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AnekTpoHuka ansa LHC. Paspabotku O2B3

AnNeKTPOHMKa BcnomoratenbHas
Tpurrepa L1 AneKTpoHMKa
n Coopa [laHHbIX
I v
CMs- EMU C3$C: CMs- EMU C$C:

MpupetekTtopHana AnekTpoHuka (Front-End)

AnektpoHuka lNoucka TpekoB (Track Finder)

Cucrtema BbICOKOBOJIbTHOIro nutaHus €$€
(UF/PNPI EMU C$C HV $ystem)

Cuctema crnexeHusi 3a reoMeTpMYE€CKUM MOSNOXEeHNEeM

kamep (CM$ EMU Alignment)

€uctema HU3KOBOJNIbTHOro nutaHmusa (CM$ EMU LV)

v

ATLAS-TRT:

Tpurrep Camo3anycka ( $elf Trigger)

LHCbh-Muon 3

Cucrtema BbICOKOBOJIbTHOIO NUTaAHUSA
(HYDM-LHCb)

Tpypo3saTpaTtbl oTAena paguoanekTpoHukn ~ 30 yen.- netr
®uHaHcbl ~ 4.5 M$
Konna6opauusa ¢ US CMS : YHuBepcutet ®nopuasbl, YHuBepcutet KanndopHun, YHuBepcurtert
KapHerun-MennoH, Jlabopatopusa nm. ®epmu, LHCb
FockoHTpakTbl MMHHaykun PP
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CMS [letekTop

CMS |
A Compact Solenoidal Detector for LHC 468 KaTtogHbIXx
TRAGKER [cRveraLecaL]  [HcaL CTPUNOBbLIX Kamep
TOpL,eBOM MIOOHHOWM
cuctembl (CSC EMU)

4 ctaHuuu CSC kamep
B KaXXO0M Topue

MUON CHAMBERS

FORWARD
CALORIMETER

DT n RPC
AeTeKTopbl
[aim paDs |
Total weight 112,500t = i —
Overall & sameter 1500 m EUHtHLSfoquHﬁ i .
Owerall length  : 21.80m = RETURN YOKE
Heanete e Qe CRE-FARAADT- 24187 LB PP ! g g b

~6:108c? Ecm=14TeB

p-p B3aumoneucTBus
YacTtoTa nepeceyeHnn nyyka 40 My (BX=25 Hc)

CBetumoctb = 1034 cm=2 s
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CMS CSC EMU Electronics Structure

Cathode Cathode :

FE Cards LCT Cards' CSC Track-Finder

/:Wotherboara’ Port Card i Sector Processor
cLer | — |
CFE | e | =) mPc [ | SsP
| —> 1 .
= T
—> 1
— l
! 3u/
: sector
L 5 HV System | |
PNPI Participation : l CSC Muon
: i Sorter DT RPC
. LV System .
: 3% ; AERL R
I Alignment i G/o_ba/
: | u Trigger
. : !
On chamber On periphery In counting To Global 1.1
house
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UF/ PNPlI CSC BricokoBonbTHaa cucrema

' A, o A. ' S _'_:___\ ==
Cepreii Bonkos KomaHaa BbICOKOBONbTHOM BukTtop Jlazapes
cuctemsol MAAD

BbicokoBonbTHaA cuctema ana nutaHua kamep CSC
11000 kaHanoB
PerynupyeT 3Ha4yeHue HanpsXKeHMA B KaXKA0M KaHane
MoHuTOpUpyeT 3Ha4YeHNEe HaNpPAXKEeHUA U TOKa B KaXXOOM KaHane

Juana3oH pezcynupoeaHusi HanpsixxeHus1 — do 4000 B
HAuckpemHocmb peaynupoeaHusi - 2 B
ToyHOCMb U3MepeHUsi Harnpsi>keHus1 Ha ebixode - 2 B
ToyHoCcmb u3mepeHust moka 0o 10 HA

Konna6opauusa c YHnsepcutetom ®nopuabl (UF) L

Tenpep ¢ doupmon CAEN

radial strips

CermeHT Kamepbl CSC — kaHan
BbICOKOBOJIbTHOM CUCTEMbI
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UF/ PNPI CSC Structure

MAINFRAME
i PRIMARY VOLTAGE POWER SUPPLY i
i (System Level Regulation and Monitoring)
: MASTER LINEAR REGULATOR i
' & MONITOR i

v

Master
"""""""""""" N Board

i REMOTE LINEAR | | REMOTE LINEAR |
i REGULATOR& | : REGULATOR& |
! MONITOR ; i MONITOR .
| (Segment Level Regulation; TReTEERREE Ol (Segment Level Regulation:

and Monitoring) and Monitoring)

Up to 2592 HV Channels in Total Distribution

Moaynu cuctembl NOAKIHOYEHbI K Kamepam U Board-30
3KCnsyaTUpyroTcs B NOSIHOM OO HLEME

et} B ’ o B - b

Distribution Board-36
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CMS Alignment System

Cuctema ncnonb3yeT HECKOJILKO COTEH CEHCOpPOB ASA
MOHUTOPUPOBaHUA NOo3uLMM 468 GoNbLUMX KaTOAHbLIX CTPUNOBLIX KamMmep B
TPEX NpoeKuUuax - asumyTanbHou (@), pagnanbHomn (R), no ocu nyyka (Z).
Cuctema ncnonb3yet ontuyeckme ceHcopol (DCOPS) ans
MOHUTOPUPOBaHUA 3 NPAMbIX JIMHUW NapansfesibHO ANl KaXAO0W MIOOHHOMN
ctaHumn EMU. lNpu aToM nonoxeHne kamep MOHUTOPUPYETCA C TOYHOCTbLIO
~75-200 MKM B asumMmyTarnibHou npoekuuun, ~ 400 MKm - B pagmaribHou
npoekuum n ~ 1 MM — No ocu ny4ka.

CuunTtbiBaHMe AaHHbIX KOHTponupyeTca DSP- npoueccopamu,
TPaHCNUPYHOLWMMU AaHHbIe B rnobdanbHy0 cuctemy coopa AaHHbIX.

PekoHCTpyKUMA reomeTpum aetekropa ocyuiecrtensertcs off-line Ha 6ase
nporpammHoro o6ecne4yeHns COCOA

Pa3spabomka cucmembi npouseodusacsk 8 Kkonnabopayuu c Fermilab

cocras Cucremer:

Front-End Sensor Boards - 1216
DCOPS Readout Boards - 306
DCOPS Interface Boards - 62

Analog Interfaces - b6
Proximity Interface - 14
Temperature Conversion - 13
January 23, 7
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CMS Alignment System Monitoring
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Pe3yabTaThl COCOA pekoHCTpyKIHH
ME+2 SLM2

Mo pesynbTatam aHanusa 5
U3MepPEeHUN BbICTPOMKMU
TOYHOCTb MOHUTOPUPOBAHUSA
reoMeTpU4eCcKoro rnosioXKeHus
Kamep ~ 75 MKM B
asumyTaribHOW NpoeKuun, ~

400 MKM — B paguanbHOn
NPOeKUMn 1 ~ 1 MM — MO OCK MoHuTopupoBaHue NonoxeHus kamep no gaHHbim COCOA

nyuka. PEKOHCTPYKLUU
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CMS EMU LV System

USC55

AnekcaHap Nnonsaw

Cucrtema obecneunBaert
HU3KOBOJIbTHbIM NMUTAHUEM
nepudepumnHbie KPenTbl U

KaToAHble CTPUNOBLIEe Kamepbl
Bcex ctaHuun EMU

UPS

230V AC

PFC

380V DC

Patch Panel

UXC55

380V DC

380V DC

" | Junction

Box

avioia
O0TVNV

Peripheral
Crate

CunoBas ctaHuma (UPS) c Beinpamutenem (RFC) yepes pacnpeaenutenbHyto naHenb (Patch Panel) n
paspenuTtenbHbin 60X (Splitter Box) nogaét Hanpsi)keHne NOCTOSAHHOroO TOKa Ha MCTOYHUK NUTAHUA
MARATON, o6ecneuynBarowmun Tpedbyemblie HOMUHarNbI NUTaHUA Ha nepudepunHbin Kpeut (Peripheral
Crate) n Ha pacnpegenutenbHbIn 60Kkc (Junction Box) kaTtoaHbIx cTpunoBbix kamep (CSC).

Ana pacnpeneneHne NUTaHUs cneuuvanbHO pa3paboTaHbl perynaTtopHble nnatbl (CRB), ynpaBnsemble
cneukoHTponnepamu (PCMB) ¢ BbIBOAOM AaHHbIX Yepe3 Ethernet Ha cuctemy o6Lero KOHTponsa u
MOHUTOPUPOBAHMUSI.

Bcero ncnonb3syetcs 80 ncrouHnkon nutaHna MARATON u 960 perynatopHbIX nnat
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Alexander Golyash i

Contains an input protection network, a charge sensitive amplifier, a shaper, a
constant fraction discriminator and a programmable delay with an output width

e A %

kolai Bondar

shaper

» ASIC CMP16 G - 16 channel Amplifier-Discriminator

Lev Sergeev

» AFEB - 16 channel Anode Front-End Board was designed with CMP16 G ASIC

(12,000 AFEB 192,000 channels in total)

* ASIC D16G - 16 channel Programmable Delay containing LVDS-to-CMOS
converter and four stages delay with an output shaper (16,000 Chips)

Optimized for detector capacitance up to 200 pF
BiCMOS 1.5 um technology
Input Impedance 40 Ohm
Peaking time 30 ns
Minimum threshold 7 fC
Double pulse resolution 80 ns
Power consumption 30 mW/ channel
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CSC Anode Front-End Electronics - ALCT

Bunch ID

LCT
=1)

Hit

A A Layers
é 64  Xing
ffffffffffff 5 T (b=2} l
™ 4l
iy ey 34 Ea.rl}*
. ' 24 niy

hit

14

) = o ot 0L
BanepMM ;lLl,IOpa Wire Hits ManMn KaH

The ALCT electronics received anode signals from the AFEB boards
The algorithm used in determining muon segment position
and bunch crossing in the anode view
Selection of two best muon primitive tracks segments in one chamber

UL UL iy B BELELE e E : L ML AN 5
ALCT 288 144 Boards ALCT 384 — 216 Boards - ALCT 672 - 108 Boa Boards

* One FPGA on the mezzanine card to provide the necessary LCT logic
* One smaller FPGA for the mezzanine card mounted on the 288 and 384 channel boards (XCV600)
« The larger one gate array (XCV1000) for the 672 channel board

Ve
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CMS EMU CSC Track Finder

JleB YBapOB UF/ PNPI HaTeCTOBOM ceaHce B LIEPHe BukTop lNonoBuoB

Track Finder aHanusnpyeT BXoAHble TPEKOBbIe CerMeHTbl OT NepucepUunHON 3NEeKTPOHUKMU,
BOCCTaHaBNMBaeT NOJIHble TPEKU MO YeTbIPEM CTaHLUAM Kamep, uamepsieT @, n, nonepevyHbIn UMNYnbLC
Pt n nocbinaeTt Ha rmo6anbHbIN L-1 Tpurrep nHdopmauumro o Yncrie n Ka4ecTBe OTOOpPaHHbIX TPEKOB

Track Finder peann3soBaH kKak 12 npoueccopoB , KaXAblW U3 KOTOPbIX naeHTU(UUMpyeT A0 TPEX NyULUNX
MIOOHHbIX TPpeKkoB B 60-rpagycHOM asuMyTarnibHOM CeKTope

s & ¥ &£ & 8§ § #

® 0.9 </n/ < 2.4 — pernoH Track Finder

Hu3kun nopor no nonepeyHomy umnynbcy Pt < 30% ansa poctmxeHusa yactoTtbl L-1 Tpurrepa < 30 Kl'u

B 30oHe nepekpbiTua DT n CSC 0.9 </n/ < 1.2 Tpebyetca aoyonupoBaHue pelieHnn MIOOHHOro Tpurrepa
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Sector Processor Structure and Latency

TAU: Test consistency of 2
tracks segments to share track

Extrapolation Track
Sector Sector units Assembler FSU: Selects best3 tracks,
Receiver Processor Units cancel redundant tracks

Final
Selection
Fiber Front Lookup Bu"‘fh e
Receiver FPGA Tables Crossing
Analyzer

@ : 5 bit, 2.5° precision,
0-60°range
n : 5 bit, 0.075 precision,
0.9-2.4 range
Rank : Pt and Quality -
5 +2 bit, 2 — 140 GeV range

LUT: Assigns global ¢, @b,
n- coordinates

BXA: Allows SP analyze track i )

segments received out of time Pt Assignment l

Unit

S

EU: Test consistency of 2 tracks Three Best

segments to share track “El_ E E E . Muons
E2- E4 to Track
Sorter
. 5BX | 2BX | 4 BX ' 4BX | 1BX
Total Latency 13 BX = 325 ns
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Track Extrapolation and Assignment

n Road Finder:

*Check if track segment is in allowed

trigger region in n.

*Check if An and n bend angle are
consistent with a track originating at the

collision vertex.

Quality Assignment Unit:

*Assigns final quality of extrapolation
by looking at output from n and ¢ road
finders and the track segment quality.

¢ Road Finder:

v

\

An

\

*Check if A¢ is consistent with ¢ bend angle
¢ measured at each station.

*Check if A¢ in allowed range for each n

window.

T
\/

Extrapolation Units utilize 3-D
information for track-finding.
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Pt Assighnment

21 bit Address Field . .
Can use information

Pt LUT from up to 3 chambers
16 MB Pt =1(Ad;5, Adyz,M )
Residual Plot

4o £ TTTT o o Meah I 03128801
120 (A RMi 5230 O}mﬁ*:
100 E / R é(:ns;nt . ll'.l',l.::
8 4 “N. | Mean 20.2212E-01 -
80 |- / L\Ir Sigma 0.2229-
60 E Il A E
f/' \.:(\ n ]
“E A *‘\1 E
20 l[LH'J/ UL
0 o~ | L L T o e

-1 08 -0.6 -04 -0.2 0 02 04 0.6 0.8 1

{‘”'I"T_ 1/}‘)'1'5“")*1’1'3“" Res=22%
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Sector Processor Main Board

EEPROM

Phi Global
LUT

Eta Global
LUT

TLK2501
Transceiver

Optical
Transceiver
to DDU

Front FPGA
Optical
Transceivers

*15x1.6
Gbit/s Links

DC-DC Converter

¢ L -..

: g’ D s Tolfrom
: o il . custom
' i Sk S neemrtH R ¢ = N

plane

Tolfrom
>DT LVDS
Line
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NMoTtokn paHHbLIX CSC EMU

TMB- moaysmn | MPC- moagyss

[

[l
37 6atimoe |
/BX/kamepy

112 6atimos
:/BX/ceKmop
|

I SP- Mmodynu MS- modyinb

1 AFE - kaprer ALCT - mogyrm

16 bytes
/BX/CSC
37 6aumoe
/BX/kamepy TTC- mogyns
12 6atimoe
g 8 | 2 ._ _ /?X/cekmop
> L : '
L) AT ' 60 :
468 KamodHbie cmpunoebie kamepsl ! lNepucpepulHbie'  Track Finder ' Global Muon
MpudemexkmopHasy 351eKMPOHUKa KpedimbI Kkpeiim Trigger
30 Gbyte/s 640 Mbyte/s
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Alignment of CSC Trigger Primitives at Sector Processor

Timing Const{BX)

08— gua_—
L W L
F Run60s o 5§ [ Run618
- g8
0.4 o £ r
O g oA 04—
- O H C
02— G N
N 2
0— ~c- e O i HCH =
| - =2
- o HeH o oA 0— @%%@4: 0 o H:HH;H O
02 o B oA o
- 02
04 | | L [ R [ L1 [ L | | _| T T T T e T T T
320 325 330 335 340 320 325 330 335 340
Chamber Chamber
0th order: use cable lengths in database AFEB fine delay changes implemented

— Trigger sectors lined up within 1bx (N.B. — Trigger sectors lined up within 0.1bx
already better than MTCC...)

» CSC trigger primitive synchronization at Sector Processor better than ~ 0.1bx
(c.f. single channel resolution on AFEB fine delay chip ~ 0.1bx)
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BpemeHHoOe pacnpeneneHne BXOAHbIX U BbIXOOHbIX TPEKOB

I Relative Timing

TTTTTTT]

TTTTTTIT

YLOY

o
—

v
-~
1ILL

TTTTTTTTTTTTTTTTTT

P WY Tm:."ll Wy I\.i“. ARAAAKETSN YN NNNAS [
T

-6 -4 -2 0] 2 4 6
Relative BX of the first LCT form other CSCs

FPlus Endcap Synchronization in CRUZET2: Final

e s
=
w0
=

101 201 301 401 501 G601
Chamberld=Secld*100+Stationld*10+CSCID

Minus Endcap Synchronization in CEUZET3: Final

o —_
o= N

i
=

TimingConst (BX)

701 801 901 1001 1101 1201
Chamber Td=SecTd*100+StationTd=*10_CSCID
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[lonHbIe Tpeku n CoOoTBETCTBYHOLLUE UM KaMepbl

Number of Tracks

108

10°

Number of Events

10*

10

10?

N T S S T T B O B
0 2 4 6 8 10 12 14 16 18 20

Number of Tracks

Track's Mode vs. Stations from Track's MEx_ID ‘ Number of Stations in MEx_IDs vs. Number of LCTs in the Track
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