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Neutrons @ CERN
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General-purpose experiment 
in to search for “hidden” 
particles (dark matter, 

neutrino oscillations, baryon 
asymmetry, …) 

approved

start 2031

Neutrons from the 

target complex



BDF/SHiP Complex
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New 

Service Building

~ 1000 m2 Existing 

Access Shaft

4×8 m2

New Target Complex

Containing the Beam 

Dump Target located 

~10m below ground

Target station

Nominal Design Parameter Value

Beam type proton

Beam momentum [GeV/c] 400

Beam pulse intensity [×1013 p] 4.0

Spill length [s] 7.2

Beam pulse power [kW] 2560

Average beam power [kW] (7.2 s) 356

POT [×1020 p over 15 years] 6.0

p+



Target station – baseline configuration

4n_ACT @ nBHEAM 2025 | 7-8 July 2025

Protons
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Neutrons for nuclear Astrophysics
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• Stellar nucleosynthesis

• (n,g) Maxwellian Averaged Cross-

Sections (MACS)

• Activation technique

• High selectivity (no enriched materials 

necessary)

• High flux = higher sensitivity = less mass



The n_TOF NEAR station
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• Activation station at the n_TOF target

• Nuclear Astrophysics >> (n,g) via activation

• 2.5 m from spallation target  ~1e9 n/cm2/pulse

• Spectral beam tailoring

• using 10B4C filters 

• Spectral-Averaged-Cross-Sections (SACS),
ideally Maxwell-Boltzmann (MB) for MACS

0.75cm filter 1.00cm filter 1.50cm filter 2.00cm filter

what we want (MB)

what we have

moderator

(2026)

<2026

P+



Target station
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Protons

Proposed – n_ACT@BDF

A neutron activation station @ BDF 

Neutrons for nuclear astrophysics / 
stellar nucleosynthesis

baseline configuration



Baseline + n_ACT @ BDF 
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External BEAS

Internal BRIS
Internal BIAS

In vessel High Fluence BHFIM

Protons

Proposed – n_ACT@BDF

Up to 3 activation stations

• BRIS with rabbit – independent operation

• BIAS static – access frequency to be 
defined

• BEAS external – access once a week

High Fluence In-vessel module BHFIM



BRIS (internal flexible)

9n_ACT @ nBHEAM 2025 | 7-8 July 2025

Equipped with a Rabbit system
BDF 1.5 m W target Ø250mm

1318mm

468mm

Moderator installed 

around irradiation station

BRIS Capsule
External Diameter: 200mm

Internal: Ø 150mm x 360mm

Maximum weight ~1 kg

Polyethylene, Aluminium, Carbon fibre 



BIAS – BEAS (internal & external static)
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• Internal BIAS flux ~ BRIS

• Collimator system installed inside large 

‘’plug’’ (Ø 600 mm)

• Access to retrieve samples and minor 

reconfiguration: once per week

• Potential extension with rabbit 

Ø 600 mm

1518 mm

468 mm

3400 mm



BHFIM
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• In vessel module approximate overall size: 1 m (L) 150 mm (W) 900 mm (H)

• Possible utilities could be connected via vacuum vessel door

• Accessibility once a year: ~1 month to extract the module



Neutron fluxes
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all numbers 

indicative due to 

evolving design

position
neutron flux (/cm2/year)

total >1 eV >1 MeV >10 MeV >20 MeV >100 MeV

BHFIM1 2.6E+19 2.5E+19 1.9E+18 4.6E+17 4.0E+17 1.1E+17

BRIS/BIAS 2.2E+18 2.2E+18 2.2E+18 2.2E+18 2.2E+18 2.2E+18

BEAS 7.4E+15 7.4E+15 9.8E+14 3.1E+14 2.5E+14 4.2E+13

position
neutron flux (/cm2/second)

total >1 eV >1 MeV >10 MeV >20 MeV >100 MeV

BHFIM1 2.0E+12 2.0E+12 1.5E+11 3.5E+10 3.1E+10 8.5E+09

BRIS/BIAS 1.7E+11 1.7E+11 3.8E+09 1.1E+09 9.0E+08 2.2E+08

BEAS 5.7E+08 5.7E+08 7.6E+07 2.4E+07 1.9E+07 3.2E+06

Pierre Pelissou, HI-ECN3 

Irradiation Opportunities 

Workshop (6.10.2024)

G. Mazzola, L. S. Esposito, Radiation levels 

for parasitic irradiation stations (2024/04)

assuming 4e19 PoT / year

150 days of operation / year

BEAS

BIASBRIS

BHFIM

https://indico.cern.ch/event/1468767/
https://indico.cern.ch/event/1468767/
https://indico.cern.ch/event/1468767/
https://edms.cern.ch/ui/#!master/navigator/document?D:101532560:101532560:subDocs
https://edms.cern.ch/ui/#!master/navigator/document?D:101532560:101532560:subDocs


13n_ACT @ nBHEAM 2025 | 7-8 July 2025

Summary & Conclusions

■ SHiP experiment in search for “hidden” particles

■ CERN BDF@ECN3 facility

■ Approved

■ Modification of BDF design for complementary 
applications, i.e. neutron activation & irradiation

■ n_ACT@BDF for nuclear astrophysics – proposed

■ R2Electronics

■ R2Materials

■ …

■ n_ACT ongoing proposal – next steps:

■ Proposal to SPSC 

■ Acquiring funding

position
neutron flux (/cm2/second)

total >1 eV >1 MeV >10 MeV >20 MeV >100 MeV

BHFIM1 2.0E+12 2.0E+12 1.5E+11 3.5E+10 3.1E+10 8.5E+09

BRIS/BIAS 1.7E+11 1.7E+11 3.8E+09 1.1E+09 9.0E+08 2.2E+08

BEAS 5.7E+08 5.7E+08 7.6E+07 2.4E+07 1.9E+07 3.2E+06

BEAS

BIASBRIS

BHFIM





Primary beam – SPS to ECN3
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CERN

Prevessin site

CERN

Meyrin site

SPS

ring

SPS extraction

towards North Area

ECN3

Nominal Design Parameter Value

Beam type proton

Beam momentum [GeV/c] 400

Beam pulse intensity [×1013 p] 4.0

Spill length [s] 7.2

Beam pulse power [kW] 2560

Average beam power [kW] (7.2 s) 356

POT [×1020 p over 15 years] 6.0



BDF/SHiP – Target Complex
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P+

• Target System

• Copper Proximity SS Shielding

• Trolley assembly

• Vacuum vessel

• Target bunker (iron & concrete)

SHiP

Experiment



BRIS rabbit routing
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Target 

station

Rabbit routing

Rabbit routing
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General particle fluxes – neutron dominated

Position
Proton 

(cm-2/hour)

Photon

(cm-2/hour)

Pions

(cm-2/hour)

Muons

(cm-2/hour)

Neutron

(cm-2/hour)

Total

(cm-2/hour)

BHFIM1
1.54e+12

(0.01 %)

1.74e+15

(11.88 %)

2.59e+12

(0.02 %)

1.90e+11

(0.001 %)

1.29e+16

(88.09 %)
1.46e+16

BRIS
1.11e+11

(0.01 %)

1.85e+14

(10.85 %)

6.55e+10

(0.004 %)

1.13e+10

(0.001 %)

1.52e+15

(89.14 %)
1.71e+15

BIAS
1.99e+11

(0.007 %)

3.29e+14

(10.89 %)

2.63e+11

(0.009 %)

3.04e+10

(0.001 %)

2.69e+15

(89.09 %)
3.02e+15

BEAS
1.43e+10

(0.07 %)

2.88e+12

(13.63 %)

1.21e+10

(0.06 %)

4.65e+09

(0.02 %)

1.82e+13

(86.23 %)
2.11e+13
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Pierre Pelissou, HI-ECN3 Irradiation 

Opportunities Workshop (6.10.2024)

https://indico.cern.ch/event/1468767/
https://indico.cern.ch/event/1468767/
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