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LAr Phase-I Upgrade
• The LHC is foreseen to be upgraded during the shut-

down period of December 2018 - February 2021.
• Part of this upgrade will improve the selectivity of EM 

objects, discrimination power against background 
emerging from pileup, and the trigger readout of LAr.

• The LAr granularity will be increased by 10 times!
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What is the FOX?

Introduction

Michael Begel Fiber Optics Mapping – p. 2

Several important mappings
LAr Front-end → Back-end

LAr Back-end → FOX → FEX ⇐ this talk

FEX MPO → miniPOD

FEX → L1Topo

TREX vs. Phase-II Tile
90◦ rotation between Phase-I and Phase-II

Baseline LAr/TREX→FEX link speed is 11.2 Gb/s
same fiber arrangement for 9.6 & 12.8 Gb/s
data content might change!

no longer discuss 6.4 Gb/s :)

LAr/TREX→FEX fiber mapping stable
biggest uncertainty was link speed

a few questions remain about jFEX mapping (0.2×0.2 towers)

other issues should be resolved with improved documentation

• Need to link the backend of the LAr (LATOMES/DPS) 
and Tile (TREX), to the feature extractors (FEX).

• Incoming cables contain many fibres that all need to go 
to specific and different locations (eFEX, jFEX, gFEX).

• The FOX contains this mapping, ideally with a simple 
and robust scheme, also considering future upgrades.
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Hurdles for FOX

• Figure out a mapping scheme that is simple and robust, 
while also being able to account for specific features.
- FOX internally divided into LArFOX and TileFOX parts.
- Incoming cable → FOX → Fibres for specific FEX.
- Consists of 6 x 2U boxes (4 x LArFOX, 2 x TileFOX).

• The naming scheme will be important, as there are 
thousands of fibres with unique routes from source to 
destination: Backend → FOX-In → FOX-Out → FEX.
- Must also support automatic construction of firmware 

configuration files.
- Must be updateable for re-routed links and Phase-II.

• Not possible to fix broken or scratched fibres without 
intervention. Agreed on 100% spare policy for gFEX.
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FEX Details
• Baseline LAr/TREX → FEX link speed is 11.2 Gb/s.
• eFEX:
- 20 EM supercells equivalent                               towers 

to covering 0.1 x 0.2.
- 16 HAD towers covering (0.4)².
• jFEX:
- 16 towers covering (0.4)².
- Larger φ segmentation in special EMEC & HEC.
- All FCAL supercells available.
• gFEX:
- 8 x (0.2)² towers covering 0.8 × 0.4 or 0.4 × 0.8.
- FCAL transmitted as 4-5 η rings in 16 φ wedges.

Summary

Michael Begel Fiber Optics Mapping – p. 10

Fiber optic mapping for LAr/TREX→FEX is stable
new baseline link speed of 11.2 Gb/s

a few minor issues left to resolve

documentation!

Need a good identification system to
label fibers & links

thousands of fibers & multiple “patch panels” ⇒ database
FE→BE→inFOX→outFOX→FEX MPO→miniPOD→FPGA(s)

naming convention must support automatic construction of
firmware configuration files

must be updateable for re-routed links & Phase-II upgrades

Data format should be defined soon
data integrity choice affects mapping, data content, latency, FPGA resources

initial proposal for eFEX/jFEX: https://indico.cern.ch/event/539034/contributions/
2188673/attachments/1285623/1912024/larweek_060616.pdf
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How many Fibres per Latome go to each FEX?
Central Latome Example

Total per Latome:              48
Total available to eFEX:    36
Total available to jFEX:     10

Total available to gFEX:     1 (+1 spare)

We know the total, but need to figure out mapping.
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EM to eFEX: Layout
• Cells in Eta are numbered from 1-15 in ~ 0.1 or 0.2 increments in 

delta(eta), depending on where you are (EMB, EMEC, HEC, FCAL).

• Cells in Phi are lettered from A-P, again in 0.1 or 0.2 increments of 
delta(phi), depending on where you are in the detector.

eFEX Module Summary

Michael Begel Fiber Optics Mapping – p. 4

Electromagnetic Hadronic

duplicate two/four times at edges/corners ⇒ no splitting in FOX

per LATOME:
EM Barrel 20 − 30 fibers
standard EMEC 16 − 24 fibers
special EMEC/HEC 13 − 17 fibers

depending on ϕ

fiber count per eFEX module:
barrel 118 fibers = 100 EM + 18 HAD
endcap 121 fibers = 100 EM + 21 HAD

⇒ 2880 fibers incident on eFEX

no plan to replace problem links
(each LATOME reserves at least 4 links for this purpose)

• Environment overlaps around FEX cores require fibre copies.
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jFEX_3C

jFEX_2C

jFEX_1C

One quadrant shown for each jFEX.
Equivalent to 1/4 Connector.

One jFEX covers all Phi.

jFEX Coverage
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EM to gFEX: Layout

• The full calorimeter is covered by one gFEX, so no need for overlaps.
• 1 fibre per Latome in the central region (more in EMEC & FCAL).
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Latomes, Fibres, and FEXs

DRAFT

There is only one type of TREX module, which is used in the central hadronic region (0 < |⌘ | < 1.6),75

and covers �� = 0.785. There are 8 TREX modules in one quadrant. One can distinguish 5 types76

of LATOME boards depending on their geometrical coverage and their connection to the LAr Trigger77

Digitiser Boards (LTDBs), as well as the FEX modules after passing through the FOX:78

• EMB: This type of LATOME board is used in the central region of the EMB (0 < |⌘ | < 0.8). It79

covers �� = 0.393 starting at � = 0. There are 4 LATOME boards of this type in one quadrant.80

• EMB/EMEC: This type of LATOME board is used in the EM region with 0.8 < |⌘ | < 1.6. and81

�� = 0.393 starting at � = 0. There are 4 LATOME boards of this type in one quadrant.82

• EMEC: This type of LATOME board is used in the central region of the EMEC (1.6 < |⌘ | < 2.4).83

It covers �� = 0.393 starting at � = 0. There are 4 LATOME boards of this type in one quadrant.84

• EMEC/HEC: This type of LATOME board is used in the forward region of the EMEC (2.4 < |⌘ | <85

3.2) and the full ⌘ range of the HEC in one quadrant. It covers �� = 0.785 starting at� = 0. There86

are 2 LATOME boards of this type in one quadrant.87

• FCAL1: This type of LATOME board is used to readout the electromagnetic FCAL (first layer)88

over the full � range. There is one LATOME of this type in each endcap.89

• FCAL2: This type of LATOME board is used to readout the hadronic FCAL (second and third90

layers) over the full � range. There is one LATOME of this type in each endcap.91

The di↵erent types of LATOME boards are summarised in Tab. 3.92

LATOME type Detector �� |⌘ | # 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.

2.3 FEX Modules93

This section summarises the coverage of the di↵erent FEX modules, as well as the number of modules94

and input fibers for each of the FEXs.95

2.3.1 eFEX96

2.3.2 jFEX97

3 duplicates are needed up to |⌘ | < 2.0. 2 duplicates are needed for |⌘ | > 2.0. No duplicates are needed98

in the FCAL.99

5th July 2017 – 18:11 5

DRAFT

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 5 21 - 12 16
FCAL2 - 16 4 20 - 12 16

Table 4: Output fiber count and content for each of the LATOME types.

Figure 2: Representation of the eFEX fiber content for the EM and HEC calorimeters. The di↵erent colors represent
the number of duplicates. Individual fiber content can be identified by di↵erent color shades. The geometrical
coverage of the LATOME boards is also shown. Only part of the LATOME coverage is shown for clarity.

5th July 2017 – 18:11 7
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FOX Overview
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TileFOX_E/F
(all eta, half phi)
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Murrough Landon, QMUL L1Calo

Draft Rack Layout
•Possible space for FOX 
•NB still not sure if eFEX 

will need an extra crate 
•If so, things get very tight 
•Also I may have forgotten 

something crucial!

5

U Y.27&02.A2 Y.26&02.A2 U
52 52
51 51
50 50
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48 Heat3Exchanger3&3kW Heat3Exchanger3&3kW 48
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46 46
45 45
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36 36
35 35
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31 31
30 30
29 29
28 28
27 27
26 26
25 25
24 24
23 23
22 22
21 21
20 20
19 19
18 18
17 Heat3Exchanger3&3kW 17
16 16
15 15
14 14
13 13
12 12
11 11
10 10
9 9
8 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1

Power3Supply

gFEX3Crate

TileFoxE

Draft&Layout&of&L1Calo&FEX&Racks

Power3Supply

Power3Supply

LarFoxA

LarFoxC

Air3Deflector

eFEX3Crate31

Air3Deflector

LArFoxB

LArFoxD

TileFoxF

Turbine

jFEX3Crate

Turbine

eFEX3Crate30

Preliminary Rack Layout
• Current plan is to use 6 x 2U-high boxes.
• eFEX may need extra crate - gets tight.
• Minimal latency path: across racks from 

DPS and to gFEX, via back to jFEX, and 
via hole between racks to back of eFEX.

Murrough Landon, QMUL L1Calo

Routing Ribbons
•Minimal latency path: across racks from DPS and to gFEX, via 

back to jFEX and via hole between racks to back of eFEX

6

DPS 1

DPS 3

DPS 2 jFEX eFEX

eFEX

gFEX

TREX
2 racks

Ribbons from
DPS across
front of racks
(avoid latency
penalty from
routing under

false floor)

Ribbons from PPM-TREX
must be under false floor)

Ribbons to eFEX via
hole between racks

Ribbons to jFEX
(back) & gFEX (front)

From TREX 
under false floor

Murrough Landon, QMUL L1Calo

Routing Ribbons
•Minimal latency path: across racks from DPS and to gFEX, via 

back to jFEX and via hole between racks to back of eFEX

6

DPS 1

DPS 3

DPS 2 jFEX eFEX

eFEX

gFEX

TREX
2 racks

Ribbons from
DPS across
front of racks
(avoid latency
penalty from
routing under

false floor)

Ribbons from PPM-TREX
must be under false floor)

Ribbons to eFEX via
hole between racks

Ribbons to jFEX
(back) & gFEX (front)
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Ribbon Type (27) LArFOX B LArFOX D LArFOX A+C TileFOX E+F Total (212)
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
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Fibre Mapping
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TileFOX Coverage (One quadrant)
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Detector Location Notation DRAFT

I⌘ EMB EMEC HEC FCAL
1 0.0-0.1 1.4-1.5 - 3.2-3.6
2 0.1-0.2 1.5-1.6 1.5-1.6 3.6-4.0
3 0.2-0.3 1.6-1.7 1.6-1.7 4.0-4.4
4 0.3-0.4 1.7-1.8 1.7-1.8 4.4-4.9
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: I⌘ indices and the corresponding |⌘ | ranges for the various LAr calorimeters. The same indices are used
for positive and negative values of ⌘.

L� EMB and EMEC(I⌘<12) EMEC(I⌘�12) HEC(I⌘<12) HEC(I⌘�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: L� indices and the corresponding � 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 � range is presented for the
FCAL.

13th September 2016 – 12:05 4

DRAFT

I⌘ EMB EMEC HEC FCAL
1 0.0-0.1 1.4-1.5 - 3.2-3.6
2 0.1-0.2 1.5-1.6 1.5-1.6 3.6-4.0
3 0.2-0.3 1.6-1.7 1.6-1.7 4.0-4.4
4 0.3-0.4 1.7-1.8 1.7-1.8 4.4-4.9
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: I⌘ indices and the corresponding |⌘ | ranges for the various LAr calorimeters. The same indices are used
for positive and negative values of ⌘.

L� EMB and EMEC(I⌘<12) EMEC(I⌘�12) HEC(I⌘<12) HEC(I⌘�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: L� indices and the corresponding � 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 � range is presented for the
FCAL.

13th September 2016 – 12:05 4
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Illustrative (Old) Mapping Example

1, 2 3 4 5

7, 8, 13, 14 9, 15 10, 16 11, 17

19, 20, 25, 26 21, 27 22, 28 23, 29

31, 32 33 34 35

Fibre Type Location
1 EFEX 8A 7A

2 EFEX 8A 7A

3 EFEX 6A 5A

4 EFEX 4A 3A

5 EFEX 2A 1A

6 EFEX None

7 EFEX 8B 7B

8 EFEX 8B 7B

9 EFEX 6B 5B

10 EFEX 4B 3B

11 EFEX 2B 1B

12 EFEX None

13 EFEX 8B 7B

14 EFEX 8B 7B

15 EFEX 6B 5B

16 EFEX 4B 3B

17 EFEX 2B 1B

18 EFEX None

19 EFEX 8C 7C

20 EFEX 8C 7C

21 EFEX 6C 5C

22 EFEX 4C 3C

23 EFEX 2C 1C

24 EFEX None

25 EFEX 8C 7C

26 EFEX 8C 7C

27 EFEX 6C 5C

28 EFEX 4C 3C

29 EFEX 2C 1C

30 EFEX None

31 EFEX 8D 7D

32 EFEX 8D 7D

33 EFEX 6D 5D

34 EFEX 4D 3D

35 EFEX 2D 1D

36 EFEX None
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1, 2, 3, 4 5, 6, 7, 8

Fibre Type LocationLocationLocationLocationLocationLocationLocationLocation

37 JFEX 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C 1D 2D 3D 4D

38 JFEX 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C 1D 2D 3D 4D

39 JFEX 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C 1D 2D 3D 4D

40 JFEX None None None None None None None None None None None None None None None None

41 JFEX 5A 6A 7A 8A 5B 6B 7B 8B 5C 6C 7C 8C 5D 6D 7D 8D

42 JFEX 5A 6A 7A 8A 5B 6B 7B 8B 5C 6C 7C 8C 5D 6D 7D 8D

43 JFEX 5A 6A 7A 8A 5B 6B 7B 8B 5C 6C 7C 8C 5D 6D 7D 8D

44 JFEX None None None None None None None None None None None None None None None None

45 JFEX None None None None None None None None None None None None None None None None

46 JFEX None None None None None None None None None None None None None None None None

Last two rows of “none” to fill space.

Illustrative (Old) Mapping Example
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1, 2

Fibre Type LocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocationLocation

47 GFEX 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C 1D 2D 3D 4D 5A 6A 7A 8A 5B 6B 7B 8B 5C 6C 7C 8C 5D 6D 7D 8D

48 GFEX 1A 2A 3A 4A 1B 2B 3B 4B 1C 2C 3C 4C 1D 2D 3D 4D 5A 6A 7A 8A 5B 6B 7B 8B 5C 6C 7C 8C 5D 6D 7D 8D

Illustrative (Old) Mapping Example
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5 Mapping for Assembly Type L1

A: 48

B: 48
C: 48

D: 24

E: 24

Figure 1: Diagram of ribbon assembly type L1

3

Fibre Cell1 Cell2 Type Side Octant L1 In L1 Out

1 9A 10A EMBEC0 A 1 A1 D1

2 9A 10A EMBEC0 A 1 A2 D2

3 11A 12A EMBEC0 A 1 A3 D3

4 13A 14A EMBEC0 A 1 A4 D4

5 15A 2A EMBEC0 A 1 A5 D5

6 None None EMBEC0 A 1 A6 D6

7 9B 10B EMBEC0 A 1 A7 D7

8 9B 10B EMBEC0 A 1 A8 D8

9 11B 12B EMBEC0 A 1 A9 D9

10 13B 14B EMBEC0 A 1 A10 D10

11 15B 2B EMBEC0 A 1 A11 D11

12 None None EMBEC0 A 1 A12 D12

13 9B 10B EMBEC0 A 1 A13 C1

14 9B 10B EMBEC0 A 1 A14 C2

15 11B 12B EMBEC0 A 1 A15 C3

16 13B 14B EMBEC0 A 1 A16 C4

17 15B 2B EMBEC0 A 1 A17 C5

18 None None EMBEC0 A 1 A18 C6

19 9C 10C EMBEC0 A 1 A19 D13

20 9C 10C EMBEC0 A 1 A20 D14

21 11C 12C EMBEC0 A 1 A21 D15

22 13C 14C EMBEC0 A 1 A22 D16

23 15C 2C EMBEC0 A 1 A23 D17

24 None None EMBEC0 A 1 A24 D18

25 9C 10C EMBEC0 A 1 A25 C7

26 9C 10C EMBEC0 A 1 A26 C8

27 11C 12C EMBEC0 A 1 A27 C9

28 13C 14C EMBEC0 A 1 A28 C10

29 15C 2C EMBEC0 A 1 A29 C11

30 None None EMBEC0 A 1 A30 C12

31 9D 10D EMBEC0 A 1 A31 C13

32 9D 10D EMBEC0 A 1 A32 C14

33 11D 12D EMBEC0 A 1 A33 C15

34 13D 14D EMBEC0 A 1 A34 C16

35 15D 2D EMBEC0 A 1 A35 C17

36 None None EMBEC0 A 1 A36 C18

Illustrative (Old) Mapping Example
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5 Mapping for Assembly Type L1

A: 48

B: 48
C: 48

D: 24

E: 24

Figure 1: Diagram of ribbon assembly type L1

3

Fibre Cell1 Cell2 Type Side Octant L1 In L1 Out

1 9E 10E EMBEC1 A 1 B1 C19

2 9E 10E EMBEC1 A 1 B2 C20

3 11E 12E EMBEC1 A 1 B3 C21

4 13E 14E EMBEC1 A 1 B4 C22

5 15E 2E EMBEC1 A 1 B5 C23

6 None None EMBEC1 A 1 B6 C24

7 9F 10F EMBEC1 A 1 B7 C25

8 9F 10F EMBEC1 A 1 B8 C26

9 11F 12F EMBEC1 A 1 B9 C27

10 13F 14F EMBEC1 A 1 B10 C28

11 15F 2F EMBEC1 A 1 B11 C29

12 None None EMBEC1 A 1 B12 C30

13 None None EMBEC1 A 1 B13 C31

14 None None EMBEC1 A 1 B14 C32

15 None None EMBEC1 A 1 B15 C33

16 None None EMBEC1 A 1 B16 C34

17 None None EMBEC1 A 1 B17 C35

18 None None EMBEC1 A 1 B18 C36

19 9G 10G EMBEC1 A 1 B19 C37

20 9G 10G EMBEC1 A 1 B20 C38

21 11G 12G EMBEC1 A 1 B21 C39

22 13G 14G EMBEC1 A 1 B22 C40

23 15G 2G EMBEC1 A 1 B23 C41

24 None None EMBEC1 A 1 B24 C42

25 None None EMBEC1 A 1 B25 D19

26 None None EMBEC1 A 1 B26 D20

27 None None EMBEC1 A 1 B27 D21

28 None None EMBEC1 A 1 B28 D22

29 None None EMBEC1 A 1 B29 D23

30 None None EMBEC1 A 1 B30 D24

31 9H 10H EMBEC1 A 1 B31 C43

32 9H 10H EMBEC1 A 1 B32 C44

33 11H 12H EMBEC1 A 1 B33 C45

34 13H 14H EMBEC1 A 1 B34 C46

35 15H 2H EMBEC1 A 1 B35 C47

36 None None EMBEC1 A 1 B36 C48

The “dead” row
s of 6 tacked onto end of C

 and D
 connector.

Illustrative (Old) Mapping Example
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Complete Ribbon Mapping
All 27 Ribbon Types
[EDMS Document]

gFEX Continuation not shown →

gFEX Continuation not shown →

https://edms.cern.ch/document/1865818/1
https://edms.cern.ch/document/1865818/1
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FOX Box Internal Detail



D. HaydenMSU 31

L
1

4
0

L
1

3
3

L
1

3
9

L
1

3
4

L
1

3
8

L
1

3
5

L
1

3
7

L
1

3
6

L
2

1
7

L
2

2
4

L
2

1
8

L
2

2
3

L
2

1
9

L
2

2
2

L
2

2
0

L
2

2
1

16 x EMB

8 x eFEX (Barrel)

8 x TileFOX_E/F

L
4

3

L
4

4

X
3

2

L5

X
1

L
4

1

L
4

2

X
3

1

X
4

B
1

B
1

Y2 Y1 Y1 Y1 Y2 Y1 Y1 Y1

4 x TREX eFEX8 x EMEC/HEC 2 x FCAL

60 cm

50 cm

16 x eFEX_A or eFEX_C (HadCon & CCon)

12 x j+g or FCAL

Key

2 Stacks
Wires

Input / Internal 
Connector

Output 
Connector

2 Stacked Output 
Connectors

Shuffle Box

Single Wire

2 Stacked Input / 
Internal Connectors

LArFOX_A/C

2 x TREX eFEX

H A G B F C E D



D. HaydenMSU 32

EMB
0_C1

48

EMB
0_C2

48

EMB
0_C3

48

EMB
0_C4

48

EMB
0_C5

48

EMB
1_C1

48

EMB
1_C2

48

EMB
1_C3

48

EMB
1_C4

48

EMB
1_C5

48

TREX
eFEX
to D

48

TileFOX
E

48

TileFOX
E

48

eFEX
B_1

ACon

48

eFEX
B_3

ACon

48

eFEX
B_5

ACon

48

eFEX
B_7

ACon

48

TileFOX
F

48

TileFOX
E

24

TileFOX
E

12

TREX
eFEX
to D

48

TileFOX
E

24

TileFOX
E

24

TileFOX
F

24

TileFOX
F

12

TileFOX
F

48

eFEX
B_2

ACon

48

eFEX
B_4

ACon

48

eFEX
B_6

ACon

48

eFEX
B_8

ACon

48

TileFOX
F

24

TileFOX
F

24

eFEX
C_1

CCon

48

eFEX
C_3

CCon

48

eFEX
C_5

CCon

48

eFEX
C_7

CCon

48

eFEX
C_2

CCon

48

eFEX
C_4

CCon

48

eFEX
C_6

CCon

48

eFEX
C_8

CCon

48

eFEX
C_1

DCon

48

eFEX
C_3

DCon

48

eFEX
C_5

DCon

48

eFEX
C_7

DCon

48

eFEX
C_2

DCon

48

eFEX
C_4

DCon

48

eFEX
C_6

DCon

48

eFEX
C_8

DCon

48

LArFOX_A and LArFOX_C Panel Schematic (Example: C, can be replaced with A)

Fr
on

t
Ba

ck
M

id
dl

e
M

id
dl

e

EMB
0_C6

48

EMB
0_C7

48

EMB
0_C8

48

TileFOX
E

24

TileFOX
E

24

EMB
1_C6

48

EMB
1_C7

48

EMB
1_C8

48

TileFOX
F

24

TileFOX
F

24

TileFOX
E

24

TileFOX
E

24

EMEC
HEC
_C1

48

EMEC
HEC
_C3

48

EMEC
HEC
_C5

48

TileFOX
F

24

TileFOX
F

24

EMEC
HEC
_C2

48

EMEC
HEC
_C4

48

EMEC
HEC
_C6

48

EMEC
HEC
_C7

48

TREX
eFEX

48

TREX
eFEX

48

EMEC
HEC
_C8

48

TREX
eFEX

48

TREX
eFEX

48

FCAL1
_C

48

FCAL2
_C

48

Key
Input from

LATOME/TREX

Output to
FOX Box

Input from
FOX Box

Output to
FEX

Intermediate

Unused

Window



D. HaydenMSU 33

L1
8

L1
1

L1
7

L1
2

L1
6

L1
3

L1
5

L1
4

L2
1

L2
8

L2
2

L2
7

L2
3

L2
6

L2
4

L2
5

L1
16

L1
9

L1
15

L1
10

L1
14

L1
11

L1
13

L1
12

C1
1

C1
8

C1
2

C1
7

C1
3

C1
6

C1
4

C1
5

L2
9

L2
16

L2
10

L2
15

L2
11

L2
14

L2
12

L2
13

Key
Input / Internal 

Connector

Output 
Connector

2 Stacked 
Connectors

Shuffle Box

Single Wire

2 Stacks
Wires

LArFOX_B

16 x EMB/EMEC (C-side) 16 x EMB/EMEC (A-side)8 x TileFOX_E/F 8 x TileFOX_E/F

8 x eFEX (A/C) 8 x eFEX (A/C)8 x eFEX (Barrel)

60 cm

50 cm

H H A A G G B B F F C C E E D D HHAAGGBBFFCCEEDD



D. HaydenMSU 34

TileFOX
E

24

TileFOX
E

24

TileFOX
E

24

TileFOX
E

24

EMBEC
0_C1

48

EMBEC
0_C2

48

EMBEC
0_C3

48

EMBEC
0_C4

48

EMBEC
0_C5

48

EMBEC
0_C6

48

EMBEC
0_C7

48

EMBEC
0_C8

48

TileFOX
E

24

TileFOX
E

24

TileFOX
E

24

TileFOX
E

24

TileFOX
F

24

TileFOX
F

24

TileFOX
F

24

TileFOX
F

24

EMBEC
1_C1

48

EMBEC
1_C2

48

EMBEC
1_C3

48

EMBEC
1_C4

48

EMBEC
1_C5

48

EMBEC
1_C6

48

EMBEC
1_C7

48

EMBEC
1_C8

48

TileFOX
F

24

TileFOX
F

24

TileFOX
F

24

TileFOX
F

24

EMBEC
0_A1

48

EMBEC
0_A2

48

EMBEC
0_A3

48

EMBEC
0_A4

48

EMBEC
0_A5

48

EMBEC
0_A6

48

EMBEC
0_A7

48

EMBEC
0_A8

48

EMBEC
1_A1

48

EMBEC
1_A2

48

EMBEC
1_A3

48

EMBEC
1_A4

48

EMBEC
1_A5

48

EMBEC
1_A6

48

EMBEC
1_A7

48

EMBEC
1_A8

48

eFEX
C_1

BCon

48

eFEX
C_3

BCon

48

eFEX
C_5

BCon

48

eFEX
C_7

BCon

48

eFEX
C_2

BCon

48

eFEX
C_4

BCon

48

eFEX
C_6

BCon

48

eFEX
C_8

BCon

48

eFEX
B_1

CCon

48

eFEX
B_3

CCon

48

eFEX
B_5

CCon

48

eFEX
B_7

CCon

48

eFEX
B_2

CCon

48

eFEX
B_4

CCon

48

eFEX
B_6

CCon

48

eFEX
B_8

CCon

48

eFEX
A_1

BCon

48

eFEX
A_3

BCon

48

eFEX
A_5

BCon

48

eFEX
A_7

BCon

48

eFEX
A_2

BCon

48

eFEX
A_4

BCon

48

eFEX
A_6

BCon

48

eFEX
A_8

BCon

48

LArFOX_B Panel Schematic

Fr
on

t
Ba

ck
M

id
dl

e
M

id
dl

e

Key
Input from

LATOME/TREX

Output to
FOX Box

Input from
FOX Box

Output to
FEX

Intermediate

Unused

Window



D. HaydenMSU 35

L1 L1 L1 L1 L1 L1 L1 L1

L3 L3 L3 L3 L3 L3 L3 L3

L1L1L1L1L1L1L1L1

L3L3L3L3L3L3L3L3

16 x EMEC (C-side)

8 x eFEX (A/C) 8 x eFEX (A/C)

Key
Input / Internal 

Connector

Output 
Connector

2 Stacked Output 
Connectors

Shuffle Box

Single Wire

2 Stacks
Wires

LArFOX_D
X2 X2

16 x EMEC (A-side)16 x TileFOX_E/F

4 x TREX eFEX8 x eFEX (Barrel)

60 cm

50 cm
H H A A G G B B F F C C E E D D HHAAGGBBFFCCEEDD

A A C C

Notes
Numerous connectors are 

shown side-by-side for 
clarity, but can be stacked 

to match the front/back 
panel specification.
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Output Fibre Order
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ATLAS Level-1 Calorimeter Trigger  Design document 
FOX Demonstrator     Version 0.9 

page 6  FOX Demonstrator 

2. FOX DEMONSTRATOR 105 

The inputs and outputs to/from the FOX demonstrator are optical signal carried by multi-fiber ribbon 106 
cables with parallel Multi-fiber Termination Push-On (MTP) connectors – improved version of the 107 
MPO connector (known as multi-fiber push-on and also as multi-path push-on) – a multi-fiber 108 
connector defined according to IEC 61754-7 and TIA/EIA 604-5 that can accommodate12-72 fibers: 109 

 110 

 111 

Figure 3: MPO cable female connector for accommodating 24 fibers. 112 

The following convention will apply to the optical connectors: 113 
x All MTP connectors part of all modules in LAr, Tile, eFEX, jFEX, gFEX and FOX are male, 114 
x All MTP trunk cables used to connect any two L1Calo modules are female at both ends. 115 

Note: this is already the case for CMX and L1Topo. 116 

 117 

Figure 4: Convention for optical connectors: module has male connector and cable has female connector. 118 

The fiber numbering within a connector and fiber colours:  119 

    120 

 121 

Figure 5: Fiber numbering in 12-fibers female MTP. 122 

MTP Connector

Design document  ATLAS Level-1 Calorimeter Trigger 
Version 0.9     FOX Demonstrator  

  FOX Demonstrator  page 7 

 123 

Figure 6: Fiber numbering in 48-fibers female MTP. 124 

 125 

 126 

Figure 7: Fiber numbering in 72-fibers female MTP. 127 

 128 

The male-female MTP connectors/adapters (or feedthrough) use the “Opposed” key adapter (also 129 
called “key-up to key-down” or “Type A”). The fiber mapping, while connecting MTP connector on 130 
the cable to the MTP connector on the box, is not one-to-one, but: 131 

12F: 1-1,   2-2,   3-3…12-12 132 

24F: 1-13, 2-14, 3-15..12-24; 13-1.. 24-12 133 

44F: 1-37, 2-38, 3-39..12-48; 13-25..24-36; 25-13..36-24; 37-1….48-12 134 

72F: 1-61, 2-62, 3-63..12-72; 13-49..24-60;  25-37..36-48; 37-25..48-36; 49-13..60-24; 61-1..72-12 135 
136 
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 123 

Figure 6: Fiber numbering in 48-fibers female MTP. 124 

 125 

 126 

Figure 7: Fiber numbering in 72-fibers female MTP. 127 

 128 

The male-female MTP connectors/adapters (or feedthrough) use the “Opposed” key adapter (also 129 
called “key-up to key-down” or “Type A”). The fiber mapping, while connecting MTP connector on 130 
the cable to the MTP connector on the box, is not one-to-one, but: 131 

12F: 1-1,   2-2,   3-3…12-12 132 

24F: 1-13, 2-14, 3-15..12-24; 13-1.. 24-12 133 

44F: 1-37, 2-38, 3-39..12-48; 13-25..24-36; 25-13..36-24; 37-1….48-12 134 

72F: 1-61, 2-62, 3-63..12-72; 13-49..24-60;  25-37..36-48; 37-25..48-36; 49-13..60-24; 61-1..72-12 135 
136 

• Key-Up to Key-Down.

• Modules have M-Con.

• Cables have F-Con.
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eFEX Layout, Connectors, and Naming.
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O
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O
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Connector Coverage

Connector Naming

eFEX_C and eFEX_B

A BC C

D (Had)

eFEX_A

B AC C

D (Had)
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Connector Naming
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1

27,30
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25,29

26

15,18

16

13,17

14

3,6

4

1,5

2

7

8

1,5

eFEX C
Output

Ordering

2

13 25 37
2,4 14,16 26,28 38,40

3,5 15,17 27,29 39,41

6 18 30 42
7 19 31 43
8 20 32 44
9 21 33 45

10 22 34 46

1 13 25 37
2,4 14,16 26,28 38,40

3,5 15,17 27,29 39,41

6 18 30 42
7 19 31 43
8 20 32 44
9 21 33 45

10 22 34 46
2

4,8

6

37
38,40

39,41

42
43
44
45
46

EM

Had
9-12, 19-24, 
31-48: Spare

9-36, 47-48: Spare

Spare = Dark Fibre
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eFEX B
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Ordering
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2,4 14,16 26,28 38,40

3,5 15,17 27,29 39,41
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9 21 33 45

10 22 34 46
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3,5 15,17 27,29 39,41
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7 19 31 43
8 20 32 44
9 21 33 45

10 22 34 46
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1452
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Spare = Dark Fibre
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jFEX_1C
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jFEX Layout, Connectors, and Naming.
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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.
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gFEX_1/2 (EM)
G3-Type
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Ordering
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gFEX_5/6
G2-Type
Output

Ordering
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FOX Box and Assembly Mechanical Details
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Figure 13: Plastic shu�e box produced by Sylex.

steel back panel with a thicker aluminum plate. We plan to paint the case and anodize the front panel.230

We also intend to add silkscreen lettering for the identification of each FOX box type and each connector231

location. MSU will also design and manufacture some custom components described below to hold the232

shu�e boxes and assist with internal cable management. These internal components will be a�xed to the233

bottom plate of the FOX box chassis.234

Shu�e Mapping Module Characteristics235

The shu�e mapping modules are composed of 3 sections, as shown in Figure 15. The middle section236

is the plastic shu�e box itself which holds and protects the fragile fibers being mapped from one set of237

connectors to another set of connectors. One side of the shu�e modules has shorter cables made of one,238

two, four or six 12-fiber ribbons terminated by a 12-, 24-, 48-, or 72-fiber MTP connector. These cables239

are comparatively sti�er. In particular they do not bend laterally with respect to the plane of the ribbons.240

Optical fibres in general are very fragile and this side of the module is the most constraining. It will need to241

drive some of the implementation choices. We call this the Ribbon side (or R side) of the shu�e modules.242

Please note that the ribbon side of a module may be used as the input or output side of a given shu�e243

November 1, 2017 – 15:26 20
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DRAFT

Figure 15: Sylex shu�e photograph.

at both ends. This will provide su�cient lateral and vertical spatial control of the row of shu�e boxes.258

If longitudinal control proves necessary, we will either make use of the grooves and notches present in259

the shu�e boxes or mill a perpendicular groove along the length of the rake and insert a rubbery strip260

for control by friction. The pitch of these rakes (the distance between shu�e boxes, center to center) is261

a critical design parameter as it control the density of shu�e boxes and drives the pitch of the front and262

back panel MTP connector placement. As described above, the ribbon side of the shu�e box is not very263

flexible and it is thus preferable to line up the shu�e box lateral placement with the lateral placement of264

the holes for the front panel MTP connectors.265

The width of a front panel hole for an MTP connector is larger than the thickness of a shu�e box. Su�cient266

front panel material must also be allowed between neighboring holes to preserve the physical strength of267

the panel. Placing all MTP connectors side by side, with su�cient spacing, to hold 16 shu�e modules268

side by side as in the intended layout for LArFOX B would easily consume the whole front panel width.269

This would leave no room for the additional connectors needed on the front panel.270

Reducing this rake and front panel pitch requires finding a workaround to leave su�cient material between271

neighboring panel holes. We also need to keep each set of shu�e module ribbon connector holes on the272

same vertical axis to prevent lateral ribbon cable bending. The solution consists in raising and lowering273

every other set of front panel holes for form a staggered pattern. This adds no additional stress to the274

ribbon cables as this is in the plane these cable can more easily bend.275

The final pitch parameter was chosen to allow for 24 notches along the length of the rake. Up to 24 shu�e276

boxes could be held in one row, side by side. This means that the ribbon side connectors from all the layer277

of shu�e boxes nearest the front panel occupies only about two thirds of the front panel space. This leaves278

about one third of the front panel for all other necessary connectors. This particular choice of pitch helps279

further with two other aspects described below. A 3D rendering of the proposed front panel is presented280

in Figure 17.281

Longitudinal Positioning of the Shu�e Layers282

For the shu�e boxes positioned near the input or output side of the FOX box (iėṫhe first and the last layer)283

the ribbon side of the shu�e module will be connected to the front or back panel. The first and last layer284
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DRAFT

Figure 18: Isometric view of the proposed LArFOX B.

Comb Plates for Cable Management311

The initial and most natural idea was to create internal patch panels, complete with holes and MTP barrel312

connectors. Such internal panels would bring a number of downsides. There are more connectors between313

internal layers than panel connectors which would thus require a lot of surface area and interfere with the314

path of other cables. Needing to plug and unplug connectors through these internal panels would require315

allowing physical space on both sides of the inner panels for hand and finger access and potential stress on316

the cables. Internal intermediate panels were thus deemed too cumbersome, too constraining, and would317

have increased the chances of damage during assembly or later servicing. The only perceived advantage318

would have been related to cable management with labeling on the panels, while any lettering would have319

been hard to read once fully assembled. The FOX boxes can certainly benefit from mechanical assistance320

and internal cable management, but this is primarily a concern for cable ordering during assembly and321

holding cable in place during shipment.322

Instead of panels, we are designing and manufacture comb plates to attach to the bottom of the FOX boxes,323

as shown in Figure 19. The length of these coarsely toothed comb plates (finger-like) will be about one324

third of the width of the box. These plates will be positioned strategically to keep the cables internally325

ordered. All connector ends of all modules will be labeled by the manufacturer according to each type of326

mapping module. We can add our own additional identification labels with individual module numbering.327
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Box Height: 2U.
Box Depth: ~60cm
Rack Depth: 80cm
Box Width: ~50cm

Up to 48 MTP connectors 
on front/back panels.

Internal patch panels 
using “fingers”, and 
assemblies secured 

using “rakes”.
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Testing and Validation
• Assembly/Ribbon Mapping.

- On Paper: DONE. Checks logical mapping of each ribbon type.

- Automatic: IN PROGRESS. Test program to build the FOX virtually, 
test every mapping connection of every ribbon from beginning to end.

- Physical Subset: NOT STARTED. Order small set of ribbons to have 
a limited pass-through of the FOX, test mapping and light loss.

- Final: NOT STARTED. Once full order + spares arrive, test at least 
one of each ribbon-type, as well as per box / total pass through.

• Light loss, connectivity, etc.

- Done at Physical Subset, and Final stages.

• Mechanical boxes.

- Ribbon mock-ups used initially to design box parameters.

- Physical Subset used to confirm box design.

- Design/Building at MSU allows for changes to be made as needed.
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Timeline

DRAFT

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 Procedures502

This section describes the timeline and planned testing procedures.503

• Mid-October: Initial Cost Estimate for Full system from Sylex.504

• Early November: First metal box (LArFOX B) produced at MSU. L1Calo Review, to get approval505

to order subset of assemblies for physical tests.506

• December: All metal boxes produced at MSU (LArFOX A/C, LArFOX D, TileFOX E/F). Narrow507

pass through for all boxes arrives at MSU, i.e. an adequate subset (and spares) of assemblies to test508

mapping and light loss tests.509

• End of January: Assembly and Tests done at MSU (as described above).510

• February: Show results in L1Calo Meeting / PRR, and seek approval to order all remaining511

components from Sylex.512

• March-April: Components arrive at CERN.513

• April-May: Assembly and testing at CERN, i.e. octopus cables connected to test all mapping paths,514

some light loss tests of the whole system, possibly even connection to some real latome and FEXs515

on the surface for full test. At this point, o�cial task completed.516

• Afterwards: Provide "7th" box for Surface Test Facility to use, containing a simple set of ribbons517

that go from a Latome to a variety of FEXs.518

• Fall-Back time allowed in the schedule: 3 months.519

8 Conclusion520

.521
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