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Abstract

This note describes generic selection algorithms and tools allowing to perform a complete

physics selection in DAVINCI only using options. Although this way is not optimal for

complicated analyses, it allows to get results quickly.

The tools described here have been used successfully in the exclusive part of the high-

level-trigger [1] and start to be used in pre-selections for the stripping.

Make sure you read the warning in Section 5 before you start typing any option file.

This version of the note refers to DAVINCI 
��������� and 
�������� .
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1 Introduction

Many typical analyses in DAVINCI can be steered only by options using generic algorithms.

For instance the exclusive high-level-trigger HLT [1] and some pre-selections in the Data

Challenge DC’04 Stripping are based on generic selection algorithms configured by op-

tions. This is an easy way of getting quickly results out of DAVINCI. It avoids duplication

of code and ensures that only well tested algorithms and tools are used. It also encourages

users who find a missing feature to write code to be released with DAVINCI rather than

developing their private over-specialised algorithm.

However we would like to make the distinction between selection and analysis. This

generic approach is meant to be for (pre-)selection purposes and may not be suited for a

fine-tuned analysis where the user will have to code anyway his own final algorithm, espe-

cially for monitoring or fitting purposes. The present approach is for instance particularly

well suited for analyses using maximum-likelihood fits (like � �������
[2]) where one would

not apply any hard cut in DAVINCI but extracts the signal from a fit to many variables.

There are several ways to quickly get a physics result:

Plain 3	�	� : )�
��&��1� �%$�('4�� inherits from ��� 7��%$���&��+� �%$�(�4�� (and ��� 7��%$ 6'7/, &/����&�� . . . ): a lot

of typing is saved.

LOKI: “Loops and Kinematics” [3] is a metalanguage based on templated 3	�	� , with even

more typing saved.

BENDER: Interactive ,�./('4���� using LOKI.

Generic algorithms: The subject of this note.

The common assumption is that physicists always do the same, hence any line of 3���
you type is a duplication of what your office-mate has been typing yesterday.

Most of ( � -) physics analyses are a sequence of A � B C (. . . ), with some cuts in

between.

The minimal information a selection algorithm needs is:

1. Where to get the particles;

2. What decay to reconstruct;

3. What cuts to apply;

4. Where to put the data.

While items 1 and 4 are handled by options in all use-cases,3 the decays and the cuts

are usually defined in the code. This is where generic algorithms propose a different

approach, the decays and cuts being also defined in options (see Section 5 for a warning

about “programming by options”).

For instance to reconstruct a ��� , one could write some 3��� code in order to loop over

three vectors of particles, the � � , � � and 	
�

:

3The input location is a property of the ��3��16��1(16! )�1&�' . The output is enforced to be����� (+*)� � ��3���6 �! #" =+.1&�$4* 6��1�4* �+(#%��'& (�( � .
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� � ��� 0����/( $1!�&/��
���! (�������� !������ (���$ (�� ����(1� � ���
	��1� $*�178����%�	��$*�������
������	��1�"$ �178�� ���������� �	���������� ����� 0����1(%$1!�&/��
+��! (�� ����� !����8� (���$*(�� �+��(+� � ,��
	��+0�& 7������%���%$ � �����
,!����	"�10�& 7��� ��� �#����� ���,!�$�%�� ����� 0����1(%$1!�&/��
+��! (�� ����� !����8� (���$�(1� ����(1� � ,"$&	 0 $����������%���%$ � �����
,8$'�(	 0%$������� ��� �#���$� ���,8$
�)�* �+���-,".
.".

In /����"$ , this is much shorter:

� �����0/+�1��, )8�1	 &/�/��, �%23�&� ,"$426572 )������8245 #%$�(	
�� �/(��:94�;� )8�;� ��')"�<��� * �����(,<.

However, once the (anyway mandatory) decay descriptor is given, all the information

is there:

)"� #����1- ���)"� 0%$#� )���!���./)��%�'!���$*,�(+���1	=2 * )������">�?&� ����> ,8$ �+,%!/!424�

This is the approach described in the present note.

1.1 History

The first generic selection algorithms have been written by Gerhard Raven. These are:

Select2ParticleDecay: Makes decays to two (and more) particles. Used in DC’03 for � �
�A@+BDCFE .

RefineSelection: Allows to “refine” a set of particles applying cuts.

CombineParticles: Replaces G/�+&'��! ( �0����/( $1!�&/��)���!���. with a better syntax of options.

We decided to use them in the exclusive HLT. Then it appeared that:

H The option syntax is incompatible between ��� � $ �%�!G'�+&'��!�(%$���� and 31���!�8$ �%�'0����/( $1!�&/��� ;
consequently a quick (“cut-and-paste”) reshuffling of options is not straightforward;

H 31���!�8$ �%�'0����/( $1!�&/��� is too slow, essentially because the vertex fitting is done before

the mass cut is applied.

These algorithms are now considered as obsolete and will disappear from DAVINCI in the

next backward-incompatible versions.

1.2 New implementation

These first generic algorithms have been replaced recently by the following ones:

The MakeResonances algorithm: Yet another 3/���!�8$*���'0����1(%$1!�&/�%� .
The FilterDesktop algorithm: A ��� � $*���!G'�+&/��!�(%$���� with a similar syntax than �����������������%���"!��%� .

The ByPIDFilterCriterion tool is used by �%���������%����� � �8!��%� and #%$'&�(�� �')����*�+(+��, to apply

all cuts, ensuring a coherent syntax.

The IPlotTool: The algorithms described above use tools interfacing 2 0�&/�'(/6��/�+& for a

quick plotting of some variables. There are two implementations:
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The SimplePlotTool: Makes plots of any given set of variables for any particle;

The RecursivePlotTool: Calls G+$ ��,%&/��0�&/��(16+�1�+& for each particle and its daughters

recursively.

This new code is used since December 2004 in the HLT, together with a series of filter

criteria. It is also used in the -����)+0%$ , - ���0�48$��1(��+! , - ����*,��'$��/(�� , -'7# /�/:� and -�7 �� ,��'$ �
selections. selection. It is described in Section 3.

Additionally a new algorithm )���!'��.+3�4%��$*�+516�71, &'� allows to fill a quite complete N-tuple

for the selected decay chain (and the Monte-Carlo MC truth). It is described in Section 4.

2 A Complete Example:
���
	 ������

Algorithms Transient Event Store (TES)

ProtoParticles
Create Particles:

31� ���8$ �%���/#����10����%���+&�-����)+0%$
Charged Particles

Make � � :

)1#����107�+�%���+&�-���)+0 $
���

Make � � :
0����%���+&�-����)+0%$

� �

Figure 1: Design of the Algorithmic Sequence

The usage of these algorithms and tools is illustrated by Vladimir Gligorov’s pre-

selection package -���)10 $ for the decay � � � � � 	 � and its corresponding charge con-

jugate (cc). We suggest to clearly separate the distinct operations, rather than writing a

single monolithic algorithm for the whole decay chain. This is illustrated in Figure 1. The

three steps are:

1. Create 0�� �1( $/!'&'�%� from the 0�����(��'0����/( $1!�&/��� (i.e. assign a PID);

2. Build the � � � 	 � 	 � � � decay and cc;

3. Build the � � �����
	
� decay and cc.

For each of these steps we use a different algorithm instance, embedded in a ����7 �%$ >
G'����7����"!�� � :

��,1, &+$1!���( $����1� ����� 6+��,��+&��	��	�� 2��+��7 ��$ G/����7%���"!�� ���+G'����07�������1&�-�>�)+0�$42�.�
G'���/0��������+&�-��>�)+0%$#� �����!�%���"� ��	
� 2 0����:/+�+���/0�� �1(%$1!'&'�%���/31� ���"$ ���	��#�� �/0��+�%���1&�-��7�)+0%$6265

2 �%���������%����� � �8!��%����)+#+� �10��������/&�-��>�)10 $6265
2 �%���������%����� � �8!��%����07�+�%���1&�-�� )+0 $6265
2 07�%$*��(����1���+������07� $ ��(/07�������1&�-	���)10%$62�.�

There are actually two algorithms involved here:
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H One 0���� /��+���/0����1(%$1!�&/�%� that calls the 31� ���"$*�%���/0����1(%$1!�&/��������� � ;

H Two instances of �%���������%����� � �8!���� : one to form the � � and one to make the � � .

The somewhat longish instance names 31� ���8$ �%���/#����10����%���+&�-����)+0%$ , )+#����10����%���+&�-����)+0%$ ,
0����%���+&�-����)+0%$ and 0�� $ ��(10��������+&�-��>�)+0%$ 4 are required by the DC’04 Stripping guidelines [4]

to avoid confusion.5

2.1 Particle making

31���!�8$ �%�	�'#����107�+�%���+&�-���)+0 $� 0�4�. � )��%� �+(���, � 0�� �/(%$1!�&/��������� �/6/.�,%� 	
2 3/���!�8$*���	�'0����/( $/!'&/���%����� �;24�

31���!�8$ �%�	�'#����107�+�%���+&�-���)+0 $� 0�4�. � )��%� �+(���, � 31� �!�"$*���	�/0�� �/( $/!�&'������������� 0�� �/(%$1!�&/�%� 	
� 2 ���/���245 2 ,8$�����2 .#�

� � * �+���(, ��� �"� �"����� ! 7�("�

�����������������%���"!��%� is a )
��+&��+��� $ ('4�� and hence can make particles, but it is recommended

to make particles in a separate algorithm and to re-use them when needed.

These particles are given as input of )+#+� �/07�������1&�-��>�)10 $ :

)+#����10����%���+&�-����)+0%$#� 0�4�. �*)���� �1(���, � 2 �',17�(+/+��!'��(%$����"� 	
��2 0�4�. ���/3/���!�8$*���	�'#�� �/07�+�%���1&�-�>�)+0�$42 .#�

2.2 The decay
�
��� � ��� ��� �

)+#+� �10��������+&�-��>�)+0%$#� )���!���.')����/! � $*,+(+���1	=2 * ) >">�? ,"$:> ,"$:>)� �+,%!/!42 �
)+#+� �10��������+&�-��>�)+0%$#�	�"$*� �+��
1	 ������ ����
 �

These two lines of options (together with the declaration of the )+#+� �/07�������1&�-��>�)10 $ algo-

rithm in the sequencer above) are enough to make all 	 � 	 � � � combinations in a mass

window of ����������� around the nominal mass of the � � :

H The )���!'��./)����/!�� $*,+(���� option tells the algorithm what decay to reconstruct;

H The mass window is applied on the sum of 4-vectors before vertex fitting;

H The vertex fitter applied is the �1�8!����8� (7�	
����1(��:9/#%$�(1(+� � . So far this cannot be changed.6

2.3 Some cuts

�����������������%���"!��%� owns two private instances of the -/.10"2 )+#%$'&�(+� �+3 � $ (���� $���� tool, one for

the daughters ( )%��7 ��4+(�� �/# $�&�(���� ), and one for the mother ( ���'('4�� �/# $'&�(���� ). Here are the

cuts for the daughters:

4The �)���4*����1()�+:�(/� algorithm only prints a nice message for selected events when�)�1�4*)�/�)��(16+()=���: ����� ��""!�-)�/'/-)�/51( � (�=$#%� .
5That would inevitably happen in a stripping environment if we had called the algorithms & �4 �(#� and

& �! �('� .
6Until we revise the vertex fitters interface.
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)1#����107�+�%���+&�-���)+0 $� )���7���4�(+� �'# $'&�(������-G/�1&/�+!�( $����8� 	 �
23� � � �"$ ��# $�&�(+� ��3�� $ (�� �%$�����5 0
 2 0/# $'&�(�����3 �%$�(+� � $�����245
2 ,8$�� � �"$ ��# $�&�(+� ��3�� $ (�� �%$�����5 0
 2 0/# $'&�(�����3 �%$�(+� � $�����2�.#�

)1#����107�+�%���+&�-���)+0 $� )���7���4�(+� �'# $'&�(��������"$ ��#�$'&�(1� �+3 ��$�(+���%$������ � $*�101( 	��� � � � ����
'�
)1#����107�+�%���+&�-���)+0 $� )���7���4�(+� �'# $'&�(������ 0
 2 0'# $'&�(�����3 � $ (+��� $�� �F� �"$ ��2*0 �'$ ��� $ � 	 �;���

These options apply a ����� � ��� transverse momentum ��� and a ��� impact parameter

IP cuts to the kaons and pions before making the � � . If one wants to apply different cuts

for the � and the 	 , one simply needs to give different instance names to the appropriate

filter tools, as in:

)+#+� �/07�������1&�-��>�)10 $#� )%� 7���4+(+���1#%$�&�(�� ��� G'�1&'��! (%$����"� 	
��2 � � � � $*�+# $'&�(�����3 �%$�(+� � $���� ����� $*��5

0	
"2*01# $�&�(+� ��3�� $ (�� �%$���� ���10
 2 08245
2 ,8$ � � � $*�+# $'&�(�����3 �%$�(+� � $���� ��0 $D�"$ ��5

0	
"2*01# $�&�(+� ��3�� $ (�� �%$���� ��0%$�0	
"2 0 2�.�
)+#+� �/07�������1&�-��>�)10 $#� )%� 7���4+(+���1#%$�&�(�� �����+� $ �F� � $ ��0'(1		� � �����*����
'�
)+#+� �/07�������1&�-��>�)10 $#� )%� 7���4+(+���1#%$�&�(�� �����10	
 2 0�� � $*�"2 0"�'$����8$ � 	 � ���
)+#+� �/07�������1&�-��>�)10 $#� )%� 7���4+(+���1#%$�&�(�� ��� 0%$D� $*� � � $*�101(1	 ��� � � ����
 �
)+#+� �/07�������1&�-��>�)10 $#� )%� 7���4+(+���1#%$�&�(�� ��� 0%$ 0	
"2*0�� �"$ ��2 0 �'$����"$ � 	 ����

2.4 Cuts on the
� �

Then one uses the ����('4�� �1#%$'&�(�� � to apply cuts on the �
�

:

)+#+� �10��������+&�-��>�)+0%$#� �"$*�+01(1	  � � �����*����
 �
)+#+� �10��������+&�-��>�)+0%$#� ���'(�4%���1#�$'&�(1� ��� G��+&'��!*( $�� ��� 	

��2 ) � � 
1(�9/#%$'&�(+� �+3 � $ (���� $�����5 0
 2 0/# $'&�(�����3 �%$�(+� � $�����5
#�&+$ ��4�(/) $+�*(����"!���# $'&�(�����3 �%$�(+���%$�������#')�3 7�(;2 .#�

)+#+� �10��������+&�-��>�)+0%$#� ���'(�4%���1#�$'&�(1� ��� 
'(!9'# $�&�(�� ��3�� $*(����%$����F� �%� 9+3 48$� 	 � ���
)+#+� �10��������+&�-��>�)+0%$#� ���'(�4%���1#�$'&�(1� ��� 0�
"2*01#�$'&�(1� �+3 ��$�(+���%$������ � $*�"2 0�G+$����8$ � 	 ����
)+#+� �10��������+&�-��>�)+0%$#� ���'(�4%���1#�$'&�(1� ��� #�)�3�7�( � 3�71(1-+�%� (10	
 	 (7�'7����
)+#+� �10��������+&�-��>�)+0%$#� ���'(�4%���1#�$'&�(1� ��� #�)�3�7�( � �"$ ��#�G�0�
1	 ��� � �

These options select �
�

with a �
������ ��� , a vertex �������� , a �� IP on any primary

vertex PV and a ��� ��� flight separation from the PV to which it “points the best”.7

Like the mass �"$ ���+��
 , the � $*��0/( cut is a property of �%���������%����� � �8!���� and is applied

before the vertex fit. It’s quite helpful for the HLT. It does the same as:

)1#����107�+�%���+&�-���)+0 $� ���'('4�� �/# $�&�(�� ��� G/�/&/��!�(�$����"� 	
� 2 )�� � �"$*�+# $�&�(�����3�� $�(+� �%$�����5
)1#����107�+�%���+&�-���)+0 $� ���'('4�� �/# $�&�(�� �����"$ ��#%$'&�(�� �13 �%$�(1� �%$����F� �%$*�+01( 	  � �� ���*����
 �

but much faster!

7The PV is defined as the primary to which the particle being filtered has the smallest IP significance.
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2.5 Make the � �

Selecting the � � is the same game. Here we show all options in one box:

07�������1&�-��>�)10 $#� 0'4+."�*)��%� �+(���, � 2 �/,/7+(�/1��!'��(%$����8� 	
� 2 0'4�. ����)+#����10����%���+&�-����)+0%$4245
2 0'4+."���/31� ���"$*�%���/#+� �10��������+&�-��>�)10 $ 2�.#�

07�������1&�-��>�)10 $#� )���!'��.')����/!��%$ ,+(���� 	=2 * - �<>�? )�> ,8$���,%!/!42 �
07�������1&�-��>�)10 $#� )%� 7���4+(����1# $�&�(+� ��� G'�+&���!�(%$������ 	 ��2 ,8$ � � � $*�+# $'&�(�����3 �%$�(+� � $�����5

0
 2 0/# $'&�(�����3 �%$�(+� � $�����2 .#�
07�������1&�-��>�)10 $#� )%� 7���4+(����1# $�&�(+� ����� $*�1# $'&�(+����3��%$ (�� � $���� � �"$ �+0/( 	 �� �����*����
 �
07�������1&�-��>�)10 $#� )%� 7���4+(����1# $�&�(+� ��� 0	
"2 01# $�&�(+� �+3��%$�(1� � $���� � � $ �82 0%�/$ ���"$ � 	 �� � �
07�������1&�-��>�)10 $#�	�"$ ���+��
)	 �� ���:�
07�������1&�-��>�)10 $#� ����('4%���1#%$'&�(+����� G'�1&'��!*( $����8� 	
� 2 - � � 
1(�9/#%$'&�(+� �+3 � $ (���� $�����5

0
 2 0/# $'&�(�����3 �%$�(+� � $�����5
�����"����(�7����#�&+$ ��4+(�������&'�'#%$'&�(�� �+3��%$�(+���%$�� � ����� � �#�&+$���41( 2 .#�

07�������1&�-��>�)10 $#� ����('4%���1#%$'&�(+����� 
/(�9'# $�&�(����+3�� $ (+��� $����F� ��� 9+3�4"$� 	 � ���
07�������1&�-��>�)10 $#� ����('4%���1#%$'&�(+����� 0	
 2*01#�$'&�(+���+3 �%$ (+� ��$���� � ���:9%2*0 �/$����8$ � 	�� � �
07�������1&�-��>�)10 $#� ����('4%���1#%$'&�(+����� ��� � �#+&�$ ��4+(�� 3/����������&/� 	 �����������

We require the bachelor 	 to have a � � in excess of ����� ����� , an IP of �� and build a � � in

a mass window of � ����� ����� . The � � candidate has to have a vertex � � � �� , an IP larger

than 6 times its error and the angle � of its flight direction to the momentum must satisfy

� �	�
�
� �������� .

This ends the whole pre-selection: only 38 lines of options!

2.6 A few plots

Finally one can switch on histogramming in any algorithm with, for instance for the final

� � and all its descendants:

07�+�%���1&�-���)10 $� �"$1� (+�'07�+�	��78!��7	 (7�'7��'�
07�+�%���1&�-���)10 $� )%� 7���4�(����10�&/��("�� 
�� � $��%�%&/��� 	

� 2 � 245 2 3�48$� 265 2�
��;265 2 0 26572 0/( 265 2�2 0 �62 . �
07�+�%���1&�-���)10 $� ����('4�� �10�&/��("� � 
���� $��%��&/��� 	 ��2��1� 24572 ��265 2 3�4"$  24572!
��;26572 0;245

2 01(;24572 2 0 �6245 2 #�G 2 .'�
07�+�%���1&�-���)10 $� )%� 7���4�(����10�&/��("� 0+��(�4)	 2 -� 2 ��2 �
07�+�%���1&�-���)10 $� ����('4�� �10�&/��("� 0���(�4 	 2 -����7+( 26�
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3 Generic Selection Algorithms Reference

3.1 ������������	�
����������	 reference

���������������������! "�#�
$�%�&�'(�)*,+.-0/01
In 2 /�3,4056$879%8+;:�<�+6=�)�)�'�4

Author: Patrick Koppenburg

Algorithm that reconstructs a decay according to a given decay descriptor.

Options:

4;-�>@?�?A4;-�*8+;:B("$�CB<�763�$�C84�<.*,+ED�-�)*
Defines the decay to reconstruct. Actually a

property inherited from
$�%�&B'(�)0*8+6-0/1

.4;-�>@?�?GF�CB<.-�)0*BH�4;-�>I?�?A4;-�*,+E:B(�JI$�CB<�763�$�C84�<.*,+ED�-�)*�4
Array of decay descriptors,

overrules
$BCB<07930$BC840<6*8+;D�-�)0*

.>�)9K�L�'0C"M�+E:B>�)N
Mass half-window applied on the sum of

4-vectors, before vertexing.>�)9K�L�'0CPO�)9NBC*�M�+E:B>�)N
Lower mass half-windows for asymmetric mass

cuts.>�)9K�L�'0CRQ�D�D8C*�M�+E:B>�)N
Upper mass half-windows for asymmetric mass

cuts.>�)9K�L�'0C"S�+E:�S�).1�C6:�-K01
Momentum cut applied on the sum of 4-vectors,

before vertexing>�)9K�L�'0C"S�+E: 2 - TBU
cut applied on the sum of 4-vectors, before

vertexingLB)�)�'"SB)-0/BC0*�=�)0V�WB7E1�1�7�4YX[Z�7�'�46C
Creates a composite particle at the origin only

using photons.LB)�)�'"\�+0'�'�]9F�C*8'�7.D^X[-�*0KBC
Discard combinations with the same

2 *�)-�) 2 79*�-,+�<0'0C used more than once (uses the_ /8C�<.`,]6F�C*8'�7;D
tool).4;-�>@?�?A4;-�*8+;:B("$87.KB(9/�-�C0*�a8+�'6-�C0*�V87b1�CcX

d $,7;KB(/�-�C*�a,+0'9-�C0* d Name of the filter applied to

daughters.4;-�>@?�?A4;-�*8+;:B("S�)0-0/BC0*�a,+�'6-�C*�V87b1�CeX d S�)0-/8C0*�a,+0'9-�C* d
Name of the filter applied to

mothers.LB)�)�'"f�+�4.-�) 2 *�)�>9K�<CgXhZB7�'�46C
Make plots. Actually a property

inherited from
WB7.K�>8+;f�+�4;-�)0&B'(

.4;-�>@?�?A4;-�*8+;:B("$87.KB(9/�-�C0* 2 '0)-�=�)�)�'X dAi CB<EK�*,4�+6F�C 2 '0)0-�=�)�)�'�5.$,7;KB(/�-�C* 2 '0)-,4 d
Name of the plot tool applied to the

daughters.4;-�>@?�?A4;-�*8+;:B("S�)0-0/BC0* 2 '0)-�=�)�)�'X dAi CB<EK�*,4�+6F�C 2 '0)0-�=�)�)�'�5.SB)-0/8C9* 2 ')-�4 d
Name of the plot tool applied to the

mother.4;-�>@?�?A4;-�*8+;:B("$87.KB(9/�-�C0* 2 '0)-�4 2 79-/^X d�d
Path for daughter plots.4;-�>@?�?A4;-�*8+;:B("S�)0-0/BC0* 2 '0)-�4 2 79-/jX d�d
Path for mother plots.

The syntax understood by the
$BC�<�763�$BCB4�<.*,+;D�-�)*

is very simple:

f�O�=8k./,79*�C�> 2 /�+mln$BC�<�763�$BCB4�<.*8+ED�-�)0*gX d D�/�+�oEp.q�r0q8sgt�Jg\�uj\,t dwv
f�O�=8k./,79*�C�>0\�4.-B79*xly$BC�<�7930$BCB40<.*,+bD�-�)*eX d{z \�|}o�~���rBs6q^t�Jg\�u�D�+�t9�8<�< d�v

where
z H6$BC�<�7638J�B<�<

means that both the given decay and its charge conjugate will be
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reconstructed. The )���!'��.')����/!��%$*,+(�� � property does not follow the much more elaborated

decay descriptor syntax of the � ��36� )���!���.1#%$*� �+� � tool. For instance don’t try

*
-������<>�? � ����,8�/$8� �%G�� >+? ��7�� �+76>"�5'��� ��"��.��5'��� ��"��. �

� �'(��">+? ,8$�� ,8$:> � ,"$ �<>+? ��� �	�8� �+� ��"� �D,%!1!
The option )���!���./)��%�'!�� $ ,�(+� �"� allows to use the same algorithm to reconstruct several

similar decays. For instance:

��� �%!�(�7 �/& ����!����8� (��'78! (���� �1��!'��."���
) $%/���,�(+����#+� �/07�������1&�-'7# /+/+� � )���!���./)����'!�� $ ,�(+��� � 	
� 2 ����,8�/$8� �%G�� >+? ��7�� �+76> 2�5

2 ����,8�/$8� �%G�� >+? �	� �!> 2�.�
��� ��� &�. 7����	� $ � G/�+&������ 7 &�( !�����(���$*��� ���
) $%/���,�(+����#+� �/07�������1&�-'7# /+/+� � )���!���./)����'!�� $ ,�(+���1	=2 ��� ,��/$8� � G � >+? &�� &�> 2��

If you are planning to use �%���������%����� � �8!���� in decays involving photons, please read

Appendix A.

3.2 �����������	����	0�
��
�� reference

#%$'&�(+� �')��%� �+(+��, allows to select particles from a given location in the TES and clones the

particles before saving them to another location in the TES.

Practically this algorithm is seldom used since all selection cuts can be applied in

�����������������%���"!��%� . It has yet some use-cases in the HLT. It can for instance be useful for se-

lections with large combinatorics, for instance to apply a pre-selection on particles before

starting to combine them.

Warning: The cloning of particles implies that a different object is created and hence

the MC association of original particles cannot be re-used for the cloned particles. The

association has to be re-run on the cloned particles.

������ ���������@��� ���
$�%�&�'(�)*,+.-0/01
In 2 /�3,4056$879%8+;:�<�+6a8+�'9-�C0*

Author: Patrick Koppenburg

Algorithm that selects particles from a given location according to some cuts.

Options:

LB)�)�'"f�+�4.-�) 2 *�)�>9K�<CgXhZB7�'�46C
Make plots. Actually a property

inherited from
WB7.K�>8+;f�+�4;-�)0&B'(

.4;-�>@?�?A4;-�*8+;:B(��b:�D�K�- 2 '0)0-�=�)�)�'X dAi CB<EK�*,4�+6F�C 2 '0)0-�=�)�)�'�5��E:�D�K�- 2 ')-,4 d
Name of the plot tool applied to

daughters.4;-�>@?�?A4;-�*8+;:B( ];K�-0D�K�- 2 '0)-�=�)�)�'X dAi CB<EK�*,4�+6F�C 2 '0)0-�=�)�)�'�5�].K�-0D�K�- 2 ')-�4 d
Name of the plot tool applied to

mothers.4;-�>@?�?A4;-�*8+;:B(��b:�D�K�- 2 '0)0-,4 2 79-0/^X d�d
Path for daughter plots.4;-�>@?�?A4;-�*8+;:B( ];K�-0D�K�- 2 '0)-�4 2 79-/jX d�d
Path for mother plots.

3.3 �
�	�! �"$#�%�&�')(+*$,	*�%�'-(+*�%�.�/ reference

The 0 3 2 �;$�a,+�'6-�C* _ *8+6-�C0*,+9)9: handles all cuts in
S,76`�C i C849)6:�7;:�<CB4

and
a,+0'9-�C*�$�C84;`�-�)6D

. It

applies a list of
a8+�'6-�C0* _ *8+6-�C*,+9)9:

on the input particles, depending on their PID.
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������� ������ � ����� � � ��� ���P���

W�7.K�>8+6=�)�)�'
, Interface:

�;a,+0'9-�C* _ *,+6-�C0*8+)9:
In 2 /�3,4056$879%8+;:�<�+6a8+�'9-�C0*

Author: P. Koppenburg

Returns a yes/no depending on a list of criteria for each PID.

Allows to filter composite particles according to criteria applied to its descendants.

Options:

4;-�>@?�?GF�CB<.-�)0*BH�4;-�>I?�?A4;-�*,+E:B(�J�kC�'0C�<6-8+)9:�4
List of Selections.LB)�)�' &D�D�'63 _�_ Xh-�*0KBC
Use same selection for particle and

anti-particle.LB)�)�'	��
B<�';K�4�+.F�C�k0C�'CB<.-,+)6:�X[ZB7�'�49C
Filter out particles not explicitly given

in
k0C�'0CB<.-,+9)9:�4

.LB)�)�'Pa,+0'9-�C0* 0 3�$�C84�<9C9:�>�C9:�-�4 X[ZB7�'�46C
Use descendants to filter composite

particles.

Note that
��
8<�';K�40+6F�C�k0C�'0CB<.-,+9)9:

and
a8+�'9-�C0* 0 3�$�C840<C9:�>�C6:�-�4 cannot be true both at the

same time.

The syntax of
kC�'0C�<6-8+)9:�4

is

l�l�l�kC�'CB<6-8+)6:�4cX� d 2 p ? &�&�&0a,+�'6-�C* _ *8+6-�C0*,+9)9:,5	�E:�4.-�7.:�<C8p��
0 0+0 a,+�'6-�C* _ *8+6-�C0*,+9)9:,5	�E:�4.-�7.:�<C�r�� z l�l�lG� d �

d 2 r ? _�_�_ a,+�'6-�C* _ *8+6-�C0*,+9)9:,5	�E:�4.-�7.:�<C����
$�$�$�a,+�'6-�C* _ *8+6-�C0*,+9)9:,5	�E:�4.-�7.:�<C���� z l�l�lG� d �

z l�l�l ��� v

Where 2 p , 2 r are particle names (
1�K�u

, � 5;D�4�+�oEp6kBs . . . ),8 and ����� a8+�'9-�C0* _ *,+.-�C*,+)6: are�;a,+�'6-�C* _ *8+6-�C0*,+9)9:
tools. The instance names are optional. The same tool instance can be

applied to particles with different PID if one wants the same cut to be applied. There is no

limitation in the number of
�;a,+�'6-�C* _ *8+6-�C0*,+9)9:

or particle names.

The
d 2 p ? &�&�&�a8+�'9-�C0* _ *,+.-�C*,+)6:�5��E:�4;-87E:�<9C�p�� z l�l�l � d

strings currently support

spaces, line breaking and other special characters like tabulations (they are all ignored).

They don’t support comments:

l�l�l�kC�'CB<6-8+)6:�4cX� d 1�KBu ?�\�+E:�a8+�'9-�C0* _ *,+.-�C*,+)6:��!5�5h7;D�D,'93 2 = <EK�-
2 % � 2 a,+�'6-�C* _ *8+6-�C0*,+9)9: d � v

would result in an error. Generally all syntax errors cause an interruption at initialisation.

3.4 Filter criteria

There are several filter criteria available. Please refer to the
$B)�
03�(�C9:

documentation for

the various options. The latest list of available filters can be obtained by looking at the�;a,+�'6-�C* _ *8+6-�C0*,+9)9:
documentation.

ConstrainedChi2FilterCriterion: Performs a mass-constrained vertex fit and cuts on the� � of this new vertex. The vertex is not saved (Besma M’charek).

DLLFilterCriterion: Cuts on the delta-log-likelihood of the particle ID (Jan Amoraal).

8The list of !#"%$%&%& names of the different particles used by the '(!*)%+,&-$*.-/*'#)#0213/-)%+-435*6,$ can be found in the

package '3!*)3!87,9(&*.-/(" , file '3!*)%+,&%$2.-/-:3!2;3.-/=<>+%?-+ .
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FlightDistanceFilterCriterion: Cuts on the flight distance of a composite from the “best”

primary vertex (Luis Fernández).

KinFilterCriterion: Momentum and � � cuts (Paul Colrain).

LifetimeSignificanceFilterCriterion: Cuts on the flight distance to PV in units of proper

time (Gerhard Raven).

MassDifferenceFilterCriterion: Mass difference cuts (Gerhard Raven).

MassFilterCriterion: Mass cuts (Gerhard Raven).

Momentum2FlightAngleFilterCriterion: Cuts on the alignment of momentum with di-

rection of flight, assuming the particle comes from the PV (Luis Fernández).

MomentumMotherDirectionFilterCriterion: Cuts on the angle of the particle’s direction

with respect to the momentum of its mother (Federica Legger).

OverlapFilterCriterion: Applies 3�4%��! � ��
�����&/��, tool (Patrick Koppenburg).

PIDFilterCriterion: Selects particles of a given PID of a particle. It also allows to cut on

the confidence level of the assigned particle ID. For more sophisticated PID cuts use

the )!/+/1# $�&�(+� ��3�� $ (�� �%$���� (Paul Colrain).

PVIPFilterCriterion: Impact parameter cuts (Patrick Koppenburg).

TrackTypeFilterCriterion: Track type requirements (Patrick Koppenburg).

VtxFilterCriterion: Vertex � � and position cuts (Gerhard Raven).

VtxIsolationFilterCriterion: Checks that the decay vertex is isolated from any number of

tracks, according to � � difference or IP requirements (Luis Fernández).

BooleanFilterCriterion: Allows any logical combination of 2 # $�&�(+� ��3�� $ (�� �%$���� tools (Ger-

hard Raven).

ByPIDFilterCriterion: A PID-dependent logical combination of 2*# $�&�(�����3�� $�(+� �%$���� tools.

Don’t forget about the possibility to re-use it inside a -/.10"2 )+#%$'&�(+� �+3 � $ (���� $���� (Patrick

Koppenburg).

TrueMCFilterCriterion: Keeps particles associated to a given true MC decay (Patrick Kop-

penburg).

Generally filter criteria using primary vertices will apply separation cuts with respect

to any primary vertex, or pick up the PV to which the particle point most likely for all other

cuts.

3.5 Plotting tools

The generic plotting tools are in a very preliminary stage, but useful enough for the HLT.

They are based on the interface 2*0�&/��(16+�1�+& .
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3.5.1 The G�$���, &'�'0�&/�'(/6��/�+&

� ����� � � � � � ��� � � �
W�7.K�>8+.f,+�4;-�)0=�)�)�'

, Interface:
� 2 ')0-�=�)�)�'

In 2 /�3,4056$879%8+;:�<�+6=�)�)�'�4
Author: Patrick Koppenburg

Produces plots according to the given variables.

Options:

4;-�>@?�?GF�CB<.-�)0*BH�4;-�>I?�?A4;-�*,+E:B(�Jx%B79*,+07.L,'0C84
Variables to plot.4;-�>@?�?GF�CB<.-�)0*BH>�)9K�L,'0C�JxS�+E:�+ 1�7
Lower limits of histograms4;-�>@?�?GF�CB<.-�)0*BH>�)9K�L,'0C�JxS,7 
8+ 1�7
Upper limits of histograms

For the
%876*,+07.L�'C84

, the following are defined:
S

(Mass),
M�S

(Wide Mass),
$�S

(Mass

Difference), 2 , 2 - , _ /�+0r , � 2 , � 2 4 (IP significance),
$ 2 % (Distance to PV),

a8k
(Flight distance

Significance),
%��

,
%�*

,
%�


,
%�3

(Vertex coordinates).9

A different plot is produced for each particle of different PID, in the order the particles

appear. There is thus no way to have the histograms ”ordered”.

The boundaries are set automatically (depending on the PID). One can set them using

the
S,+;:�+ 1�7

and
S87�
B+b1�7

options, but unfortunately it is mandatory to give ranges to either

none or all variables.

3.5.2 The
i C�<;K�*,4�+.F�C 2 '0)-�=�)�)�'

The
i CB<EK�*,4�+6F�C 2 '0)0-�=�)�)�' loops over all descendants of the particles it has to plot and

calls the
k�+b1�D�'0C 2 ')0-�=�)�)�' recursively. It has the same options as the

k�+b1�D�'0C 2 ')0-�=�)�)�' (it

actually overwrites the options of the latter).

3.5.3 The
k�+ 1�D�'C 2 '0)0-,4 algorithm

There is an algorithm
k�+ 1�D�'C 2 '0)0-,4 that does nothing else than calling an

� 2 '0)-�=�)�)�' :
k�+ 1�D,'0C 2 '0)-�4ml 2 /�3�4;$�C84E`�-�)6D�l �b:�D�K�-�O�)�<076-,+9)6:�4 X  d 2 /�3,405�k).1,C0O�)�<�76-,+)6: d � vk�+ 1�D,'0C 2 '0)-�4ml 2 ')0-�=�)�)�'YX dAi C�<;K�*,4�+.F�C 2 '0)-�=�)�)�'�5 2 ')0-,4 dhv
k�+ 1�D,'0C 2 '0)-�4ml 2 ')0-�4 lG%B79*,+07.L,'CB4 X  d S d � db_ /�+�r d � v

By default the 2 '0)-�=�)�)�' option is set to
k�+b1�D�'0C 2 ')0-�=�)�)�'�5 2 '0)-�4 .

4 Generic N-tuple Algorithm: 	�
����������������������� ��

In this section we describe the

$�CB<�763 _ /�7�+E:�V�=0K�D,'0C
algorithm, which saves all kind of in-

formation (with optional MC truth) to a N-tuple for a given selected decay chain.10 This

generic algorithm can be configured by options, allowing to get quickly most of the inter-

esting variables stored to a N-tuple.

9It is planned to change these variable names to conform with the LOKI shortcuts for consistency.
10Is is recommended to use ROOT.
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We illustrate the use of )���!���.�3�4 �+$*��5/6'7/, &/� with a simple example, leaving the algo-

rithm reference for later. We consider in our example the selection of the � �8� @+BDC ( � � � � ) E
( � � � � ) decay channel done in the following sequence:

��,1,%&�$1!���(%$����1� � ��� 6+��, ��&�� �+	
� 2�����7 �%$ G/����7%���8!������+G/���'07�+��!��%�1�*- � �� ,��'$�0�48$42 .�
G'���'07����!����1� - ����*,��'$�0�48$#� ��� ����� �%� ��	
� 2 07�+�:/��1���'0����/( $/!'&/�����'31���!�8$ �%���/#1� �1- � ��*,"�/$ 0'4 $4245

2 �%���������%����� � �8!��%�����*,8�/$ ��/7/�/7+#�� �1-"� �� ,���$�0�48$ 245
2 �%���������%����� � �8!��%����0'4"$ ��+�+#1� �/-"����*,8�'$ 0'4 $4265
2 �%���������%����� � �8!��%����-"� ��*,8�/$*0'4"$42 5
2 )���!'��.+3�4%��$*�+516�71, &'����� ��� -"���� ,���$�0'4"$ 6����'�82 .#�

where � ��� -"� ��*,8�/$ 0'48$ 67�+�1� is an instance of )���!���.+3�4 �+$*�+516'7/, &'� .

The default configuration is that of an offline selection such that the user just needs a

few lines to get the N-tuple. What )���!���.+3�4 �+$*�+516'7/, &'� needs to know is:

H Where to look for the particles:

� ��� -"� ��*,8�/$ 0'48$ 67�+�1� � 0'4+."�*)��%� �1(+��,�� 2 �/,/7+(�/+��!���(�$����8� 	 � 2 0'4�. ����-"����*,8�/$�0�48$62�.#�
H What decay to reconstruct:

� ��� -"� ��*,8�/$ 0'48$ 67�+�1� � )���!'��.7	
2 -������">+? ��������,8�/$8� �%G�� >+?��!��7 ���!�+76> ����� ,/48$8� � �7� � >�?�� � ��� � > ��24�

This will look for all the selected � � candidates according to the required decay chain,

which is set using the )���!'��. property, and save a N-tuple with the default name being

# 2 / �������+.�G'�+&'��!�(%$���� . The user can specify a different N-tuple name with

� ��� - ����*,��'$�0�48$�6����/� � 5/('7/, &��'5�� � �7	=2 #"2D/ ������� ��� - ����*,��'$�0�48$426�

The syntax used for the decay chain is that of the )���!'��.1#%$*���1� � with a hat flag ( � ) in front

of the particles for which one wishes to have information. Note that the mother of the

decay (here the � � ) is always booked.

4.1 Variables

For any standard GAUDI algorithm, and hence for a )�
��+&��1� � $ ('4�� , one needs to declare

all the N-tuple’s items in the header file and then book the N-tuple with the previously

declared items. In order to overcome this feature and as in )���!'��.+3�4%��$*�+516�71, &'� the number

of particles depends on the decay under study, some labelling of the N-tuple’s variables is

made:

H &1� � � is appended to the names of the variables related to the mother of the decay;

H &1� � �85 &1�%�##5<�+��� is appended to the names of the variables related to the (flagged)

daughters.

In this way all the items are declared only once and the N-tuple is booked when the first

decay of interest is found.

The labelling relies on the )���!'��./# $ ���+��� grammar and syntax which read the decay

string from right to left, starting at the sub-head. In our example we will have the following

labels:
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-������<>+? ��������,8�/$8� �%G�� >+?��!��7 ���!�+76> ����� ,/48$8� � �7� � >�?�� � ��� � > �
&1�%���+&���%� � � � � � 

For simplicity, the labels are also printed once in the log file when the N-tuple is booked:

-��/���"$ ��� 0����/( $1!�&/��5�� � �=� �"��('4%��� � -������
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"	 �=5 0�� �1( $/!'&'�'5�� �"� ,14"$;� � �> �6�
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"	 '5 0�� �1( $/!'&'�'5�� �"�7� >
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"		� 5 0�� �1( $/!'&'�'5�� �"�7� �
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"	 � 5 0�� �1( $/!'&'�'5�� �"� ��� ,��/$8� � G �
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"	 �'5 0�� �1( $/!'&'�'5�� �"� ��7 >
-��/���"$ ���<G 7�� ����7 ��4+(�� � �17����%���"	 � 5 0�� �1( $/!'&'�'5�� �"� ��7 �

There is a large number of N-tuple variables automatically saved: have a look at the source

file to know what variables are defined and their type.11 A few examples are:

H �8���/� &1�%� � : mass of the reconstructed � � ;
H 
 !*4"$�( 
�� &1� � � : ��� of E vertex;

H ,�( &1�%� � : transverse momentum of one of @+BDC daughters;

H �+����!���0
 : number of reconstructed primary vertices.

Note that all the variables related to the particles (i.e. with a &/�%� ) are arrays indexed by

the number of selected mother candidates. )���!���.�3�4 �+$*��5/6'7/, &/� also has the possibility to

look for different decays at the same time:

� ��� 67�+�1�'-����� � )���!���.)	 2���- �">�? � � � � ,8$:>5 - � �<>�?�� ��>�� ,"$ ��. 24�

by explicitly writing out all the decays using braces and respecting the order of the particles

such that the particles get the correct labels. The number of flags must be identical in each

decay mode.

4.2 MC truth

)���!'��.�3�4 ��$ ��5/6'71,%&/� can retrieve the true generated decay and fill in MC truth information.

This is done by setting the ��3�)���!���. and #%$'&/&���3�)���!'��. properties:

� �+� - ���� ,��'$�0'4"$�6����1��� ��3�)���!'��.1	=2��
-������<>+? � ����� ,��'$;� � G �7>�?��!�+7����#��76>"�5 ��� ��8�+.��#5 �+� �	�8��.��

� � ,14"$;��� �> �6�7>�?�� ����� ��> �;5
-���� � �">�? � ����� ,��'$;� � G �7>�?��!�+7����#��76>"�5 ��� ��8�+.��#5 �+� �	�8��.��

� � ,14"$;��� �> �6�7>�?�� ����� ��> ��. 24�
� �+� - ���� ,��'$�0'4"$�6����1��� #%$'&1&���3�)���!'��.1	 (7�'7����

This will look for all the generated true � � decays. The syntax used for the decay chain is

that of the ��3�)���!'��.1# $ ���1� � . One should keep the same order as in the )���!'��. property and

the number of particles flagged must be identical to that of the reconstructed decay. The

11This is the only thing that cannot be set through options: there would be too many variables to type in.

The names of the variables that in some cases are not very explicit may also change.
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labelling is the same as for the reconstructed part. Note that the true generated 4-vectors

are retrieved from the ����,1��3 format.

The association to the MC truth in )���!���.+3�4 �+$*�+516'7/, &'� is obtained by retrieving a pri-

vate version of the interface of a )���
 $ �8!/$ � �/����!1$'��(���� tool. The type of associator tool

used is 0�� �1( $/!'&'�>���3:/%$*�+�"���%�/!�( with a private name being /%$*�1� � �'!�( .12 The association

is done directly on the final states using the 0�� �1(%$1!'&'�>���3:/%$*�1�8� algorithm to build the

relation table and then by requiring the associated MC particle to correspond to one of the

true generated signal particles. The configuration for our example is then:

� ��� -"����*,8�/$�0�48$ 67���/� ��/ $*�1� �%�/!*(��(/1��!���(�$����)	
2 0'4+."�������1&1��( $���������0�� �1(%$1!'&'�> ��3 /%$ �+�8� � �+� -%���� ,8�/$�0�48$624�

� ��� -"����*,8�/$�0�48$ 67���/� ��/ $*�1� �%�/!*(�� �1&��1� ��$�(�4���61.',��7	=2 0����/( $1!�&/�7���3 / $ �+�8� 24�
� ��� -"����*,8�/$�0�48$ 67���/� ��/ $*�1� �%�/!*(�� �1&��1� ��$�(�4���5�� �%�7	

2 0�� �1(%$1!'&'�>���3:/%$*�1�8��� ��� -"����*,"�/$ 0�4"$424�
0����/( $1!�&/�7���3 / $ �+�8�
� �+� -"� �� ,���$�0'4 $#� 2 �',17+(/)���(�� 	

� 2 0�4�. ���/3/���!�8$*���	�'#�� �/-"� ��*,8�/$*0'4"$���0����'( $/!'&��%� 2 .�

This allows to run several instances of )���!���.�3�4 �+$*��5/6'7/, &/� in the same job. The N-tuple

variable indicating if a particle is associated to a true signal MC particle is G+$ � , with the

correspond particle’s label.

Note that the association is not done for composite particles as the code only looks for

direct association: G+$ � &1� � � will always be zero. However, asking for the selected � � to

be associated to the MC truth is equivalent to requiring all its final states to be associated.

Warning: The correct 2 �1,/7�(/)���(�� must be provided to the associator algorithm. This

becomes important when using algorithms cloning particles (e.g. # $�&�(����/)��%�*�1(���, ) where

the MC association of the original particles can no longer be used.

4.3 Reference

Warning: When setting the different boolean properties to (��'7%� , make sure you run the

necessary code not to run into an exception.

12The code uses internally the
" 6�6/&)�/�/�+�1&+���1(1��./3��)(/: interface.
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���  P� ������� �x������� � � �
$�%�&�'(�)*,+.-0/01
In 2 /�3,4056$879%8+;:�<�+.S _ =�)�)�'�4

Author: Luis Fernández

Algorithm that fills a N-tuple according to a given decay string (default values are for

offline use).

Options:

4;-�>@?�?A4;-�*8+;:B("$�CB<�763hX d 0 q t�J�� D�+9u�� D�+0t d
The reconstructed decay.4;-�>@?�?A4;-�*8+;:B(PV�-0K�D,'0CV87E1,C

X d a �.O���p656S�3Bk0C�'0CB<.-,+9)9: d The name of the N-tuple.

4;-�>@?�?A4;-�*8+;:B("S _ $BC�<�763^X d 0 q t�J	� D�+9u
� D�+�t d
The MC decay.LB)�)�'Pa,+0'�'.S _ $�CB<0793�X Z�7�'�49C
Write the MC part of the N-tuple.4;-�>@?�?A4;-�*8+;:B( W�C�).1B=�)�)�'

X d W�C�);1B$,+�4ED _ 7�'�<;K,'�76-�)0* d Name of the�6W�C�);1B$�+�4ED _ 7�'�<;K,'�79-�)0*
.LB)�)�' i C��K�+6*�C=�*8+9(�(�C0* X[ZB7�'�49C

Write trigger information.LB)�)�' i C��K�+6*�C=879(�(8+E:B(gX[ZB7�'�49C
Write tagging information.

A few more options are available for online use:

LB)�)�'RQ�46C i +�<;/,].:,'�+;:BC 2 �;$�XhZB7�'�49C
Use of online Rich PID.LB)�)�'RQ�46C�];:�'�+E:8C _ 7�') XhZ�7�'�49C
Use of online calorimeter.

Note that
$BCB<0793 _ /�7�+;:�V�=0K�D�'C

may also be used in an online HLT environment: using

as geometrical tool the
=�*�($�+�4bD _ 7�'�<EK�'�79-�)*

and by telling the 2 %�O�)�<�79-�)0* tool where to

look for the reconstructed primaries.

5 Warning

Please note the following warning: GAUDI has not been designed to be “programmed by

options”. There is no sanity check for options (yet). For instance the following typos would

lead to a stop of execution because a tool or algorithm is not found, or because an option

is not found:

5�5 =�3D8) +;:[S876`�C i CB49)6:�7.:�<CB4m?
kC� 2 *�CB49C�' 0 >�r6$ 2 + lySBC;1�L8C*�4 u�X� d S,76`�C i C849)6:�:,7.:�<9C8456$�a�)0* 2 *�CB46C�' 0 >Br.$ 2 + d � v5�5 =�3D8) +;:[\,+;:�a,+�'6-�C* _ *8+6-�C0*,+9)9: ?
$�a�)* 2 *�C846C�' 0 >Br.$ 2 +mln$87.KB(9/�-�C0*�a,+'9-�C*Il k0C�'0C�<6-B+)9:�4 X� d \�u ?�\�+;:�Z8+0'9-�C* _ *,+6-�C0*8+)9: d � v
5�5 =�3D8) +;:[S,+;:-� 2 40+9(9:�+9Z@?$�a�)* 2 *�C846C�' 0 >Br.$ 2 +mln$87.KB(9/�-�C0*�a,+'9-�C*Il 2 %$� 2 a,+'9-�C* _ *,+;-�C*,+6)9:�lyS,+E:�+bD�40+9(6:�+9Z X p�l v

On the other hand the following typos in instance names will simply be ignored and not

produce any warning:
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G/���/07�+�%���+&�-���)+0 $� ��������� � � ��	
� 2 �%���������%����� � �8!��%����)+#+� �10��������1&�-	���)10%$62 .#� ��� ��� �
� � 61.�,%� $ � )+#+� �10��������+&�-��>�)+0%$1>+? ('4"$+� &�$ �%� 
 $'&/&1�%� $ ���%�����	� �
)+#+� �10��������+&�-��>�)/,"$#� )%��7 ��4+(�� �/#%$�&�(+����� G��+&/��! (%$����8� 	
� 23� � � � $*�+# $'&�(�����3 �%$�(+� � $�����2�.#�
� � 6'4"$+� &+$*��� $+� !����7�+��!�(��
)+#+� �10��������+&�-��>�)+0%$#� )%��7 ��4+(�� �/#%$�&�(+����� G��+&/��! (%$����8�

�+	
� 2 ,"$ � � �"$*�+# $�&�(�����3�� $�(+� �%$���� ��0%$ �"$ ��2 .#�
� � 61.�,%� $ � 0 $D�"$*� >+? ('4�� !*7�( 
 $'&/& �%� $ ���%�����	� �
)+#+� �10��������+&�-��>�)+0%$#� )%��7 ��4+(�� �/#%$�&�(+����� , $ �"$ � � �"$ �"$ ,���$ ���"$ � 	 �;���

We are well aware that this is not a very user-friendly situation, but we consider it tem-

porary. For the mid-term an ”option spell-checker” is under study. For the longer term

we expect that the HLT will be steered either by an additional layer of ,�.1(�4%��� that would

generate the options, or directly by a �+��7���$�0/.1('4���� script.

6 Conclusion

The development of the HLT has triggered the writing of new generic selection algorithms

and tools that can be used both on- and offline. The use of these tools (may it be by config-

uring everything by options or just by using the filter criteria from a )�
��&��1� �%$�('4�� ) ensures

a maximal use of similar tools—and hence correlation—of all stages of the selection: HLT,

stripping and final selection.

This is a way of maximising total efficiencies by minimising cross-inefficiencies. It also

reduces the systematic errors related to the measurements of these cross-inefficiencies.

The present design has been optimised for a quick development of the HLT and we

are well aware of its limitations, mainly related to the absence of any sanity check. These

tools are bound to evolve with time, as well as the present note.

Appendix

A �����������
	����������
	 and Photons

The photon being a neutral particle its origin cannot be determined and hence its direction

is poorly defined. Photons are therefore arbitrarily created at the origin of LHCb’s refer-

ence frame and pointing to the corresponding electromagnetic calorimeter ECAL clusters

allowing in this way to reconstruct the momentum 4-vectors based on the energy of ECAL

clusters.13

The �1�"!������ (��
+� �1(+�+9'# $�(/(���� has been revisited to prevent the use of photons14 directly

in the vertex fit. Using the 0'4��'(�����0������ � � tool, the photons’ parameters are re-evaluated at

a reference vertex previously obtained by fitting charged tracks or composite particles.15

13A direct consequence of this definition is that photons should not be used in a vertex fitter: they should

not contribute to the determination of the position of a vertex. However, offline selections used to abuse the

fitter by considering the photon as a particle with well-defined direction: the photon is first transported to a

given vertex and then fitting all the particles originating from this vertex a composite particle is created. This

way of creating composite particles involving photons originates from the fact that the only way of associating

particles to a composite is through its vertex.
14From now on, what we call photons are �����������/=+(16 of the type � &�*��1�)�4*1(+: !�,��/()��� , i.e. they were created

from a particle maker. Conversion photons are treated as composite particles.
15Note that the original photons are modified by the tool, hence their parameters may differ when retrieved

later in the code.
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The updated photons are then simply added to the vertex’s decay products in order to get

the correct invariant mass for the newly formed composite particle.

As a result of this new implementation, the �1�"!����8� (��
����1(+�+9/#%$�(/(�� � can no longer be

called only with photons (as it used to be the case in previous versions) to create particles

only decaying to photons, such as � ����� or 	 � ����� . The �/�8!������*(7�	
�� �/(��:9/# $ (1(+� � now

has the following features:

H When fitting only one composite particle with photons (e.g. � � � E�� ), the vertex is

not re-fitted but instead the existing vertex is used to attach the additional photons;16

H This fitter is no longer limited to one level of recursiveness but looks for all the

descendants to be used for the fit (long-lived particles, resonances’ decay products)

and updates all the photons’ parameters to the resulting vertex;

H New option ���1�+& �8����)%��7 ��4+(�� � � 	 (��'7%� : by setting this option of the �/�8!������*(7��>

�� �/(��:9/# $ (1(+� � to

� �1&���� , the fitter will ignore all the descendants of the particles to

fit.

With these modifications, �����������������%���"!��%� can ignore if the required decay involves

photons. However for the special case of particles only decaying to photons, ��������>
���%����� � �8!���� can create such particles through the option ���'('4�� �/6��'5��� ��8��� .

We give typical examples of decay channels involving photons below.

A.1 Examples of decays involving photons

The simplest example is that of � � � E�� . The configuration of �%���������%����� � �8!��%� is identical

to the case without photons. If - ���0�48$���� �	�8� is an instance of �%���������%����� � �8!��%� , then to

get all the E�� combinations one just needs the following option:

-"���0'4"$ ��� ��"��� )���!���./)��%�'!�� $ ,�(1� �1	=2 -������">�? ,/48$8� � �7� � ��� ��8� 24�

�%���������%����� � �8!��%� can also create composite particles only decaying to photons, such as

� ����� . This is done using the ����('4%���16+�'5��+� �	�8��� property. The code will combine the

required number of photons, create the resulting composite particle whose vertex is set at

the origin of the reference frame. The photons parameters are not re-evaluated since the

mother particle is created at the origin, but they are just added to the mother’s vertex.

An example of use is illustrated in the selection of � ��� @�BDC�� ( ��� ). The � is created

with:

��,1,%&�$1!���(%$����1� � ��� 6+��, ��&�� �+	
� 2 �%���������%����� � �8!��������1(�����	�/#1� �1- � ��*,"�/$��1(+�7��+� �	�8� ��� �� � 2�.��
�/(������'#����1-"� �� ,��/$��1(��7��+� ���8����� ��8��� 0�4�.%�*)��%� �+(���, � 2 �',17+(�/1��!'��(%$����"� 	

� 2 0�4�. ����0�4%��(����8� #+� �1- ����*,��'$��'(�������;2�.��
�/(������'#����1-"� �� ,��/$��1(��7��+� ���8����� ��8��� )���!���.')����/!��%$ ,+(�� �1	=2 ��(��">�? �+� �	�8� ��� ��"� 24�
�/(������'#����1-"� �� ,��/$��1(��7��+� ���8����� ��8���	� $*���+��
1	�� � � � � ����
 �
�/(������'#����1-"� �� ,��/$��1(��7��+� ���8����� ��8��� ���'(�4%���161�'5��+� �	�8�+� 	 (7��7%���

with a mass cut of �
	�� ����� applied around the � nominal mass. One gets the final

� � candidates by combining these � with existing @�BDC in a different instance - ���� ,��'$:>
�/(��7���� ��8����� ��8� of �%���������%�����%���8!��%� :

16This is also an abuse of the vertex fitter that should disappear, but needs a modification of the physics

event model.
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-"� ��*,8�/$��1(�����+� ��"���+� ��"��� )���!���.')����/!�� $ ,�(�� �1	=2 -������<>�? ��� ,��'$;� � G � �'(�� 24�

where the vertex of the � � is actually the @+BDC one, vertex at which the photons from the �
are re-evaluated in order to get the correct � � momentum-vector. Note that �%���������%�����%���8!��%�
does not re-compute the � momentum components and covariance matrix with the dis-

placed photons and its vertex remains at the origin. It is up to the user in a private

analysis algorithm to retrieve the selected candidates and take corrections properly into

account. In this example, the decay tree will look like:

5�� � � � � 0 
��
����
 ����
 ����
 ��

-������ ��� � ����� ��� � ��� � �/��� �7� �����;��� � ������
�!>�>�?���� ,��/$8� � G � ���>� ����� ��� � ���7��� �� ��� ������� � � ������� ��>�>+? �+7�� � �� �>���!�� � �>��� ��� � �> �>������� ���!��� ��>�>+? �+76>  � ��� ���!� � � �>��� ���  � ��� ��� �� �� �>�
�!>�>�?'�'(�� ������ ��� �> ��� � � ��� ���7���>��� ��� ��� � �
��>�>+?��+� ��"� �7��� � �;��� � � � � � �7��� � �;��� � ������
��>�>+?��+� ��"� ����� �;� �> >� � � � ����� �;� �> ������
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