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Introduction: Standard Model

! -quark

❖ Produced in ! -quark decay

❖ Bound states are exceptionally 
long-lived
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t

! -quark

❖ Heaviest elementary particle

❖ Doesn’t form bound states

❖ Produced via

❖ gluon fusion/decay ( !  pairs)

❖ Weak interaction (single-top)

t

tt̄



Introduction: Large Hadron Collider

❖ World's largest accelerator (27 km)

❖ 8 T supra-conducting magnets

❖ Protons and lead ions

❖ Up to 13 TeV collision energy

❖ 4 interaction points



Introduction: ATLAS
Main physics topics 
explored in ATLAS:

❖ Tests of the 
Standard Model 
(e.g. Higgs 
physics)

❖ Precision 
measurements 
(e.g. of particle 
masses)

❖ Searches for the 
new resonances, 
dark matter, exotic 
phenomena



Introduction: particle detection



Introduction: Quark-Gluon Plasma in a (hot) nutshell

❖ Quarks and gluons are confined 
in hadrons

❖ Phase transition where quarks 
and gluons are free to propagate 
 
☞ Quark-Gluon Plasma !

❖ Primordial state of the Universe 
(~1 μs after the Big Bang)

❖ Core of dense neutron stars ?

❖ Ultra-relativistic heavy-ion 
collisions

Quark-Gluon Plasma (QGP)



Physics impacts

❖ confinement/deconfinement

❖ non-perturbative QCD

❖ EoS of neutron stars

❖ cosmological models

❖ limits of hydrodynamics 

❖ ...

Introduction: A Large Ion Collider Experiment

26m

16m

10 000 tons

19 subdetectors

Studying the Quark-Gluon Plasma properties in the lab



Top quark mass measurements 



Top quark mass measurements: motivation 

Why measuring the top quark mass? 

❖ Input for Electroweak precision tests 

❖ Impacts the vacuum stability of the Standard Model

❖ Cosmological consequences (e.g. Universe lifetime 
PhysRevD.97.056006 )

❖ PhysRevD.97.056006❖ Top is the only quark for which free 
mass (the one in the Lagrangian) can 
be measured directly JHEP 1709, 099 
(2017)

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.056006
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.056006
https://link.springer.com/article/10.1007/JHEP09(2017)099
https://link.springer.com/article/10.1007/JHEP09(2017)099


❖ Direct methods:

❖ Use kinematical observables

❖ Compare data to Next-to-
Leading-Order-plus-Parton-
Shower (NLO+PS) predictions

❖ Alternative methods:

❖ Use !  cross-section

❖ Compare data to Next-to-Next-
to-Leading-Order (NNLO) 
calculations

❖ Smaller theoretical 
uncertainties

tt̄

Top quark mass measurements: direct vs alternative methods 

Direct 
methods

Alternative 
methods



Top quark pole mass determination from top-quark pair differential cross-sections

❖ !  process

❖ lepton+jets top decay channel

❖ data: 36.1/fb @ 13 TeV 

pp → tt̄
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<latexit sha1_base64="gEoTa3AGi6kNfR2/s2GB70YF16c="></latexit><latexit sha1_base64="gEoTa3AGi6kNfR2/s2GB70YF16c="></latexit><latexit sha1_base64="gEoTa3AGi6kNfR2/s2GB70YF16c="></latexit><latexit sha1_base64="gEoTa3AGi6kNfR2/s2GB70YF16c="></latexit>

mt = 170.0 GeV

mt = 172.5 GeV

mt = 175.0 GeV
<latexit sha1_base64="ustM6eCU/+QgbjtTBGTifj+eFWE=">AAACK3icbVDJSgNBFOyJW4zbqEcvg0HwFGaCIV6UoAc9RjALZELo6bwkTXoWut+IYYjf48Vf8aAHF7z6H3aWg1kKGoqqerx+5UWCK7TtLyO1srq2vpHezGxt7+zumfsHVRXGkkGFhSKUdY8qEDyACnIUUI8kUN8TUPP61yO/9gBS8TC4x0EETZ92A97hjKKWWuaV38ILp2jn7CcX4RGTG6gOXTczkfO5wjK5MJNumVk9Poa1SJwpyZIpyi3zzW2HLPYhQCaoUg3HjrCZUImcCRhm3FhBRFmfdqGhaUB9UM1kfOvQOtFK2+qEUr8ArbH6fyKhvlID39NJn2JPzXsjcZnXiLFz3kx4EMUIAZss6sTCwtAaFWe1uQSGYqAJZZLrv1qsRyVlqOvN6BKc+ZMXSTWfc+ycc3eWLV1O60iTI3JMTolDiqREbkmZVAgjz+SVfJBP48V4N76Nn0k0ZUxnDskMjN8/Wwel7w==</latexit><latexit sha1_base64="ustM6eCU/+QgbjtTBGTifj+eFWE=">AAACK3icbVDJSgNBFOyJW4zbqEcvg0HwFGaCIV6UoAc9RjALZELo6bwkTXoWut+IYYjf48Vf8aAHF7z6H3aWg1kKGoqqerx+5UWCK7TtLyO1srq2vpHezGxt7+zumfsHVRXGkkGFhSKUdY8qEDyACnIUUI8kUN8TUPP61yO/9gBS8TC4x0EETZ92A97hjKKWWuaV38ILp2jn7CcX4RGTG6gOXTczkfO5wjK5MJNumVk9Poa1SJwpyZIpyi3zzW2HLPYhQCaoUg3HjrCZUImcCRhm3FhBRFmfdqGhaUB9UM1kfOvQOtFK2+qEUr8ArbH6fyKhvlID39NJn2JPzXsjcZnXiLFz3kx4EMUIAZss6sTCwtAaFWe1uQSGYqAJZZLrv1qsRyVlqOvN6BKc+ZMXSTWfc+ycc3eWLV1O60iTI3JMTolDiqREbkmZVAgjz+SVfJBP48V4N76Nn0k0ZUxnDskMjN8/Wwel7w==</latexit><latexit sha1_base64="ustM6eCU/+QgbjtTBGTifj+eFWE=">AAACK3icbVDJSgNBFOyJW4zbqEcvg0HwFGaCIV6UoAc9RjALZELo6bwkTXoWut+IYYjf48Vf8aAHF7z6H3aWg1kKGoqqerx+5UWCK7TtLyO1srq2vpHezGxt7+zumfsHVRXGkkGFhSKUdY8qEDyACnIUUI8kUN8TUPP61yO/9gBS8TC4x0EETZ92A97hjKKWWuaV38ILp2jn7CcX4RGTG6gOXTczkfO5wjK5MJNumVk9Poa1SJwpyZIpyi3zzW2HLPYhQCaoUg3HjrCZUImcCRhm3FhBRFmfdqGhaUB9UM1kfOvQOtFK2+qEUr8ArbH6fyKhvlID39NJn2JPzXsjcZnXiLFz3kx4EMUIAZss6sTCwtAaFWe1uQSGYqAJZZLrv1qsRyVlqOvN6BKc+ZMXSTWfc+ycc3eWLV1O60iTI3JMTolDiqREbkmZVAgjz+SVfJBP48V4N76Nn0k0ZUxnDskMjN8/Wwel7w==</latexit><latexit sha1_base64="ustM6eCU/+QgbjtTBGTifj+eFWE=">AAACK3icbVDJSgNBFOyJW4zbqEcvg0HwFGaCIV6UoAc9RjALZELo6bwkTXoWut+IYYjf48Vf8aAHF7z6H3aWg1kKGoqqerx+5UWCK7TtLyO1srq2vpHezGxt7+zumfsHVRXGkkGFhSKUdY8qEDyACnIUUI8kUN8TUPP61yO/9gBS8TC4x0EETZ92A97hjKKWWuaV38ILp2jn7CcX4RGTG6gOXTczkfO5wjK5MJNumVk9Poa1SJwpyZIpyi3zzW2HLPYhQCaoUg3HjrCZUImcCRhm3FhBRFmfdqGhaUB9UM1kfOvQOtFK2+qEUr8ArbH6fyKhvlID39NJn2JPzXsjcZnXiLFz3kx4EMUIAZss6sTCwtAaFWe1uQSGYqAJZZLrv1qsRyVlqOvN6BKc+ZMXSTWfc+ycc3eWLV1O60iTI3JMTolDiqREbkmZVAgjz+SVfJBP48V4N76Nn0k0ZUxnDskMjN8/Wwel7w==</latexit>

mtt̄ bin:

100� 400 GeV
<latexit sha1_base64="rR2VMBr5ssjJk05+QipSQUzULtM=">AAACGXicbVBNS8NAEN34bf2KevQSLIoXy0YKFk+CBz0q2A9oQtlsp7q42YTdiVhC/Ble/CtePCjiUU/+G5Oag7Y+GHi8N8PMvCCWwiClX9bU9Mzs3PzCYmVpeWV1zV7faJko0RyaPJKR7gTMgBQKmihQQifWwMJAQju4OSn89i1oIyJ1icMY/JBdKTEQnGEu9Wy6G/ZS9AKmU8yyew/hDtNAqKPM8youpbv7dUpL+RRaWaVnV2mNjuBMErckVVLivGd/eP2IJyEo5JIZ03VpjH7KNAouIat4iYGY8Rt2Bd2cKhaC8dPRZ5mzkyt9ZxDpvBQ6I/X3RMpCY4ZhkHeGDK/NuFeI/3ndBAcNPxUqThAU/1k0SKSDkVPE5PSFBo5ymBPGtchvdfg104xjHmYRgjv+8iRpHdRcWnMv6tXjRhnHAtki22SPuOSQHJMzck6ahJMH8kReyKv1aD1bb9b7T+uUVc5skj+wPr8BTcmfww==</latexit><latexit sha1_base64="rR2VMBr5ssjJk05+QipSQUzULtM=">AAACGXicbVBNS8NAEN34bf2KevQSLIoXy0YKFk+CBz0q2A9oQtlsp7q42YTdiVhC/Ble/CtePCjiUU/+G5Oag7Y+GHi8N8PMvCCWwiClX9bU9Mzs3PzCYmVpeWV1zV7faJko0RyaPJKR7gTMgBQKmihQQifWwMJAQju4OSn89i1oIyJ1icMY/JBdKTEQnGEu9Wy6G/ZS9AKmU8yyew/hDtNAqKPM8youpbv7dUpL+RRaWaVnV2mNjuBMErckVVLivGd/eP2IJyEo5JIZ03VpjH7KNAouIat4iYGY8Rt2Bd2cKhaC8dPRZ5mzkyt9ZxDpvBQ6I/X3RMpCY4ZhkHeGDK/NuFeI/3ndBAcNPxUqThAU/1k0SKSDkVPE5PSFBo5ymBPGtchvdfg104xjHmYRgjv+8iRpHdRcWnMv6tXjRhnHAtki22SPuOSQHJMzck6ahJMH8kReyKv1aD1bb9b7T+uUVc5skj+wPr8BTcmfww==</latexit><latexit sha1_base64="rR2VMBr5ssjJk05+QipSQUzULtM=">AAACGXicbVBNS8NAEN34bf2KevQSLIoXy0YKFk+CBz0q2A9oQtlsp7q42YTdiVhC/Ble/CtePCjiUU/+G5Oag7Y+GHi8N8PMvCCWwiClX9bU9Mzs3PzCYmVpeWV1zV7faJko0RyaPJKR7gTMgBQKmihQQifWwMJAQju4OSn89i1oIyJ1icMY/JBdKTEQnGEu9Wy6G/ZS9AKmU8yyew/hDtNAqKPM8youpbv7dUpL+RRaWaVnV2mNjuBMErckVVLivGd/eP2IJyEo5JIZ03VpjH7KNAouIat4iYGY8Rt2Bd2cKhaC8dPRZ5mzkyt9ZxDpvBQ6I/X3RMpCY4ZhkHeGDK/NuFeI/3ndBAcNPxUqThAU/1k0SKSDkVPE5PSFBo5ymBPGtchvdfg104xjHmYRgjv+8iRpHdRcWnMv6tXjRhnHAtki22SPuOSQHJMzck6ahJMH8kReyKv1aD1bb9b7T+uUVc5skj+wPr8BTcmfww==</latexit><latexit sha1_base64="rR2VMBr5ssjJk05+QipSQUzULtM=">AAACGXicbVBNS8NAEN34bf2KevQSLIoXy0YKFk+CBz0q2A9oQtlsp7q42YTdiVhC/Ble/CtePCjiUU/+G5Oag7Y+GHi8N8PMvCCWwiClX9bU9Mzs3PzCYmVpeWV1zV7faJko0RyaPJKR7gTMgBQKmihQQifWwMJAQju4OSn89i1oIyJ1icMY/JBdKTEQnGEu9Wy6G/ZS9AKmU8yyew/hDtNAqKPM8youpbv7dUpL+RRaWaVnV2mNjuBMErckVVLivGd/eP2IJyEo5JIZ03VpjH7KNAouIat4iYGY8Rt2Bd2cKhaC8dPRZ5mzkyt9ZxDpvBQ6I/X3RMpCY4ZhkHeGDK/NuFeI/3ndBAcNPxUqThAU/1k0SKSDkVPE5PSFBo5ymBPGtchvdfg104xjHmYRgjv+8iRpHdRcWnMv6tXjRhnHAtki22SPuOSQHJMzck6ahJMH8kReyKv1aD1bb9b7T+uUVc5skj+wPr8BTcmfww==</latexit>

mtt̄ bin:

400� 500 GeV
<latexit sha1_base64="yDDlJcSNC5ncSu+axZuUlW2uUh4=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZSsXgqeNBjBfsBTSmb7bRd3GzC7kQsIf4ML/4VLx4U8agn/41pm4NaHww83pthZp4XSmGQ0i9rbn5hcWk5t5JfXVvf2CxsbTdMEGkOdR7IQLc8ZkAKBXUUKKEVamC+J6Hp3ZyP/eYtaCMCdY2jEDo+GyjRF5xhKnUL9MDvxuh6TMeYJPcuwh3GnlBnievmy5QeHJ1QmskX0Ejy3UKRlugE9ixxMlIkGWrdwofbC3jkg0IumTFth4bYiZlGwSUkeTcyEDJ+wwbQTqliPphOPPkssfdTpWf3A52WQnui/pyImW/MyPfSTp/h0Pz1xuJ/XjvCfqUTCxVGCIpPF/UjaWNgj2Oye0IDRzlKCeNapLfafMg045iGOQ7B+fvyLGkclxxacq7KxWoliyNHdskeOSQOOSVVcklqpE44eSBP5IW8Wo/Ws/VmvU9b56xsZof8gvX5DVQgn8c=</latexit><latexit sha1_base64="yDDlJcSNC5ncSu+axZuUlW2uUh4=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZSsXgqeNBjBfsBTSmb7bRd3GzC7kQsIf4ML/4VLx4U8agn/41pm4NaHww83pthZp4XSmGQ0i9rbn5hcWk5t5JfXVvf2CxsbTdMEGkOdR7IQLc8ZkAKBXUUKKEVamC+J6Hp3ZyP/eYtaCMCdY2jEDo+GyjRF5xhKnUL9MDvxuh6TMeYJPcuwh3GnlBnievmy5QeHJ1QmskX0Ejy3UKRlugE9ixxMlIkGWrdwofbC3jkg0IumTFth4bYiZlGwSUkeTcyEDJ+wwbQTqliPphOPPkssfdTpWf3A52WQnui/pyImW/MyPfSTp/h0Pz1xuJ/XjvCfqUTCxVGCIpPF/UjaWNgj2Oye0IDRzlKCeNapLfafMg045iGOQ7B+fvyLGkclxxacq7KxWoliyNHdskeOSQOOSVVcklqpE44eSBP5IW8Wo/Ws/VmvU9b56xsZof8gvX5DVQgn8c=</latexit><latexit sha1_base64="yDDlJcSNC5ncSu+axZuUlW2uUh4=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZSsXgqeNBjBfsBTSmb7bRd3GzC7kQsIf4ML/4VLx4U8agn/41pm4NaHww83pthZp4XSmGQ0i9rbn5hcWk5t5JfXVvf2CxsbTdMEGkOdR7IQLc8ZkAKBXUUKKEVamC+J6Hp3ZyP/eYtaCMCdY2jEDo+GyjRF5xhKnUL9MDvxuh6TMeYJPcuwh3GnlBnievmy5QeHJ1QmskX0Ejy3UKRlugE9ixxMlIkGWrdwofbC3jkg0IumTFth4bYiZlGwSUkeTcyEDJ+wwbQTqliPphOPPkssfdTpWf3A52WQnui/pyImW/MyPfSTp/h0Pz1xuJ/XjvCfqUTCxVGCIpPF/UjaWNgj2Oye0IDRzlKCeNapLfafMg045iGOQ7B+fvyLGkclxxacq7KxWoliyNHdskeOSQOOSVVcklqpE44eSBP5IW8Wo/Ws/VmvU9b56xsZof8gvX5DVQgn8c=</latexit><latexit sha1_base64="yDDlJcSNC5ncSu+axZuUlW2uUh4=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZSsXgqeNBjBfsBTSmb7bRd3GzC7kQsIf4ML/4VLx4U8agn/41pm4NaHww83pthZp4XSmGQ0i9rbn5hcWk5t5JfXVvf2CxsbTdMEGkOdR7IQLc8ZkAKBXUUKKEVamC+J6Hp3ZyP/eYtaCMCdY2jEDo+GyjRF5xhKnUL9MDvxuh6TMeYJPcuwh3GnlBnievmy5QeHJ1QmskX0Ejy3UKRlugE9ixxMlIkGWrdwofbC3jkg0IumTFth4bYiZlGwSUkeTcyEDJ+wwbQTqliPphOPPkssfdTpWf3A52WQnui/pyImW/MyPfSTp/h0Pz1xuJ/XjvCfqUTCxVGCIpPF/UjaWNgj2Oye0IDRzlKCeNapLfafMg045iGOQ7B+fvyLGkclxxacq7KxWoliyNHdskeOSQOOSVVcklqpE44eSBP5IW8Wo/Ws/VmvU9b56xsZof8gvX5DVQgn8c=</latexit>

mtt̄ bin:

500� 750 GeV
<latexit sha1_base64="YBL2qsJ3l4JGxOS7nUrzxodV3cM=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZiafFU8KDHCvYDmlI226ldutmE3YlYQvwZXvwrXjwo4lFP/hvTNge/Hgw83pthZp4XSmGQ0k9rbn5hcWk5t5JfXVvf2CxsbTdNEGkODR7IQLc9ZkAKBQ0UKKEdamC+J6Hljc4mfusGtBGBusJxCF2fXSsxEJxhKvUK9MDvxeh6TMeYJHcuwi3GnlCnievmy5QeHFXKNJPPoZnke4UiLdEp7L/EyUiRZKj3Cu9uP+CRDwq5ZMZ0HBpiN2YaBZeQ5N3IQMj4iF1DJ6WK+WC68fSzxN5Plb49CHRaCu2p+n0iZr4xY99LO32GQ/Pbm4j/eZ0IB9VuLFQYISg+WzSIpI2BPYnJ7gsNHOU4JYxrkd5q8yHTjGMa5iQE5/fLf0nzuOTQknN5UqxVszhyZJfskUPikAqpkQtSJw3CyT15JM/kxXqwnqxX623WOmdlMzvkB6yPL2Cwn88=</latexit><latexit sha1_base64="YBL2qsJ3l4JGxOS7nUrzxodV3cM=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZiafFU8KDHCvYDmlI226ldutmE3YlYQvwZXvwrXjwo4lFP/hvTNge/Hgw83pthZp4XSmGQ0k9rbn5hcWk5t5JfXVvf2CxsbTdNEGkODR7IQLc9ZkAKBQ0UKKEdamC+J6Hljc4mfusGtBGBusJxCF2fXSsxEJxhKvUK9MDvxeh6TMeYJHcuwi3GnlCnievmy5QeHFXKNJPPoZnke4UiLdEp7L/EyUiRZKj3Cu9uP+CRDwq5ZMZ0HBpiN2YaBZeQ5N3IQMj4iF1DJ6WK+WC68fSzxN5Plb49CHRaCu2p+n0iZr4xY99LO32GQ/Pbm4j/eZ0IB9VuLFQYISg+WzSIpI2BPYnJ7gsNHOU4JYxrkd5q8yHTjGMa5iQE5/fLf0nzuOTQknN5UqxVszhyZJfskUPikAqpkQtSJw3CyT15JM/kxXqwnqxX623WOmdlMzvkB6yPL2Cwn88=</latexit><latexit sha1_base64="YBL2qsJ3l4JGxOS7nUrzxodV3cM=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZiafFU8KDHCvYDmlI226ldutmE3YlYQvwZXvwrXjwo4lFP/hvTNge/Hgw83pthZp4XSmGQ0k9rbn5hcWk5t5JfXVvf2CxsbTdNEGkODR7IQLc9ZkAKBQ0UKKEdamC+J6Hljc4mfusGtBGBusJxCF2fXSsxEJxhKvUK9MDvxeh6TMeYJHcuwi3GnlCnievmy5QeHFXKNJPPoZnke4UiLdEp7L/EyUiRZKj3Cu9uP+CRDwq5ZMZ0HBpiN2YaBZeQ5N3IQMj4iF1DJ6WK+WC68fSzxN5Plb49CHRaCu2p+n0iZr4xY99LO32GQ/Pbm4j/eZ0IB9VuLFQYISg+WzSIpI2BPYnJ7gsNHOU4JYxrkd5q8yHTjGMa5iQE5/fLf0nzuOTQknN5UqxVszhyZJfskUPikAqpkQtSJw3CyT15JM/kxXqwnqxX623WOmdlMzvkB6yPL2Cwn88=</latexit><latexit sha1_base64="YBL2qsJ3l4JGxOS7nUrzxodV3cM=">AAACGXicbVBNS8NAEN34WetX1aOXYFG8WDZiafFU8KDHCvYDmlI226ldutmE3YlYQvwZXvwrXjwo4lFP/hvTNge/Hgw83pthZp4XSmGQ0k9rbn5hcWk5t5JfXVvf2CxsbTdNEGkODR7IQLc9ZkAKBQ0UKKEdamC+J6Hljc4mfusGtBGBusJxCF2fXSsxEJxhKvUK9MDvxeh6TMeYJHcuwi3GnlCnievmy5QeHFXKNJPPoZnke4UiLdEp7L/EyUiRZKj3Cu9uP+CRDwq5ZMZ0HBpiN2YaBZeQ5N3IQMj4iF1DJ6WK+WC68fSzxN5Plb49CHRaCu2p+n0iZr4xY99LO32GQ/Pbm4j/eZ0IB9VuLFQYISg+WzSIpI2BPYnJ7gsNHOU4JYxrkd5q8yHTjGMa5iQE5/fLf0nzuOTQknN5UqxVszhyZJfskUPikAqpkQtSJw3CyT15JM/kxXqwnqxX623WOmdlMzvkB6yPL2Cwn88=</latexit>

mtt̄ bin:

750� 1000 GeV
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ATLAS work in progress
NLO+PS

z = pt,hadT + 1000⇥ binmtt̄
[GeV]
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❖ double differential cross section !

❖ more precise than single differential cross section

❖ compare to the theoretical NNLO predictions

❖ Theoretical scale uncertainty improved w.r.t NLO

❖ mass extraction using !  minimisation

❖ Next step: mass extraction using the data (currently working 
with the MC pseudo-data) 

d2σ/dmtt̄dpt,had
T

χ2



Upsilon production in heavy-ion collisions



Physics motivation - A smoking gun of the deconfinement

❖ ϒ = bb bound state

❖ produced before the QGP formation ☞ ideal probes of the hot medium

❖ if the temperature is high enough, the pair breaks up ☞ upsilon suppression

❖ different binding energies ☞ sequential melting ☞ QGP thermometer !
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Upsilon production in proton-proton collisions

❖ Measurement of upsilon suppression w.r.t 
production in pp collisions (reference)

❖ 2017: pp @ 5 TeV

❖ ϒ → μ+ μ- with ALICE muon spectrometer 

❖ Result: production cross-section 
☞ consistent with other measurements 
☞ precision improvement for suppression



Upsilon production in heavy-ion collisions

❖ 2015: Pb-Pb collisions @ 5 TeV 

❖ ϒ(1S) suppression compatible with models

❖ 2018 > 2 x 2015 data  
☞ reduce uncertainties  

☞ differential study

❖ analysis on-going
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https://www.sciencedirect.com/science/article/pii/S0370269318309973


Thank you for your attention !


