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Diamond is currently working on enhancing the storage ring by minimising emittance 
while boosting brightness and coherence.
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In RadSynch 2019, we presented  –
• Storage ring and Booster shielding checks using 

SHIELD11 for Diamond II.
• Gas Bremsstrahlung semi-empirical calculations 

to determine the Booster to Storage (BTS) shutter 
and port/optics shutter, 

• STAC8 calculation for beamlines hutch shielding 
checks.

RadSynch 2019
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• Check if all the existing 
shielding is adequate to 
comply with the local limit 
(0.5 µSv/h) outside of
– Linac bunker (concrete)
– Booster vault (concrete)
– Storage ring (Barytes & 

concrete)
• or do we need additional 

shielding?
• How to comply with the 

regulation?

Goal: Is existing shielding adequate?
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Lack of information!
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No design!

Electron loss 
rate? Ring 

parameter?

Length of 
Straight 
section?

Ring 
pressure?

How long 
will it take?

Collimator?Magnet?



• Electron Losses
Normal loss:
Persist over long periods
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Electron loss - Normal

Estimated average electron losses at various points 
in Diamond-II under normal conditions.

Courtesy of Humorgeeky.com



Abnormal loss:
occurs under test or fault 
conditions – persist for a 
short time
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Electron loss -Abnormal
Abnormal loss scenarios

Estimated maximum abnormal electron 
losses at various points in Diamond-II

In estimating the loss rates,
higher transfer efficiencies have been 

assumed than normal losses to be more 
pessimistic:

80% Linac end to LTB end, 90% Booster 
injection, 100% BR acceleration, 100% BR 

extraction, 100% SR
injection.
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Linac vault
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Fig 1: FLUKA models showing dose rate (electrons, neutrons & X-ray)
outside the Linac shield wall due to 1.6e+08 electron loss/s along the
Linac (upper) and 2.9e+08 electron loss/s at the first LTB dipole
magnet (lower)
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Linac – normal loss condition

• Losses at the first LTB dipole could lead to 90
µSv/h in Booster Zone 1.

• Personnel Safety System (PSS) will be
configured so the Linac can only operate when
Booster Zone 1 is searched and locked.



Fig 2: Mis-steering at a quadrupole corrector magnet (upper), at the LTB dipole 
magnet (centre) and in the Faraday cup (lower)
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Linac – abnormal loss condition

Mis-steering of quadrupole corrector magnet-
23 mm of Pb in parallel to magnets on the rear 
entrance side, and 13 mm Pb installed on the main
entrance side.LTB dipole
Booster zone 1 will be locked by PSS.

Faraday cup
An additional 13 mm Pb shall be installed on 
the Rear entrance side of the Faraday cup.
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Booster ?!
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Booster vault
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Booster Injection– normal loss

Fig 3: The Booster shield wall (upper) and roof (lower) due to 4.7E+08 electron loss/s at the injection septum magnet.
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Booster Extraction– normal loss

Fig 4: The Booster shield wall (upper) and roof (lower) due to 7.3E+07 electron loss/s at the extraction septum magnet.
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Booster Injection– abnormal loss
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Booster Extraction– abnormal loss
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BTS Faraday cup – abnormal loss
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Storage ring
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Storage Ring – normal loss

DLS 2: Cell12 Roof dose distribution

Z [cm], Beam 
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Storage Ring – abnormal loss

DLS 2: Cell12 side wall dose distribution in an abnormal loss
DLS 2: Cell12 Roof dose distribution

Z [cm], Beam 
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Storage ring: Injection area
The shielding is thicker in the injection area compared to other areas.



Permanent magnet dose
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Ring component exposure dose /damage
Collimator damage

Figure - Total energy deposition by electrons over the target depth (left) and FLUKA DPA for e-
loss condition – electron atomic displacements as a function of the target depth (right) at 

collimator open position.
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Future work
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Monte Carlo Models
• FLUKA MC activation calculations for Diamond-I decommissioning.
• Radiation dose assessment for the ring components for Diamond-

II.

Finalise Beamline Shielding Calculations

FLUKA calculation for beamline optics hutch shielding.

Environmental impact assessment
Required by regulators for new facilities. This will assess the 
activation of ground water, cooling water and air etc.
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Diamond II machine upgrade
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Questions
Acknowledgement: 
• FLUKA team & forum
• DLS Accelerator & Design Engineering team

Email: sanjeev.faruk@diamond.ac.uk
DLS website: https://www.diamond.ac.uk
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