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The model - compositeness and dark matter
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Modelling composite theories with dark matter and partial compositeness

•Top mass achieved from mixing with vector-like partners 
➙ bottom quark massless

<latexit sha1_base64="JVqmiPXrlS9xX/lWpqPZzKY2cfA="></latexit>
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•A scalar dark matter candidate X

Simplified model

• 3 mediators and 1 dark matter (mass eigenstates ≡ gauge eigenstates)
<latexit sha1_base64="I7v9TD3LyRIVpK4mqaCLjmRJuYI=">AAACOXicbZDJSgNBEIZ74h63qEcvjUHwEMKMuB2DInjwoGI0kAmhp6eSNOlZ7K4Rw5An8hF8Co8qHryJV1/ATjIgMRY0/PVVNVX1e7EUGm37xcpNTc/Mzs0v5BeXlldWC2vrNzpKFIcqj2Skah7TIEUIVRQooRYrYIEn4dbrngzqt/egtIjCa+zF0AhYOxQtwRka1CycXjfT89JV3y2V3LuE+dRFIX2gv5iO+HEGBomL8IApC/1RSmvNQtEu28Ogk8LJRJFkcdEsvLt+xJMAQuSSaV137BgbKVMouIR+3k00xIx3WRvS4ZF9um2QT1uRMi9EOqRjfSzQuhd4pjNg2NF/awP4b02bBTrgjw2tJ9g6aqQijBOEkI+mtxJJMaIDG6kvFHCUPSMYV8KsTXmHKcbRmJ03fjh/r58UN7tl56C8f7lXrFQyZ+bJJtkiO8Qhh6RCzsgFqRJOHskzeSVv1pP1YX1aX6PWnJX92SBjYX3/AHFgrGw=</latexit>

TL,R , T̃L,R , BL,R and X

• Lagrangian ➙ Free parameters: 4 masses and 2 couplings
<latexit sha1_base64="aJWDOzxWUeAk3A44grIoT6YxsHo="></latexit>
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•Quite simple Lagrangian: 
➙ Yukawa couplings y between the partners and the Higgs 𝚽 

➙ Mass mixings 𝚫 [origin not relevant] 

➙ Yukawa couplings 𝝀 between X, the partners and the SM
<latexit sha1_base64="haYEK+pafkM/+CduW5smpOFL9k0="></latexit>
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Connecting ideas to simulations…
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•Model building

•Hard scattering
★Feynman diagram and amplitude generation
★Monte Carlo integration
★Event generation

•QCD environment
★Parton showering
★Hadronisation
★Underlying event

•Detector simulation
★Simulation of the detector response
★Object reconstruction

• Event analysis

[ Christensen, de Aquino, Degrande, Duhr, BF, Herquet, Maltoni & Schumann (EPJC`11) ]

Matrix 
Elements

Parton showers 
Hadronisation

Idea / Lagrangian

Simulated collisions

Analysis

Detector 
Reconstruction

FEYNRULES / SARAH / LANHEP / UFO

UFO

MG5_AMC

PYTHIA

RIVET

RIVET

https://doi.org/10.1140/epjc/s10052-011-1541-5
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Feynman diagram determination
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Determine the diagrams of all new physics signals of the model (with MG5aMC@NLO)
import model DMSimp_t-F3S_VLQ --modelname
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Feynman diagram determination
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Determine the diagrams of all new physics signals of the model (with MG5aMC@NLO)
import model DMSimp_t-F3S_VLQ --modelname

Tasks

•Determine the ensemble of relevant new physics particles

•Determine the list of new physics processes 
➙ Beware: the signal must be visible

•How many diagrams per process ?  
➙ Distinguish the different channels (initial states) 
➙ Try to guess before using MG5aMC to cross check 
➙ Are all diagrams equal? Can some be neglected? <latexit sha1_base64="aJWDOzxWUeAk3A44grIoT6YxsHo="></latexit>
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Feynman diagram determination
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Solution
•Abbreviations make life easy:  
➙ yy ≡ all top partners

• Process generation
★Use the ‘exclude’ option to remove the irrelevant particles
★Browse the generated folder to get the diagrams
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Feynman diagram determination
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Solution
•Abbreviations make life easy:  
➙ yy ≡ all top partners

• Process generation
★Use the ‘exclude’ option to remove the irrelevant particles
★Browse the generated folder to get the diagrams

Processes
•Monojet production (18 diagrams) 
➙ gb (and gb) channel: 12 diagrams 
➙ bb channel: 6 diagrams

_
_

•VLQ pair production (63 diagrams)

★  
➙ 3x3 QCD diagrams 

★  
➙ 3x1 QCD diagram x 5 flavours (gluon exchange) 
➙ 3x2 EW diagrams x 5 flavours (photon/Z exchange)

★   
➙ 1 t-channel diagram (DM exchange)

★   
➙ 2x1 diagrams x 2 flavour assignments (W exchange)

★   
➙ 2x2 t-channel diagram (DM exchange)

<latexit sha1_base64="yK95XA7zupAEPBXctiKdr4x4LzE=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARXJSSiLdlrRuXFdILNKVMJpN06OTCzEQoIc/jI/gUbhUX3YlbX8FJG8S2Hhj4+c4/c878TsyokIbxoZXW1jc2t8rblZ3dvf0D/fCoI6KEY9LGEYt4z0GCMBqStqSSkV7MCQocRrrO+D7vd58IFzQKLTmJySBAfkg9ipFUaKjf+b4tI2jZkXLlj0CrBm1JmasU/KXpHKVWltVg8w9vZkO9atSNWcFVYRaiCopqDfWp7UY4CUgoMUNC9E0jloMUcUkxI1nFTgSJER4jn6SzD2bwTCEXehFXJ5RwRhd8KBBiEjjKGSA5Esu9HP7bE2qBEXEXhvYT6d0OUhrGiSQhnk/3EgZVTnmE0KWcYMkmSiDMqVob4hHiCEsVdEXlYS7/flV0Lurmdf3q8bLaaBbJlMEJOAXnwAQ3oAEeQAu0AQbP4BW8gXftRZtqn9rX3FrSijvHYKG07x8PeKvg</latexit>

gg ! TT , T̃ T̃ , BB

<latexit sha1_base64="IrW02ZJUOpMMDYxWSAmisGCmMNw=">AAACO3icbZDLSsNAFIYn9VbrLerSzWARXJSSiLdlqQtdVkgv0JQymUzaoZNLZyZCCXkkH8GncCXYlTtx695JG8S2Hhj4+c4/c878TsSokIbxphXW1jc2t4rbpZ3dvf0D/fCoJcKYY9LEIQt5x0GCMBqQpqSSkU7ECfIdRtrO6C7rt58IFzQMLDmJSM9Hg4B6FCOpUF+/H9sO4sk4tWUILTtU3uwpaFWgLSlzlYK/NJmjxErTCqz/4fW0r5eNqjEruCrMXJRBXo2+PrXdEMc+CSRmSIiuaUSylyAuKWYkLdmxIBHCIzQgyeybKTxTyIVeyNUJJJzRBR/yhZj4jnL6SA7Fci+D//aEWmBI3IWh3Vh6t72EBlEsSYDn072YQZVTFiR0KSdYsokSCHOq1oZ4iDjCUsVdUnmYy79fFa2LqnldvXq8LNfqeTJFcAJOwTkwwQ2ogQfQAE2AwTN4Be9gqr1oH9qn9jW3FrT8zjFYKO37B7OOrrk=</latexit>

qq̄ ! TT , T̃ T̃ , BB

<latexit sha1_base64="GOBezGTQJzfb1E0JR56WIngV8dc=">AAACDnicbVDLSgMxFL3js9bXqDvdBIvgqsyIr2WpG5cV7AM6pSSZTBuaeZBkhDIM+Al+hVtduRO3/oIL/8VM201bLwQO55zcxyGJ4Eo7zo+1srq2vrFZ2ipv7+zu7dsHhy0Vp5KyJo1FLDsEKyZ4xJqaa8E6iWQ4JIK1yeiu0NtPTCoeR496nLBeiAcRDzjF2lB9+5h4BMuM5J6OUR15sTEXvbJ63rcrTtWZFFoG7gxUYFaNvv3r+TFNQxZpKrBSXddJdC/DUnMqWF72UsUSTEd4wLLJ5jk6M5SPgliaF2k0Yed8OFRqHBLjDLEeqkWtIP/VlFlgyPy5od1UB7e9jEdJqllEp9ODVCBzepEN8rlkVIuxAZhKbtZGdIglptokWDZ5uIvXL4PWRdW9rl49XFZq9VkyJTiBUzgHF26gBvfQgCZQeIZXeIN368X6sD6tr6l1xZr9OYK5sr7/AOw2nEU=</latexit>

bb̄ ! BB

<latexit sha1_base64="pqLQLSlR2KGoZtL07sLHajnQ9os=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0UUlJKIr2WpG5cV+oKmlMlk0g6dZNKZiVBCfsJP8Cvc6sqduFTwX5y0WdjqhYHDOWfu47gRo1JZ1qdRWFpeWV0rrpc2Nre2d8zdvZbkscCkiTnjouMiSRgNSVNRxUgnEgQFLiNtd3Sb6e0HIiTlYUNNItIL0CCkPsVIaapvno0dF4lkfJw6isMadLh2Z82SRgpPYeMXUUv7ZtmqWNOCf4GdgzLIq943vx2P4zggocIMSdm1rUj1EiQUxYykJSeWJEJ4hAYkmd6SwiNNedDnQr9QwSk750OBlJPA1c4AqaFc1DLyX03qBYbEmxvajZV/00toGMWKhHg23Y8Z1FlkaUGPCoIVm2iAsKB6bYiHSCCsdKYlnYe9eP1f0Dqv2FeVy/uLcrWWJ1MEB+AQnAAbXIMquAN10AQYPIJn8AJejSfjzXg3PmbWgpH/2QdzZXz9ABHFoyk=</latexit>

qq̄0 ! BT + TB

<latexit sha1_base64="X5rdebNvV/16EofNOi+SwNVz4Tg=">AAACOnicbVDLSsNAFJ3UV42vqEs3g6XgopREfC1LBXFZwT6gKWUymbZDJw9mJkIJ+SM/wa9wJ+rGnbj1A5ykAU3rHQbOnHvu3HuPEzIqpGm+aKWV1bX1jfKmvrW9s7tn7B90RBBxTNo4YAHvOUgQRn3SllQy0gs5QZ7DSNeZXqf57gPhggb+vZyFZOChsU9HFCOpqKFx4zjQlgFsqmPXalC3AyVPf4ud5C/OVL9EMyk8hkbFrJtZwGVg5aAC8mgNjXfbDXDkEV9ihoToW2YoBzHikmJGEt2OBAkRnqIxibMtE1hVlAtHAVfXlzBjCzrkCTHz1KhVD8mJWMyl5L85oQaYELfQtB/J0dUgpn4YSeLjefdRxKByIfURupQTLNlMAYQ5VWNDPEEcYanc1pUf1uL2y6BzWrcu6ud3Z5VGM3emDI7AMTgBFrgEDXALWqANMHgEz+AVvGlP2of2qX3NpSUtrzkEhdC+fwB+Ba2h</latexit>

bb ! BB , bb ! BB
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Feynman diagram determination
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Solution
•Abbreviations make life easy:  
➙ yy ≡ all top partners

• Process generation
★Use the ‘exclude’ option to remove the irrelevant particles
★Browse the generated folder to get the diagrams

Processes
•Monojet production (18 diagrams) 
➙ gb (and gb) channel: 12 diagrams 
➙ bb channel: 6 diagrams

_
_

•VLQ pair production (63 diagrams)

★  
➙ 3x3 QCD diagrams 

★  
➙ 3x1 QCD diagram x 5 flavours (gluon exchange) 
➙ 3x2 EW diagrams x 5 flavours (photon/Z exchange)

★   
➙ 1 t-channel diagram (DM exchange)

★   
➙ 2x1 diagrams x 2 flavour assignments (W exchange)

★   
➙ 2x2 t-channel diagram (DM exchange)

<latexit sha1_base64="yK95XA7zupAEPBXctiKdr4x4LzE=">AAACNXicbZDLSsNAFIYn9VbrLerSzWARXJSSiLdlrRuXFdILNKVMJpN06OTCzEQoIc/jI/gUbhUX3YlbX8FJG8S2Hhj4+c4/c878TsyokIbxoZXW1jc2t8rblZ3dvf0D/fCoI6KEY9LGEYt4z0GCMBqStqSSkV7MCQocRrrO+D7vd58IFzQKLTmJySBAfkg9ipFUaKjf+b4tI2jZkXLlj0CrBm1JmasU/KXpHKVWltVg8w9vZkO9atSNWcFVYRaiCopqDfWp7UY4CUgoMUNC9E0jloMUcUkxI1nFTgSJER4jn6SzD2bwTCEXehFXJ5RwRhd8KBBiEjjKGSA5Esu9HP7bE2qBEXEXhvYT6d0OUhrGiSQhnk/3EgZVTnmE0KWcYMkmSiDMqVob4hHiCEsVdEXlYS7/flV0Lurmdf3q8bLaaBbJlMEJOAXnwAQ3oAEeQAu0AQbP4BW8gXftRZtqn9rX3FrSijvHYKG07x8PeKvg</latexit>

gg ! TT , T̃ T̃ , BB

<latexit sha1_base64="IrW02ZJUOpMMDYxWSAmisGCmMNw=">AAACO3icbZDLSsNAFIYn9VbrLerSzWARXJSSiLdlqQtdVkgv0JQymUzaoZNLZyZCCXkkH8GncCXYlTtx695JG8S2Hhj4+c4/c878TsSokIbxphXW1jc2t4rbpZ3dvf0D/fCoJcKYY9LEIQt5x0GCMBqQpqSSkU7ECfIdRtrO6C7rt58IFzQMLDmJSM9Hg4B6FCOpUF+/H9sO4sk4tWUILTtU3uwpaFWgLSlzlYK/NJmjxErTCqz/4fW0r5eNqjEruCrMXJRBXo2+PrXdEMc+CSRmSIiuaUSylyAuKWYkLdmxIBHCIzQgyeybKTxTyIVeyNUJJJzRBR/yhZj4jnL6SA7Fci+D//aEWmBI3IWh3Vh6t72EBlEsSYDn072YQZVTFiR0KSdYsokSCHOq1oZ4iDjCUsVdUnmYy79fFa2LqnldvXq8LNfqeTJFcAJOwTkwwQ2ogQfQAE2AwTN4Be9gqr1oH9qn9jW3FrT8zjFYKO37B7OOrrk=</latexit>

qq̄ ! TT , T̃ T̃ , BB

<latexit sha1_base64="GOBezGTQJzfb1E0JR56WIngV8dc=">AAACDnicbVDLSgMxFL3js9bXqDvdBIvgqsyIr2WpG5cV7AM6pSSZTBuaeZBkhDIM+Al+hVtduRO3/oIL/8VM201bLwQO55zcxyGJ4Eo7zo+1srq2vrFZ2ipv7+zu7dsHhy0Vp5KyJo1FLDsEKyZ4xJqaa8E6iWQ4JIK1yeiu0NtPTCoeR496nLBeiAcRDzjF2lB9+5h4BMuM5J6OUR15sTEXvbJ63rcrTtWZFFoG7gxUYFaNvv3r+TFNQxZpKrBSXddJdC/DUnMqWF72UsUSTEd4wLLJ5jk6M5SPgliaF2k0Yed8OFRqHBLjDLEeqkWtIP/VlFlgyPy5od1UB7e9jEdJqllEp9ODVCBzepEN8rlkVIuxAZhKbtZGdIglptokWDZ5uIvXL4PWRdW9rl49XFZq9VkyJTiBUzgHF26gBvfQgCZQeIZXeIN368X6sD6tr6l1xZr9OYK5sr7/AOw2nEU=</latexit>

bb̄ ! BB

<latexit sha1_base64="pqLQLSlR2KGoZtL07sLHajnQ9os=">AAACIHicbVDLSsNAFJ3UV62vqEs3g0UUlJKIr2WpG5cV+oKmlMlk0g6dZNKZiVBCfsJP8Cvc6sqduFTwX5y0WdjqhYHDOWfu47gRo1JZ1qdRWFpeWV0rrpc2Nre2d8zdvZbkscCkiTnjouMiSRgNSVNRxUgnEgQFLiNtd3Sb6e0HIiTlYUNNItIL0CCkPsVIaapvno0dF4lkfJw6isMadLh2Z82SRgpPYeMXUUv7ZtmqWNOCf4GdgzLIq943vx2P4zggocIMSdm1rUj1EiQUxYykJSeWJEJ4hAYkmd6SwiNNedDnQr9QwSk750OBlJPA1c4AqaFc1DLyX03qBYbEmxvajZV/00toGMWKhHg23Y8Z1FlkaUGPCoIVm2iAsKB6bYiHSCCsdKYlnYe9eP1f0Dqv2FeVy/uLcrWWJ1MEB+AQnAAbXIMquAN10AQYPIJn8AJejSfjzXg3PmbWgpH/2QdzZXz9ABHFoyk=</latexit>

qq̄0 ! BT + TB

<latexit sha1_base64="X5rdebNvV/16EofNOi+SwNVz4Tg=">AAACOnicbVDLSsNAFJ3UV42vqEs3g6XgopREfC1LBXFZwT6gKWUymbZDJw9mJkIJ+SM/wa9wJ+rGnbj1A5ykAU3rHQbOnHvu3HuPEzIqpGm+aKWV1bX1jfKmvrW9s7tn7B90RBBxTNo4YAHvOUgQRn3SllQy0gs5QZ7DSNeZXqf57gPhggb+vZyFZOChsU9HFCOpqKFx4zjQlgFsqmPXalC3AyVPf4ud5C/OVL9EMyk8hkbFrJtZwGVg5aAC8mgNjXfbDXDkEV9ihoToW2YoBzHikmJGEt2OBAkRnqIxibMtE1hVlAtHAVfXlzBjCzrkCTHz1KhVD8mJWMyl5L85oQaYELfQtB/J0dUgpn4YSeLjefdRxKByIfURupQTLNlMAYQ5VWNDPEEcYanc1pUf1uL2y6BzWrcu6ud3Z5VGM3emDI7AMTgBFrgEDXALWqANMHgEz+AVvGlP2of2qX3NpSUtrzkEhdC+fwB+Ba2h</latexit>

bb ! BB , bb ! BB
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Exercise

6

Tasks

•Simulate the VLQ signal with the decays with MADSPIN

•Edit the MADSPIN card correctly

•Edit the param card accordingly (VLQ widths to be 
automatically calculated, i.e. set to ‘Auto’)

•Check the results in the param card 
➙ Determine the VLQ decay table
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Exercise

6

Tasks

•Simulate the VLQ signal with the decays with MADSPIN

•Edit the MADSPIN card correctly

•Edit the param card accordingly (VLQ widths to be 
automatically calculated, i.e. set to ‘Auto’)

•Check the results in the param card 
➙ Determine the VLQ decay table

import model DMSimp_t-F3S_VLQ --modelname

define yy = yf3qu3 yf3qu3~ yf3qd3 yf3qd3~ yf3u3 yf3u3~

generate p p > yy yy QCD=2 DMT=2 QED=0 / xv xm xc xw 

output  
launch

Solution

•MG5aMC commands:

decay yy > all xs 
• In the MADSPIN card:
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Exercise

6

Tasks

•Simulate the VLQ signal with the decays with MADSPIN

•Edit the MADSPIN card correctly

•Edit the param card accordingly (VLQ widths to be 
automatically calculated, i.e. set to ‘Auto’)

•Check the results in the param card 
➙ Determine the VLQ decay table

import model DMSimp_t-F3S_VLQ --modelname

define yy = yf3qu3 yf3qu3~ yf3qd3 yf3qd3~ yf3u3 yf3u3~

generate p p > yy yy QCD=2 DMT=2 QED=0 / xv xm xc xw 

output  
launch

Solution

•MG5aMC commands:

decay yy > all xs 
• In the MADSPIN card:

•Branching ratios

<latexit sha1_base64="S9pju3AV4FEowYs9Ey+fps5U9C0="></latexit>

BR(B ! Xb) ' 96.67%

BR(B ! Wt) ' 3.34%

<latexit sha1_base64="VYjrF1Quu7zFBgcD9iQBoZuDLwQ=">AAACNXicbVDLTgIxFO3gC/E16tJNI8HgZjJDQHCHuHGJhldCCemUAg2dh23HhBC+x0/wK9xqXLAzbv0FyyNGwJM0OTnnNPfe44acSWXbH0ZsY3Nreye+m9jbPzg8Mo9PajKIBKFVEvBANFwsKWc+rSqmOG2EgmLP5bTuDm6nfv2JCskCv6KGIW15uOezLiNYaalt3pQe0hWIVAAbUF1CJJlHH+EFgoW8lb1GKYQSv4k6LP1NOBkr56BU20zalj0DXCfOgiTBAuW2OUGdgEQe9RXhWMqmY4eqNcJCMcLpOIEiSUNMBrhHR7MDxzClpQ7sBkI/X8GZupTDnpRDz9VJD6u+XPWm4r+e1Av0aWdpaDNS3UJrxPwwUtQn8+ndiENdwbRC2GGCEsWHmmAimF4bkj4WmChddEL34axev05qGcu5snL32WSxuGgmDs7AOUgDB+RBEdyBMqgCAp7BK3gD78aLMTE+ja95NGYs/pyCJRjfPyiepVU=</latexit>

BR(T ! Xt) ' 87.49%

BR(T ! WB) ' 12.51%

<latexit sha1_base64="bsRUr7B6wpK5yy5O0rbke0u5OXM=">AAACE3icbVC7SgNBFL3rM8ZX1NLCwRCJTdgVX40QtLGMkhdkQ5idnSRDZh/M3BVCSOkn+BW2WtmJrR9g4b84eTRJvDBwOOcM99zjxVJotO0fa2l5ZXVtPbWR3tza3tnN7O1XdZQoxisskpGqe1RzKUJeQYGS12PFaeBJXvN6dyO99sSVFlFYxn7MmwHthKItGEVDtTJHt495F4X0OSkTFyNSJ3hKbsiJSxzbdnOtTNYu2OMhi8CZgixMp9TK/Lp+xJKAh8gk1brh2DE2B1ShYJIP026ieUxZj3b4YBx/SHKG8kk7UuaFSMbsjI8GWvcDzzgDil09r43IfzVtAnS5P7O0kWD7ujkQYZwgD9lkezuRxNw+Koj4QnGGsm8AZUqY2IR1qaIMTY1p04czf/0iqJ4VnMvCxcN5tlicNpOCQziGPDhwBUW4hxJUgMEzvMIbvFsv1of1aX1NrEvW9M8BzIz1/Qck3JrQ</latexit>

BR(T̃ ! Xt) = 100%
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Exercise

6

Tasks

•Simulate the VLQ signal with the decays with MADSPIN

•Edit the MADSPIN card correctly

•Edit the param card accordingly (VLQ widths to be 
automatically calculated, i.e. set to ‘Auto’)

•Check the results in the param card 
➙ Determine the VLQ decay table

import model DMSimp_t-F3S_VLQ --modelname

define yy = yf3qu3 yf3qu3~ yf3qd3 yf3qd3~ yf3u3 yf3u3~

generate p p > yy yy QCD=2 DMT=2 QED=0 / xv xm xc xw 

output  
launch

Solution

•MG5aMC commands:

decay yy > all xs 
• In the MADSPIN card:

•Branching ratios

<latexit sha1_base64="S9pju3AV4FEowYs9Ey+fps5U9C0="></latexit>

BR(B ! Xb) ' 96.67%

BR(B ! Wt) ' 3.34%

<latexit sha1_base64="VYjrF1Quu7zFBgcD9iQBoZuDLwQ=">AAACNXicbVDLTgIxFO3gC/E16tJNI8HgZjJDQHCHuHGJhldCCemUAg2dh23HhBC+x0/wK9xqXLAzbv0FyyNGwJM0OTnnNPfe44acSWXbH0ZsY3Nreye+m9jbPzg8Mo9PajKIBKFVEvBANFwsKWc+rSqmOG2EgmLP5bTuDm6nfv2JCskCv6KGIW15uOezLiNYaalt3pQe0hWIVAAbUF1CJJlHH+EFgoW8lb1GKYQSv4k6LP1NOBkr56BU20zalj0DXCfOgiTBAuW2OUGdgEQe9RXhWMqmY4eqNcJCMcLpOIEiSUNMBrhHR7MDxzClpQ7sBkI/X8GZupTDnpRDz9VJD6u+XPWm4r+e1Av0aWdpaDNS3UJrxPwwUtQn8+ndiENdwbRC2GGCEsWHmmAimF4bkj4WmChddEL34axev05qGcu5snL32WSxuGgmDs7AOUgDB+RBEdyBMqgCAp7BK3gD78aLMTE+ja95NGYs/pyCJRjfPyiepVU=</latexit>

BR(T ! Xt) ' 87.49%

BR(T ! WB) ' 12.51%

<latexit sha1_base64="bsRUr7B6wpK5yy5O0rbke0u5OXM=">AAACE3icbVC7SgNBFL3rM8ZX1NLCwRCJTdgVX40QtLGMkhdkQ5idnSRDZh/M3BVCSOkn+BW2WtmJrR9g4b84eTRJvDBwOOcM99zjxVJotO0fa2l5ZXVtPbWR3tza3tnN7O1XdZQoxisskpGqe1RzKUJeQYGS12PFaeBJXvN6dyO99sSVFlFYxn7MmwHthKItGEVDtTJHt495F4X0OSkTFyNSJ3hKbsiJSxzbdnOtTNYu2OMhi8CZgixMp9TK/Lp+xJKAh8gk1brh2DE2B1ShYJIP026ieUxZj3b4YBx/SHKG8kk7UuaFSMbsjI8GWvcDzzgDil09r43IfzVtAnS5P7O0kWD7ujkQYZwgD9lkezuRxNw+Koj4QnGGsm8AZUqY2IR1qaIMTY1p04czf/0iqJ4VnMvCxcN5tlicNpOCQziGPDhwBUW4hxJUgMEzvMIbvFsv1of1aX1NrEvW9M8BzIz1/Qck3JrQ</latexit>

BR(T̃ ! Xt) = 100%

•MG5AMC does a lot of other things…
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Tasks

•Evaluate the cross section for all signal contributions 
 ➙ Particle widths to be treated correctly 
 ➙ Separate the different VLQ final states

•Same exercise but: 
➙ DM mass = 10 GeV 
➙ VLQ masses = 1500 GeV 
➙ Use NNPDF 4.0 LO (𝛼s = 0.118)
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Exercise: cross section calculation
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Tasks

•Evaluate the cross section for all signal contributions 
 ➙ Particle widths to be treated correctly 
 ➙ Separate the different VLQ final states

Solution

•Same commands as before, but update of the param and run cards

Processes Default 
cards

Modified 
cards

3.1 fb 0.058 fb

12.8 fb 0.78 fb

32.4 fb 0.80 fb

8.9 fb 1.3 fb

•Same exercise but: 
➙ DM mass = 10 GeV 
➙ VLQ masses = 1500 GeV 
➙ Use NNPDF 4.0 LO (𝛼s = 0.118)

<latexit sha1_base64="Fba6RxbNmLnr8n61hdBDDsmbRXg=">AAAB/3icdVC7TsMwFL0pr1JeBUYWiwqJKUoQfW2VWBiLRB9SG1WO47SmTmJsB6mqOvAVrDCxIVY+hYF/wW3DUATHsnR07rm69x5fcKa043xaubX1jc2t/HZhZ3dv/6B4eNRWSSoJbZGEJ7LrY0U5i2lLM81pV0iKI5/Tjj++mtc7D1QqlsS3eiKoF+FhzEJGsDaSJ5BAfZ2grnl3g2LJseuOWy9X0ZLULjNSqSPXdhYoQYbmoPjVDxKSRjTWhGOleq4jtDfFUjPC6azQTxUVmIzxkE4Xq87QmZECFCbS/Fijhbriw5FSk8g3zgjrkfpdm4t/1pRZYESDlaG9VIc1b8pikWoak+X0MOXIXDwPAwVMUqL5xBBMJDNrIzLCEhNtIiuYPH6ORv+T9oXtVuzyzWWp0ciSycMJnMI5uFCFBlxDE1pA4B6e4BlerEfr1Xqz3pfWnJX1HMMKrI9vFfeVwQ==</latexit>

pp ! XXj
<latexit sha1_base64="obO/v+2xCnTIxynwLPjVEm/Cu64="></latexit>

pp ! T T̄ with T ! Xt
<latexit sha1_base64="akT/vMT58EmBA3IU5pgUZ1hypJw="></latexit>

pp ! BB̄ with B ! Xb
<latexit sha1_base64="2G/vtYFXiUsS9aAG4yI1iztHadE="></latexit>

pp ! T̃ T̃ with T̃ ! Xt
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Tasks

•Evaluate the cross section for all signal contributions 
 ➙ Particle widths to be treated correctly 
 ➙ Separate the different VLQ final states

Solution

•Same commands as before, but update of the param and run cards

Processes Default 
cards

Modified 
cards

3.1 fb 0.058 fb

12.8 fb 0.78 fb

32.4 fb 0.80 fb

8.9 fb 1.3 fb
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➙ DM mass = 10 GeV 
➙ VLQ masses = 1500 GeV 
➙ Use NNPDF 4.0 LO (𝛼s = 0.118)

<latexit sha1_base64="Fba6RxbNmLnr8n61hdBDDsmbRXg=">AAAB/3icdVC7TsMwFL0pr1JeBUYWiwqJKUoQfW2VWBiLRB9SG1WO47SmTmJsB6mqOvAVrDCxIVY+hYF/wW3DUATHsnR07rm69x5fcKa043xaubX1jc2t/HZhZ3dv/6B4eNRWSSoJbZGEJ7LrY0U5i2lLM81pV0iKI5/Tjj++mtc7D1QqlsS3eiKoF+FhzEJGsDaSJ5BAfZ2grnl3g2LJseuOWy9X0ZLULjNSqSPXdhYoQYbmoPjVDxKSRjTWhGOleq4jtDfFUjPC6azQTxUVmIzxkE4Xq87QmZECFCbS/Fijhbriw5FSk8g3zgjrkfpdm4t/1pRZYESDlaG9VIc1b8pikWoak+X0MOXIXDwPAwVMUqL5xBBMJDNrIzLCEhNtIiuYPH6ORv+T9oXtVuzyzWWp0ciSycMJnMI5uFCFBlxDE1pA4B6e4BlerEfr1Xqz3pfWnJX1HMMKrI9vFfeVwQ==</latexit>

pp ! XXj
<latexit sha1_base64="obO/v+2xCnTIxynwLPjVEm/Cu64="></latexit>

pp ! T T̄ with T ! Xt
<latexit sha1_base64="akT/vMT58EmBA3IU5pgUZ1hypJw="></latexit>

pp ! BB̄ with B ! Xb
<latexit sha1_base64="2G/vtYFXiUsS9aAG4yI1iztHadE="></latexit>

pp ! T̃ T̃ with T̃ ! Xt
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Tasks

• Investigate the generate ‘Events’ subfolder 
 ➙ <working dir>/Events 
 ➙ Before and after decay

•Understand what an event is
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Exercise: cross section calculation
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Tasks

• Investigate the generate ‘Events’ subfolder 
 ➙ <working dir>/Events 
 ➙ Before and after decay

•Understand what an event is

• Particle identification: PDG codes

• Particle status: initial/intermediate/final states

•Mother/daughter relations

•Momenta


