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LArFOX_B
(all phi, 2 eta slices)

LArFOX_D
(all phi, 2 eta slices)

LArFOX_C
(all phi, 2 eta slices)

LArFOX_A
(all phi, 2 eta slices)

TileFOX_E/F
(all eta, half phi)

eFEX signals
passed to LArFOX

jFEX & gFEX
signals passed

to TileFOX
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LArFOX_C LArFOX_B LArFOX_D LArFOX_A

TileFOX_E TileFOX_F
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Key

FOX Interconnections

Front Panel
Back Panel
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L1 L1 L1 L1 L1 L1 L1 L1

L2 L2 L2 L2 L2 L2 L2 L2

L1L1L1L1L1L1L1L1

C1 C1 C1 C1 C1 C1 C1 C1

L2L2L2L2L2L2L2L2

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
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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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L
2

L
2

16 x EMB

8 x eFEX (Barrel)

8 x TileFOX_E/F

L
4

L
4

X
3

L5

X
1

L
4

L
4

X
3

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) 14 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

Notes
Numerous connectors are 

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

to match the front/back 
panel specification.

LArFOX_A/C
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T
3

T
3

EMB (A/C)
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TREX gFEX FCAL gFEX (A/C) EMEC/HEC gFEX (A/C)
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C A

FCAL jFEX (A/C)

C2 C2 C2

G3

60 cm

12 x jFEX 6 x gFEX

C C CA A A

Key
Input / Internal 

Connector

Output 
Connector

2 Stacked 
Connectors

Shuffle Box

Single Wire

2 Stacks Wires

TileFOX_E/F

G4
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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



D. HaydenMSU 9

48 48

48 24 24

L1

24 48

12 48 12

L2

24 48

48 24

L3

4848

X2

48 48

48 48 48 48

48 48 24

48 48 24

L4

48 48

48

L5

48

48

X1

48

121212 12 12 12 12 12

48

X3

48

12 24 1224 24 48 48

1224 12 12 12 24

Y1

48 48

Y2

24 12 12 12 12 12 12

Naming
Everywhere:
1 = (I)              = B
1 = (O)            = C
LArFOX Boxes:
1 < (I/O) < 4    = L
>= 4 (O)          = X
>= 4 (I)            = Y
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
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12

48

C1

121212
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48
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121212

48

B2

24 12

48 48

T1

24 12 12 12 12 12 12

48 48

1224 12 12 12 24

T2

48

T3

48

24 12 2424 12

48 48 24

T4

24 24 1212 2424

24

48

C2

24 4848 48 48

G1

48 48 48 48
24 24 24

12 24 24

G2

48 48 48

24 24 2448 24

G3 J1

24 1212 12 12

J2

12 2412

72

12 12

J3

72

24 12 12

12

24

B3

12

A B C D

E

A

C D EB

A B C

D E F G H I
1C 2C 3C 3A 2A 1AA B C D

E F G H

A

CB

A

C DB

A B

D E F GC H I
1C 2C 3C 3A 2A 1A

A B

D E F GC H
1C 2C 2A 1A

A B

D E F GC

12

24

72

gFEX3C 2C 3A 2AgFEX

A B C

E F G

12

D

Cen

4848 24 24

G4

48

A B C D

E F G H

24242424

I

A B C

D E F G H

A B

C

A B C DA B C D E

EF

A B C D E

F
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[Ribbon Mapping]

[Ribbon Explanation]

https://docs.google.com/spreadsheets/d/1gHV578LzwwIV7I85HP3f2jj_nR_DUvBA8CyW8Tu77g8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1gHV578LzwwIV7I85HP3f2jj_nR_DUvBA8CyW8Tu77g8/edit?usp=sharing
https://docs.google.com/document/d/11gu9NrHk8USFrYTrapGByshsGgXAPklMKCHCxLIcFZg/edit?usp=sharing
https://docs.google.com/document/d/11gu9NrHk8USFrYTrapGByshsGgXAPklMKCHCxLIcFZg/edit?usp=sharing
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Backup
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LArFOX_A/C (Part 1)

L2

L4

(6+3) = 9 Had
2 x (2+1) = 6 EM

(6+3) = 9 Had
2 x (2+1) = 6 EM

jFEX (30f)

eFEX (30f)

gFEX (2 x 8f)

L4

(6+3) = 9 Had
2 x (2+1) = 6 EM

(6+3) = 9 Had
2 x (2+1) = 6 EM

jFEX (30f)

eFEX (30f)

gFEX (2 x 8f)

L4

(6+3) = 9 Had
2 x (2+1) = 6 EM

(6+3) = 9 Had
2 x (2+1) = 6 EM

jFEX (30f)

eFEX (30f)

gFEX (2 x 8f)

L4

(6+3) = 9 Had
2 x (2+1) = 6 EM

(6+3) = 9 Had
2 x (2+1) = 6 EM

jFEX (30f)

eFEX (30f)

gFEX (2 x 8f)

M1X3X3
B

48w 48w 48w 48w48w 48w

X1

9f 9f 9f 9f 9f 9f 9f 9f 12w 12w

24w 24w 24w 24w 24w 24w

12w 12w

12
w

12
w

12
w

12
w

12
w

12
w

12
w

12
w

10f

15f 15f 15f 15f 15f 15f

10f5f 5f

Y19 TREX Had +
9 EMEC/HEC Had

+ 2 FCAL Had
= 20f

6 EMEC/HEC EM
+ 20 EMB

+ 2 FCAL EM
= 28f

48w
eFEX_C 
HadCon

48w
eFEX_C 
CCon

B C D E F G H

B

C D

E

F G H

48w

24w

4/4 TREX eFEX Inputs 8/8 EMEC/HEC Inputs

1/8 pairs of eFEX Outputs

J1-JN

Outside 
Box

LArFOX_A/C Part 1 (LHS Box)

48w 48w 48w 48w

48w

48w

48w 48w 48w 48w 48w 48w 48w 48w

Y

Y

Z

12w

12w

12w

L5

eFEX Barrel (36f)

eFEX Barrel (36f)

eFEX A/C (36f)

eFEX A/C (36f)

L5
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LArFOX_A/C (Part 2)

         L2L2L2

48w 48w 48w24w 24w 24w

L1 L1 L1

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4fJ
1

J
2

J
3

J1-JN

Outside 
Box

L2
1 x 10f

4 x 10f

1 x
 10

f
1 x 10f

4 x 10f

1 x
 10

f 4 x 10f

1 x
 10

f
1 x 10f

4 x 10f

3/8 pairs of EMB Latome Inputs

48w
eFEX_Barrel 

ACon

48w
eFEX_Barrel 

ACon

48w
eFEX_Barrel 

ACon

48w
eFEX_Barrel 

ACon

4/8 of eFEX_Barrel ACon Outputs

LArFOX_A/C Part 2 (RHS of Box)

48w 48w 48w 48w 48w 48w 48w 48w

FCAL1 1/1 FCAL2 1/1

24w

24w

12w

12w

48w 48w

jFEX: 16f (TileFOX_E)

jFEX: 16f (TileFOX_F)

gFEX:12f (E)

gFEX:12f (F)

12w 12w 12w 12w 12w 12w 12w 12w

2f EM + 2f Had
To Each

2f EM + 2f Had
To Each

eFEX:
8f EM + 8f Had

To Each

12w12w12w12w12w12w
Y Y

ZB C D HE F G
B B C C

X4

B1 B1
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LArFOX_B

L2 L2L2

24w

L1 L1 L1

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4fJ
1

J
2

J
3

L2
1 x 10f

4 x 10f

1 x
 10

f
1 x 10f

4 x 10f

1 x
 10

f
1 x 10f

4 x 10f

1 x
 10

f
1 x 10f

4 x 10f

3/8 pairs of EMB/EMEC Latome Inputs for 1/2 phi rings

C1
12w12w

C1
12w12w

C1
12w12w

48w
eFEX_C/A 

BCon

48w
eFEX_Barrel 

CCon

4/16 of eFEX_C or eFEX_A BCon Outputs (depending on half)
3/8 of eFEX_Barrel CCon Outputs

48w24w48w24w48w

J1-JN

48w
eFEX_C/A 

BCon

48w
eFEX_Barrel 

CCon

48w
eFEX_C/A 

BCon

48w
eFEX_Barrel 

CCon

48w
eFEX_C/A 

BCon

LArFOX_B

48w 48w 48w 48w 48w 48w
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LArFOX_D

4 x 10f

L3

4 x 10f

4 x 10f
4 x 10f

L3

4 x 10f

24w

L1 L1 L1

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4f

6 x 7f

6 x 3f

(J) 20f + (G) 4fJ
1

J
2

J
3

4 x 10f

3/8 pairs of EMEC Latome Inputs for 1/2 phi rings

48w
eFEX_C/A 

ACon

4/16 of eFEX_C or eFEX_A BCon Outputs (depending on half)

48w24w48w24w48w

J1-JN

48w
eFEX_C/A 

ACon

48w
eFEX_C/A 

ACon

48w
eFEX_C/A 

ACon

L3

4 x 10f

4 x 10f

L3

4 x 10f

1/2 TREX Had Inputs
each from LArFOX_A/C

X2

18f 18f 18f 18f

48w
eFEX_Barrel
HadCon

48w
eFEX_Barrel
HadCon

48w
eFEX_Barrel
HadCon

48w
eFEX_Barrel
HadCon

4/8 of eFEX_Barrel
HadCon Outputs

LArFOX_D

48w 48w 48w 48w 48w 48w 48w
C-Side

48w
A-Side



D. HaydenMSU 17

TileFOX_E/F (Part 1)

ADB

EM Central (A/C)

T3

48w 48w

C-Side A-Side

24
w

12
w

24
w

24
w

12
w

2C:
8f

3C:
16f

3A:
16f

2A:
8f

gF
EX

: 1
6f

EM Central (B)
48w 48w

12
w

12
w

12
w

12
w

12
w

T1

C-Side A-Side

2A:
8f

1A:
8f

3A:
8f

3C:
8f

2C:
8f

1C:
8f

gF
EX

: 1
6f

12
w

24
w

EM Central (D)

T2

48w 48w

C-Side A-Side

24
w

12
w

12
w

12
w

12
w

1C:
8f

2C:
8f

2A:
8f

1A:
8f

gF
EX

: 1
6f

EMEC/HEC (C)
48w

1C:
18f

2C:
10f

24
w

12
w

2 x (2 EM
 + 7 Had)

Had

EMEC/HEC (A)
48w

1A:
18f

2A:
10f
12
w

24
w

Ha
d

T4

48w 48w

C-Side A-Side

1C:
8f

2C:
16f

3C:
24f

3A:
24f

2A:
16f

1A:
8f

12
w

12
w

24
w

24
w

24
w

24
w

TREX Had jFEX

1C 2C 3C 3A 2A 1A

24w
(16 used)

72-way connector to each of the jFEX.
Covers one quadrant full.

2 x above in one box.
N.B.

Other side of this box (gFEX) represents full box
FCAL (C)

24w
(16 used)

FCAL (A)

2 x (2 EM
 + 7 Had)

B2 B2

12
w

3C:
2f

Ha
d

12
w

3A:
2f

Had
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TileFOX_E/F (Part 2)

48w 48w

TREX Had gFEX
4/4

48w 48w

EMEC/HEC gFEX (A/C)
4/4

24w 24w 24w 24w

FCAL (C)

12w

FCAL (A)

12w

48w

B
2/2

D
2/2

A/C
2/2

Sp
ar

e

Sp
ar

e

Sp
ar

e

Sp
ar

e Spare

Spare

24w

24w24w

24w 24w 24w 24w

24w

24w 24w

24w

3 4

5 6

1 2

24w

gFEX expects 6 x 48-way, but E/F covers half phi.
Solution: output 24w and combine two phi half outside box.

gFEX1 & gFEX2: eta -2.4 to 0.0 & 0.0 to 2.4 (EM)
gFEX3 and gFEX4: eta -2.5 to 0.0 & 0.0 to 2.5 (Had)

gFEX5 and gFEX6: eta < -2.5 & > 2.5 (EM+HAD, FCAL)

4+4 4+4 4+4 4+4

8

88

8

All C-side All A-side

8+8 8+8 8+88+8

20 20 20 20 16+16

8+8+8 for each

24

24 24

24

24w 24w 24w 24w24w 24w

C2 C2 C2

48w 48w

16+1616+16

8+8 8+8 8+8 8+8 8+8 8+8

32 32 32

4+4 4+4

B D A

G1

G2 G2

G3


