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the new technology they are based.

The HL-LHC IT STRING MOTIVATION 1

In the HL-LHC configuration, the Inner Triplet (IT) region of IR1 and IR5 of the present LHC will be heavily modified.
In particular the Q1-Q2-Q3-D1 magnets will be completely different from the present LHC magnets, mainly due to
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of normal conductors as is

today in the LHC.

In addition, the aperture will be much larger. the
: cold mass configuration will be completely different
“ and the corrector package will be substantially
modified as configuration and technology, too.
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The IT quadrupoles (Q1-Q3)
will use Nb;Sn instead of the
Nb-Ti used by the present
ones.

The powering of the
magnets will be with higher ||
current than the present |
LHC IR magnets

J

and will be made via a |

superconducting link
and new generation

magnets in operational conditions.

The protection of the magnets based on Nb;Sn superconductor technology will be different from superconducting
the present ones (ex. CLIQ and new QH) due to its particulate characteristics at low and medium current leads
field and the high magnetic energy stored ( 1.2 MJ/m, 2-4 x higher than in LHC) in the




The HL-LHC IT STRING MOTIVATION 2

The main motivation is to represent, as far as reasonably achievable in a surface
assembly, the various operation modes and make of the HL LHC IT STRING a test
stand to STUDY and VALIDATE the COLLECTIVE BEHAVIOURE of the different
systems: magnets, magnet protection, cryogenics for magnets and
> superconducting link, magnet powering, vacuum, and interconnections between
%’i magnets and superconducting link, alignment.

| Ref. HL-LHC IT STRING Scope https://edms.cern.ch/document/1693312/1

N -

The HiLumi String will serve as a test bed for matters or conditions that either :
(a) cannot be tested as a part of the components acceptance and characterization program, or

(b) depend on the response of the integrated system.
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The HL LHC IT STRING In the organigram
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Organization for Construction of the STRING
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Which configuration for the HL LHC IT STRING?

P5 L Is the most complicated and coherent set up with the Sm18 installations and the tunnel is the
smallest . We plan to reproduce the space allowed in that place of the tunnel for the interventions

/ 1 |
IHL-!HC PHO_JECT é



HL LHC IT STRING: P5L



HL LHC IT STRING: P5L wrt to SM18

There IS an essential
difference: in HL LHC STRING
we do not reproduce the
SLOPE of the tunnel.
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Integration in SM18

, cavities and cold powering

M18 will host in the same time all
facilities for the component test:

magnets
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Which components are we going to use? .

‘ | ‘ Inter- | ‘ ! ‘ | ‘ Exp @ | Training to Thermal HWC to Exp @ |
Installation connection Cooling Inom lultimate Cycle Inom nominal R

The magnets and DFX

Additional Instrumentation

All components are part and heaters in the prototype BS

of HL LHC project and
belongs to the WPs.
This installation order seems to be

difficult as magnets arrives in a wrong
order

D1
DFX Prototype

Prototype

3d9q2019 2020 2021 3 q 2021
e can start installation of magnets

This is a layout under discussions as we were asked to minimize the cost and more specifically the one related to the beam screens

¢ (S



Which components are we going to use? .

‘ | ‘ Inter- | ‘ ! ‘ | ‘ Exp @ | Training to Thermal HWC to Exp @ |
Installation connection Cooling Inom lultimate Cycle Inom nominal R
Prgtype

The magnets and DFX

Additional Instrumentation

This is the most and heaters in the prototype BS

adequate but optimised Q3

cost configuration for the cp

moment not aproved Series This installation order seems to be
D 1 difficult as magnets arrives in a wrong

order

DFX Prototype

Prototype

| | | |

3d9q2019 2020 2021 3 q 2021
e can start installation of magnets

This is a layout under discussions as we were asked to minimize the cost and more specifically the one related to the beam screens
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Test Infrastructure for HL LHC IT STRING
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Test infrastructure for HL LHC IT STRING
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Test Infrastructure for HL LHC IT STRING

Power racks and DFH with
protection equipment on the
metallic structure.

e



Test infrastructure for HL LHC IT STRING

e - \y

Measuring equipment racks, control cable
trays in the floor along the structure




Test of the collective behaviour
1Installation | 1 Cor:‘;fcf;ion |1 Cooling !1 HWC |1 Bxp @ |1T|ﬁ}i?,l?agté° !1 I !1 Hl"r:’fnf |

Test of assembly
procedure and
tooling for the
installation

Alignment monitoring
of cryostats, cold
mass, BPM

Validation of ELQA
procedures for full
string

From this stage we have electrical
and hydraulical circuits
(not already individually tested
components!!)




Test of the collective behaviour

‘ | ‘ Inter- | ‘ ! ‘ | ‘ Exp @ | Training to Thermal
Installation connection Cooling Inom lultimate Cycle

Pump down time

Static gas analysis

Leak and new O

ring test
Heat-Run tests on power

converters and circuit
separators, validation of
disconnection boxes

Validate Accuracy and i ’
Precision (current
regulation) perﬂ%

"Test the decoupling control of the inner
triplet main circuit and the FGC control of
all the other circuits and perform a
complete cycle following WP2
specifications: Ramp, squeeze, collide,
stable beam and ramp down.

TRV 4
HL-LHC PROJECT A Marta Bajko CHamonix 2018




Thermal contraction between
BS screen and CB

Flow induced
vibration on BS

Behaviour of RF fingers

Validation of ELQA procedures for full string

/,
Determine the control

characteristics of the HL-LHC
string in various operational
conditions. Particularly during
transients.

Measurements of the displacements
at cold, during cool down and warm-
up of components including BPM

Marta Bajko CHamonix 2018



Inter- : Exp @
. Coolin HWC
connection 9 Inom

Installation

Test functionality of the circuit
protection elements against over
currents and HV during quenches

Validation of interlock loops
and quench loops.

Tension [V]

alidation of EE systems for IT
corrector magnets (600A, 2kA)

Validation of ELQA procedures
for full string

Determine the thermohydraulic
behaviour of the string during
qguenches. Study the cooldown
after quenches.

Training to Thermal HWC to Exp @ |
lultimate Cycle Inom | ' Warm up

HWCHL LHC IT String
aprox. 110 quenches

0Q1-Q3
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NR. OF (PROVOKED) QUENCHES

ENERGY DUMPED INTO THE




Experimental Program

Inter- . Exp @ Training to Thermal HWC to Exp @ |
connection el e Inom lultimate Cycle Inom -

Installation
Thermal contraction between
BS screen and CB

‘ Alignment monitoring of
cryostats, cold mass, BPM

| =] ‘ HWC+ TC HL LHC IT String
= aprox. 170 quenches

MCBXFb
MCBXFa

11
77 92 11 14 D1
1 6 HO

H HH 0Q1-Q3

ol
35 57

ENERGY DUMPED INTO THE BATH
[(MJ]

10%Incf0%In@BPo6Inomontultimate TC
NR. OF (PROVOKED) QUENCHES
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Mon 03/08/20 - Mon...
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Installation
Tue 09/02/2...

Cooli.. HWC

Mon...

Tue 03/08/21 - Mo

Studies

23/05/22 Tue...

HWC after |Finish
TC Tue 28/0=

Fri...

TC
Tue 30/08/2...
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M J A <

4 HL-LHC String

4 Magnets Ready I
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> Studies
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ni i EIm
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J J A S

Magnets
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O N

@ 2021

DN F

Half 2, 2021

VIR R S

Half 1, 2021
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HWC to Inom
end
2021

1 Q3serie
1 D1 Prototype

1 CPserie

AN

] Infrastructure
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I Protection

] Service

Vacuum
Warm Powering

1 Cold Powering

I 1
1 Cooling

|

e e

lultimate
mid
2022

] HWC

Half 1, 2022 Half 2, 2({2
Alaa L

Half 2,2
b ) A
String

Half 1,2023

1 Inom aftre TC |
mid
2023

Studies

— TC

1
IS

HWC after TC
Studies after TC

] LHC Shutdowns

4 LHC Shutdowns
Ls2
LS2 Beam Commissioning
YETS 2021/22
YETS 2022/23
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Ls2

LS2 Beam Commissioning

YETS 2021/22

We consider testing till lultimate. This is a high energy ( 40 MJ) into the He bath that triggers to
the review of the consumption and He distribution in the SM18 users. We consider that each

medium or high current quench IS recovered in 12h. This is still to be verified with the

presently planned infrastructure and magnet + cavity test plan.

Y|

m

TS 2022/23
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O HL LHC IT STRING is foreseen to study the collective behaviour of the IT zone TR
O The main components are: Q1-D1 with complete cold and warm powering :
O The test stand will be integrated into SM18 and will run
in the same time as the individual components test

O Installation will start in 2020; Testing 2021 -2023 : q&:&& N

O Infrastructure upgrade is ongoing % . ‘\ M) s

QO 3 prototypes and 3 series magnets will be used - 7. 4 \& o

O P5L will be reproduced without slope < 7';5-';§' i >§o. g=

0 180 quenches and up to 400 W hea W ID CARD of the TEST STAND: HL-LHC IT STRING
is

TEST Facility LOCATION: SM18 (b. 2173)
TEST DATE: 2021-2023

OPERATIONAL TEMPERATURE: 1.9 K

OPERATIONAL CURRENT: Ultimate (108% |,qne = 18 KA )
MAGNETS: Q1, Q2a, Q2b, Q3, CP, D1

COLD POWERING: SC link ,HTS leads DFH and DFX,

WARM POWERING: 1 x PC for 18 kA + 3 Trim for Q1-Q3 + 6 x 2
kA +1x12 kA +9x 0.1 kA + WCC

PROTECTION: CLIQ and QH ; EE where is baseline

N
N
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