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1. Intr oduction

This is a draft design of the connection between Amplifier-Shaper-Discriminator (A SD) Boards,
Patch-Pand (PP) and Slave Boards (SLB) for the front-end electronics of the Thin Gap Chamber (TGC)
trigger system. We will discuss cable route, mount, itslength and weight aswe | astime delay.

The ATLAS experiment in the LHC uses TGC as its forward muon trigger detector. The TGCs are
mounted in six big wheds, M1, M2 and M3 in each side(A and C) which support mechanicaly. M1 has
three TGC layers, called as triplet. M2 and M3 both have two TGC layers called as doublet. The inner
whed is adoublet of TGC. The total number of TGCsis about 3600. The totd number of TGC signds
for wiresand stripsis nearly 321k channels.

A PS-Pack serves 1/24™ of triplet (M1) or two doublets (M2 and M3). A sub-PS-Pack consists of 1
mother Patch-Panel (PP) board, 2 daughter PP boards and 2 Slave Boards (SLB), which is called a
standard sub-PS-Pack unit. A sub-PS-Pack unit is shown in Fig.1 schemaicdy. The signds from the
Amplifier- Shaper-Discriminator (ASD) Board are sent though a 20-pair twisted-pair cable to the PS-
Pack. Each ASD Board consists of 4 ASD chips which corresponds to 16 wires/strips channds. Each
unit of sub PS-Pack serves 16 ASD Boards which eguals to 256 channds in the maximum (one
exception exigs in doublet which serves 18 A SD Boards corresponding to 258 channe s) for doublet.
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Fig.1 A sub PS-Pack unit of TGC and ASD boards

The wheels M1, M2 and M3 are divided into 24 identical elements, called sets. Three sets make

an octant. Each set isdivided radidly into two regions, named Forward and End-cap.



The ASD Boad is physically atached to the edge of a TGC and enclosed inside the TGC electricd
shidding (Faraday cadge). Signals from the ASD Boards are sent to a Patich-Pand (PP) board, which
houses receivers for the ASD outputs, TTC receivers and DCS, Bunch-Crossing Identification circuits,
logic to teke care of physicd overlap in the TGCs and fan-outs. Outputs from the PP board are snt to
correpponding Save Board (S.B) where the coincidence and read-out crcuits are placed. For M1
whed, three groups of two ASD Boads areserved by a SLB, which dlows a 2-out-of-3 coincidence
to be formed. For M2/M3 wheels, four groups of two ASD Boads are srved by each SLB and a 3-
out-of-4 coincidence is made.

The PSPack, which consists of PP and SLB, are placed on the accessible surfaces of the TGC
wheds. Thus, PS-Pack for the M2 and M3 are mounted on the outer surface of the M3 wheel and
those for theM 1 are mounted on the inner surface of the M1 wheel.

The powers of PS-Packs are about 185W/set for doublet and 80W/set for triplet. Totd power of
PSPack is 13kW which will most transfer into heat. A cooling system is needed for removing heat.
The double U-shape coolant pipe sydem has designed for cooling the PS-Pack. The cooling pipes
made of Al is used not only as cooping pipes and but also as support bars for the PSPack. Low
voltage is supplied by LV bus which congsts of 4 wires (3.3V, +3V and common ground) as shown in
Fig.2.

The totd number of electronic channds in the TGC system is 321k. The detals of the channd
distribution over the four sub-wheds are given in Table 1. Table 2 gives the total number of channds,
ASD Boardsand SLBs for a set (1/24), octant, one side and both sides.

There are 35 SLBs per s& for the doublet, 23 SLBs for the triplet and 2 SLBs for the inner wheel.
In order to reduce physicd size of a PS-Pack, a high-density connector (KEL, 8830E-080-170L) is
used a the PP board. With this connector, the length of a aub-PS-Pack can be designed to be 510 mm.
Because the avairable radid Iength on the outer surface of M3 wheel is only 6000 mm, we arrange the
PSPack in two layers construction. It occupies 5000 mm in length including Service PP board. We
arrange all sub-PS-Packs in one-line configuration so that other service systems such as LV supply
and cooling system can be simply in construction.

For the PS Pack of triplet, it isa bit more complex than tha of doublets because the support bar
of TGC limits the avairable length on the inner surface of M1 wheel. The totd usable radial length is
2500 mm, however, we need 3200 mm to arange all sub-PS-Packs for M1 in one-line. We still
designed dl sub-PS-Pack unitsin one line which is based on the assumption that the support bar can
be moved to the center of two TGCs by about 100 mm which can increase the avalable length to 3200

mm.
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Table1l Thenumber of Channels ASD chip, ASD Board, PPand SLB

M2+M 3 (1/48) oneset(1/24)
Channel |[ASD |ASD |PP [SLB |Channel [ASD |[ASD [PP |SLB
chip Boad chip Boad
EW 1214 306 780 5| 10 2428| 612| 156| 10| 20
FW 506 128 320 2 4 506| 128 32 4
ES 640 160 400 3 1280 320 80 10
FS 128 32 8l 1 128 32 8 1
Totd 2488 626| 158 11| 20| 4342 1092 276] 19] 35
M1
EW 606 153 42 4 7 1212 306 84 8| 14
FW 335 84 21 2 4 335 84 21 2 4
ES 256 64 16 1 2 512| 128 32 2 4
F9 64 16 4 1 1 64 16 4 1 1
Totd 1261 317 83 8| 14| 2123 534 141 13[ 23
| nner
One s Octant
Channel |[ASD |ASD |PP [SLB* |Channel [ASD |[ASD [PP |SLB
chip Boad chip Board
EW 32 8 2l 1] 1/2 96 24 6 2| 372
FW 64 16 4 1| 1/2 192 48 12 2| 372
ES 64 16 4 1| 172 192 48 12 1| 372
FS 64 16 4 1| 172 192 48 12 1| 372
Totd 224 56 14 4 2 672| 168 42 6 6

* For Inner wheel, each TGC has aslaveboard, that is it combineswiresand strips in one SLB.

Table2 Thenumber of channds, ASD Board and SL B

One st Octant One sde Two side
Channel |[ASD |SLBChannel |[ASD |SLBChannel |ASD |SLB |Channel |JASD |SLB
Board Board Board Board
M1 2123 141 23| 6369 423 69| 50952| 3384 552101904 6768|1104
M2+M3 4342| 276| 35| 13026| 828|10 [104208] 6624| 840(208416(13248|1680
5
Inner 224 14 2 672 42| 6| 5376/ 336| 48| 10752 672 96
Total 6689 431] 60 20067 1293|180(160536{10344)1440(321072(20688]2880




2 Connection between ASD and PS-Pack

2.1 ASD connector name

As have given above, each PSPack set which is a 1/24 of a whed, contains 141 ASD boards for
triplet and 276 ASD boards for doublet. For triplet, middie layer (TGC1) has 35 connectors and two
sides (TGCO and TGC2) both have 53 connectors because there is not strip output in the middle layer.
For doublet, there are 70 connectors per layer for M2 and 68 connectors per layer for M3. In order to
make a distinction for different ASD boards, we name each connector of ASD boards as shown in
Table 3.

TGCs were instdled on both sides of ATLAS with a mirror structure as shown in Fig.3. We use
“A” to preent the TGCs which located in positive Z region and “C” present the TGCs locaed in
negative Z region. We use M1, M2 and M3 to present the three wheels M1 is a triplet consisting of A,
B and C layers. M2 and M3 are doublet condsting of A and B layers. Each name of ASD connector
for 1/24 wheel isshown in Fg.4 and Fig.5for triplet and doubl &, respectively.

M3 M2 M1 M1 M2 M3
BA BA CBA Ax(R) ABC AB AB
Y
C , . A
Fig.3 TGC location and wheels
Table 3 ASD connector naming
ASD A/C Whed E/F (0} Layer WIS number
Side 1=-M1 E=End-cgpe  dividon A,B for W=wires From 00 to
A=+z 2=M2 F=Forward 0-23 for F doubl et S=Strip maximum with
C=z 3=M3 0-47 for E A,B,C for R decreased

4=| triplet




Triplet-A

1 0
2 T8 A1EIAWO0 DAlEOAWOO 47

ALE1IAWOL EflEOAWOl
EO Waminst AlEipss 1E0ASL ALEOASD
" O m

=

e ek H [ AEass aEd

ALELIAWO2 A1E0AW02

g1 \\T7

AlElAWOBl:l DAlEOAWOS

5 AlE1AW04 |:| A1EOAW04
A1E1AWO05 |:| A1EOAWO05
E2 A1E1AWO06 |:| A1EOAWO06

A1lE1AWOQ7 |:| A1EOAWO7

AliASs AEIAS] | ALEDASS ALEASS
(|

£l
[ |
nEs T REASs || AtEoAsTER ghfAss

A1E1AWO08 DAlEOAWO
T3

A1E1AWO09 D AlEOAW
|

ALEIAW10[ | |:| ALEOAWJID
ate1aw 11l ] Aroavpia
\1E1AW12] | |:| ALEOAIN 12

% ElAW13 |:| A1EOpNN13

|
__———\VYA1FOASLT  ALFOARD

atroawo ]

T1
A1FOAW1 I

A1FOAW?2 I
FO A1FOAW3 l

A1FOAW4 .

Fig.4 Triplet ASD connectors name and

ALFOAW5 ) :
l ther locations

A1HOAWG l



1 |Doub|et.M2-A | 0
/ 47

T9  A2EIAW00 |:| DAZEOAWOO

A2E1AWOL |:| DAZEOAWOl
EQ \A2E1AS1 A2EIASD A2E0AS1A2E0ASD

= [

A2E1IAW02 D |:|A2EOAW(X)

A2EIAW3 D DAZEOAWOl

E
A2E1AS3 A2E1IAS? A2EQAS3 A2E0AS2
[
Sl R
2 5 A2E1IASA A2EOAS5 A
A2E1IAWO4 D A2EOAWM4
E2

A2E1AW05|:| |:| A2E0AW05

06 |:|A2EOA
T6 A2E1AWO7 DAZEOAWO?

A2E1IAW(8 E A2E0AW08
A2E1IAW(9 A2E0AW(9
E3\l A2E1AWI10 A2EOAW10
AZEIAWIL A2E0AW11
A2E1AW12 2E0AW 12
A2EIINS7 A2EIASE || A S7 A2HOAS6
= | =

A2E] A2EIAS8 || A2ZEOAS9 0A S8

A2e1AW13 [ AoE0AW
A2E1AW 14 D A2E0AW
2E1AW15 DAZEOA

E4 W2E1Aw 16 [a2e0avpis

2E1AW17 [ A2 oA 17

BLAWIS [Tl A2E0A18

BLAW19 Il A2E0fv 19

A2F! SO
[ =
2 A2FOAWO
A2FOAW1
A2FOAW2

FO \} A2FOAW3
2FOAW4

FOAWS Fig.5 Doublet ASD connectors name
FOAW6E and their | ocations

A280AWT7



2.2 Sub-PS-Pack names and arrangement

Patch Panels and Save Boards are assembled into PS-Pack. There are two kinds of PS-Pack: one is
for the triplet (mounted on the surface of M1 whed) and another is for the doublet( M2 and M3,
mounted on the surface of M3 whed). All sub-PS-Packs for 1/24 unit were aranged as two layers
(upper and bottom layers). In order to predigest the support scheme and cooling system, dl sub-PS-
Packs are aranged in one-line gructure. Total length of a PS-Pack is 3.2m for triplet and is 5.0m for
double, respectively. Total humbers of PS-Packs are 24,24 and 8 for triplet, doublet and inner wheel.

Their names are given in Table 4.

Table 4 PS-Pack naming

PS-Pack A/C D/T/I set
Side D=Doubl et ForD and T, se&t number isOto 23
A:+z T=Triple

C:-z I=Inner For I, octant number is 0-7

Patch Pand names are shown in Table 5 according the E/F, @ WIS, D/T/I and number orderly.
Slave Boards names are almost same as PP names except for the number as shown in Table 6. At most
situations, one PP board corresponds to two SLBs. An exceptions exist for a PP only with a SLB.
Fig.6 and Fig.7 show all Patch Panelsand Save Boards namesfor ATO and A DO sets PS-Packs.

Table 5 Patch Pand _naming

Patch Pand E/F (0] WIS D/T/I number
E=End-cape S« W=Wires D=Double Running from Oto
F=Forward 0-23for F  S=Strips T=Triplet maximum
0-47 for E I=Inner

Table 6 Save Boards naming
Slave Boards E/F [0} WIS D/IT/ number
E=End-cape S« W=Wires  D=Double& Running from Oto

F=Forward 0-23for F  S=Strips T=Triplet maximum
0-47 for E I=Inner




Triplet example

Upper layer ATO Bottom layer
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Fig.6 Sub-PS-Pack location name for PP and SL B for Triplet

Doublet example
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Fig. 7 Sub-PS-Pack location namefor PP and SLB for Doubl et



2.3 PP Connector s names

As mentioned before, each PP has two layers: one mother PP and two daughter PPs. Each mother
PP has 4 high density connectors ( one exception exists in doublet mother PP with 5 connectors) and
each daughter has 2 high density connectors. In order to distinguish each connector in the same PP

board, we give names to the connectors as shown in Fg.8.

4 R
al\s DA EOWDO
[Imelf] os
EOWDO
LHiMCclH DC EOWD1
:MD: DD

Fig.8 PP connector's names

The connector named to be EOWDO-MA, for example, isthe first connector (R islarger than others
connectors in same PP) on the mother PP for the Patch Panel EOWDO and also EOWDO-DC is the
third connector on the daughter PP for the same PP. Snce each PP connector connects to 2 ASD-
board connectors, we have to distinguish the different part of in one connector. Upper part (R is larger,
the green part in Fg.8) can be signed as 1 and bottom part as 2. Therefore, connector DA 1 means the
upper part of connector DA..

2.4 Connection between ASD boards and PP

The 16-ch ASD Board has designed and built for both wire signds and strip signals from TGCs.
Each board contains 4 ASD ICs with protection circuits. The ASD borad is directory atached to the
TGC chamber. The ASD Board design is common for dl TGC chambers. 16 LVDS logic signal
outputs from the ASD Board are transmitted through a 20-pair twisted-pair cable from an ASD board.
An amplified andog output through a LEMO type connector is equiped for each ASD. DC power,
ground, threshold voltage and test pulse are supplied to the ASD Board by the same twisted-par cable.

Each PP board consists of one mother PP and two daughters PPs (in some case one PP board
consists of one mother PP and one daughter PP in order to save space). High density connectors are
used as the connectors which receive signal from ASD Board in both mother and daughter PP. Each

PP connector responds to two ASD boards by the twisted-pair cable. The connection between ASD



Boad and PP Board has two kinds of scheme: one is common connection and another is gecial
connection scheme which is a exception of common connection. Fig.9 and Fig.1l are the common
connection scheme for doublet and triplet, respectively. Fg.10 and Fig. 12 are two special connection
for doublet and triplet, respectively. All ASD connector connected to PP connector is one by one as

shown in Tables 8-11 for doublet and triplet.

M2 M3
A A R

Fig.9 Normal connection between TGC connectors and PP connectorsfor doubl et
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Fg.10 An exception for thedoublet PP board with three connectors
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Fig.11 Norma connection between theASD connectors and PP connectors for the triplet

— 1 ALFOAWO1 A
SLB
EOWTO
m /EIWTO
- MT

EOWTT

A1FOAWO04 JEIWT1

A1FOAWO05

Fig.12 An exception for triplet PP board



Table 8 Connection between ASD connectors and PP connectors for Doublet Endcap wires

PP name ASD name PP name ASD name
EOWDO Daughter DA1 A2E0AW 00 EOWD3 Daughter DA1 A2E0AW 12
PP DA2 - PP DA2 A2E0AW 13
DB1 A2EO0BWOO DB1 A2EOBW12
DB2 - DB2 A2EOBW13
DC1 A2E0AWO01 DC1 A2E0AW 14
DC2 A2E0AW (02 DC2 A2E0AW 15
DD1 A2EOBWO1 DD1 A2EOBW14
DD2 A2E0BWO0?2 DD2 A2EOBW15
Mothea MA1 A3EOAWQ00 Mothe PP | MA1 A3EO0AW 12
PP MA?2 - MA?2 A3EO0AW 13
MB1 A3EOBWO00 MB1 A3EOBW12
MB2 - MB2 A3EOBW13
MC1 A3EOAWO01 MC1 A3EOAW 14
MC2 A3E0OAW(02 MC2 A3EOAW 15
MD1 A3EOBWO1 MD1 A3EOBW14
MD?2 A3EOBWO02 MD?2 A3EOBW15
EOWD1 Daughter DAl A2E0AWO03 EOWD4 Daughter DAl A2E0AW 16
PP DA2 A2EOAW4 PP DA2 A2E0AW17
DB1 A2EOBWO03 DB1 A2EOBW16
DB2 A2E0BWO04 DB2 A2EOBW17
DC1 A2E0AW 06 DC1 A2E0AW 18
DC2 A2E0AWO7 DC2 A2E0AW 19
DD1 A2E0BWO06 DD1 A2EOBW18
DD2 A2EOBWO7 DD2 A2EOBW19
Mothe MA1 A3EOAWO03 Mothe PP | MA1 A3EO0AW 16
PP MA2 A3EOAWM4 MA?2 A3EOAW17
MB1 A3EOBWO03 MB1 A3EOBW16
MB2 A3EOBWO04 MB2 A3EOBW17
MC1 A3EOAW(0S MC1 A3EOAW18
MC2 A3EOAWO7 MC2 A3EO0AW19
MD1 A2E0AW05 MD1 A3EOBW18
MD2 A2E0BWO05 MD2 A3EOBW19
ME1 A3EOBWO05
ME2 A3EOBWO7
EOWD 2 Daughter DAl A2E0AW08
PP DA2 A2E0AW09
DB1 A2EO0BWO08
DB2 A2E0BWO09
DC1 A2E0AW 10
DC2 A2E0AW 11
DD1 A2EOBW10
DD2 A2E0BW11
Mothe MA1 A3EOAW(08
PP MA2 A3EOAWD
MB1 A3EOBWO08
MB2 A3EOBWO09
MC1 A3EOAW10
MC2 A3EOAW 11
MD1 A3EOBW10
MD2 A3EOBW11

* Thereisno A3EOA (B)WO06 connectors




Table 9 Connection between ASD and PP for doublet for Forward Strip/Wireand Endcgp Strip

PP name ASD name PP name ASD name
FOWDO Daughter DAl A2FOAWO EOSDO Daughter DAl A2EO0ASO
PP DA2 A2F0AW1 PP DA2 A2EO0AS1
DB1 A2FOBWO DB1 A2EO0BSO

DB2 A2FOBW1 DB2 A2EOBS1

DC1 A2F0AW2 DC1 A2EO0AS2

DC2 A2FO0AW3 DC2 A2EOAS3

DD1 A2FOBW2 DD1 A2E0BS2

DD2 A2FOBW3 DD2 A2EO0BS3

Mothe MA1 A3FOAWO Motha PP | MA1 A3EOASO
PP MA2 A3FOAW1 MA?2 A3EOAS1
MB1 A3FOBWO MB1 A3EOBSO

MB2 A3FOBW1 MB2 A3EOBS1

MC1 A3FOAW2 MC1 A3EOAS2

MC2 A3FOAW3 MC2 A3EOAS3

MD1 A3FOBW2 MD1 A3EOBS2

MD?2 A3FOBW3 MD?2 A3EOBS3

FOWD1 Daughter DAl A2F0AW4 EOSD1 Daughter DAl A2EO0AS4
PP DA2 A2FO0AWS PP DA2 A2EO0ASS
DB1 A2FOBWA4 DB1 A2EOBA

DB2 A2FOBW5 DB2 A2EOBS5

DC1 A2FOAW6 DC1 A2EO0AS6

DC2 A2F0AW7 DC2 A2EO0AS7

DD1 A2FOBW6 DD1 A2EOBS6

pD2 A2F0BW7 pD2 A2E0BSY

Mothe MA1 A3FOAW4 Mothea PP | MA1 A3EO0AS4
PP MA?2 A3FOAW5 MA?2 A3EOASS
MB1 A3FOBWA4 MB1 A3EOBHA

MB2 A3FOBW5 MB2 A3EOBS5

MC1 A3FOAWG6 MC1 A3EOAS6

MC2 A3FOAW7 MC2 A3EOAS7

MD1 A3FOBW6 MD1 A3EOBS6

MD2 A3FOBW7 MD2 A3EOBS7

FOSDO Daughter DA1 A2FO0ASO FOSDO Daughter DA1 A2EO0ASS8
PP DA2 A2F0AS1 PP DA2 A2EO0AS9
DB1 A2F0BS0 DB1 A2EOBS8

DB 2 A2F0BS1 DB 2 A2EOBS9

Mothe MA1 A3FOASO Mothea PP | MA1 A3EOASS8
PP MA?2 A3FO0ASL MA?2 A3EOAS9
MB1 A3FOBSO MB1 A3EOBS8

MB2 A3FOBS1 MB2 A3EOBS9




Table 10 Connection between ASD connectors and PP connectors for Triplet

PP name ASD name PP name ASD name
EOWTO Daughter DA1 A1EOAWQ0 FOSTO Daughter DA1 -
PP DA2 - PP DA2 -
DB1 DB1 -
pB2 - DB2 -
Mothe MA1 A1E0BWOO Mothe PP | MA1 A1FOASO
PP MA?2 - MA?2 A1FO0ASL
MB1 A1EOCWO0O0 MB1 A1FOCSO
MB2 - MB2 A1FOCS1
EOWT1 Daughter DA1 A1E0AW02 EOSTO Daughter DA1 A1EOASO
PP DA2 A1EO0AWO03 PP DA2 A1EOAS1
DB1 A1EOAWO01 DB1 A1E0CSO
DB 2 A1EOBWO1 DB2 A1EOCS1
DC1 A1EOAWM4 DC1 A1EO0AS4
DC2 A1EOAWO05 DC2 A1EOASS
DD1 A1EOCWO1 DD1 A1EOCH
DD2 - DD2 A1FO0CS5
Mothea MA1 A1EO0BWO02 Mothe PP | MA1 A1EOQAS2
PP MA?2 A1EOBWO03 MA?2 A1EOAS3
MB1 A1EOCWO02 MB1 A1EO0CS2
MB2 A1EOCWO03 MB2 A1E0CS3
MC1 A1EOBWO04 MC1 A1EOAS6
MC2 A1EOBWO5 MC2 A1EOAS7
MD1 A1EOCWO04 MD1 A1EO0CS6
MD?2 A1EOCWO05 MD?2 A1E0CS7
EOWT 2 Daughter DAl A1EOAW06 FOWTO Daughter DAl A1FOAWO
PP DA2 A1EOAWO7 PP DA2 A1FOAW1
DB1 - DB1 -
DB2 - DB2 -
DC1 A1EOAW08 DC1 A1FOAW2
DC2 A1EOAW(DO DC2 A1FOAW3
DD1 - DD1 -
pD2 - pD2 -
Mothe MA1 A1EOBWO06 Motha PP | MA1 A1FOBWO
PP MA2 A1EOBWO7 MA?2 A1FOBW1
MB1 A1EOCWO06 MB1 A1FOCWO
MB2 A1EOCWO7 MB2 A1FOCW1
MC1 A1EOBWO08 MC1 A1FOBW2
MC2 A1EOBW09 MC2 A1FOBW3
MD1 A1EOCWO08 MD1 A1FOCW2
MD2 A1EOCWO09 MD2 A1FOCW3
EOWT3 Daughter DA1 A1EOAW10 FOWT1 Daughter DA1 A1FOAW4
PP DA2 A1EOAW 11 PP DA2 A1FOAWS
DB1 - DB1 -
pB2 - DB2 -
DC1 A1EOAW 12 DC1 A1FOAW6
DC2 A1E0AW13 DC2 -
DD1 - DD1 -
pD2 - pD2 -
Mothe MA1 A1EOBW10 Mothe PP | MA1 A1FOBW4
PP MA?2 A1EOBW11 MA?2 A1FOBW5
MB1 A1EOCW10 MB1 A1FOCWA4
MB2 A1EOCW11 MB2 A1FOCW5
MC1 A1EOBW12 MC1 A1FOBW6
MC2 A1EOBW13 MC2 -
MD1 A1EOCW12 MD1 A1FOCW6
MD2 A1EOCW13 MD2 -




2.4 Mount scheme and cableroute

The TGC g/stem consists of two sides, A and C, which are mirror images of each other. The
ASD Boards in TGC's edges are dso different location as shown in Fg.13. We have considered this
difference in the design of PS-Pack in order to decrease the cable length. Two kinds of PS-Pack were
designed to meet the requirement for A and C sides. normal PS-Pack and upside-down PSPack as

shown in Fg.14. Inthiscase about 1ton fla cable can bereduced.

16 1 16 1 1 16 1 16
[s1] [SO] [so| [SI]

Fig.13 Thelocation of ASD boardsin TGC edge for A and C sides |ooking at the

TGC from the interaction.

| 5 B

Fg. 14 Two kinds of PS-Pack schemes for both A and C sides, looking a the TGC

from the interaction.



PS-pack located in the surface of M1 and M3. Totd length is 5m and 3.2m for doublet and
triplet as shown in Fig.15. The cooling pipe which has two parallel holes inside for coolant as shown
in Fig.16 is dso used as support bar of the PS-Pack. Additiond 4 bars for support PS-Pack on the
surface of TGC are needed for doublet and 3 bars for triplet. These additiond bars are fixed with TGC

support frames.

Doublet PS-Pack Triplet PS-Pack

320

1035

725

Fig.15 The location of PS-Pack inthe 1/24 set

Raach

FHg.16 Cross section of the cooling pipe made of Al.



Cooling pipes
and support bar

Support bar

Fig. 17 PS-Pack location and cable
route for M3. There exist other
cablesfrom M2 from behind



Each PP connector receives wire and strip signals which come from different ASD Board by
flat cables. The connection reation between PP connector and ASD board is shown in tables 8-10.
The length of each flat cable has been estimated according to both locations of PP connector and ASD
Boad as shown in Appendix. Fig.17 shows the cable route for 1/24 of M3 whed and Figl8 shows a
cable connection between M2 and M3 wheels. The cables from M2 whed are grouped in a few groups

Some cable support bars are needed for fixing the cable as shownin Fg.18 between M2 and M 3.

PS-Pack

r==-=-=--=----1
r - — N —_t T - - - smmemea M3
%ﬂq — mgmooo qme
= i = L0
< deble
support bar ;l

M2

Fig.18 Cable route between M2 and M3

3. Cablelength, weight and time delay
3.1 Cablelength and weight

Cable weight is a very important factor for the design of the big whed. We suppose that it uses flat
cable without shielding. The weight of flat cable with 40-wires is 0.2kg per meter. According to the
positions of the ASD connector and the PP connector, we can estimate each length of the cable and
dso the totd length though. Tablell shows the length of cables for one PS-Pack s&, one side and
tota. If we condder that about 10% additional cable is required for ingalling in turning the corner.
The totd length of flat cable is about 70 km and 14 tons. The length of the cable for each ASD

connector link to PP connector isgiven in Appendix.



Table 11 Length and weight of cable

one set oneside In total
Length[m] |Weightikg] [Length[m] |Weightkg] [Length[m] |Weightkg]
Doubl et 900 180 21598 4320 43195 8639
Triplet 420 84 10072 2014 20145 4029
Totd 1320 264 31670 6334 63340 12668
3.2 Time delay

In ATLAS, TGC is chosen for the trigger chamber in the end-cap. It covers the pseudo-rapidity
rang 1<n<24. TGC has excellent timng resolution providing safe bunch-cross identification, owing
to their narrow gap. The trigger system is based on a coincidence between a hit in the last station(M 3)
and a corresponding hits in the sscond (M2) or/and first gation (M1). The low-p; trigger formed by a
3 out of 4 coincidence in TGC2 and TGC3. For the high-p; trigger an additional 2 out of 3
coincidence in the triplet of TGC1 isrequired.

The arrivd timing of a signd at the input of the PP congsts of three parts time of flight (TOF) of
particles from colliding point to TGC, signd trander time from hit point inside of TGC to the edge of
TGC dong the wire or grip and the signal transfers time in the cable from ASD board to PP. Time
dday depends on the position of the hit point, size of TGC and length of cable Two type of TGCs,
doublet and triplet, are located at about 14 m from the interaction point in the beam direction (z). Nine
kinds of different TGCs are taken into account for the ime calculaion. The length of cable from ASD
to PP depends on the locaions of ASD Boad and PP. The arrived time of signd in PP is then
expressed as:

T=TOF+L,/v,+L,/V,

where TOF=L /v, , L, is the flight distance from the interaction point to the TGC as shown in Fig.19
and v, is particle vdocity which is nearly equd to the light velocity , L, is wire/strip length from the
hit point inside of TGC to ASD Board, v, is the propagation velocity of wire signd (27cm/ns) or of
strip signd (15 cm/ns), L, is the cable length from ASD Boad to PP, v, is the signd transfer veocity
dong the cable In the calculation, a half length of wirefstrip for each TGC was assumed. The results
are shown in FHg.20 for doublet and Fig.21 for triplet. The arived time of dgnal to PP are from 66 ns
to 80 ns for doublet and from 65 ns to 82 ns for triplet. The rdative dday are shown in Fg.22 for
doublet and Fig.23 for triplet.



The timing setup in aPP isvery important because the asynchronous TGC signals are bunched by
bunch-crossing identification (BCID). The time delay will be adjusted by an adjustable dday with 25
ns in a step 780ps in PP. The cable dday time is also tested by test pulses which generated in PPs, that
is, the A SD Boards accepting the test pulses soon return them back to the PPs.

|:| , PS-Pack

O Z1,72,73,724, 75,76,27,78 T

Fg.19 Timing cal culaion scheme in theend-cap.
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Appandix

Kininm lengih of cab e and time delay tor 1ip el

FPF name Posifon [Sonn. |Posiion |TGRASD name |Posiion|Ls La L AT [ns] [ATE fne]
FowTo[doughied]  =45[DA1 Bd5[T1 |ATFOAWD | =77|sad 7| 1500| 537| To.2es| 50148
PP DAZ 248 A1 FOAWA H7|s54.7] 1453 7457 10078
DBl 53 - - - -
DE2 e - - - - -
B17|0C S22 A1 FoAW2 37| 5= 1486 TE.454]| 10045
[s]a=] G278 Al FoAWs &57 | =27 1450 B0.76] 1136
[s]o]] 212 - - - -
[8]n] S1Z - - - -
M her Z20(MA1 EEE Al FoBwD FT 7| 1500 T5.223 B.Ei42
PP MAZ 548 A1 FOBWH 7 T 1433 7457 10072
ME1 == Al FoCwo 377 5147 1457 T5.275 6.553
MEZ 53 A1 FoCw =47 T 1ddae I7.523 81147
MCH S28 A1 FoBweE ERE=FT== Tod5d| 10049
Moz 222 Al FoBWS F==1i 7| 1450 B0.76] 11. 36
MDD S12 A1 FoCW2 T 7| 1442 TIS BaEs
MOz 12 Al FOCWE F=7 | smT| 143 T9.79| 9UFE2
oW -:Il:ugh‘lar 791 (0A1 TE(T1 |A1FoAWd 257 | 5325 1475| 535 50755 11.344
FF DAz TS Al FoAns 273 | 621.5] 1470 5285 125635
S]] T - -
DEZ TE - - - - - -
Tes|DG T Al FOARE 200 ead 5] 148 E2.053 12649
DCz T - - - - - -
[s]]] TE51 - -
ooz TE1 - - - - - -
Wi her TE(MA1 T A1 FoBwd 257 | S35 1475 0759 11344
FF MAZ T Al FoBws 23| 6215 1470 2205 12,635
MEB1 T A1 FOCWA 257 | 5=l 1430 TE.TRE|  9.355
MEZ Fi== Al FoCws 28| 611.5] 1425 Fo.055| 10654
M T A1 FoBWE 200] 5245 1466 52.053 12649
[ 7 - - - - - -
MO TE1 Al FoCiwe 200 6145 1421 20.008] 10.653
MOz TE1 - - - - - -
ECiTo| doug e 1000 DA 10os(Te |ABE0AWD] 1035| =55 1785| 74.3] 65572 2542
PP DAz 1005 - -
DEB1 G55 - -
DEZ fele - - - - - -
Wi her 1000 MAT 1005 AlEoBWoY  IoFs| =55 1T8S E5.578 252
PP MAZ 1005 - - - - - -
ME1 == A1 B 1038| 6.5 1748 25,255 <3555
MEZ Q55 - - - - - -
EGWTH | doughied ars(0A1 920(TE |41 EoAWS 913| 141.5] 1715| 743| 6593 2425
FF DAZ S50 A1 EoAWo 253 191.3| 1623 E5.62] 0.7
OEB1 970 A1 EDAWD 95| 7R3 1712 E3.777 5637
DEz2 970 A1 EQBWD1 S9rS| 7R3 1TIE E3.707| <5637
B [a]u]] 54{T7 |41 EcAWR I75| 2535 1646 e5a| To.005| 05911
[ofa=] 954 A1 EoAWng T30 | 203 1623 T1.235] 1.5T12
8] ]] =EE] A1 B 95| 1653 1T1E &1.503 -A.E18
[s]e=] 944 - - - - - -
Mo her 52| MA1 S50|TT A1 EoBWog 913 141.3] 1715| 865| 66.716] 2639
FF MAZ S50 A1 BB S53| 191.3) 1533 ES.HE| -1.058
ME1 970 A1 EoCwiog 913 131.3] 1677 &d.352 -A.453
MEZ 970 A1 B Wio S53| 151.3] 1651 B5.5528 £.858
M 954(Te |41 EoBWin 75| 2535 16| 528 | B9.T05| 0.2311
MC2 =11 A1 EQBWoS T | 203 15238 TREEE| 1.5712
MO 944 A1 BT TIE| 2435 1e0E E7.557| -1.522
[F]e= 44 A1 EoCing TF| S20.3 1538 29153 0.252




ESWT2| douglmer 23| 0A1 S23(Te A1 EDAWCH Too| @8 1612| 558| T0.249] 0.BZ
FF DAZ 925 A1 EDAWIDT BE53| 323.5 1395 T1.575 21608
DB1 913 - - - -
DBz 913 - - - - -
[=="rd o] S0E A1 EDAWIoT SIS 3355 1558 T3.825 41102
o] 02 A1 EDAWIRT Soof 4108 1553 74.474| 5002
DDi == - - - - -
002 252 - - - - -
Mo her S10|MA1 S23|T3 A1 EoRWog To0| 2255 16128| 43 7| 65.685| 0.E749
FF MAZ 925 A1 EQBWIOT] E53| 323.5) 1555 T1.015] 1.6005
MBE1 913 A1 B Wing TO0| &5 1572 7542 1.578
MEBZ 915 A1 B W) 553 313.8] 1555 59155 0.5
M 02 A1 EQBWIoS SrS| 3258 1552 Te.955 3551
[T felv s A1 EQBWIoS e ERE IR T3.914| 4495
MD1 f=1=r A1 B WS S5 355 1520 71.074| 1.6553
MO= SEeE A1 B W Soof doos 151 T2.014 2.5
ESWT3| douglmer =r1|DA1 B7E(T3 |A1EQAWIG Toof 2.8 1612| 437 ET.029| 2.325
FF DA= 375 A1 EDAW11 BE3) &71.5] 1396 E5.415 0599
OB1 365 - - - -
i1 BES - - - -
=X 5 o] S0 A1 EDAWIE SUo| 3338 1558 TRLEES) Qe
o] a0 A1 EDAW 1S =50 3555 1553 T1.314| 1.539
[ 240 - - -
ooz 240 - - - -
Mot ber =5 MA1 375 A1 EQBW1Q T EEREE 058 2325
FF MAZ 376 A1 EQBW11 553 £71.5) 15595 5415 0.5
ME1 =1=2) A1 EOCWI g Too| 2248 1572 E5.242| 4472
MEBZ SES A1 B 1 B53| 251.8] 1555 55,555 =55
M a0 A1 EQBW 13 S5 3338 1552 TOUIES)  0L.9E1
[T S0 A1 EQBW 1S SO0 FSE.E) 1553 71.314| 1.5
MD1 540 A1 B WH S o5 32358 1520 E3.47 .54
MOz 540 A1 EDSW 3 EEEEEIREE E3.414 Q|
FaSTa | Mot her T40]0C T A1 FOASD do0| 395 1505 55.253| 05335
FF o] T A1 FOAST Ao0( 255 1505 £5.553| 0.5335
s8] T35 A FaC 5D doo| #5143 E2.005| -1.405
ooz 7 Al FaCS1 400 33s] 1453 EE.008) 1405
E2STo [douglmer B17|DA1 B2E|TE |A1EQASD =13 174 1733 60B| TO.519]) 11045
FF DAZ 322 A1 EDAST Qs 174 1733 TO.519] 11049
OB1 31 A1 EQCSD s 15| 1835 E3.7E5| 0.354
o] F18 A1 EBCS ] 13| 1835 E5.7E5| 0354
T91|0C TEE(Te |A1EQASY 10| 235 1575 111 T1.7158| 23032
[’ TES A1 EDASS 510 235 1575 T1.718| &.3038
s8] T A1 EGCSd o 22| 153 ES.BFE| 04235
Doz ri A1 BEDCSS 510 226 1534 E5.235| 0.4235
Mo har 04| MA1 522(T7 |A1EDASZ Qs 174 1733| 605| 70.519( 11049
FF MAZ S22 A1EDASS s 174 1733 TO.5159] 1.10d9
ME1 31Z A1 EaCSE ] 13| 1835 E5.7E5| 0354
MEBZ 212 A1 EDCSS Qs 12| 1855 E3.7E5| 0.354
M TEE(T3 |A1ERASS 510 235 1575 11E] T1.731| E3165
Moz T A1 EDAST 10| 235 1575 71731 236D
MDi ri A1 BEDCSS 510 226 1534 55.551 | 0.4355
[FIv=] T Al EOCST o 22| 153 E5.B51| 04355
Length Weighl
124 unii d19.7] 124 uni Pm 53537
Cine side 10072 Cine side kg] 20145
T sides 0145 Two sides kg] 402




Appendix

Mininum length of cable and time delay for double

PP name Position |Conn. |Position | TGC |ASD name |Position |L, Ly L, AT1(ns) |AT2(ns)

FOWDO |doughter 768 DAL 773|T2  |A2FOAWO 414 468.5( 1510| 59.5| 75.958| 2.5471

PP DA2 773 A2F0AW1 394| 488.5( 1505 76.779] 3.3684

DB1 763 A2F0BWO 414 458.5 1467 74.017| 0.6063

DB2 763 A2F0BW1 394 478.5( 1461 74.833| 1.4223

743 DC1 748 A2F0AW?2 373| 484.5] 1499 76.4 2.9896

DC2 748 A2F0AW3 352| 505.5( 1494 77.281] 3.8701

DD1 738 A2F0BW?2 373| 474.5( 1456 74.449] 1.0382

DD2 738 A2F0BW3 352| 495.5( 1450 75.324| 1.9136

Mother 755 MA1 773 A3F0AWO 414 418.5( 1510 73.458| 0.0471

PP MA2 773 A3FO0AW1 394 438.5( 1505 74.279] 0.8684

MB1 763 A3FOBWO 414 408.5| 1467 71.517| -1.8937

MB2 763 A3FOBW1 394 428.5( 1461 72.333| -1.0777

MC1 748 A3F0AW?2 373| 434.5( 1499 73.9( 0.489

MC2 748 A3F0AW3 352| 455.5( 1494 74.781| 1.3701

MD1 738 A3FOBW2 373| 424.5( 1456 71.949| -1.4618

MD2 738 A3F0BW3 352| 445.5| 1450 72.824] -0.5864

FOWD1 |doughter 718 DAl 723 A2F0AW4 331| 501.5| 1489 59.5 76.92| 3.5098

PP DA2 723 A2F0AW5 310| 522.5( 1485 77.819] 4.4089

DB1 713 A2F0BW4 331| 491.5( 1445 74.959| 1.5485

DB2 713 A2F0BW5 310| 512.5( 1441 75.854| 2.443

693 DC1 698 A2F0AW6 289| 518.5( 1480 77.478| 4.0675

DC2 698 A2FO0AW7 268| 539.5( 1477 78.396| 4.9857

DD1 688 A2FOBW6 289| 508.5( 1436 75.508| 2.0973

DD2 688 A2FOBW7 268| 529.5( 1432 76.422] 3.0114

Mother 705 MA1 723 A3F0AW4 331| 451.5( 1489 74.42| 1.0098

PP MA2 723 A3FO0AWS5 310 472.5| 1485 75.319] 1.9089

MB1 713 A3F0BW4 331| 441.5] 1445 72.459| -0.9515

MB2 713 A3FOBW5 310| 462.5( 1441 73.354] -0.057

MC1 698 A3FO0AW6 289| 468.5( 1480 74978 1.5675

MC2 698 A3F0AW7 268| 489.5( 1477 75.896| 2.4857

MD1 688 A3FOBW6 289| 458.5( 1436 73.008| -0.4027

MD2 688 A3FOBW7 268 479.5| 1432 73.922| 0.5114

EOWDO |doughter 1113| DAL 1118|T9 |A2E0AWO0 1166| 107.5| 1862 82| 70.486| -2.9245
PP DA2 1118 - - -l - - -

DB1 1108 A2EO0BWOO 1166| 117.5| 1827 69.824| -3.5869
DB2 1108 - - -l - - -

1088 DC1 1093|T8 |A2E0AWO1 1106| 137.3| 1825| 74.3| 70.459| -2.952

DC2 1093 A2EO0AWO02 1041| 176.3| 1787 71.121| -2.2899

DD1 1083 A2EO0BWO1 1106| 147.3] 1790 69.772| -3.6383

DD2 1083 A2EO0BWO2 1041| 166.3] 1750 69.408| -4.0025

Mother 1100{ MA1 1118(T9 |A3EOAWO0 1166 130| 1862| 82| 71.611] -1.7995
PP MA2 1118 - - -l - - -




MB1 1108 A3EOBWOO 1166 140| 1827 70.949( -2.4619
MB2 1108 - o] - - -
MC1 1093|T8 |ASEOAWO1 1106| 87.3| 1825| 74.3| 67.959| -5.452
MC2 1093 A3EOAWO2 1041| 126.3| 1787 68.621| -4.7899
MD1 1083 A3EOBWO1 1106] 97.3] 1790 67.272] -6.1383
MD2 1083 A3EOBWO2 1041] 116.3] 1750 66.908| -6.5025
EOWD1 |doughter 1063| DAL 1068| T8 |A2E0AWO3 981| 211.3] 1752| 74.3| 71.728| -1.6826
PP DA2 1068 A2E0AWO04 923] 269.3] 1721 73.568| 0.1574
DB1 1058 A2EO0BWO3 981| 201.3| 1715 69.991| -3.4194
DB2 1058 A2E0BWO4 923| 259.3| 1683 71.808| -1.6027
1038|DC1 1043|T7 |A2EOAW06 809] 350.9] 1662| 66.9| 75.428| 2.0177
DC2 1043 A2E0AWO7 781| 378.9] 1649 76.38| 2.9694
DD1 1033 A2EO0BWO6 809| 340.9] 1623 73.623| 0.2122
DD2 1033 A2EO0BWO7 781| 368.9] 1609 74.564| 1.1531
Mother 1050| MA1 1068|T7 |ASEOAWO3 981| 153.9| 1752| 66.9| 68.584| -4.8267
PP MA2 1068 A3EOAWO4 923] 211.9] 1721 70.424( -2.9867
MB1 1058 A3EOBWO3 981| 143.9] 1715 66.847| -6.5635
MB2 1058 A3EOBWO4 923] 201.9] 1683 68.664| -4.7468
MC1 1043|T6  |ABEOAWOS5 866| 235.8] 1691| 58.8 70.322| -3.0881
MC2 1043 A3EOAWO7 781| 320.8] 1649 73.175| -0.2356
MD1 1038 A2E0BWO5 866 230.8| 1652 68.789] -4.621
MD2 1038 A2EO0BWO5 866] 230.8] 1652 68.789] -4.621
ME2 1033 A3EOBWO5 866| 225.8] 1652 68.539] -4.871
ME2 1033 A3EOBWO7 781| 310.8] 1609 71.359( -2.0519
EOWD2 |doughter 1013| DA1 1018|T6  |A2EOAWO8 753| 373.8] 1636| 58.8| 75.389] 1.9785
PP DA2 1018 A2E0AWO09 725| 401.8] 1623 76.366| 2.9552
DB1 1008 A2EO0BWO8 753] 363.8] 1596 73.562| 0.1514
DB2 1008 A2EO0BWO9 725| 391.8] 1583 74528 1.1174
988 DC1 993 A2EO0AW10 697] 404.8] 1611 76.105( 2.6947
DC2 993 A2E0AW11 669] 432.8] 1599 77.108| 3.6975
DD1 983 A2E0BW10 697| 394.8| 1570 74.257| 0.8465
DD2 983 A2EO0BW11 669| 422.8| 1558 75.249| 1.8389
Mother 1000| MA1 1018 A3EOAWOS8 753| 323.8] 1636 72.889( -0.5215
PP MA2 1018 A3EOAWO09 725| 351.8] 1623 73.866 0.4552
MB1 1008 A3EOBWO8 753| 313.8] 1596 71.062| -2.3486
MB2 1008 A3EOBWO9 725| 341.8] 1583 72.028| -1.3826
MC1 993 A3EOAW10 697| 354.8| 1611 73.605| 0.1947
MC2 993 A3EOAW11 669] 382.8] 1599 74.608( 1.1975
MD1 983 A3EOBW10 697| 344.8] 1570 71.757 -1.6535
MD2 983 A3EOBW11 669| 372.8] 1558 72.749( -0.6611
EOWD3 |doughter 963 DAL 968|T6  |A2E0AW12 641| 435.8] 1587| 58.8 76.874| 3.4637
PP DA2 968 A2E0AW13 590| 486.8| 1567 78.761| 5.3503
DB1 958 A2E0BW12 641| 425.8| 1546 75.006 1.595
DB2 958 A2EO0BW13 590] 476.8] 1526 76.874| 3.4638
93§ DC1 943|T4 |A2E0AW14 565| 471.7] 1558| 43.7| 77.139| 3.7281
DC2 943 A2E0AW15 540] 496.7] 1549 78.092| 4.6817
DD1 933 A2E0BW14 565 461.7| 1516 75.244] 1.8331
DD2 933 A2E0BW15 540| 486.7| 1507 76.189| 2.7785
Mother 950 MA1 968| TS5 |ASEOAW12 641] 367.5] 1587| 40.5 72.781| -0.6291




PP MA2 968 A3EOAW13 590] 418.5] 1567 74668 1.2575
MB1 958 A3EOBW12 641] 357.5| 1546 70.913| -2.4977

MB2 958 A3EOBW13 590] 408.5] 1526 72.782| -0.629

MC1 943 A3EO0AW14 565| 418.5| 1558 74.36| 0.9496

MC2 943 A3EOAW15 540] 443.5] 1549 75.314 1.9032

MD1 933 A3EOBW14 565] 408.5] 1516 72.465( -0.9454

MD2 933 A3EOBW15 540] 433.5] 1507 73.411 0

EOWD4 |doughter 913 DAL 918|T4 |A2EO0AW16 515] 496.7| 1541| 43.7| 77.808| 4.3972
PP DA2 918 A2EO0AWL7 490| 521.7| 1532 78.785| 5.3747
DB1 908 A2EO0BW16 515| 486.7| 1498 75.897 2.486

DB2 908 A2EO0BW17 490] 511.7] 1490 76.866( 3.4557

88§ DC1 893 A2E0AW18 465] 521.7] 1525 78.525( 5.1143

DC2 893 A2EO0AW19 440] 546.7] 1517 79.527| 6.1164

DD1 883 A2E0BW18 465 511.7| 1482 76.598| 3.1879

DD2 883 A2E0BW19 440| 536.7| 1474 77.593| 4.1828

Mother 900 MA1 918|T5 |ASEOAW1G6 515] 443.5] 1541| 40.5( 75.029| 1.6187
PP MA2 918 A3EOAW17 490] 468.5] 1532 76.007| 2.5961
MB1 908 A3EOBW16 515] 433.5] 1498 73.118| -0.2925

MB2 908 A3EOBW17 490] 458.5] 1490 74.088| 0.6772

MC1 893 A3EO0AW18 465| 468.5| 1525 75.746| 2.3358

MC2 893 A3EO0AW19 440| 493.5( 1517 76.748| 3.3379

MD1 883 A3EOBW18 465| 458.5] 1482 73.82] 0.4094

MD2 883 A3EOBW19 440] 483.5| 1474 74.815( 1.4043

EOSDO |doughter 913 DAL 918|T9 |A2E0ASO 1065 247] 1801| 60.8| 76.427| 3.0162
PP DA2 918 A2EQ0AS1 1065 247| 1801 76.427| 3.0162
DB1 908 A2E0BSO 1065 257| 1765 75.724] 2.3134

DB2 908 A2EO0BS1 1065 257] 1765 75.724 2.3134

88§ DC1 893 A2E0AS2 955 162| 1738 70.084( -3.3269

DC2 893 A2EO0AS3 955 162| 1738 70.084| -3.3269

DD1 883 A2EO0BS2 955 172| 1700 69.336| -4.0741

DD2 883 A2E0BS3 955 172] 1700 69.336] -4.0741

Mother 900 MA1 918|T8 |A3SEOASO 1065 197| 1801| 60.8| 73.927] 0.5162
PP MA2 918 A3EOAS1 1065 197| 1801 73.927| 0.5162
MB1 908 A3EOBSO 1065 207] 1765 73.224( -0.1866

MB2 908 A3EOBS1 1065 207] 1765 73.224( -0.1866

MC1 893 A3EQ0AS2 955 112] 1738 67.584] -5.8269

MC2 893 A3EOQAS3 955 112] 1738 67.584| -5.8269

MD1 883 A3EOBS2 955 122| 1700 66.836] -6.5741

MD2 883 A3EOBS3 955 122| 1700 66.836] -6.5741

EOSD1 |doughter 863 DAL 868|T7 |A2E0AS4 955 187| 1738| 60.8] 71.334| -2.0769
PP DA2 868 A2EO0AS5 955 187| 1738 71.334| -2.0769
DB1 858 A2E0BS4 955 197] 1700 70.586| -2.8241

DB2 858 A2E0BS5 955 197| 1700 70.586| -2.8241

838 DC1 843 A2EO0AS6 610] 333] 1575 73.201| -0.2096

DC2 843 A2EO0AS7 610] 333] 1575 73.201| -0.2096

DD1 833 A2EO0BS6 610] 323] 1534 71.321| -2.0892

DD2 833 A2E0BS7 610 323| 1534 71.321| -2.0892

Mother 850 MA1 868|T6 |ASEOAS4 955 137] 1738| 111 72.21 -1.2102
PP MA2 868 A3EOASS 955 137| 1738 72.2| -1.2102




MB1 858 A3EOBS4 955| 147] 1700 71.453| -1.9575
MB2 858 A3E0BS5 955 147] 1700 71.453| -1.9575
MC1 843 A3E0AS6 610 283] 1575 74.068| 0.6571
MC2 843 A3EQAS7 610 283| 1575 74.068| 0.6571
MD1 833 A3E0BS6 610] 273| 1534 72.188| -1.2225
MD2 833 A3EOBS7 610] 273| 1534 72.188| -1.2225
EOSD2 |doughter 813 DAl 818|T4 |A2EOASS8 610 308| 1575| 96.1| 74.304| 0.8938
PP DA2 818 A2E0AS9 610 308 1575 74.304] 0.8938
DB1 808 A2E0BS8 610 298| 1534 72.425| -0.9858
DB2 808 A2E0BS9 610 298| 1534 72.425| -0.9858
Mother 813 MA1 818|T5 |A3EOAS8 610] 258| 1575| 86.7| 71.178| -2.2329
PP MA2 818 A3EO0AS9 610] 258| 1575 71.178| -2.2329
MB1 808 A3EOBS8 610 248| 1534 69.298| -4.1125
MB2 808 A3EO0BS9 610 248| 1534 69.298| -4.1125
FOSDO |doughter 723 DAl 728|T2 |A2F0ASO 430 398| 1514| 89.2| 76.324| 2.9139
PP DA2 728 A2F0AS1 4301 398| 1514 76.324] 2.9139
DB1 718 A2F0BSO 4301 388] 1471 74.388| 0.9775
DB2 718 A2F0BS1 430 388] 1471 74.388| 0.9775
Mother 723 MAL 728 A3F0ASO 430 348| 1514 73.824] 0.4139
PP MA2 728 A3F0AS1 430 348| 1514 73.824] 0.4139
MB1 718 A3F0BSO 430 338] 1471 71.888| -1.5225
MB2 718 A3F0BS1 4301 338] 1471 71.888| -1.5225

Length Weight
1/24 unit [m] 899.9|1/24 unit [kg] 179.98
Oneside [m] 21598|0One side [ka] 4319.5
Twosides |[m] 43195|Two sides  [[kg] 8639
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