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Beam rigidity
𝐸0(𝑝𝑟𝑜𝑡𝑜𝑛) = 938 𝑀𝑒𝑉 ; 𝐸0(𝑛𝑢𝑐𝑙𝑒𝑜𝑛) = 931 𝑀𝑒𝑉 ; 𝑞 = 𝑧𝑒
𝑝𝑣
𝑝
𝐶𝑒𝑛𝑡𝑟𝑖𝑝𝑒𝑡𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 𝐹 = 𝑞𝑣𝐵 =
→ 𝑩𝑟 = 𝑖𝑠 𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑎𝑠 𝒎𝒂𝒈𝒏𝒆𝒕𝒊𝒄 𝒓𝒊𝒈𝒊𝒅𝒊𝒕𝒚.
𝜌
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𝐸 2 − 𝐸02
𝐺𝑒𝑉
109 𝑝
𝒑
𝐵𝑦 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 𝑖𝑛
, 𝑤𝑒 𝑜𝑏𝑡𝑎𝑖𝑛 ∶ 𝑩𝒓 𝑻𝒎 =
= 𝟑. 𝟑𝟑𝟓𝟔 = 3.3356
𝑐
𝑐𝑧
𝒛
𝑧
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Particle
250 MeV electrons
150 MeV protons
250 MeV/u 12C+6
250 MeV protons
430 MeV/u 12C+6

Beam rigidity
Br [Tm]
0.84
1.84
4.85
2.43
6.62
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Estimate of power consumption : bending magnets
We consider a reference bending magnet where:

𝐵~𝜇0 𝐼/𝑔
The dissipated power in the conductor is :
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2
𝑃 = 𝜌𝑉𝐽𝑟𝑚𝑠
= 2𝜌𝑙𝑝𝐼𝐽 𝑤ℎ𝑒𝑟𝑒 𝑝 =

2
𝐽𝑟𝑚𝑠
𝐽2

(ex for a sinusoid p=1/2)

We remark that if 𝑙 is the magnet length we are neglecting the losses in the coil ends: for a short magnet these can be
as large (or even larger) than the losses of the “active field part”.
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We obtain:
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2𝜌𝑔
𝑃/𝐵𝑙 =
∙ 𝐽𝑝
𝜇0
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What does this mean in terms of power per deflected angle
The required power to produce a deflection angle α as a function of the beam rigidity Br is:

2𝜌𝑔
𝑃/α𝐵𝑟 =
∙ 𝐽𝑝
𝜇0
If you neglect the contribution of the coil ends, for the same bending angle making a long magnet (large radius) at low
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field does not change the power consumption with respect to a shorter magnet (small radius) at a higher field.

In reality in a short magnet the ends will contribute more and the magnet will consume more.
Example for carbon ions, every

π
angle :
2

𝑃 = 0.33𝑔𝐽𝑝
The power depends linearly from the magnet gap and the current density
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For a gap of 70 mm and a current density of 5 A/mm2 with p=1 (DC) we obtain:

4

𝑃 = 115 𝑘𝑊 𝑓𝑜𝑟 𝑎 90° 𝑏𝑒𝑛𝑑
To this, we shall also add the contribution of the coil ends, which depend on the horizontal magnet aperture
Warning: there are a number of “hidden” considerations behind this result

January 15th , 2021

Estimate of power consumption : quadrupole magnets
We consider a reference quadrupole magnet where:

G~2𝜇0 𝐼/𝑅2
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The dissipated power in the conductor is :

2
𝑃 = 𝜌𝑉𝐽𝑟𝑚𝑠
= 4 ∙ 2𝜌𝑙𝐼𝐽𝑝
We remark that if 𝑙 is the magnet length we are neglecting the losses in the coil ends: for a short magnet these can be
as large (or even larger) than the losses of the “active field part”.
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We obtain:
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4𝜌𝑅2
𝑃/𝐺𝑙 =
∙ 𝐽𝑝
𝜇0

