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Sensitivity to QGP timescales
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[PYTHIA 8: Sjostrand et al (2006)]
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The 𝛕 algorithm

dij = min(p2pt,i, p
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�R2
ij

R2
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[PYTHIA 8: Sjostrand et al (2006)]
[JEWEL:  Zapp (2014)]



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ :$#$76;3>$E%8(%B6?3;L%<B%F7$2;">($73#4G%U$(%6;4<73()?>O

9

The 𝛕 algorithm

dij = min(p2pt,i, p
2p
t,j)

�R2
ij

R2
<latexit sha1_base64="wKK30y+eMCLYOEiAc/RsdFnnYak="></latexit>

diB = p2pt,i
<latexit sha1_base64="cfzX9SCuCYOofNktoSnifTJj8H8=">AAACJXicbVDLSsNAFJ34tr6q4srNYBFcSEmqoBtBKojLCrYKbQ2TyY0dOpmEmRuhhHyMK0G/xZ0IrvwOd04fC18HLhzOuRfOPUEqhUHXfXempmdm5+YXFktLyyura+X1jZZJMs2hyROZ6JuAGZBCQRMFSrhJNbA4kHAd9M+G/vU9aCMSdYWDFLoxu1MiEpyhlfzyVujnol7QE5r6Oe6L4javpYVfrrhVdwT6l3gTUiETNPzyZydMeBaDQi6ZMW3PTbGbM42CSyhKncxAynif3UHbUsViMN18FL+gu1YJaZRoOwrpSP1+kbPYmEEc2M2YYc/89obiv56xUXoQWu8cBipmiqoER4//DITRcTcXKs0QFB/niTJJMaHDymgoNHCUA0sY18K+RHmPacbRFluyXXm/m/lLWrWqd1CtXR5WTuuT1hbINtkhe8QjR+SUXJAGaRJOcvJAnsiz8+i8OK/O23h1ypncbJIfcD6+AGNepRA=</latexit>

J%d%

,%F.VQG

,mn%F𝜏G

&%F8/G

f
f

& o+ b

l62""?O%=p/I5Q%a%F8/%<7E$7$EG
l62""?O%!-A-X%Fq=p/I5Q%'*%1+%<7E$7$EG

Y$E3"?O%!-A-X%F1+%<7E$7$E%r%𝜏%H$(<G

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)

[PYTHIA 8: Sjostrand et al (2006)]
[JEWEL:  Zapp (2014)]



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

=67(<#%P)<C$7

10

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
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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⌧PartonShower
form
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Correlation (no grooming)

𝛕.VQ

NXQ*%.<7E$37<*%s6JJ%F+&GS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ /$>(3#4%>$H$76;%(LJ$>%<B%47<<?3#4O

12

Grooming

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Parton Showerκ

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

U
nc

lu
st

er
in

g
κ

5−10

4−10

3−10

C/A Unclustering vs Parton Shower, 1st Emission

 = 5.02TeVNNsPYTHIA 8 
 > 300 GeV

T
 R = 0.5, pTAnti-k

Time Drop

𝛕%r%P<B(9E7<J%F_2"(d,m&G.VQ%r%/3?$^7<J%F6d+G

.;$6#3#4%><B(%B764?$#(>%3?J7<H$>%2<77$;6(3<#

NX678<>83*%Y67_6#3*%P<L$_*%/)6;$7%F&oGS%
NY$)(679/6#3*%P<(<9e#(<><*%/LC<#3"8%F+,GSN(6;8>O%Y67(6*%QE6?S



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ c>3#4%()$%E3BB$7$#2$%M$(C$$#%()$%(C<%B<7?6(3<#%(3?$>O

13

Correlation



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ c>3#4%()$%E3BB$7$#2$%M$(C$$#%()$%(C<%B<7?6(3<#%(3?$>O

13

Correlation

1&

1+

1b



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ c>3#4%()$%E3BB$7$#2$%M$(C$$#%()$%(C<%B<7?6(3<#%(3?$>O

13

Correlation

1&

1+

1b



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ c>3#4%()$%E3BB$7$#2$%M$(C$$#%()$%(C<%B<7?6(3<#%(3?$>O

13

Correlation

1&

1+

1b

𝜏96;4<73()?O%M$(($7%<H$76;;%J$7B<7?6#2$



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma14

Vacuum vs Medium
t𝜏%E3>(73M"(3<#%FH62""?%W"67(3;$>GO% t𝜏%E3>(73M"(3<#%F3#9?$E3"?%W"67(3;$>GO

&>(%$?3>>3<#%FC3()%P^G%)6>%6;C6L>%?$E36#%F1+G%2$#(7$E%6(%,%F2)6#4$%3#%51TG



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma14

Vacuum vs Medium
t𝜏%E3>(73M"(3<#%FH62""?%W"67(3;$>GO% t𝜏%E3>(73M"(3<#%F3#9?$E3"?%W"67(3;$>GO

P)3B(%3#%()$%?$E36#%F1+G%<B%+#E%$?3>>3<#



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma15

Algorithms Comparison
+#E%$?3>>3<#V"#2;">($73#4%>($J%F1+G&>(%$?3>>3<#V"#2;">($73#4%>($J%F51TG

QM><;"($%E3BB$7$#2$>%Cm7m(%(<%?3#3?"?%H6;"$



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ \<2">%<#%B37>(%$?3>>3<#O%%

@ A)6(%67$%()$%𝜏B<7?%6H63;6M;$D%

@ 5>%3(%?<E3B3$E%ML%()$%?$E3"?D

16

Available timescales

6− 4− 2− 0 2 4 6
 (fm/c))formτ(

10
Log

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

)
fo

rm
τ(

10
1/

N
 d

N
/d

Lo
g

JEWEL+PYTHIA pp JEWEL+PYTHIA PbPb

 = 5.02 TeVNNsJEWEL+PYTHIA 
 > 300 GeV

T
 R = 0.5 pTAnti-k

1st Parton Shower emission
 = 0βSoft-Drop: 

0 1 2 3 4 5 6 7 8 9 10
 (fm/c)

form
τ

2−10

1−10

fo
rm

τ
1/

N
 d

N
/d

I67E$7%B764?$#(6(3<#%u%X<#4$7%𝜏

T%d%,mn*%J/*U$(%j%b,,%:$l



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ \<2">%<#%B37>(%$?3>>3<#O%%

@ A)6(%67$%()$%𝜏B<7?%6H63;6M;$D%

@ 5>%3(%?<E3B3$E%ML%()$%?$E3"?D

16

Available timescales

6− 4− 2− 0 2 4 6
 (fm/c))formτ(

10
Log

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

)
fo

rm
τ(

10
1/

N
 d

N
/d

Lo
g

JEWEL+PYTHIA pp JEWEL+PYTHIA PbPb

 = 5.02 TeVNNsJEWEL+PYTHIA 
 > 300 GeV

T
 R = 0.5 pTAnti-k

1st Parton Shower emission
 = 0βSoft-Drop: 

0 1 2 3 4 5 6 7 8 9 10
 (fm/c)

form
τ

2−10

1−10

fo
rm

τ
1/

N
 d

N
/d

I67E$7%B764?$#(6(3<#%u%X<#4$7%𝜏

u%P"7H3H$%?<7$%(<%3#9?$E3"?%U$(>

T%d%,mn*%J/*U$(%j%b,,%:$l



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

6− 4− 2− 0 2 4 6
 (fm/c))formτ(

10
Log

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

)
fo

rm
τ(

10
1/

N
 d

N
/d

Lo
g

JEWEL+PYTHIA pp JEWEL+PYTHIA PbPb

 = 5.02 TeVNNsJEWEL+PYTHIA 
 > 300 GeV

T
 R = 0.5 pTAnti-k

1st Parton Shower emission
 = 0βSoft-Drop: 

0 1 2 3 4 5 6 7 8 9 10
 (fm/c)

form
τ

2−10

1−10

fo
rm

τ
1/

N
 d

N
/d

@ -6>3;L%>$;$2(%(C<%2;6>>$>%<B%U$(>O%

17

Example application: RAAlead jet
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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
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�R2
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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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2nd unclustering:

Selection on 𝜏form: allows to 

evaluate ΔE in a Δ𝜏 

/3?$%FB?V2G
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Thank you!



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma32

Acknowledgments



Backup slides



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

parton shower



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

Medium-induced energy loss

parton shower



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

Medium-induced energy loss

parton shower

Collisional energy loss



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

Medium-induced energy loss

parton shower

Collisional energy loss

Medium recoils



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

-KJ6#E3#4%Medium

Medium-induced energy loss

parton shower

Collisional energy loss

Medium recoils



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

-KJ6#E3#4%Medium

Medium-induced energy loss

parton shower

Collisional energy loss

Medium recoils

Medium effects on Hadronization?



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

-KJ6#E3#4%Medium

Medium-induced energy loss

parton shower

Collisional energy loss

Medium recoils

Medium effects on Hadronization?

4$<?$(7LD%%
&>(%1:=%3#($762(3<#D



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ A)6(%)6JJ$#>%C)$#%6%)34)%?<?$#("?%J67(32;$%(76H$;>%()7<"4)%()$%1:=D

34

Jets in the QGP

-KJ6#E3#4%Medium

Medium-induced energy loss

parton shower

Collisional energy loss

Medium recoils

Medium effects on Hadronization?

4$<?$(7LD%%
&>(%1:=%3#($762(3<#D

P$H$76;%"#8#<C#>]



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ \76?$C<78%(<%2)6#4$%W"$#2)3#4%E"73#4%$67;L%>(64$>%
FM6>$E%<#%W"$#2)3#4%C$34)(>G

35

Sensitivity to early times?
@ Q%E$>273J(3<#%<B%)34)9J/%6#3><(7<J32%B;<C%#$$E>%M<()%)67E%6#E%><B(%>$2(<7>O

NQ#E7{>%$(%6;%F&ZGS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ \76?$C<78%(<%2)6#4$%W"$#2)3#4%E"73#4%$67;L%>(64$>%
FM6>$E%<#%W"$#2)3#4%C$34)(>G

35

Sensitivity to early times?

PC3(2)3#4%<BB%W"$#2)3#4%
E"73#4%()$%B37>(%,m'%B?V2

@ Q%E$>273J(3<#%<B%)34)9J/%6#3><(7<J32%B;<C%#$$E>%M<()%)67E%6#E%><B(%>$2(<7>O
NQ#E7{>%$(%6;%F&ZGS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ \76?$C<78%(<%2)6#4$%W"$#2)3#4%E"73#4%$67;L%>(64$>%
FM6>$E%<#%W"$#2)3#4%C$34)(>G

35

Sensitivity to early times?

=<($#(36;%(<%2<#>(763#%()$%
EL#6?32>%<B%()$%3#3(36;%
>(64$>%<B%()$%$H<;"(3<# PC3(2)3#4%<BB%W"$#2)3#4%

E"73#4%()$%B37>(%,m'%B?V2

@ Q%E$>273J(3<#%<B%)34)9J/%6#3><(7<J32%B;<C%#$$E>%M<()%)67E%6#E%><B(%>$2(<7>O
NQ#E7{>%$(%6;%F&ZGS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ T$2<#>(7"2($E%)6E7<#32%A%M<><#%U$(%?6>>O

36

Sensitivity to later times?

/3?$%FB?V2G

-KJ6#E3#4%1:=

( A

M

W

WM67

W

(

A

M

WM67

Lo
w

 p
t,

to
p

re
co

H
ig

h 
p

t,
to

p
re

co

Smaller mW

Higher mW

4 5 6 7 8 9 10 20 30 40 50 60 70 80 210
]-1 PbPb equiv. lumi [nb

0

1

2

3

4

5

6

7

)
σ

 (2
mτ

 m
ax

 d
is

tin
gu

is
ha

bl
e 

11 TeV PbPb (15% quench)

12.6 TeV KrKr (10% quench)

11.5 TeV XeXe (13% quench)

5.5 TeV PbPb (15% quench)

6.3 TeV KrKr (10% quench)

[%XI.O%;3?3($E%>$#>3(3H3(L%F3E$#(3BL%;<#4%H>%
>)<7(%;3H$E%>2$#673<>G

N.3(7<#%$(%6;%F&ZGS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37

- Early dynamics ✔



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37

- Early dynamics 

- Late dynamics

✔

✔



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37

- Early dynamics 

- Late dynamics

- Anything else …

✔

✔

?



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37

- Early dynamics 

- Late dynamics

- Anything else …

✔

✔

?

!$(>%67$%?";(39>26;$%<MU$2(>]



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

Sensitivity to different timescales:

37

- Early dynamics 

- Late dynamics

- Anything else …

✔

✔

?

!$(>%67$%?";(39>26;$%<MU$2(>]

I34)%?<?$#("?%J67(32;$>%F(LJ326;;L%B7<?%H62""?9;38$%J67(<#%>)<C$7G%

vP$?39)67Ew%|%P<B(%?$E3"?93#E"2$E%76E36(3<#%

P<B(%U$(93#E"2$E%?$E3"?%7$>J<#>$



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ .VQ

38

Jets and QCD
J%d%,O%.VQ%



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ .VQ

38

Jets and QCD
J%d%,O%.VQ%

[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>

J/*& J/*+

_4

r%P<B(%E7<J



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ .VQ

38

Jets and QCD
J%d%,O%.VQ%

[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>

J/*& J/*+

_4

r%P<B(%E7<J

[ALICE PLB 802 (2020) 135227]

d%!$(%>J;3((3#4%B"#2(3<#



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ /$>(3#4%>$H$76;%(LJ$>%<B%47<<?3#4O

39

Grooming

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Parton Showerκ

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

U
nc

lu
st

er
in

g
κ

5−10

4−10

3−10

C/A Unclustering vs Parton Shower, 1st Emission

 = 5.02TeVNNsPYTHIA 8 
 > 300 GeV

T
 R = 0.5, pTAnti-k

Time Drop

P<B(9E7<J%F_2"(d,m&G/3?$^7<J%F6d+G

NX678<>83*%Y67_6#3*%P<L$_*%/)6;$7%F&oGS%
NY$)(679/6#3*%P<(<9e#(<><*%/LC<#3"8%F+,GS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ /$>(3#4%>$H$76;%(LJ$>%<B%47<<?3#4O

39

Grooming

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Parton Showerκ

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

U
nc

lu
st

er
in

g
κ

5−10

4−10

3−10

C/A Unclustering vs Parton Shower, 1st Emission

 = 5.02TeVNNsPYTHIA 8 
 > 300 GeV

T
 R = 0.5, pTAnti-k

Time Drop

P<B(9E7<J%F_2"(d,m&G/3?$^7<J%F6d+G

.;$6#3#4%><B(%B764?$#(>%3?J7<H$>%2<77$;6(3<#

NX678<>83*%Y67_6#3*%P<L$_*%/)6;$7%F&oGS%
NY$)(679/6#3*%P<(<9e#(<><*%/LC<#3"8%F+,GS



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ sr!$(%$H$#(>%

@ X$J(<#32%E$26L%<B%s%M<><#%

@ T$2<3;3#4%U$(%%

@ T%d%,mn%

@ J/%j%b,,%:$l%

@ }~}%x%&

40

Testing ground

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

⌧form ⇡ 1

2Ez(1� z)(1� cos ✓12)

.)<<>$%v2;$6#$>(w%2)6##$;%6>%6%B37>(%>$((3#4

Q;;%E<#$%6(%)6E7<#%;$H$;



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ P$;$2(3#4%U$(>%M6>$E%<#%tT%<7%𝜏B<7?D%A3;;%C$%>$;$2(%()$%>6?$%U$(%>6?J;$D

41

ΔR vs 𝜏form

100 200 300 400 500 600 700 800 900 1000
T,boson

 p

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

T,
bo

so
n

 1
/N

 d
N

/d
p

No cuts

 R > 0.2∆

 R < 0.1∆

100 200 300 400 500 600 700 800 900 1000
T,boson

 p

7−10

6−10

5−10

4−10

3−10

2−10

1−10

T,
bo

so
n

 1
/N

 d
N

/d
p

No cuts

 R > 0.2∆

 R < 0.1∆

100 200 300 400 500 600 700 800 900 1000
T,jet

 p

7−10

6−10

5−10

4−10

3−10

2−10

1−10

T,
je

t
 1

/N
 d

N
/d

p

No cuts

 R > 0.2∆

 R < 0.1∆

100 200 300 400 500 600 700 800 900 1000
T,jet

 p

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

T,
je

t
 1

/N
 d

N
/d

p

No cuts

 R > 0.2∆

 R < 0.1∆

100 200 300 400 500 600 700 800 900 1000
T,boson

 p

7−10

6−10

5−10

4−10

3−10

2−10

1−10

T,
bo

so
n

 1
/N

 d
N

/d
p

No cuts

 < 1 fm/cτ

 > 3 fm/cτ

100 200 300 400 500 600 700 800 900 1000
T,boson

 p

6−10

5−10

4−10

3−10

2−10

1−10

T,
bo

so
n

 1
/N

 d
N

/d
p

No cuts

 < 1 fm/cτ

 > 3 fm/cτ

100 200 300 400 500 600 700 800 900 1000
T,jet

 p

6−10

5−10

4−10

3−10

2−10

1−10

T,
je

t
 1

/N
 d

N
/d

p

No cuts

 < 1 fm/cτ

 > 3 fm/cτ

100 200 300 400 500 600 700 800 900 1000
T,jet

 p

6−10

5−10

4−10

3−10

2−10

1−10

T,
je

t
 1

/N
 d

N
/d

p

No cuts

 < 1 fm/cτ

 > 3 fm/cτ

𝜏B<7?%M3#>

tT%M3#>

.VQ%F!-A-X%CV<%7$2<3;>G

.VQ%F!-A-X%CV<%7$2<3;>G

s,

y"(%E3BB$7$#(%3#3(36;%J/]
X$>>%2<77$;6(3<#%C3()%𝜏B<7?

z677<C$7%U$(>%u%I34)$7%3#3(36;%J/



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma42

Vacuum vs Medium
t𝜏%E3>(73M"(3<#%F𝜏%6;4<73()?GO%

5#9?$E3"?%>26(($73#4>%E$($73<76($%7$><;"(3<#f%

!$(

Y$E3"?%7$2<3;

P)3B(%3#%(76#>H$7>$%?<?$#("?%E"$%(<%$;6>(32%>26(($73#4>%
FP)3B(%3#%7$2<#>(7"2($E%𝜏B<7?G



L. Apolinário ECT* Jet Quenching In The Quark-Gluon Plasma

@ -6>3;L%>$;$2(%(C<%2;6>>$>%<B%U$(>O%%

@ v$67;Lw%U$(>O%𝜏&%x%&%B?V2%F>(7<#4;L%?<E3B3$EG%

@ v;6($w%U$(>O%𝜏&%j%b%B?V2%FC$68;L%?<E3B3$EG

43

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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