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QGP: a fast expanding medium
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Sensitivity to QGP timescales
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W decay Time
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[PYTHIA 8: Sjostrand et al (2006)]
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Proxy for 𝜏form 

!$(

<latexit sha1_base64="02I3L/0piEHof47cKEJpcBdCKac=">AAACG3icbVC7TsMwFHV4lvIqMHaxqJCYqgSBYKxgYSyCPqQ2RI7rtlYdO7JvQFWUgQ9hZoVvYEOsDHwCf4H7GGjLkSwdnXNfPmEsuAHX/XaWlldW19ZzG/nNre2d3cLeft2oRFNWo0oo3QyJYYJLVgMOgjVjzUgUCtYIB1cjv/HAtOFK3sEwZn5EepJ3OSVgpaBQbANJgrSrdJTdp1WiQUl821ePTGdBoeSW3THwIvGmpISmqAaFn3ZH0SRiEqggxrQ8NwY/tUM5FSzLtxPDYkIHpMdalkoSMeOn409k+MgqHWwPsU8CHqt/O1ISGTOMQlsZEeibeW8k/ue1Euhe+CmXcQJM0smibiIwKDxKBHe4ZhTE0BJCNbe3YtonmlCwuc1sGc0GpYTJ8jYbbz6JRVI/KXtnZffmtFS5nKaUQ0V0iI6Rh85RBV2jKqohip7QC3pFb86z8+58OJ+T0iVn2nOAZuB8/QIb3qKs</latexit>

⌧PartonShower
form

<latexit sha1_base64="Tkx+JhWjmdvUj/v30b4EL7I8wzQ=">AAACF3icbVDLTgIxFO3gC/GFunDhZiIxcUVmjEaXRDcuMXGABJB0SoGGTjtpb03IZD7EtVv9BnfGrUs/wb+wA7MQ8CRNTs65r54w5kyD5307hZXVtfWN4mZpa3tnd6+8f9DQ0ihCAyK5VK0Qa8qZoAEw4LQVK4qjkNNmOL7N/OYTVZpJ8QCTmHYjPBRswAgGK/XKRx3AppcMpIrSxyQQhBsNVKW9csWrelO4y8TPSQXlqPfKP52+JCaiAgjHWrd9L4ZughUwwmla6hhNY0zGeEjblgocUd1Nph9I3VOr9F17hH0C3Kn6tyPBkdaTKLSVEYaRXvQy8T+vbWBw3U2YiA1QQWaLBoa7IN0sDbfPFCXAJ5Zgopi91SUjrDCxGcxvyWaDlFynJZuNv5jEMmmcV/3Lqnd/Uand5CkV0TE6QWfIR1eohu5QHQWIoBS9oFf05jw7786H8zkrLTh5zyGag/P1C1MnoT0=</latexit>

⌧Uncluster
form

<latexit sha1_base64="Yi7NSSgbiUFrKBvRF0A6MjFUUUk="></latexit>

⌧form ⇡ 1

2Ez(1� z)(1� cos ✓12)

Y$6>"7$%2<77$;6(3<#%">3#4%𝜏B<7?
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<latexit sha1_base64="02I3L/0piEHof47cKEJpcBdCKac=">AAACG3icbVC7TsMwFHV4lvIqMHaxqJCYqgSBYKxgYSyCPqQ2RI7rtlYdO7JvQFWUgQ9hZoVvYEOsDHwCf4H7GGjLkSwdnXNfPmEsuAHX/XaWlldW19ZzG/nNre2d3cLeft2oRFNWo0oo3QyJYYJLVgMOgjVjzUgUCtYIB1cjv/HAtOFK3sEwZn5EepJ3OSVgpaBQbANJgrSrdJTdp1WiQUl821ePTGdBoeSW3THwIvGmpISmqAaFn3ZH0SRiEqggxrQ8NwY/tUM5FSzLtxPDYkIHpMdalkoSMeOn409k+MgqHWwPsU8CHqt/O1ISGTOMQlsZEeibeW8k/ue1Euhe+CmXcQJM0smibiIwKDxKBHe4ZhTE0BJCNbe3YtonmlCwuc1sGc0GpYTJ8jYbbz6JRVI/KXtnZffmtFS5nKaUQ0V0iI6Rh85RBV2jKqohip7QC3pFb86z8+58OJ+T0iVn2nOAZuB8/QIb3qKs</latexit>
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<latexit sha1_base64="Tkx+JhWjmdvUj/v30b4EL7I8wzQ=">AAACF3icbVDLTgIxFO3gC/GFunDhZiIxcUVmjEaXRDcuMXGABJB0SoGGTjtpb03IZD7EtVv9BnfGrUs/wb+wA7MQ8CRNTs65r54w5kyD5307hZXVtfWN4mZpa3tnd6+8f9DQ0ihCAyK5VK0Qa8qZoAEw4LQVK4qjkNNmOL7N/OYTVZpJ8QCTmHYjPBRswAgGK/XKRx3AppcMpIrSxyQQhBsNVKW9csWrelO4y8TPSQXlqPfKP52+JCaiAgjHWrd9L4ZughUwwmla6hhNY0zGeEjblgocUd1Nph9I3VOr9F17hH0C3Kn6tyPBkdaTKLSVEYaRXvQy8T+vbWBw3U2YiA1QQWaLBoa7IN0sDbfPFCXAJ5Zgopi91SUjrDCxGcxvyWaDlFynJZuNv5jEMmmcV/3Lqnd/Uand5CkV0TE6QWfIR1eohu5QHQWIoBS9oFf05jw7786H8zkrLTh5zyGag/P1C1MnoT0=</latexit>

⌧Uncluster
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⌧form ⇡ 1

2Ez(1� z)(1� cos ✓12)

Y$6>"7$%2<77$;6(3<#%">3#4%𝜏B<7?
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Correlation (no grooming)
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Available timescales
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1st unclustering: ✔

/3?$%FB?V2G

-KJ6#E3#4%1:=



1st unclustering: ✔

/3?$%FB?V2G

-KJ6#E3#4%1:=

Can we go further?

(2nd unclustering)
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1st vs 2nd Unclustering Step
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1st vs 2nd Unclustering Step
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2nd unclustering: ?

Need a more calibrated setup:


/3?$%FB?V2G

-KJ6#E3#4%1:=

Dijets ⇒ Z+jet
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From di-jets to Z+jet events

𝝆&*%(& 𝝆+*%(+ 𝝆b*%(b
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From di-jets to Z+jet events

𝝆&*%(& 𝝆+*%(+ 𝝆b*%(b

J/*s%j%',%:$l dij ⇠ pT,i

�R2
ij

R2
⇠ pT ✓

2 ⇠ 1

⌧form
<latexit sha1_base64="Nm1iQqftl4F+ojBi2pccHT2vifo="></latexit>

<latexit sha1_base64="aWwaeP+7nXwzNcv7MuI7QSTVDok="></latexit>

⌧form ⇡ E

Q2
⇡ 1

2Ez(1� z)(1� cos ✓12)



Kinematic cut?

𝜏form = 𝜏form(ΔR, z)
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ΔR vs 𝜏form
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ΔR vs 𝜏form
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ΔR vs 𝜏form
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ΔR vs 𝜏form
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Thank you!
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Example application: RAAlead jet
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Looking to the shortest 𝜏form
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Looking to the shortest 𝜏form
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Looking to the shortest 𝜏form
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Time-drop vs Soft-drop

P<B(9E7<J
[Larkoski, Marzani, Soyez, Thaler (2014)]
[Larkoski, Marzani, Thaler (2015)]

zg =
min(pT,1, pT,2)

pT,1 + pT,2
when

min(pT,1, pT,2)

pT,1 + pT,2
> zcut

✓
R12

R0

◆�

<latexit sha1_base64="Bg3dFlhdmbbCJoh/YDYjqMPtDOE="></latexit>

zg =
min(pT,1, pT,2)

pT,1 + pT,2
when

min(pT,1, pT,2)

pT,1 + pT,2
> zcut

✓
R12

R0

◆�

<latexit sha1_base64="Bg3dFlhdmbbCJoh/YDYjqMPtDOE="></latexit>
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Time-drop vs Soft-drop

P<B(9E7<J
[Larkoski, Marzani, Soyez, Thaler (2014)]
[Larkoski, Marzani, Thaler (2015)]

zg =
min(pT,1, pT,2)

pT,1 + pT,2
when

min(pT,1, pT,2)

pT,1 + pT,2
> zcut

✓
R12

R0

◆�

<latexit sha1_base64="Bg3dFlhdmbbCJoh/YDYjqMPtDOE="></latexit>

zg =
min(pT,1, pT,2)

pT,1 + pT,2
when

min(pT,1, pT,2)

pT,1 + pT,2
> zcut

✓
R12

R0

◆�

<latexit sha1_base64="Bg3dFlhdmbbCJoh/YDYjqMPtDOE="></latexit>

[Metar-Tani, Soto-Ontoso, Tywoniuk (2020)]
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