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1 Introduction44

This document describes the Fibre Optic Exchange (FOX) system, which takes the fibres from the LAr45

frontend and connects them to the L1 Feature Extractor (FEX) modules, including any required mapping46

between the two.47

The LAr calorimeter upgrade is described in detail in the ATLAS Liquid Argon Calorimeter Phase-I48

Upgrade Technical Design Report [1]. The current building block of the LAr calorimeter readout at49

trigger level is based on the so-called “Trigger Tower”. Trigger Towers (TT) are formed of the sum of50

energies deposited in cells across longitudinal layers in an area of ∆η × ∆φ = 0.1 × 0.11. During the51

phase-I upgrade the LAr trigger readout granularity will be increased and the new building block is called52

“Super Cell”. Super Cells (SC) have different sizes depending on the detector area. For the purposes of53

the FOX design, only the η-φ coordinates of these building blocks are important, so TT and SC will be54

used interchangeably.55

The geometrical coverage of the detector and various relevant modules are described in Sec. 2, followed by56

details about the mapping in different regions of the detector in Sec. 3. The hardware description, as well57

as details for the ribbons, mapping modules, and connectors, is described in Sec. 4. The sub-assemblies58

are furthered detailed in Sec. ??, and the FOX assembly as well as handling procedure as presented in59

Sec. 6. Finally, the timeline and testing procedures are presented in Sec. 7, followed by general conclusions60

in Sec. 8.61

2 Geometrical Coverage62

2.1 Naming Conventions63

This section describes the TT in different areas of the LAr calorimeter. The geometries of the LAr64

calorimeter are described in the original LAr TDR [2], where Fig. 10-3, 10-4 and 10-5 summarise the65

individual cells and the TT in the EMB, EMEC and the HEC, respectively.66

The EMB, EMEC and HEC calorimeters are divided into 8 analogous parts called octants. A quadrant67

covers the positive or the negative η area with ∆φ = 2π
4 . The first quadrant starts at φ = 0. The TT naming68

convention is of the form IηLφ where Iη is a number representing the η position of the TT while Lφ69

represents the φ position. The mapping between Iη (Lφ) and the ∆η (∆φ) ranges depends on the detector70

area. The Iη indices are summarised in Tab. 1 while the Lφ indices are summarised in Tab. 2.71

2.2 LATOME and TREX Types72

TheLArTrigger ProcessingMezzanines (LATOMEs) boards, also known asAMCs (AdvancedMezzanine73

Cards) form the bulk of the output fibres from the backend electronics (BEE) that have to connect to the74

FOX, as well as a smaller number of Tile Rear Extension (TREX) modules. This section describes the75

geometric coverage of the LATOMEs and TREX modules, as well as their fibre ordering, as sent from the76

BEE. Detailed information about LATOMEs can be found in Ref. [1].77

1 the trigger tower size is different in some specific area of the detector especially in the forward regions

October 2, 2017 – 23:20 3
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Iη EMB TREX EMEC HEC FCAL
1 0.0-0.1 0.0-0.1 1.4-1.5 - 3.2-3.6
2 0.1-0.2 0.1-0.2 1.5-1.6 1.5-1.6 3.6-4.0
3 0.2-0.3 0.2-0.3 1.6-1.7 1.6-1.7 4.0-4.4
4 0.3-0.4 0.3-0.4 1.7-1.8 1.7-1.8 4.4-4.9
5 0.4-0.5 0.4-0.5 1.8-1.9 1.8-1.9 -
6 0.5-0.6 1.9-2.0 1.9-2.0 -
7 0.6-0.7 2.0-2.1 2.0-2.1 -
8 0.7-0.8 2.1-2.2 2.1-2.2 -
9 0.8-0.9 2.2-2.3 2.2-2.3 -
10 0.9-1.0 2.3-2.4 2.3-2.4 -
11 1.0-1.1 2.4-2.5 2.4-2.5 -
12 1.1-1.2 2.5-2.7 2.5-2.7 -
13 1.2-1.3 2.7-2.9 2.7-2.9 -
14 1.3-1.4 2.9-3.1 2.9-3.1 -
15 1.4-1.5 3.1-3.2 3.1-3.2 -

Table 1: Iη indices and the corresponding |η | ranges for the various LAr calorimeters. The same indices are used
for positive and negative values of η.

Lφ EMB and EMEC(Iη<12) EMEC(Iη≥12) HEC(Iη<12) HEC(Iη≥12) FCAL
A 0.000-0.098 0.000-0.196 0.000-0.098 0.000-0.196 0.000-0.393
B 0.098-0.196 0.196-0.393 0.098-0.196 0.196-0.393 0.393-0.785
C 0.196-0.295 0.393-0.589 0.196-0.295 0.393-0.589 0.785-1.178
D 0.295-0.393 0.589-0.785 0.295-0.393 0.589-0.785 1.178-1.570
E 0.393-0.491 0.785-0.982 0.393-0.491 0.785-0.982 1.570-1.963
F 0.491-0.589 0.982-1.178 0.491-0.589 0.982-1.178 1.963-2.356
G 0.589-0.687 1.178-1.374 0.589-0.687 1.178-1.374 2.356-2.748
H 0.687-0.785 1.374-1.570 0.687-0.785 1.374-1.570 2.748-3.140
I 0.785-0.884 - 0.785-0.884 - 3.140-3.533
J 0.884-0.982 - 0.884-0.982 - 3.533-3.926
K 0.982-1.080 - 0.982-1.080 - 3.926-4.318
L 1.080-1.178 - 1.080-1.178 - 4.318-4.710
M 1.178-1.276 - 1.178-1.276 - 4.710-5.103
N 1.276-1.374 - 1.276-1.374 - 5.103-5.496
O 1.374-1.473 - 1.374-1.473 - 5.496-5.888
P 1.473-1.570 - 1.473-1.570 - 5.888-6.280

Table 2: Lφ indices and the corresponding Φ ranges for the various LAr calorimeters. One quadrant is represented
for the EMB,EMEC and HEC; The other quadrant have the same structure. The full Φ range is presented for the
FCAL.

October 2, 2017 – 23:20 4
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There is only one type of TREX module, which is used in the central hadronic region (0 < |η | < 1.6),78

and covers ∆Φ = 0.785. There are 8 TREX modules in one quadrant. One can distinguish 5 types79

of LATOME boards depending on their geometrical coverage and their connection to the LAr Trigger80

Digitiser Boards (LTDBs), as well as the FEX modules after passing through the FOX:81

• EMB: This type of LATOME board is used in the central region of the EMB (0 < |η | < 0.8). It82

covers ∆Φ = 0.393 starting at Φ = 0. There are 4 LATOME boards of this type in one quadrant.83

• EMB/EMEC: This type of LATOME board is used in the EM region with 0.8 < |η | < 1.6. and84

∆Φ = 0.393 starting at Φ = 0. There are 4 LATOME boards of this type in one quadrant.85

• EMEC: This type of LATOME board is used in the central region of the EMEC (1.6 < |η | < 2.4).86

It covers ∆Φ = 0.393 starting at Φ = 0. There are 4 LATOME boards of this type in one quadrant.87

• EMEC/HEC: This type of LATOME board is used in the forward region of the EMEC (2.4 < |η | <88

3.2) and the full η range of the HEC in one quadrant. It covers ∆Φ = 0.785 starting at Φ = 0. There89

are 2 LATOME boards of this type in one quadrant.90

• FCAL1: This type of LATOME board is used to readout the electromagnetic FCAL (first layer)91

over the full Φ range. There is one LATOME of this type in each endcap.92

• FCAL2: This type of LATOME board is used to readout the hadronic FCAL (second and third93

layers) over the full Φ range. There is one LATOME of this type in each endcap.94

The different types of LATOME boards are summarised in Tab. 3.95

LATOME type Detector ∆Φ |η | # SCS # LATOME boards
EMB EMB 0.393 0-0.8 320 32
EMB/EMEC EMB,EMEC 0.393 0.8-1.6 320 32
EMEC EMEC 0.393 1.6-2.4 312 32

EMEC/HEC EMEC 0.785 2.4-3.2 80 16HEC 1.5-3.2 96
FCAL1 FCAL Layer 1 6.280 3.1-4.9 192 2
FCAL2 FCAL Layers 2&3 6.280 3.2-4.9 192 2

Table 3: Coverage and number of the various LATOME board types.

October 2, 2017 – 23:20 5
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2.3 FEX Modules96

This section summarises the coverage of the different FEX modules, as well as the number of modules for97

each of the FEXs as summarised in Tab. 4.98

FEX type Total Number MTP Connections per FEX
eFEX 24 4 x 48-way
jFEX 24 4 x 72-way
gFEX 1 6 x 48-way

Table 4: Number of each FEX type, as well as connections to each FEX.

2.3.1 eFEX99

The eFEX system receives trigger tower information from the LAr and Tile calorimeter. There are three100

eFEX modules per octant in φ, for a total of 24 eFEX modules. The connection to each eFEX is made via101

four 48-way MTP connectors. Each of these four connectors has a specific purpose and are named A-D.102

connector A sends the left-half of the central fibre coverage for that module, while connector B sends the103

right-half of the central fibre coverage for that module. For the other two connectors: connector C sends104

the overlap fibres for that module, and connector D sends all of the hadronic fibres, while connectors A-C105

only send EM fibres. Duplicate or “copies” are needed wherever the modules overlap. Fig. 1 summarises106

the geometrical layout of the eFEX in one octant.107

Figure 1: eFEX module geometrical coverage.

2.3.2 jFEX108

The jFEX system also receives trigger tower information from the LAr and Tile caloriemeter. There are109

six jFEX modules in total, and the connection to each jFEX is made via four 72-way MTP connectors.110

Each of these connectors covers a single quadrant in φ. 3 fibre duplicates are needed up to |η | < 2.0, and111

2 duplicates are needed for |η | > 2.0, while no duplicates are needed in the FCAL. Fig. 2 summarises the112

geometrical layout of the jFEXin one quadrant.113

October 2, 2017 – 23:20 6
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Fibres 1-4Fibres 1-4Fibres 1-4Fibres 1-4Fibres 1-4 Tile JEMTile JEMTile JEMTile JEM Fibres 5-8Fibres 5-8Fibres 5-8Fibres 5-8Fibres 5-8
Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape!Fibre 3 different shape! 3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs3 irregular FPGAs Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!Fibre 7 different shape!

8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies8 fibres * 3 copies
NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?NB inverted in phi!?

1 copy1 copy1 copy 1 copy1 copy1 copy

2 copies2 copies2 copies2 copies 2 copies2 copies2 copies2 copies

1 copy1 copy1 copy 1 copy1 copy1 copy

Issues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEXIssues with phi oriented jFEX

HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2HEC overlap towers will be missing from jets with core towers in 0.4 < |eta| < 1.2
(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)(those towers would be included on fibres covering 2.4 < |eta| < 3.2)
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Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.Instead of four fibres per 1.6 in phi (for Tile at phase 2) we need to use just three fibres.
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so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)so there is space for this plus up to 3 0.2*0.2 jet elements (also 8 bits)
With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)With 11.2 Gbit/s fibres this needs (24+3)*8=216 bits (plus 8 bit CRC makes 224 total)

The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2The extended eta coverage scheme requires TileCal to use "RODs" covering 0.4 in phi at phase 2

Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)Easier mapping for FCAL underuses fibres (12 channels per fibre not 16)
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Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2Only two copies are needed for fibres covering 2.4 < |eta| < 3.2
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Figure 2: jFEX module geometrical coverage.

2.3.3 gFEX114

The gFEX system receives information from the full calorimeter in a single module. The connection to115

the gFEX is made via six 48-way MTP connectors. Each of these connectors cover a different region in116

η − φ, and are named gFEX1-gFEX6. The connectors gFEX1 and gFEX2 send the EM fibres for -2.4117

< η < 0.0, and 0.0 < η < 2.4, respectively. The connectors gFEX3 and gFEX4 send Hadronic fibres for118

-2.5 < η < 0.0, and 0.0 < η < 2.5, respectively. The last two connectors, gFEX5 and gFEX6 send EM,119

Hadronic, and FCAL fibres for η < -2.5 and η > 2.5, respectively. No duplicates are needed, but the FOX120

will provide a 100% copy for redundancy reasons as this is feasible for gFEX. The geometrical center of121

energy deposits is needed in the central region of the EM calorimeter (|η | < 2.4). Fig. 3 summarises the122

geometrical layout of the gFEX in one octant.123

Figure 3: gFEX module geometrical coverage.

2.4 Fibre Usage124

The LATOME boards will send individual SC information to the eFEX modules and TT information to125

the jFEX and gFEX modules. In the central region of the detector (|η | < 2.5) TTs of size2 0.1×0.1 are126

sent to the jFEX3 while large TT of size 0.2×0.2 are sent to the gFEX. The EMEC and HEC have coarse127

granularity in the forward region; in this region TT of size 0.2×0.2 are sent to both the jFEX and gFEX.128

2 an approximate size for the TTs is used. For example the ∆Φ coverage for one TT in the central region is 0.098 (see Tab. 2)
but it is rounded to 0.1 for simplicity.

3 There is a discussion about sending 0.2×0.2 TTs to the jFEX in specific detector regions. This possibility is not yet considered
here.
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In some regions of the detector, TTs of size 0.1×0.2 in η × Φ are sent to the gFEX as detailed below. In129

the FCAL individual SCs are sent to the jFEX while TTs are built and sent to the gFEX.130

The FEX modules geometrical coverage is described in Figs. 1, 2, and 3. Channels at the edges of the131

FEX modules are also sent to the adjacent modules as explained in Sec. 3. The fibers containing channels132

at these edges are duplicated and sent to different FEX modules. To reduce the number of output fibers133

the channels at the edges are grouped together when possible. A summary of the number of output fibers134

per LATOME type and FEX type is shown in Tab. 5 and explained in what follows.135

Number of Fibers (Unique) Channels per Fiber
LATOME type eFEX jFEX gFEX all eFEX jFEX gFEX
EMB0 30(16) 6(2) 1 37(19) 20 16 8
EMB1 20(16) 6(2) 1 27(19) 20 16 8
EMB/EMEC0 30(16) 6(2) 1 37(19) 20 16 8
EMB/EMEC1 20(16) 6(2) 1 27(19) 20 16 8
EMEC0 24(16) 5(2) 1 30(19) 18-20 16 8
EMEC1 16(16) 5(2) 1 22(19) 18-20 16 8
EMEC/HEC 15(10) 21(9) 4 40(23) 16-20 8-16 14-16
FCAL1 16 16 5 37 12 12 16
FCAL2 16 16 4 36 12 12 16

Table 5: Output fiber count and content for each of the LATOME types.

The first eFEX module starts at Φ = 0.196 and not at Φ = 0. This shift of two Φ “bins” allows to reduce136

the number of fibers to be duplicated in the forward region of the detector with a coarse Φ granularity.137

Thus the LATOME and eFEX module edges are not aligned in the Φ direction; the number of duplicated138

fibers depends on the Φ position for the EMB, EMB/EMEC and the EMEC LATOME boards. LATOME139

boards starting at Φ = 0 (labeled by the suffix TYPE0) will have more duplicates than the ones starting140

at Φ = 0.393 (labeled by the suffix TYPE1) and this alternating pattern is repeated at larger Φ values as141

described in Fig. 4. Fig. 4 also represents the content of different output fibers. Each output fiber contain142

SCs from two adjacent TTs in the η direction. In the forward region of the EM calorimeter (covered by the143

EMEC/HEC board) one fiber contains all SCs over the full η range (2.4 < η < 3.2) range for ∆Φ = 0.196.144

There is three unique eFEX output fibers in ∆Φ = 0.393 for the full η range in the HEC. The three fibers145

cover 1.5 < |η | < 1.6+2.4 < |η | < 3.2, 1.6 < |η | < 2.0 and 2.0 < |η | < 2.4 respectively with 16 channels146

each. While not currently needed, eFEX fibres are also provided from the FCAL.147

The jFEX module coverage is described in Sec. 3. Three copies of each channel is needed up to |η | < 2.148

Two copies are needed in the region 2 < |η | < 3.2. Only one copy is needed in the FCAL. Fig. 5149

describes the distribution of the TTs on the different fibers. In the central region (|η | < 2.4), 16 towers150

corresponding to the region η ×Φ = 0.4× 0.4 are sent on one fiber. The only exception is the HEC region151

with 1.5 < |eta| < 1.6; in this region 8 TTs covering ∆Φ = 0.785 are sent in one fiber. In the forward152

region (2.4 < |η | < 3.2), the 12 TTs corresponding to ∆Φ = 0.393 are sent on one fiber. In the FCAL 12153

TTs corresponding to one Φ “bin” are sent on one fiber. In this case the TTs in the second and third layer154

corresponding to the same Φ range are grouped in one fiber.155

The full calorimeter is covered by one gFEX module and thus the fiber duplication is not needed. For156

the EMB, EMB/EMEC and EMEC LATOME boards only one gFEX fibre is needed containing 8 towers157

corresponding to the region η × Φ = 0.2 × 0.2. For the EMEC/HEC LATOME the size of the gFEX158

towers depends on the region: It is η × Φ = 0.1 × 0.2 for the regions 2.4 < |η | < 2.5 and 3.1 < |η | < 3.2159

October 2, 2017 – 23:20 8
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Figure 4: Representation of the eFEX fiber content for the EM and HEC calorimeters. The different colors represent
the number of duplicates. Individual fiber content can be identified by different color shades. The geometrical
coverage of the LATOME boards is also shown. Only part of the LATOME coverage is shown for clarity.

in the EM calorimeter and the regions 1.5 < |η | < 1.6, 2.4 < |η | < 2.5 and 3.1 < |η | < 3.2 in the HEC.160

Otherwise the TT size is η × Φ = 0.2 × 0.2 as used in the central region. The TT size in the FCAL is161

under discussion.162
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coverage of the LATOME boards is also shown. Only part of the LATOME coverage is shown for clarity.
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3 Mapping163

3.1 Overview164

This section provides the details for the mapping of the fibres from the LATOMEs/TREXsto the FEXs,165

through the FOX. Fig. 6 provides an overview of the FOX system, which consists of 6 separate parts -166

called “FOX boxes”. Each FOX box has a different, but in some cases similar, internal layout. The FOX167

boxes called “LArFOX A” and “LArFOX C” deal with the EM and Had inputs from |η | > 2.4 and |η | <168

0.8, going to the eFEX on the A-side and C-side of the detector, respectively. The FOX boxes named169

“LArFOX B” and “LArFOX D”, then cover the EM and Had inputs from 0.8 < |η | < 1.6, and 1.6 < |η |170

2.4, respectively, going to the eFEX. Finally, the FOX boxes called “TileFOX E” and “TileFOX F” deal171

with the EM and Had inputs from across the detector coverage that need to go to the jFEX modules, and172

gFEX module. Where the other boxes cover all of φ in two η slices, these last two boxes cover all of173

η for half of the φ coverage each. Additionally, it should be noted that some of the FOX boxes provide174

through-put cables to another FOX box, to collect fibres efficiently before eventually being output to a175

FEX module. Fig. 7 shows an overview of which EM and Had LATOMEs/TREXsfirst enter into which176

FOX boxes. Table 6 provides an overview of the number of MTP connections in each connection plane177

for each box.178

Table 6: Number of MTP connections for each connection plane of the various FOX boxes.

Type LArFOX B LArFOX D LArFOX A/C TileFOX E/F Total
Front 48 48 38 32 236
First 32 32 24 56 224

Second 32 - 26 13 142
Back 24 28 38 18 164
Total 136 108 126 119 766

3.2 LArFOX A & C179

3.3 LArFOX B & D180

3.4 TileFOX E & F181

3.5 FOX Box Interconnections182

This section details the connections between the FOX boxes, and the connections from the FOX boxes183

to the FEXs. Fig. 12 shows the interconnections between the different FOX boxes. It should be noted184

that to optimise ribbon fibre usage, while minimising the number of connection interfaces, there are some185

instances of outputs being merged outside of the box. For instance, on the front panel of LArFOX A and186

LArFOX C, there are two sets of 4 outputs, which are combined into 2 outputs for the input to the front187

panel of TileFOX E and TileFOX F. This is achieved via a 2 x 24-way to 1 x 48-way connector cable. This188

is also the case for the front panel of LArFOX B and LArFOX D, as input to the front panel of TileFOX E189

October 2, 2017 – 23:20 11
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Figure 6: Overview of the FOX system, split into each of the separate components - called “FOX boxes”.

and TileFOX F. The same merging is also used to combine multiple sets of 24-way outputs from TileFOX190

E and TileFOX F, to the gFEX. This is because the gFEX expects a 48-way input, but needs inputs from191

both φ halves. Thus 24-way outputs are send from each of the TileFOX boxes, and combined via a 2 x192

24-way to 1 x 48-way connector, before connecting to the gFEX.193
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Figure 11: Schematic for the TileFOX E and TileFOX F.
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LArFOX_C LArFOX_B LArFOX_D LArFOX_A

TileFOX_E TileFOX_F

8

2

4

10

Key

FOX Interconnections

Front Panel
Back Panel

Figure 12: Interconnections between the different FOX boxes.
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4 Hardware, Ribbons, Mapping Modules, and Connectors194

4.1 FOX Boxes195

This section describes the FOX box construction, and includes details about the dimensions, as well as the196

layout of the front and back panels of each. The physical mechanical components are explained below, as197

well as the technical details and the physical implementation of the FOX boxes.198

As they relate to the physical implementation, the important points are:199

• The large-scale global mapping of the overall FOX system between the front-end electronics and200

the FEX systems, is broken down into 6 medium size logical mapping sections, the FOX boxes.201

• Themapping existing within each FOXbox is further broken down into small-sizemapping sections,202

the shuffle modules. There is a manageable total count of shuffle modules and a limited number of203

module types.204

• Each shuffle module type is specified by its input and output connectors along with the mapping of205

input fibre to output fibre.206

• The logical layout described above calls for up to 3 physical layers of shuffle modules inside each207

FOX box.208

The vendor we selected, Sylex, is using small plastic shuffle boxes to hold and protect the mapping area209

of the shuffle modules, as shown in Figure 13. The FOX box enclosures need to contain and protect these210

fairly fragile shuffle modules, as well as support all input, output and internal MTP optical connections211

between optical cables and provide internal cable management. We chose the LArFOX B box (see212

Figure 9) to design our prototype box. The intention was to choose a FOX box type which was neither the213

most complex nor the simplest nor the densest and which would include all the difficulties and challenges214

present in any of the other box types. We are using the LArFOX B details for our prototype while we215

expect the resulting design to also be the final production version of the LArFOX B box. We further216

expect that the other FOX boxes will be very similar, possibly with small variations, while differing only217

in panel connectors location and lettering.218

Chassis219

Each FOX box is specified as a "19 inch" rack-mount "2U" chassis, 60 cm deep. The 19 inch format is220

imposed by the rack system in USA15. The "2U" height (3.5 inch or 44.45 mm) is a compromise allowing221

sufficient front panel space to support all needed MTP connectors and internal depth for manual assembly222

and maintenance while limiting the overall vertical rack space necessary to house all six FOX boxes. The223

60 cm depth is a compromise between maximizing the usable internal volume for connecting 3 layers of224

shuffle boxes while still preserving enough space in the back of the rack for the management of bundles of225

optical cables coming from the detector electronics, bundles of cables going to the FEX crates and smaller226

bundles of cables interconnecting the 6 FOX boxes.227

We are purchasing commercial empty chassis which we will customize in theMachine Shop of the Physics228

and Astronomy department of Michigan State University. The supplier we have tentatively selected for229

its custom size catalog choices is Par-Metal [3, 4]. We plan to mill holes in the front and back panels230

for the input and output MTP barrel adapters 14. We may ultimately decide to replace the stock thinner231
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DRAWING

DIMENSIONS FOR REFERENCE
ONLY

THIRD ANGLE PROJECTION

Material:

METRIC/mm

Hickory, NC 
800-769-0944

www.usconec.com

Date:

S&M Part No.:

REV. DATE DESCRIPTION ECN

▲ DENOTES CRITICAL DIMENSION

C18872
1 1 

X1A3
4/19/2017

CASE, SHUFFLE
 

craigconradN.T.S.

USCONEC LTD. PROPRIETARY
THIS DOCUMENT AND THE ASSOCIATED DATA CONTAIN RESTRICTED

INFORMATION THAT IS USCONEC LTD. PROPERTY. DISCLOSE OR DUPLICATE FOR
OTHERS ONLY AS AUTHORIZED BY USCONEC LTD.

 

SEE TABLE

PRELIMINARY

X/XX/17
_

XXXX-xxX1

P/N DESCRIPTION
18872 CASE FOR RIBBON
18913 CASE FOR ROUND TUBING

83.5 TUBING CASE 

74.5 RIBBON CASE

9.50

40.636.00

n2.9 FOR 3 mm SHCS (2X) 41.3

1

2

 

Figure 13: Plastic shuffle box produced by Sylex.

steel back panel with a thicker aluminum plate. We plan to paint the case and anodize the front panel.232

We also intend to add silkscreen lettering for the identification of each FOX box type and each connector233

location. MSU will also design and manufacture some custom components described below to hold the234

shuffle boxes and assist with internal cable management. These internal components will be affixed to the235

bottom plate of the FOX box chassis.236

Shuffle Mapping Module Characteristics237

The shuffle mapping modules are composed of 3 sections, as shown in Figure 15. The middle section238

is the plastic shuffle box itself which holds and protects the fragile fibers being mapped from one set of239

connectors to another set of connectors. One side of the shuffle modules has shorter cables made of one,240

two, four or six 12-fiber ribbons terminated by a 12-, 24-, 48-, or 72-fiber MTP connector. These cables241

are comparatively stiffer. In particular they do not bend laterally with respect to the plane of the ribbons.242

Optical fibres in general are very fragile and this side of the module is the most constraining. It will need to243

drive some of the implementation choices. We call this the Ribbon side (or R side) of the shuffle modules.244

Please note that the ribbon side of a module may be used as the input or output side of a given shuffle245
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6496 9220 Beige Opposed 
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5306 12196 Gray Aligned

17872 17873 Red Opposed 
13770 13771 Magenta Opposed 
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17852 17853 Yellow Opposed 
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Dust Plug
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Plugs
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Key 
Orientation

MTP-RF-ADPT 12075 Black Opposed 
12197 12202 Beige Opposed 
12198 12203 Green Opposed 
9574 12204 Aqua Opposed 

12200 12205 Blue Opposed 
12035 12206 Gray Aligned
17874 17875 Red Opposed 
13850 13851 Magenta Opposed 
15661 15662 Mustard Opposed 
16701 16703 Heather Violet Opposed 
16775 16776 Munsell Violet Opposed 
17854 17855 Yellow Opposed 

1

1

2

2

3

3

4

4
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B B

TITLE
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SCALE
SHEET OF
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CUSTOMER
DRAWING

DIMENSIONS FOR REFERENCE
ONLY

THIRD ANGLE PROJECTION

Material:

METRIC/mm

Hickory, NC 
800-769-0944

www.usconec.com

Date:

S&M Part No.:

REV. DATE DESCRIPTION ECN

▲ DENOTES CRITICAL DIMENSION

C9857
1 1 

RB
3/23/2009

ADAPTER, MTP®, 
STANDARD FOOTPRINT 

J. WAKJIRA

SEE TABLE

SEE TABLE AT LEFT

N.T.S.

USCONEC LTD. PROPRIETARY
THIS DOCUMENT AND THE ASSOCIATED DATA CONTAIN RESTRICTED

INFORMATION THAT IS USCONEC LTD. PROPERTY. DISCLOSE OR DUPLICATE FOR
OTHERS ONLY AS AUTHORIZED BY USCONEC LTD.

FULL FLANGE

FULL FLANGE

REDUCED FLANGE REDUCED FLANGE

4.0

14.9

19.8

25.0

n3.1

9.8

19.8

4.0

14.9

9.8

18.9

20.0

DUST PLUG INSTALLED
ON END OPPOSITE SPRING CLIP
ON 'ONE DUST PLUG' VERSIONS

DUST PLUG INSTALLED
ON END OPPOSITE SPRING CLIP
ON 'ONE DUST PLUG' VERSIONS

15.1`0.1

20.0`0.1

10.1`0.1

1.75`0.15
PANEL THICKNESS

RECOMMENDED MOUNTING CUTOUT

R0.5 MAX OR
CORNER RELIEF

SEE 
NOTE 1

NOTE:
1.  RECOMMEND USE OF M2.5 OR 4-40 SCREW, OR SCREW W/ NUT,
     SCREW HEAD DIAMETER & NUT WIDTH ≤ 5mm. 
     (SCREW & NUT NOT PROVIDED).
     RECOMMEND 2in-lbf TORQUE FOR SCREW 
     MOUNT APPLICATIONS.
 

15.1`0.1

10.1`0.1

1.75`0.15
PANEL THICKNESS

R0.5 MAX OR
CORNER RELIEF

RECOMMENDED MOUNTING CUTOUT

PART MATERIAL
ADAPTER BODY POLYETHERIMIDE
SPRING CLIP STAINLESS STEEL
DUST PLUG POLYCARBONATE

DWG. CORRECTION ONLY, NO PART CHANGE:
19.8 was 19.6 [ZONE B4] myQ 12/3/15

P1 ADDED (Heather Violet) PNs: 16697, 16698, 16701 & 16703;
            (Munsell Violet) PNs: 16772, 16773, 16775 & 167764/27/15

RELEASEP 1780-mm7/6/15

1931-mm
5/19/16R1

CHG'D COLOR DESC FROM 'YELLOW' TO 'MUSTARD' FOR P/Ns
15659, 15660, 15661 & 15662; ADD'D YELLOW ASSY P/N'S 17852,

17853, 17854 & 17855;  P/Ns REPLACED: 17872 was 13569; 17873 was
13570; 17874 was 13571; 17875 was 13572

1780-mm

1/18/17 RELEASER

Figure 14: Sylex MTP connector footprint.

module within a FOX box, iėṫhe input or output from the point of view of the photons traveling inside the246

50 micron fibre cores. The other cable side of the shuffle modules has longer round cables with twelve,247

twenty-four, or forty-eight individual fibers covered with a protective over-tube stretching from the shuffle248

box to the terminating 12-, 24- or 48-fiber MTP connector. These cables are comparatively very flexible249

and can be easily routed to their destination without significant constraints. We call this the over-tubed250

side (or T side) of the shuffle modules. The over-tubed side of a module may be the input or output side251

of the shuffle module with respect to the FOX boxes and from the point of view of the photons.252

Rake Holders for Shuffle Boxes253

The shuffle boxes and all inter-connections need to be held in place for mechanical protection and to254

help during assembly, shipping and servicing of the FOX boxes. Each row of shuffle boxes will be held255

in place with a pair of custom-designed parts we call “rakes”, as shown in Figure 16. These rakes are256

made from thermoplastic stock material of the type sold under the trade name Derlin. One of these rakes257

will be attached to the bottom of the box chassis. A row of shuffle boxes will be held vertically in the258

grooves of the bottom rake and a second rake will be placed over the top and attached to the bottom rake259
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Figure 15: Sylex shuffle photograph.

at both ends. This will provide sufficient lateral and vertical spatial control of the row of shuffle boxes.260

If longitudinal control proves necessary, we will either make use of the grooves and notches present in261

the shuffle boxes or mill a perpendicular groove along the length of the rake and insert a rubbery strip262

for control by friction. The pitch of these rakes (the distance between shuffle boxes, center to center) is263

a critical design parameter as it control the density of shuffle boxes and drives the pitch of the front and264

back panel MTP connector placement. As described above, the ribbon side of the shuffle box is not very265

flexible and it is thus preferable to line up the shuffle box lateral placement with the lateral placement of266

the holes for the front panel MTP connectors.267

Thewidth of a front panel hole for anMTP connector is larger than the thickness of a shuffle box. Sufficient268

front panel material must also be allowed between neighboring holes to preserve the physical strength of269

the panel. Placing all MTP connectors side by side, with sufficient spacing, to hold 16 shuffle modules270

side by side as in the intended layout for LArFOX B would easily consume the whole front panel width.271

This would leave no room for the additional connectors needed on the front panel.272

Reducing this rake and front panel pitch requires finding a workaround to leave sufficient material between273

neighboring panel holes. We also need to keep each set of shuffle module ribbon connector holes on the274

same vertical axis to prevent lateral ribbon cable bending. The solution consists in raising and lowering275

every other set of front panel holes for form a staggered pattern. This adds no additional stress to the276

ribbon cables as this is in the plane these cable can more easily bend.277

The final pitch parameter was chosen to allow for 24 notches along the length of the rake. Up to 24 shuffle278

boxes could be held in one row, side by side. This means that the ribbon side connectors from all the layer279

of shuffle boxes nearest the front panel occupies only about two thirds of the front panel space. This leaves280

about one third of the front panel for all other necessary connectors. This particular choice of pitch helps281

further with two other aspects described below. A 3D rendering of the proposed front panel is presented282

in Figure 17.283

Longitudinal Positioning of the Shuffle Layers284

For the shuffle boxes positioned near the input or output side of the FOX box (iėṫhe first and the last layer)285

the ribbon side of the shuffle module will be connected to the front or back panel. The first and last layer286
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Figure 16: 3D rendering of the proposed shuffle box “rake”.

or row of shuffle boxes will thus be positioned at a common appropriate distance from the front and back287

panels. This distance needs to allow a human hand to plug and unplug the cables on the internal side of the288

panel. This distance needs to allow sufficient cable bending to allow this connection and disconnection289

without damaging the fibres. At this time it is not totally clear if we should minimize the ribbon side length290

or lengthened it enough to allow one loop of the flat ribbon bundle. The criteria we use are minimizing291

the distance from the shuffle box to the front panel and minimizing the risk of damage while assembling292

and servicing the modules in the box. An isometric view of LArFOX B is provided in Figure 18.293

The middle row of shuffle boxes cannot be placed in the middle of the FOX box chassis. This would294

not provide enough distance for connecting the cables from one row to the next as this needs to happen295

twice, once between the first and second row and again between second and third row. Instead we will296

position the middle row of shuffle boxes very close to the third row. This leaves sufficient space for cable297

management between the first and the second row. The connection between the second row and the third298

row would firs seem impossible, but it is made possible by two factors.299

The first enabling factor is the total count of 24 notches present on each rake while only 16 shuffle boxes300

are present in the second row and 8 shuffle boxes in the third row as show in LArFOX B figure XYZ.301
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Figure 17: 3D rendering of the proposed LArFOX B front panel.

We place the group of shuffle boxes from the third row between the two groups of 8 shuffle boxes from302

the second row, just like in the logical diagrams. This means that no shuffle box from the second row is303

directly in front of or inline with a shuffle box from the third row. There is thus no interference between304

input and output fibers from the second and third row.305

The second factor allowing the last two rows to be placed near each other is that the pitch of the rake306

holder leaves sufficient space between neighboring shuffle boxes for several over-tubed cables to be routed307

between neighboring shuffle boxes. The over-tubed cables out of the second row have enough room and308

no interference from the third row to loop back and squeeze laterally between their respective neighboring309

shuffle boxes and also vertically between the top and bottom rake holder components. The output of the310

second row can then loop again to meet and connect to the over-tubed side of the third row of shuffle311

boxes.312
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Figure 18: Isometric view of the proposed LArFOX B.

Comb Plates for Cable Management313

The initial and most natural idea was to create internal patch panels, complete with holes and MTP barrel314

connectors. Such internal panels would bring a number of downsides. There are more connectors between315

internal layers than panel connectors which would thus require a lot of surface area and interfere with the316

path of other cables. Needing to plug and unplug connectors through these internal panels would require317

allowing physical space on both sides of the inner panels for hand and finger access and potential stress on318

the cables. Internal intermediate panels were thus deemed too cumbersome, too constraining, and would319

have increased the chances of damage during assembly or later servicing. The only perceived advantage320

would have been related to cable management with labeling on the panels, while any lettering would have321

been hard to read once fully assembled. The FOX boxes can certainly benefit from mechanical assistance322

and internal cable management, but this is primarily a concern for cable ordering during assembly and323

holding cable in place during shipment.324

Instead of panels, we are designing and manufacture comb plates to attach to the bottom of the FOX boxes,325

as shown in Figure 19. The length of these coarsely toothed comb plates (finger-like) will be about one326

third of the width of the box. These plates will be positioned strategically to keep the cables internally327

ordered. All connector ends of all modules will be labeled by the manufacturer according to each type of328

mapping module. We can add our own additional identification labels with individual module numbering.329
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We can also use barrel connectors of different colors, and also label the barrel connectors themselves as330

needed.331

 0.63  0.38 

 2.00 
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 0.44 

 4.81 

2 x  0.17 THRU ALL

0.02 X 45°
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2 1

A

B

A
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12

Figure 19: Schematic of cable management within the FOX boxes, which uses coarsely toothed comb plates.

Current Status and Plans332

• Have produced a set of mechanical drawings describing the rake holders and comb plates as well as333

their anticipated position inside theLArFOXBbox chassis (see: https://web.pa.msu.edu/hep/atlas/l1calo/fox/hardware/drawings/mapping_boxes/).334

• Have ordered one unfinished 2U chassis from Par-Metal. Will closely examine this first bare chassis335

and confirm it can form a suitable basis for FOX boxes.336

• Will then make make any needed adjustments to the drawings. The MSU Machine Shop will337

produce one full set of internal rake and comb components.338

• Currently have 4 samples of shuffle modules from Sylex (2 at MSU and 2 at CERN) which will be339

used to test and optimize the position of the rakes and combs inside the box before we commit to340

the position of their mounting holes through the bottom of the box.341
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• Are also planning on obtaining another 10 non-functional shuffle module samples to help with342

envisioning an planning for the total volume and local density of over-tubed cables and connectors343

inside the box. We will request a few variations in the length of the ribbon side of the shuffle344

modules. This will help with finalizing the parameters for the eventual final PO to Sylex.345

• Will also use this intermediate step to verify or possibly adjust the location of the connector holes346

in the front and back panels. We will then produce one set of front and back panels for the LArFOX347

B.348

By the time the above is complete, we will have produced one FOX box prototype. This prototype will349

also be a near final LArFOX B enclosure, missing only its surface finishing and lettering. This will be and350

empty enclosure, waiting for the installation and interconnection of actual shuffle modules. We should351

also have ordered and received a subset of optically correct shuffle assemblies which we can install in352

this prototype. We can verify the correct mapping of all fibres through these individual modules and353

through a total of three layers of shuffle modules. Ordering and assembling such small but representative354

subset of shuffle modules will verify that we have accounted for all implementation details and pitfalls,355

like the unavoidable fibre swapping through eachMTP connections. This intermediate step will maximize356

chances of an error-free final shuffle box purchase order. It will also let us measure the total insertion loss357

through three layers of shuffle modules for a representative set of channels.358

Other FOX Boxes359

In parallel while finalizing and producing the LArFOX B box prototype we will also prepare drawings360

for the layout of the other FOX boxes. We expect that the rake and comb plate design can apply to all361

FOX boxes. We expect that the location of the rake and comb plates will also be common among all FOX362

boxes, but this needs to be closely studied. The commonality in front and back panels layouts to simplify363

and limit the number of different panel layouts will also be studied. The lettering can be tailored to each364

panel while the hole locations will hopefully be common to more than one FOX box type.365

Logical view366

This sections lays out the front and back panel connections in a logical way, while the previous section367

gave the specific details on what the final hardware will look like.368
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EM core
8 * 48
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8 * 48

eFEX EM
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Figure 20: Front and back panel layout for LArFOX A and LArFOX C.

LArFOX_B

Back
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eFEX 
EM core
8 * 48
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EM core
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Figure 21: Front and back panel layout for LArFOX B and LArFOX D.
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TileFOX_E/F

Back

TileFOX_E/F

Front

j+g & jFEX in from
LArFOX_A/C
4 * 48 + 4 * 48

jFEX in from
LArFOX_B

4 * 48

jFEX in from
LArFOX_D

4 * 48

TREX j&g
8 * 48
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LArFOX_A/C
2*24 + 2*12

gFEX in from 
LArFOX_A/C

4*24

gFEX
6 * 24

jFEX
12 * 72

TileFOX_E and TileFOX_F Panel Schematic (Example: E, can be replaced with F)Figure 22: Front and back panel layout for LArFOX E and LArFOX F.
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4.2 Ribbon Types and Numeration369

This section describes the different types of ribbon/assembly and counts the number of them used in each370

FOX box to give a total count for the whole FOX system.371

There are a total of 27 types of assembly. Figures 23 and 24 provide the name of each assembly type,372

together with the number of input and output connectors, and the MTP connector type for each. Table 7373

then provides the number of each ribbon type in each FOX box, and the total of each assembly type for374

the FOX system. The total number of assemblies overall is 212.375
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TileFOX Boxes:
jFEX first half  = T
jFEX output    = J
gFEX output   = G

48

48 48 72

X4

48 24 24 12 12

Key

Upper = Input
Lower = Output

Unused MTP

A B

C D E

A B

C D E

A B

CD

A B C D

E F G H

A B C

D E F

A B C D

A B C

D E F G H I

A B

D E F G H IC J

A B

D E F GC

48 48

4848

E F G H
Endcap Endcap

A B C D E F

G H
CCon DCon

A B C D E F G

H I
CCon DCon

Figure 23: Assembly types part one.

The purpose of each assembly type is describe below, while the next section describes the precise fibre-376

by-fibre mapping of each ribbon, and the final output fibre order sent to the FEXs.377

• L1-Type: Take EMB0 and EMB1, separates out 7+3, and j+g from e.378

• L2-Type: Takes L1-Type, organises from rows to columns, and outputs to FEX. Overlaps go to379

C1-type.380

• L3-Type: Similar to L2-Type, but with no overlaps. Output to eFEX C (ACon) or eFEX A (BCon).381

• L4-Type: Splits out EMEC/HEC inputs into eFEX, jFEX, gFEX separately.382
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Figure 24: Assembly types part two.

• L5-Type: Split TREX eFEX inputs into Barrel and Endcap FEX outputs. Read off in columns:383

2,1,2,1,noneX6, or 2,1,2,1,2,1,2,1. Includes wrap around for barrel (4 complete FEXes for each384

output to LArFOX D). Output connectors have to be flipped depending on A or C side.385

• C1-Type: Takes overlaps for Barrel eFEX, simply brings them together and outputs to FEX.386

• C2-Type: Takes gFEX from EMB/EMEC, EMB, EMEC. Each input always has the same pattern,387

even though they are from different sources. Ribbon simply splits them into all original, then all388

spare, then all none fibres. It does also make sure that all C-side are next to each other, followed by389

all A-side, within each group.390

• X1-Type: Takes TREX eFEX Endcap fibres, and splits them into outputs to 8 FEXs on one side (C391

or A). This ribbon includes the wrap around in Phi.392

• X2-Type: Input TREX eFEX for Barrel from LArFOX A/C, combines into eFEX barrel outputs393

(HadCon / DCon). First and last input legs take the empty half from the 4 outputs. Each ribbon394

feeds 4 complete FEXs (including wrap around) covering all eta and half phi.395

• X3-Type: Takes EMEC/HEC inputs from half phi on one side (A or C), and splits them into 4 FEX396

outputs (fed into next ribbon, to collect other fibres on that output).397

• X4-Type: Take FCAL1 and FCAL2 inputs, split them into two phi halves for eFEX, jFEX, gFEX.398
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Table 7: Numeration of the various assembly types throughout each FOX box and for the overall FOX system. There
are a total of 27 assembly types, and 212 assemblies overall.

Type LArFOX B LArFOX D LArFOX A+C TileFOX E+F Total
L1 16 16 16 - 48
L2 16 - - - 16
L3 - 16 16 - 32
L4 - - 8 - 8
L5 - - 2 - 2
X1 - - 2 - 2
X2 - 2 - - 2
X3 - - 4 - 4
X4 - - 2 - 2
Y1 - - 12 - 12
Y2 - - 4 - 4
B1 - - 4 - 4
B2 - - - 8 8
B3 - - - 4 4
C1 8 - - - 8
C2 - - - 6 6
T1 - - - 4 4
T2 - - - 4 4
T3 - - - 4 4
T4 - - - 4 4
G1 - - - 2 2
G2 - - - 4 4
G3 - - - 2 2
G4 - - - 2 2
J1 - - - 8 8
J2 - - - 8 8
J3 - - - 8 8

• B1-Type: Takes FCAL1 and FCAL2 inputs and spreads to 4 FEXes (half phi, on one side). EM and399

Had inputs are split out later.400

• B2-Type: Takes EMEC/HEC input for jFEX from LArFOX A/C and splits out into the different401

jFEX outputs.402

• B3-Type: Takes FCAL input from LArFOX A/C and outputs to ribbons that feed the A or C side403

outer jFEXs, two quadrants each ribbon.404

• T1-Type: Takes EMB/EMEC jFEX+gFEX from LArFOX B which includes A and C side, splits off405

gFEX, and also splits to all 6 jFEX outputs for one quadrant. “Nones” might be a bit awkwardly406

placed currently.407

• T2-Type: Takes EMEC jFEX+gFEX from LArFOXDwhich includes A and C side, splits off gFEX,408

and also splits to the outer 4 jFEX outputs for one quadrant. “Nones” might be a bit awkwardly409
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placed currently.410

• T3-Type: Takes EMB jFEX+gFEX from LArFOX A/C which includes A and C side, splits off411

gFEX, and also splits to the inner 4 jFEX outputs for one quadrant. “Nones” might be a bit412

awkwardly placed currently.413

• T4-Type: Takes TREX jFEX inputs and splits them into all jFEX outputs for one quadrant.414

• G1-Type: Takes TREX gFEX inputs and splits them into the two central gFEX outputs for half phi.415

“Nones” could be optimised further.416

• G2-Type: Takes gFEX inputs from FCAL and EMEC/HEC and splits them into the central and417

outer gFEX outputs for half phi, plus spare outputs. 5 EM fibres from each FCAL side: 1 per418

quadrant + 1 for 3.1 < |eta| < 3.2 across all phi. Can keep symmetric by sending an extra none on419

the other side.420

• G3-Type: Takes gFEX inputs from EMB/EMEC, EMB, EMEC, after each having already been421

arranged into: all original, all spare, all none fibres, due to the C2 type. Passes to gFEX connectors422

for EM central.423

• G4-Type: Takes gFEX inputs from TREX and EMEC/HEC to combine for the specific central424

hadronic output to gFEX.425

• Y1-Type: Takes all eFEX inputs up until now, and splits them into Connector D and C types for426

Endcap A or C eFEXs. Currently read in columns of eta, from outer to inner detector. Also read as427

3+7 in those columns.428

• Y2-Type: Modified Y1-Type, to take 2 x 12 way overlap inputs from X3, instead of 1 x 24 way.429

• J3-Type: Takes all central jFEX fibres for one quadrant, and outputs to jFEX. EM giving in rows,430

Had giving in columns per octant.431

• J2-Type: Takes all middle jFEX fibres for one quadrant, and outputs to jFEX. EM giving in rows,432

Had giving in columns per octant.433

• J1-Type: Takes all outer jFEX fibres for one quadrant, and outputs to jFEX. EM giving in rows,434

Had giving in columns per octant.435
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4.3 Ribbon Mappings436

This section describes the ribbon mapping and also gives the final output order of the fibres as they leave437

the FOX system and are input into the respective FEXs. The fibre-by-fibre mapping for each ribbon438

type can be found from Ref. [5]. Figure 25 details the fibre output order for the various eFEXs, while439

Figures 26, 27, and 28 provides the same for the jFEXs and Figure 29 for the gFEX.440
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Figure 25: Fibre order of the output from the FOX system to the different eFEX connectors.

October 2, 2017 – 23:20 34



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

DRAFT

35

36

33

34

31

32

29

30

27

28

25

26
49

18

24

17

23

16

22

15

21

14

20

13

19

6

12

5

11

4

10

3

9

2

8

1

7

47

48

45

46

43

44

41

42

39

40

37

38
50

J1 (1C/1A)
Output

Ordering
EM

Had 51-72 Spare

Figure 26: Fibre order of the output from the FOX system to the different jFEX connectors.
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Figure 27: Fibre order of the output from the FOX system to the different jFEX connectors.
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Figure 28: Fibre order of the output from the FOX system to the different jFEX connectors.
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Figure 29: Fibre order of the output from the FOX system to the different gFEX connectors.
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4.4 Connectors441

This section presents the layout of the different FEX connectors, in terms of detector coverage.442

eFEX_C_1 eFEX_B_1 eFEX_A_1

eFEX_C_2 eFEX_B_2 eFEX_A_2

eFEX_C_3 eFEX_B_3 eFEX_A_3

eFEX_C_4 eFEX_B_4 eFEX_A_4

eFEX_C_5 eFEX_B_5 eFEX_A_5

eFEX_C_6 eFEX_B_6 eFEX_A_6

eFEX_C_7 eFEX_B_7 eFEX_A_7

eFEX_C_8 eFEX_B_8 eFEX_A_8

eFEX Layout, Connectors, and Naming.

Central Central

Hadronic

O
verlap

O
verlap

Connector Coverage

Connector Naming

eFEX_C and eFEX_B

A BC C

D (Had)

eFEX_A

B AC C

D (Had)

Figure 30: eFEX connector layout.
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jFEX_1C
Con1

jFEX Layout, Connectors, and Naming.

jFEX_2C
Con1

jFEX_3C
Con1

jFEX_3A
Con1

jFEX_2A
Con1

jFEX_1A
Con1

jFEX_1C
Con2

jFEX_2C
Con2

jFEX_3C
Con2

jFEX_3A
Con2

jFEX_2A
Con2

jFEX_1A
Con2

jFEX_1C
Con3

jFEX_2C
Con3

jFEX_3C
Con3

jFEX_3A
Con3

jFEX_2A
Con3

jFEX_1A
Con3

jFEX_1C
Con4

jFEX_2C
Con4

jFEX_3C
Con4

jFEX_3A
Con4

jFEX_2A
Con4

jFEX_1A
Con4

Figure 31: jFEX connector layout.
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gFEX Layout, Connectors, and Naming.

EM
Con gFEX1

-2.4 < η < 0.0

Had
Con gFEX3

-2.5 < η < 0.0

EM
Con gFEX2

0.0 < η < 2.4

Had
Con gFEX4

0.0 < η < 2.5

EM+Had
+FCAL

Con 
gFEX6
η > 2.5

EM+Had
+FCAL

Con 
gFEX5
η < -2.5

Only one gFEX, so name the connectors.

Figure 32: gFEX connector layout.
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5 FOX Demonstrator443

Many configurations of light loss have been tested with MiniPOD transmitters and receivers on the CMX444

board, both atMichigan StateUniversity (for individual connectors and cables) and at CERN (with the FOX445

demonstrator). The FOX demonstrator is the prototype FOX that has been used for prototype-integration446

tests with LAr cards and the different FEX modules, as well as for light loss tests. Figure 33 shows a447

picture of the demonstrator at CERN, as well as a diagram of the setup. The source in this example is a448

CMX with 12 fibers, but connections with 48 input fibers as well as with 48 or 72 output fibers were also449

tested. The breakout cables provide the possibility for mapping, while the number of MTP connectors is450

representative of the final system. Additional elements such as attenuators and additional MTP cables can451

also be added.452

The tests with the CMX board run at a link speed of 6.4 G, while tests with the LAr LATOME use 11.2 G453

and those with the FTM 11.2 G and 12.8 G. The light loss characteristics do not depend on the link454

speed.455

Figure 33: (Left) Picture of the FOX demonstrator boxes and the test stand at CERN, (right) diagram of the optical
connections in the demonstrator.

5.1 Light loss tests456

Optical power tests andmeasurements of the light loss through the FOXhave been donewith theMiniPODs457

on the CMX board, with prototype LATOME, FTM and FEX cards, and with a FLUKE optical power458

meter (SimpliFiber Pro, which includes both a DC source and an optical power meter). The results are459

consistent with each other, though the FLUKEmeter consistently shows a light loss about 1 dB larger than460

the tests with MiniPODs. This is likely due to the connector type in the FLUKE, since this value is found461

not to change with changes in the setup, it stays at a difference of about 1 dB even when additional cables462

and connectors are added.463

In tests at MSU, the light loss in individual fibers for MTP cables and combinations of connectors have464

been tested, including 24, 48 and 72-fiber connectors. Variations in receiver optical power are small, the465

optical power budget at the receiver end is relatively stable. The following light loss and variations of466

optical power have been observed:467
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• 0.2 dB to 0.4 dB for disconnecting and reconnecting MTP connectors, including with intermediate468

cleaning.469

• 0.2 dB for a temperature increase from 36.4 to 38.2 degrees Celsius.470

• 0.9 dB variation between different MiniPod receiver channels.471

• 3 dB light loss for an optical splitter, though this is not used in the final system.472

The light loss of the MTP connectors is nominally around 0.2 to 0.3 dB, but tests have shown that it is473

typically smaller, and 0.3 dB per connector is the extreme. In one test, the light loss for a setup with474

LATOME and gFEX for 8 MTP connectors and 3 LC connectors gave 3.5 dB as the extreme and 1 dB as475

the typical light loss.476

Bit error rate (BER) tests with variable attenuation reveal that channel synchronization is lost and regained477

and the BER rate becomes unacceptable around an attenuation of 8-10 dB. This test was done both with478

the MiniPods on the CMX and with the FTM-jFEX setup. There is a difference of about 2 dB between479

attenuation for which the MiniPODs on the CMX lose sync and regain sync. In a further study, the BER480

was measured as a function of light loss. The slope is approximately linear on a log-BER vs light loss481

plot, with a BER of about 10−15 per fiber reached at between 8 dB and 10 dB, and a BER of about 10−15
482

per fiber reached at an attenuation of about 10−10.483

5.2 System tests with prototype source and sinks484

The FOX demonstrator was also tested in a setup with the jFEX prototype and the LATOME or FTM485

providing inputs, as shown in Figure 34 [6–8]. The setup of 48 channels was run at 11.2 G. In this setup,486

two FOX demonstrator boxes together with interconnects and internal mapping were used. The BER of487

this setup was better than 10−16 for the complete setup. The light loss through this system was measured488

to be 0.5 to 1 dB with the MiniPods and 1-2 dB with the Fluke meter.489

In the test with the gFEX [6], the open area of the eye diagram was also found to be sufficiently large at490

all link speeds. In the test with the eFEX [7], the open area of the eye diagram was found to decrease491

by about 20% when increasing the link speed from 6.4 G to 12.8 G. These tests also showed that proper492

connector handling is important, all the way from transmitter to receiver.493

In an additional test with the jFEX and the FTM [8], the signal rate was increased to 12.8 G and 60494

input links were used, and again the total BER was better than 10−16. And in another test with the jFEX,495

additional attenuators were added (5 db each). With one attenuator (5 dB additional attenuation), the496

system still passed tests, only with two attenuators (10 dB additional attenuation) did errors appear.497

In summary of the light loss tests, the typical light loss was found to be about 1 db, though nominal light498

loss is 0.25 dB per connector, or about 2-3 dB expected total. The optical power available was confirmed499

to be 8-10 dB. Attention needs to be paid to fiber and connector handling in order to avoid deteriorating the500

connectors which might lead to failed connections for individual or groups of fibers in a connections.501

6 FOX Assembly and Handling Procedures502

.503
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Figure 34: Setup to test the FOX demonstrator with the jFEX. The first element (providing the optical signal) was
either a FTM as shown or a LATOME. In both cases, 48 fibers on a trunk MTP cable were connected.

7 Timeline and Testing Procedures504

This section describes the timeline and planned testing procedures.505

• Mid-October: Initial Cost Estimate for Full system from Sylex.506

• Early November: First metal box (LArFOX B) produced at MSU. L1Calo Review, to get approval507

to order subset of assemblies for physical tests.508

• December: All metal boxes produced at MSU (LArFOX A/C, LArFOX D, TileFOX E/F). Narrow509

pass through for all boxes arrives at MSU, i.e. an adequate subset (and spares) of assemblies to test510

mapping and light loss tests.511

• End of January: Assembly and Tests done at MSU (as described above).512

• February: Show results in L1Calo Meeting / PRR, and seek approval to order all remaining513

components from Sylex.514

• March-April: Components arrive at CERN.515

• April-May: Assembly and testing at CERN, iėȯctopus cables connected to test all mapping paths,516

some light loss tests of the whole system, possibly even connection to some real latome and FEXs517

on the surface for full test. At this point, official task completed.518

• Afterwards: Provide "7th" box for Surface Test Facility to use, containing a simple set of ribbons519

that go from a Latome to a variety of FEXs.520

• Fall-Back time allowed in the schedule: 3 months.521

8 Conclusion522

.523
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