
From prototypes to large scale detectors
with Monte Carlo simulations
how to exploit the Gaussino simulation framework
for detectors studies

by Michał Mazurek

on 15 June, 2023
PhD Seminar, Warsaw



Monte Carlo simulations in HEP



Monte Carlo Large scale detectors Early detector studies From Gauss to Gaussino Main components ML in fast simulations Summary

Finding intangibles

Typical workflow in HEP

source of particles
collisions in accelerators,
cosmic rays,

experimental apparatus
calorimeters, trackers, ...

readout system
controls and data acquisition,
event selection (hardware trigger),

data processing
partial reconstr. (software trigger),
full event reconstruction (offline),

offline data analysis
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https://hepsoftwarefoundation.org/phoenix/#/atlas
https://www.clipartmax.com/download/m2H7N4N4m2H7m2Z5_colliding-atoms-atoms-colliding-png/


�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�)�L�Q�G�L�Q�J �L�Q�W�D�Q�J�L�E�O�H�V

�7�\�S�L�F�D�O �Z�R�U�N�I�O�R�Z �L�Q �+�(�3

�V�R�X�U�F�H �R�I �S�D�U�W�L�F�O�H�V
�Ì �F�R�O�O�L�V�L�R�Q�V �L�Q �D�F�F�H�O�H�U�D�W�R�U�V��
�Ì �F�R�V�P�L�F �U�D�\�V��

�H�[�S�H�U�L�P�H�Q�W�D�O �D�S�S�D�U�D�W�X�V
�Ì �F�D�O�R�U�L�P�H�W�H�U�V�� �W�U�D�F�N�H�U�V�� ������

�U�H�D�G�R�X�W �V�\�V�W�H�P
�Ì �F�R�Q�W�U�R�O�V �D�Q�G �G�D�W�D �D�F�T�X�L�V�L�W�L�R�Q��
�Ì �H�Y�H�Q�W �V�H�O�H�F�W�L�R�Q ���K�D�U�G�Z�D�U�H �W�U�L�J�J�H�U����

�G�D�W�D �S�U�R�F�H�V�V�L�Q�J
�Ì �S�D�U�W�L�D�O �U�H�F�R�Q�V�W�U�� ���V�R�I�W�Z�D�U�H �W�U�L�J�J�H�U����
�Ì �I�X�O�O �H�Y�H�Q�W �U�H�F�R�Q�V�W�U�X�F�W�L�R�Q ���R�I�I�O�L�Q�H����

�R�I�I�O�L�Q�H �G�D�W�D �D�Q�D�O�\�V�L�V

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z

�&
�U

�H
�G

�L
�W

��
�3

�K
�R

�H
�Q

�L
�[

�(
�Y

�H
�Q

�W
�'�

L�
V

�S
�O

�D
�\

�	
�3

�L
�F

�W
�X

�U
�H

�Z
�L

�W
�K

�F
�R

�O
�O

�L
�G

�L
�Q

�J
�D

�W
�R

�P
�V



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�)�L�Q�G�L�Q�J �L�Q�W�D�Q�J�L�E�O�H�V

�7�\�S�L�F�D�O �Z�R�U�N�I�O�R�Z �L�Q �+�(�3

�V�R�X�U�F�H �R�I �S�D�U�W�L�F�O�H�V
�Ì �F�R�O�O�L�V�L�R�Q�V �L�Q �D�F�F�H�O�H�U�D�W�R�U�V��
�Ì �F�R�V�P�L�F �U�D�\�V��

�H�[�S�H�U�L�P�H�Q�W�D�O �D�S�S�D�U�D�W�X�V
�Ì �F�D�O�R�U�L�P�H�W�H�U�V�� �W�U�D�F�N�H�U�V�� ������

�U�H�D�G�R�X�W �V�\�V�W�H�P
�Ì �F�R�Q�W�U�R�O�V �D�Q�G �G�D�W�D �D�F�T�X�L�V�L�W�L�R�Q��
�Ì �H�Y�H�Q�W �V�H�O�H�F�W�L�R�Q ���K�D�U�G�Z�D�U�H �W�U�L�J�J�H�U����

�G�D�W�D �S�U�R�F�H�V�V�L�Q�J
�Ì �S�D�U�W�L�D�O �U�H�F�R�Q�V�W�U�� ���V�R�I�W�Z�D�U�H �W�U�L�J�J�H�U����
�Ì �I�X�O�O �H�Y�H�Q�W �U�H�F�R�Q�V�W�U�X�F�W�L�R�Q ���R�I�I�O�L�Q�H����

�R�I�I�O�L�Q�H �G�D�W�D �D�Q�D�O�\�V�L�V

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z

�&
�U

�H
�G

�L
�W

��
�3

�K
�R

�H
�Q

�L
�[

�(
�Y

�H
�Q

�W
�'�

L�
V

�S
�O

�D
�\

�	
�3

�L
�F

�W
�X

�U
�H

�Z
�L

�W
�K

�F
�R

�O
�O

�L
�G

�L
�Q

�J
�D

�W
�R

�P
�V



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�)�L�Q�G�L�Q�J �L�Q�W�D�Q�J�L�E�O�H�V

�7�\�S�L�F�D�O �Z�R�U�N�I�O�R�Z �L�Q �+�(�3

�V�R�X�U�F�H �R�I �S�D�U�W�L�F�O�H�V
�Ì �F�R�O�O�L�V�L�R�Q�V �L�Q �D�F�F�H�O�H�U�D�W�R�U�V��
�Ì �F�R�V�P�L�F �U�D�\�V��

�H�[�S�H�U�L�P�H�Q�W�D�O �D�S�S�D�U�D�W�X�V
�Ì �F�D�O�R�U�L�P�H�W�H�U�V�� �W�U�D�F�N�H�U�V�� ������

�U�H�D�G�R�X�W �V�\�V�W�H�P
�Ì �F�R�Q�W�U�R�O�V �D�Q�G �G�D�W�D �D�F�T�X�L�V�L�W�L�R�Q��
�Ì �H�Y�H�Q�W �V�H�O�H�F�W�L�R�Q ���K�D�U�G�Z�D�U�H �W�U�L�J�J�H�U����

�G�D�W�D �S�U�R�F�H�V�V�L�Q�J
�Ì �S�D�U�W�L�D�O �U�H�F�R�Q�V�W�U�� ���V�R�I�W�Z�D�U�H �W�U�L�J�J�H�U����
�Ì �I�X�O�O �H�Y�H�Q�W �U�H�F�R�Q�V�W�U�X�F�W�L�R�Q ���R�I�I�O�L�Q�H����

�R�I�I�O�L�Q�H �G�D�W�D �D�Q�D�O�\�V�L�V

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z

�&
�U

�H
�G

�L
�W

��
�3

�K
�R

�H
�Q

�L
�[

�(
�Y

�H
�Q

�W
�'�

L�
V

�S
�O

�D
�\

�	
�3

�L
�F

�W
�X

�U
�H

�Z
�L

�W
�K

�F
�R

�O
�O

�L
�G

�L
�Q

�J
�D

�W
�R

�P
�V



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�8�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�E�V�H�U�Y�D�W�L�R�Q�V

�(�[�D�P�S�O�H�V

�Q�H�Z �S�D�U�W�L�F�O�H�V �D�Q�G �L�Q�W�H�U�D�F�W�L�R�Q�V��

�H�[�S�H�U�L�P�H�Q�W�D�O �Y�D�U�L�D�E�O�H�V �Y�V��
�W�K�H�R�U�H�W�L�F�D�O �S�D�U�D�P�H�W�H�U�V��

�H�V�W�L�P�D�W�L�R�Q �R�I �E�D�F�N�J�U�R�X�Q�G��
�H�I�I�L�F�L�H�Q�F�L�H�V�� �H�W�F��

�:�K�D�W �L�V �Q�H�H�G�H�G�"
�0�2�'�(�/

�>���������@



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�6�W�R�F�K�D�V�W�L�F �Q�D�W�X�U�H

�$ �O�R�W �R�I �F�K�R�L�F�H�V �S�R�V�V�L�E�O�H

�H�Y�H�Q�W �Z�L�W�K �Q �S�D�U�W�L�F�O�H�V �L�Q�Y�R�O�Y�H�V
�2�������Q�� �U�D�Q�G�R�P �F�K�R�L�F�H�V��

�#�/�+�&��� ������ �L�Q �H�D�F�K �F�R�O�O�L�V�L�R�Q��

�V�W�R�F�K�D�V�W�L�F �S�D�U�W�L�F�O�H �W�U�D�Q�V�S�R�U�W �D�Q�G
�L�Q�W�H�U�D�F�W�L�R�Q �Z�L�W�K �P�D�W�W�H�U��

�:�K�D�W �L�V �Q�H�H�G�H�G�"
�5�$�1�'�2�0�1�(�6�6

�>���������@



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �W�R �W�K�H �U�H�V�F�X�H

�0�2�'�(�/ �5�$�1�'�2�0�1�(�6�6
�0�& �6�,�0�8�/�$�7�,�2�1�6

�V�D�P�S�O�H�U�D�Q�G�R�P�O�\�I�U�R�P �D�J�L�Y�H�Q
�G�L�V�W�U�L�E�X�W�L�R�Q�V�L�J�Q�L�I�L�F�D�Q�W �Q�X�P�E�H�U �R�I
�W�L�P�H�V��

�Z�R�U�N�V �Z�L�W�K�G�L�I�I�L�F�X�O�W �3�'�)�V��

�H�U�U�R�U�G�R�H�V�Q�R�W �G�H�S�H�Q�G�R�Q �W�K�H
�Q�X�P�E�H�U �R�I�G�L�P�H�Q�V�L�R�Q�V��

�>���������@



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�3�X�W�W�L�Q�J �L�W �D�O�O �W�R�J�H�W�K�H�U

�6�L�P�X�O�D�W�L�R�Q �Z�R�U�N�I�O�R�Z �L�Q �+�(�3
�H�Y�H�Q�W �J�H�Q�H�U�D�W�L�R�Q

�Ì �3�\�W�K�L�D���� �6�K�H�U�S�D�� �+�H�U�Z�L�J������
�Ì �S�D�U�W�L�F�O�H �J�X�Q�V��

�G�H�F�D�\ �R�I �X�Q�V�W�D�E�O�H �S�D�U�W�L�F�O�H�V
���R�S�W�L�R�Q�D�O��

�Ì �(�Y�W�*�H�Q��

�S�D�U�W�L�F�O�H �W�U�D�Q�V�S�R�U�W
�Ì �*�H�D�Q�W�� ���J�H�Q�H�U�D�O �W�R�R�O�N�L�W����
�Ì �)�/�8�.�$ ���E�H�D�P�O�L�Q�H �D�Q�G �U�D�G�L�D�W�L�R�Q �H�Q�Y������

�G�H�W�H�F�W�R�U �U�H�V�S�R�Q�V�H
�Ì �X�V�X�D�O�O�\ �G�H�W�H�F�W�R�U �V�S�H�F�L�I�L�F��

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�6�L�P�X�O�D�W�L�R�Q�V �I�R�U �O�D�U�J�H �V�F�D�O�H
�G�H�W�H�F�W�R�U�V



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�(�[�D�P�S�O�H�� �Z�R�U�N�I�O�R�Z �L�Q �/�+�&�E

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�6�L�P�X�O�D�W�L�R�Q �I�U�D�P�H�Z�R�U�N�V

�(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �W�K�H�L�U
�I�U�D�P�H�Z�R�U�N�V

�$�W�K�H�Q�D �L�Q �$�7�/�$�6��

�&�0�6�6�: �L�Q �&�0�6��

�*�D�X�V�V �L�Q �/�+�&�E��

�9�0�& �L�Q �$�/�,�&�(��

�I�X�W�X�U�H �H�[�S�H�U�L�P�H�Q�W�V ���)�&�&�� �H�W�F����

�&�D�Q �Z�H �H�[�W�U�D�F�W �F�R�U�H �V�L�P�X�O�D�W�L�R�Q
�F�R�P�S�R�Q�H�Q�W�V�"

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z

�&
�U

�H
�G

�L
�W

��
�)

�&
�&

�S
�L

�F
�W

�X
�U

�H



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�&�R�U�H �V�L�P�X�O�D�W�L�R�Q �I�U�D�P�H�Z�R�U�N �I�R�U �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V

�´�:�H �V�K�R�X�O�G �M�R�L�Q �I�R�U�F�H�V �I�R�U �D�Q �H�[�S�H�U�L�P�H�Q�W���L�Q�G�H�S�H�Q�G�H�Q�W �*�D�X�V�V���F�R�U�H�µ

�³ �&�(�5�1 �6�)�7�� ��������

�)�H�D�W�X�U�H�V �D�V �L�Q �*�D�X�V�V
�P�R�G�X�O�D�U �J�H�Q�H�U�D�W�L�R�Q�S�K�D�V�H��

�E�D�V�H�G �R�Q �F�R�P�P�R�Q�F�R�U�H �V�R�I�W�Z�D�U�H
�I�U�D�P�H�Z�R�U�N���*�D�X�G�L��

�I�R�O�O�R�Z�G�H�W�H�F�W�R�U �W�U�D�Q�V�S�R�U�W�I�U�R�P
�*�H�D�Q�W����

�S�D�U�D�O�O�H�O�L�V�P�� �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�� �H�W�F��
�W�R �E�H �D�G�G�H�G �O�D�W�H�U������

�>���������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�3�O�D�Q�Q�L�Q�J �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V

�$�S�S�O�L�F�D�W�L�R�Q�V

�H�Y�D�O�X�D�W�H�S�K�\�V�L�F�V �U�H�D�F�K��

�G�H�Y�H�O�R�S�U�H�F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�D�O�\�V�L�V
�D�Q�G �R�W�K�H�U�D�S�S�O�L�F�D�W�L�R�Q�V��

�D�V�V�H�V�V�G�H�W�H�F�W�R�U �G�H�V�L�J�Q �F�K�R�L�F�H�V��

�>���������@

�&
�U

�H
�G

�L
�W

��
�0

�D
�U

�F
�R

�.�
U

�D
�D

�Q
��

�&
�(

�5
�1

�&
�R

�X
�U

�L
�H

�U

�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�7�\�S�L�F�D�O �V�F�H�Q�D�U�L�R �I�R�U �G�H�W�H�F�W�R�U �5�	�' �V�W�X�G�L�H�V

�W�H�V�W �E�H�D�P�V�� �H�D�U�O�\ �V�W�X�G�L�H�V�Z�L�W�K
�V�X�E���G�H�W�H�F�W�R�U �S�U�R�W�R�W�\�S�H�V �L�Q�*�H�D�Q�W��

�V�W�D�Q�G�D�O�R�Q�H��

�S�R�U�W�L�Q�J �W�R�W�K�H �H�[�S�H�U�L�P�H�Q�W�·�V �P�D�L�Q
�V�L�P�X�O�D�W�L�R�Q �I�U�D�P�H�Z�R�U�N�R�Q�F�H �W�H�V�W�H�G

�H�D�U�O�\ �V�L�P�X�O�D�W�L�R�Q�V �D�O�U�H�D�G�\ �Y�H�U�\ �F�R�P�S�O�H�[���R�S�W�L�P�L�]�D�W�L�R�Q�V�� �F�X�V�W�R�P �V�L�P�X�O�D�W�L�R�Q�V�� �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J�� �H�W�F��
�W�K�H �S�D�W�K �W�R �W�K�H �I�L�Q�D�O �G�H�W�H�F�W�R�U �L�V�Q�R�W �H�D�V�\�� �Q�H�Z �V�R�I�W�Z�D�U�H �W�H�F�K�Q�R�O�R�J�L�H�V�� �F�R�P�S�O�H�[ �J�H�R�P�H�W�U�L�H�V�� �H�W�F��

�>�����������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�(�[�D�P�S�O�H�� �&�$�/�2 �X�S�J�U�D�G�H �L�Q �/�+�&�E

�F�X�V�W�R�P �V�L�P�X�O�D�W�L�R�Q�V �L�Q �S�O�D�F�H �R�I
�*�H�D�Q�W�����G�H�W�D�L�O�H�G �V�L�P�X�O�D�W�L�R�Q��

�S�D�U�D�P�H�W�U�L�]�D�W�L�R�Q �R�I �R�S�W�L�F�D�O �S�K�R�W�R�Q�V
�U�D�\���W�U�D�F�L�Q�J��

�7�K�L�V �L�V �K�R�Z �L�W �O�R�R�N�V �O�L�N�H �L�Q �U�H�D�O�L�W�\������

�>�����������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z

�&
�U

�H
�G

�L
�W

��
�0

��
�3

�L
�]�

]�L
�F

�K
�H

�P
�L

��
���

W
�K

�Z
�R

�U
�N

�V
�K

�R
�S

�R
�Q

�/�
+

�&
�E

�8
�S

�J
�U

�D
�G

�H
�,�

,��
�%

�D
�U

�F
�H

�O
�R

�Q
�D



�0�R�Q�W�H �&�D�U�O�R�/�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V�(�D�U�O�\ �G�H�W�H�F�W�R�U �V�W�X�G�L�H�V�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R�0�D�L�Q �F�R�P�S�R�Q�H�Q�W�V�0�/ �L�Q �I�D�V�W �V�L�P�X�O�D�W�L�R�Q�V�6�X�P�P�D�U�\

�&�R�U�H �V�L�P�X�O�D�W�L�R�Q �I�U�D�P�H�Z�R�U�N �I�R�U �H�D�U�O�\ �V�W�X�G�L�H�V

�X�V�H �W�K�H �F�R�U�H �V�L�P�X�O�D�W�L�R�Q �I�U�D�P�H�Z�R�U�N�I�R�U �E�R�W�K��
�W�H�V�W �E�H�D�P�V�D�Q�G�I�L�Q�D�O �L�Q�W�H�J�U�D�W�L�R�Q�L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S��

�ª �W�R �E�H �X�V�H�G �Q�R�W �R�Q�O�\ �D�V �D�W�R�R�O�N�L�W�� �E�X�W �D�O�V�R �L�Q �D�V�W�D�Q�G�D�O�R�Q�H �P�R�G�H��
�ª �V�L�P�S�O�L�I�L�H�G �J�H�R�P�H�W�U�\�D�Q�G�P�L�Q�L�P�D�O�O�L�V�W �R�I�G�H�S�H�Q�G�H�Q�F�L�H�V��
�ª �W�U�D�Q�V�L�W�L�R�Q�W�R �W�K�H �I�L�Q�D�O �L�Q�W�H�J�U�D�W�L�R�Q�D�V �H�D�V�\ �D�V �S�R�V�V�L�E�O�H��

�>�����������@�0�� �0�D�]�X�U�H�N �)�U�R�P �S�U�R�W�R�W�\�S�H�V �W�R �O�D�U�J�H �V�F�D�O�H �G�H�W�H�F�W�R�U�V �Z�L�W�K �0�R�Q�W�H �&�D�U�O�R �V�L�P�X�O�D�W�L�R�Q�V �3�K�' �6�H�P�L�Q�D�U�� �1�&�%�-�� �:�D�U�V�D�Z



�)�U�R�P �*�D�X�V�V �W�R �*�D�X�V�V�L�Q�R




	Monte Carlo
	Large scale detectors
	Early detector studies
	From Gauss to Gaussino
	Main components
	ML in fast simulations
	Summary

