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The story

• Over the last three years we have completed a 
design of magnetic elements that fit all our 
requirements with a minimal system comprising a 
screening solenoid and a compensating solenoid.

• All magnetic elements rest inside a 100 mrad
cone, (but small parts of the cryostat will be 
outside this cone – few millimetres of stainless 
steel)

• Emittance blow-up has been computed by SAD to 
be 0.34pm for two IPs. This is considered 
acceptable.



Some history

• Initially the baseline solution was the one where the first magnetic 
element (the compensating solenoid) was at an L* of 1.0m.

• This was deemed not sufficient as the space left for the luminometer was 
inadequate.

• That design however satisfied our emittance blow-up requirement (and all 
other requirements for the IR regarding field integral and value of solenoid 
field at the position of the quadrupole)

• We redesigned things making sure that the luminometer fits – now the 
first magnetic element started at an L* of 1.25m – but to avoid emittance 
blow-up the cone of the shadow of the element was increased to 
140mrad.

• This was deemed not acceptable due to the deterioration of the physics 
performance

• I have re-designed the system to stay within the 100mrad cone eating up 2 
cm (now the system starts at 1.23cm from the IP. The emittance blow up is 
at the limit of what can be considered acceptable (0.34pm for 2IPs)



IPAC 2017
• A paper was published for IPAC 

2016. It contained our baseline 
design at the time (140mrad cone).



Realistic detector solenoid

• I have now included a realistic detector 
solenoid according to the latest design. (up to 
now I had a constant and universal field of 2T) 
– solenoid dimensions  3.76m( inner radius) (outer 

radius 3.818m) × 4m (half-length)



Position of the luminometer

• The luminometer sits between 1.074 and 1.190 m 
from the IP. It is a cylinder with an outer radius of 
115mm (active calorimeter) and 145mm 
(including services.

• It sits at a 15mrad tilt, following the outgoing 
beam pipe

• Geometry:

– outer active edge between 92 mrad and 112 mrad

– Outer passive edge between 120 mrad and 150 mrad



New layout (for the CDR)

100mrad



Results
• Emittance blow-up from 2 IPs (SAD calculation) is 

now 0.34pm

• this is probably at the limit of what we can accept

• Please note the following:
– Reducing the solenoid magnetic field by 10% (to 1.8T) 

reduces the emittance blow up by 40%

– We are currently assuming a coupling of 0.2% which 
gives an additional 0.5pm of emittance in the rest of 
the ring. So still the total emittance is not larger than 
1pm. We can probably do better than 0.2% of 
coupling



Pretty pictures
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Conclusions

• We have a 100mrad design which is satisfies 
our requirements



Extra slides



Related talks

• A talk in this group of meetings (the 9th) on 
11/11/15 (https://indico.cern.ch/event/458740/) 

• A talk on the 30th FCC-ee optics meeting 
(https://indico.cern.ch/event/533299/) 

• A talk on the 10th FCC-ee physics workshop 
(https://indico.cern.ch/event/469576/timetable/) 

• A talk on the 27th FCC-ee accelerator meeting 
7/12/2015 
(https://indico.cern.ch/event/464623/) 

• A talk on the FCC-ee physics meeting 30/11/2015 
(https://indico.cern.ch/event/446553/) 

https://indico.cern.ch/event/458740/
https://indico.cern.ch/event/533299/
https://indico.cern.ch/event/469576/timetable/
https://indico.cern.ch/event/464623/
https://indico.cern.ch/event/446553/


Emittance blow up

Some formulas:
• Vertical emittance blow up at the IP: 

∆𝜖𝑦= 3.83 × 10−13
𝛾2

𝐽𝑦

𝐼5,𝐼𝑃
𝐼2

• 𝐼2 ≅
2𝜋

𝜌𝑏𝑒𝑛𝑑
(for ρ=11km, 𝐼2 = 0.00057); 𝐽𝑦=1

• 𝐼5,𝐼𝑃 = 
ℋ𝑦(𝑠)

𝜌 3 𝑑𝑠
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′ 2 + 2𝛼𝐷𝑦𝐷𝑦

′ + γ𝐷𝑦
2, 𝐷 is the 

dispersion

where 𝛼 𝑠 = −
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2
𝛽′(s) ; 𝛾(𝑠) =

1+𝛼(𝑠)2

𝛽(𝑠)

More important at 
low energies!



Heat load and cooling needs

According to E. Belli:

• For the most difficult case, QC1L1

• e-cloud: for SEY=1.1 ~20W/m, for SEY=1.2 ~200W/m

• resistive wall: for copper, ~100W/m

• direct SR heating: zero (I assume that masks will take 
all direct SR)

From the above, the heat load appears to be O(100)W/m



Possible solution for cooling

• Warm beam pipe with water cooling 
– Black body radiation at 300K is ~500W/m2
– The beam pipe close to QC1L1 is 0.13m2
– Emissivity of polished copper 0.023 to 0.052
– Assume emissivity of 0.05 (we can do a factor 2 better)
– Heating power due to radiation: 500X0.13X0.05=3.2W
– With one radiation shield, we can cut this by half to 1.6W
– For comparison: 

• LHC magnet, arc: 0.2W/m
• LHC triplet: 7-9W/m

• Water flow needed: for a 10 degree inlet-outlet difference, 
1 lt of water per minute: 4/60*4*10=0.6kW

• Another calculation: for a rate of 1 lt/min and 100W load, 
water temperature rise is 1.5 degrees. – not challenging



Weights of individual components

• Very rough first estimate of weight of 
components.

• I have taken the coils to be made out of 
Aluminium (2/3rd), Copper (1/6th) NbTi (1/6th) 
– combined density 4200 Kg/m3
– Weight of screening solenoid: ~300kg

– Weight of compensating solenoid: ~60kg

– Weight of QC1L1: ~12kg

– Total weight of coils (one side): ~500kg


