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Introduction S

Project goal:
Build 2 hollow e-lens devices, with
spares, and install them in LS3 in P4.

Reference design driving the budgets:

— 4T main field; serious option > 4T,

— 5 Acurrent along 3 m;

— full set of correctors;

— adequate beam instrumentation;

— spares to ensure reliable
operations.

Scope of this talk:
— Collect present estimates from CERN teams that will be responsible

of production of sub-components;
— Comment of possible alternative scenarios and uncertainties;

— Indicative break down in work units.

HiLumi , CERN .
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- These figures are resulting from a bottom-up approach
that will have to be reviewed critically before the final

proposal to the C&S review.
We have not asked firm commitments but initial budget estimates.
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Assumptions for and status of budget estimate

- These figures are resulting from a bottom-up approach
that will have to be reviewed critically before the final
proposal to the C&S review.

We have not asked firm commitments but initial budget estimates.

- Not all hardware teams are equally advanced with their
estimates / evaluations

Lenses are not yet in the baseline — difficult to find resources.
Several teams where only triggered on that by this review.
Some team still not fully involved (transport, cabling, ...)
- Still uncertainties on final design choices (“baseline” vs
“optional” scenarios)

Need some time to assess implications of alternatives.
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Driving items for schedule: magnet systems (~2-3 years); decision for
interventions on cryogenics system that have to be implemented in long
shutdowns (e.g., ~March 2018 for any work during LS2).
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Driving items for schedule: magnet systems (~2-3 years); decision for
interventions on cryogenics system that have to be implemented in long
shutdowns (e.g., ~March 2018 for any work during LS2).

|L Un n VT .
WL-LNE nmf S. Redaelli for WP5



Proposed spare policy — comments o)

‘ HiL QM ’ @) S. Redaelli for WP5



Proposed spare policy — comments o)

= We need to make the HE an operational device that is
needed for high-intensity operation at the HL-LHC

— Halo control is a “must” for handling 700MJ beams.
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= We need to make the HE an operational device that is
needed for high-intensity operation at the HL-LHC
— Halo control is a “must” for handling 700MJ beams.

= We are convinced that we need components for a complete

spare unit in case of failure of one HE
— Working on making B1/B2 designs/layouts identical
— Possible technical advantages in installing the whole object, prepared
on surface (e.g., relative alignment on single girder)
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We need to make the HE an operational device that is
needed for high-intensity operation at the HL-LHC

— Halo control is a “must” for handling 700MJ beams.

We are convinced that we need components for a complete

spare unit in case of failure of one HE
— Working on making B1/B2 designs/layouts identical

— Possible technical advantages in installing the whole object, prepared
on surface (e.g., relative alignment on single girder)

= |dentified a set of “disposable” components
— Replacement every year or more of guns
— Modulator in the tunnel (to be assessed for HL-LHC conditions)

= Synergy with present R&D effort
— Interest from CERN team to build complete and conform prototype of
gun and collector units.
— Work started, building experience on a complete gun production!
— Synergy di BE/BI plans for an e-beam tests stand.
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Proposed spare policy — comments o)

We need to make the HE an operational device that is
needed for high-intensity operation at the HL-LHC

— Halo control is a “must” for handling 700MJ beams.

We are convinced that we need components for a complete

spare unit in case of failure of one HE
— Working on making B1/B2 designs/layouts identical

— Possible technical advantages in installing the whole object, prepared
on surface (e.g., relative alignment on single girder)

= |dentified a set of “disposable” components

— Replacement every year or more of guns
— Modulator in the tunnel (to be assessed for HL-LHC conditions)

= Synergy with present R&D effort
— Interest from CERN team to build complete and conform prototype of
gun and collector units.

— Work started, building experience on a Complete gun production!
— Synergy di BE/BI plans for an e-beam

Looking forward to receiving

reviewer’s feedback!
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= Magnet systems
— Main and side solenoids, cryostats, correctors, ...
— Assume very complete set of corrector for budgets, a la RHIC
— Production and acquisition for 3 lenses.
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= Magnet systems
— Main and side solenoids, cryostats, correctors, ...
— Assume very complete set of corrector for budgets, a la RHIC
— Production and acquisition for 3 lenses.
= Adaptation of the cryogenics system in P4
— Infrastructure for both lenses in the tunnel

= Power converters

— Powering for 2 lenses in the tunnel, with figures for spares.
= Beam instrumentation

— Standard systems for BPM and BLM systems;

— R&D on gas curtain payed for, missing production costs;
— RHIC instruments as option at this stage.
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= Magnet systems
— Main and side solenoids, cryostats, correctors, ...
— Assume very complete set of corrector for budgets, a la RHIC
— Production and acquisition for 3 lenses.
Adaptation of the cryogenics system in P4
— Infrastructure for both lenses in the tunnel
Power converters
— Powering for 2 lenses in the tunnel, with figures for spares.
Beam instrumentation
— Standard systems for BPM and BLM systems;
— R&D on gas curtain payed for, missing production costs;
— RHIC instruments as option at this stage.
= Vacuum systems
— Components for both lenses in the tunnel, no need for spares.
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— Powering for 2 lenses in the tunnel, with figures for spares.

Beam instrumentation
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— Components for both lenses in the tunnel, no need for spares.
Modulators
— Powering for 2 lenses in the tunnel, plan 1 spare.
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= Magnet systems
— Main and side solenoids, cryostats, correctors, ...
— Assume very complete set of corrector for budgets, a la RHIC
— Production and acquisition for 3 lenses.
= Adaptation of the cryogenics system in P4
— Infrastructure for both lenses in the tunnel
= Power converters
— Powering for 2 lenses in the tunnel, with figures for spares.

= Beam instrumentation
— Standard systems for BPM and BLM systems;
— R&D on gas curtain payed for, missing production costs;
— RHIC instruments as option at this stage.
= Vacuum systems
— Components for both lenses in the tunnel, no need for spares.
= Modulators
— Powering for 2 lenses in the tunnel, plan 1 spare.

= |Integration, transport, cooling and cabling
— Tunnel work for 2 lenses
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Budget approach “Bonaventura” t\i

P ’"“‘é. w ne

“Qui comincia I'avventura del

signor Bonaventura...”
Il Corriere dei Piccoli, 1917
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Budget estimates :’{j

Cost [kKCHF]  Cost [kCHF]

System for 2 units spares TOTAE
Magnets systems (solenoid, correctors, cryostats, leads) 2100 700 2800
Cryogenics system 2000 - 2000
Power converters (with HV cables) 1080 119 1199
Supports and feet 200 - 200
Vacuum systems 200 - 200
Gun and collector 240 30 270
Cabling, integration, transport, cooling, alignment 500 - 500
Beam instrumentation: BPM, BLM 320 30 350
Beam instrumentation: gas jet monitor 400 50 450
Electron beam modulators 150 75 225
Energy extraction system and protection 300 20 320
TOTALS 7490 1024 8514

(TWI ’ .
m m: rhmcr S. Redaelli for WP5



Budget uncertainties, risks, contingency t\i

‘ HiLum ’ @) S. Redaelli for WP5



Budget uncertainties, risks, contingency “S_‘

= Magnetic system, QPS and power converters to be reviewed for
scenario with main solenoid > 4T

— Possible change of design not studied in details.
— One company quoted an additional total budget of 350kCHF for 6T vs 4T!

— Different implementations possible for magnet protection.
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— Possible change of design not studied in details.
— One company quoted an additional total budget of 350kCHF for 6T vs 4T!

— Different implementations possible for magnet protection.

= Main solenoid: 1 (present assumption) vs 3 converters
— Budget-wise, trade off between converters vs energy extraction system.
Nearly equivalent according to present knowledge
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— Different implementations possible for magnet protection.

= Main solenoid: 1 (present assumption) vs 3 converters
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= It seems appropriate to add ~ 300 KCHF as provision for

manpower needs
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Magnetic system, QPS and power converters to be reviewed for
scenario with main solenoid > 4T

— Possible change of design not studied in details.
— One company quoted an additional total budget of 350kCHF for 6T vs 4T!

— Different implementations possible for magnet protection.

= Main solenoid: 1 (present assumption) vs 3 converters
— Budget-wise, trade off between converters vs energy extraction system.
Nearly equivalent according to present knowledge

= It seems appropriate to add ~ 300 KCHF as provision for

manpower needs
— Works in the tunnel, ...
— Temporary removal of agents for changes of QRL.

= Magnets system production
— Final drawing and design depending on company: ~100kCHF;
— Needs at SM18 for magnet testing.

Power converters: might need additional manpower ~70kCHF
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Known “alternative” scenarios o)

Alternative scenarios for beam instrumentation:
— Might remove one beam curtain monitor per lens (see slides A. Rossi),
would reduce cost by ~200kCHF.
— Bl options: 2x120kCHF for BSE detector and YAG screen
Experience at RHIC with hollow e-lens and electron
detector will be useful for the decision-making process.
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Alternative scenarios for beam instrumentation:
— Might remove one beam curtain monitor per lens (see slides A. Rossi),
would reduce cost by ~200kCHF.
— Bl options: 2x120kCHF for BSE detector and YAG screen
Experience at RHIC with hollow e-lens and electron
detector will be useful for the decision-making process.

= WPS support to test stand at CERN

— Hollow cathode development covered by present budgets
— Implications of cold tests stand to be assessed
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Alternative scenarios for beam instrumentation:
— Might remove one beam curtain monitor per lens (see slides A. Rossi),
would reduce cost by ~200kCHF.
— Bl options: 2x120kCHF for BSE detector and YAG screen
Experience at RHIC with hollow e-lens and electron
detector will be useful for the decision-making process.

WP5 support to test stand at CERN

— Hollow cathode development covered by present budgets
— Implications of cold tests stand to be assessed

Vacuum work: still not clear if we need a second valve
— This would add about 100-200kCHF in total.

Additional dipole corrector for residual dipole compensation
— Not yet studied in detalil.
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Alternative scenarios for beam instrumentation:
— Might remove one beam curtain monitor per lens (see slides A. Rossi),
would reduce cost by ~200kCHF.
— Bl options: 2x120kCHF for BSE detector and YAG screen
Experience at RHIC with hollow e-lens and electron
detector will be useful for the decision-making process.

= WP5 support to test stand at CERN

— Hollow cathode development covered by present budgets
— Implications of cold tests stand to be assessed

= Vacuum work: still not clear if we need a second valve
— This would add about 100-200kCHF in total.

= Additional dipole corrector for residual dipole compensation
— Not yet studied in detalil.

= Could gain 300kCHEF if Al shield can make magnet stably
without EE system
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Comment on component for the “third” lens O

We decided to build within the present R&D budgets a
“conform” prototypes of gun and collector:
— Can be used in a test stand;
— Goal to use them as spares for operational system;
— If not possible, cost to complete a third lens would
be increased by ~ 200kCHF.
Strategy to keep components on surface seems
appropriate:
— Final mounting in the tunnel if individual
component fails.
— Possibility to assemble the whole unit if one needs
to be replaced.




Conclusions \\:

Presented budget estimates for 2+1 hollow electron lenses
— We propose to plan for having component for one full lens on surface.

We come to a total estimated production cost of 8.5 MCHF
Spares and 1 more magnet system amount to ~1 MCHF

Consistent with previous figures (review 2016), now with solid

feedback from CERN groups/teams responsible for hardware

— Thanks to all teams involved!

= Some contingency and “risk” or missing items were identified.
— Hard to be more precise without another “final” iteration on systems

= This will have to be followed by a top-down revision before cost

and schedule review next year.

= Effort was made to isolate work units that could be appealing

for external collaborators
— Several concrete interests expressed, more follow up at Annual meeting
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