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Introduction



The Quark Gluon Plasma
• Initial stage of the Universe 
• Laboratory to study QCD 

(Quantum Chromodynamics)



Hard Probes: Jets

• How to study QGP?? 

• Answer: Indirect Probing
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Study of background effects on 𝝙S12
João Mesquita Lopes



Motivation

• Great deal of observables but more are needed to control the effect of 
background particles 
• Recently published paper: Apolinário, L., Milhano, J.G., Ploskon, M. et al. Eur. Phys. J. C (2018) 78: 529.

• Introduces ΔS12 as a tool to distinguish 
between jet modification models
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Methodology

• Pt Smearing of the subjets (background particles inside the jet) 

• Embedding of a pp event into a "real" underlying event (QGP 
particles) (background over the whole event)

Tools: 
ROOT 

Pythia  
FastJet

Cuts 
Transverse momentum 

>150 GeV  
Jet Radius (R) = 0.4. 
Subjets radius (R) = 

0.15 
Subjets per jet > 2  

Eta: Pseudorapidity 
 Phi: Azimuthal Angle 

(range 0-2π)
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Pt smearing method

• 50.000 events 50 background 
particles per event
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Pt smearing method

• 50.000 events 50 background 
particles per event



Embedding method

• 100.000 events with background 
subtraction 
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•Rho-> Pt/area, for jets 
that pass the selection cut

Background estimation

Correction of the 
background

•Sigma->estimate of the 
fluctuations in the pt 
density per unit  √A

Grid Based Method

Average values ALICE 
Sigma = 15 GeV 
Rho=180 GeV



Embedding method

• 100.000 events with background 
subtraction 
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Conclusions
- DeltaS12 resilient against a pt smearing (this effect is cancelled in its definition - it is a 
subtraction and a ratio). - First method 
- DeltaS12 is indeed distorted when embedded into a “simple” fluctuating background - 
Second method 
- Nevertheless the results are very promising: the response matrix is quite diagonal 
- DeltaS12 can be indeed a good tool to study real heavy-ion collisions 

Further research is essential…



Evaluating Background Fluctuations 
on intra-jet observables
Luís Bugalho



Motivation

• Evaluate how the presence of a fluctuating background can affect parton shower 
evolution

Observables that were tested: 
- Jet Splitting function (zG) 
- Jet Fragmentation Functions 
- Number of Soft Drop splittings (nG)



Jet Quenching effects on lighter 
systems
Rafael Orelhas



Motivation
• Study different magnitudes of jet quenching 
• Probe different QGP lifetimes

RAA < 1 ⇒ Energy Loss!

Number of particles in pp

Number of particles in PbPb
RAA= 

More QGP extent

⇒ More Energy Loss
⇒ Smaller RAA

p-p

Xe-Xe

Pb-Pb



• Analysis: Z + Jet 
• Z →μ+μ- 

• Calibrated probe

Methodology
Tools: 

 Sim: Pythia  (pp) 
JEWEL (PbPb & ArAr) 

Reco: FastJet 
Plots: ROOT

Cuts 
pT (Z) > 60 GeV  

pT (Jet) > 30 GeV 
|η| < 1.6 

Jet Radius (R) = 0.5

pT: Transverse 
momentum   

η: Pseudorapidity 
 Φ: Azimuthal Angle 

(range 0-2π)

No Interaction with the QGP 
⇒ No Energy Loss 

Interaction with the QGP 
⇒ Energy Loss 



Results pp: Cross-check
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<latexit sha1_base64="rzmbuXQt/TUvxGQ49LUlRrdae3Y=">AAACGHicbZBNSwMxEIaz9bt+VT16CRbBU91VQb2JXjxWsFXs1pJNZ9tgkl2SWaEs/Rle/CtePCjitTf/jenHQa0vBF6emWEyb5RKYdH3v7zCzOzc/MLiUnF5ZXVtvbSxWbdJZjjUeCITcxsxC1JoqKFACbepAaYiCTfRw8WwfvMIxopEX2MvhaZiHS1iwRk61CrthxJiDCXTHQlUtfK7Pg2N6HQxNCN2n6epQ1YoeupXDlulsl/xR6LTJpiYMpmo2ioNwnbCMwUauWTWNgI/xWbODAouoV8MMwsp4w+sAw1nNVNgm/nosD7ddaRN48S4p5GO6M+JnClreypynYph1/6tDeF/tUaG8UkzFzrNEDQfL4ozSTGhw5RoWxjgKHvOMG6E+yvlXWYYR5dl0YUQ/D152tQPKoFfCa6OymfnkzgWyTbZIXskIMfkjFySKqkRTp7IC3kj796z9+p9eJ/j1oI3mdkiv+QNvgFcw5/p</latexit><latexit sha1_base64="rzmbuXQt/TUvxGQ49LUlRrdae3Y=">AAACGHicbZBNSwMxEIaz9bt+VT16CRbBU91VQb2JXjxWsFXs1pJNZ9tgkl2SWaEs/Rle/CtePCjitTf/jenHQa0vBF6emWEyb5RKYdH3v7zCzOzc/MLiUnF5ZXVtvbSxWbdJZjjUeCITcxsxC1JoqKFACbepAaYiCTfRw8WwfvMIxopEX2MvhaZiHS1iwRk61CrthxJiDCXTHQlUtfK7Pg2N6HQxNCN2n6epQ1YoeupXDlulsl/xR6LTJpiYMpmo2ioNwnbCMwUauWTWNgI/xWbODAouoV8MMwsp4w+sAw1nNVNgm/nosD7ddaRN48S4p5GO6M+JnClreypynYph1/6tDeF/tUaG8UkzFzrNEDQfL4ozSTGhw5RoWxjgKHvOMG6E+yvlXWYYR5dl0YUQ/D152tQPKoFfCa6OymfnkzgWyTbZIXskIMfkjFySKqkRTp7IC3kj796z9+p9eJ/j1oI3mdkiv+QNvgFcw5/p</latexit><latexit sha1_base64="rzmbuXQt/TUvxGQ49LUlRrdae3Y=">AAACGHicbZBNSwMxEIaz9bt+VT16CRbBU91VQb2JXjxWsFXs1pJNZ9tgkl2SWaEs/Rle/CtePCjitTf/jenHQa0vBF6emWEyb5RKYdH3v7zCzOzc/MLiUnF5ZXVtvbSxWbdJZjjUeCITcxsxC1JoqKFACbepAaYiCTfRw8WwfvMIxopEX2MvhaZiHS1iwRk61CrthxJiDCXTHQlUtfK7Pg2N6HQxNCN2n6epQ1YoeupXDlulsl/xR6LTJpiYMpmo2ioNwnbCMwUauWTWNgI/xWbODAouoV8MMwsp4w+sAw1nNVNgm/nosD7ddaRN48S4p5GO6M+JnClreypynYph1/6tDeF/tUaG8UkzFzrNEDQfL4ozSTGhw5RoWxjgKHvOMG6E+yvlXWYYR5dl0YUQ/D152tQPKoFfCa6OymfnkzgWyTbZIXskIMfkjFySKqkRTp7IC3kj796z9+p9eJ/j1oI3mdkiv+QNvgFcw5/p</latexit><latexit sha1_base64="rzmbuXQt/TUvxGQ49LUlRrdae3Y=">AAACGHicbZBNSwMxEIaz9bt+VT16CRbBU91VQb2JXjxWsFXs1pJNZ9tgkl2SWaEs/Rle/CtePCjitTf/jenHQa0vBF6emWEyb5RKYdH3v7zCzOzc/MLiUnF5ZXVtvbSxWbdJZjjUeCITcxsxC1JoqKFACbepAaYiCTfRw8WwfvMIxopEX2MvhaZiHS1iwRk61CrthxJiDCXTHQlUtfK7Pg2N6HQxNCN2n6epQ1YoeupXDlulsl/xR6LTJpiYMpmo2ioNwnbCMwUauWTWNgI/xWbODAouoV8MMwsp4w+sAw1nNVNgm/nosD7ddaRN48S4p5GO6M+JnClreypynYph1/6tDeF/tUaG8UkzFzrNEDQfL4ozSTGhw5RoWxjgKHvOMG6E+yvlXWYYR5dl0YUQ/D152tQPKoFfCa6OymfnkzgWyTbZIXskIMfkjFySKqkRTp7IC3kj796z9+p9eJ/j1oI3mdkiv+QNvgFcw5/p</latexit>

��
<latexit sha1_base64="3MREpt9Dvrh/fsFV4yM58sPpA38=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQtlsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJPCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNmmuGW+xVKa6G1HDpVC8hQIl72aa0ySSvBONbmd+54lrI1L1iOOMhwkdKBELRtFKfnDHJVISZEPRq9bcujsHWSVeQWpQoNmrfgX9lOUJV8gkNcb33AzDCdUomOTTSpAbnlE2ogPuW6powk04mZ88JWdW6ZM41bYUkrn6e2JCE2PGSWQ7E4pDs+zNxP88P8f4OpwIleXIFVssinNJMCWz/0lfaM5Qji2hTAt7K2FDqilDm1LFhuAtv7xK2hd1z617D5e1xk0RRxlO4BTOwYMraMA9NKEFDFJ4hld4c9B5cd6dj0VrySlmjuEPnM8fyiGQ6w==</latexit><latexit sha1_base64="3MREpt9Dvrh/fsFV4yM58sPpA38=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQtlsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJPCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNmmuGW+xVKa6G1HDpVC8hQIl72aa0ySSvBONbmd+54lrI1L1iOOMhwkdKBELRtFKfnDHJVISZEPRq9bcujsHWSVeQWpQoNmrfgX9lOUJV8gkNcb33AzDCdUomOTTSpAbnlE2ogPuW6powk04mZ88JWdW6ZM41bYUkrn6e2JCE2PGSWQ7E4pDs+zNxP88P8f4OpwIleXIFVssinNJMCWz/0lfaM5Qji2hTAt7K2FDqilDm1LFhuAtv7xK2hd1z617D5e1xk0RRxlO4BTOwYMraMA9NKEFDFJ4hld4c9B5cd6dj0VrySlmjuEPnM8fyiGQ6w==</latexit><latexit sha1_base64="3MREpt9Dvrh/fsFV4yM58sPpA38=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQtlsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJPCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNmmuGW+xVKa6G1HDpVC8hQIl72aa0ySSvBONbmd+54lrI1L1iOOMhwkdKBELRtFKfnDHJVISZEPRq9bcujsHWSVeQWpQoNmrfgX9lOUJV8gkNcb33AzDCdUomOTTSpAbnlE2ogPuW6powk04mZ88JWdW6ZM41bYUkrn6e2JCE2PGSWQ7E4pDs+zNxP88P8f4OpwIleXIFVssinNJMCWz/0lfaM5Qji2hTAt7K2FDqilDm1LFhuAtv7xK2hd1z617D5e1xk0RRxlO4BTOwYMraMA9NKEFDFJ4hld4c9B5cd6dj0VrySlmjuEPnM8fyiGQ6w==</latexit><latexit sha1_base64="3MREpt9Dvrh/fsFV4yM58sPpA38=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRDx4r2A9IQtlsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KJPCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNmmuGW+xVKa6G1HDpVC8hQIl72aa0ySSvBONbmd+54lrI1L1iOOMhwkdKBELRtFKfnDHJVISZEPRq9bcujsHWSVeQWpQoNmrfgX9lOUJV8gkNcb33AzDCdUomOTTSpAbnlE2ogPuW6powk04mZ88JWdW6ZM41bYUkrn6e2JCE2PGSWQ7E4pDs+zNxP88P8f4OpwIleXIFVssinNJMCWz/0lfaM5Qji2hTAt7K2FDqilDm1LFhuAtv7xK2hd1z617D5e1xk0RRxlO4BTOwYMraMA9NKEFDFJ4hld4c9B5cd6dj0VrySlmjuEPnM8fyiGQ6w==</latexit>
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<latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit>

hxZ,Jipp ⇠ 0.9
<latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit>

hxZ,JiPbPb ⇠ 0.66
<latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit>
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Results PbPb (256)
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xZ,J =
pT,jet

pT,Z
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Results ArAr (40)

xZ,J =
pT,jet

pT,Z
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hxZ,Jipp ⇠ 0.9
<latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit><latexit sha1_base64="UikD0gAdKM9LAW3jvTYDAHD/hhY=">AAACGXicbZA9SwNBEIb34nf8ilraLAbBQsKdCGon2ohVBPOBuRj2NnPJkr29Y3dODEf+ho1/xcZCEUut/DduYgpNfGHh5ZkZZucNEikMuu6Xk5uZnZtfWFzKL6+srq0XNjarJk41hwqPZazrATMghYIKCpRQTzSwKJBQC3rnw3rtDrQRsbrGfgLNiHWUCAVnaFGr4PoSQvQlUx0J9L6V3exfDqivRaeLvh7R2yxJLDIiom7ppFUouiV3JDptvLEpkrHKrcKH3455GoFCLpkxDc9NsJkxjYJLGOT91EDCeI91oGGtYhGYZja6bEB3LWnTMNb2KaQj+nsiY5Ex/SiwnRHDrpmsDeF/tUaK4XEzEypJERT/WRSmkmJMhzHRttDAUfatYVwL+1fKu0wzjjbMvA3Bmzx52lQPSp5b8q4Oi6dn4zgWyTbZIXvEI0fklFyQMqkQTh7IE3khr86j8+y8Oe8/rTlnPLNF/sj5/AYDTqBB</latexit>
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hxZ,JiArAr ⇠ 0.75
<latexit sha1_base64="b926saZDi+Raqy5CpQ2GVUmh3Bc=">AAACHHicbZDJSgNBEIZ74hbjFvXopTEIHiTMuKBHl4t4imBiMBNDT6cmaezpGbprxDDkQbz4Kl48KOLFg+Db2FkObj80/HxVRXX9QSKFQdf9dHITk1PTM/nZwtz8wuJScXmlZuJUc6jyWMa6HjADUiiookAJ9UQDiwIJl8HNyaB+eQvaiFhdYC+BZsQ6SoSCM7SoVdzxJYToS6Y6EuhdK7vaOutTX4tOF309pNfZkT7SFhoRUbe8v9cqltyyOxT9a7yxKZGxKq3iu9+OeRqBQi6ZMQ3PTbCZMY2CS+gX/NRAwvgN60DDWsUiMM1seFyfbljSpmGs7VNIh/T7RMYiY3pRYDsjhl3zuzaA/9UaKYYHzUyoJEVQfLQoTCXFmA6Som2hgaPsWcO4FvavlHeZZhxtngUbgvf75L+mtl323LJ3vls6PB7HkSdrZJ1sEo/sk0NySiqkSji5J4/kmbw4D86T8+q8jVpzznhmlfyQ8/EFwJKhGA==</latexit><latexit sha1_base64="b926saZDi+Raqy5CpQ2GVUmh3Bc=">AAACHHicbZDJSgNBEIZ74hbjFvXopTEIHiTMuKBHl4t4imBiMBNDT6cmaezpGbprxDDkQbz4Kl48KOLFg+Db2FkObj80/HxVRXX9QSKFQdf9dHITk1PTM/nZwtz8wuJScXmlZuJUc6jyWMa6HjADUiiookAJ9UQDiwIJl8HNyaB+eQvaiFhdYC+BZsQ6SoSCM7SoVdzxJYToS6Y6EuhdK7vaOutTX4tOF309pNfZkT7SFhoRUbe8v9cqltyyOxT9a7yxKZGxKq3iu9+OeRqBQi6ZMQ3PTbCZMY2CS+gX/NRAwvgN60DDWsUiMM1seFyfbljSpmGs7VNIh/T7RMYiY3pRYDsjhl3zuzaA/9UaKYYHzUyoJEVQfLQoTCXFmA6Som2hgaPsWcO4FvavlHeZZhxtngUbgvf75L+mtl323LJ3vls6PB7HkSdrZJ1sEo/sk0NySiqkSji5J4/kmbw4D86T8+q8jVpzznhmlfyQ8/EFwJKhGA==</latexit><latexit sha1_base64="b926saZDi+Raqy5CpQ2GVUmh3Bc=">AAACHHicbZDJSgNBEIZ74hbjFvXopTEIHiTMuKBHl4t4imBiMBNDT6cmaezpGbprxDDkQbz4Kl48KOLFg+Db2FkObj80/HxVRXX9QSKFQdf9dHITk1PTM/nZwtz8wuJScXmlZuJUc6jyWMa6HjADUiiookAJ9UQDiwIJl8HNyaB+eQvaiFhdYC+BZsQ6SoSCM7SoVdzxJYToS6Y6EuhdK7vaOutTX4tOF309pNfZkT7SFhoRUbe8v9cqltyyOxT9a7yxKZGxKq3iu9+OeRqBQi6ZMQ3PTbCZMY2CS+gX/NRAwvgN60DDWsUiMM1seFyfbljSpmGs7VNIh/T7RMYiY3pRYDsjhl3zuzaA/9UaKYYHzUyoJEVQfLQoTCXFmA6Som2hgaPsWcO4FvavlHeZZhxtngUbgvf75L+mtl323LJ3vls6PB7HkSdrZJ1sEo/sk0NySiqkSji5J4/kmbw4D86T8+q8jVpzznhmlfyQ8/EFwJKhGA==</latexit><latexit sha1_base64="b926saZDi+Raqy5CpQ2GVUmh3Bc=">AAACHHicbZDJSgNBEIZ74hbjFvXopTEIHiTMuKBHl4t4imBiMBNDT6cmaezpGbprxDDkQbz4Kl48KOLFg+Db2FkObj80/HxVRXX9QSKFQdf9dHITk1PTM/nZwtz8wuJScXmlZuJUc6jyWMa6HjADUiiookAJ9UQDiwIJl8HNyaB+eQvaiFhdYC+BZsQ6SoSCM7SoVdzxJYToS6Y6EuhdK7vaOutTX4tOF309pNfZkT7SFhoRUbe8v9cqltyyOxT9a7yxKZGxKq3iu9+OeRqBQi6ZMQ3PTbCZMY2CS+gX/NRAwvgN60DDWsUiMM1seFyfbljSpmGs7VNIh/T7RMYiY3pRYDsjhl3zuzaA/9UaKYYHzUyoJEVQfLQoTCXFmA6Som2hgaPsWcO4FvavlHeZZhxtngUbgvf75L+mtl323LJ3vls6PB7HkSdrZJ1sEo/sk0NySiqkSji5J4/kmbw4D86T8+q8jVpzznhmlfyQ8/EFwJKhGA==</latexit>

hxZ,JiPbPb ⇠ 0.66
<latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit>
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Results ArAr (40)

xZ,J =
pT,jet

pT,Z
<latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit>
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hxZ,JiArAr ⇠ 0.75
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hxZ,JiPbPb ⇠ 0.66
<latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit><latexit sha1_base64="+H7G+Tpu+NdZjDMkMsWT8Fcdv1I=">AAACHHicbZA9SwNBEIb34nf8ilraLAbBQsKdSrQUbcQqgoliLoa9zVyyZG/v2J0Tw5EfYuNfsbFQxMZC8N+4+Sg0+sLCyzM7zMwbJFIYdN0vJzc1PTM7N7+QX1xaXlktrK3XTJxqDlUey1hfB8yAFAqqKFDCdaKBRYGEq6B7Oqhf3YE2IlaX2EugEbG2EqHgDC1qFvZ9CSH6kqm2BHrfzG52z/vU16LdQV8P6W1WCSqBhUZE1C2Vy81C0S25Q9G/xhubIhmr0ix8+K2YpxEo5JIZU/fcBBsZ0yi4hH7eTw0kjHdZG+rWKhaBaWTD4/p025IWDWNtn0I6pD87MhYZ04vsgtsRw46ZrA3gf7V6iuFRIxMqSREUHw0KU0kxpoOkaEto4Ch71jCuhd2V8g7TjKPNM29D8CZP/mtqeyXPLXkXB8Xjk3Ec82STbJEd4pFDckzOSIVUCScP5Im8kFfn0Xl23pz30decM+7ZIL/kfH4DvY+hFg==</latexit>
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Results ArAr (40)

xZ,J =
pT,jet

pT,Z
<latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit><latexit sha1_base64="MEWyrY5oeEQlqXHqu607ZxMG4tw=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgopREBN0IRTfiqkJftA1hMp20YycPZiZiCfkAN/6KGxeKuPUD3Pk3TtsstPXAwOGcc7lzjxtxJpVpfhu5peWV1bX8emFjc2t7p7i715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3Q18Vv3VEgWBnU1jqjt40HAPEaw0pJTLD04Sad8k6IL1PMEJknkJPXyHVVpOqOdNNUps2JOgRaJlZESZKg5xa9ePySxTwNFOJaya5mRshMsFCOcpoVeLGmEyQgPaFfTAPtU2sn0mBQdaaWPvFDoFyg0VX9PJNiXcuy7OuljNZTz3kT8z+vGyju3ExZEsaIBmS3yYo5UiCbNoD4TlCg+1gQTwfRfERli3YnS/RV0Cdb8yYukeVKxzIp1e1qqXmZ15OEADuEYLDiDKlxDDRpA4BGe4RXejCfjxXg3PmbRnJHN7MMfGJ8/aM2bOA==</latexit>
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Conclusions
• Z+Jet channel calibrated probe to evaluate energy loss effects 
• Z Boson does not lose energy 
• Jet interacts with QGP 

• Only one model tested: JEWEL 
• PbPb results compatible with PbPb data (by CMS) 
• ArAr fisrt predictions! 
• Preliminary results seem to show that ArAr will have 

sizeable energy loss effects



Thank you!



Backup Slides



(Backup) 
Prospects

-Improve the \eta distribution of background particles, to get more realistic with data 
-Get more statistics
- Improve response matrix by introducing a min pt on the reconstructed subjets; with this improve the 
performance of the observables in the presence of background particles



• Check with another jet quenching models: 
• Perturbative: Q-PYTHIA, PYQUEN; 
• Holographic: AdS/PYTHIA 

• Check other (technically preferable) ions 
• Make additional ArAr predictions for intra-jet observables

Prospects


