtqiGKhugZvaA368l6td6tj2nrgpXP7KE/sj5/ANOGlzQ=</latexit>
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subtracted 

Purely signal D0-tagged jet 
distribution extractedPerformed in intervals of pT,D0
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subtracted 

Performed in intervals of pT,D0
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Soft π from D* decays

Selection in kT of emissions 
suppresses non-perturbative effects 
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Soft Drop grooming condition

Converges onto the 
QCD splitting function 
for the first splitting 

that passes Soft Drop

Emissions from 
charm-quarks have a 

steeper splitting 
probability than light 

quarks and gluons

Fewer symmetric 
splittingsz = 0.1,� = 0

<latexit sha1_base64="K9nZp27Gak0OopsVCNaIIswZYhU=">AAAB+XicbZDLSgNBEEVr4ivG16hLN41BcCFhRgTdBIJuXEYwD0iG0NPpSZr0POiuCcQhf+LGhSJu/RN3/o2dZBaaeKHhcKuKqr5+IoVGx/m2CmvrG5tbxe3Szu7e/oF9eNTUcaoYb7BYxqrtU82liHgDBUreThSnoS95yx/dzeqtMVdaxNEjThLuhXQQiUAwisbq2fZT1am4F6Trc6SkSpyeXXYqzlxkFdwcypCr3rO/uv2YpSGPkEmqdcd1EvQyqlAwyaelbqp5QtmIDnjHYERDrr1sfvmUnBmnT4JYmRchmbu/JzIaaj0JfdMZUhzq5drM/K/WSTG48TIRJSnyiC0WBakkGJNZDKQvFGcoJwYoU8LcStiQKsrQhFUyIbjLX16F5mXFNfxwVa7d5nEU4QRO4RxcuIYa3EMdGsBgDM/wCm9WZr1Y79bHorVg5TPH8EfW5w9W9ZGC</latexit><latexit sha1_base64="V2+DX2nR76XGlXCay8hrHNBOZuM=">AAACHnicjVC7SgNBFJ31GeNr1dJmMAgWEnZF0CYQtLFUMA9IljA7uZsMmX0wczcQl/yJhY2/YiMiWOnfOEm20MTCAwOHc87lzj1+IoVGx/mylpZXVtfWCxvFza3tnV17b7+u41RxqPFYxqrpMw1SRFBDgRKaiQIW+hIa/uB64jeGoLSIo3scJeCFrBeJQHCGRurY9kPFKbuntO0DMlqhTscuOWVnCrpI3JyUSI7/xTv2R7sb8zSECLlkWrdcJ0EvYwoFlzAutlMNCeMD1oOWoRELQXvZ9LwxPTZKlwaxMi9COlV/TmQs1HoU+iYZMuzreW8i/uW1UgwuvUxESYoQ8dmiIJUUYzrpinaFAo5yZAjjSpi/Ut5ninE0jRbN6e78oYukflZ2Db87L1Wv8s4K5JAckRPikgtSJTfkltQIJ0PySJ7Jq/VkvVhv1vssumTlMwfkF6zPb08CmPs=</latexit><latexit sha1_base64="V2+DX2nR76XGlXCay8hrHNBOZuM=">AAACHnicjVC7SgNBFJ31GeNr1dJmMAgWEnZF0CYQtLFUMA9IljA7uZsMmX0wczcQl/yJhY2/YiMiWOnfOEm20MTCAwOHc87lzj1+IoVGx/mylpZXVtfWCxvFza3tnV17b7+u41RxqPFYxqrpMw1SRFBDgRKaiQIW+hIa/uB64jeGoLSIo3scJeCFrBeJQHCGRurY9kPFKbuntO0DMlqhTscuOWVnCrpI3JyUSI7/xTv2R7sb8zSECLlkWrdcJ0EvYwoFlzAutlMNCeMD1oOWoRELQXvZ9LwxPTZKlwaxMi9COlV/TmQs1HoU+iYZMuzreW8i/uW1UgwuvUxESYoQ8dmiIJUUYzrpinaFAo5yZAjjSpi/Ut5ninE0jRbN6e78oYukflZ2Db87L1Wv8s4K5JAckRPikgtSJTfkltQIJ0PySJ7Jq/VkvVhv1vssumTlMwfkF6zPb08CmPs=</latexit><latexit sha1_base64="V2+DX2nR76XGlXCay8hrHNBOZuM=">AAACHnicjVC7SgNBFJ31GeNr1dJmMAgWEnZF0CYQtLFUMA9IljA7uZsMmX0wczcQl/yJhY2/YiMiWOnfOEm20MTCAwOHc87lzj1+IoVGx/mylpZXVtfWCxvFza3tnV17b7+u41RxqPFYxqrpMw1SRFBDgRKaiQIW+hIa/uB64jeGoLSIo3scJeCFrBeJQHCGRurY9kPFKbuntO0DMlqhTscuOWVnCrpI3JyUSI7/xTv2R7sb8zSECLlkWrdcJ0EvYwoFlzAutlMNCeMD1oOWoRELQXvZ9LwxPTZKlwaxMi9COlV/TmQs1HoU+iYZMuzreW8i/uW1UgwuvUxESYoQ8dmiIJUUYzrpinaFAo5yZAjjSpi/Ut5ninE0jRbN6e78oYukflZ2Db87L1Wv8s4K5JAckRPikgtSJTfkltQIJ0PySJ7Jq/VkvVhv1vssumTlMwfkF6zPb08CmPs=</latexit>

A. J. Larkoski et al. , JHEP 1405 (2014) 146

arXiv:2208.04857

See G. M. Innocenti’s talk on Tuesday
for more details
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