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Abstract

At an experiment on acceleration of a polarized proton beam up to an energy

at 13 GeV, the possibility of crossing the transition energy at 5.7 GeV by a jump is

considered.

The scheme of crossing by a rapid change of transition energy, assumes the

longitudinal movement of the beam near the zero value of the slip coefficient.

The jump itself is carried out in the absence of an RF field. The paper presents the

influence of the above features on the dynamics of a polarized beam.
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Transition Energy
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Momentum compaction factor at Transition
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MCF Slip-factor

Energy change → 1) momentum change; 2) trajectory change.
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, thus, transition energy can be determine.



Equations of Longitudinal Motion

Slippage factor

– arrival Time drift

– Energy Kick

Synchronious Particle

Classical form

BLonD: https://blond.web.cern.ch/
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Coasting Beam

Jens Schweickhardt, Modeling and Optimization 
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Jump-scheme at NICA

– turns before jump – turns at jump

– ∆𝛾$%&'

– jump timeHere is a 5 different states of longitudinal
optics based on transition energy:
1) acceleration from injection energy with initial 
value;
2) smooth increase to peak; 
3) jump;
4) smooth recovery till initial transition;
5) initial value till the experiment energy;

1. First defines 3) state based on the 
maximum available speed of transition shift 
and available transition size

2. Secondly, we can understand states 3 and 
4, as they changed parallel to beam energy

3. Finally, states 3 and 5 also can be 
understand

1

2

5

4

3 3

2

4

804/07/2023 XIXth Workshop on High Energy Spin Physics 
Dubna, 2023.



Momentum compaction factor at Transition
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Dynamics aperture
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Impedance
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NICA Elements
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Impedances

Laclare, J L (ESRF, Grenoble), Coasting beam 
longitudinal coherent instabilities, CAS - CERN 
Accelerator School : 5th General Accelerator Physics 
Course, pp.349-384, DOI: 10.5170/CERN-1994-001.349

Definition of Impedance:
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http://dx.doi.org/10.5170/CERN-1994-001.349


Space Charge Impedance
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BLonD. Inductive Impedance (SC) – Induced Voltage

BLonD: https://blond.web.cern.ch/

P. F. Derwent, Implementation of BLonD for Booster 
Simulations, Beams-doc # 8690, 2020
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Phase portraits of different BB
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Fourier Expansion

Mihaly Vadai, Beam Loss Reduction by Barrier Buckets
in the CERN Accelerator Complex, CERN, Geneva, 2021

Square signal

Sigma modulation

Fourier Expansion

RF Kick
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Separatrix of BB

Jens Schweickhardt, Modeling and Optimization 
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Orbital Tracking
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Effect of High Order MCF 

• 𝛾!" – smooth increase (2nd stage)
• NO SC
• BB RF
• 𝛼#,%,& stationary

2

At 2nd stage
𝛾!" ∥ 𝛾'()* ⇒ 𝜂+ ∥ 𝜂!"

𝜂+ = 𝑐𝑜𝑛𝑠𝑡
Taking into account 𝛿 = -,-

- ,
get a range of 𝜂 for different particles
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Space Charge Impedance Effect at Transition Jump

• Jump – (3d stage)
• Only SC
• No RF
• 𝛼#,%,& change at a turn
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Spin Tracking

2304/07/2023 XIXth Workshop on High Energy Spin Physics 
Dubna, 2023.



Particle Spin Tracking (Acceleration near Transition)
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𝛾𝐺 + 1 𝐵' For pure magnetic ring



Particle Spin Tracking (Acceleration near Transition)
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Parameters

Lattice:

𝛾' = 7.042

𝛾() = 7.087

𝜂" = −1×10*+

𝑡𝑢𝑟𝑛𝑠 = 2 ×10,

Spin:

𝛼-. = 45°

RF is turn on

COSY Infinity: https://www.bmtdynamics.org/cosy/

https://www.bmtdynamics.org/cosy/


Polarization (Acceleration near Transition)
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Parameters

Lattice:
𝛾' = 7.042
𝛾() = 7.087

𝜂" = −2×10*+
𝑡𝑢𝑟𝑛𝑠 = 2 ×10,

Spin:
𝛼-. = 45°

RF is turn on



Lattice Parameters (during Jump)
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Particle Spin Tracking (during Jump)
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Parameters

Lattice:

𝛾' = from 7.0856 to 7.0896

𝛾() = from 7.1754 to 6.9903

Max( 𝜂" ) = 5×10*+

𝑡𝑢𝑟𝑛𝑠 = 6225

Spin:

𝛼-. = 45°

RF is turn off

Shown 4 particles with different 
initial parameters in 𝑥, 𝑦, J/'

'



Polarization (during Jump)
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Parameters

Lattice:
𝛾' = from 7.0856 to 7.0896
𝛾() = from 7.1754 to 6.9903

Max( 𝜂" ) = 5×10*+
𝑡𝑢𝑟𝑛𝑠 = 6225

Spin:
𝛼-. = 45°

RF is turn off



Сonclusion

Outcomes:

• During the jump procedure the beam hold in separatrix;

• And the polarization is not destroyed;

• Transition Energy Jump is an available option cross

transition energy.

Considered:

• Longitudinal Dynamic Modeling

near Transition Energy taking into account 

high orders of MCF and Impedances;

• Spin Tracking to consider polarization.
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Backups
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BB RF1 Impedances

Equivalent circuit of one ring (from the 1st to the 19th).

Last ring and 
accelerating 
gap.

System impedance calculated by 
equivalent circuit impedance
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BB RF1 Impedances

System impedance calculated by 
equivalent circuit impedance
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