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1. INTRODUCTION
1.1 SCOPE OF THE DOCUMENT

The am of this document is to provide the specifications of the Leve-1.5 Trigger dgorithm
for the Gamma- Ray Imaging Detector (GRID) of the AGILE Instrument.

1.2 ACRONYMS

AC Anti- Coincidence system
FTB Front-End and Trigger Board
FEF Front-End Freeing
GRID Gamma- Ray Imaging Detector
LUT Look-Up Table
ST Silicon Tracker
TC TdeCommand
M 1-Mairix logic
2M 2-Matrix logic
Any information contained in this document is property of the AGILE TEAM DWG

and is strictly private and confidential. All rights reserved.
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2. APPLICABLE AND REFERENCE DOCUMENTS

2.1 APPLICABLE DOCUMENTS

AD [1] AGILE-DWG-S5-002 Issue 7
AD [2] AGILE-AST-TN-009 Issue 2

2.2 REFERENCE DOCUMENTS

RD [1] AGILE Phase A Report
RD [2] AGILE Phase C/D Technical Proposal — Executive Summary
TL16397 — Issue 2 (LABEN)

2.3 DOCUMENT PRIORITY
A priority in the goplicability of documentsis established as follows:

1. PIL System Requirements
2. Current Document

3. Applicable Documents

4. Minutes of Mesting

In case of conflict among technical materia contained in these documents, the highest rank
document shall have the precedence.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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3. GRID LEVEL-1.5TRIGGER

3.1 GENERAL

URS-3.1.1 The Levd-15 trigger shdl be implemented in order to reect the charged
particles (mostly protons, dectrons and positrons) penetrating from AC laterd
pands. The adgorithm shdl use the information of dl the triggered TAAls and
the AC laerd dde dgnds (the ORs of the three trigger dgnds related to the
same AC lateral Sde).

URS-3.1.2 The trigger bits of the TAAls beong to the X and Z projections shdl be
aranged in two matrices X and Z as shown in Figure 1. The trigger bits shdl be
disposed in the matrix in the same order of the chips in the ST detector.
Furthermore, the information of each matrix shal be completed with the trigger
bits of the two AC laterd ddes having the plagtic pands pardle to the drips
direction (see Figure 2).

URS-3.1.3 TheLevd-1.5 trigger is composed by the following processing steps.

[) A Leve-1.5 Access Procedure checking the AC and FTB trigger bits.

[I) Three different trigger dgorithms carried out in pardld and processng the
triggered TAA1 maps and the AC trigger bits:

I1.L1) a NEAR dgorithm verifying the presence of fired TAAL close to the
fired AC laterd Sde;

[1.2) a COEF dgorithm evauating the sze of the ST area covered by the
detected track;

[1.3) a DIS dgorithm evduating the dope of the track respect to the fired
AC latera Sdes.

[I1) An output trigger logic which combines in a suiteble way the partid triggers
in order to carry out the Level-1.5 Trigger.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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Figurel—The X and Z matrices.
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Figure2—-The X and Z trigger bitsand therelevant AC lateral sides (see AD[2)).

3.2 LEVEL-1.5 ACCESS PROCEDURE

URS-3.2.1 At the beginning of the Leve-15 trigger stage, the configuration of the fired
AC laerd sdes and the configuration of the active View Trigger Strobes the
srobes generated, for esch projection, by the “mgority trigger logic’; see
AD[1]) shdl be checked in order to carry out the proper trigger processing.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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URS-3.22 Two kinds of Leve-15 trigger logic, disinguished by different input deta,
are foreseen:

1-MATRIX (1M) Logic — the processing involves ether the X matrix or the
Z marix separatedly with the rdevant AC laterd
trigger bits.

2-MATRIX (2M) Logic — the processng involves both the X and Z matrices
and dl thefour AC laterd trigger bits.

URS-3.2.3 The Leve-15 Access Procedure, aimed to assign to each event the proper

trigger logic, shdl be peformed according to the following rules (see Figure
3):

1) If only one AC laterd side is fired and the rdevant View Trigger Strobe is
active, a 1M Logic shdl be gpplied conddeing the matrix in
correspondence with the fired AC laterd side.

2) If two adjacent AC latera ddes are fired and both the View Trigger
Strobes are active, a 2M Logic shdl be applied consdering both the X and
Z matrix.

3) If two adjacent AC latera sdes are fired and only one View Trigger
Strobe is active, a 1M Logic is applied conddering the active strobe
corresponding matrix.

4) If only one AC laterd side is fired and the relevant View Trigger Strobe is
inactive, the trigger processng shdl be interrupted and the FEF shal be
activated.

5) In all other cases, as determined by TC, the event rejection or the FEF
procedure shdl be started.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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Figure3—TheLevel-1.5 Access Procedure L ogic.
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3.3 2-MATRICES TRIGGER LOGIC

3.3.1 GENERAL

URS-3.3.1.1 The trigger logic shall be able to extract, from the X and Z matrices, the sub-
matrices X and Z determined, as shown in Fgure 4, by the first and the last
rows with eements different to zero. Such rows, labelled by fix/ifrz and jix/ii;
respectively, are rdated to the first and the last fired ST views.

URS-3.3.1.2 The trigger logic shdl be adle to process the sub-matrix data in order to carry
out in pardld the NEAR, the COEF and the DIS dgorithms as shown in

Fgure5.
XL X112 Z0 0 e 2112 itrs
................................................... ) ifrx
................................................... < : o
I|fX ................................................... ilrz
F A X Zp12
X Iyl first fired row 7
Il 1ast fired row
Figure4 — The X and Z sub-matrices.
Any information contained in this document is property of the AGILE TEAM DWG

and is strictly private and confidential. All rights reserved.
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3.3.2 NEAR TRIGGER ALGORITHM

URS-3.3.2.1 X-NEAR Trigger. The NEAR trigger logic shal be able to check (processng
the trigger bits of the sub-matrix X) the presence of triggered TAAL in the
first nx ST columns closest to the fired AC lateral side.

URS-3.3.2.2 Z-NEAR Trigger. The NEAR trigger logic shdl be able to check (processing
the trigger bits of the sub-matrix Z) the presence of triggered TAAL in the
first nz ST columns closest to the fired AC laterd Sde.

URS-3.3.2.3 Thenx parameter shall be programmable by TC.

URS-3.3.2.4 Thenz parameter shal be programmable by TC.

URS-3.3.25 TheX-NEAR and Z-NEAR Trigger stages can be disabled separately by TC.

3.3.3 COEF TRIGGER ALGORITHM

URS-3.3.3.1 The COEF trigger logic shdl be able to identify (processing the trigger bits of
the sub-matrix X) the ST columns containing the closest and the farthest
triggered TAA1 from the fired AC laterd sde. The rdevant columns in the
matrix X shal belabeled by theindex jiex and jicx respectively.

URS-3.3.3.2 The COEF trigger logic shal be able to identify (processng the trigger bits of
the sub-marix Z) the ST columns containing the closest and the farthest
triggered TAA1 from the fired AC laterd sde. The rdevant columns in the
metrix Z shdl belabelled by the index jsc; and jic, repectively.

URS-3.3.3.3 The COEF trigger logic shdl be able to caculate the following quantities:
DW, =iy - i
DZ, =i - iod
DW, =i, - i,

DZZ :|jfcz - jlcz|

Theresulting DWy, DZx, DW, and DZ, shall be coded by 4-bit words.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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URS-3.3.3.4 The COEF trigger shdl be carried out reading a dedicated Look-Up Table
(LUT) with a 16-bit address composed by the 4-bit words DWy, DZy, DW, and
DZ, disposed in afixed order.

URS-3.3.3.5 The COEF LUT shdl be programmable by TC.

URS-3.3.3.6 The COEF Trigger stage can be disabled by TC, i.e, the reading of the COEF
LUT by-passed and the COEF Trigger forced to the inactive state.

3.34 DISTRIGGER ALGORITHM

URS-3.3.4.1 The DIS trigger logic shdl be adle to cdculate (processng the trigger bits
belong to the sub-metrix X) the distance DISyx on the firg fired view and the
distance DISyx.on the last fired view between the closest triggered TAAL and
the fired AC laterd dde. Such digances shdl be evaduated consdering the
number of TAAL

URS-3.3.4.2 The DIS trigger logic shdl be able to caculae (processng the trigger bits
belong to the sub-matrix Z) the distance DISy on the firgt fired view and the
distance DIS,;.on the last fired view between the closest triggered TAAL and
the fired AC laerd sde. Such distances shdl be evauated congdering the
number of TAAL

URS-3.3.4.3 The evduated DISx, DISyx , DISy; and DIS,; shdl be coded with 4-bit
words.

URS-3.3.4.4 The DIS trigger shdl be carried out reading a dedicated LUT with a 16-bit
address composed by the 4-bit words DISyx, DISvx . DISy; and DISy;
disposed in afixed order.

URS-3.3.45 TheDISLUT shdl be programmable by TC.

URS-3.3.4.6 The DIS Trigger stage can be dissbled by TC, i.e, the reading of the DIS
LUT by-passed and the DIS Trigger forced to the inactive State.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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34 1-MATRIX TRIGGER LOGIC

In the following, we cal “processed ST projection” the X or the Zprojection identified by
the Access Procedure defined in section 3.2.

34.1 GENERAL

URS-34.1.1 In cae that the Leve-1.5 Access Procedure selects a 1M Logic, the
processng foreseen for the 2M Logic shdl be gpplied with the differences
described here below and shown in Figure 6.

342 NEAR TRIGGER ALGORITHM

URS-3.4.2.1 The NEAR trigger logic shdl be able to carry out the NEAR Trigger, related
to the processed ST projection, with the same agorithm described in section
3.3.2.
The NEAR Trigger, rdated to the orthogona projection, shdl be left in the
inactive Sate.

34.3 COEF TRIGGER ALGORITHM

URS-3.4.3.1 The COEF trigger logc shdl be able to caculate the quantities DW and DZ,
referred to the processed ST projection, with the same adgorithm described in
section 3.3.3.
The couple of parameters DW and DZ, relaed to the orthogond ST
projection, shal be set to zero.

URS-3.4.3.2 The COEF trigger shdl be caried out, as for the 2M Logic, reading the
COEF LUT with an address composed as required by the URS-3.3.3.4.

344 DISTRIGGER ALGORITHM

URS-3.4.4.1 The DIS trigger logic shdl be able to caculate the distances DIS, and DIS,,
referred to the processed ST projection, with the same agorithm described in
section 3.3.4.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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The couple of parameters related to the unprocessed ST projection shall be set
to zero.

URS-3.4.4.2 The DIS trigger shdl be caried out, as for the 2M Logic, reading the DIS
LUT with an address composed as required by the URS-3.3.4.4.

3.5 OUTPUT TRIGGER LOGIC

URS-35.1 The Leve-15 Trigger shdl be carried out reading a dedicated LUT with a
5-bit address composed, in a fixed order, by the X-NEAR trigger bit, the
Z-NEAR trigger bit, the COEF trigger bit, the DIS trigger bit and one bit
which shdl sgnd the gpplication of a1M Logic.

URS-35.2 Theleve-15 Trigger LUT shdl be programmable by TC.

Any information contained in this document is property of the AGILE TEAM DWG
and is strictly private and confidential. All rights reserved.
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2-MATRIX LOGIC

Consider both matrices (X and Z)

v

X AND Z SUB-MATRICESDETERMINATION.

Search for thefirst fired row is,/i, and the last fired

row i Irx/i Irz-

v

A 4

NEAR

Check in the first n columns of

the Sub-matrices X and Z

closest to the fired AC laterd
sides the presence of triggered
TAAL

COEF DIS

Search for the columns of the| [Calculate  the  distances
Sub-matrices X and Z containing| [PlSwe DIS, and DIS,,,
the closest and the farthest| [PIS,, of the closest triggered
triggered TAA1L from the fired | [TAAL from the fired AC
AC lateral Sides (j;o, jioc @d jro | [8tEra sides on the first and
Jicz)- the last rows of the Sub-
matrices X and Z.

X-NEAR Z-NEAR + -
Trigger Trigger EVALUATE:
Dszlj_I cx'j'fcxl szzl'i va'_i fvxl
IJ/szl-llcz_chzl Dzzzlllvz-lfvzl
v v
e Read the COEF Read the DIS
Look-Up Table Look-Up Table
COEF Trigger i DIS Trigger l
\4 \4

Read the LEVEL 1.5 TRIGGER
Look-Up Table

Figure5-The2-MATRIX Logic.
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1-MATRIX LOGIC

Consider only the fired AC
corresponding matrix (X or Z)

v

X OR Z SUB-MATRIX DETERMINATION.

Search for thefirst fired row i;, and
the last fired row i ,.

v

NEAR

Check in the first n columns of
the Sub-matrix X or Z closest
to thefired AC laterd sidethe

\ 4

v

COEF

Search for the columns of the| |Cdculate the distances DIS;,
Sub-matrix X or Z containing| [and DIS,, of the closes
the closest and the farthest| [triggered TAA1 from thg

DIS

presence of triggered TAAL. | | triggered TAAL from the fired | |fired AC lateral side on the)
AC lateral sides (jc, |10)- first and the last rows of the
Sub-matrix X or Z.
X-NEAR Z-NEAR ¢ -
Trigger Trigger EVALUATE:
DW:IjIc‘jfcI Dzzlilv’ifvl
v v
1M Logic
Flag Read the COEF Read the DIS
Look-Up Table Look-Up Table
COEF Trigger i DIS Trigger l
v
Read the LEVEL 1.5 TRIGGER
Look-Up Table
Figure6—-The1-MATRIX Logic.
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