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1 Definitions

2 Transition Radiation Tracker (TRT)

[1]

2.1.2 Endca Wheels

[2]



#RODs




[2]

[2] [3]

If O leadingedges: (5 bits)

If 1 leading edge: (8 bits)

If 2 leading edges: (10 bits)

If no threshold bits set: (2 bits)

If any threshold bits set: (4 bits)
where:

<tttt> or <ttt> are a 4-bit or 3-bit encoding of the hit time respelsti
<H> is a one bit OR of all of the high threshold bits

<L>is a one bit OR of all of thewnthreshold bits

<L&H> is a one bit encoding of all thevioand high threshold bits



<T> is one bit to indicate that a trailing edge ocurred in the third BX.

for each no-hit stra: (1 bit)
for each hit stra: (6 bits)

(16 bits)

[4]



Figure 1: TRT Barr el Readout Segmentation




Figure 2: TRT Endcal Readout Segmentation
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3 The Silicon Strip Semiconductor Tracker (SCT)

[2] [1]




3.2.2 The endcp wheels




[5]

range cuered wuld lead

[6]

segmentation

3.3.2 Endca Wheels

Since there is no natural mechanical grouping of endcap wheel modules thentpllo
assumptions are made Virag discussed the matter informally with members of the endcap
group):

Sets of up to 6 modules within a ring will be grouped together to share onayldata
ribbon and one 6-ay control ribbon xactly as for the barrelhis will form the mini-
mum unit of readout (i.e. for the present we do not assume thadjacent half-ladder
constraint).

1. If technical complexities concerned with the clock and control optical links, or bandwidth limitations
of the readout link to the ROB, cannot be overcome then the number might be reduced to 36.



Example of possible
grouping for endcap outer

wheels middle
inner §

Each set is grouped mechanically
and is presented on one optical connector

The odd 010 is adiélly added
to the nearest set of 5

[5]

and 3 sections along the z axis.

#RODs

1. In this scheme there would be three sets of 6 and three sets of 5, and even fewer sets of 5 in wheels
with only one or two rings. Assuming the sets of 5 run in a 12-way ribbon (with one pair of fibres wasted)
this leads to approximately 7% fibre wastage over the entire endcap.



[2]

[7]

[8]

for each module: (16 bits)

for each hit strip: (16 bits)

for each single hit strip: (16 bits)

for each adjacent pair: (16 bits)
where:

<mmmmmmmmmmmm> is the module number
<aaaa> is the 4-bit chip number within a module
<ccccccee> is the 7-bit channel number

<ddd> are the 3 data bits for BX-1, BX, BX+1
<e> is an error bit

1. There are actually 12 ABC readout chips per module, each responsible for 128 channels. This is not
really important to this document.



is approximately20.

[9]
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4 The Pixel Detector

[10]

A module is constructed from 16 pixchips arranged to
give a module of sensite area 16.4mm x 60.4mm, containing 32@{rection) x 192 (z or
r direction for barrel or endcap respeety) pixels (61440 in total)The pixel dimension is
50 m( ) x 300 m(z or r). The module contains one module-control-chip which collects
data from the 16 p#&{ chips, and sees as the point of contact for readduterefore a piel
within a module is identibed locally by ChipAREColumn.

range is 1.7 (2.5 for theextex layer).

1. Each chip has 160)(x 24 (r or z) pixels. These are arranged in a 2 x 8 grid to give a module having
320 () x 192 (r or z) pixels.



[11]

1. This depends on whether time-over-threshold information is sent. If it is sent then each hit pattern takes
25 bits and only about half the modules can be concentrated into a single ROD due to data volume
limitations. If this information is not sent then each hit pattern can be put into 16 bits leading to roughly
half the data volume. We assume the latter here.



segmentation

[5][11]

ababab

#RODs




[7]

for each half module: <header> (16 bits)
for each hit piel: (16 bits)
where:

<mmmmmmmm> is a unique 13-bit module number (byte aligned to 16 bits)
<fff> is the reduced 3-bit FE chip number within a module

<rrrrrrrr> is the 8-bit rav number

<ccccc> is the 5-bit column number

1. The calculation assumes the endcap and outer barrel modules contributing to a ROD have 6 hits/event (@ 10
occupancy) and the inner barrel modules have 30 hits/event (@ &ct0pancy).

2. The calculation assumes 2x16 half-module identiber bits + n x 16 data bits per nvedtl@/kere n = the number

of hits per modul€eTo this is added 10 32-bitavds for the fragment header






5 Calorimeters







5.3.1 The Readout Dver (ROD)

[12]

5.4.1 Larg EM










Figure 5: Presampler Mapping




Figure 6: EM Front Layer Mapping.




Figure 7: EM Middle Layer Mapping




Figure 8: EM Back Layer Mapping




5.4.2 Larg HEC

5.4.3 Tower Maping Option




Figure 9: ROD Mapping of the Larg HEC Calorimeter.




5.5.1 Tile Caloimeter Font End Dawer

5.6.1 Tile Caloimeter FOD (ROB) maping




Figure 10:TileCal ROD Mapping.




Note:

Table 19: EstimatedTilecal ROD data output



6 Precision Muon Chambers

[13]
MDT Barrel Endcap Total
Standard Special total

#chambersg 560 122 682 512 1194
#tubes 174,816 31,296 206,112 165,120 371,232

CSC Small Large Total

#chamberg 16 16 32

#wires 35,840 55,296 91,136

#strips 30,720 30,720 61,440










|<1

[14]



6.2.3 Summay

large/small

#RODs

Barrel Group 1




[14]

[15] [16]

[17]






ROB Data
rate

ROB Data
rate

Barrel Group 1
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7 Muon Trigger Chambers
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1.2 Endca

Endcap

two

two

Forward



Trigger Large Sector (SL)

Trigger Large Sector (SL)

PAD

Trigger Small Sector (SL)

CM

ROI

Trigger Small Sector (SL)

CM

Barrel Large
Sector

Barrel Small
Sector



RPC detector
signals -
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high-pr

high-pr

high-py

One octant

One endcap

Total

TGC readout parameters
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Sub-sector

Sub-sector

37 x4 =148

=64

16 x4

16 Sub-sector

Nb. of bits

Identiber




low-pr

Event Frame

15 1 8,7 1
1]/o| FEL1D | FEBCID
olojcm| TIME | K | STRIP
olt|cM|TME | K | STRIP
SOF EOF

Empty Event Frame

15 1 8,7 1
|1]1] FELLID FEBCID

SOF EOF

high-pr

Average bandvidth
(16 bit
encoding+headers)

Link
bandwidth

Average bandvidth
(no encoding)

.3.2 Endca







Event Frame
31 16 15

Marker

Format Type

Reserved

Event ID

BC ID

Event Type

Detector Type

Status words

SL Number ROD Number

Data word PAD Number

Data word Data word

Data word Data word

# Status Words

# Data Words

Trailer

Table 33: The brmat of aTGC hit sent to the ROB







8 Muon to CTP Interface (MUCTPI)

¥ Muon candidate multiplicities for the whole muon trigger chamber system are
formed at six diierent pt-thresholdd-hese multiplicities are sent to the Central
Trigger Processor (CTP) which forms théLll trigger decision.

¥ For every event accepted byML1 (LVL1A), muon candidates are sent to th@IR
Builder of the VL2 system.

¥ For every LVL1A, muon candidates and the formed muon multiplicities are sent via
a ROD into a FOB.

[18]
[19]

Figure 25: Block diagram of the MUCTPI
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Figure 26: Segmentation of the muon trigger system

Forward

- sector 3-

[20][21][22]




1. Programmable thresholds in the ROIB interface can prevent muon candidates from being sent to the
LVL2 trigger.



[17]

Figure 27: Peliminary Data format sent from the MUCTPI-ROD to the ROB.

&\/
‘0? 31 23 15 7 0
1[1/0/1/1/0/0/0/0/1/1/121/0/0/0/0/0/0[0[0[0[0[00/0/0 0O 00O 0O 0xbofoOOOO SLINK Fragment start marker
E 1/1/1/0[1/1/1/0[1/2/1{0[1]1/1]0/1/1/1]0[1/1]1]0[1/1/1[0[1 1 1] O Oxeeeeeeee Header marker
0/0/0/0/0/0/0/0/0/0]0/0j0Oj0Oj0Oj0Oj0O[0[/0]/0]/0]0]/0]0Oj0O/0O/0Oj1 0O OO|0O] 0x00000020 Header size in bytes
0 Format version number Format version number
o[o[1]1[1] o] 1]0][0 ROC ID | /O Moduletype |  1/O Module ID 0x74010101 MUCTP@etectod
01(0/0/0]0j0j0|0O|O 24 bit LvI1 ID LVL1 ID
01]0/0/0/0/0/0/0|0O|0Oj0O|0OjO|O/0O|OjO|O|O]|O]|O 12 bit BCID BCID

0 [o]lo/o[ololojo[o]olo[o[o]o]o[o[o]o]o]o[o]o]o[o]0] LviiTrigger Type | trigger type

0 event type (to be defined) Detector Event Type

0 XXX KKK BCID | sum6 | sum5 | sum4 | sum3 | sum2 | sumi] candidate mutliplicities

- one word for every BCID in readout window

0 DX Alsl sectoraddress | BCID| Pt | ROland overlap  [R4Sd data word

* one word for every candidate in readout window

0 First Status word (to be defined) Error status (0 ==> ok)
0 Second Status word (to be defined) Status Information
[o][o[ o[ o] o[ o] o] o[ o] o] o[ o] o] o] o] o] o[ o] o] o] o] o] o] o] o[ o] o] o] o] o] o] 1] 0] # status elements
0[0/0/0/0/0/0/0]0/0/0/0[0|0/0/0[0/0/0/0/0]|0/0|0/0|0O|0|0O|0O| #cands | # data elements
0[0/0/0/0/0/0/0/0/0/0/0[0[0/0/0|/0/0/0/0]/0/0O/0]0[0|0/0/0[0O]0Oj0|0O|1 #status block position
1 [1]1[1/0lo[o[olol1]1[1]1/0[o[ 0 o]o[ofooofooofofofoo]ofofo o] 0xe0f00000 SLINK Fragment end marker
31 23 15 7 o!

CRLT : SLINK control word flag

Pt : binary encoded Pt threshold (1 to 6)

1st : 1/0 most/second most energetic candidate in sector

Ro : more than 1 candidate in ROI

So : more than 2 candidates in sector

A : Candidate accepted and sent to ROIB

BCID 3 bit BCID from Sector Logic
sumn : total candidate multiplicity for threshold n
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