5 TECHNISCHE
(G/)~) UNIVERSITAT
»j 7 DARMSTADT

BSM IN THE TK:
CONTROL OF THE MOMENTUM SPREAD
AND REAL-TIME RECONSTRUCTION

V. Kornilov
O. Boine-Frankenheim
S. Sherstiuk: PhD TU Darmstadt, BMFTR funded (RECON project)

17 December 2025



)\ TECHNISCHE
| ") UNIVERSITAT
'j 7 DARMSTADT

PURPOSE OF THE MEETING

= After the Machine Meeting 4. Nov 2025, issues and open question were identified:
* Device protection (0.1mm wire) — today not addressed.
Transverse aperture (63mm)
Positions of the BSM installation in TK
Demonstration of the BSM data processing using the HLI measurements data
Features of the proposed real-time reconstruction software for the two-BSM system in TK

» The task: the issues and open questions should be clarified until Feb’26 (another discussion at
the Machine Meeting) so that the installation can be started in March’26.
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MOTIVATION

dp/p of the beam injected into SIS (<1 x 1073) is crucial for low-loss high-intensity
operation.

» Direct measurements of dp/p, and are needed for the optimal UNILAC, TK and SIS (rf
capture) settings.

Prioritized by FAIR Tl and in the UNILAC upgrade matrix.
BMFTR funded (RECON project) PhD TU Darmstadt: Sergei Sherstiuk
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APERTURE

The violet line marks 30 mm aperture
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MOMENTUM SPREAD FROM TWO PROFILES

An example from the HLI measurement data:
« dp/p from two profiles BSM1 and BSM2
« Single-pass measurement
» Similar usage for TK with the complete beam )

dynamics (TK optics, space charge, beam loading)
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Voltage evolution Target evolution
Example for the TK P / L reoal |
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Reconstruction from series of measurements

An example from the HLI measurement data:
Details of the phase-space distribution.

Neural network is used to generate the distribution.
Profiles: blue-measured, red-reconstructed.

The phase-space at the position of BSM1.
Algorithm run time: 4 min
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Profile Comparison After Tracking
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RECONSTRUCTION S S . S

Neural network-based particle generation for a wide variety of initial distributions

Finding best-describing parameters with gradient decent

lterative trackings to ensure self-consistency

Details: Sergei reports Thursday 18.12 this room C27.3 at 14:00 ( orofil _
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BSM POSITIONING IN THE TK

BSM2 in TK8 allows for a usage of the
BB12 buncher in the phase-space
reconstruction

Red dashed line - TK6
Green dashed line - TK8
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OUTLINE

The momentum spread of the beam injected into SIS (dp/p<1 x 1073) is crucial for low-loss high-
intensity operation.

Direct measurements of dp/p are needed for the optimal UNILAC, TK and rf capture settings.
Prioritized by FAIR Tl and in the UNILAC upgrade matrix.

New: Development of a “real-time” phase-space reconstruction software for TK bunch quality
measurements and dp/p control.

The basis of the software is a comprehensive beam-dynamics model
Here: demonstration examples using the HLI data

Two BSMs in the TK will enable:

» Single-pass real-time dp/p measurement and voltage optimization
* Real-time phase-space reconstruction after a few (<20) measurements

BSM integration into the control system (FESA class) is needed
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A single pass scheme requires 2 BSM

A real-time reconstruction requires 2 BSM for reliable operation

Phase space deformations due to beam loading, space charge, etc
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REAL-TIME
RECONSTRUCTION

»A faster and simplified version

=Use of prior knowledge to reduce the number of measurements needed

@S-quivalent gaussian bunch
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Prior knowledge Comparison of measured

L Particle :
(e, space charge = R ks and simulated RMS length
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coord.disp, mom.disp
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Discrepancy-based update calculation
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g-factor along the TK

PHYSICS MODEL

= Evolution of f(z, 0, 1) in drifts with space charge forces
a_f+6af_ qE, of 0 |
al aZ YZPOC 86 =4
»A grid-less longitudinal space charge solver for accurate

representation of distribution’s details:
E, :—i—z is longitudinal electric field in rest-frame:
Ap =—4mp
p(r=b)=0

g -factor

S [mt]30

= With occasional thin-cavity kicks
AW = qU-sin (i—gz c{)o(l))

=PyTorch implementation to use gradient decent in reconstruction




