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Model exclusion in Particle Physics

Model of new physics
needed to solve mystery of
gravity, dark matter,
hierarchy problem

Parameter C = ...
Parameter D = ...
Parameter E = ...

Parameter A

Supersymmetry is a serious
candidate for this position,
but not observed (yet?)

Goal set limits on models and
Its parameters Parameter B

<>

Published limits suffer from
their projections
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Exclusion analysis

T = O(hours)

Simulate Event Calculate
detector recon- Cross
response struction section

Simulate

Analyse

events results

Model
point
Exclusion




Machine Learning

Data property prediction based on example
(training) data

Learn possibly hard data pattern
Wide range of algorithms...
Boosted decision trees
Neural networks
Decision trees
Random Forest
... and applications
Spam detection
Health care
Advertising
Auto pilot in cars

Data

Machine
Learning
algorithm

Labeling



Machine Learning Applied

.. : : Model point
Training data: model points in

supersymmetric model with only
phenomenologically relevant

parameters (pMSSM)
source: ATLAS [1508.06608] -

Testing data: independent w
(unseen) data

Allowed Excluded




Exclusion analysis

T = O(hours)

L = : '
QL€ Simulate Simulate Event
O O detector recon-
S o events :

response struction
=
O O
S o

T=<0(1 ms)

Calculate
Cross
section

Analyse
results

Exclusion

Exclusion
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Why use SUSY-AIl / Machine Learning

Fast statistical results based on earlier analyses

High accuracy (93.2%) by learning hard-to-see relations in data
Works also in submodels of the learned model

Providing confidence levels on prediction

Publishing multivariate data
Creating plots not present in paper
Re-usability and persistence of analysis and results




SUSY-AI (Online)

. Tool has been published
https://susyai.hepforge.org
. Python interface to classifier
. Scikit-learn package for ML
implementation

. Online interface
http://susy-ai.org/

. All functionalities except batch
predictions
. Predictions in < 2 seconds

S. Caron, J.S. Kim, K. Rolbiecki, R. Ruiz de Austri and B. Stienen,
The BSM-Al project: SUSY-AI - Generalizing LHC limits on Supersymmetry with
SUSY-AI VEersion 2.1.0 Machine Learning

SUSY-AI Online

Direct parameter input

Slide the parameters to the requested values or click 'set value' to set a variable manually. Prediction can only be performed if
all parameters have been set. More information about the parameters (what they are and where they can be found in slha

files) can be found here.
SUSY-Al is a machine

to provide in a fraction of M1 2206 Gev M2 1517 Gev M3 3017 Gev mL1 2479 Gev
a second the exclusion of
e mL3 2854 Gev mEL 3518 Gev mE3 3431 Gev mQ1 2914 Gev
—— ——
o mQ3 2013 Gev mu1 2371 Gev mu3 2702Gev mD1 2464 Gev
simple online
et . ) —— —— — —
B iegaus mD3 3394 Gev At 4133 Gev Ab 1930 Gev Atau 3290 Gev’
determination of
n of a model point mu 2182 Gev MA"2  2.610e47 Gev? tan(beta) s0
s —

Run-| (8TeV) and ATLAS
Run-II (13TeV). The papers
associated with this data

can be found

The full versian of Analysis Y oo |

A is faster and can
multiple modelpoints at 8.slha
the same time. It is under
continuing active
development and can be
downloaded from the

Direct parameter input (15:06:50)



https://susyai.hepforge.org/
http://susy-ai.org/

Summary and Conclusions

"

High-speed + high accuracy prediction of ATLAS exclusion
Applicable to phenomenological supersymmetry and its submodels
Programmatic and online interface (http://www.susy-ai.org)

First time use of Machine Learning for publishing and extrapolating
multivariate results
More models will be done

Dark Matter models

Higgs couplings

Effective Field Theories

Development can be accelerated with more public data



http://www.susy-ai.org/

