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 Rules out modified gravity for DM

 DM massive particles to avoid blowing out small galactic structures

 DM is non-self-interacting above  𝝈 𝒎~𝟏𝒄𝒎𝟐𝒈−𝟏
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E.g. Heavy Neutral Leptons

Example of FIP physics case
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Production Detection by decay or by scattering
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Profiting from “portal” coupling at accelerator!

 Typical coupling at 10-6 - 10-10…

 Long-lived with ct ~ metres-kilometres….

 Maximize production of 𝛾, 𝑞/𝑔, 𝑐, 𝑏

DM self-interaction / “boson-dark boson” 

mixing,“predicted” in Standard Model!
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DM self-interaction / “boson-dark boson” 

mixing,“predicted” in Standard Model!

Profiting from “portal” coupling at accelerator!

 Typical coupling at 10-6 - 10-10…

 Long-lived with ct ~ metres-kilometres….

 Maximize production of 𝛾, 𝑞/𝑔, 𝑐, 𝑏
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 BDF luminosity with the optimised target and 4x1019 protons on Mo target per year currently available in the SPS

 BDF@SPS ℒ𝑖𝑛𝑡 𝑦𝑒𝑎𝑟
−1 = >4 x 1045 cm-2 (cascade not incl.)

 HL-LHC ℒ𝑖𝑛𝑡 𝑦𝑒𝑎𝑟
−1 = 1042 cm-2
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Protons or

electrons
Decay volume

SM

SM

Spectrometer(Absorber/sweeper)

HP
Protons

Heavy target + detectorAbsorber/sweeper

Long 

high-Z/A target

Decay signaturesScattering signatures

E.g. ∼ 2×1017 charmed hadrons  (>10 times the yield at HL-LHC)
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 Target design for signal/background optimisation: 

• “induce hard interactions of all protons and secondaries in the densest possible medium”:

• Very thick  use full beam and secondary interactions (12l)

• High-A/Z  maximise production cross-sections

• Short l  stop pions/kaons before decay

 Signal

• Proton DIS

• Electromagnetic processes

 Background (m,n from p, K, and neutrons)

• p, K decay: ctg(p)=7.8g  m,  ctg(K)=3.7g  m

• Hadronic interaction

• (Electromagnetic)

• Muon shield will suppress muon flux by six orders of magnitude

• Neutrino background suppressed by vacuum/helium in decay volume
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Incoming 

proton

Hard pN interaction

Proton 

bremsstrahlung

𝒕𝒎𝒂𝒙[𝝀𝒊𝒏𝒕] ≈ 𝟎. 𝟐 𝒍𝒏 𝟒𝟎𝟎 𝑮𝒆𝑽 + 𝟎. 𝟕~ 𝟏. 𝟗𝝀𝒊𝒏𝒕

95% long. containment:  𝑳𝟗𝟓 ≈ 𝒕𝒎𝒂𝒙 + 𝟐. 𝟓 𝟒𝟎𝟎 𝑮𝒆𝑽  𝟏 𝟑 = 𝟐𝟎. 𝟑 𝝀𝒊𝒏𝒕

95% radial containment:  𝑹𝟗𝟓 ≈ 𝝀𝒊𝒏𝒕 + 𝟐𝝈𝒃𝒆𝒂𝒎 + 𝒓𝒔𝒘𝒆𝒆𝒑

𝜆𝑖𝑛𝑡(𝜋) =
1

𝑛𝜎𝑖𝑛𝑒𝑙
=

𝐴

𝜎𝜋𝑝𝐴
 2 3𝑁𝑎𝜌

∝ 𝐴  1 3

𝑋0 ∝
𝐴

𝑍2

𝜎𝑝𝑁 ∝ 𝜎𝑝𝑝𝐴
 2 3

𝜎𝑄𝑁 ∝ 𝜎𝑄𝑝𝑍
2

W:   A=184,  Z=74,  lint=9.9cm,   lint(p)=11.3cm

Mo: A=  96,  Z=42,  lint=15.2cm, lint(p)=18.0cm

Cu:  A=  64,  Z=29,  lint=15.3cm, lint(p)=18.5cm

H20:                         lint=83.3cm, lint(p)=115.6cm

𝑁𝑖𝑛𝑡 𝑥 = 𝑁0𝑒
−  𝑥 𝜆𝑖𝑛𝑡

𝑁𝑑𝑒𝑐 𝑥 = 𝑁0𝑒
−  𝑥 𝛾𝜏
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 No simple metric but different target configurations can be quite easily compared for fast exploration

 Guidelines:

• Highest density is most important

• Highest density is most important in core of shower, i.e. first interaction lengths!...

• Shower containment for hadronic comportant is important up to a radius where p/K “miss detector”

• Water gaps are less critical as long as negligible contribution to combined interaction length

• Beam spot size and sweep radius are secondary, mostly important to check containment

• Optimise explicitly for signal, background optimisation is implicit (perhaps a longer target...)

 Use FLUKA for checking performance of different options

• p, p, K, m, n (𝑥, 𝑦, 𝑥,  𝑝) to check rates and hadronic shower containment at scoring planes per interaction length
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 Hadron stopper magnetization, first muon shield magnet, surrounding shielding blocks

• Ongoing discussion about possibility of moving first muon shield magnet into the hadron stopper
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Muon

shield
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 First fully developed concept by RAL, now taken by TE-MSC

• First concept based on classical coil from aluminium with helium gas cooling

• Longitudinal extent of coil/magnetisation to be revisited together with muon shield studies (9-12 months)
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 2031-2032: Start at lower intensity for commissioning and crank up to 4E13 before LS4

 Yearly data taking run with muon shield off at low intensity for calibration/alignment

• Run with no beam sweep?

 Worth considering spills of 7E13, annually > 4E19, if all goes well….
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BDF 

commissioning

SHiP commissioning

operation 

Opportunity for 

consolidation/extension

D J FM D J F MD J F M D J F M D J F MD J F M

2042 2043 2044 2045 2046 2047
D

End of LHC Opportunity…

SPS decoupled from injector role in 2042, fully dedicated to proton/ion FT physics

LSx


