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Pb>** ions are not fully stripped of
electrons

— susceptible to charge-changing
processes

— beam intensity losses

Aim: Measure cross sections for
these processes and validate
predictive models for future ion
projects
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Beam-Gas Interactions

Residual Gas
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Beam-Gas Interactions

Residual Gas

Bi* + G » B+ 4 gkt | >1

« ¢~ transfer from residual gas to beam ions
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Beam-Gas Interactions

Residual Gas

a
v

Bi* + G » B+ 4 gkt | >1 Bi*+G » BA@tmM* L 56 + me~ ,m>1

* ¢~ transfer from residual gas to beam ions « ¢~ transfer from beam ions to residual gas
« (Gas can be excited or ionized.
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Beam-Gas Interactions

Residual Gas

a
v

Bi* + G » B+ 4 gkt | >1 Bi*+G » BA@tmM* L 56 + me~ ,m>1

* ¢~ transfer from residual gas to beam ions « ¢~ transfer from beam ions to residual gas
« (Gas can be excited or ionized

— Charge-change of beam ions — Loss of beam intensity
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Cross Section and Lifetime

« Wide range of semi-empirical models for
electron capture and electron loss

— Model by Schlachter et al. for electron
capture

— . Weber model for electron loss

 Estimation of total cross section

Otot = Ogc t+ OfL
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https://journals.aps.org/pra/abstract/10.1103/PhysRevA.27.3372
https://repository.gsi.de/record/201624/files/HI_JENA_Annual_Report_2016.pdf?subformat=pdfa

Cross Section and Lifetime

« Wide range of semi-empirical models for < Calculation of lifetime using the experimental

electron capture and electron loss beam data of intensity loss
— Model by Schlachter et al. for electron .
capture I(t) =1(ty) - e 7

— . Weber model for electron loss

* Calculation of lifetime with total cross section
+ Estimation of total cross section and molecular density

1
— T =
Otot = Opc + OgL onfc

C\E?W Fenna Ukena | Experimental Measurements of Electron Capture and Loss Cross Sections of lons with Gaseous Targets 21 January 2025 7

N7


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.27.3372
https://repository.gsi.de/record/201624/files/HI_JENA_Annual_Report_2016.pdf?subformat=pdfa

Concept

Goals:
« Experimentally measure effects of electron loss and electron capture processes in the PS
« Comparison of experimental data and prediction of models for different ion species and gas

types
« Validate semi-empirical models — lifetime predictions of future ion species
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Concept

Goals:
« Experimentally measure effects of electron loss and electron capture processes in the PS

« Comparison of experimental data and prediction of models for different ion species and gas
types
« Validate semi-empirical models — lifetime predictions of future ion species

Three Experiments:
*  Pb>*with Ar 7
*  Pb>*with He _ Measurements and Calculation of Cross Sections
« Mg with Ar
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Concept

Goals:
« Experimentally measure effects of electron loss and electron capture processes in the PS

« Comparison of experimental data and prediction of models for different ion species and gas
types
« Validate semi-empirical models — lifetime predictions of future ion species

Three Experiments:
*  Pb>*with Ar 7
*  Pb>*with He _ Measurements and Calculation of Cross Sections
« Mg with Ar

Problem: How do we isolate electron loss and electron capture losses from other losses in the
PS to compare them to the models?
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Experimental Setup

Beam Gas lonization (BGI) monitor at the PS
« Injects gas (normally argon), which is ionized by the passing beam to measure the transverse beam size
— By utilizing the BGI injection system, we can inject gas around BGI location
* Injection of argon or helium
« Many magnitudes higher than the residual gas
Injection of Pb>**and Mg’* beams at energies of 72 MeV/u and 90 MeV/u
« Measurement of beam intensity decay for different pressures
* Fit of data to estimate beam lifetime and calculate cross sections

r|9
-

(g
, P
@

e
|

/ — Injection of Ar /" & ’ \
2 or He

oo (BGI)

|

C\E?W Fenna Ukena | Experimental Measurements of Electron Capture and Loss Cross Sections of lons with Gaseous Targets 21 January 2025

N7



Steps of the Analysis

1. Building a

Simulation of the injected Ar and He gas and gas distribution along

the PS beamline to generate a
and calculation of the
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Steps of the Analysis

1. Building a

Simulation of the injected Ar and He gas and gas distribution along
the PS beamline to generate a
and calculation of the

3. Calculation of lifetime and cross section in the PS using the

experimental data .

I(t) =1(ty) - e =

Calculation of the o= —
Cross section Tnpfc

4. Calculating the theoretical cross section using the different models
_ for electron loss and capture
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1. 3D model of the PS using SpaceClaim

Injection of Ar and He
(BGI)
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2. Simulation of the injected gas using Molflow
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2. Simulation of the injected gas: Pressure Profile

« Setpoints (SP) correspond to the amount of gas
Injected

 Pumping speed estimation dependent on the pressure

« Saturation of the pumps represented via different
profiles

Pb34+ and Ar: SP 160 Pb54+ and He: SP 175 ] Mg’* and Ar: SP 140

— Middle Profile
—— Saturated Profile
— Unsaturated Profile
—— Upper and Lower Limit of Profile
—=—= Saturated Avg Pressure
—-—- Middle Avg Pressure
—-=—=- Unsaturated Avg Pressure
- Upper and Lower Limit of Avg Pressure
- Saturated Total Avg Pressure
- Middle Total Avg Pressure
- Unsaturated Total Avg Pressure

T T T T T T T T T T T T T T T
—-20 -10 0 10 20 —20 -10 0 10 20 =20 -10 0 10 20
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- Upper and Lower Limit of Total Avg Pressure



Pressure in mbar

2. Simulation of the injected gas: Pressure Profile

Image source: Audi, M. (2006), CERN Accelerator School
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3. Lifetime from Experiment in the PS

—— Measurement 0
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Results: Pb>** with Ar gas

Cross Section in cm?

Total Cross Sections vs. Total Average Pressure for Pb3*+ and Ar

—-— Schlachter model % 130 RF ON early ¢ 140 RF OFF early (@)

—— Weber model N 140 RF OFF early @ 160 RF ON early |
--- total cross section IO 140 RF ON early &> 160 RF OFF early 5
i©® 130 RF ON early 0 130 RF ON early @ 130 RF ON nominal @
V! 140 RF OFF early & 130 RF OFF early @ 130 RF OFF nominal v
Al 130 RF ON early [0 140 RF ON early & 140 RF ON nominal

-

<
.|
i

140 RF OFF nominal
160 RF ON nominal
160 RF OFF nominal
130 RF ON nominal
130 RF OFF nominal

10-#8
Total Average Pressure in mbar

Close agreement between the
experimental values and the model
predictions

The measured cross section is higher
than the predicted lifetime of the semi-
empirical formula

« EARLY beam: factor of 1.32 — 1.63 (avg:
1.46)

e NOMINAL beam: factor of 1.81 — 3.71
(avg: 2.44)

Time difference between the
measurements of the EARLY beam and
the NOMINAL beam
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Cross Section in cm?

Results: Pb>* with He gas
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Total Cross Sections vs. Total Average Pressure for Pb>** and He

—-— Schlachter model D 170 RF ON nominal O 175 RF ON nominal
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N
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Higher deviations compared to the
experiment with Ar gas

The measured cross section is a factor
of 2.25 - 3.45 (avg: 2.88) higher than
the predicted lifetime of semi-empirical
formula

Electron capture contribution: 0.01%
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Results: Mg’* with Ar gas

* The measured cross section is a factor

Total Cross Sections vs. Total Average Pressure for Mg’* and Ar

Of 193 = 353 (an: 236) t|meS IOWer —-— Schlachter model [0 130RFON early &} 140 RF OFF early
than the predicted lifetime of the semi- o< T alassecion © MoRr Ny @ 143 A% oft eany
empirical formula T
» The measured cross section of Pb>**is %
higher than predicted, while for Mg”* it 5 cex*] = B
IS the opposite
. . - 8 0.4 x 10717 4 2
 Predictions of the models result in 7
higher losses than those measured I

* Ongoing checks of formula validity for <0 eeoie———miiiiiir ———Hm————

loosely bound projectile electrons and Total Average Pressure in mbar
high-Z targets
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Conclusion

* lon cross section experiments with Pb>*and Mg’* beams in the CERN PS, using
different levels of injected Ar and He gas with the BGI injection system

« Exponential intensity decay was observed for high pressure injections, and beam lifetimes was extracted
« Pressure analysis resulted in a more accurate representation of the gas distribution
« Calculations of ion beam cross section as a function of pressure were performed

 New experimental methodology has been proven to give reasonable results
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Conclusion

* lon cross section experiments with Pb>*and Mg’* beams in the CERN PS, using
different levels of injected Ar and He gas with the BGI injection system

« Exponential intensity decay was observed for high pressure injections, and beam lifetimes was extracted
« Pressure analysis resulted in a more accurate representation of the gas distribution
« Calculations of ion beam cross section as a function of pressure were performed

 New experimental methodology has been proven to give reasonable results

« Measured cross sections were compared with the predictions of the semi-empirical
models
Close agreement, with a factor of 1.4 — 3.7, between the prediction models and the measurements

Comparison showed potential improvements in the experiment and/or models

Models are valuable tool for the estimation of cross sections to evaluate future ion species
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Outlook

lon lifetime experiments with an O% beam in the CERN PS will take place in June/July
2025, using different levels of injected Ar and He gas

New experimental setup will include the use of two injection systems, enabling more measurements

Total Cross Section for Ar with Rest Gas Composition Total Cross Section for He with Rest Gas Composition
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Thank you!!
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Flow

« Series of simulations to estimate effective
pumping speed S, ¢¢
el es o Error of gauge: 30%
Q = SerfP
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