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NabGopaTopus paAMo3A

Bcero coTpyAHUKOB
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CTpykTypa AabopaTopun paAUO3AEKTPOHUKHU - 2011

TemaTuyeckue rpynnsl : 5 rpynn, 16 YyeAoBek llpousBoACTBEHHbIE

rpynnbl:
[ioAge K CMS-CSC Track Finder ' : 2
. HV Systems rpynnbl, 7 4eAoBeK
AREHERMMEITS0! ATLAS-TRT MOHTQXHbIA Yy4ACTOK:
LHC' .eic Self Trigger : Aoy

FQPFMP
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> TEMATUYECKHUE FPYRAMb

1. CMS-EMU Track Finder :
fonoBLOB B.A., ¥YBapos A.H.

2. ATLAS-TRT Self Trigger:
fonoBuOB B.A., YBapos A.H., uiopa B.U.,
py3nHckun H.B.

3. CROS3 Readout ( LAND, SC150/ HISP.TS...)

foroBuOB B.A., YBapos
A.H., uopa B.W. CnupunaeHkos
3.M., ¥YBapos C.A., Ao6ayés E.A.

C.C., UcaeB H.b., Ceprees A.O.
boHaapes C.B.,

MbiAbHUKOBA A.B.
OpuwimH EM.
5. TS Initial

CnupuaeHnkos .M., I'py3uHckun H.B., Autopa B.U.
yeapos C.A,,
HeycTpoes 1.B. AeHncos




Track Finder History 1999-2011

Track Finder pa3paboTaH AAs MIOOHHOro Tpurrepa CMS. PeaAn3oBaH

Kak 12 [poueccopoB, KAXXAbIU U3 KOTOPbIX UAEHTUbHUMPYeET AO 3

AYYLIUX MIOOHHbIX TPEKOB B 60-rpaAyCHOM A3MMYTAAbHOM CeKTope.
AHaAU3UPYyeT BXOAHbIE NPUMUTUBHbIE TPEKMN (CE€rMeHTbl) OT

(o= VLTINS 2 MHAMBHAYAABHBIX KOMEP, BOCCTAHABAMBAET MOAHbIE TPEKM MO Y€ ThbIPEM
Mpoueccopa KamMepam, UsmepseT nonepeyHbii UMnyAbsc Pt

1999-2001- Boinyck nepsoro lpotoTuna (SP01), OTAGAKQ M TecT

ABrycT 2001 : HOBOE MAEOAOTMYECKOE peLUeHUe — peaAnu3aLmsa BTOPOro npoToTmuna
Mpoueccopa HAa oAHOU cBepxboAbLion MuUKpocxeme FPGA. KapAMHAAbHOE yAyYLUEeHue
XAPAKTEePUCTUK

2002-2003 - Bbinyck BTOporo lpototuna (SP02) oTAGAKQ M TeCT
2004 - Bbinyck TpeTbero lpotoTuna (SP04), oTAaAKa u TeCcT
2005 - Bbinyck nMAOTHOMU cepun SP05 u maccoBoe npouzBoacTso SP05
2006 - oTAaAKA U TecT MoayAen SP05, cBasb ¢ DAQ, passutue Firmware

2007 - 2008 — oTAQAKQ B COCTABE pACNPEAEAEHHOro MIOOHHOro Tpurrepa, ceasb ¢ DAQ, DT,
GMT, passutue Firmware, npo6HbIN Ny4KOBbIA 3AMYCK

2009 - moamuchbukaumsa Firmware, NoAroToBka K Nny4KOBOMY 3dAMNyCKYy B COCTABE
pacnpeAeAéHHOro MIOOHHOro Tpurrepda, nepsble Ny4KoBbie AQHHbIE

2010 - Ha6bop AaHHbIX 7 T3B, passuTue Firmware, Moancpukaums Software

2011 - npoAoAXeHue Habopa AaHHbIX 7 TaB, passuTue Firmware, moaucbukaums Software
FQPFMP



Track Finder Data Rate- 2011

MPC- modules
I

Counting
House in USC

|
|
|
|
: 12 SPO5- modules

AFE - cards ALCT - cards

: | _ To Global
eyt 1l - IR 1\ rigger Crate

MS- module

TTC- module

On-Chamber Electronics: Peripheral Crates:

Track Finder Crate:
37 bytes/BX/Chamber 12 16 Bytes/BX/CSC
6064 Copper Cables Bytes/BX/Sector 180 4 SCSI-Il Cables
700 GByte/s OPHgALEIRes 640 Mbyte/s
> | > . —
Level 0 : 25 MHz Level 1: 100 KHz

FQPFMP




Track Finder Status - 2011

*99.99% uptime during physics running

*Only a few bugs during data taking
(21.08, 25.05, 23.04)

 Very Stable Hardware:

12 SPs in the System at Point 5.
6 working spares. 3 spares have disconnected BGA
corner balls due to mechanical deformation of the boards

e Stable Firmware:

Firmware updates - Feb 04, Mar 22, Sep 15:
- Implement all possible track combinations between DT
and CSC stubs in the overlap region (0.9 < |n| < 1.2):

- new SR LUTs to fix inefficiency at endcap minus forn < -2.1
- possibility triggering where ME1/1a chambers are dead
- zero suppression data format for 100 KHz rate




Track Finder

Hardware Vs. Emulator Pt |

QMa&Efficiency - 2011
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E CMS Preliminary 2011
(PTLUT2011)
5 - CSCTF P, = 5.0 GeVic
plateau at 0.96 + 0.00
—— CSCTF P, = 7.0 GeVic
plateau at 0.92 £ 0.01
—o— CSCTF P, > 10.0 GeV/c
plateau at 0.89 + 0.01

Hardware<->emulator disagreement less then 0.15%

L
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P; of Global Muon, (GeV/c)




Track Finder-2012 Plans

* Planning to use new CSC_TF data format with extra zero suppression
- DDU CSC_TF couldn’t handle rate of 105 kHz with current
CSC_TF data format.
Buffer was full by 80% 4.10.2011 -> dead time ~ 100 %.
- 105 kHz is not L1 rate at which we suppose to run but if pile up
increase we got events with average higher size
- new data format should handle with such rate and more
* Planning to review PT_LUTs for 2012 data taking using the data

of all three Muon Detectors




ATLAS Self Trigger - 2011

PusnHeckue 3a0Aa4uU:;
* Peakuun pp—ppe+e- C IKCTPEMAABHO MAAbIM NEPEAAHHBIM UMIMYAbCOM.
NonepeyHoe ce4vyeHue I3TOro npouecca MoXeT ObiTb NMOCYUTAHO C AOCTATOYHO
BbICOKOM TOYHOCTbLIO, YTO MO3BOAUT M3MEPUTb CBETUMOCTb YCTAHOBKM ATLAS npwu
paboTte yckoputeas LHC ¢ TOMHOCTbIO B HECKOALKO MPOLLEHTOB.
* IOUCK CUABHO UOHUIUPYIOLLLUX HACTUL, TAKMX KOK MAFHUTHbIM MOHOMNOADb, Q-balls etc
*Tpurrep N0 MHOXXECTBEHHOCTU B LLEHTPAABHOU OBACQCTMU.
A Takxke - OTAOAKA paboTbl AeTekTopa TRT B pexxume camosanycka npu perucTpaumm
YACTUL, KOCMUYECKOro U3AYyHEHMS.
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| End-cap TF ¥
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ATLAS Self Trigger Hystory

NioAb 2007 - HOHAAO NPOEKTUPOBAHUS B COOTBETCTBMMU C HAYATHIM
comHaHcuposaHueMm ( FrockoHTpakT K325)

OkTa6pb 2007 — AOKAGA-NpeArOXeHHue MNMpoekTa B LLEPHe.
YTO4YHEeHMne TeXHU4YEeCKOro 3aAdHUsA U NAaHA Ha 2007 .

3T1an 2007 - co3AdHME NPOTOTUNA TECTOBOroO CTEHAQ AAS
UCCAEAOBAHUSA TpeKoB noacuctemon ATLAS-TRT

Otan 2008 - 2009 - coszaaHue npotoTuna Self Trigger AAS NOAKAIOHEHMUS

K MOAYASIM cucTeMbl TRT-TTC : 8 moayaen AST TB, 1 moayAb AST TF
(TockoHTpakT K 494, K148)




Output
Connector

Serializer/ Deserializer

Main FPGA

Input Connector

Receives 40 (36) Fast OR signals from TRT-TTC module

Provides alignment and digitizing of Fast OR signals by Clob Clock,
which come from AST_TF board

Provides primitive coincidence logic for geometrical zone,
limited by 40 (36) FOR signals

Translates 20 bits as 2 best segments to TF Module by two Serializers

Programmable Delay FIFO 5 ns step, 256 step range
Programmable Gate FIFO 25 ns step, 16 step range




i mum H LR

TmC Adap’rer VME
Interface
Main FPGA
Optical Deserializers
Transceiver

® ERR ) O | B B B e WY In/ Out Connectors

As TF: Provides two best track segments for geometrical zone limited by 320 FOR signals

Exirapolates pairwise combinations of track segments. A successful exirapolation is
assigned when two stubs lie within allowed windows of the geometrical coordinates

Examines successfully extrapolated track segments to see if a larger track can be formed
(track assembling). A list of selected tracks is sent then for final selection

As TS : Provides final frigger decision according to track finder algorithm

Sorts pairwise combinations of track candidates .
A successful best candidate is assigned for final decision



Self Trigger PCIl/ VME Interfaces

Nt e

‘ -I1II'III-iI e

PCI System Interface/ Buffer:
* PCI 32-bit Interface
* Trigger LVDS Input

* Optical

Finisar 2.1 GB/s Transceiver
¥

Power Consumption ~300 mW

VME Master




ATLAS Self Trigger 2012-2014

—

2011 - TRT koAAGOOpaALMSA OPraHM3OBAAA PAOOYYIO rPynny NO CO3ACHMUIO
“Fast-OR” TpekoBoro Tpurrepa ¢ ysyactuem MUAP

2012 - UcnbiTaHua npoTtoTuna Self Trigger 8 LLEPH
- Bbinyck nuAoTHOU cepumn moayAen Self Trigger
- Havyaao npoussoacTBa cuctemsl Self Trigger

2013 - MpounsBOACTBO U TecTupoBaHue cuctembl Self Trigger B MUAP
- TectuposaHue cuctemnl Self Trigger B LLEPH
- NMoAKAIOHEHUE CUCTEMDI K AETEKTOPY

2014 - 3anyck 1 noAHoMacwTabHoe ucnbiTaHue cuctemnl Self Trigger

OcHoBHOE chMHAHCUpPpOBAHME NpoeKkTa - MHuT




CROS3 Komnaekec Cuctem CHUTbIBAHUSA

Concentrator L1 1

Trigger L1
e/
PCI System Interface/
Buffer L2

B aKCnepMMEeHTAAbHbIX
YCTOHOBKOX
npumeHseTcs 4
J PA3HOBUAHOCTU CUCTEM
CROS3




Cucrtemsbl CuntbiBaHua CROS3 G, CROS3 B

AD_FE16 16G, AD_FE16B —-Channel Ampilifier/Digitizers:

G_ Option based on ASD_Q + FPGA ,
B_ Option based on Discrete Components + FPGA
* Peaking time 7 ns .
Operational Threshold 2-3 fC * Double pulse
resolution 20 ns * Power Consumption 30 mW/ch Py

Prc CCB_16G Concentrator :

* 16 In-Out LVDS Serial Links 100 Mb/ s rate
* Optical Finisar 2.1 GB/s Transceiver
* GSI GTB Adapter (GSI Optional)
* Power Consumption ~300 mW

CSB System Interface/ Buffer:
* PCI 32-bit Interface * Trigger LVDS Input
* Optical Finisar 2.1 GB/s
Transceiver * Power
Consumption ~300 mW * Digitizing Clock 100 MHz

512- channel CROS3_G is working at LAND (GSI), since 2006
2500-channel CROS3_B is starting at SFB/TR-16/B1 Spectirometer (Bonn)




Cuctema CyutbiBaHna CROS3 PWC

16_AD: 16 -Channel Ampilifier/Discriminator
Based on GMP-16_G ASIC e

* Peaking time 30 ns *
Minimum Threshold 7 fC * Double pulse
resolution 80 ns ?

Pawar Canciimntinn 2N mW/ /~h

CDR_ 96 - 96 Channel Digitizer:
* Six 16_AD Cards on Board * Serial LVDS

Link * Programmable Delay 10 ns step

* Programmable Gate AeTekTopHas
10 ns step * 100 MHz Cb6opka Ha 96
Digitizing Clock KAHAAOB

* Power Consumption 500 mW
CCB_16 Concentrator:
* 16 In-Out LVDS Serial Links Trigger
LVDS Input * Optical
Finisar 2.1 GB/s Transceiver
* Power Consumption ~300 mW * Digitizing Clock
100 MHz

CSB System Interface/ Buffer:
* PCI 32-bit Interface * Trigger LVDS Input
* Optical Finisar 2.1 GB/s Transceiver
* Power Consumption ~300 mW * Digitizing Clock
1NN AALl~>

2300 kaHaAOB cuctemsbl Ha nydke HIOC B UsmepuTeAbHOM 3aAe ¢ Aekabps 2007 r.
2011 - cuctema yctaHoBAeHa B DESY (OLYMPUS)




16- Channel Amplifier

16 — Channel Amplifier/Digitizer:
Based on discrete elements + FPGA
* Peaking time 7 ns * Operational Threshold <15

< | Digitizer fC * ADC per channel 10 bit resolution
/ * Programmable

Delay 10 ns step * Time measurement 2.5 ns step

CCB_B Concentrator :
*16 In-Out LVDS Serial Links 100 Mb/ s rate
* Optical Finisar 2.1 GB/s
Transceiver * Power
Consumption ~300 mW

CSB_B System Interface/ Buffer:
* PCI 32-bit Interface
* Trigger LVDS Input =
Optical Finisar 2.1 GB/s Transceiver
* Power Consumption ~300 mW * Digitizing Clock 100 MHz

T L e

2010 - 48 KAHAABHOA CUCTEMA UFOTOBAEHA U YCTAHOBAEHA Ha kamepe LHCb
2011 - akcnAyaTaums
CUCTEMbI




AAannTtep BbINOAHEH HO OCHOBE MUKPOKOHTpoAAepa CY7C468013A
NMpeaHa3Ha4vyeH AAq noAkAloYeHuss KAMAK kpeuT-koHTpoaAepa 217.10 K
NepCOHAABHOMY KOMMbIOTEPY Yepes WKHY USB-2 B BLICOKOCKOPOCTHOM

Ap¥ipMBAMHOE o6ecneyvyeHne aAanTepda No3BoAseT o6paLLaTbcs K
KOHTPOAAEPY 217.10 U3 NpOrpamm, paspaboTAHHbIX NOA YNPABAEHUEM
onepauUOoHHbIX cucTem, coBmecTumMbix ¢ Windows XP B MHTErpMPOBAHHOM




Pa3sutune cuctem cH4utbiBaHua - AL

8-Channel, Ultralow-Power, Variable Gain

Amplifier with Low-Noise Pre-Amp
+ Low Noise: 0.8nV/ V Hz
e 65mW/Channel

12-bit Octal-Channel ADC 65 MSPS

.+ 12-bit, 65MSPS

Vocl.;lqailzle .« Preamp: 20dB Fixed Gain Coa?/::ter e s

LEUEE . ynioble Gain Amplifier: ADS5282 * Analog In. Full - Scale Range: 2VPP
VCAB8500 e * Prog. Digital Gain: 0dB to 12dB
p e Gain Control Range: 46dB M * Serialized DDR LVDS Output

IX9mm QFN-64 IX9mm QFN-64

Salectable PG A Gain:

SJCTICCIUNIC T UM OuUlrt.

BapuaHT 1 - koHCTpyuposaHue ASIC, Ho ...

BAPUAHT2 - NPUKAGAHASA SAEKTPOHUKA AAS MEAULLMHBI U CPEACTB KOMMYHUKALLUU
Pupma Texas Instruments npounsBoAUT 3KOHOMMUYHbIE ALLI AAS MEeAUMLUHCKOMU
peHTreHorpacdum, 6ecnpoBoOAHbIX KOMMYHUKALMU, BUAEOOOOPYAOBOHUSA U T.A.

Cemencteo AL 65MSPS u BOCbMUKAHAABHBIM YcuAuTeAb VCAB8500 ¢ M3MEeHSieMbIM
KO3 DULUEHTOM YCUAEHUS OOPA3YIOT 3AKOHYEHHbIU TPAKT 0O6pabdOTKA CUrHAAOB,
NPUrOAHbIN AASI CHUTbLIBAHUSA KOOPAMHATHBbIX AeTekTopos (DC, Straw, MCSC ...)

AAS NPUBA3KM K AGHHOMY AETEKTOPY TpebyeTcs BXOAHOU KACKAA, A AAS
TPUITEPHbIX MMMNYAbCOB - AOMNOAHUTEAbHbIN AMUCKPMMUHATOP

B 2011 r. 3aKynA€H KOMNAEKT MUKPOCXEM HA 48 KOHAAOB U CNELUAAbHbIN
OTAGAO4HbIM KOMMNAEKC. BeAyTCs UCCAEAOBAHMUS.

NMAaHupyeTca caeAats npoTtoTun AAf TS LHCb




Passutue Cuctem CuutbiBaHua = CpeacTBa PaspaboTku

ML 605 - 0OTAOAOYHBIU HABOP SP605 — 0OTAOAOYHBIM HOBOP Ha
Ha 6ase FPGA Virtexé 6ase FPGA Spartané

iU

@,

VIRTEXW
p 2010

B OTAQAOYHBLIN HOGOP BXOAUT OTAGAOYHASA NAATA, cpeAda paspaboTtku ISE Design
Suite Logic Edition, NOAHbIN KOMNAEKT AOKYMEHTALMU, BKAIOHAIOLLUK AEMO AAA
HA4YaAQ PabGoThbl, A TAKXKE KOMMAEKT UHTEPPEUCHBIX KabeAen U BAOK NMUTAHUS.
Ob6ecne4ynBaeTCcsi NOAHAS TEXHMYECKAs MNOAAEPXKA pa3paboTtyuka C
BO3MOXXHOCTbIO 3Arpy3ku 3CKU3HbIX NPOEKTOB

PHY pasbem TpaHcusepa SFP

ABa caota pacwuunpenus FMC (LPC u HPC)
* BcTpoeHHas wenb KOHUrypaumm

BAok System ACE CF c kapTon namaTu
Compact Flash 2I'b

* 512 Mb DDR3 SO DIMM
* 32Mb napaaaeabHou (BPI) Flash
* 8 pasbemoB PCI-Express

* 10/100/1000 Ethernet




CMS/ LHCb CucTtembl BbICOKOBOABTHOrO MUTAHMUS

foAnoBHOM Mpoueccop

CUcTeMHbIN
UcToYHUK NMnuTaHus

PCI-MarucTpaab

Ao 9 -t
UHTepdencHbix Kapt
Ao 9
Ynpasasiowmx
AviHns

BbICOKOBOAbBTHbIX

Kabeaen

Ao 8 EBpo-KpeuToB

ANCTPUGBLIOTOPOB B
Kpeute

Ao 9 YAQAEHHbIX

Ao 2500 BbicokoBOAbTHbIX KabeAen

Cuctema obecneymBaeT MHAUBUAYAABHOE PETYAMPOBAHUE U MOHUTOPUPOBAHMUE
HANpPs>XXeHUss, MOHUTOPUPOBAHUE TOKA U HAMPSXXEHUSA B KADKAOM CETMEHTE

HanpsXeHusa: <50V

HeAnHenHas wkaaa nsmepenus : Ao 1 MKA < 50 nA, 6oaee 1 MKA < 10%

pPeryAupoBaHMs HaNpsXXeHus rpynnbl 36 U 60Aee KAHAAOB — B npeAeAax 4 KV
AnanasoH MHAMBUAYOAABHOIO PEryAMpoBaHus — B npeaeAax 1KV

TOYHOCTb U3BMEPEHUA U PETYAUPOBAHUSA
AManasoH




CMS/ LHCb HYV History

FfoAoBHOM AUCTpUbBLIOTOP YAQAEHHbIK AUCTpUGBIOTOP UMHTepdencHas KapTa

b

Y

i

T
I‘:- i
TEE b

UioHb 2003: Beinrpobiw TeHAepa y CAEN Ha npousBoAcTBO cuctemMbl B 11000 KOHAAOB AASA
CMS

2004- 2006: NpoussoacTeo 11000 kaHaAoB Cuctemsl UFL/PNPI CMS

2006- 2007: YcTaHOBKA U oTAaAKA Cuctemsl B LLEPHe

OkTa6pb 2005: Bhinrpbiw TeHAepa Y CAEN Ha npou3sBoaAcTBO cuctemMbl B 2000 KOHAAOB
AAs LHCD

2006- 2007: NpoussoacTBo 2000 kaHaroB Cuctembl (LHCb ~ 50%)
u Yctpouctea NapaareAbHoro NMoAKAIOYEHUS

2008: YcTaHOBKAO U Iégr%gfm Cucrtemsl B LLEPHe

2009 -2010 : OTAGAKQ HA Ny4YKe, NPOU3BOACTBO AOMNOAHUTEAbHO 200 KaHaAoB CUCTEeMbl
Co3AQHME NPOrpPAaMMHOro obecnevyeHus AAf

1 KAAMOPOBOYHbIX TAGAML
-2012 MpousBoAcTBO BTOpOMU odepeau Cuctembl LHCb Ha 2000 kaHaAoB

(10 ToAOBHbIX AUCTPUOBBLIOTOPOB, 56 YAQAEHHbIX
ANCTPUOLIOTOPOB)
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