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Bcero CotpyaHukos 25
HayuHeix CoTpyaHukos

NHxeHepos 13
TexHukos 4
KeHwuH Y
MyXuumH : 16

B so3pacte no 40
CpeaHuin so3pact

' ' { ; ":"" £

FQPFMP = R =S e e —
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CROS3
Readout

TTosaepxra
Ixcrniepumerros (DO,
SC150,LAND eftc)

OribrTHOE
TTponssoacrso:
5 Compyarmkos

24 [exabps 2008 r. TTNSS Bukrop Nornosyos | I




OCI-IOBI-IbIe Tematuveckue l‘pynnbl 2008

Track Finder (EMS):
lonosyos B.J1., ¥sapos JIH.

T e

Self Trigger (ATLAS):
[onosyos B.JI, Ysapos J1.H., Suropa B./.
- T - & o -

e CROS3 (LAND, SCI50/ HISP.TS.) |-
ot Al boraaps H.@., 'onosuyos BJ1., Fonaw A.T. Jlobayés | R
N EA. YeaposJlH, Yeapos CJl, Crnpunerikos SM., T - —
w0 SAuropa B, B! o T
i I3 - e R
T
\\\\\\\\\\ —. | ' LHCb/ LHEb HY r.
! Bornkos C.C., Hcaes H.b., Ceprees J1.0. e gﬁg i ;_'u:

boHaapes C.B., MbrrsHuKkosa A.B. : '
boHaape H.8., OpuiymH EM., Heyctpoes TT.B. | ‘I l"ll“”

\;b:/‘t’ ) - - -'i.‘- | 'fl_:' .
S Alignment/ LV Control (CMS): e L
CkHapb B.A. R
/'aﬂ,qu /' [ S N
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CMS EMU Track Finder

a |Track Finder paspaborar A5na MrOOHHOM TpurrepHou cuctemsr CMS
2oL M Pearmsosar xkax 12 Tlpoueccopos, KaxAeidi 3 KOTOPLIX
uaeHTU@UUUpyeT 40 3 JIyYlMX MIOOHHBLIX Tpexkos B 60-rpagycHom

asuMyTasIbHOM CeKTope.  AHasI3upyeT BXOAHbEIE MPUMUTHUBHBEIE

TpeKn (cermeHTer) OT MHAMBUAYASIBHBIX KAMEP, BOCCTAHABIIMBAET
rOJIHBIE TPEKU 110 YETLIDEM Kamepam, HUIMePSeT riorepeyHeri

|
CepuiHsre moaysin

smrtysisC Pt

TTpouecopa

Hosabpe 1998 -noarmcaHne MOU c UF 1 999 -Ha4as1o npaexmpaaaﬁml

2000-2001 - sernycx nepsoro Tlpororuna (SP01), ornaaka v tecr

B 2001 r. npearnioxeHo HoBoe uAeosIornvyecKoe peleHue, rno3sosimBlIee
peasmsosars BTopou npororun Tlpoueccopa Ha oaHOYM cBepXBOsIbLION
ukpocxeme FPGA. KapauwrarisHoe yrydlwerHue XapaKTepUCTHK

2002 2003 - sernyck Tlpororuna SPO2, orrnagxa u tecr

2004 BbIIYCK ﬂporamna SPO4, ornaaka v Tect

M. i

2007 - 2008 - orniagKka B cocrase pacnpe.aeneHHaM MFOOHHOU rpnrrepﬁan CUCTEMEL,
csa3p ¢ DAQ, DT, 6MT, passuTie Firmware, npab'/-/bm r1yYKOBBLIU 3arycK

f -|.. s o
g =
Bukrop onosyos
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CMS TF Tlotoku [aHHbIX

TMB- mogyrm MPC- moayrne

30 cathode bytes

/BX/chamber :
7 anode byftes |

/BX/chamber : :12 bytes

E/BX/secrar

| SPO5- mogyrm MS- mogyrb

30 cathode bytes
/BX/chamber :

7 anode byftes!

/BX/chamber

-
’’’’

/BX/sector

468 Chambers, On-defecfor E/ecfronicsg 60 Per'ipheralg Track Finder géloba/ Muon

- Crate Crate Trigger
- ——

7 00 éByfe/ S 30 Gbyte/s 640 Mbyte/s

24 Hexabps 2008 r. TTHSS Bukrop Nornosyos
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Track Finder xpeut

o

Wiener 6023 KperT ¢ UCTOYHUKOM MUTAHUS, i

VME64x JI Marucrpars

VME KoHTposninep kpetita B[]\ .l
- (SBS620 nm CAEN 2718) Ui o IR A

12 mogyrnevi SP (UF/PNPI) (i igaee= X!

Moayrie CuctemHou Yacrorer v YripasrieHus
- (Clock and Control Board) CCB2004 (Rice)

Moayrib Copruposiymxk MrooHos
(Muon Sorter) MS2005 (Rice)

| CneywmanesHasa 6U 3agHaa TMTaHess Rev.2 (UF)

Pacripegernuresis 4acToTer
TTCvi and TTCvx (optional)

12 Moagyrnev ces3um ¢ DT (Transition Boards)
(UF/PNPI)

FQPFMP o
24 Hexabps 2008 r. TTHSS




Track Finder 2008

Ornagka SPs B cocrase pacripesesieHHov
TorrrepHou cuctemsr EMU. Pabora Ha
«KKOCMUKE» C MOAKITFOYEHHBIMU AAHHBIMU CSC
umDT

SPPEKTUBHOCTL PErUCTPALMU TPEKOBLIX
CErMeHTOB B OKHeE COBIAAEHMI U BbIOOP
OnTUMAIIbHOU LWUPUHBI OKHA,

asnroputm BXA (Bunch Crossing Analyzer)
BOCCTAHOBJIEHNS TPEKOBBIX CErMEHTOB B OKHE
COBriageHuu,

3QPEKTUBHOCTL CUHXPOHU3AUUU 1EPEAAYU
AGHHBIX 10 ONTUYECKOMY KaHasTy CBA3U
- repUpePUIHON 371EKTPOHUKMU C
rPOLIECCOPOM TOUCKA TPEKOB,

- ANArHOCTUKA paboTsI ONTUYECKOro KaHasaa

A rnepeAayvu U MOHUTOPUPOBAHUSA OLUIMOOK,

ll'_': 3PPEKTUBHOCTH 1aparsiesisHoro LVDS-
KaHasia obmMeHa AAHHBIMU TPUIrrepHOU

CUCTEMBI KATOAHbLIX CTPUMOBLIX Kamep U
TPUITEPHOU CUCTEMBI APEUPOBLIX TPYOOK

HHrerpuposarHmne ¢ DAQ u GMT
Moangpurkaums Firmware

------

[Tepseie ry4YKkoBeIe 3ar1ycku
FQPFMP . - -l

24 [Jexabps 2008 . TTNS®

Bukrop onosyos




Track Finder 2008

BpemeHrnre napamerper ontummnvposaHsr ripy
r1OChLIIKaX JIOKAJIBHOro TpUrrepa Ha mMoayJsiu
npoueccopos Ans:

1. Jlurmd c8a3m  aHOAHOU rPUAETEKTOPHOU 3S1EKTPOHUKA
( AFEB) u aHoAaHeIX JIOKASIbHBIX MEPUPEPULHBIX MOAYIIEN
(ALCT).
2. Moaynevi ALCT coBmecTHO ¢ KaTOAHBIMU JIOKASTbHBIMM
nepugepuaHeImmu mogyriasmm (CLCT) u TpeKxossimm
marepuHckumm nnaramum (TMB).
3. Jlurm ceasn LCT u mogysiesi MFOOHHBIX MOPT-KapT
(MPC).

4. Mo.ggneﬁ MPC u moayneui npoueccopos (SP).

W - [y e |

TR el T e LT

| e

BpemerHere napamertpsr viimepeHsr u
ONTUMUIUPOBAHBI PY OCLIIKAX AaHHLIX Ha DAQ
AS1A:

1. Tlpuéma curHana tpurrepa nepsoro yposHa L1A
MOLYJIEM CHUHXPOHU3IAUMU M CBA3N C Tpurrepom (CCB).

2. Tlpuéma currana L1A ana KatoaHoU rpuaeTEKTOPHOU
3J1EKTPOHUKU.

3. Tlpuéma currana L1A mogynamm TMB, ALCT.

FQPFMP - o

24 [lekabps 2008 . TTH98 )



BpemeHHoe pacnpeaeneHue Tpekoe Ha Bxoae SP

Relative Timing

e,

=p{TITTIT T

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

FW_!_:F:_L;_ '—f."

_-"' '!._‘-,'E:L > -l_l--é -
= P

.5‘_ - i
= j'_- S— '-_" =
s~ =
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BpemeHHOe pacnpeneneHue Tpekoe Ha ebixoae SP

Plus Endecap Synchronization in CRUZET3: Final

TimingConst (BX)

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

Minus Endcap Svhchronization in CRUZET3: Final

901 1001 1101
ChamberId=SecId¥*100+StationId*10_CSCID

24 ,ﬂe/{ab'p,q 2008 r. lTMﬂsP - Bukrop Nornosyos



Yrnosoe pacripeseneHune u Ka4ecTso TpeKos Ha Bsrxone SP

1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

&000 -1500 -1000 -500 1000 1500 2330
I

Phi Bend

m

25

Z
i
-
=]
Y
]
-1
E
3
z
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TTonHeIe Tpeku u cooTeeTCTRYHOWME UM CTaHUMU CSC

‘ Number of Tracks

108

10°

Number of Event:

12 14 16

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

4434241 .
4+3+2
4+3+1
4+3
45241 3
442
441
4
34241 2
342
341
3
142 1
2
1
Nothing
1 2 3 4

%

Number of LCT:

c
=
=
i

7
=]
™
w
=

Number of Stations

24 ,ﬂekap,q 2008 r. TTMS® Bukrop Nornosyos



Beams seen from CSC Halo trigger rates

CSC are using “all halo® triggers

No Singles ; collision type
coincidence window closed, so
there are only halo triggers

Both endcaps trigger

One endcap was detuned in time
with the other by 2ZBX

Right plot shows the halo trigger rate
/7/57‘07/:% seen Sep.11 night (from
CSCTF online monitoring)

Next slide focuses on the period of
RF-captured beam

History of Total Rates for Halos

RF-captured
beam ~9min

=
w
=

RateCounter

When there is no beam, average halo rates
from cosmic ray backgrounds are about
2.2Hz, and bottom trigger sectors dominate.

|| Any obvious excess comes from beam!

e
__I—- - - .l

T - e

Bukrop onosyos



CSC Halo rates during RF-captured beam :ME+

history of halo rate(/10s) in ME+ trigger sectors, Sep 11

“ME+ trigger

10 sectors 1-6
N N 8 '
T z 6l | * rate increases
£ g Ll | simultaneously
o o c .
E s | | In every trigger
sector
5 8f 1§ 8f . e TS51 & TS6
T 6 1g sof - with highest
S 1S 4t . rate
£ 2 ‘IH I 15 7 n 1 - they are inner
"'I-l.l\..-lJ'V""-h"iﬂv W Vs
10 piiparien, T T 1 T 10 T T ”ea/,,/y
58 IE l horizontal and
3 er 12 6 ] lower
2 2f 12 2t .
. g%;ﬁ%&w 0 Madenfan dad, e Mg AP ¥ |
i: wo (=) ™ w o ™ w &) w (=) ™ w o ™ w o
—~ — ™~ ™ ™~ m m m — — ™ ™ ™~ m m m
N § R A A R AN NS SR A J RN AR
i S -::;:_.- :r ‘:_ —— T o e
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halo rate(Hz) halo rate(Hz)

halo rate(Hz)

CSC Halo rates during

(WS TY Y
oW
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o o
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;oW o wumoe W
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history of halo rate(/10s) in ME- trigger sectors, Sep 11

mn

Ju

22:16%

22:19}

22:22F

e

r TTN9®

halo rate(Hz) halo rate(Hz)

halo rate(Hz)

35

o= RNORW
o wm o ;o

W W
o @ W

[l el A
o oW

W W
o @ W

[l el A
o oW

RF-captured beam :ME-

ME- trigger
sectors 1-6

e rafe

Increases
simutaneously

n every
trigger
sector

« TS1&4TS2

has the

highest rates

*they are

inner, nearly
horizontal
and higher
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Latency Update Summary

., =

CSC-TF path:
This is reduced to 77.7 bx currently

Reduces to 75.7 bx with new firmware (compare to
TOR 78 bx)

SP (using BXA) 13 bx

CSCADTTF path:
This is reduced to 64.2 bx currently

Reduces to 62.2 bx with new firmware
DTTF waits for CSC primitives starting at bx 59

Bukrop onosyos



Track Finder - 2009

- q:;: f}"' -
o e
f ™ - - .
o --- " _'_T -

1. Ydacrue s nyqxd,&%’gx ~3a_i/‘7‘)7a?ax-ﬂz2:' rem Track Finder

2 Mo,aepﬁmauuﬂ F/rmwdr'e SP 8 coorse TCTBUM C pazsuTHEM
X ra//areM Track Finder

3. KoHcyrib rM,DOBaHMe u yc/acme B 3KCn/Tyarauyuu Track Finder

CornacoBaHme riaHa 8 SHeape-Pesparie 2009

4. Tlporpamma SLHC (obyxnaeHue)

e -
- -
: Lg 8
-_._ R - -l ll;‘-* -
o o _" - .-rl o
- -
3 ? = - - - e
= N N T
. - . -:_.-%—_ ‘o —_-.-—.-—_-___-
ot . =
’ - _"._1 — — - .
— e e e o P ———
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TTpoekt Self Trigger-ATLAS

UH@opmaumm curHanos «bercrpoe UJIH» rioacucremer ATLAS-TRT.

10JIHbIE TPEKU, COPTUPYET UX MO KDUTEPUIO KA4eCTBA U BbIpABATLIBAET CUMHAST
TPUITEPHOro pelueHus

KOCMUYECKNX MFOOHOB BO BPEMS OTIIGAKU U 3aIJIaHUPOBAHHBIX OCTAHOBOK
Pusmdeckme 3a4a4u - - COOBLITUS pp — ppete- € IKCTPEMAsIbHO MASTbIM
MEPEAQHHBIM UMITYITBCOM U Ap.

Tpurrep ripeaHasHavyeH 4519 OT60Opa nepsoro ypoBHS € UCOSIb30BAHUEM TPEKOBOL

AHa3upyer BXOAHbIE AaHHbBIE B [IPEAESIAX UMEFOLYUXCA FEOrPAPUYECKUX J0H
AeTeKTopa, OrpeAesiSeT MPUMUTUBHBIE TPEKU MO CErMeHTAm, BOCCTaHAaB/INBAET

YHuKaribHaa ocobeHHOCTs -~ obecriedeHue camo3arycka B rnepuos perucipaymm

TN T R T T P T T W e

Hrorie 2007 - Ha4as10 ripOEKTUPOBAHUSA B COOTBETCTBUU C HAYATbIM
purHarHcupoBarHuem ( FockoHTpakT K325)

P s C R e e m—r

Okra6ps 2007 - AoKnan-ripedrioxeqmne Ilpoexra 8 LIEPHe.
YTO0YHEHUE TexHUYecKoro 3aaaHus v risiada Ha 2007 r.

] L1 L

| 3ran 2007 - co3aarHue ripotoTuna TecToBOro CTeHAa 419 UCCTIEAOBAHMS
. Tpexos riogeucremort ATLAS-TRT

B S—— F

Iran 2008 - co3aaHme ripororuna Self Trigger 4519 MOAK/IFOYEHUS K
monynam cucremsr TRT-TTC (FockoHTpakT K 494)

24 Hexabps 2008 r. TTHSS - _ Bukrop Nornosyos



Bnok-cxema anroputma Self Trigger

OKcTpanonsayums
TpEeKoB no
cermeHTam B

cektope 90°
AOREBSZH
A ) AccembnvpoBaHe
_‘TA‘?‘ ué‘é p
SO favavy
;ng _E;eg SkcTpanonsums TpeK°B1 go%eKTope
LA A /|
Val "f#" _af TPEKOB Mo

I
T

cerMeHTam B
cekTope 90°

Accembnep TpekoB 1

"eorpaduryeckme 30HbI
GappenbHoi NoACUCTEMDI

BoccraHoBneHue
N COPTUPOBKA Pewenue
KaHOMOAaToB B
MOJIHbIE TPEKM

JleBasa CtopoHa

Accembnep TpekoB 2

HARREL

 6WHEELS A
# WHEELS B

MpaBas CTopoHa

Accembnep TpekoB 3 CopTUpPOBLLUK TPEKOB

"eorpacpnyeckue 30HbI TOpLEBOW r
NOACUCTEMbI |

i

Accembnep Tpekos 4

I S B a1
A Bcero 350 848 raHaros apevigposbix TpybOK

1856 curranos «berctpoe H/iH»

24 ,ﬂeaé’p,q 2008 . 775745 Bukrop Nornosyos



CermeHTauusa ona ueHTpanbHOU 4acTtu [JeTekTopa

CeameHmayusi yeHmpanbHoU Yyacmu demekmopa TRT no cueHanam «bbicmpoe UITU»
lMonHocmbro nokasaH 0QUH cekmop no azumymarnbHomy yeny @ (1/32 uenmpanbHol Yacmu)

Yucna 0-8 — obniacmu demekmopa, 06e0uHéHHbIe no cueHany «bbicmpoe UITN»

L]

24 Hexabps 2008 r. TTHSS h Bukrop Nornosyos



Pernctpauusa cobbiTuin C NOMOLLBIO TPUrrepa camosarycka

OOuH u3 KOCMUYeCKUX MHOOHO08, 3apea2ucmpuposaHHbIll ¢ NOMOWbI0 mpu22epa
camo3anycka e UeHmpanbHol yacmu [Jemekmopa
Tpuz2ep opeaHu3o0eaH ¢ NoMoWbio AdonosHuUmenbHouU noauku 36 cuezHanoe «bbicmpoe
WUITN» e kaxdom u3 16 TRT-TTC modynel yeHmpanbHol Yacmu [Jemekmopa u
nocnedyrouiell eHewHel mpuaz2epHoll 102uku coenadeHull
Yacmoma 3anucu cobbimuti ~ 3 'y npu 3aghgpekmusHocmu 60%

== Eer— —e.
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Kon-lqmrypauvla Self Trigger

Track Sorter Module (TS)
Optical Cable

TTC Interface
VME Master

Four Track Finder
Modules (TF) for LS

L1 Trigger Interface

Four Track Finder
Modules (TF) for RS

Self Trigger
6U VME crate equipped by
VME Master
24 CAT5 24 CAT5
Cables Cables

12 Transition 12 Transition 12 Transition 12 Transition

Boards
[ TTTTTTTTT]

Boards
[T T T T T T T T 11

Boards
[ TT T T TTTTT]

Boards
[ TTTTTTTTTI

EIE]EEEJE] E]I]]i]i]]ij EEIEEEEEEEj EJEJIEEJIJ

480 FORs

12 TRT-TTC
Modules

480 FORs

12 TRT-TTC
Modules

EIIIIIIIIIIJ t||||||||||

12 TRT-TTC 12 TRT-TTC

Modules Modules

Left Side (LS)

Right Side (RS)

TRT-TTC Crates

PC Computer

|_\z‘CI 1nterface Card (PI)

Fast OR signals come to Track Finder
Modules (TF) from 48 Transition
Boards (TB) over CATS Twisted Pair
Cables.

TF Modules provide track
reconstruction according to Track
Finding Algorithm.

8 TF Modules housed into 6UVME
Crate equipped by VME Master

Track Sorter (TS) Module collects the
reconstructed tracks candidates to
provide the final selection

PCI Interface Card (Pl) installed on
PCI-Bus of the dedicated PC to
provide readout and downloading

24 Hexabps 2008 r. TTHSS
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Self Trigger Data Transmission

Data Data
10 I | 10
e o AR 5 04 O e
Clock | [ﬂ_c Clock
Texas Instr. SN65LV1023 Texas Instr. SN65LV1024
Serializer Deserializer

40 MHz embedded clock and DC-Balanced 10:1 and 1:10 data transmission
LVDS outputs to drive up to 10 meters shielded twisted pair cable

Embedded CDR (Clock and Data Recovery) on Receiver and no source of reference clock
required

Saves system cost by narrowing data path that in turn reduce cable width, and connector
size and pins




Self Trigger Transition Board Layout

Xilinx 3XC3S200
FPGA

3U x 160 mm Two SN65LV1023

m— Board
= oaé' LVDS Serializers
P2 S % RJ-45 Connector
Connector —

Two LVDS Receivers

Downloading, CL
S Eastvshufvisbut s, 1 E ........ i W J TAG ConnectOI’

40 FOR’s, + 5.0V A

Configurable PROM

Receives 40 (36) Fast OR signals from TRT-TTC module
Provides alignment and digitizing of Fast OR signals by Clob Clock, which come from TF board

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

Translates 20 bits as 2 best primitive 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

24 Hexabps 2008 r. TTHSS Bukrop Nornosyos




Self Trigger Track Finder Layout

Mezzanine Board

RJ-45

Connector to PI g

TTC Optical Link
(Optionally)
RJ-45 Connectors
to TS

P1 Connector

]
MRTATRIATAN

6 RJ-45 Connectors
to TB

JTAG
Connector

-
2 SN65LV1023 Serializers -
AR e L B | D 2
Provides two best track segments for geometrical zone //m/fea’ by 240 FOR signals

Extrapolates pairwise combinations of track segments. A successtul extrapolation is
assigned when two stubs lie within allowed windows of the geometrical coordinates

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

24 Hexabps 2008 r. TTHSS Bukrop Nornosyos



Self Trigger Track Sorter Layout

Mezzanine Board

PCI Optical Link
=& B
TTC Optical Link — —
— B —— P1 Connector
=i —
=% —
=N
8 RJ-45 Connectors = [ m
tO TF % % a
= [ [ N
= [
= .
JTAG -
Connector T ¥
16 SN65LV1024 Deserializers -
ETTEVE R . S el F B G

Provides final trigger decision according to track finder algorithm

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

| é 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
i e St

24 Hexabps 2008 r. TTHSS Bukrop Nornosyos



NMnan 2009

- .-fg‘:-gr'f {

1. Berniyck npororuna Se/f Trigger - Mapr, 2009
8TB mogyrnevi, 1 TF moayns, 1 PI mogysis
. TTogksroqyerme Kk cucteme TRT-TTC 8 LIEPHe

Or11a4Ka, BEpUPDUKAUUSI XAPAKTEPUCTUK, AHAIINS AAHHBIX

""1

l--._! 2. Berriyck nnosiHomacwrabHoro ripororuna Self Trigger - Hos6ps, 2009

e ( py HasYm @UHAaHCUpPOBaHUS, TOCKOHTPAaKT?)

24 [lekabps 2008 r. TINSP L - MKTOp [onosyos



LHCb BbicokoeonbtHaa Cuctema

| ———

TN S,

R e Y R NI 1l
R BN Y R

B

L " - '
-'"--'1--:---"!!‘

ObpasLbr
Luctpubbroropos
cucremer

—

CucTema rpesHasHaqyeHa 4715 BbICOKOBOJSIbTHOIrO
MTUTAHUS MHOrOCErmeHTHBIX Kamep
Hcrionb3yer pacripesesinresibHbie MOAY I (ANCTPUbLIOTOpSI),
pacriosiaraemsrie paaom ¢ AeTeKTopamu

——

cucrema obecrieymBaeT UHANBUAYASIbHOE perysIupoBaHue u
MOHUTOPUPOBAHNE HATIPAXEHUS, MOHUTOPUPOBAHUE TOKA U
HaripsxeHus B KaXA0M CermeHTe

LuckperHocTs usmeperus roxka - ~20 nA
LIMCKpeTHOCTb USMEPEHUS U peryTIPOBaHUS HarpsXeHUs:
~2V
Llnarna3oH peryiuposarHms HarpsaxeHus rpynnsr 36 v 6osee
KaHas1o8 - 8 ripegesiax 3 KV
LnanasoH uHAuBUAYarIbHOro peryiupoBaHus

- B npegesnax 1KV

Ok1a6pb 2005: Berurpeiw teHaepa y CAEN Ha riponssoacteo cuctemsr 8 2000 KaHas10s.

CTOMMOCTb rpoeKTa ~ 320 KCFH (CAEN ~ 700 KCFH)

- 2006 TTpounssosacrso 1000 kaHanos cucremsr (LHCH ~ 507%)

= 2007 Tlponssoacrso 1000 kaHarsos Cuctemsr u Ycrpovictea IlaparinesisHoro

TToakrnroveHus Kamep (IockoHTpaKT)

2008: YcraHoska u otnagka Cucremsr 8 L|EPHe, npoussoacrso 200 kaHarios ("OCKOHTPaAKT)

i —

—— T
gy = L=
.. = " -
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Bocemb BbIXOAHBIX 8 r171aT O4HOKAHAsIbHBIX || Pa3bém HUIKOBOIbTHOIro
HV-pazvemon : perysiaTopos/ceHcopos |, MUTaHUSA

E—— =

BxoaHou
HV- pasvém

1Y ¥i St
Moagyrie pasmepom 40 x 230 x 280 mm (eBpomexarika) '

- F o e
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_LHCb 36-kaHanbHui Quctpubbiotor
=~ T *‘-'r’?.frm m;:

L o oo
) BxoaHovi Pazvem marucrpasiv
| HV- pazvém YrpassieHns U CYUTLIBAHNA

‘ 8

L]eBaTb BLIXOAHBIX 36 riiar o4HOKAHASIbHBIX Pa3bem HIKOBOSIbTHOIrO

MATUKOHTAKTHLIX HV/- pery.naTopoB-ceHcopos TUTAHUSA
pa3vemMos TETTTHAE

Moagyrie pasmepom 40 x 230 x 540 mm (e eBOMeXaHMKa)
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HV WHreppeucHaa Kapra

Pazvem PCI -
marucTpasiv

Pazvem Marucrpasriv
Ynpasnerus/
CYUTBIBAHUS

FPGA Xilinx
Spartan IT
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| LHCb HV CencopHure TTnatur

- o
- = e
-" - ] _-__&l
- i Tit=-
= o . =
!H’:ﬁ -l'¥____. =, -
- [ -l I,
Jl' [ = . = e - -
. -—-_: o 2
J b e -

ITnara Peryrnsropa 1 KB

_'.'.r -
-
= =

£

-

Y AT
§ = .“.--:

- i el ;

A
§ =
-- .1 ‘__

A
g
"

. - W
- ﬁ;

ITnara Peryrnisropa 3 KB

‘l
) -
— —
- -
-_— s <%

= | -
]
=
-\.-.._-- -

cARYoam | ] .
AT FIZAG - 1D0S

ITnara Pese
~ — e, 8
-T ;..J - 3 ¥ |'|'-:-:lr

AR,

I

o ..-ll" E } i____— ——— _..—___r-lt—_ =

= - - = ke e

24 fexabps 2008 r. TTVISP Buxrop I onosLos



LHCb HV YcTpoucteo napannensHoro NOAKNOMEHUA kamep

YcTporictBO  ripegHasHaveHo A1 pacriapasisiesiIMBaHnsa  BhIXOAOB 36 -KaHASIbHBIX
Luctpubsroropos u takum obpasom - obcsiyxusarHms Bcex KaHasnos (okoso 4000)
YcTporicTBO AONKHO O6bITb BrIOCNIEACTBUN 3AMEHEHO MOAYJSIAMU BHOBb BBIITYLUYEHHOU
BLICOKOBOJIbTHOU cuctemesr Ha 2000 kaHasios

e L SRR R - F v

YcTporcTBO COCTOUT M3 BOCBMU MOAYIIEN COEAMHUTESIBHOM MaHesm ¢ Kabesiamm.

Kaxasivs mogysis umeer 80 sxonos n 320 Berxonos - no 4 BbIXOAaG HA KAXALIU BXOA.
O N W e W T vt B g g B T -

YcTporicTeo ycTaHasimBaeTca mexay Luctpubbrotopamm u Kamepamm U coeamnHaeTcs ¢
HUMU KOPOTKUMM BLICOKOBOJIbTHEIMU KAbesIamu.

_ S
ol T

N

6 U kpesit ¢

: I

Moayrib coeauHUTESIBHOM raHes I : PassersurtesibHaa nnara ¢ BorcoroBorsibTHeIU Kaberis
10 passersuresibHeIX rar BBbICOKOBOJTb THEIMU | ¢ AByma 5-KOMTaKTHEIMU |
100 ssrcokoBornsTHeIX pasvémos | U30JIMPOBAHHEIMU — pasvémamant -
= ~ i iy npososamu : >

i [ h—.— — e —
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~ LHCb HV Cratyc. Hoabpb 2008

4% MUONA_H¥_Q1: TOP [_ Ol =]

| Wed 27-Aug-2008 14:50:46 | }
m st — o — BbICOKOBONLTHaA cUCTEMa
ubSystom state | kanMbpoBaHa Ha cneuManbLHOM CTeHae
- — Upsato eto (soc) 53 yctaHoBneHa B LIEPHe n noakntoyeHa

WRON ()

Q1M4A READY

BE:

K Kamepam.

=
S

LI R T

Q1Msa READY i = Wm [2470 2 |
: ;\;ﬁ Mpobnema hyHKUMOHUPOBAHMSA : HaCTb
i I — CUCTEMbI MepMoANYECKM

0

B | camonpoun3BonbHO OTKMOYanach.
BbisicHeHUe W ycTpaHeHWe NPUYKHBI

IMOR (nA)

=] e PaCCUMHXPOHU3aLMKN YacTU CUCTEMbI
=] N p— noTpeboBano oKomno AByX MecsiLeB
2] L paboTbl C UCNONb30BaHNEM
S WRTRRINN Il 2 pa3pabotaHHou B [TUAD
— [MarHOCTUYECKOWN NPOrpamMMbl.
CucTema B HacTosiLee BpeMms
PacnpeaeneHne n3amepeHHOro BbICOKOBOJIbTHOrO paboTaeT cTabuNbLHO, B NOJTHOM
HanpsXeHna OTHOCMTENbHO HOMUHANbLHOIO 3Ha4YeHUs COOTBETCTBUM C NPOEKTHLIMU

HV = 2500 B B 2000 kaHanoB MOOHHOM CUCTEMbI U
pacnepneneHne TEMHOBLIX TOKOB B 3TUX KaHanax
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LHCb HV Cratyc. [lpev BLIXOAHOrO HaNpaXeHUs

Channel_1 Channel_5

Day

9 1121232931353739444650525658

AV (Volt)

=
o
=
>
=]

AV (Volt)
AV (Volt)

e - E—gi-____-", = iy

= = !

CrieynarsibHeIv A0sIroBpemeHHeIv Tect 8 TTHS® An1a HabriroaeHus apeviga

- Tpebyercs nepuoaudeckme on-line karmbposku cuctemsr 8 L|EPHe

- Lna 3T0ro co3aaeTca crneymaribHas KaambpoBOYHas rnporpamma, paborarolyas He3aBucUmo
or PVSsS
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. LHCb HV TTnax 2008

5 .
"
- ‘__ -

Bbinyck ouepeaHbix 600-1000 kaHanoB u3 octaslwuxca 2000
(FockoHTpaKT ?)
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CROS3 Cuctema CuutbieaHUA

e Tala.

CROS3 - KoopamHaTHaa cUCTEMA CYUTLIBAHUS
* Yyursrsaer gocTomHcTea (M HEAOCTATKU) rIPeAbIAYIUYNX
cucrem CROS, CROSZ2.

* Ucnornb3yer AOCTUXEHNA COBPEMEHHBIX TEXHOSIOMMU, B
TOM yucrie - ASIC CMP16_6, ASD-Q, FPGA Xilinx
Spartan III un r.4.

* AaanTupyerca riog KOHCTPyKUUIO AeTeKTopa.

CROS3 [erexropHas
Céopka Ha 96 karasios

OcobeHHocTHU CuCTEMBI:
* Ipeaycurnresis, AMCKPUMMHATOP, 3a4AEPXKKA M CYUTLIBAHUE PaclOSIONeHbT
HerocpeAcTBeHHO Ha AeTeKTope
* bercTpoe KoauposaHme u cYUTeIBAHME AAHHLIX cO cKopocTbro >100 Mb/c no
Kabesiam CATH,CAT6 v go 2 6b/s - rno onruyeckum Kabesiam
* BO3IMOXHOCTb U3IMepeHns BPEMEHHOIO pacripefesieHns cpabarsiBaHnsa KaHasios B

uHTEpBAsIe <BOPOT> CXEMBI COBMAAEHUI C ANCKPETHOCTbIO A0 2.5 ns

= TR = o. "]
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| CROS3 Crpyxrypa

4

Detector Detector

______________________

Digitizer | End 1

Digitizer |End 16 Digitizer |End 16:

=

Digitizer | gnd 1

Serializer/
Deserializer

Serializer/
Deserializer

Serializer/
Deserializer

|

|

. . 1
Serializer/ |
. . 1
Deserializer i

Copper Link
2100Mb/sec

Copper Link
2100Mb/sec v

D> T Concentrator L1-16 i
(Track Finder ) Track Finder |

Copper Link
2100Mb/sec

Concentrator L2-1
Track Finder

. T Custom Electronics On/Near Detector!
:_ __________________________________ (o) p_ﬁ'c_aTZl'hki _______________________________________________
1 22 6b/ sec

R (Cloc s »|L1 System Buffer 1

<130 MByte/ sec
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CROS3_DC MN3penua

AD_FE16 16 -Channel Amplifier/Digitizer:
Based on ASD_Q + FPGA
Peaking time 7 ns  Operational Threshold 2-3 fC
Double pulse resolution 20 ns Power Consumption 30 mW/ch
Programmable Delay 10 ns step Programmable Gate 2.5 ns step

CCB 166 Concentr'a‘ror' (GSI Optlon)

16 In-Out LVDS Serial Links 100 Mb/ s rate
Optical Finisar 2.1 GB/s Transceiver

GSI GTB Adap'rer Op’rional Power Consumption ~300 mW

CSB Sys'rem In'rer'face/ Buffer'.
PCI 32-bit Interface Trigger LVDS Input
Optical Finisar 2.1 6B/s Transceiver
Power Consumption ~300 mW Digitizing Clock 100 MHz

it =73 o 5 T T
<7 AR S RN

512- kaHanbHaa cuctema CROS3_DC c asymsa p.pevlq:oabmm Kamepamu ¢ Hoabps
2006 pabotaet B yctaHoske LAND (6SI)

ﬂpop.onmeuue pabosr B 2008 Pexnamauuir He noctynano

= - o
] -

= ey E—

-
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CROS3_DC e 6SI

Apeiposas Kamepa ¢ dnekTpoHUKou
(Bua cboky)

- e »
Rl

s . el o e
-

J = e
- e .
PR o Ty i

Apeiiposas Kamepa ¢ dnexkTpoHUKoU
(Bua cnepeau)

CCB-166
KoHueHTpaTop

6TB Apantep

LVDS TlocnenosartenbHbIN
KaHan (CATH5 kabenb)

e commem - ——e— o e ——c—— —s——
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CROS3_PWC W3penua

16_AD: 16 -Channel Amplifier/Discriminator
Based on GMP-16_6 ASIC
Peaking time 30 ns  Minimum Threshold 7 fC

Double pulse resolution 80 ns
Power Consumption 30 mW/ch -

— CEE e md = =

CDR_ 96 - 96 Channel Dlgmzer

Six 16 _AD Cards on Board Serial LVDS Link
Programmable Delay 10 ns step Programmable

-

Aerexropras Céopka

Gate 10 ns step 100 MHz Digitizing Clock
Ha 96 xkaHas108

Power Consumption 500 mW L

CCB_16 Concentrator:
16 In-Out LVDS Serial Links Trigger LVDS Input
Optical Finisar 2.1 6B/s Transceiver
Power Consumption ~300 mW qumzmq Clock 100 MHz

i

CSB System Interface/ Buffer'
PCI 32-bit Interface Trigger LVDS Input

Optical Finisar 2.1 6B/s Transceiver
Power Consumpﬁon ~300 mW Digitizing Clock 100 MHz

Hekabpb 2007 2000 kaHanos CROS3 oTtpa6oranu 360 uacoe Ha
nyqxe cuproulenOTpona TIN4E (H3C, O.B.Muknyxo)
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=

CROS§-=PM/C (I—ISC) 3Kcnepumenéanbnom 3ane

OnTuyeckud AynnekcHuI kabenb
B U3MepUTenbHLIU 3an
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|- -

|

- - =

-

: f,’m.ﬂ':ﬂ-t.q

Ml-l—tepcpmc CRO$3 PWC B uau\egwrenbﬂom 3ane

WUk o
eI,

I-uH /(IR

Oea AynnekcHeIX T W T ..-_"‘:-r isg ¥
OnTMHeCKMX'_RUﬁéﬁT’B‘ ":‘L :_W |__._‘ i o , """;__; 53 L.‘ ."?—F'j?.‘,:-ﬁ_ g 'ff_fzr:e:,_ .
3KCNEepUMEHTAsbHBIA 3a e VP -

n PCI- maructpanu
.. KomnbloTepa |

.' A
Hea T l'ep‘-lbIX CAT5
kabena Ha moaynu CSB
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CROS3-PWC 200§

2007 - Bernywero 3500 ;caHanos CUCTEMBI:

2000 kaHanos ana HIC (O.B.Muxnyxo) u 1500 kararnos ana FAMILON

3anyck 8 3kcnnyaraymro 2000 kararnios cucremsr (HIC, [exabpe 2007)

. 360 yacos Ha riy4ke

CpeaHee Bpems cyYUTeIBaHUA cobbrtva - 17 mrc
(TTpexHsas cucrema - 350 mrc)

2008 poriosnHutesibHo Ana HIC sernyiyeHo u ycraHossieHo Ha rnydke 300
KaHas1o8

MosepHusauma Firmware

CpenHee Bpems cHUTLIBAHMA cobertva - 13 mrc

TToanepxxa paborer cucremer B AasibHeULIEM
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CROS3_B - SFB/ TR-16/B1 Spectrometer (Bonn)

Discrete Option instead L ¥
of ASD_Q e

e ""_.-l'l'-—-. =

AD16_B 16 -Channel Amplufler'/Dugmzer'

Based on discrete elements + FPGA
Peaking time 7 ns  Operational Threshold 2-3 fC

e Double pulse resolution 20 ns Power Consumption 30 mW/ch

Proqrammable Delay 10 ns step

Programmable Gate 2.5 ns step

CCB_B Concentrator :

16 In-Out LVDS Serial Links 100 Mb/ s rate
Optical Finisar 2.1 6B/s Transceiver

Power Consumption ~300 mW

b AR A P

gt N = B

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

Optical Finisar 2.1 GB/s Transceiver i
Power Consumphon ~300 mW qumzmq Clock 100 MHz &
T R e e e RN R e

2008 Bunyu.l,el-lo 400 kaHanos CROS3 B

Bcero K BbIl'IYCKy 2500 kaHanos - ao koHua 2009

= — -

- — - — .
- L = !‘-- = = -
e . - i
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CROS3_TS Crpyxrypa

1 e
Under design AL o

\‘ -:.._.nﬂ'-- —
48 - Channel Ampllfler'/Dlgmzer'
Based on discrete elements + FPGA

Peaking time 7 ns  Operational Threshold <15 fC

™| ADC 8/12 bit resolution

Proqrammable Delay 10 ns step Time measuremen’r 2.5 ns step

CB B Concentrator :

16 In-Out LVDS Serial Links 100 Mb/ s rate
Optical Finisar 2.1 6B/s Transceiver

Power' Consump'l'ion ~300 mW |

:l"'" -F'l:"" ; r --'ﬁ:ﬁ_ o T
i T * o e e T ':ji
CSB_B System In'rer'face/ Buffer: |
PCI 32-bit Interface Trigger LVDS Input G
Optical Finisar 2.1 6B/s Transceiver ﬁ'ﬂ
I~

Power Consumption ~300 mW  Digitizing Clock 100 MHz

o 77§ T BN e "
B C o '-"-"*i‘l."' - "if 4 Ll
= . M - "
BbIl'IYCK cuctembr ~ B KoHue 1 keaprana 2009 —
r_ — N h j— . — - - -
o o __—";- _ —_— e 3 b
M tl- s - = '-'-—-__' - =gy . o
R e e ~. =
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CMS EMU Alignment System

cucrema ripesHasHaveHa A1 KOHTPOSIS U MOHUTOPUPOBAHUS
r10J10XKeHN AETEKTOPOB IKCIIEPUMEHTASIBHOU YCTAHOBKU CMS .
Hcriornb3syer ontudeckune rnosuLMOHHbLIE CEHCOPSI,
MOHUTOPUPYrOLYME 1OSIOKEHNE MPIMOU JIMHUM J1a3epa
CYnTEIBaHME AAHHBIX CEHCOPOB KOHTpospyerca DSP-
ripoyeccopamu.
Cucrema cymreiBaHms (DCOPS) TpaHcsipyer 3arem AarHeze B
Hosf DAQR

N, e e TR = el W N e

i ST T

Paspaé'arka CHUCTEMBI IpOM3BOAMTIACs B Kannaé'apauuu c Fermz/ab

-I — i = Wi M TR

cocras cucremsr:

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

| Analog Interfaces - b6

| Proximity Interface - 14
- Temperature Conversion - 13
AP N A B e | W WG

2008:
- Tecr cybcucrem Ha AeTekTope
- Ornagka u MOHMTOpMpOBaHMe B TecToBbIX nparaHax

e

- - -

-Il-_l. - =-q- 3 - = - !-—_
_——..'h - i
= g - -
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| CMS EMU Alignment System

3 ALIGN_ENDCAD: TOP BEE

Tue 13052008  16:57:08

System
ALIGN_ENDCAP AI O 54

Sub-System State

ENDCAP_ANALOG . ENDCAP Alignment System
ENOGAP_DCOPS :

FSM for sub system:
ENDCAP_ANALOG
ENDCAP_DCOPS
ENDCAP_LV

3 Warning

A o connection o Grscls BS. Call expertl DIM States RDB States OPC States

B oM Manager B rOB wite Bl oFcC Server

I ONS Server Il ROEB Connect

Start Dim Manager Start RDE Manager art OPC . F -
d

Cucmema cnexeHusi 3a 2e0MemMpPUYECKUM NOSIOXKEHUEM KaMep 8 NOJIHOM 0bbeme
pabomana e 2anobanbHbix mecmax CRUZET-2, CRUZET-3 u CRUZET-4 (Cosmic Rays
at ZEro Tesla), a 8 Hacmosiujee epemsi pabomaem e 2nobansHom mecme CRAFT
(Cosmic Rays At Four Tesla) npu eknroyeHHoM macHume CMS.

PexoHcmpykyus 2zeomempuu demekmopa ocyw,ecmensiemcs off-line Ha 6a3se
npo2paMMHO020 oGecneqeyun COCOA

—
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Optical &
analog
sensor raw
data

Event data wrapped
in Root-tuple

Optical &
analog sensor
response
calibration
data

POOL-ORA object

24 Hexabps 2008 r. TTHSS

aHaa cxema COCOA peKOHCTE

Geometry
of

Alignment

system

COCOA:
Alignment fits

(in CMSSW
framework)

Object Coordinate
Measurements,
Survey & PG

POOL-ORA object
(directly or via ascil)

=
—

Iterations

Data Flow
& Structure .

CsSC
Alignment object
contains chamber

offsets
.V &.\".VA

Offline

Aa, AB, Ay,...

POOL-ORA *

object

Muon
Trigger
HLT, L1




Pesyneratst COCOA pexoHcTpykuum ME+2 SLM2

m B=0T ®m B=4T ® Disksagat4T Poly. (Disk sag at 4T)
20

N
ah o n

1
n

Disk displacemntin Z, mm

N
o

y = 4E-15x" + 4E-12x” - 5E-07x" - 0.0002x + 16.246
_15 1 11 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1
-8000 -6000 -4000 -2000 O 2000 4000 6000 8000

DCOPS position (SLM local), m
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Paseutue uHppacTpykTyper OP3

i -

KoHdepeHuzan OPJ. 24 nekabps 2008 r. 12.00. o B

KoHcTatauua gakra : «3T0 y BAC Takas KpbIwWwa» .
B.X. Cene3Hés. Mapt 1998- [ekabpp 20086ut :
TTnaH Ha 2009: CoemectHo ¢ [dupexuueir OB nobutbca npoeseseHUs peMOHTA KpLIWW |

- i~
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