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CbabpxaHue @J‘

< Yact 1 — KomnnekcwT ot yckoputenu B LUEPH

< YacTt 2 - lpernen Ha ynpaBfieHNETO Ha YCKOpUTENUTE




[TpeaAn3BMnKaTesICTBOTO Ha MUKPOCKOMUYHOTO @

< YcKkopuTenu Ha enemMeHTapHU YacTulm - NbTellecTBne B MUKPO-
cBeTa

< OTKpmMBaHETO Ha CbO-aTOMHKU YacTun € paboTa 3a rmraHTu
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YcKopUTenn Ha eneMeHTapHuM yactmum @J‘

< lNpnpaBaT CKOPOCT K yBeNMUYaBaT EHeprusiTa Ha CHoOM OT YacTuum
C MOMOLLTa Ha eneKkTPUYECcKn noreTa, KOMTo yckopsBaT
YacTULNTE N CbLUEBPEMEHHO 'M dOKycupaT U Haco4BaT C
NOMOLLITA HA MarHUTHM noneTa

< Kpbrosu yckopurtenu

< JlnHenHn yckoputenu
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KoMNNeKCcbT OT YCKOpPUTENM — B HA4YanoTo ... @J‘

< 1954 — 3eneHnTe nonsHn Kkpan XXeHeBa
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KoMMeKCbhbT OT YCKOPUTENIN — BaXXHU CbbUTUS @J‘

< 1957 — nbpBUAT yCcKOpUTESN € NyCcHAaT B eKcnsioatauns
= 600 MeV Synchrocyclotron (SC)

= EHeprmnHuTe napametpu Ha SC ca npeanoxeHn ot EHpUKO
depmun

= OmnsanHbT Ha SC e 3ano4dHar npes 1953 (npean CERN ga 6bae
nocTtaBeH Ao »XeHesa!)

= UsrpaxagaHeto Ha SC 3anoyBa npe3 1954

= SC e nycHart B ekcnnoartauma 1957

= EKcnepumeHTanHaTa nporpama 3ano4ysa npes3 Anpun 1958
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Synchrocyclotron - SC
< 1967 — 1990 — 3axpaHBa ISOLDE

< Synchrocyclotron - cnpsaH cnen 33 rogmHu cnyxota npes3 1990

< W3nonaea ce 3a noceweHuns ot 2012
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KOMMMEKCHT OT YCKOPUTENN — BaXXHU CbOUTUS @J‘

< 1959 — Proton Synchrotron (PS) e nycHaT B ekcnnioatayms
= [TbpBHNAT cuHXpoTpoH Ha CERN
= [1o ToBa Bpeme (1959) ToBa € Han-MOLLUHUNS YCKOPUTEN B CBETA

= Haun-ctapuar, Bce owle gencrtealy yckoputen e CERN

= YckopsiBan e NPOTOHW, eNEKTPOHU, XEeNUeBU, KUCITOPOAHN U
CAPHU A0pa, NO3UTPOHU, aHTUMPOTOHM
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KOMMNNeKChbT OT YCKOPUTENN — BaXHU CbbUTUSA

< Proton Synchrotron (PS)

= Mexay 1970 n 1976 nogasa cHonose OT MIOOH HEYTPUHO 3a
Gargamelle Bubble Chamber

= [loBexaa 00 OoKa3BaHe CblUeCcTBYBaAHETO Ha crabu
HeyTpanHu TokoBe (weak neutral currents) 1973
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KoMMeKCbhbT OT YCKOPUTENIN — BaXXHU CbbUTUS @J‘

< 1971 — Intersecting Storage Rings (ISR) e nycHaTt B
ekcnroartayms

< [NbpBK B cBETA apOHEH KONangep — nPOTOH-MPOTOH, MPOTOH-
aHTUNPOTOH CcONbCHLM

< CbnbckBaHETO Ha 2 neTsawmM egHa KbM gpyra yactugm - 62 GeV

< [locTturaHe Ha MHOro NO-BMCOKU EHEPrn B CpaBHEHWE Ha
cONbCHK Ha YCKOPEHa YacTuua CbC CTaluoHapHa MULLIEHA

< 2 NHUK (NPBbCTEHA) C
anameTtbp 150 m

< HarpynaHuTe onuTt 1 No3HaHMSA 3a
narpaxgaHe n ynpasrieHMe Ha
YCKOPUTENN — NpeanocTaBka 3a
pa3paboTBaHe Ha LHC

2 1984 cnupa pabota

< TyHenbT BCe oLle ce u3nons3sa 3a
CKJlaZloBU NOMeELLEeHNS
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KOMMNNeKChbT OT YCKOPUTENN — BaXHU CbbUTUSA

< 1976 — Super Proton Synchrotron (SPS) e nycHat B
eKkcrnnoarayms
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< 1984 — Hobenosa Harpaga -
Carlo Rubia & Simon van der Meer

(W & Z bosons)
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KOMMMIEKCBHT OT YCKOPUTENN — BaXXHU CbOUTUS @)

< 1989 — Large Electron-Positron (LEP) e nycHaT B ekcninoarauug
= 1985 3ano4yBaT U3KOMNHUTE OEWUHOCTU MO TyHena
= 5176 marHuta n 128 / 1995 - 288 yckopsiBalLy KyXuHu
= ALEPH, DELPHI, L3 and OPAL petektopu
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KOMMMEKCHT OT YCKOPUTENN — BaXXHU CbOUTUS @)

< Low Energy Antiproton Ring (LEAR)
< 1995 — 4 gHyapun 1996 — npodp. Walter Oelert obsiBsiBa
nosly4aBaHeTO Ha MbpPBM aTOMW aHTN-BOAOPO4

= CblLUEeCTBYBAHETO HA aHTU-YaCTUUN € NPearnonoXeHne n3kasaHo
oT lNon Oupak npes 1920
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LHC CERN Neutrino to Gran Sasso (CNGS) @\
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2006 — 2012
MIOOH HEYTPUHO (-> Tay HEYTPUHO?)

[1pOTOHM HAaco4YeHU KbM rpaduTeHa
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LIEPH - B gHelwwHO BpeMe

< Hamn-ronemmaTt Komnrekc oT yCKOpUTENu B CBETA
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LIEPH — KomMnnekc oT yckoputenu
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CMS

LHC

Noﬁth Area

SPS

ATLAS

Yexopurerm »

LHC - Nonsam AgpoHeH Konanagep

SPS - Cynep NpoTtoHeH CUHXPOTPOH

PS - lMpotoHeH CUHXpOTpPOH

AD - AHTUNpPOTOHEH fecenepaTop

CTF3 - TectoB CteHp 3a EkcnepumeHnTa CLIC
CNGS - HeyTtpuHeH cHon oT LIEPH 3a N'paH Caco

LEIR — MpbcTeH 3a Monu ¢ Hucku EHeprum
LINAC 2 - JluHeeH Yckoputen 2

East Area

PS

CHoroBe:

> MoHu
> AHTUNPOTOHMU

» EnekTpoHu




Linear Accelerator 2 (LINAC 2) @)

< 1978

< 50MeV

< BooopoaHu noHu
< 2020
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Linac 4 @)

< LUle yckopsiBa BogopoaHu noHu go 160MeV
=> 2 e- ce OTCTpaHsBaT Npu UHXeKTUpaHeTo B PSB

The RFQ installed in its
< 80M B obmkuHa final location in the

2 2015 - tectoBe 50MeV tunnel, 26618
< Replace Linac2 in 2020
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https://cds.cern.ch/record/1558379/files/Linac4RFQ_image.jpg?subformat=
https://cds.cern.ch/record/1558379/files/Linac4RFQ_image.jpg?subformat=

Proton Synchrotron Booster (PSB)

< Ho 1972: Linac -> PS
= Manbk 6pou npoToHn B PS

< Linac -> Booster -> PS: yBenn4yasa
ce 100 nbTK BposA HA NPOTOHUTE,
Kouto PS moxe ga npueme

20 04-10-2016 3opwu 3axapumeBa, CERN - Yuutencka lNpo

< 1972
< 1.4GeV
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Proton Synchrotron (PS) @)

< 1959
< 628 m

< N3rpapeH e ot 277
eneKkTpomMarHmTa ¢ KOHBEHLManHo
oxnaxnaHe, skntoysaiym 100

AUNMNOJTHN MalrHUTa

< http://home.cern/about/accelerators/proton-
synchrotron



http://home.cern/about/accelerators/proton-synchrotron

LHC

Antiproton Decelerator (AD)
1999
182 m

AEGIS, ALPHA, ASACUSA
and ATRAP



Super Proton Synchrotron (SPS) @)

< [ KM
< 450 GeV

7% 2 NA61, NA62, COMPASS,
" m.. AWAKE

< 1317 eneKktpomarHuTa c
KOHBEHLUManHo oxnaxagaHe

-----
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@)

LINAC 3

< 1994

< OnoBHU NOHU
= B obgeLe: Ar, Xe
< 500 mgr / 2 ceamuum

p 2 04-10-2016 3opu 3axapueBa, CERN - ™
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Low Energy lon Ring (LEIR) @

3opu 3axapueBa, CERN -

< 2005

< ['pynu (bunches) ot 2,2x108 NOHU

< 2.5s pa yckopu ot 4.2 MeV po 72 MeV
< Hoemepu 2010 onosHu noHn B LHC
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ronemuar AgpoHeH Konangep - LHC &)

Han-moLwH1a MHCTPYMEHT HAKOra cb34aBaH 3a nacrnegBaHe Ha
efneMeHTapHu Yactuum

< Hain-ronemuar yckoputen B ceeta - 27km , 100m noa 3emHaTta NnoBbPXHOCT
n
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fonemunat AapoHeH Konangep (LHC) @J‘

< Ham-6bp3arta “nucta” Ha nnaHeTaTa
=> CHon oT npoToHn obukanat B LHC 11 245 nbTu/s
=> 16 microns gMamMeTbp Ha CEYEHNETO Ha CHoMa OT YacTuuM
= 99.9999991% OT CKOpPOCTTa Ha CBeTNMHaTa
= 600 MunMoHa conbCcbka B CEKyHAa

< CHon oT YyacTuum ¢ Han-BMCOKM EHEPIUNHM HMBA B cBeTa — 6.5TeV
(13TeV)

< Bwucoka cteneH Ha BakyyM (ultra-high vacuum — 10-12 atm)

N\ \x\\ n w,::-,\\‘;v“
‘w SIS Experimin&tﬁé LHC, CERN |
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LHC - oTkpuBaHe Ha Higgs 4yactuuyaTra!l
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High Luminosity LHC

< YBenunyasa cBeTumocTtta Ha LHC x 10
< 15 mununoHa Higgs bosons / roanHa
< 2025

< Hskonko konabopauuu, P
KOUTO paboTaT BeYe N

< OkTt. 2015 —
Design Report

< 950 munnoHa CHF
oromxeT

ptcd

04-10-2016 3opu 3axapueBa, CER
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LleHTbp 3a ynpasiieHune

< EanHeH ueHTbp 3a ynpasneHune (CCC) Ha
= Bcuyku yckoputenm
= LlsnaTta TexHm4yecka nHdpacTpykTypa 1 KpUOreHHU MHCcTanawmm

< W3rpageH Ha MACTOTO Ha LeHTbpa 3a ynpasrneHne Ha SPS
(LEP) yckoputens Ha TeputopusaTa Ha dopeHcKaTa 4YacT Ha
CERN (Prévessin)

< Bcnukn yckoputenu ce ynpasnsasat ot CCC ot 2006r.

04-10-2016 3opu 3axapueBa, CERN - Yuutencka lNporpama
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LIeHTbpBbT 3a ynpasieHue

33 04-10-2016



XapayepHa MHdpacTpyKTypa Ha CUCTEMUTE 3a yrnpaB/ieHNE

@aﬁ-repeH CI10M - CNown 3a BM3yanumanpaHe J\

[Me)KLI,I/IHeH CJTOM - CbpPBbPU ]

|

[YCTpoMCTBa KouTo TpsibBa Oa ce ynpaBnsBaT — MarHUTu 1 ap. ]
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OCHOBHW CbCTaBHW 4YacTu Ha yckoputen (LHC)

< MpubnunantenHo 10 000 marHnTa
= 1232 dipoles, 15m abnxunHa, 8.4 Tesla, 11 700 A
= 392 quadrupoles, 5-7mM gbmKMHa

< EHeprua B marHntute : 10 GJ unm 2.5 ToHa TNT
> Pabotely npn TemnepaTtypa manko Hag abcontotHata Hyna (1.9 K)

04-10-2016

@)




OCHOBHM CbCTaBHM 4acTu Ha YCKOpUTE/

< Buncoko 4YecToTHU Kamepu
(RF cavities)
[ 400MHz, 4.5K /

< BakyymHu cuctemu
/1013 atm/
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OCHOBHW CbCTABHU 4YaCTU

< KpuoreHHun nHctanauum
» -193.2°C (80 K)
» -271.3°C (1.9 K)

< EnekTtpo TpaHcdopmaTtopu n
3axpaHBallu ycTpoucTea

37 04-10-2016 3opu 3axapueBa, CERN - Yuutencka lNporpama



XapayepHa MHMDpaCcTpyKTypa Ha CUCTEMUTE 3@ yrnpaBrieHne @

CENTRAL OPERATOR FIXED LOCAL OPERATOR
_< CONSOLES DISPLAYS CONSOLES
PUBLIC ‘ — — — -

ETHERNET
NETWORK

Linux/HP ProLiant PVSS /Linux PC
FILE SERVERS APPLICATION SERVERS SCADA SERVERS
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WorldFIP SEGMENT
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—+—>T
PROFIBUS

BEAM POSITION MONITORS,
BEAM LOSS MONITORS QUENCH PROTECTION AGENTS, ANALOGUE ACTUATORS AND SENSORS

BEAM INTERLOCKS ! POWER CONVERTERS FUNCTIONS SIGNAL CRYOGENICS, VACUUM, ETC...
RF SYSTEMS ETC,.‘. GENERATORS, ... SYSTEM
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XapayepHa MHhpacTpykTypa Ha CUCTEMUTE 3a yrpaB/ieHUe

PUBLIC

Controls Midd eWare CMW

Lu N | e | | peobtEnde |

Eronil:E b oEayer
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XapayepHa VIHCbpaCTDYKTypa Ha CUCTEMUNTE 3a Yl paBJiIEHNE @J‘

BuUusIiness
Layer

7 i i Front End
Equipment integration Layer
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BasnceH cioun @)

[Haﬁ-ropeH CJI0M - CNoW 3a BM3yanumanpaHe }

|

[Me)KD,I/IHeH CJTOM - CbpPBbPU }

|

/ RT/LynxOS Linux/LynxOS PC cPCl \
Front Ends PLCs

VME Front Ends , Front Ends

llllllllllllllllllllllllll

OPTICAL
FIBERS

WorldFIP SEGMEN
(1, 2.5 MBits/sec)
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Open Source Hardware

< [NpeaonoxeHne HanpaseHo oT CERN (BE/CO)

< BaobxHoBeHO oT Open-Source Software

= [On3anHbT 1 AOKYMeHTaUusATa 3a BCUsika eaHa nnaTka
ca OOCTbMHU 32 BCUYKMU

= MNopobpsBa ce au3saiiHa WWW.0hwr.org
= TpaHcdep Ha 3HaHue

= Hama ,vendor-lock”

. \\ {\ —’;‘J : '..'“ig;“ -
. - x
) h _ 1‘:‘.‘ - ' -“"\’
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XapayepHa VIHdeaCTDYKTypa Ha CUCTEMUTE 3a Yyl paBJiEHNE @JI

BUSINESS
Accelerator LaVier

Protection

Monitoring &
Diagnostics

[ Equipment integration
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CodpTyepHa apxutekTypa 3a ynpasseHue Ha LHC

@)

Operator Console 1 Operator Console 2 Operator Console 3

MporpaMHu NPUNOXeHNs MporpamMHu NpUNoXeHus MporpamMHu NpUNoXeHus

KomnnekcHu npaBuna (Business Logic)

Settings, Trim, Optics, Exploitation, References

YcTtpoucrtBa, KONTO TpSAOBa
Aa ce ynpasnsaBart

Ba3u [1aHHu
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KoMmnnekcHu npasuna (Business Logic) @J‘

= lpeBexAaa™ napameTpu 3a yrnpaB/ieHUETO Ha
ycKoputenmte oT BUCOKO HUBO

Horizontal
Tune
Quadrupole 1 Quadrupole 2 Quadrupole N
FIELD FIELD . FIELD
Quadrupole 1 Quadrupole 2 Quadrupole N
CURRENT CURRENT ssnamanan CURRENT
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Cnion 3a Bu3yanmsnpaHe

YASP DV LHCRING / 3.5TeV _2Aps / beam 1

Average Pos H
'verage Pos V

TIMBER v3.1.3

Dats Sourte preference flapsec J85ms

Overy Cuaputtt | A ? ] Varstie Herarchues "

Query Output

Mean [mm]

o ANC DCTIRASR BT BLAM NTENNTT - RO BCTIR AN B MLAM NTEESTY o MO GRS T R D N e N DOING SRR IITL_ST DOIN LS USCPCRDG DALY T L DOAN I RTO )

NG BOABG AT T Bt #rim sasa
/2 Untitled Document - Windows Internet Explorer

2500 3000 M e~ Fie  Edi

Time [s]

10-09-2008 15:03:39

o BEAM SETUP: INJECTION PROBE BEAM

TED TI2 position: TED TI8 po

TDI P2 gaps/mm upstream: 29.83 downstream: 30.16

TDI P8 gaps/mm upstream: 29.98 downstream: 30.00

scT T2 0.00e+00 0.006+00

-30-20-10 0 10 20 30 40 50
X
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Cnown 3a Bu3yannsnpaHe

http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php?usr=LHC1

LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 13:47:24

PROTON PHYSICS: STABLE BEAMS

erg eIVl 1(B1): 1.74e+10 I(B2): 1.65e+10

Intensity

12:45
Time

Comments 30-03-2010 13:22:57 . BIS status and SMP flags Bi B2
Stable beams! Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams
49 0.LHC Operation in CCC : 77600, 70480 PM Status B1 [NSINSPM Status B2 [NSILNAS



http://op-webtools.web.cern.ch/op-webtools/vistar/vistars.php?usr=LHC1
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3alnTa Ha yCcKkopuTenure

< AnapmeHa cuctema

< Cuctema NHTEPNOK Ha 3axpaHBaHe
< Cuncrema MHTEpPNOK Ha CHOMOBE

< Cucrema Post Mortem

< Cucrtema Quench Protection

> Dpyr

04-10-2016 3opu 3axapueBa, CERN - Yuutencka lNporpama




AnapMeHa cucrtema @J‘

< W3nonsBa ce npu paboTta Ha BCUYKM YCKOPUTENN U Ha
TexXHn4Yeckata MHdpacTpykTypa
= Hapg 180 000 geduHuumMM Ha anapmu

= [lpepgocTaBs cbbupaHeTo, aHanunsa, pa3nocTPaHEHNETO N apXUBUPAHETO
Ha JaHHW Npu NPobnemMHn cuTyawmm

Publisher Processor Alarm
Any
Other
: Gathering & Recar
Service Distribution e

Service Persistence Service
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CucrteMa MHTEPJIOK Ha 3aXpaHBaHe @)

< Cucrtema npu KputnyHu cutyaumm B LHC
< 3awwmTa Ha 1612 enektpudeckm sepurn n ~ 10 000 marHuTa

IP5 - IP6
IP4 124
I l ..g::{
IP3 43 15 14
\ TH [

INTLVWUI N
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CucrtemMa UHTEpP/IOK Ha CHonoBe @J‘

< Cucrtema npu KpUTnU4HU cutyaumm B LHC

optical fiber loop
10 MHz signal

powering and
protection

BEAM DUMP
CONTROLLERS

Momentum

cleaning ——— BEAM1
Pt.3 clockwise

BEAM 2
counter- Betatron
clockwise cleaning

i

beam loss monitors

vacuum plo

access

Injection | Injection
BEAM | BEAM II
from SPS from SPS
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Cuctema Post Mortem @J‘

< 3agencrtBaHe aBTOMaTUYHO (KOrato MMa UHTEPSIOK) UK PbYHO
= He ce gonycka nb4y B LHC, ako PM cuctemarta He e rotoBa

< CbvbupaHe Ha gaHHU (HAaKonko GB) ot
" CbOPBXEHUS
= QPS, PIC, anapmeHaTta cuctema u ap.
= Oapyrun nogageHun curHanm
" KOH30JINTE Ha orneparopuTe

< AHanus
= CTPYKTypupaHO COpTUpaHe Ha NPUYUHU U CNeacTBUS
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LHC Pagel Fill: 2511 E: 450 GeV 13-04-12 17:04:30

PROTON PHYSICS: INJECTION PHYSICS BEAM
7.78e+13 I 1.42e:14 0.00e+00 [ 1.43er14

TED TI2 position: BEAM TDI P2 gaps/mm up: 10.68 down: 9.23

TED TI8 position: BEAM TDI P8 gaps/mm up: 9.49 down: 9.53

Intensity

Comments 13-04-2012 16:47:56: BIS status and SMP flags Bl B2
Link 5Status of Beam Permits
Global Beam Permit
. . Setup Beam
fill with 1092b P
Beam Presence

Moveable Devices Allowed In
Stable Beams

AFS: 50ns_1092b_1054_0_1032_108bpil2inj PM Status Bl ENABLED [\ I #1111 ENABLED




Cnown 3a Bu3yannsnpaHe

LHC Pagel Fill: 1005 E: 3500 GeV 30-03-2010 13:47:24

PROTON PHYSICS: STABLE BEAMS

Intensity

12:45
Time

3500 GevV [RGGIDL 1.74e+10 GO} 1.65e+10

Comments 30-03-2010 13:22:57 : BIS status and SMP flags
Stable beams! Link Status of Beam Permits

Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

=

7lz i
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ittt

LHC Operation in CCC : 77600, 70480 PM Status Bl EESIECINSSEEPM Status B2
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CUrypHOCT Ha CUCTeMUTE 3a ynpaBrieHune @J‘

Quis custodiet [psos custodes?
(Kovi nasu nasza4ynre?)

< RBA - Role Based Access — Cucrema 3a goctbn 6asmpatia ce
Ha onpeaerneHn ponm

< DIAMON - Cucrema 3a noCcTosiHHO HabnaeHWe Ha cuctemmuTe
3a ynpasneHue — 3000 ‘areHTL’
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CUrypHOCT Ha CUCTEMUTE 3a YyrnpaBJieHune

< KomnioTbpHa Mpexa: cneynanusnpaHa (TexHn4ecka) mpexa
(Technical Network)

= WM3non3Ba ce camo OT CUCTEMM 3a YNpaBNeHMETOo Ha
YCKOPUTENUTE U Ha TEXHMYECKaTa MHpaCTpyKTypa

= Hsma anpekTHa Bpb3Ka C BbHLUHMSA CBAT

= Wma Bpb3Ka ¢ nybnuyHaTta komnoTbpHa mpexa B CERN (the
Public Network)

= BuncokockopocTtHa mpexa (Gigabit backbone)
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CneuunanusunpaHa (TexHmnyecka) mpexa (Technical Network) @}‘

CERN LHC Local
control —_— Points

Public
Network

~ Computer” .
Center

Control Center \
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TexHnyeckaTa MHPppPacTpyKTypa @)

< YNpaBrieHne 1 KOHTPOJ Ha usanaTta TexHu4yeckaTa
nHppactTpyktypa 8 CERN

.

mﬁfs!"mi ;'es!-' ;g
gli &

Electricity Cooling Vacuum Safety Systems Access Control
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Bbnpocwu @J‘

Fill 1005 £ 3500 Gev 30-03-2010 13:47:24
PROTON PHYSICS: STABLE BEAM
3500 GeV 1.74e+10 1.65e+10

Zornitsa.Zaharieva@cern.ch

Comments 30-03-2010 13:22:57
Stable beams!

LHC Operation in CCC : 77600, 70480
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[MToceweHne Ha CCC @J‘
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