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Outlook

▪ Presentation of the task & introduction of the team

▪ Lattice design

▪ RF design

▪ Collective effects and correction

▪ Vacuum considerations

▪ Magnet considerations

▪ Transition considerations
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Presentation of the task & 
introduction of the team



Presentation of the task and the basic layout

▪ Replacement for the PS machine at CERN

▪ Acceleration of protons from a momentum of 3.5 
GeV/c to a momentum of 20 GeV/c

▪ For the basic accelerator lay out a ‘rectangular’ ring 
design (with four superperiods) was chosen

+ Space for beam control, correction and instrumentation

+ Space for acceleration, injection and extractions

+ Space for future tasks the accelerator may have to handle
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Presentation of the groups

▪ Design is a ‘rectangular’ ring (four super periods)

▪ The project was divided into three main groups

▪ Lattice group

▪ RF group

▪ Collective effects group

▪ Special attention has been payed to the magnets, the vacuum and the crossing of 
the gamma transition
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Lattice design



Lattice design – basic parameters
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𝜌𝑑 =
𝐿𝑑

2𝜋/𝑁𝑑
= 61,12𝑚 𝑅 = 150𝑚

Element Number Length

Focusing quadrupoles 40 0,45m

Defocusing quadrupoles 40 0,45m

Bending dipoles 48 8m



Lattice design - geometry
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0-dispersion zone Dispersion suppressor

Bending dipoles



Lattice design – lattice optimization
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Dispersion ≠ 0

Free-changing focusing

Boundary conditions:

- At the entry: 𝛼𝑥, 𝛼𝑦 , 𝐷, 𝐷
′ = 0

- At the exit: 𝛼𝑥, 𝛼𝑦 , 𝐷
′ = 0



Lattice design – Twiss parameters
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Average transversal dimension of the beam

𝜎𝑥 = 𝜀𝑥 ∙ 𝛽𝑥 = 16.4𝑚𝑚

𝜎𝑦 = 𝜀𝑦 ∙ 𝛽𝑦 = 11.6𝑚𝑚



RF design
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∆𝐸 = 16.4 𝐺𝑒𝑉

𝑇𝑅𝐸𝑉(Inj)= 3.25 x 10-6 s

𝑇𝑅𝐸𝑉(Ext)= 3.14 x 10-6 s

𝐹𝑟𝑒𝑒 𝑆𝑝𝑎𝑐𝑒 =
256

4

For R.F = 64 m

ρ = 61.115 𝑚 (𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑅𝑎𝑑𝑖𝑢𝑠)

𝜸 𝒕𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏 = 𝟔. 𝟑𝟔

Objectives for the RF:

. Get to 20 GeV/c.

. Get the intensity of 3 x 

1013 Protons/Beam.

. Preserve the beam from 

the booster.

. Try not to blow things up

𝑑𝐵

𝑑𝑡
=

𝐵𝑒𝑥𝑡 −𝐵𝑖𝑛𝑗

𝑇
∗ = 3.6 [T/s]

What we need Vs What we have:
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∈= 0.1 π 𝑒𝑉. 𝑠

∆𝐸 = 3.9 𝑀𝑒𝑉
∆𝑡 = 51.2 𝑛𝑠
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𝑓𝑟𝑒𝑣(𝑖𝑛𝑗) = 307KHz

𝑓𝑟𝑒𝑣 𝑒𝑥𝑡 =
318KHz

𝑓𝑅𝐹 𝑖𝑛𝑗 =
6.14MHz

𝑓𝑅𝐹 𝑒𝑥𝑡 =
6.36MHz

∆𝑓𝑅𝐹
𝑓𝑅𝐹 =

3.6 %
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∈= 0.1 π 𝑒𝑉. 𝑠

∆𝐸𝐵𝑢𝑛𝑐ℎ = 3.9 𝑀𝑒𝑉

∆𝑡 = 51.2 𝑛𝑠

From the booster:

∅𝒔 < 40o

∅𝒔 = 30o

𝑑𝐵

𝑑𝑡
=
𝑉𝑟𝑓𝑁 sin(∅𝒔)

𝐶 ρ

𝑵 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐜𝐚𝐯𝐢𝐭𝐢𝐞𝐬 = 𝟐𝟎

𝟐𝟎 ∗ 𝟐 𝑳𝒆𝒏𝒈𝒕𝒉 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒂𝒗𝒊𝒕𝒚 = 𝟒𝟎𝒎𝑭𝒓𝒆𝒆 𝒔𝒑𝒂𝒄𝒆 𝒍𝒆𝒇𝒕 = 𝟐𝟒𝒎

∆𝐸𝐵𝑢𝑐𝑘𝑒𝑡 = 7 𝐺(∅𝒔) MeV 𝐺(∅𝒔) >= 0.55 

Courtesy of Metral
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𝛾 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 = 6.36 ∅𝒔(𝑨𝒇𝒕𝒆𝒓 𝑻𝒓𝒂𝒏𝒔𝒊𝒕𝒊𝒐𝒏) = π-30o

Consideration for Transition:

𝑄𝐼𝑛𝑗 = 8.29 𝑥 10 − 4

𝑄𝑒𝑥𝑡 = 2.265 𝑥 10 − 4

𝑅𝑎𝑚𝑝 𝑇𝑖𝑚𝑒 = 0.25 𝑠𝑒𝑐𝑜𝑛𝑑

∆𝐸 𝑔𝑎𝑖𝑛 = 200 𝐾𝑒𝑉

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑇𝑢𝑟𝑛𝑠 = 72500 𝑡𝑢𝑟𝑛

Some Numbers:



Group photo
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Collective effects and corrections
Eleonora Belli, Rodrigo Varela, Jay Kalinani



1. Tune control
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Remind: the tune is the number of oscillations per turn 𝑄 =
1

2𝜋
 

𝑑𝑠

𝛽(𝑠)
=

𝜇

2𝜋
Avoid resonance conditions (integer tune) 

error

error

Turn 1

Turn n

 Check your working point, i.e. the position 
of the tunes in the resonance diagram

Errors will 
sum-up in 

consecutive 
turns

𝑄𝑥 = 7.1 𝑄𝑦 = 7.05

If not?

Tuning quadrupoles after  

the machine quadrupoles
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1. Tune control (cont.)
The tune shift is induced by
 Errors in quadrupole strenght

 Coherent and incoherent space charge effects

∆𝑄 =
1

4𝜋
 
𝑞𝑢𝑎𝑑

∆𝑘 𝑠 𝛽 𝑠 𝑑𝑠

∆𝑄𝑥,𝑦 = −
1

2

𝑁𝑟0
𝛽2𝛾3(2𝜖𝑥,𝑦)

1

1 +
𝑏
𝑎

1.Coherent space charge

2. Incoherent space charge 

with  
∆𝑝

𝑝
= 10−3 @ 3.5GeV

3. Incoherent space charge 

with  
∆𝑝

𝑝
= 10−1 @3.5GeV

4. Incoherent space charge 

with  
∆𝑝

𝑝
= 10−3 @ 20GeV



3. Closed orbit prognosis and correction
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 On-momentum particle  design orbit

 Off-momentum particle  closed orbit 

𝑥 = 𝐷
∆𝑝

𝑝

Distortion of the closed orbit

∆𝑧2 𝑠 1/2 =
𝛽𝑧(𝑠)

2 2 sin 𝜋𝑄
 𝑛 𝛿𝑛

2 1/2

 Dipole misalignments (1mm)

 Dipole rolls 

 Quadrupole misalignments (1mm)
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3. Closed orbit prognosis

Closed orbit 

amplitude 

≈3.4cm 
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3. Closed orbit correction

15 correctors 

Expected closed orbit 

amplitude ≈ 𝟏cm 
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3. Closed orbit correction (cont.)

Pk-Pk amplitude ≈ 𝟏𝒄𝒎



Vacuum consideration



Vacuum considerations
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Pressure can be transformed to 

particle density:

P.V = N.k.T

10-10 Torr ~  3 million particles/cm3

(1mbar ~0.75 Torr)
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Output can be saved in an 

EXEL-file



Theory
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Magnet consideration
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Dipoles

MAIN SPECIFICATIONS
Bmax [T] 1.09

Bending Radius [mm] 61500

Bending Angle [°] 7,44

Magnet lenght [mm] 8000

IRON YOKE SPECIFICATIONS
Pole iron gap [mm] 100

L overall [mm] 8270

L iron [mm] 7870

Pole width [mm] 500

Overall width  [mm] 1400

Overall height  [mm] 1100

COIL SPECIFICATIONS
Number of turns 220

Nominal current [A] 393

Conductor type Hollow 

Conductor dimensions [mm] 14 x 14

Hole diamater [mm] 8,5
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Qadrupoles

MAIN SPECIFICATIONS

Maximum gradient [T/m] 6,6

Magnet lenght [mm] 450

IRON YOKE SPECIFICATIONS

Aperture diameter[mm] 100

L overall [mm] 500

Liron [mm] 450

Overall Width  [mm] 400

COIL FEATURES

Number of turns per pole 36

Nominal current [A] 183

Conductor type Hollow 

Conductor dimensions [mm] 9,4 x 9,4

Hole diamater [mm] 5,83



Transition considerations



Gamma transition crossing I

▪ Non adiabatic theory needed

▪ At transition, bunch length ↘ and 
momentum spread ↗

▪ Main risk: losses in the beam
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▪ Solution: create a jump in 𝛾𝑡𝑟

▪ How to: add quadrupoles to 
change the momentum 
compaction factor

▪ Problem: adding quadrupole
changes the tune
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Gamma transition crossing II
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Gamma transition crossing III

▪ Switch on the quadrupoles:

▪ 𝛾𝑡𝑟 increases

▪ Switch off or invert the polarity 
of the quadrupoles at the right 
time

▪ 𝛾𝑡𝑟 decreases suddenly

▪ You have crossed transition

▪ The tune changes

▪ You may cross resonances

▪ To avoid it, one may want to change 
the tune before the gamma jump and 
reestablished it afterward
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Gamma transition crossing

▪ Do we have time to do this gamma jump?

▪ Assume a 30kV RF cavity, a  𝐵 = 3,6 𝑇/𝑠 and a 𝛾𝑡𝑟 = 6,36

▪ Therefore ∆𝐸 = 10𝑀𝑒𝑉/𝑡𝑢𝑟𝑛

▪ A ∆𝛾 = 0,27 means an increase in energy of ∆𝐸 = 250 𝑀𝑒𝑉 so we would need 
approximately 10 turns to operate the quadrupoles (about 300µs)



Thanks for your attention



Spare slides



Chromaticity correction
Gerardo Guillermo, Shuang Ruan, Geng Wang, Kedong Wang, Liping Yao



Chromaticity correction I

 In order to correct the chromaticity 2 sextupoles were added, one focusing and 
one defocussing

 The sextupoles where placed next to the defocussing quadropoles

WinAGILE calculated the closed orbit parameters (without sextupoles):
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Chromaticity correction II

 To steps to find the strength of the sextupoles are:

 Go into calculations menu

 Select correct chromaticity

 In the menu select the desired chromaticity, e.g. 0.

 Click on recompute, and it will display the strength needed

 After getting the values, it is recommended that you 
check it is feasible within technological  restrictions. 
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