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Projet High Luminosity LHC,

situation et perspectives
Serge Claudet, CERN

Depuis sa mise en service en 2008, le LHC ne cesse d’améliorer ses
performances produisant ainsi chaque année de plus en plus de
données en tirant le meilleur parti des infrastructures existantes.

Pour aller plus loin en compactant encore plus les faisceaux aux points
de collisions, le projet High Luminosity LHC consiste a remplacer au total
1 km de machine de part et d’autre des grands détecteurs Atlas et CMS.
L'augmentation des champs magnétiques passera par de nouveaux
aimants de focalisation a base de Nb3Sn ainsi que tout le systeme
d’alimentation, et bien sur la cryogénie associee.

Cette présentation fera le point sur les avancées du projet et les étapes
clefs a venir.
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CMS

CERN in brief ‘\

unded in 1954 as “Science for Peace”
' Now with 22 member states

SPS
0

ATLAS

HiRadMat

2300 staff, 1’600 others and 10’500 users -
1’100 MCHF annual budget (pro GDP) L % >/ = e

LINAC 2

|
A very large technical site for a series of accelerators and ..,
detectors serving particle physics towards high energies
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Towards higher collision rates
New discoveries or precision measurements need integrated luminosity !!!

Luminosity = f *[N_Z]/ 4
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HiLumi LHC technology .
landmarks = Lo Y

CERN May 2016

“CRAB"” CAVITIES
8 superconducting “crab”
cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

BENDING MAGNETS

2 pairs of shorter and more
powertful dipole bending magnets
to free up space for the new
collimators.

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
Xperi . designed to i the
concentration of the beams before

CRYOGENICS COLLIMATORS
2 new large 1.9 K helium refrigerators
for HL-LHG near ATLAS ang OMS 15(020”{0 i prc

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service
galleries to the LHC tunnel,

‘ HL-LIE PH[}JECle S. Claudet
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Inner Triplets Cooling (LHC vs HL-LHC)

Beam Screen Cold Mass Assembly (IT.R5)
Nb-Ti, cold bore 56mm, .
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Test of first 4 m Long Proto of IT
QUAD in the USA (BNL)
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Main focussing quadrupoles (CERN)

Construction of the first 8 m long proto Nb3Sn

o i)

’ s\
-

N\

\'

ﬁl\\“aﬂg aue

FraTy

HC PROJECT

HL_!L ’ S. Claudet

HiLumi LHC status & perspectives , Aussois - Juin 2018



FRESCAZ2: the first project as R&D for Hilumi;

100 mm bore Nb3Sn dipole (no field quality) for cable test facility.
Nominal design field 13 T (ultimate 15 T): reached 14.6 T, few quenches!

Training curve FRESCA2 -a,band c
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Why an 11T dipole in HL-LHC?

Create space in the dispersion suppressor regions of LHC, i.e. a
RT beam vacuum sector, to install additional collimators needed to
cope with beam intensities larger than nominal

Replace a standard Main Dipole by a pair of 11T Dipoles producing

P Distance from IP7 (m)

By-pass cryostat ]-—\ 15660 mm

T
Collimator




Good results on
last model 11 T (>12.5 T! with some massages)
but not all problems solved on 11 T & IT
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11 T prototype: ready for tests (June 2018!)

Installation foreseen in 2020, it should be the 1st Nb3Sn magnet in an accelerator




The Inner Triplet region with in-kinds
The IT QUADS are critical for performance and
for installation schedule

Service gallery
(power converters)
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http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
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http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html

Cold Powering System

Cryostat and leads
DFHX | power converters

e

Cryostat and leads
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Superconducting Link: MgB, cables
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Effect of the crab cavities L=

To compensate for the larger crossing angle
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* RF crab cavity deflects head and tail in opposite direction so that collision is
effectively “head on” and then luminosity is maximized

* Crab cavity maximizes the lumi and can be used also for luminosity levelling: if the
lumi is too high, initially you don 't use it, so lumi is reduced by the geometrical fact
Then they are slowly turned on to compensate the proton burning




Cryomodule preview
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’w\ SUPPORT & ALIGNMENT OF CAVITIES
el \
Cryogenic Jumper | \,\ \ 7 . 5 HOM
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y \.\ \'. / For CAVITY POSITION MEASUREMENT
Cold1
| . Cryoy
Radio-Frequence wave guide
. For RF power supply
Cavity 1
«Upstream» cavity Cavity assembly®
*See detallled view
//7 Taylor Hobson sphere
/ s
Thermal screen urvey
Copper B(
Valve Support \
LHCACF_T0262 \\

Valve Box
See LHCACFVT0024

RF GATE VALVE LHCWG

Cold/Warm Transition LHCACFVW
LHSee EDMS 1759896 & 1756971

Cavity 2
«Downstream» cavity

BCAM system LHCACFAM
For CAVITY POSITION MEASUREMENT

Thermal screen 50K LHCACFTS
See EDMS 1773140

Vacuum Vessel LHCACFVT
See EDMS 1710424

STO711698 0L
Lower cryogenic line
S « o LHCACFQC
\ T b} ootat(2%) FSI system (2x 8 heads) LHCACFAM \
\ LHCACFTS <
\ For CAVITY POSITION MEASUREMENT Alignment Jacks (x3) LHCHACF
b PS} deslign
| Warm magnetic shield LHCACFWM HOM extraction lines (x6)
See EDMS 1741792 Coaxial line 50 ohms

=t HiLumi LHC status & perspectives , Aussois - Juin 2018



HiLumi - SPS-BA6 — New cryo/supra RF test facility
Liquie

Nitrogen

LN2 Phase i Flexible line between fixed box
separator : 35 il and moveable table
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7 industrial contracts complemented with

local piping, cabling, controls now installed
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i-* before tunnel closure at the end of YETS
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First tilting of the proton beam by a Crab Cavity!
SPS 23 May 2018 at 1 MV (3.4 MV nominal)

Crabbing Voltage from Head-Tail Monitor
2018-05-23 17:02:39

Vee =0 MV Vee=1 MV
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= 04E
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S3-4 S4-5 S56  S6-7 S7-8  S8-1

(from Runl to Runb)

S2-3

LHC Cryo-Configuration
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Upgrade of Refr. $3-4

Alternative Scenario
for RUN3 onwards
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Alternative scenarios to cOo| e memy i

the SRF modules at point4  ~
For a useful cooling g e

capacity Of2 kW @ 4.5 K Proposed with Turbo-Brayton Proposed with higher
for thermal shield loads efficiency turbines

v

Alternative 1 Alternative 2

Baseline

upgraded upgraded

Possible w/o
‘ major upgrade
4 4 (if any)

22 — +3.41
X 18 \ L (+7%)
< 16 — I
® ;"2‘ g= +2.09
g 10 2 (+14%) —— Refrigerator capacity
CI? 8 —— Refrigerator upgrade
£ 6 — Useful Losses
% — Refr. power - -
§ 4 = Refr. margin [ |
=] 2 ] Excludes photo-electron effect
g 0 -—

After upgrade, the refrigerator margin aligned to the other plants/sectors
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HiLumi LSS overview

Clarification of needs and interfaces,
1st version of cryo-distribution being prepared

\"H’/, ey 1.8K cold source
— ~ |

Ly S
.. Large AT in coil “ f26

I2.4

“ Small AT in He '. Y
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i — Bt e e e
(M e e ] ] e | m X e [ T
1o R I ﬁ AN AN AAAAAAAAAAAAAAA
00 OC | 02 g D g OF DI CP 03 0% 0 O
TS temperature CM temperature BS temperature SC Link Others |
o~ SO-T5K (pn 20) Bl isK I 40-60K (pn 25) [ Supercritical g gg EZS:EI E“E;g")
~~ 40-B0K (pn 25) []18K [ 45-20K (pn 20) B Gaseous ms Amorphous Coating
e Simplified connection 7 # hmorphous Coating under discussion
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P1/P5 Cryogenic architecture

18 kW equivalent at 4.5 K, including 3 kW at 1.8 K

SHE

QSVB GHe storage tanks _S|m||ar to LHC
Surface piping "~ infrastructure,

QSAG Dryer 800m cryoline

Warm compressor station

"QSP

Surface cold box
SN

uench tank Liquid Nitrogen tanks
. QSDN a J Surface
! I
]
QPP ||| QPLG Vertical transfer line Shaft
11
_____ — _: : Underground
Cold compressors DFHX | | DFHM (existing)
box R
UL DSHX DSHM DSL™ "7 HC funn:
Intgrconnection

bOX Qf Q2a Q2b Q3 | CcP D1 D2 J GG Q4 Q5 Q6

> —_—— - ]

QRP QXL

| /—’ HRL
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IT string Integrated system test from Q1 to D1

PROTECTION and INTERLOCKS
magnet

ELECTRICAL CIRCUIT
warm circuit [ power converters . QL
L water cooled cables  E T PR\ A , OPERATION
- Sc current leads T it 4
Sc link
cold circuitd Sc splices ZZ : ™ N
Sc bus bars 3 = 2 o\ ,:;. » o insulation
L magnets NN\ N S beam
1 beam screen

field reference
tracking

INSTRUMENTATION AND CONTROL

magnets

sc link HL LHC IT STRING

vacuum . .
cryogenics The validation of a system

2021 - 2022




Major civil engineering required at P1-P5

g




Inventory of the surface works (P1, ATLAS)

‘ H!&LPJHMCT', S. Claudet
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Bilan

Les principaux axes du projet (aimants haut champ et grande
ouverture, dipoles 11T, ligne supraconductrice, cavites crabes) ont
depasse les phases de démonstrateur et en sont aux prototypes

= |l faudra assurer la fabrication des (relatives) petites séries (>2021)
avec moins d'implication de l'industrie que pour le LHC et des
accords de collaboration a finaliser

= Le geénie civil devrait etre dans les temps, avec puits creusés
pendant le long arret No 2 (2019-2020) pour ne pas subir les effets
des vibrations pendant le fonctionnement du LHC

= Le projet est activement entré en phase de construction, avec deja
des interets pour les retombées technologiques (Nb3Sn, MgB2)

N/
M ri rv tr tt ti !
erc pOU (0) e d en on
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Parameters Nominal LHC | LHC2017 HL-LHC HL-LHC

| (Design report* | max value- | (standard) | 8h+de*
Beam energy in collision [TeV] % — 6.5 7 7
N, /" Notreachedat  — LISE11] 1Bl 2.2E+11 2.2E+11
n, \_ the same time 2808 2556 2760 1972
Number of collisions in IP1 and IP5 2808 2544 2748 1967
Nyt 3.2E+14 3.1E+14 6.1E+14 4.3E+14
beam current [A] 058+—C 0.6 11 0.79
x-ing angle [prad] 285 300 500 470"
beam separation [o] ™ 9.4 8.6 10.5 10.5 "
B [m] 0.55 0.30 0.15 0.15
€, [um] 3.75 2.30 2.50 2.20
r.m.s. bunch length [m] 7.55E-02 9.0E-02 7.61E-02 7.61E-02
Total loss factor RO without crab-cavity 0.342 0.342
Total loss factor R1 with crab-cavity ° 0.716 0.749
Virtual Luminosity with crab-cavity: Lpeak*R1/R0 [cm?s™] > ] 1.70E+35 1.44E+35
Luminosity [cm™s™'] or Leveling luminosity for HL-LHC 1.00E+34‘_@0E+34 5.0E+34° 3.82E+34
Events / crossing (with leveling and crab-cavities for HL-LHC) ® 27 T 131 140
Peak line density of events [event/mm] (max over stable beams) 0.21 0.9 13 1.31
Leveling time [h] (assuming no emittance growth) * 7.4 7.2




To increase . .
Luminosity The most straight forward action:

reducing beam size with a «local» action

(50%,50y,507) exvelope for ;=5.02646 x 10~ 10, €,=502646 x 10", 7, =0.000111

LHC has better aperture 7 \e’t ANt
than anticipated: now all "0
margin is being used; 0_“3
however is not possible to o
have B* <25 cm (55 cm)

Smaller B* = larger IT aperture
With stronger gradients

HiLumi-LHC @ HepTech - Cryogenics - Jun’15



The largest HEP accelerator in construction

Modifications Complete change

1. InIP2: new DS and new lay-out
collim. in : 1. TAXS

C.Cryost. 2. Q1-Q2a-Q2b-Q3
In IP7 new DS 3. D1
collimation with . Correctors 4. All correctors
: Q5 5. Heavy shielding
‘ Cryogenics, Q5@1.9K in )

Protection, P6
Interface, Vacuum, New

: ] LD, AU D > . !!
Inj/Extr, Controls, L2 b @ LA
ﬁ new UG and surface
HL-II_H[: PR{].IECTl infrastr.
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MgB, Multi-cable assembly

Cables and cable - 18 kA Protective insulation (outer layer)
assemblies twisted _ /

3x 2 KA (7 kA)
120 A Leads)

6x2 KA

Instrumentation wires
(twisted and cabled)

O~ 75 mm |-> Including insulation
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Cryomodule Integration overview
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Extract from integration study S.MEHANNECHE (CERN) — G.VANDONI (CERN)
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