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Goal of High Luminosity LHC (HL-LHC)

The main objective of HiLumi LHC Design Study is to determine a hardware

configuration and a set of beam parameters that will allow the LHC to reach the
following targets:

Prepare machine for operation beyond 2025 and up to 2035

Devise beam parameters and operation scenarios for:

# enabling a total integrated luminosity of 3000 fb

C # implying an integrated luminosity of 250 fb! to 300 fb / year,
# design oper. for <u> 140 (=» peak luminosity of 5 10%* cm2s)

# design equipment for ‘ultimate’ performance of 7.5 103% cm2s!

> Ten times the luminosity reach of first 10 years of LHC operation!!
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HL-LHC Baseline Parameters

Nominal LHC

Parameter *~esign report)
Beam energy in collision [TeV] fT‘EU nb Nb 7

Np — 1.15E+11

*

Nb 41-[8718 2808
Number of collisions at IP1 and IP5 LIU required 2808
Niot 3.2E+14

beam current [A] Impedance, efficiency etc. 0.58
x-ing angle [urad] 285
beam separation [0] 9.4
B [m] ATS required 0.55
€, [Um] 3.75
€L [eVs] 2.50
r.m.s. energy spread 1.13E-04
r.m.s. bunch length [m] 7.55E-02
IBS horizontal [h] 80 -> 106
IBS longitudinal [h] 61 ->60
Piwinski angle 0.65
Geometric loss factor RO without crab-cavi Crab Cawty I"EQUIFEd 0.836
Geometric loss factor R1 with crab-cavity 0.981)
beam-beam / IP without Crab Cavity 3.1E-03
beam-beam / IP with Crab cavity 3.8E-03
Peak Luminosity without crab-cavity [cm™ s™] 1.00E+34
Virtual Luminosity with crab-cavity: Lpeak*R1/R0 [cm™?s] (1. 18E+34)

Events / crossing without levelling w/o crab-cavity
Levelled Luminosity [cm™ s7}]

Events / crossing (W|th levelling and crab caV|t|es for HL Levellng requwed

(Peakllne densit) g
Levelling time [h EfflClency requires long f|||t|mes (ca. 10h)I

TNTECI DUt

HL-LHC 25ns  HL-LHC 25 ns
(standard) (BCms)  HLtHCSOns
7 7 7
2.2511 3.5E+11 "
2748 2604 1404 s
2736 2592 1404 S
6.0E+14  5.7E+14 4.9E+14 c
1.03 0.89 2
590 590 590 —
125 125 11.4 S
015 o015 0.15
250 > 2.50 3
250  2.50 2.50
1.13E-04 1.13E-04 1.13E-04
7.55E-02  7.55E-02 7.55E-02
185 185 17.2
204 204 16.1
2.87
0.331
0.838
3EC 4.7E-03
1.1E-02  1.1E-02 1.4E-02
7.18E434 6.80E+34  8.44E+34
(L9.54E+34 1852434 21.38E+34
198 198 454
5.00E+34  5.00E34 2.50E+34
146 135
125 131 1.20
76 180  s—
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Work programme
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HL-LHC Work Packages

WP1 Project Management WP11
and Technical Coordination 1 T Dipole Iwo-in-One tor DS
WwWP2 r"‘l‘ celerator Physics WP12
and Performance Vacuum
WP3 WP13
IR Magnets Beam Diagnostics
WwP4 wP14
Crab Cavities & Rl Beam Transter & Kickers
WPS . WP15
Collimation Integration & (De-)Installation
WP6 WP16
Cold Powering Hardware Commissioning
' WP17
WwP7 Infrastructure,
Machine Protection Logistics and Civil Engineering
bt | WP18
Collider-Experiment Interface | H( TS

WP9 WwP19

Cryogenics N & RESCA

WP10 Energy Deposition

& Absorber Coordination

emgh Performance improvement, increase availability ,radiation damage mitigation, ALARA ....
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WP3 — IR Magnets - Why

Radiation damage regime of

‘I ﬂ g Nested corrector magnets 300 fb!

IT quadrupoles 700 fb!

Replacement coupled with:

- Increase quadrupole
aperture

- Redesign of quadrupoles,
corrector package, D1 and D2
- New electrical feedbox to
remove senstive equipment
from the tunnel and reduce
the amount of human

Luminosty More tan 20 different types of magnets interventions near the triplet
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WP4 — Crab cavities & RF - Why

Compensate for the geometric
reduction factor

Option

Possibility of using them to
rotate the beam in the
crossing plane and to deflect
in the ortogonal plane

(crab kissing scheme)

g WO




]Rl-IRS Between D2 and Q4 and Surface
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Courtesy of R. Calaga, O. Capatina & P. Fessia



WP5 — Collimation- Why

Reduction of impedance may be
needed if beam instabilities are
triggered at intensity close to

nominal

Protection of the new triplet

Collimation in dispersion
suppressors

Replacement in other regions
must be assessed during Run 2

- TCTPM, TCL, TCLM, TCTP
etrl%‘”‘““” Cryo-bypass+TCLD

== ' 11



WP6 — Cold powering - Why

Move power converters and
DFBs to radiation free zones to
reduce/eliminate dose to
personnel and to equipment

" Under study need to remove powering of the arc magnets in IR1-IR5

Hig' H . e . . . .
etn“é““”‘“’ Possibility of moving power converters in P1 and P5 to parallel tunnel radiation free
——'-_—'— =
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WP7 — Machine protection- Why

Redundancy, flexibility, ... of
B obsolescent QPS and other
g -2 |0 | machine protection systems

Adapt to fast events such as
crab cavities failures or UFOs

Protection of new
components

Partly required also without upgrade

13



WP8 — Collider experiment interface - Why

Reduce the maximum
instantaneous power density
. transmitted from the interaction
debris in the downstream

elements
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WP 9 — Cryogenics - Why

*

Increase flexibility and
availability

Separation cryogenics RF and
magnets in P4

Separation cryogenics from
Q1 to Q6 from the arcs and
consequently feeding new
components

Under study create
redundancy with
experiments cryogenics

15



WP11 - 11 Magnets DS - Why

Create space for the installation
of collimators in the dispersion

suppressors
Critical for reaching maximum
ion luminosity

High
Luminosity
LHC
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WP 12 —Vacuum - Why

Non shielded beam screens to
screen cold bore from beam

induced heating
Shielded beam screens to also
protect from physics debris

Vacuum for all new elements

High
Luminosity
LHC
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WP 13 — Beam instrumentation- Why

Improved beam instrumentation

- for more accurate beam size and
\‘II‘I position measurements, beam
__,,,g,ﬂ halo and intra-bunch position,
; beam size evolution, ...

Beam monitoring for new
elements such as the crab
cavities

ks Fast wire scanners % Light extraction system

* Cryogenic BPMs & BGV
y’?'é'% LHli%?inusit / 1 i H H
@i % Warmstripline BPMs  «__Cryogenic Beam Loss Monitors
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WP 14 — Beam transfer & kickers - Why

Protect from increased energy
deposition in case of impact and
of increased radiation

background

High’ TCLIA, TCLIB

Luminosity
LHC
e
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Other components - Why

Requested by ATS optics

20
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WP4 — Crab cavities and RF - Options

A higher harmonic (800 MHz) either
for changing the bunch profile or
the synchrotron frequency
distribution to improve beam
stability

A sub-harmonic (200 MHz)
system can either replace the
existing main RF system or work
with the 400 MHz RF system
which in this case will act as the
2" harmonic to increase bunch
stability

When:

To reduce the beam induced heating, effect of intra-beam scattering, improve
High . . ope . . . . .
etﬁgiwv longitudinal beam stability and in some scenarios to increase or level luminosity

f-__-— 22




WP5 — Collimation - Options

Cristal collimation: reduced impact
of single diffractive losses compared
to the present primary collimators

Hollow e-lens: control the
@, diffusion speed of the main beam

&
‘ halo

Collimation upgrade: can

be part of the consolidation or
HL-LHC depending on the
machine behaviour

When:

~ If required to reduce further impedance by reducing the number of secondary
e o collimators. If required to improve the betatron cleaning of ion beams

__ Fast failure scenarios of the crab cavities 2—3




WP 13 — Beam instrumentation- Options

@ BBLR: corrects non-linear effects
of long range interactions

.. When:
o Osit . . . oy
th"c"“‘ * @i missing Crab cavities




WP 14 — Beam transfer & kickers - Options

0O\ MK

< TCCD(P2), TCDDM (P8)

Q TCLM

<\ MKB, VDWB, TDE

25
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Conceptual Specifications

* Scope, benefit and objectives
of the equipment
@& s | % | | e Preliminary technical
g | parameters
CONCEPTUAL SPECIFICATION . . . .
* Configuration and installation

[SECULAR EQUIPMENT NAME] ]
[HL-LHC EQCOD ACCORDING TO CONFIGURATION MANAGEMENT] constrains

Laulpment/system sescrigtion

S o i e Sy e Preliminary interface
parameters
5 * Cost & Schedule

Lapoue Vershons | LHC secnons concemmed COD Deawings 100k names (draeving storage) | Comrt M 4 20 aquprenim
Vatied ) 89 vt e
{152 -8, 545,556,557, = — 5 £DMS NO. VALID!
*¥ i el @L (e | o5 ownr )
. : REFERENCE - LHC-TCDS-E5-0001
IRACEAMLITY e ~
Project Engineer bn charge of the equipment WP Leacer in charpe of Uw equpmest — e ——— CONCEPTUAL SPECIFICATION
N. Sarame [Fregeres y) N Sumame [Chectes by ':L::;::Lm-\:“:"::.-
e 4 25 20 baum B e
Commimee Verificaton Role Decition Drte e BEAM DUMPING SYSTEM ABSORBER TCDS
FLEHLTCY Porfirmance ard echwicel parameters [OYRETPR—— 20070400 i Gt e [LHC TCDS]
Corfipunation-Temgration | Confpearatios, nualation | Sepecned/Acreped 200100 STt L g M
and imertale garameen S P tu— Equipment/system description
The TCDS is a fixed absorber which absorbs the beam in front of the extraction septa MSD in Point 6 in case of
either beam dump or a normal o in the beam abart gap. There
Is one TCDS system, presently consisting of two units, per beam. The robustness of the present TCOS and the.

protection of the MSO magnets in the case of an asynchronous beam dump with full intensity HL-LHC beams
need to be verified and the absorber material and/or length to be adapted if necessary.

Existing for all objects in the Baseline and options

» HC « i t (drawing storage):
Baseline LSS6 LHCTCDS
TRACEABILITY

Project Engineer in charge of the equipment WP Leader in charge of the equipment
High 1. Borburgh, A. Lechner | . Uythoven_
Luminosity
LHC
f——— 26




Layout & Configuration
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- Including Space reservation
and timing

‘ XXXXXXX 0.1 DRAFT
M || T REFERENCE
LHC LHC-LI-EC-00XX
=
ﬁ a" * = " = Date: 201X-XX-XX

SPACE RESERVATION

Space Reservation Modifications to the XXX
of the LHC

BRIEF DESCRIFTION OF THE PROPOSED CHANGE(S):

otk vpemn =TT TH al TL

RN

RN R TR B

vr o H This document summarizes the changes to the reserved spaces in XXX of the LHC. It
n . L R follows the agreement reached between the XXX and the XX groups on the Datet of
vr F Month 201X, This agreement is documented under the refarence XXXX.

PREPARED BY:

Author
5. Chemli

P. Fessia (if HL-LHC)

TO BE CHECKED BY:

3.-P. Corso
. Muttoni
Gls

Experts
1. Bejar Alonso (if HL-LHC)

TO BE APPROVED EY:

P. Collier
(on behalf of LMC)
L. Rossi (if HL-LHC)

DISTRIBUTION LIST:

LMC Participants
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310000 3 1 0 0 0 0 InnerTripletQlcryo-assembly LOXFA E. Todesco, G. L. Sabbi 1366566 LHC-LOXFA-ES-0001
311100 3 1 1 1 0 O InnertripletsQl, Q3 magnet MQXFA E. Todesco, G. L. Sabbi G. Ambrosio 91114 1366546 LHC-MQXFA-ES-0001
3.1.1.200 3 1 1 2 0 O InnertripletsQl, Q3 magnet MOXFA E. Todesco, G. L. Sabbi G. Ambrosio 91114 1366546 LHC-MQXFA-ES-0001
3.200000 3 2 0 0 0O 0 InnerTripletQ2A cryo-assembly LaxFC E. Todesco, G. L. Sabbi 1366573 LHC-LOXFC-ES-0001
321100 3 2 1 1 0 0 Q2orbitcorrector magnet MCBXFB E. Todesco, G. L. Sabbi P. Fessia, F. Toral 91109 1405096 LHC-MCBXFB-ES-0001
321200 3 2 1 2 0 O InnertripletQ2magnet MOQXFB E. Todesco, G. L. Sabbi P. Ferracin 91114 1366547 LHC-MQXFB-ES-0001
3 3 0 0 0 0 InnerTriplet Q2B cryo-assembly LOQXFD E. Todesco, G. L. Sabbi 1366574 LHC-LOXFD-ES-0001
331100 3 3 1 1 0 0 Q2orbitcorrector magnet MCBXFB E. Todesco, G. L. Sabbi P. Fessia, F. Toral 91109 1405096 LHC-MCBRD-ES-0001
331200 3 3 1 2 0 O Innertriplet02magnet MOQXFB E. Todesco, G. L. Sabbi P. Ferracin 91114 1366547 LHC-MQXFB-ES-0001
340000 3 4 0 0 0 0 |InnerTriplet Q3 cryo-assembly |LQXFB E. Todesco, G. L. Sabbi 1366575 LHC-LOXFB-ES-0001
3 4 1 1 0 0 InnertripletsQl, Q3 magnet MOXFA E. Todesco, G. L. Sabbi G. Ambrosio 91114 1366546 LHC-MQXA-ES-0001
3 4 1 2 0 0 InnertripletsQl, Q3 magnet T - o T T oo T
350000 3 5 0 0 0 0 CorrectorPackage CP cryo-asst
351100 3 5 1 1 0 0 Ql,Q3orbitcorrector magnet
351210 3 5 1 2 1 0 Singleapertureskew quadrup [
351220 3 5 1 2 2 0 Singleapertureskew sextupol
351230 3 5 1 2 3 0 Singleaperturesextupole
3 5 1 2 4 0 Singleaperture octupole
3 5 1 2 5 0 Singleaperture skew octupole
351260 3 5 1 2 6 0 Singleaperturedecapole
351270 3 5 1 2 7 0 Singleapertureskew decapole i
3 5 1 2 8 0 singleaperture dodecapole
3 5 1 2 9 0 Singleapertureskew dodecap
360000 3 6 0 0 0 0 Separationdipole D1 cryo-ass¢
361100 3 6 1 1 0 O SeparationdipoleD1magnet Loty
3 7 0 0 0 0 Recombinationdipole D2cryo
3 7 1 1 0 0 Recombinationdipole D2mag
3.71.200 3 7 1 2 0 0 D2orbitcorrector magnets X
3.71.300 3 7 1 3 0 0 D2orbitcorrector magnets o
380000 3 8 0 0 0 0 Largeaperturetwo-in-one que
381100 3 8 1 1 0 0 Q4orbitcorrectormagnets "
3.81200 3 8 1 2 0 0 0Q4orbitcorrector magnets —TT—
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Radiation considerations
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LS1 Ambient Dose Equivalent Rate — comparison with
measurements
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LS1 Ambient Dose Equivalent Rate — comparison with

measurements Survey data IR1 and IR5 (18 and 20.02.2013 — more than 2 months of cooling time)
Measurements @ contact
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Ambient Dose Equivalent Rate — time evolution

1 month cooling time, dose rates at contact of TAS front face (tunnel side)

IuSv/h]

2000

se Rate

s

—

0000

5 8000

Residual Do

6000

........................................................................
.

......................................................................

2000

0 . — x - — ==_i PO VR Vi
-100 -80 -60 -4 -20 0 20 40 60 80 100
Horizontal dimention [em] =

)

i
1 «n e T

Luminosity
e C. Adorisio — HL-LHC TC - September, 30th
s 32



Ambient Dose Equivalent Rates — cooling time dependence

LS3 — 1 month cooling time
Total integrated luminosity 310 fb!
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Ambient Dose Equivalent Rates — cooling time dependence

Ultimate scenario
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Ambient Dose Equivalent Rate — time evolution

1 month cooling time, dose rates at contact of the cryostat
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Ambient dose equivalent rates

lin
* Cooling time dependence (x/1m): n

lw 1.6/2.0

Im 1.0

4m 0.4
* LSs comparison: 1y 0.2

» Short cooling times: no differences among the LSs after LS3

* Longer cooling time: slightly increasing (but not evident along the
triplet)

* HL vs LS3: a factor 4 to 6 higher

* HL vs LS1: a factor 15 to 30 higher

e Ultimate vs Nominal: a factor 1.2 to 1.5 higher, depending on the
cooling time (mainly driven by the instantaneous luminosity)

High
Luminosity
LHC

C. Adorisio — HL-LHC TC - Segtemhgr, 30th -
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Strategy

* Engineering considering radiation resistance
and future maintenance, operation and
dismantling (and waste)

CONCEPTUAL SPECIFICATIONS

* Evaluate possible routine operations and
optimize the routines to minimize dose

WDP EXERCISES

* Plan operations with the maximum allowable
cooling time

SCHEDULE
* Robotics, augmented reality ...

37



Scheduling

Work sequencing




Life Cycle - Work Sequencing

‘é‘ > Support Stage
& Concept Stage Development Stage Production Stage — Retirement stage
= Utilization stage
L _—
Requirements definition Functional specification Engineering specification Fabrlca:;:?i,';:ieomnblv i Installation - Comissioning Operation & Maintenance Dismantling
Organizational Project-Enabling Processes
w
£
E Project Processes: Planning, Measurements, Assessment, Control, Risk, Configurarion, Information, Decision Management
z ——
F ) Acquisition Process
Ak !
% E v Advice & support on identification of safety requirements
@
)
k-3 Advice & support on risk assessment, risk reduction and risk control
°
g "
E Verification of procurement specifications Periodic inspections/
5 | 1 | Re-qualifications tests
b | Initial inspections & i
a | i tests i
k] ! | 1

Intermediate Pre-Schedule for components and dependencies
from Conceptual specifications

Requirements definition

Functional specification

Engineering specification

Acquisition Process

Fabrication, Assembly &
Verification

Installation - Comissioning

High
Luminosity
LHC

N
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Master Schedule

ask 2003 015 2028
@ oo - | Teskname - 5 25
4 - 4 WP3: Magnets for insertion regions 1
5 - 4 17Q1and Q3 magnet (8 units) 1
2014 ‘ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 e @ = conceptual design i desi
[T — I [ 7 - Engineering design (short) o crioceringdesin o)
5 - Short Model B short Model
Functional specification - Enginaering Suga (ona]
Engineering specification - Pratotype "
Acquisition Process 1 = Pradustion = igr
Fabrication, Assemblv& } - In-stl\lat\an . . nstallation
P —— : - 1T Triplet Q2 magnet (8 units) - 1
: - conceptual design o
Installation - Comissioning - Engineering design {short) Engineering design (short)
- Short Model B short Model
- Engineering design (lang) A lose)
- Prototype
- Production ¢
- Installation jm——nstallation
- 4+ Separation Dipole D1 magnet (4 units) 1
- Conceptual design | desien
- Engineering design (short) Engineering deign (shart]
. - Short Model — shrt Model
% 5 - Engineering design (long) [ X
S - Prototype | |l . ? :
s - z 7] = Production E%
& = - Installatin mtalation
i 4 Recombination Dipole D2 Magnet (4 units) T 1
o= Conceptual design Conceptual desien
e =2 = Engineering design (short) Q%
o= short Model
= = Engineering design (lang) ' — ign flo
- Prototype f
- s = m Production
5 @ @ wm Installation I nstallation
3 - 4 Large Aperture two-in-one Quandrupole 04 magnet (4 units) 1
e 33 W Conceptual design 5 i
= = Engineering design (short)
= short Model Short Model
= = Engineering design (long) o
- Prototype
-
2 = Production
H = Installation I nstallation
- 4 WIDE APERTURE QUADRUPOLE Q5 MAGNET (4 units) r 1
- Testat15K J—rest 19K
- design of cold i d cryostat oo
- ‘Assembly of five units by of fvelumits
© - Test

High
Luminosity
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Constrains & options

@ General Infrastructures Services Department

HL-LHC at Pt.5: UNDERGROUND WORKS (cost & fea

ibility)

Proposition 1 Proposition 2 Proposition 3 Proposition 4 -
w
=
=
(=}
g
o
TRANSPORT SIDE, WITHOUT SHAFT TRANSPORT SIDE, WITH NEW SHAFT MACHINE SIDE, WITH NEW SHAFT MACHINE SIDE, WITH NI SHAFT +PC g
1)| CRYO CAVERN CRYO CAVERN CRYD CAVERN CRYO CAVERN (larger) e
2) | JUNCTION TUNNEL SHAFT SHAFT SHAFT G
3)| SERVICE TUNNELS SERVICE TUNNELS SERVICE TUNNELS SERVICE TUNNELS =
4} | UJ CAVERNS UJ CAVERNS PC CAVERN =
5)| ESCAPE TUNNEL =]
6} | VERTICAL CORES
Sub-total:
16:) Site Installation
162)  Site Investigation E
12 *Technical Assistance (12%) v
17:)_Contingency (10%) “
Grand total: Rm
* Lowsst cost, if compared with | = Lsss impact with the LHC  * Less impact with the LHC |® Lessimpact with the LHC operation,|
'ﬁ ather solutions operation, with exception for LHC aperation, with exception for LHC with exception for LHC connection | 22
* Less volume excavated, na shaft connection connection * Excavation, spoil through the shaft |
= NoSD building on surface = Excavation, spoll through the shaft | ®  Excavation, spoil through the shaft | # Mo PC building on surface 3
* Need touse PS4 for excaustion = Highest Cost . = Wiid-High cost, but less than Prop.2
* o works during LHE operation. = Risk of stability for the LHC tunnel Higher Cost. but clase to Prap.1 * Connection with LHE (easer than prop1 | Q)
* fiisk of stability for the LHC tunnel during during excavation * Connection with LHC (easier than and Prop.2] during LS . E
+ it conmection wth LHC | » Difficult connection with LHC (L5) Prop.1 and Prop.2) during LS . m;:;:wﬂ!mn and increased

SE-FAS

*Technical A

is for

detailed design etc
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T WPE: Magnets for nsertion regions
41T Q1:3nd 3 magnet (8 units)
Conceptual design
Enginesring design (short)
Short Model
Engineering design (long)

1T Triplet 02 magnet (8 units)
Conceptual design
Engineering design (short)
Short Model
Engineering design (long)
Prototype.
Production
installation

4 Separation Dipole D1 magnet {3 uits)
Conceptusl design
Engineering design (short)
Snort Mode!
Engineering design (long)
Prototype.

Production

ot

ooy et

short Model

s

T,

g

gEEEE@E

gEE@EmaE

Tnstallation
+ Recombination Dipole D2 Magnet (4 units)
Conceptual design
Engineering design (short)
Short Mode!
Engineering design (long)

AR 0003002008200803848201

Production
Installation

Concptusl design
Engineering design (short)
Shert Mode!
Engineering design (long)
Prototype.
Produdtion
Installation
4 WIDE APERTURE QUADRUPOLE G5 MAGNET (4 units)
Testatiok
Engineering design of cold mass modifications and ryostat
mssembly of five units
Test

T
— Concestun desien

—rst 19
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Working on the different scenarios LS2

Present installation
baseline for LS2
still depending of
\ the evaluation of
\ several options

TAXN B Fast wire scanners B TDIS W 11T Dipole ¢ Vacuum
etﬁmwv Cryo-bypass+TCLD #® BGV & TCLIA, TCLIB = New Q5

LHC

= 42
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Working on the different scenarios LS2
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Including early civil Works
and

feedback from Run 2
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Ultimate parameters for HL-LHC system design

Ultimate levelled luminosity — 7.5 1034 (1.5x leveled nominal HL-LHC) pp

Electronics equivalent hadron
flux

Peak heat deposition Peak Cryogenic power

Ultimate integrated luminosity — 4000 fb-1(1.33xnominal HL-LHC) pp

System lifetime
(longer machine life)

System radio resistance

Ultimate bunch intensity / emittance — 2.33 10!/ 1.37um

Cleaning Impendence Protection

Cleaning design

Full circuit design

Design of magnet and cold masses . S ;
including insulation

EE, QDS, QPS, ...

inosity



LHC roadmap: schedule beyond LS1

LS2

starting in 2018 (July)

LS3 LHC: starting in 2023

Injectors: in 2024
(Extended) Year End Technical Stop: (E)YETS

=> 18 months + 3 months BC
=> 30 months + 3 months BC
=> 13 months + 3 months BC

- Physics

Beam ¢

- Shutdown

ommissioning

i Technical stop

30fbt | 2005 | 2016 | 2007 | 208 | 2009 | 2020 | 021
a1 02103104 a1 a2 ]a3]a4]ariaz{a3 (a4 |a1 |02 {03 a4 |a1 {2 ]a3]a4]ariaz{a3 a4 a1 02|03 0
LHC YETS EYETS YETS YETS
LS 2
Injectors Run 2 I Run 3
o PHASE 1 —
_______ 02 | 023 | 2024 | 2025 | 2006 | 027 | 2028
a1 (a2 {03104 a1 a2 [a3]a4]ariazia3 a4 a1 ]2 (a3 a4 a1 [a2 [a3]a4]ariaz]a3ia4 |a1 |02 (a3 |0
e i LS 3 = Run 4
Injectors YETS .
o—— 300 fb! o PHASE 2
2029 2030 2031 2032 2033 3| 2035
a1Q21a3 /a4 |a1iaz}a3 a4 |ariaz]a3 a4 ]arja2ia3 a4 ]aria2]@3]a4 a1 ja2]a3ia4 a1 [a2 a3 |a4
LHC
_ S4 I Run 5 LS 5 I
Injectors
® > 3’000 fb!
High
e Il:ng%inosity
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WDP Example 3

action description

Valve investigation
Jacket and cabling removal
Pneumatic system disconnection
Flanges disconnection
valve removal
valve re-installation
Flanges reconnection
Pneumatic system reconnection

Jacket and cabling installation

ULTIMATE SCENARIO

~135 és. NOMINAL SCENARIO

High
Luminosity
LHC

Im

747

283

125

377

566

566

566

125

425

Im

374 277

(1 worker team TO)

861

1162
(1 worker team B)

708

524

(1 worker team A)

Collective Dose 3.8 mSv Collective Dose 1.4 mSv

4m

290

103

48

138

206

206

206

48

155

dose per action (uSv) individual dose (uSv) dose per action (uSv) individual dose (uSv)

4dm

109
145

(1 worker team TO)

321

427
(1 worker team B)

194

258
(1 worker team A)

Duration

(minutes)

60

130

75

Collective Dose 2.8 mSv Collective Dose 1.1 mSv

. Adorisio — HL-LHC TC - September, 30th
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Architecture
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wna ot o oo ST . WP14 Beam Transfer and kickers
WP § Collimatinn W
WP 6 Cold ==V
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Magnets (WP3)

Magnets (WP3)

| |
A | | 1 I | 1| I | 1 | I | | .
LQXFC LQXFD LQXFB LCXF LBXF LBRD LQvy tQyc) LQNDF Cryo-assemblies

LQXFA (Q1)
(Q2A) (Q28) (Q3) (CP) (D1) (D2) (Q4) (Q5) (Q6)
T Y Y T T Y Y Y Y Cold masses level
L still to be defined
= MQXFA MCBXFB MQXFB MQXFA MCBXFA MBXF MBRD MCBYY MCBY MCBC
= MQXFA | MQXFB | MCBXFB | MQXFA | MQSXF MCBY | MQML
=1 MCTXF MCBY
=1 MCTSXF mMay
=1 MCDXF
={ MCDSXF
| MCOXF
= MCOSXF
= MCSXF
=1 MCSSXF
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LS1 Ambient Dose Equivalent Rate — comparison with

measurements
£
-
v
3. —
3 —
~
“ —
g 8 R R e
S
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= —
=
E P
8
&

Survey data IR1 and IR5 (December 2013 — 1 year of cooling time)
Measurements @ contact

—— | year
: : ; ¢ SURVEY DATA IRI
..... .., ....................... ................ ¢ SURVEY DATA IRS |

e e e e e T e o e e e e

............................................................................................

3000 4000 5000 6000 7000 8000

C. Adorisio — HL-LHC TC - September, 30th Distance from IP [cm)]



WP5 - Collimation

Collimation (WP5)

| | | |
IR cleanin Halo cleaning (Betatron &
g Momentum)
| | 1 | |
. . Crystal
Incoming Outgoing collimation
| | | | ! | |
1 TcTPM TCL TCLM DS collimation | Jeliow -
Lens
| |
| |
TCLDx — TCSPM
P2
P7
ﬁ Installation of prototypes

- Currently existing in LHC machine P1&P5

(to be eventually modified)
High
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IR1-IR5 Q1->Q6
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Courtesy of P. Fessia & E. Todesco



