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Outline

* Welcome

» Our Mandate and Group Structure

* General Information of the Group in 2022
« Safety in 2022

 Technical Highlights of the Year

 General
* Sections

e Qutlook into 2023
* Questions

16:45 Drink at the cafeteria of Bdg. 30, 7t floor
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Our Mandate

The MPE group is part of CERN’s Technology Department (TE) and is responsible for the magnet
protection systems and machine interlocks for the CERN accelerator complex. The MPE group
supports the operation of CERN’s accelerators by developing, maintaining and operating state-of-the
art hardware and software technologies for magnet circuit protection, diagnostics and interlock
systems for present and future accelerators, magnet test facilities and several CERN hosted experiments.

The group furthermore includes a section devoted to the technical coordination role in the domain of
activities related to the integration, installation, commissioning and operation of the Inner Triplet
String Facility within the framework of the High Luminosity LHC (HL-LHC) Project.

The MPE group is involved in several transversal projects across the accelerator sector, providing expertise
in a wide range of areas including machine protection, electronics and electrical engineering,
reliability engineering, controls and software technologies as well as the operation and
performance analysis of superconducting magnet circuits.
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https://mpe.web.cern.ch/

TE-MPE Organigram
(Dec 2022)

TE-MPE

Machine Protection &
Electrical Integrity

GAO Claudia DUPRAZ

GL: Felix RODRIGUEZ MATEOS
DGL: Jan UYTHOVEN

TE-MPE-CB

Controls & Beam
Studies For
Protection

Daniel WOLLMANN

Andrea APOLLONIO

Milosz Robert
BLASZKIEWICZ

Claudiu CRACIUN
Marc-Antoine GALILEE
David GANCARCIK

Jean-Christophe
GARNIER

Cedric HERNALSTEENS
Jack HERON
Aleksandra MNICH
Christoph OBERMAIR
Laura RAYON ROPERO

Gustavo Enrigue
SANCHEZ

Tobias SKARHED
Balazs SZALAY

Stefan Dalgaard
THOMSEN

Mariya Georgieva
TSVARKALEVA

Christoph WIESNER

Philipp Alois
ZIEGLER

TE-MPE-EP

Electronics For
Protection

Reiner DENZ

Fabienne BOISIER
Daniel CALCOEN
Davide CASAROTTO
Magnus CHRISTENSEN
Vincent FROIDBISE
Adam HOLLOS
Guzman MARTIN GARCIA
Maria MURILLO MOYA
Michael PHAM

Tetiana PRIDII
Tomasz PODZORNY
Jelena SPASIC
Jens STECKERT
Vito VIZZIELLO

TE-MPE-MI
Machine Interlocks

Jan UYTHOVEN

Alain ANTOINE
Yan BASTIAN
Samuel Lyndon BOLTON
Antoine COLINET
Lukas FELSBERGER

Josep GUASCH
MARTINEZ

Michal KALINOWSKI
Christophe MARTIN
Richard MOMPO
lvan ROMERA RAMIREZ
Raffaello SECONDO
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TE-MPE-MP

Magnet Protection
Systems

Mirko POJER

Sebastian Scott
BLOWER

Gert-Jan COELINGH
David CARRILLO

Enrique DE NICOLAS
LUMBRERAS

Mathieu FAVRE
Spyridon GEORGAKAKIS
Martin GRIGOROV
Gabriel MEDINA

Thorbjorn Schou
NIELSEN

Edward NOWAK

Bozhidar Ivanov
PANEV

Stephen PEMBERTON

Lucile Ariel Fanny.
PINARD

Maren SCHUELE
Ryder SHARPE

GLO Daniel CALCOEN (p.t)

TE-MPE-PE

Performance &
Electrical Qa

Arjan VERWEIJ

Sina ATALAY

Mateusz Jakub
BEDNAREK

Bernardo BORDINI
Vijay CHAKRAVARTY
Zinour CHARIFOULLINE
Giorgio D'ANGELO
Per HAGEN
Marvin JANITSCHKE
Johanna LIDHOLM
Daniel MAYR
Tim MULDER
Emmanuele RAVAIOLI
Grzegorz SEWERYN
Lena Anna SOMMER
Erik SCHNAUBELT
Andrea VITRANO
Mariusz WOZNIAK

TE-MPE-SF
String Facility

Marta BAJKO

Sebastien BLANCHARD
Davide BOZZINI

Nicolas HEREDIA
GARCIA

Alvaro SANTIAGO
FERRER

Samer YAMMINE
Julian ZAWILINSKI
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MPE Members in numbers

By Status By Gender

EEEEEE
_Women
13%
FELL, 24 TECH, 9 Men_ -

By Nationality

December 2022 : 92 members 20 nationalities
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Arrivals in MPE 2022
Welcom™ Weloom™

Staff Fellows, PhD

CHRISTENSEN Magnus TE-MPE-EP HEREDIA GARCIA Nicolas TE-MPE-SF
KALINOWSKI Michal Tomasz TE-MPE-MI GANCARCIK David TE-MPE-CB HERON John Wilfred TE-MPE-CB
MULDER Tim TE-MPE-PE JANITSCHKE Marvin TE-MPE-PE MARTIN GARCIA Guzman TE-MPE-EP
SANCHEZ Gustavo Enrique  TE-MPE-CB BLASZKIEWICZ Milosz Robert TE-MPE-CB MEDINA Gabriel TE-MPE-MP
BORDINI Bernardo TE-MPE-PE CASAROTTO Davide TE-MPE-EP PINARD Lucile Ariel Fanny TE-MPE-MP
GRIGOROQV Martin Aleksandrov TE-MPE-MP SHARPE Ryder TE-MPE-MP
GUASCH MARTINEZ Josep TE-MPE-MI __ TSVARKALEVA Mariya Georgieva TE-MPE-CB
Techs, Students and COAS ‘w
BEDNARSKI Mikolaj TE-MPE-PE ~ SKOCZEN Andrzej Jozef TE-MPE-EP  MAYR Daniel TE-MPE-PE
EROKHIN Aleksandr TE-MPE-MP ~ WOJAS Damian Lukasz TE-MPE-PE ~ RAYON ROPERO Laura TE-MPE-CB
JANIK Grzegorz Michal TE-MPE-PE  ANDRESEN Jonas Bruesshaver TE-MPE-EP  SKARHED Tobias Lars TE-MPE-CB
JAROS Jakub Aleksander TE-MPE-PE ~ BUSZYDLIK Aleksander TE-MPE-CB  SOMMER Lena Anna TE-MPE-PE
KONDRATEYV Kirill TE-MPE-MP  SUMAN Orwa TE-MPE-CB  SZALAY Balazs TE-MPE-CB
PONASENKO Nikolai TE-MPE-MP  CHAKRAVARTY Vijay TE-MPE-PE  ZIEGLER Philipp Alois TE-MPE-CB
RACHWALIK Marek Maciej TE-MPE-PE  CRACIUN Claudiu TE-MPE-CB  THOMSEN Stefan Dalgaard TE-MPE-CB
SAMOYLOV Sergey TE-MPE-MP___ LIDHOLM Johanna TE-MPE-PE
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Departures 2022

ANDRESEN Jonas Bruesshaver CARTIER-MICHAUD Thomas

APOLLONIO Andrea

ARNEGAARD Ola Tranum

BARTH Jonas Fridolin

BARTHLOTT Dominic Thomas

BENDER Lennard

BIELEWSKI Jaroslaw

BUSZYDLIK Aleksander

CHADAJ Agata Malgorzata

COSENZA Alessio

DELKOV Dimitri

DON Jeppe

EROKHIN Aleksandr

GIERAS Tomasz Grzegorz

JAROS Jakub Aleksander

JOHNSON Roland Louis

JULLIAN PARRA Olivia

KONDRATEYV Kirill

LUDWIN Jaromir Wladyslaw

MIRANDA FONTAN Adrian

PONASENKO Nikolai

REEVES Jonathan Robert

SAMOYLOQOV Sergey

SANCHEZ SANTANA Jenny
Estefania

SANTOS SHALAB Raul

SCHUELE Maren

SKOCZEN Andrzej Jozef

SOMMER Lena Anna

SORENSEN William Martin

STANISZ Anita

SUMAN Orwa

THALLER Emanuel Milan

THOMSEN Stefan Dalgaard

VANCEA Dragos-Gabriel

VILLEN BASCO Meritxell

ZAWILINSKI Julian Jurand

We thank all for the valuable contributions
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Safety is a top priority and key responsibility
of everyone working in TE-MPE
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Safety Numbers — 2022 in MPE

« Number of on-site accidents : 2

* hand wounded with a cutter Please always

* Indirect electrical shock when unplugging a multimeter on active declare incidents
circuit (capacitors) including near
* Number of off-site accidents : 1 (journey to CERN) misses using
« Number of near misses : 1 (journey to CERN) EDH

2’552 telework days accumulated in 2022
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Group Safety Link Person (SLP) : Daniel Calcoen

Work and Service Supervisors (WSS) :
Daniel Calcoen and Giorgio D'Angelo (LHC)
Richard Mompo (Injectors)

Territorial Safety Officers (TSO) :

TSO Deputy TSO
30 /TE-Office and laboratory building PEMBERTON,Stephen GRENU,Brigitte
30.1 /TE-Office and laboratory building PEMBERTON,Stephen GRENU,Brigitte
272 [TE-WRB1 - BATIMENT DE STOCKAGE... SEWERYN,Grzegorz Jozef CALCOEN,Daniel
281 /TE-BATIMENT AUXILIAIRE FROIDBISE, Vincent D'ANGELO,Giorgio
622 /TE-Electronics workshop D'ANGELO,Giorgio CALCOEN,Daniel

Radiation Safety Support Officer (RSSO) : Vito Vizziello

Mechanical Workshop Supervisors (WS) : Mirko Pojer and Mathieu Favre

Signatories for "attestation de consignations" and "autorisation de travail”:
Richard Mompo (Injectors), Giorgio D'Angelo (LHC)
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IT String Safety — Roles and responsibilities®

TE DH José Miguel Jiménez Line

TE-MPE GL Félix Rodriguez Mateos | Management

TE-MPE-SF SL Marta Bajko Responsibility

role

TE DSO Delphine Delrieux-Letant T

SM18 TSO Patrick Viret

IT String TSO Davide Bozzini TE-MPE GL

HL-LHC PSO Thomas Otto L Advisory

. & Supporting
IT String HSE Carlos Gascén role
EROS Emmanuel Paulat
] IT String TSO TE-MPE-SF SL HL-LHC PSO
Magnet test

DL Department Leader bench

GL Group Leader

SL Section Leader

DSO Dep;rtmental Safety Officer RF Test bench
TSO Territorial Safety Officer

PSO Project Safety Officer

HSE Health, Safety & Environmental : :

EROS Engineering Referent for Operational Safety Technical infrastructures
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https://edms.cern.ch/ui/file/1389540/LAST_RELEASED/SR-SO_E.pdf

TE-MPE
Highlights
2022
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CERN ACCELERATORS — A GREAT PERFORMANCE

«  On 23" November we reached 1.5E'" ppb at the start of stable beams, with 2462b circulating
+  Corresponds to a milestone of 400MJ of stored beam energy in B1!
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Average beam energy for runs 1,2 and 3

Machine Performance: Integrated Luminosity

* Remarkable achievement: delivered >40 fb-! for ATLAS and CMS in 2022
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No Beam for the next few months!
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Check list ! MPS re-commissioning & Intensity Ramp-up
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https://checklist.cern.ch/
bpt.web.cern.ch

MPE On-Call and best effort services

A major and fundamental

e The TE-MPE quuet contribution of the Group
'. to the operation of LHC,
* The best effort service for injectors and experimental
, areas
Machine Interlocks, « A common effort across

ALL SECTIONS

* The best effort service for . Inferventions must be
Post-\M ortem, prepared with continued

training and on-the-job

* The best effort service by MP3  rehearsals

« Safety at all times

(MPE and MSC members). « Two persons for each

intervention
BIG THANKS TO
EVERYONE OF THE
MEMBERS

13 December 2022 MPE Group Plenary Meeting 2022



Transversal contributions by MPE (operation, strategies)

LHC and injectors Chairs, co-chairs,
« MP3 scientific secretaries and
: pl/\l/lPPPP members from MPE

CTTB (ATS Common Hardware & Software Technologies
Technlcal Board)

Controls application software development community forum (CF)
Controls Front-end software development CF

Electromagnetic compatibility CF

Electronics CF

Industrial controls CF

Machine learning & Data analytics CF

Reliability and availability studies working group

Scientific Computing and Simulations CF

» The specific know-how, experience, culture and
contributions of the group are instrumental in operation
of the accelerators as well as in new projects

« The number of interactions and interfaces with other
groups is enormous ... and decisive

13 December 2022 MPE Group Plenary Meeting 2022




in MPE

HL-LHC — major contributions from the group,

including the responsibility for two work packages

WP7 and WP16) and the coordination of the
agnet Circuit Forum

HFM — WP4.5 Quench detection, protection and
diagnostic methods for Nb3Sn and HTS high-field
magnets

Muon Collider — studies for quench protection

.. FCC-ee - reliability/availability studies; machine
C_\ ceuiar - protection studies

Feasibility Study

In all of these activities our Group collaborates with many partners inside the
Department as well as outside.
E.g. A very close technical collaboration is established with the TE Groups
(MSC, CRG, VSC) for HL-LHC and HFM. Our groups work in continuous and
efficient contact. Regular meetings are organized with TE-MSC GL.

To all, our appreciation and gratitude.

13 December 2022 MPE Group Plenary Meeting 2022




R&D in MPE

__jHiRadMat

High-Radiation to Materials

» R&D on 600A energy extraction systems (contactors)

» Developments have started for new protection methods
like e-CLIQ and fast quench propagation wire, many
studies ongoing, within the framework of HFM

« Radiation damage to superconducting materials

» General purpose simulation framework STEAM —
continuous R&D

» Electronics for future Quench Detection

« Launching soon a collaboration on studies of interaction
between dust and beams

« Continuing extraction systems with energy recovery
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600 A EES upgrade: R&D on DC contactors
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High Field Magnets

1) Quench Detection Technology Development

(a) (b) (0

N

3) Protection Limits Development

13 December 2022

Scope of HFM WP4.5
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FQPC for CCT:

v' Fast propagation

v Self-protection, no EE
v' Passive & low cost

E-CLIQ:
v Fastas CLIQ
v Electrically insulated from coill Inner layer vinding
v Smaller C
v' Easier redundancy
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- HiRadMat Damage experiment Oct 2022
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Thin Shell Approximation for FEM

Current leads

ROXIE files
(e.g., .iron)

ROXIE parser

711" M
Model data

Geometry data

GetDP

NI HTS coils

Assembler of th Q
Se_rzroefri[z : Py B B Time=0.1508 s Muyltislice: Current density, x component (A/m?) Arrow Line: Jy and )z
u u 108
Post processor Strand ‘building block’ ]

Geometry

generator

Solution runner

6
g
Py ™
Solution outputs Processed outputs | ) ";,, N "f, A
(e.g., .pos) (e.g., .map2d) y A% b b
3 pt i 2
Mesh files - R, Wy \‘P
(e.g.,.msh) Solution folder . B ‘ }::’ IE g

Geometry files Mesh folder
(e.g., .brep)

Geometry folder
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DATA- B HiGH-PRECISION
COMMUNICATION
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CB Section
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o
Power converterJ> \

— - —

BLMs

QPS, PIC, WIC,
BPMs, BIS, RF, ...

PM end 2022:

« 70'000 events
« GLOBAL 1’000
« XPOC 6’000
« |IQC 27°000

Post Mortem & SIGMON

« POWERING 36’000

* 18 Mio raw data entries

«3.8TB

REST API

Clients, GUI tools

SPSQC:

- 154’000 events
per month

- 27 Mio raw
data entries per
month

-3.1TB

13 December 2022
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/ "
' " ' ini
+ fetches the setup scripts 1| setsupthe | | mjocts
' e
and the " executes
v v
setup scripts -
; Jupyter
HWC
pemelinses notebook

| sources Spark Nxcals 3 |
i Software Stack |

v
| Ncyyes
b

Ay GitLab

| parses executed
| notebook and sets the |
pipeline status

v

(execuud notebook

HTML report
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EDAQ & BIS-UCAP &

BIS-GUIs

Excellent collaboration
between sections

BIS-UCAP PoC

‘ BoardRegisters

\ )

‘ HistoryBuffer ’

< EDAQ control control
UoP Protocol Agent Agent payload header Payload
h"d" header Payload ""d"> payload Acquisition'Acquisition
header Payload
- . y
EDAGQ relay server features: QPS client 1 C++ }—»; FESA )
L J /
« smart bufferin, RPC API )
EDAQ protocol EDAQ protocol X 9 ?otob T QPS client 2
on top of UDP implementation || * re.-orden.ng . P HTTlIJ92) | _Rust
« diagnostics metrics bindings
(Prometheus endpoint) P
l, y  /Expertand \
QPS client M Python { debugging
\  tools
header e Payload header Payload
\ Acquisition/Acquisition
header Payload
EDAQ driver CLIENTS
Hardware (Rust) (Rust)

Specs
Driver

Client libraries
Cl

Deployment tools

PM
HW configuration
Deployment

EDAQ

QPS Device Data

EDAQ Protocol

uDP

IP

Ethernet: MAC

Ethernet: Physical
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BoardRegistersExtractor

‘ HistoryBufferExtractor ’

Transformation Transformation
RegisterDecoder RegisterDecoder
Transformation Transformation

I primary
subscription

secondary |
subscription

vV

LatestValuesCombinator
Transformation

BIS GUI tests (AWC, PyQt,
WRAP, Grafana)

LINACA active interlocks Beam Interlock System

Active interlocks | Information

Active interlocks
~ Dvics - CIBM400 LA LATUSERPERMITS TESTUCAP
Device Input #  Input Name

(CIBM.400.L14.L4T.USERPERMITS.PRO.UCAP 1 CIBU name

Updated at
2022-09-26 14:14:51.951681+00:00

(CIBM.400.LN4.L4T.USERPERMITS.PRO.UCAP 2

CIBUname | 2022-09-26 14:14:51.951681+00:00

- Devce = CIBX.ADDLIARFUSERP ERUITSTESTACAP. (CIBM.400.L14.L4T.USERPERMITS.PRO.UCAP 3 CIBUname | 2022-09-26 14:14:51.951681+00:00

! (CIBM.400.L114.L4T.USERPERMITS.PRO.UCAP 4 CIBUname | 2022-09-26 14:14:51.951681+00:00

(CIBM.400.L14 L4T.USERPERMITS.PRO.UCAP 5 CIBUname | 2022-09-26 14:14:51.951681+00:00

s o idden interlocks (FALSE inputs but MASKED)

A0 LN FEUSERPEMITS TESTUCAP 13

~ Dvics - CBX.AO0LNA CHUSERPERMITS TESTUCAP

Tisesons0s15046500 Device Input #_ Input Name

CIBM.400.L14.L4T.USERPERMITS.PRO.UCAP 1 iU name

Updated at
2022-09-26 14:14:51.951681+00:00

(CIBM.400.LN4 L4T.USERPERMITS.PRO.UCAP 2 CIBU name

5 2022-09-26 14:14:51.951681+00:00

ciBM.400.un4 LT userPERMITS. JESH]

3 CIBM.400.L04.L4T.USERPERMITS. A
.

CIBM.400.LN4.L4T

CIBM.400.L4.L4T.USERPERMITS. 1
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Reliability and Availability

BIS-CIBG

FMECA Fault Tree

Failure Rate

Prediction

COMPLETED IN PROGRESS FUTURE
Individual pages as contributors to the overall failure rate
500 A
400 ] Overall failure rate

1815 FITS

* O < oY S
(8@/ O %\)«:w\%\ <?ﬁ\o P g\ \&\: &\S@@\; ‘,\e:\ :%C\thﬁw RN OC\L\S(\»\‘* &°
S © 3 ©
/\\‘f» Q:\\"Vo\“ N éoﬁ‘\‘a\ﬁ\()‘” \“to ?; O &‘?\\:\P“ ?‘?1 N p\*/‘ﬁ@% & e b4
\(}\" S \,\\<0$\l\0$’ \NQ’ - QS‘,P‘ g?P‘

SMP flags Hazard Chains

Movable devices set to move in

Non-nominal energy
deposition

Vacuum pollution,
replacement of Roman

H Beams enter energy and intensity above Setup Beam Limit

deposmon
Operator masking a critical input Beam losses on Roman Pots 50% »
systems Unsafe conditions for Movable Devices
6%

Failure in the masked channel 50%

Wrong safe value Py, Wrong safe value Psyp I

Pots, warm-up required

SPS extracting a high intensity beam to the LHC

» Missed extraction

Wrong safe value Py, (stuck to true)
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FCCee availability studies:

w H L I HE—

26FFFF 1 year shutdown Number of removed cryomodules
}

DD - - DDDD
‘

N 4 T I T ‘
|26 S | 42— 74 WSSE 19SS Number of installed collider cryomodules

Lo w21 S 100&SSS8 20&&& Number of installed booster cryomodules

—————————— time (operation years)

Study on RF

» Assume: Cavity availability stays constant:

LHC
No. of Cavities Availability RF Availability Total Integrated Luminosity

* Agp=98.5% ; L,
.« N.=16 Z 116 92.2% 73.9% -8%

¢ tt 1260 41.4% 33.2% -62%
LEP
: ARF =98.7% N Arr A Line
. N.=344 Z 116 99.6% 79.9% -0.1%

¢ tt 1260 96.3% 77.2% -4%
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Machine Learning for Protection

RB- Frequency Analysis Automatic beam loss classification

PM data: 1068 Hz sampling NXCALS data: 10 iz sampling

Current Dipol

Bushar  DPOBI gepy  DPORTS g Curmat
e il ert

U _eartn u_cartn

Voltage /v

ASD Dump test  2022-09-22 04:38:41.399000

o Asynchronous dump test

UPB Upe 3 y/ 122.09.2022 06:38:41.806| 70 ;
— loss ratios
Bus-bar Dipole 154 Extraction e
............... b Syetam ol w imit
D o i 0z 0 o 8
Timg /s Time /s 2 50
b
ol Secnmeyench 3
Lt swichoft % 40
FCswichoft L e g
s o
] BLMTLOSR7.22110.TCSG ASR.82 —( 5 20
et st E
U_Diode @ 1st EE plateau El. Position 03 E 2
-s05 f 2
H &
-510 = 10 h
5. 10 1as 19 1@ Lo ) 1)
SRS, & N e e 0
z S 2 v ot [ TR
g -s.20 H g Oy Optis ments usevam| 0.0 05 1.0 15 2.0 25
H g0 H Position DCUM [cm] 1e6
-5.25 L 104
200
-s30 :
» x Expert check required (Lowloss BLMs)!
-53s

§ RSSO e atn a  RSRAS XExpert check required (Correlated BLMs)!
I 1 |P154|[P152)] P4 P2 1| P1 P3 IP151||P153)

D UFO in 4L1

P 19.08.2022 05:48:24.367

U_Diode @ 1st EE, EI. Quench Position: 1 UFO Dump  2022-08-19 03:46:24.367000

S50 1072 T = s CrTa—T
; =y —— loss ratios
3 = = —= 1 — limit
300 . . ‘e . e . 15.0
: 125
250
1073 -
: ot 100
200 [ ekorovses v e
% [\ + ] mvouiLEze Mo ——
Total Losses = 43568 Gray] 75
150 o
' 5.0
1074 L I
100 i ‘
2 o 25
\ .
* 4 a5 v 0ol & A Y
et
st B[] 0 ot SIS e 0.0 05 10 15 20 25
0 20 20 ) ) 100 20 190 ¢ Show Dump ndicators. Lab Display Optcs Elements % Use DM Position DCUM [cm] 1e6

1075

Voltage / V

Frequency / Hz
Ratio of loss and expected loss

El. Position

x Expert check required (Low/oss BLMs)!
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EP Section
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DETECTION
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Accelerator Time period Excluded time periods — Clear all @ x

LHC - 01-05-2022 00:00:00 - 01-12-2022 00:00:00 i) + 15-07-2021 09:00:00 - 15-07-2021 12:00:00 x More ~ Q
& |~ LHC Availability 61.94% Energy — Beam 1 intensity — Beam 2 intensity
9.May 23.May 6.Jun  20.Jun 4. Jul 18.Jul  1.Aug  15.Aug 29.Aug 12.Sep 26.Sep 10.0ct 24.0ct  7ZNov  21.Nov
8.0 TeV 4.2e+14
' ' | IRGEE - p— @b 36ei14
60TeV / | I (0 | I | | ‘ 30e+14
I \ 1 24e+14
4.0 TeV i \ | ' | ‘| ‘ ‘ ‘ Y ‘ 1.8e+14
20 TeV | | i | Il 1.2e+14
| ‘ i IRl || | [ | 6.0e+13
0.0 Tev — s - 2 0.0e+0

op, Acssterator mod§ MP—@M—’M%

lumarol}nd period:

PR Pumben

Accelerator, Controls

Access System 1 x

Beam Injection 1 x =
Beam Instrumentatlon x x x x X

am Losses S MX XX XNCM KX X XX
Beam- lnduced Quench *

ation x x x
Cooling and Ventilation

e enlLs H
Elecmcal e
Ex|

X
Sl

|

rlmenls
ervices

Injection Systems
ector Complex 127

L idet ||

is related to
blocks

x is parent of

tagers

is cloned by

‘2"? =

o
*
X
X

Otl
Power Converters

03

|

|

|

L
= is similar to
x i siteio
x |

|

|

x

x

ot
x

Radio Frequency
Transverse Damper
Vacuum

x =X x
(27d 1h 38min 32s)|

9. May 23. May 6.Jun 20.Jun 4.Jul 18.Jul 1. Aug 15.Aug  29. Aug 12. Sep 26. Sep 10. Oct 24. Oct 7. Nov 21. Nov

xX

LHC: 2 interventions 4.7 hours

MI Section
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WICv2 TI2 and TI8
WIC and BIS for the NA

PLC/DIOT System

Entrance

WIC2 "Rad-Hard" system - Hybrid PLC / DIOT
for Ti2 / Ti8 / TT41 (Awake)

Ethernet

Siemens PLC S7-1500
Standard series

Siemens
Master crate

To Power converters
Siemens

PCcrate

S To Power converters
&
S SPSBA PC crate

<
— LHCSR
Profinet

WorldFIP Fieldbug ~4 kms + repeaters

X
-
Distributed 1/O crates (~ 20) are installed EE H
i bozrde
under dipale magnets every 120m ozrds Rad-Hard DIOT

designed by BE-CEM
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PICv2 Fast Reaction time for CLIQ erratic triggering

. 10 usec maximum reaction time from a
loss of powering condition to a beam
dump request.

THig?: 1:24rr|r-| -1 .:.
pu my

147VDC
FGC Current source

Future implementation — IT String
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BISv2

CHARM April 2022 Test Campaign

[l CIBU Power Supply unit

CIBM, CIBG, CIBDS and CIBFI boards

SLOW EXTRACTION SLOW EXTRACTION
MASTER BIC SLAVE BIC

TT 1%

P42-K12
SLAVE BIC

75, MST, MSE septa - splitter
Beam from_ T

M
Tax

CIBUv2 board

TT25
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1H

1/Shift
1IDay
1/Week
1/Month
1¥ear
110Years
1100Years
111000Years

SMPv2

[fm-20m) [20m-1h) [th-3h) [3h-Gh) [6h-120) [12h-24h) [2¢h-2d) [2d-fw) [tw-1M) [1M- 1Y) [1Y-10Y)

~

CISV - ATLAS

WR CISV v2
GMT@ MONITOR

FPGA
CRITICAL
FPGA

e

g
/Iy,
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CISXv2
Prototype

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

PM Status Bl PM Status B2
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Weibull Probability Plot
99.9 -

©
©
o

® ©W©
© ow
o oo

uo N
oo
coo

= N WD
© © o 09°
o o oo

X
£
B
@ 7.0 -
@ 5.0-
5 30- Weibull forever ...
2.0 - y
[ ]
1.0 -
0.7 -
0.5 - MLI
n =153 (f:
0.3- — B=5238]
0.2 —— LRB:
25 @90.0%
0.1~ o

10° 104
Time to Failure
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MP Section
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NA EES: from design and integration to the real world

4!' e}
sa/5 1s4/c
.- . “ -
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| |
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AR = o —
(LI - ol |
5 \ . | . 2
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[ o3 5, " B
| A L & ] =
b b | { . |
o i =y Ny \
= LT »
Nl
Py
3

— 1
-
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HL-LHC deliverables 1: CLIQ and DQHDS

o

==

1 =]

2/8 ready ‘ N
8/58 produced
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HL-LHC deliverables 2: vacuum-switch-based EES

+ U_Dump_Res

Ot
g

Vacuum
Interrupter

0.15/1.4R [ |
Dump
Resistor

J
Q A
C = !
SE )
C 2 Eg—

e 3

Q > £

-U Dump Res

Opening sequence of the 2kA EE system

2500
2000 -
Main current
1500
1000
DR voltage
500
( z 0 I STIPT—
2799634 | 0.0 =~ DRAFT | < - ; CC current
— c c '
XXXXXX el | :
3000 1 E ‘ ;
£ |
e 20 1500 | 8 i )
SAFETY PROCEDURE 2000 1§ | i
Q. | '
. A . 2500 + 1O | )
Safety procedure while operating with pre-series 1.4ms | )
600A and 2kA vacuum-switches-based -3000 - T 4
Energy Extraction Systems 3500 ! )

00034 0003 00038 0004 00042 00044 00046 00048 0.005 00052 0.005
e
Time (s)
“This docament defines safety precautions which should be always apglied while working
vith 600A or 2kA vacuum-switches-based Energy Extracton Systems (EES). The novel
‘vacuum switch technology implemented in the energy extraction systems deve\uped
e e hred o stags (50) nd vad ol ptaf he o For F i rst 2 009 un Its rod u Ced an d Val Id ated at ( : E RN
this reason they might be a potentil source of anger  the system Is used improperty
and/or by personnel unaware of the assocated risk. The roe of this document is to
sensibilize the personnel to existing electrical hazard and to define the complementary

S Stop press : additional 7 units have been produced and are ready

DOCUMENT PREPARED Y.
8. Paney

DOCUMENT

HEDKED B DOOMENT T

o for FAT
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Development of a Universal Versatile Electronics for EEs controls

FRESCA} =
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PE Section
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LHC ELQA: S23 (x3)

MP3/HWC: Loooooong dipole training

12000 7 TeV+100 A
e-S23
i} 11500 6.8 TeV+ 100 A
5
T AD00 e 6.5 TeV
L
g
S 10500
< E1
1 early 2022
10000 ’ s s-=TL%

- Amplitude
SigMon: More and better notebooks —=
:
-> better test & quench analysis h
iQPSPM (U_1, U 2 U QSO zoom) . . NQPS(NXCALS) 12000
0.2 o
4 \ 10000 E

) 01 2 _ E : L 8000 i § \
g (o o g. ;‘ 2 6000 & Li“
] - o = &
- ' = 4000 §

-0.1 -2 E

¢ o6 o S~ . 2000 008 h
R e — S i 81 lea .
. D | REF ] |- 0
-0.9 -0.8 0.7 0.6 0.5 = 100 200 300
time, [s] ] ttttt [s]
iQPS PM (U_QS0, ST_NQDO, ST_MAGNET_OK, zoom) NQPS(NXCALS) 0.02 ﬂ
0.2 STMAGHET. 0K {11
_ 4

01 % = 2 ‘\\‘*’—m 000 o
s / H g 0 " Vo agnet electri Ip sition [-]

;- | STEAM More and better

& s ‘
al_ ! 1 simulation models
0. . . X
5
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IT String + HL-LHC

ELQA: TP4 hardware + software upgrade +
diagnostics + MgB2

CLHS: design

IFS boxes: in construction

Diode stack: integration studies

STEAM: 2D & 3D simulation models

Powertek GP102 or
Newton’s 4th PSM1700

(vs experimental data)

—o'/o—

Q1/Q3 1.F.S. #0110
ﬁ ESTED OK MARCH 2022 Trow A ! -

o—
o—
o
o—
o—
—o/o—

L MUXC. D |
—1 MUK A B I h—

DOC o s

1or100Qref.Z
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0 1 2 3 4 5 6 7 8
x [cm]

— . 45
100 9 | =
£
18 \ =4 . 5
[ N—— =
3
1.6 35 &
50 { Z
14 \ " z
= 1° 8
=) g
125 §
2 E 125 o
112 E o -
2 S [, &
108 g" B
158
0.6 50 ,‘ \ pot
1
04 ,M a
ey 0.5
02 -100 *
-100 -50 0 50 100
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And lots and lots more....
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SIGRUM Triplet task force WP4.5 chamonix Gmsh CAS

HTS'22 BuilderDakota s|S100 NMAS LEDET.3p  FalconD -
TFM MP3-day YAML WTHTS | | |

MCBRD  asc STEAM_SDK SUST papers ppsald
| E— . S | |
- - .
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SF Section
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IT STRING Main achievements 2022

LA 3 H1A tock vbdaticn

RISK REDUCTION srietly
followieg LIIC quality
assurance plan

Alignment and repeatability

HL-LHC

Quench protection and Circuit

VALIDATION

Validation of the collective

298 o e STRING OF Bk,
4% lthe STRING Badget
Compatibility of Control layers

IT String

behaviour
Beam operation cycles
/—
Cryogenic operation scenarios STRING Validation Tralning teams . COnStrUCt|on
Program Design /

Quench detection thresholds

i

Power Convertre's accuracy,
precision and control

Tooling and methods for
Interconnections

Roles and
responsabilities|

SM18

Construction on site [[E=IEULL L

and co-activities assembly environment

Anticipate/identify what can go

wrong and safe operation

Validate procedure:

SAFETY

Applicable standards, norms,
rules and i

\
—

TEST PLAN

HL-LHC INNER TRIPLET STRING
HL-LHC IT STRING VALIDATION PROGRAM

—
v

®00
NN

N\

High|

Energy / current level
—

L

o

W

3

1 — Forbidden area
2 — Controlled area
3 — Extended area

150 ~1000
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Doposited Energy in Ho Bath vs. SVP Quench

3 . ») <2 :'/.\K E
[ o |

6(03
T
&
&
2
g
g 107
1and 2
10'
10"
o 50 100 150 200 250 300 350

Quench Number

Integration

Surface
validation

Construction ===

Assembly
Assembly

WP 16 mandate

Operation

Dismantling Operation

3I

Dismantling

CONSTRUCTION

SEE NEXT SLIDES
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Status of the IT STRING

=Under the structure
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Technical infrastructure for the IT STRING

e
Taara AR
P S W
|
~ \
’ ) )
r 1 D
[ 3
.

2 L&
—— f

= = S
AC, DC & Signal cable-trayS =

(Rack area) ~ &gz
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Cryogenics for the IT STRING

e —©

“Heater u"rtﬁt‘_
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Warm powering system components of the IT STRING

CDBs\a (I c

b
integration w
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TE-MPE
Outlook

2023

13 December 2022 MPE Group Plenary Meeting 2022 56



The 2023 Draft LHC Schedule

in Numbers

Activity Duration | Ratio
[days] [%]

Beam Commissioning & Intensity ramp-up 47 21.7
Scrubbing 2 0.9
25 ns physics (>1200 bunches) 97 44.7
Special physics runs (incl. setting-up) 7 3.2
Pb-Pb ions & p-p ref. setting-up 6 2.8
Pb-Pb ions physics & p-p ref. run 32 14.7
Technical stop 8 397
Technical stop recovery 2 0.9
Machine Development blocks (incl. floating MDs) 16 7.4

Total: 217 100%

If the beam commissioning goes faster
than scheduled, the time gained will
be to the benefit of physics time.

13 December 2022

Novemnber 28, 2022
LHC Schedule 2023 ve07
Draft (Optimised for energy cost: 19 weeks YETS and shifted early)
Start Beam
LHC hand over LHC, TI2. T8 and Commissionin J
Feb Mar experiments closed Apr
Wk 3 4 5 6 7 8 9 10 1 12 13
Mo 16 £ & 13 e 27 & 13 0
Tu
We ;E
™ § E
YETS E]
BE b
M
Fr DO test £ E o e
Sa
Su
First Stabl Collisions with
besm May 1200 bunchee Jun Jul
Wk 14 15 16 17 18 19 ] 20 21 2 23 24 25 26
Mo 3 10; 17: 24 May 1§ Bl 15| 2 29 5; 12; 19) | o 29
Tu Scrubbing program
We Re ™[
Th with beam
Fr Interieaved 5 MOl
&
Sa tensity ramp up
Su
End 25 ns run
Aug Sep e Oct
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39
Mo 3 10| 17; 24 a1 7 14) 21 28; |4 1" 18: 24
Tu T2 ppref
We MD 2 !?-.II @&
Th Jeune G. ppref i
Fr MD3 i ;‘
=
S ppref o |5 o
Su T
End of
a0
Nov Dec
Wk 40 41 a2 a3 aa 45 a6 a7 48 49 50 51 52
Mo 2 9 16 23 2 & 18: 2 27 & 11 18 xm= oo
Tu MD4
We
Th YETS Annual
LHC Pb- Pb lon run Clasure
Fr
Sa
Su

Rende Steerenberg BE/OP at LMC 30/11/2022.
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‘ HiLum ’
LARGE HADRON COLLIDER

LHC HL-LHC
Run 3 ‘ Run 4 -5...
EYETS LS2 136Tev  [BMER 13.6 - 14 TeV
13 TeV energy
Diodes Consolidation
splice consolidation limit LIU Installation =
7 TeV 8 TeV button collimators ﬁ\?’e(.)rggtlion o ) inner triplet . 1l LH‘.:
R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 2026 2027 2028 2029 IIIIIII“
5 to 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes

nominal Lymi 2 nominal Lo, ALICE - LHCb 2 x nominal Lumi AL

! 1
' 1
75% nominal Lumi upgrade

/—' m integrated JEAUUR{R
luminosity ELTIVET

HL-LHC TECHNICAL EQUIPMENT:

o
DESIGN STUDY PROTOTYPES / CONSTRUCTION INSTALLATION & COMM. H” PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS

« Complete specifications for some systems
» Place and follow up of contracts/deliveries
» LS3 preparation: planning of activities, resource
allocation, external contracts
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IT String installation and first IST and HWC

LS2 _ _ EveTs ljms 1S3
2 £l a S
[§] i L i H
2019 2020 2021 2022 2023 2024 2025 2026 2027
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 fi4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 |

q '}Mn:uu magre debvery

WA COMBRORnts reaty for 1T STRING Test
(I JWPG: Carrpaants readdy for the I7 Serng Test
Iw'? Cormpandts ready for (T STRING Test

md
3

Cryo harcdware commissionog

AC infragtructure
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Our priorities ...
Safety, first

* In the office, in the labs, in the tunnels and experimental areas, in all installations, in the
way to CERN and back home

We are already within an operational period: operate and maintain safely our
systems in the LHC, Injectors and Experimental Areas

We will continue the consolidation of our equipment, upgrades, new
installations — we count on new projects to be soon approved

HL-LHC requirements with respect to WP7 — production phase, reception of
equipment, QA/QC

HL-LHC requirements with respect to WP16 — IT String in full swing of
installation, IST, SCT

Continue to prepare the future:
« Engage further into the HFM programme — this is a great opportunity
 Participate to studies (FCC, muon-Collider)
» Continuous revision and fostering the Group’s R&D plan
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thank EA2Ch Of you

« Claudia (GAO)

« Daniel C. (support to GLO)
« Jan (DGL)

* The Six Section Leaders

Special thanks:
Miguel
Valeria and Macarena
Andrzej
Anne Laure

Patricia, Germana, Brigitte, Delphine, Carnita

Luigi and Ralph

All the group collaborators and support (in particular the TE-MSC
Secretariat as back-up GAO)




| wish you nice and relaxing end-
of-the-year holidays, and an
excellent 2023, full of health, joy

and success for you, your

families and your loved ones
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And now the drink ...
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