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TemaTuueckue rpynnboi : npg:;;;:‘éilgo.
5 ocHOBHbIX rpynn, 16 uenoBek 2 rpynnbl, 7 yenosex
Moppepixka CMS ATLAS MOHTa)KHbIN yYyacToK:
JKCNepMEeHTOB: CSC Track Finder Fast OR Trigger 4 yen

LHCb, CMS etc

CROS 3 Readout HV Distribution
System Family System Family 3 uyen




PNPI/ UF: Track Finder History 1999- 2012

Track Finder paspaboman dna mrooHHO20 mpuzzepa CMS. Peanu3zoeaH kak
12 lpoyeccopos, ka>kObiil U3 KOMopbix udeHmuguyupyem 0o 3 AyqHwux
MIOOHHbIX mpekoe 8 60-2padycHOM a3uMymasieHOM ceKmope.
AHanusupyem exo0Hble hpuMmumueHsle mpeku (cezameHmel) om
uHousudyasbHbix kamep CSC, eoccmaHassiueaem noJjiHoie mpeKku no
YyemoIpEémM kamepam, usMepsiem nonepeyHoll umnysec Pt

CepuiHbIie Mmoaynu
SPO05 Track Finder

1999-2001- ebinyck nepeozo lMpomomuna (SP01), omnadka u mecm

Aezycm 2001 : Hoeoe udeosio2u4veckKoe peuieHUe — peaausayus emopozo npomomuna lNpoyeccopa Ha
o0Holi ceepxbonbuioli Mukpocxeme FPGA. KapouHanoHoe yay4duwieHue xapakmepucmui

2002-2003 - ebinyck emopozo lMpomomuna (SP02) omnadka u mecm
2004 - ebinyck mpemeoezo lpomomuna (SP04), omaadka u mecm
2005 - ebinyck nunomuoli cepuu Track Finder (SP05) u maccoeoe npouzeodcmeo SP05

2006 - omnadka u mecm modyneli SP05, esaumodeiicmeue c DAQ, pazeumue Firmware

2007 - 2008 - omaadka e cocmase pacnpedesiéHHO020 MIOOHHO020 mpu2zepa CMS, ceasb ¢ DAQ,
DT TF, GMT, pazeumue Firmware, npobHbIli ny4koesill 3anycK

2009 - modudpukayus Firmware, nod2omoeka K ny4Ko8oMy 3anycky 6 cocmaee pacnpeodesiéHHO20
MIOOHHO20 mpuzzepa CMS, nepevie ny4ykoebie 0aHHbIe

2010 - 2011 Habop daHHbix 7 T3B, pazeumue Firmware, modugpukayus Software

2012 Habop daHHbix: 4 x4 T3B, L= 7- 1033 cmc?.
Modudukayus Firmware: ynnomHeHue ¢popmama OaHHbIX 8 c853U C yeesudeHUeM uHmeHcueHocmu LHC




Track F

nder Data Rate- 2012

9 TMB- modules MPC- modules

Mounted on DiSCS g Counting House
in UXC ] A in USC

12 SP05- modules

AFE - cards ALCT - cards

To
Global Trigger

MS- module

TTC- module

On-Chamber Electronics: Peripheral Crates: Track Finder Crate:
37 bytes/BX/Chamber 12 Bytes/BX/Sector 16 Bytes/BX/CSC
6064 Copper Cables 180 Optical Cables 4 SCSI-Il Cables

~1TB/s -
/ 50 GB/s ~600 MB/s
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Level 1 £ 100 KHz




Threshold Efficiency

PT LUT Improvements Reduce L1 Muon Rate by 30%-35% w.r.t. 2011
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CSCTF Improvements in 2012 :

https://indico.cern.ch/conferenceDisplay.py?confld=175207
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Recommend GMT PT Endcap Algo: Q =3 — Use CSC; Q <3 — Use Min PT (CSC, RPC)

Recommend GMT PT Barrel Algo: ByRank
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https://indico.cern.ch/getFile.py/access?subContld=0&contribld=7&resld=0&materialld=slides&confld=217684

Schedule:

1. 2013-2014 first “long shutdown” (“LS 1”)
SP-uTCA proto. design, poduction, testing May 2012 - July 2013

Pre-production + tests Oct 2013 - May 2014
Full production + tests May 2014 - Mar 2015
Installation, commissioning Mar 2015 - Jun 2015
Stable parasitic running Jun 2015 - Jan 2016

2. 2015-2017 data taking @ (\'s = 14 TeV)

- LHC may exceed design luminosity (10 3*cm-?s1) and run at higher than design pile-up
- during this period evolve to improved system

2018-2019 second “long shutdown” (“LS 27)
2022-2023 third “long shutdown” (“LS 3”)
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Upaqgrade strateqy:

1. Higher precision in transverse momentum (P;), n, @
2. More candidates objects

Upgrade technology:
1. Use larger FPGASs, built system in more compact way (fewer, more generic boards)
2. Use standardized electronics where possible

- custom built but same for many systems

- partly also COTS (Commercial off-the —shelf) components

- new form factor yTCA (Micro Telecommunication Computing Architecture)
3. Use optical links

- higher data rates (higher precision, more trigger objects)

- less space for connectors (MTCA instead of 9U VME)
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GMT Modules Interconnections Xilinx FPGAs Structure Virtex Family FPGA



PNPI/UF CMS EMU HV System
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Cucmema npedHa3Ha4YeHa 0Jisi 8bICOKOB0JIbLIMHO20
numaHusi CSC-kamep Topueeou MHOOHHOU cucmeMbl CMS.
Ucnonb3yem pacnpedenumenbHbie Modynu (Qucmpubbromopsbl),
pacnosiazaembie psidom ¢ demekmopamu. Cucmema obecneyueaem
pea2ynupoesaHue HanpsiXeHusl, MOHUMOpPUpPOeaHUe MOoKa U HanpsiXeHusl
8 KaxXxOOM ceameHme Kamep

HuckpemHocmb usmepeHusi moka ~20 nA
Ha6op modynel JuckpemHocmb usMmepeHuUsi u pe2ysiupoeaHusi HanpsixeHus  ~ 2 \/
HVM cucmembi JHuana3oH peacynupoeaHus HanpsixeHusi — 0o 4 KV

2001-2002 - ebInyck nepeo2o npomomund, om/iadKa u mecm

2003 - ebiuzpobiu meHodepa ¢ gpupmoii CAEN Ha npou3eodcmeo 10000 kaHasoe cucmembol.
Cmoumocme npoekma ~1.2 M$ (CAEN ~2.5 M$)

2004 - ebinyck nusomuoli cepuu U No020Mo8Ka MAccoeo20 MAccoeoz20 npou3eodcmeda

2005 - maccoeoe npouseodcmeo 10000 kaHas08

2006 - maccoeoe npou3eodcmeo donosiHUmesibHo 1500 kananoe

2007 - cucmemHebilii mecm e LUEPH, nodkaro4eHue k demekmopam

2008 -2012 - skcnanyamayus e sxkcnepumeHme (cm. CMS IN 2010/000)

2012 -2013 - npouzeodcmeo donosiHUmMebHo 2500 kaHanoe cucmemeol Ona ME 4/2



PNPI/ UF HV System 2012-2013. Part 1

S

ltems to manufacture

N ltem Quantity (including spares)
1 Remote Distributor 86

2 Master Distributor 10

3 Regulator 1 kV 2840

4 Regulator 4 kV 90

5 Relay board 90

All parts purchased for the following:

10 Master boards and 1000 1KV regulators

Parts and boards are in PNPI

Start production of 10 Master and 1000 1 kV regulators — 15/12/ 2012

UF+UW: Purchasing parts for remaining components in progress
Three pre-production Distribution board PCBs made
Waiting for parts delivery for them ( expect. Feb. 2013)




PNPI/ UF HV System 2012-2013. Part 2

Schedule

Depends on:

« Funds availability

« Ofther LS1 activities

« Other several factors

N Task Date

1 S1to UXC cable installation done March 2013
2 First delivery of HV modules from Sep 2013

PNPI (Master + 50% Remote)

3 S1 equipment installation done Nov 2013
4 UXC equipment ~ 50% done Jan 2014
5 PNPI HV modules delivering done March 2014
6 ME4/2 system completed July 2014




LHCb HV System 2005- 2012

Cucmema npedHa3Ha4YeHa 0Jisi 8bICOKOB0JIbLIMHO20
numaHusi nponopyuoHasibHbIX MKHOHHOU cucmemb! LHCDh
Ucnonb3yem pacnpedenumenbHbie Modynu (Qucmpubbromopsbl),
pacnosiazaembie psidom ¢ demekmopamu. Cucmema obecneyueaem
pea2ynupoesaHue HanpsiXeHusl, MOHUMOpPUpPOeaHUe MOoKa U HanpsiXeHusl
8 KaxXxOOM ceameHme Kamep
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HuckpemHocmb usmepeHusi moka ~20 nA
O6pasubl LHCb HV JuckpemHocmb usmepeHusi u pe2ynuposaHusi HanpspkeHus1 ~ 2V
Hucmpubbromopoes Huana3oH peacynupoeaHus HanpsixeHusi — 0o 3 KV

2005 - ebiuzpoiuu merndepa ¢ gpupmou CAEN Ha npouseodcmeo 2000 kaHan06 cucmemeol.
Cmoumocmo npoekma ~320 KCHF (CAEN - 700 KCHF)

2005 - ebIinyck nusiomHoU cepuu U N0020MoBKAa Maccoeoz20 npouseodcmea

2006 - npou3zeodcmeo 1000 kaHa08
2007- npouzeodcmeo 1000 kaHasnoe u ycmpolcmea napa/iie/ibHoz2o nodkiroveHus 1—- 2

2008 - 2012 skcnnyamayus cucmemMeol Ha ny4YKe

2012- npou3zeodcmeo 2000 kaHas06 cucmemMol
(OonosiHeHuUe 0o nos1IHo20 komnsaekma — 4000 kaHas108)
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LHCb HV System 2008 -2012
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YcTponcTBO napannenbHOro NnoAakKoYeHUs Kamep: 8 moaynen coeanHUTENIbLHOW NaHenu ans
nogkntoyeHust 4000 cermeHToB K 2000 KaHaNoOB BbLICOKOBOJILTHON CUCTEMBbI

Mopaynb coegMHUTENbHOW NaHenu: PasseTBuTenbHas nnarac
10 pa3BeTBUTENbHbIX NNaT BbICOKOBOJIbTHLIMU
100 BbICOKOBOJIbTHbIX Pa3bEMOB n3onupoBaHHbLIMK NpoBoAaMU

BbICOKOBOMNbLTHLIN Kabenb ¢ ABYMA
5-KOHTaKTHbIMU pazbEémMamu




LHCb HV System 2012

Mpounssoacteo moaynen 2000- KaHaNbHOMN BbICOKOBOSILTHOW CUCTEMbI AN
3aMeHbl YCTPOMCTBA napasnsnenbHOro NoAKI4YeHNsA Kamep :

Master Distributor — 8

Remote Distributor - 56

OTBeTCcTBEHHOCTbL Konnabopauun LHCD:
- noctaBka 90 % KOMNNEKTYyrLWUX

OtBeTcTBeHHOCTbL NMNAD:
- NMPOU3BOACTBO NiaT BCeX MoAayrneu u perynsatopos
- MOHTaX aBTOMaTU4YECKUMN BCeX NnaT MoAayreun
- MOHTaX pPy4YHOM BCeX nnaT perynstopos
- py4Hasa cbopka moayneun
- TecTMpoBaHuWe mMoayren

Mo rpachuky okoH4yaHue pabot n ornpaska B LLEPH — 30 HosGpsa 2012 r.
dPakTnyecku moaynu otnpasneHbl 30 aBrycta 2012 r.

Cucrtema «nog Tokom» Ha tectoBoM cteHae LIEPH okono 4 mecsiueB
C XOpOLUMMM pe3ynbTaTaMu U BUAAMU Ha HAOEXHOCTb B 3KCNslyaTauum



2500-channel HV System UF/ PNPI Collaboration

https://indico.cern.ch/getFile.py/access?contribld=15&sessionld=2&resld=0&materialld=slides&confld=216092

UF Responsibility

1. Components procurement (90%)
2. Remote and Master Distributors
- Bare PCBs manufacturing
- Automated SMT assembly

- Mechanical parts
3. Design new control interface in PCI-Express standard

PNPI Responsibility

Manual assembly of Distribution and Master boards

2. Production tests
3. Components procurement (10%)
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PasBuTtue cnctem pacnpegeneHms BblICOKOBONbTHOFO MUTAHUA:
cuctema HVDS NeuLAND (lMpoekT)

High Voltage Distribution System (HVDS)
for the High-Resolution Neutron Time-of-Flight Spectrometer for R3B (NeuLAND)

Oco6eHHocT HVDS NeuLAND:
* pacnpepeneHne BbICOKOBOSILTHOro nutaHusa gna PMT
* perynupoBaHue HanpsxeHua ana Kkaxagoro kaHana: 0 + Vmax (Vmax = 1.5 kV, | max = 0.5 mA)
* MOHUTOPUPOBaHME TOKa MU HanpsKeHUA Ans Kaxaoro kaHana (10-bit ADC)
* CyMMapHoe yucno kaHanos 6000

Primary HV Power Supply
Computer < ¢
HV Distribution System

PMTs

CTpyKTypa cuctembl



Primary HV PS

|

Computer

I Ethernet

Control Board [==—> DB50_1 . DB50_16

Control&Monitor Bus

DB50 - Distribution
Board 50 channels

PMT_01
PMT_02
PMT_49
PMT_50
PMT_0O1
PMT_02
PMT_49
PMT_50

Reg_ - Regulator 1.5 kV
CTpykTtypa cuctembl Ha 1280 kaHanoB

Atan 2012-2013 - co3pgaHue npoTtoTuna cuctembl Ha 200 kaHanoB
- pacwupeHue cuctembl go 1000 kaHanos
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Variable

Gain
Amplifier
VCA8500

TExXAS
INSTRUMENTS

Y

8-Channel, Ultralow-Power,

Digitizing: ) Variable Gain Amplifier
100 MHz 10- bit ADC with Low-Noise Pre-Amp
400 MHz TDC

Data
Converter

ADS5282

{) TExas
INSTRUMENTS

12-bit Octal-Channel
ADC 65 MSPS

100 Mb/c Readout

2Gb/c Readout

A\

Trigger P
L1 TTC NI, . PCI Express

.
I
System Interface/ :
PCI System | Buffer L2 ,

Interface/ Buffer L2

B akcnepumMeHTanbHbIX yCTaHOBKax npumeHseTtca 4 pasHoBngHoctn cuctem CROS-3:
LAND (GSI), H3C— OLYMPUS (DESY) , BGO-OD at ELSA (Bonn), LHCb Test Stand (MAA®)
B akcnnyaTtauuun ¢ 2006 .
PasButne anemeHTHOM 6a3bl U HaNM4ne B flabopaTopmm COBpPEMEHHbIX CPeACTB NPOEKTUPOBaHUSA
No3BOSISIET CYLWECTBEHHO YNy4llUTb XapaKTepUCTUKN CUCTEMDI




Passutue cuctem tpurrepa = ATLAS Fast-OR Trigger

S
Y—

OcHoBHas 3apayva, 3anoxeHHas npu paspaboTke cucrembl TRT-TTC Fast-OR Logic - otnaaka pabotbl
aetektopa ATLAS-TRT npu peructpaumm 4actul KOCMUYECKOro U3nyyYeHus.

NMpeanonaraetcsa wucnonb3oBaTb MNPOTOTUN CUCTeMbl B TeyeHne LS1 (B Havane 2013) ans
nccneaoBaHUA UMMNYNbCOB «TSXKENbIX» YyacTtuy (HIPS) Ha kocMuke B paMmKax peanusauuuv nporpaMmmbl
Fast-OR Trigger (ATLAS NOTE, November 22, 2012)

ATLAS-TRT 1{ TRT-TTC Fast-OR Logic
Subsystem i

— 6U VME Crate

48
TRT-TTC

* Modules

1856
«Fast OR»
J— Signals

|
I
Local Level Regional Global Level |
Logic Level Logic Logic :

|

__________________________________________

MpotoTun Cuctemsbl
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