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Beam Dump Facility

BDF is a planned high intensity fixed target facility in

the North Area of the SPS for beam dump experiments

= High intensity proton beam: 4-10%3 p*/pulse, 4-10%°
POTl/year, 355 kW average beam power

= Slow extraction (~1 sec. flat top)
= O(400 GeV) optimal beam momentum

* Dense target/dump to maximize production and stop «
and K before decay into pu+v

= Minimal impact on running the North Area program
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BDF work packages and working groups

= Extraction and beam transfer (Brennan Goddard)
= SPS Losses and Activation WG (Matthew Fraser)
= SPS Crystal-Assisted Slow Extraction WG (Matthew Fraser)
= TT20 for BDOF WG: splitters & transfer line design (Christoph Hessler)
= Target and target complex (Marco Calviani, Edmundo Lopez)
= BDF target & target complex WG
= Radiation protection (Claudia Ahdida, Heinz Vincke, Mirko Casolino )
= Civil engineering (John Osborne, Jonathan Gall)

» |nfrastructure & integration (Liam Dougherty, Yvon Muttoni, Francisco Sanchez
Galan, Pablo Santos Diaz)

= Junction cavern, beam-line, target complex, detector hall

= Safety engineering (Simon Marsh)
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Extraction and beam transfer

= Beam losses from slow exfraction challenging for the PoT requested

= Key developments for reduction of extraction losses in the ZS septa

= Constant Optics Slow Extraction (COSE) in = Phase-space folding - octupole
use since mid-2018 fields
= Silicon crystal channeling = Automated ZS alignment
1.5} ¢ Preliminary result:
nominal with COSE Losses at ZS
——s \ ~0.55x 0.6 =0.33 » Demonstrated factor of 3-4

loss reduction at ZS

» Factor of 4 - 5 reduction to
accommodate SHiP in BDF
appears fto be in reach

Losses norm to nominal

@ Brennan Goddard



BDF beam line
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BDF beam line

New MSSB splitter with reduced saturation

» New splitter magnet = dual function:

= Splitting the beam for NA fargets
(current operation)

= Pulsing opposite field, deflection of entire
beam fto BDF

= Polarity switch requires laminated yokes = Magnetic design of new splitter done

/ mechanical design & prototyping ongoing
Dilution kickers
(fﬂﬁzg) Splitter 2 23 x new MBB
l 1x new MBB l
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BDF beam line

» New splitter magnet = dual function:

= Splitting the beam for NA fargets

. Beam dilution on target during
(current operation)

the spill to reduce stress on
= Pulsing opposite field, deflection of entire target

beam to BDF 50 mm circular sweep at & Hz

= Polarity switch requires laminated yokes

/ X, Investigated TauFV
Dilution kickers location

Splitter 1 .
(modified) Splitter 2

23 x new MBB

l 1x new MBB l
— 4 [ SO .‘“bL: C

\ No show-stoppers: the delivery of the requested SPS beam af ’
the BDF facility with the required characteristics and acceptable
losses appears to be within reach

<€
SPS ~200m North Area
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BDF target

High-Z and short nuclear interaction length
Full absorption of SPS 400 GeV/c beam (12A) = Target/dump
Need to dissipate around 320 kW of heating power (~5 MW/m?)

Optimized segmentation, forced water cooling

2" part: Tungsten core

15t part: TZM core High-Z and good performance
Ta/Ta2 5w under irradiation

cladding

Molybdenum alloy, higher strength
and recrystallization femperafure
than pure Mo

@250 mm




BDF target

spsheety,
= Target assembly design

= Complete thermo-mechanical
calculations

m Fxtensive material R&D
= Use of Ta2.5W + HIP - bonding

= Validation of the technical feasibility and
reliability of the BDF target

Outer tank

TZM blocks

Inner tank

W blocks

@)
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BDF target prototype

Reliability of the ftarget is a crifical aspect
for the design of BDF

= Representative beam test suggested
before LS2

Reduced scale prototype

= Reduced diameter (80 mm)

= TZM/W core, Ta/TaW cladding

Experimental setup installed in TCCZ,
upstream T6 primary ftargef

High intensity beam on target during >14 h
(45 kW deposited ~6 MW/m3)

= Online measurements performed

® Good correlation with simulations

Validation of the future BDF target
operational conditions

Instrumented blocks 4-8-9-14

- = Handling hook
- Upper half-shell

TZM + Ta cladding
target blocks Lower half-shell

Ta-2.5W +Ta Tungsten + Ta cladding
cladding target blocks target blocks

s W @77




BDF target complex

Crane handling concept
Shielding, supports, target, moved by crane

Target is located 15 m underground, relatively close to the CERN fence (~70 m)
Cast-iron and steel shielding enclose production target (3700 tonnes)

Target bunker inside an active circulation He-vessel

Part of the hadron absorber is magnetized to act as initial muon filter

Fully remote handling/manipulation during the lifetime of the facility

Trolley handling concept
Target and services on frolleys on rails

Mobile Shielding

Upstream
Concrete Shielding

Above Coil
Shielding <SPS peam
Us1010
Shielding 7.9m
Magnetic
Coil

Collimator
Bunker (Cast-

Iron) Shielding Proximity

Shielding

Hot Cell

!\
N
Through-the-wall
. N
Manipulators N

Target in
Hot Cell

/'//\
B> —X
////Trolley Services \

» Target complex design developed in defail = demonstrated feasibility of
construction, operation, maintenance and decommissioning
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Keith Kershaw et al.
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BDF target complex
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Radiation protection

Detailed study of prompt and residual dose rates

RP evaluation based on FLUKA Monte Carlo simulations

Activation of air, helium and water + soil activation and radioactive waste

BDF facility design optimized from RP perspective

Prompt dose rate for 4x10'3p / 7.2s

T 1x1014

1x1012

~100 mSv/h Lx10M Prompt dose rates reach ~100 mSv/h above He-
L1 06 vessel and drop down to < 1 pSv/h above top
Ixlof concrefe shielding

uSwih

10000 — Expected classification: Supervised Radiation

100 Area (up to 2000h/year) (< 3 pSv/h) in the target
! hall

0.01

0.0001

® [cm]

= Preliminary RP evaluation showed the general feasibility of the project in terms of
exposure of persons fo radiation and radiological impact

@ Mirko Casolino, Claudia Ahdida 14



Integration

= Integration from transfer line to experimental area

= Locations of sfructures and services defined and optimized in terms of
radiation protection, safety and accessibility.

Target Complex

Auxiliary Building ‘ ‘

Experimental Area
Extraction Tunnel

i

Access Building

Saleve

@ Liam Dougherty 15



Integration — Junction Cavern

TT24

TT25

TT23

Liam Dougherty
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Integration — Experimental Area

= Detailed integration of the experimental area based on a detfailed analysis
of the implementation of SHIP detectors

= Surface and underground hall provide space for the assembly of the SHIP
experiment

Target bunker

P— The infegration studies performed have proven the
Pablo Santos Diaz technical feasibility of the BDF facility
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Civil Engineering

= Studied with external consultants: feasibility, optimized form of
construction, robust cost estimation

= CE studies so far have revealed no show-stoppers despite the challenges
of the project.
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Provisional schedule

BDF Draft Schedule

2018

2019

2020 2021

Q102 0304010203 Q40102030401 020304

2022 2023 2024 2025 | 2026 2027
mmmMMmm%MmmMMmm%mmmmmmmm

LHC operation period
SPS operation period

I
Run3 IINIS3I NAstop

a) Continued studies

b) Project Milestones
c) Further Integration Studies (CE, CV, EL, RP etc.)

--> Intermediate Integration Studies (CE, CV, EL, RP etc.)
--> Detailed Integration Studies (CE, CV, EL, RP etc.)

d) Pre-construction activities
--> Environmental impact study
--> Build permit submission/approval
--> Tender process & CE detailed design

¥ e

e) CE Underground Works
--> WP1: JCon TDC2 / ET last part
--> WP2: ET initial part, access, escape way
--> WP3: Target Area
--> WP4: Detector Hall

125yme-— | | -

e) CE Surface Works
--> WP2: Access building and Auxiliary building (ET)
--> WP3: Service building (TH), Target Hall and TG
--> WP3 Surface Hall (DH)

CERN E\y
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Cost breakdown

" Class & (intermediate - concept study or feasibility) cost estimate

Work Package/System Estimate [MCHF]
Beam-line and junction cavern hardware 10.1
Target and Target Complex infrastructure 45.5
Civil Engineering 68.2
Cooling and ventilation 11.8
Electrical distribution 5.6
Survey and alignment 1.1
Access system 1.4
Fire safety system 3.5
Radiation monitoring 0.4
Transport (inc. cranes and lifts) 6.1
Installation 2.6
Total 156.3

= A full breakdown of the cost estimate will be published in the CDS.
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Conclusions

® During the Comprehensive Design Phase, all pertinent
technological challenges have been addressed.

" |[n-depth studies and prototyping have been performed or are
already ongoing for all crifical components.

= The feasibility of the Beam Dump Facility has been proven, and
the technologies and ftechniques appear to be within CERN's
established competencies.

= The project is ready to move towards the detailed design and
execution phase.
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Near timeline

= 2017-2018 \/ = 2021-2020
= Prototyping of key technologies = Engineering design studies fowards
= Preliminary infrastructure integration TOR
and CE designs = Specification tfowards production
= Preliminary cost estimates and = CE pre-construction activities
schedule = 2022
" Start 2019 = TDR delivery
= Delivery of (DS = 2023
= 2019-2020

= Confinued design studies and

= Seek approval

= Tender, component production, CE

profotyping confracts

End 2020

= Approval to go ahead with TDR

CERN E\y
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