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Run 2: pp-operation

Fault / Stable Beams
Downtime (Physics data
taking)
0
* Ilepuon Habopa gaHHbIX: 2015-2018 49%
 JHeprud Ha ny4yok: 6.5 TaB
 HHTepBas Mexay nMy4ykaMu: 25 HC Operations
 JlocTUrHyTa CBETUMOCTbD B JiBa pa3a 00JbllIe
o 34 -2 1 2018 data
MPOEKTHOM Lip1/5 = 2 * 107" cM™“c
160 $6! - HabpaHHag UHTErpaJbHas
CBETHMOCTDb B oes 2016 2017 2018 | total
T 0| cotnetiun,  produion | production  producion /| 4 6y
% 120 | andmachine . SN - .65 fb-l/ ]
'cé 100 |- optlm[zatlon o i i 7 iRy 2
IR, 3 NN D U . N NN RO
% 60 |-
S 40|
£ 20 b
0

Lenunc MNygrKa 3umHsaa ceccma OPBI: Cratyc LH



LS2: 2018 - 2022

vt

Yy4d1n/iv aJIeKTPUYECKY IO
n3osd1u1 guoao0B 6osee 1200
MarHuToB

3aMeHeHbI 22 CBepXIPOBOAAIIMX
MarHura (19 gunoJsibHbIX + 3
KBaJpyIOJIbHbIX)
YcoBepliieHCTBOBAaHWE CUCTEMBI
copoca nmy4yka

YcTtaHoBKa 16 HOBBIX KOJIJIUMAaTOPOB
HoBbie nmorsioTuTe v Ny4KoB ( + 2
MOIVIOTHUTEJII HEMTPAJIbHbBIX YaCTHI]
-noaroroBka Kk HL-LHC)
YcoBepllieHCTBOBAaHWE CUCTEMBI
OXJIAX/IeH U

OeHunc Nyaxa

ATLAS |,

INCREASED CRYOGENIC POWER
Installation of high-performance cold boxes

at Point 4.

LHC UPGRADES DURING LS2

22 SUPERCONDUCTING
MAGNETS

Replacement of 19 dipole magnets
and three quadrupole magnets.

EXTERNAL BEAM DUMPS
Modification to the support
system of the absorber.

CMS

ELECTRICAL INSULATION OF DIODES

Improvement of the electrical insulation of the
diodes of more than 1200 magnets.

BEAM ABSORBERS
Installation of a new internal beam
absorber and two new neutral beam
absorbers.

COLLIMATORS
Installation of 16 new collimators.

3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022 3



LS2: LHC Injector Upgrade (LIU)

Linac4 6b1J1 CIpOEKTUPOBAH AJIS:
o bousee Bbicokux sHepruun 160 MaB
o YckopeHue MOHOB H™ (MHXKEKIUSA CO CMEHOU
3apsaga H—p* B PSB)

R3 (measurements 2012)
50 MeV

160 MeV (350 keV rms)
160 MeV (440 keV rms)

4.0 1

359

0 0+

o YBenMueHHe SHePrUU UHKeKIMu BPS 1o 2T9B 5 277
C6o0pka 3aBepiueHa B 2017 a2
o Ilepuop TiaTesbHbIX TeCTUpoBaHuu: 2017-2018 g ?f
g b,

0.0 T T

0.0 0.5 1.0 1:5 2.0 2.5 3.0 3.5
Intensity (p) lel2

Protons per bunch
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LHC Schedule 2022

Valves open
LHC, TI2. TI8 and  except 23

LHC + exp. dosed yp yisit

Stable beams  pytibunch

LHC hand-over ) TR&TIB  Start Beam AllValves open LHC tunnel Ini is atinjection  peam injection
ts closed njectors VIP visit
Jan Feb Mar perimerts cose Apr beamtest - Commissioning May Technical stop LHC tunnel Jun Jul
Wk 1 2 3 4 5 6 7 8 9 10 11 12 13 Wk 14 15 16 | 17 18 19 20 21 | 22 23 24 25 26
Annual ! : | ] H o . !
Mo | cosure 10; 17 2 3t 7 14 21; 28 7 14 21 24 Mo 11{ | Easter 9 16; 2 %; Whitsin 6 13 2, 27
: i USROS SVIROISe SOOI 1 EUSSUSSUIo| e [N e s | RS (i SRS ¢ SR — ] : ; :
Tu ‘ H ! Tu | LHCb VELO installatign : H i g !
- T ' ¥ ' L """"""" RF Low level setup| r=w-rerrmmmeemiggrerssmns s s +
We } H : H ] Powering tests Interleav'ed We ! Machine dheckout g & Recovery ; g !
S frmomosesonsed oo PR e~ + mnm cf  f— e RF con di}ioning b SR : ; - Scrubbing 1
Th : { YETS Magnet training training Th { + Ascension : i
oo | e SRR copR e, e N e T S -‘.'!'_ Bt SR e ST  Scrubbing 4 Scrubbing
Fr } DSO test 4. Machine Fr G. Fri. ! 8 May : ;
? ....... detkott ] = [r—mmmd el b i 3
Sa it Sa Re-commissioning { D j 2 ] AYDE
with beam J } E ]
Su Su i {
First Stable beams Collisions with End of run
at6.8TeV FASER/SND 1200 bunches 106:00]
Emulsion exchnage Aug Sep Oct Nov Dec
Wk 27 28 29 30 31 32 33 I 34 35 I 36 37 38 | 39 Wk 40 a1 I'y] | 43 44 45 46 47 | 48 49 50 51 52
! : ] ! : ! i : : ]
Mo 1 18] 2% 1 8 15 2! 2 5 12 19 2q Mo 3 10 17 24| 31 7 14 21! 2! 5 12 19 P
: ! E i ¢ MD1 i ; MD2 t--ee g : ; §
Tu ‘ Tu : | ! FMD4; i 5
H o . N
| ! i :
We Interleaved i We { . 3 g |
commissioning & E 2| Jeune G. ! Vam ] ' : 1 !
Th intensity ramp up : : Th ,L un- .. Pbions , : YErs J,
Fr ! E RF Cryo incident repair & recovery . Fr : i test ] j Antual
; i OP tests (magnet training) 5’:&:" : : e : : 4
531 souing - ) (1Hcf) 5a . } | ’ 5 ; 5
Su { E Su 2 i Xmas
Technical Stop Special physics runs (place holders)

First stable beams at 6.8 TeV — July 5th

RF Cryo incident repair

~10 weeks of pp-physics
Early stop due to electricity supply crisis

deHwuc MNyaxa

1L

Machine check out

Recommissoning with beam

Proton physics run

HW Commissioning, Powering Tests, Magnet Training

Interleaved commissioning & intensity ramp up

Machine development (incl. floating)
Scrubbing
Pb - Pb lon physics run

L

Pb lon Setting up
4 LINAC3Pboven re-fill




2022 - pa60o4Yum HUKJI

e Pabouui¥ KKJa Moxoxk Ha Run 2, 114 o6JjieryeHust BBoJa
CHCTEM B 3KCIIJIyaTaLMIO OCJIe AJUTEJIbHOU OCTAHOBKHU

« [P1/5
O yroJ nepeceyeHud ny4koB: 160 Mkpap
o beta*: 60 cm —> 30 cMm

- IP2/8:

o yroJ nepecedyeHud ny4ykon: 200 MKpaz
o separation leveling

Oexunc Nyaxa 3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022

Squeeze to 60 cm
(IP1 & IP5)
1

[ Collision tunes }

Collisions
Xing Angle: 160urad

Leveling to 30cm
Xing Angle fixed

-



Beta™ Leveling

[Ipornecc MoXXeT NPOUCXOAUT 10 6 4acoB npu pile-up ~54 B

ATLAS/CMS

MHorma npuxoauTCAa UCOJIb30BaTh separation leveling, Tak

Kak npu beta™ = 60 cm y»Ke c/IMIIKOM 60Jib1I0M pile-up

OeHunc Nyaxa

N
T
S
x~ X

15k
12.5k
10k
7.5k
5k
2.5k

Instant lumi [ub Hz]
3
(@)
=

Instantaneous Fill Lumi

Leveling

~ Emittance scans

8402_ATLAS - 8402_CMS

3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022

transverse bunch view

- Experiments

are happy with
+2.5% variation
in luminosity
between steps

time



Beta™ Leveling & triplet cooling limits

* TecTt npesesoB CUCTEMBI OXJIAXK/IEHUS 20T ‘
tpuiietoB (Hosa6pb 2022) —— 'Bog
o JlocTUrHyT npenes npu ~2.5 * g V o
103*cM™%c 1 Ha IT L5 £ 15000 e
o Cooling capacity signal very non-linear % _40°§
= < 40% 10 2.4 * 103*cm 3¢ ] £ N\ 8
=  pe3KUil ckayok > 80% npu 2.5 * A VYR8
1034CM—2C—1 — T[S E
i ‘ | | N TRS LI
OrpaHM‘—IMBaET CBETMMOCTb A0 24_ * 13:00 13:30 14:00 14:30 15:00 15:30 16:00

Time
103%cm4c™1
(~20% 6oJibliie 0XKHUAAEMOTO)

Oexunc Nyaxa 3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022 8



Separation leveling

« [P1/5: MoxeT npuMeHsaTbCA separation leveling
O eCJIM HadyaJibHasi CBETUMOCTD BhIIIIE

3allJIAaHUPOBAHHOU
O pa3Hble TpebOBaHHUSA Y IKCIIEpUMEHTA
time

ATLAS/CMS

transverse bunch view

* MoKeT NporCXOAUTh NapaJsiyieJibHO beta* leveling
o ~5 % Mexay cTyneHsIMU

— ATLAS —CMS —ALICE — LHCb

beta* levelling target: mu = 60

60 3
55 3
= 3
E’SOg
a 45;

=

ATLAS separation levelling target: mu

54

2 303
32
S 20
15
10 LHCb & ALICE separation levelled / =

5 targets under experiment control
o

Pile

—

-
2022-11-24 16:00

P

T T L T
2022-11-24 08:00 2022-11-24 10:00 2022-11-24 12:00 2022-11-24 14:00
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CBeTHMOCTb: pa3opocC OT Ny4yKa K Ny4KYy

CUJIBHBIU Pa30pPOC CBETUMOCTH OT Ny4YKa K MY4YKY
o 10-15% RMS

o Mo 50% peak-to peak!

Pa3bopoc B cBeTUMOCTH = pa3opoc no pile-up
o K npumepy, ang cpegdero u = 54 +2.5% -
u=20—-70!'(r.m.s.~6)

He npo6JieMa /11 3KCIIEPUMEHTOB
OTKyzna Takou pa3opoc?

o HWNHTeHCHBHOCTBb

O JMUTTAHC

Oexunc Nyaxa 3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022

Luminosity [Hz/ub]

fill 8489
10

8 -

|
2 T(rreeet || AW LIAS
— CMS

0 500 1000 1500 2000 2500 3000 3500
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10
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21 —— ATLAS
— CMS

0 . L1 T : . :
725 750 775 800 825 850 875 900
Bunch Number [25ns slot]

Luminosity [Hz/ub]




CBeTHMOCTb: pa3opocC OT Ny4YKa K Ny4KYy

10 fill 8489 2.25
) =200
2 84 B 2.00
= v 1.75
0 - O
> c
- 4. © 1.50 m
= b
= — ATLAS & 195 |
£ 24 CMS w —— BSRT convoluted emittance
3 1 00 _l lllllllllllllllllllll lllllllllllllllllllllll llllllllllllllllll
'fl RARLIRRUIRRRnnnn %
O%™""B6F  1ibp TE6G 3606 95006 S008 3550 0 500 1000 1500 2000 2500 3000 3500
Bunch Number [25ns slot] Runeh Bemker [25ne slof]
e  CuJIbHBIH Pa3bpoc CBETUMOCTH OT
CTYCTKa K CT'YCTKY: B OCHOBHOM 0
WHTEHCUBHOCTb OT UHXKEKTOPOB d =

 IJMUTTAHC pacCTeT Ha CTaH/JUHU
nHxekuu (IBS, LHC)

—
N
s

Luminosity [Hz/ub]
~
Intensity [1ell ppb]
[
-

5.

— ATLAS — Beam1l —— Beam2
4 1.0 1——14 —— : :
725 775 860 825 850 900 725 750 775 800 825 850 875 900
Bunch Number [25ns slot] Bunch Number [25ns slot]
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Run 3 Jul - Dec 2022

Stable Beams: 1109.4 h (31.5 %) e

P Operation (other): 897.6 h (25.5 %)

¢ 2022 rog — BBoJZ BCeX CUCTEM B Precycles (60): 45.0 h (1.3 %)
3KCIJIyaTaluio nocue LS2
°* JHepruvd Ha ny4ok: 6.8 TaB

In fault (combining
overlapping): 1473.8 h

e 32% - cTabuJIbHbIE MYYKH e
 JluTe/NIbHBIN NEPUO/, YCTPAHEHHUS |
no1IoMOK (CeHTsA6pb 2022 - cooling tower c Y1 aiy ’
in P4 failed!) g o8y 7daymean
* B KkoHue roga >60% yacoB B HeeJiro ¢ SB 20.6- |
—cpaBHUMO ¢ 2018 T. 804
% 0.21+
L o « .
0.0 —s—w—it— -~ . | e |

2022-07  2022-08  2022-09  2022-10  2022-11  2022-12
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Run 3: IIMKoBasgs CBeTUMOCTbD

Peak Luminosity in 'Stable Beams'

= 3 -
| “Preliminary % g
wv 5 [ 8 record
Y 25 ||© e« ATLAS =5 s
= « CMS g
e = LHCDb g -
5 > » ALICE - s >
2 ~ @ ° &b
-E? '3 *®
‘v 1.5 ¥ o o P3 I
= xn
- — .‘ P
£ 1 2 °
: A & .
0.5 S0 e
[
LS .‘ i l- l e I I m _‘I
O |
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[INKoBasg CBeTUMOCTE: Run 1-3
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Run 3: UHTerpajibHasd CBeTUMOCTh

Delivered Luminosity 2022
 HecmoTps Ha CJI0’)KHOCTH, HabpaHa

= 100
Xopollas CTaTUCTUKA! E ‘Preliminary - '
 ATLAS/CMS - Ttakas xe > 10| <ATLAS:40.70b- o
UHTerpajibHasi CBeTUMOCTb, KAKU B & ~ CMS : 40.90 fb=1
£ .|| =LHCD%1.07 fb-1 |
2016 £ + ALICE : 0.0333 fb-1
 ALICE - camas 6oJiblllasi HAOpaHHas g . s
y 2 0.1 ;
CBETUMOCTb P-P CTOJIKHOBEHHI. = l- |
d B aToMm roay He 65110 Pb-Pb ® 001 %ﬂ'..'
y 3 |
CTOJIKHOBEHUH = I
e LHCb - cocpenoToyeHnbl Ha 0 0.001 -
JleTeKTOPHBIX paboTax I. I I
P P 0.0001 >
0.00001

Sep '22 Nov '22
Date

Lenunc MNygrKa 3MMHAA CELLVn UWDT. CidiyL LU - 21/ 12/ 2uze 10
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I/IHTEFpaJIbHaH CBETUMOCTD.: 110 I'oaAdM

70

60

2017
50
2018

40 2022

2016

30

Integrated Luminosity [fb]

2012
20

10 2011 2015

,._‘.A’/J—v"' | —— l 1 I | |

02-Mar 02-May 01-Jul 31-Aug 31-Oct 31-Dec
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Ion Run: 2023

* [lpuniocs oTMeHUTDb B 2022 roay

* Ilnanupyetcs 6osiee gauTenabHbIM Run B cieayrwoinem roay (4 Hegenu Pb-Pb)
e [Ilnan: 2.5-3.5 H6-1 ALICE/ATLAS/CMS, ~0.4 16! gy LHCb

wu Oct Nov

Oexunc Myaka 3umHAn ceccusa ODBI: Cratyc LHC - 21/12/2022
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[I1an pa6oTsl yckopuTesisas LHC

ATLAS/CMS: + 250 ¢62, LHCb + 25 ¢6
2021 2022 2023 2024 2025 2026 2027 2028 2029

J|F J[JIA'S J[FMAM) ) |AlslON|D ) FMAM ) ) ]A D)[FMAM))A JFMA S|
LHC

-

S|

-

Last updated: December 2022

2039 2040 2041

J|F J|JIAIS J[FMAM ) J|AlSONID[)/FMAM J[3]AlS

3000 ¢6 [[ shutdown/Technical stop

Proton physics - LHC
Proton physics - Injectors

Ions
| | Commissioning with beam
Hardware commissioning/magnet training

Lenunc MNygrKa

3umHAn ceccusa ODBI: Cratyc LHC - 21/12/2022



3aKJ/JIlDUYEeHUue

e 2022 - KOPpOTKUH, HO OYEHb NIPOAYKTUBHBIN ro auad LHC
* Pab6ouywui nuka Run 2 B3ST 32 OCHOBY

 HoBoe: beta* leveling 60 cm — 30 cMm
o OrpaHuyeHO 3HaYeHHeM pile-up B saKcriepruMeHTax
o OxnaxkJeHUe TPUILJIETOB He SABJSETCA JUMUTUPYIOINUM PAaKTOPOM,
IPOTEeCTUPOBAHO 0 PEKOPAHbIX ~2.5 * 103*cm™2¢c ™1
o MoxeT npruMeHSATbCA NapaJijiesbHO separation leveling
o IlosTHOCTBIO aBTOMAaTHU3UPOBAHO, UCIIOJb3YETCS B KaXKJ0M HAabOpe JaHHbIX

 Hab6paHa 3ansiaHupoBaHHasi CBETUMOCTb:

o >40 61 B ATLAS/CMS
o >1¢61BLHCD

Oexunc Nyaxa 3umHsna ceccna OPBI: Ctatyc LHC - 21/12/2022
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OeHunc Nyaxa

LHC Pagel Fill: 8497 E:

0 GeV 09-12-22 16:28:15

SHUTDOWN: NO BEAM

Cnacuo6o0 3a BHUMaHue!

Comments (06-Dec-2022 11:57:23)

No Beam for the next few months!
End of 2022 RUN

40 fot
DELIVERED TO ATLAS & CMS in 2022

AFS: 25ns_2390b_2378_1967_2106_180bpi_18inj_2INDIV PM Status B1 BRI ERPM Status B2 BRSNS

BIS status and SMP flags Bl B2
Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams
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