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Q 2008 r. 3anyck LHC: ussectHbv “"UIHUMHAGHT"
> npobnembl coeauHeHUU marHUToB - weak splices

O 2008-2010 rr: pemoHT LHC cektopa 34

> CUCTemMaTU4eCKUi peMOHT BCeX coeauHeHu marHuToB (splices), koTopbIn
nnaHuposancs Ha LS1

QO 2010-2013 LHC Run 1 (29,1 fb1):

> Beoa B 3kcnnyaraumro 8 2010 roay v 3 roaa skcnnyataumm ¢ bunch spacing 50 He
U YMeHblUeHHOW 3Heprueu nydka ot 3,5 TaB ao 4 T3B.

> e-cloud mitigation
> Pile-up in the experiments
> Higgs discovery in July 2012l
a 2014 r. LS1 koHconuaaumum obopynosaHus
> ®uKkcauma coeauHeHu (splices) ¢ BEICOKMM CONPOTUBIIEHUEM
> PaboTbl ang ysenuuyeHusa sHeprum nNy4ykoe 40 HOMUHATbHOU

a 2015-2017 LHC Run 2 (160,1 fb1):

> OTpPeMOHTUPOBAHLI COeAUHEHUS, HO NpU 3anycke O6HapyXeHbI KOpOTKMe
3GMBIKAGHUSA Ha maccy

> DHeprus nNyykos yCTAHOBMEHA HUXE HOMUHAMbHOMW 3HEprum, Yytobbr
MUHUMU3UPOBATL KONUYECTBO HEObXOAUMBIX TPEHUPOBOUHBLIX KBeH4Yyeu - 6,5 T3B

XpoHosnorusa paboter LHC oy
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@ LHC 2018: Beam availability and performance %
m Total Runl + Run 2 : 189.3 fb-! I
7.0

70
Energy [TeV] 6.5 ol momian, 2018:66 fbl |
No. of bunches 2556 2808 e R B B R }9’/ _____
Max. stored energy per beam (M)J) 312 362 é T ' ' /
e L e ey ey / 150 f*Run1+Run2 -
B* [cm] 55 3 P A
ical | 11 g //- —Predicted
p/bunch (typical value) [10%!] 1.1 £ 10|  hieved
LT . A N N B I
0
Typical normalized emittance [um] 4/15 515 6/14  7/14 813 9/12  10/12
Peak luminosity [103*cm™s] 220 -
20 Run1 Run2 - %.:
:_\,E= - V’§= 13 TeV
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B Pre-cycle

Peak Luminosity [10% cm2s™]

' 49%
I B Fault/Downtime

m Operations

Stable Beams

IlllllllllllI[IIIII!III'IIIIIIIIIII

2011 2012 2013 2014 2015 2016 2017 2018

25 pekabps 2019



LS2: OcHoBHbIE Lenu oy

/EI M&O activities: BbrnonHUTL OCHOBHbIE paboOTbI MO TeXHUYECKOMY \
06CnyXUBAHUHO YCKOpUTENEN U KOHCONUAALUU UHMPPACTPYKTYpbI

O LIV Project: YBenuumnTb UHTEHCUBHOCTL/ApKOCTb UHXEKTOpOB
(LINACA4, PS booster, PS, SPS, heavy ion chain), 4to6bbr
cooTeetcTBoBaTh TpeboBaHuam HL-LHC (npoekt LIU - LHC Injectors
Upgrade); TToaknroveHue Linac 4

O Consolidation Project: TToBbIcUTb HaAEXHOCTb U CPOK CIyX6bI
UHXeKTopoB, YTobbI obecneuntb paboty HL-LHC no ~ 2035 r.

O HL-LHC Project: BbrnonHutb Heobxoammbie cTpouTesibHbIe paboThl
K W paboTbI NO CO3AAHUKO NYYKOBOrO 0bopyaoBaHUS

/

2015 2016 2017 2018 2019~~~ 2020 2021
Ql @2iQ3i4|Qlia2 @3iq4|QliQzia3 @4|QliQ2iQ3i4|aQl Q2iQ3iQ4|QliQ2 @3iQ4|QliQ2ia3 Q4
LHC

Injectors % '

2022 2023 2024 2025 2026 2027 2028
Q1Q2{Q3iQ4|Q1Q2'Q3{Q4|Q1iQ2{Q3Q4|Q1Q2iQ3:04|Q1Q2{Q3{Q4|Q1{Q2'Q3{Q4|Q1iQ2{Q3 Q4
LHC

Injectors m
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General Schedule |\|.||

LHC - =% HL-LHC

|
LS1 EYETS “ | LS3 141el
13 TeV 13-14 TeV energy
Diodes Conpsolidation T I 510 7.! X
splice consolidation LIU Insthiiation cryolimit nomingl
7 TeV 8 TeV button collimators | |ntyeracnon H" sLHC luminoity
B — R2E project PTHT cllp coll. reglons mSta"atlon

Civil En

2011 2012 2013 2014 2015 2016 2017 2018 2019

P1-P5
h 2021 2022 2023 2024 2025 2026 "“I"w

ATLASECMS |

radlatlon

experiment upgrade phase 1 I damage ATLAS CMS |
beam pipes 2 x nom. luminosit ; Ty HL upgrade
75% nominalluminosity " o) ALICE-LHCb  y  2Xnominalluminosty [ l
nominal upgrlade I '
luminosity

I |
.. I | o
|
|

'”m'”"s't’l 4000 (ultimate)
HL-LHC TECHNICAL EQUIPMENT:

-adm_m
“ o m
HL-LHC CIVIL ENGINEER: TOday : Run 3 LS 3

DEFINITION EXCAVATION / BUILDINGS

The Directorate presented to the Council and its advisory bodies a revised operational
schedule for the LHC and the High-Luminosity LHC (HL-LHC). This provides for the
third LHC run to start in May 2021, two months later than initially planned, and to
continue for a full extra year until the end of 2024. The third long shutdown will thus
run from 2025 until the middle of 2027, when the HL-LHC will begin its first run.

13.12.19 - mail from DG Fabiola Gianotti
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LS2: LTIU main activities

SPS upgrade
*« Main RF system upgrade (new solid state
power plants — 2 x 1.6 MW)

» Impedance mitigation to improve beam
stability

+ More robust beam dump and protection
devices

SPS
6.9 km
450 GeV

PSB upgrade

*+ H charge exchange injection at
160 MeV - improved beam brightness
(weaker space charge forces)

* Energy : 1.4 GeV = 2 GeV
o New main power supply

.

160 MeV \ 50 Me\

o New RF system

Linac 4, has been built to take over.

her energy 160 MeV

Acceleration of H-ions (charge
exchange H—>p* in the PSB)

Construction completed in 2017

Extensively tested in 2017-2018

Ongoing work in LS2 to connect it

to the rest of the chain
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LS2: LHC main activities

Main work on the LHC superconducting magnets during LS2 (2019-20)

Opening and final Mechanical opening Cleaning and consolidation Installation of 1232 Rewelding of 2464 More than 10 000
reclosure of 1360 of 2464 diode container  of 1232 dipole diode insulating inserts diode container covers quality checks
interconnections covers

insulation systems

More than 8 000

2 500 leak tightness tests Maintenance of 2 829 Replacement of Installation of 4 full Installation of 10
electrical quality current leads 22 cryomagnets HL-LHC cryo- instrumentation systems
assurance tests assemblies

for beam induced heat
load study
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Replacements of cryomagnets )

26/28 removed (takes into account WP11 HL-LHC + C16L2 + Q16L2)

22/36 reinstalled (takes into account 3 parts per 11T and cryo assemblies)

Reinstalled

Removed |
Postponed | [ Convoy Parking areas

NEW S4-5

PM45 x 1 dipole exchange
Quadrupoles Extraction point }‘5’ e
et = R ) m e

S3-4 R Bk : i Py &
x 1 dipole exchange e g §§ IS S =
x 3 Quadrupoles exchange £ | L - B o |

S 6-7

x 2 dipole exchange

3 x 1 dipole removal for 11T
4 g installation

Point 3.3 " .
o

20 Dipoles exchange
~ « 2 Dipoles removal for 2x11T full assembly
installation

2 CC removal for 2x cryo assembly installation
4 Quadrupoles exchange

$23

x 5 dipoles exchange
x 1 LECL.11R2 removal
for cryo assembly
installation e

SPS

Point 1.8 Point 1 nos
wiy 2

v S7-8
x 1 dipole removal
for 11T

i llation

S$1-2

x 10 dipoles exchange

x 1 Quadrupole exchange
x 1 LEBR.11L2 removal for
cryo assembly installation

S 81
x 1 dipole exchange

1.11T LSS7L:
* Disconnection starting
from 19/03/2019
*  Transport old magnet
starting: 25/03/2019
*  Transport 11T & LEN
starting: 17/04/2020
11T LSS7R:
* Disconnection starting
from 19/11/2019 (tbc)
*  Transport old magnet
starting: 26/11/2019
(tcb)
*  Transport 11T & LEN
starting : 13/01/2020
(tbc)

Short straight sections. CoctouT u3

CEKCTYMNOAA U KOPPEKTUPYIOLLETO
MarHuTa.
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i Full Energy Exploration of LHC

Q CosaaHa cneumanbHas paboyas rpynna OCHOBHASA 3aA4a4a KOTOPOW
OTBETUTb Ha CleAyrolme BONPOCHL:

> BosmoxHocTb U nocneacteus nosbiweHus sHeprum LHC no 7 TaB
(HoMUHanbHasa 3Heprua)

> Bo3moxHOCTb U nocneacTeua nosbliweHUs sHeprum LHC o 7,5 TaB
(NnpeaenbHas 3Heprus)

> Bo3moxHOCTb nosbIweHMa 3Hepruu nyykos LHC 3a npeaentt
npeaesibHoOW 3Heprum nyTem 3ameHbl HekoTopbIx marHuTtos LHC
marHutamum 11T (oTuer Kk koHUy 2019 roaa o0 BEIMONHUMOCTU)
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Dipole diodes o)

CyleCcTBeHHbIM 351eMeHTOM 3aLUUTBI
AUNOnen 9BNaeTca CUNbHOTOYHBIN
6amnacHLIN ANOA, YCTAHOBNEHHBIN
noAa marHutom. [luop pabotaeT npu
Temnepatype 1,9 K. [lnoaHas
KopobKa, B KOTOpOU HaxoauTcS
AN0A, COAEPXUT CBEPXTEKYUUIA
renvn u coefuHeHa ¢ OCHOBHBIM
resfineBbIM KOpryCcoOM MarHuTa.

s>
Non-insulated ®
diode bus .

Lower heat sink
iV )
e

\_$

Koraa npoucxoouT KBeHY marHuTa, To g

uepes 0,5 ¢ HauMHaAET Teub TOK Yepes Cxema ANNOSbHOU Lenu
ANO0A, N Yepe3 OCTASbHYHO YacTb ——

MArHUTHOU Lienu B CBepXnpoBOASLLEM W

COCTOSHUU N MeANeHHO 3aTyXaeT ¢ s f SO

noctosHHou spemeHu ~100 c. Takum meo
obpasom, yepes AMOAbL NPOXOANT L "
UMNYJSbC TOKa A0 13 KA, KOTOpbIU
3KCMOHEHUMAnNbHO 3aTyXaeT ¢
noctosHHou BpemeHu okorno 100 c. 31o
MOXeT NPUBECTU K MOBBLILEHUO
TemnepaTypsl BHYTpU anoaa Ao 300 K.

51 mH 51 mH busbar Swivtch to
— activate
R2

o
-
1
ey
A

JT\«

dump
resistor
R2

Dipole 153

| PO

r_i5LmH _S1mH_ii 51mH 51mH

H <] ]

y
Dipole 2 Dipole 4 Dipole 154

SimH 51mH : busbar

*Z

Bl B2
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@ Clearing of dipole diodes insulation systems ¥

TTocne TpeHUPOBKU MArHUTOB BO3HUKAET KOPOTKOE
3aMbIKAGHWE B AUOAHOU Kopobke.,

SHeprusg, KoTopasa BLICBOOOXKAACTCS NPU KBEHYEe MArH1Ta
MOXeT BbITECHUTb MyCOp, KOTOpbIU cObpan B ANOAHOM
Kopobke.

CucTemaTmyeckas YUCTKa U nsonaums amoaHou kopobku
1232 puopa

| LHC dipole diode after installation of the insulation insert
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TTPUBOAAT K BHE3AMHLIM NOKANBHEIM NOTEPAM | R¥10pum [ e b e,
L LK, M ps Sl

Bpemsa HapacTaHua nopsaka 1 mc.

TToTeHumanbHoe obbacHeHWe: NnonaaaHue B Ny4ok
4yacTUL NbIAU, KOTOpbIE CO3AAFOT NOTEpU 3a cYeT
paccesHUsa U NIUBHU, pacnpocTpaHarolmecs
Brepesa no nyuKy.

PacnpepeneHsr no Bcemy Konbuy - inner triplets,
arcs, IPs

TTpusoaaT Kk cbpocy nyuka vepes QPS aaxe 6es3 Srimw Pt owmien @) neernoomem
KBeHYa MAarHuToB
Monitor Losses versus Time > S
= (&l | 1 [ 7w |[ @ | BLMQL25RE.B110_MQ |
0.36' Total Losses = 3.1366E00 [Gray / s] < >
03 ' Time evolution of loss
; 0.5 ms
7“—257 1 —
i 1 bin =40 ps
% Dump trigger
oss-
0- r — : - -
0.0755 0.076 0.0765 0.077 0.0775 0.078
Timelﬂ:l
(] Show Labels ["] Display Optics Elements | Use DCUM
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L_,, Point 5 - CMS
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(Meyrin CH) Meyrir " Underground works
i A Surface & Underground works

PP Mmain worksites

Vemier

New installations (in blue) at Point 1 — ATLAS

2018-2022 ropbl: OCHOBHbIE
cTpouTenbHbIe paboTbI

2018-2024: KoHcTpyuposaHue 1
nucnsiTaHUe ob6opyAoBaHUS

2019-2020 rr : ycTaHOBKa BO Bpems
LS2 DS (Dispersion Suppression
region, DS) konnumatopos, ¢
avnonem 11 T s Touke P7,
KONITMMATOPOB € HU3KUM
UMMeLaHCOM, HOBOTO 060pyaoBaHUS
MYyYKOBOrO TPAKTA U CUCTEMBI
3aWMTHI BBOAG NYUYKA.

2021-2025: noarotoska
WHPPACTPYKTYpbI B TYHHese U B
HOBbIX CEpBUCHBIX ranepesx.
2022-2023: Inner Triplets ftest

2024-2026: LS3 - YcTaHoBKa U BBOA
B SKCMJyaTauu-o OCHOBHOTO
o6opc}/.qosa|—|ms|: Inner Triplet
Quadrupoles, Crab cavities, SC links,
new large Cryo-plants v 7.4.
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o HL LHC o

B TeyeHuwe nocneaHux 18 mecaues ctpoutenu pabotanu nog 3emseit, YTobuI BbIKONATL KOHCTpXKLlVIM
Ans byaywero yckoputens. Pabota cocpenotodeHa Ha Touke 1, rae pacnonoxeH skcnepumeHtT ATLAS,
U TOUKe D, B KOTOPOU HaxoamuTcs akcnepumeHT CMS. bonbluas yactb obopyaosaHus, kotopoe byaet

YCTAGHOBJ1€HO B 3TUX MeCTax, npeaHasHa4yeHa Anga nosbIlWeHUsa CBETUMOCTU.

== RS

Point 5

=

’%&: ’ —
Panoramic view (08 Apr 19)
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@

a NbTi in the world : ~ 600 tons/year, driven by MRI (Magnetic resonance imaging)
production

TTpOU3BOACTBO CBEPXMPOBOAHUKOB oy

0 Nb3Sn: ~ 10 tons/year, driven by NMR (Nuclear Magnetic Resonance) magnets and
laboratory solenoids

a All of HTS (High transition temperature suBerconduc’ring (BSCCO- Bi»Sr,CaCu,0g
YBCO - YBa,Ca3Cu0y,...) and MgB;: around 100...200 km of 4-10 mm wide tape per
year, presently driven by R&D applications and delivered by around 10 worldwide
producers. In total below 1 ton/year

a LHC ri uired 1300 tons of Nb-Ti (300 t/year peak production) (~30% cost of the
magne

O ITER required 300 tons of Nb-Ti and 600 tons of Nb3Sn (250 t/year peak
production)

QO HL-LHC requires: 30 tons Nb3Sn and about the same for NbTi
a HE-LHC will require : ~ 3'000 tons Nb3Sn

a FCC-hh will require : ~ 9'000 tons Nb3Sn (between 50% to 60% cost of the magnet)
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Master schedule

2020 2021

DEC JAN FEB MAR APR MAY JUNE JuLy AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY

S0 S1QFIRE ¢ : 4 5 & T & 9 0 # 42 13 W 15 16 17 2 19 0 1 22 EF 24 25 26 T 23 29 B0 M 32 33 34 35 3 3T 3% 39 40 4 42 43 44 45 46 47 43 49 50 51 EEIEE

= Start of Linac3 Source

. - Linac3 Beam
'

Xmas break 2019-2020
Xmas break 2020-2021

Linacd Beam
commissioning Linac4 Beam commissioning

(L4 main (LBE dump)

dump) 3.5 months
15 months

oo PSB Beam

i

I PSB Hardware tests ...
out commissioning

i ‘

i

i

4 months 1 month 2.5 months

PS Switch Yard CLOSED

PS&TT2 Hardware tests
11.5 weeks

Main Units

commissioning

Beam
SPS Hardware tests commissioni
2 months ng

6 weeks

LHC Hardware Comm ng + Machine chek
out
16 weeks

&

JUNE

1 2 % 4 5 & T # 9 10 # 12 12 M 15 16 97 # 19 20 M 22 & 24 25

JUNE

5‘512 4 5 & T % 9 0 H R |3|4|§'1‘ T 4% 19 20 2 22 ¥ 24 25 26 ET 2% 29 F0 M 32 3F 34 35 36 3T 3% 39 40 41 42 4F 44 45 46 ﬂ“t ‘!505‘ 1 2 ¥ 4 5 & T % 9 1 # 12 12 ¥4 15 1% 17 ¥ 19 20 20 22 23 24 25
DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC JAN FEB MAR APR MAY
|Close psB ClosePs | |Close sPS LHCPROBE beam |LHCPROBE beam IONS beam
|Close PS Switch Yard Beam ready for PSB  |ready for PS ready for SPS| ready for LEIR
Close LHC, Linac3 |IONS beam ready for Linac3
w— |close LEIR
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2@ P2
1 spare

2 @ P7
1 spare

By-pass cryostat with collimator
1277 m
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