Simulating particle interactions
in transit with Impact-T
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Molecular Hydrogen HJ

Testing deuteron RFQs
Multi-ion accelerators

Stripping to proton beams



Testing deuteron RFQs

Avoid activation
Same charge-to-mass ratio
Same ion source

Low current for commissioning

Challenges of the high current prototype accelerator of
IFMIF/EVEDA
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Status of the SARAF CW 40 MeV proton/deuteron accelerator

| Mardor, D Berkovits, | Gertz et al.
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Vancouver, BC, Canada, 2009, (FRSREP087) pp.4981-4983.

Low beta CW linacs for intense beams
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FRIB ReA

Facility for Rare Isotope Beams

ReAccelerator:
rare isotope post-accelerator

Multi-species RFQ

Low current: 2 pA Hy

Commissioning results of the ReA RFQ at MSU

D Leitner, C Benatti, S W Krause et al.

Presented at PAC 2011: The 24th Particle Accelerator Conference,
New York, USA, 2011, (WEP226) pp.1912-1914.

http://jacow.org/pac2011/papers/wep226.pdf




ISODAR

o Suwrcunducling
Isotope Decay-At-Rest 2 Loy
High-intensity proton beam for '

neutrino oscillation experiments

Accelerating HY and stripping to protons
just before extraction

Small RFQ as injector to driver cyclotron

Preliminary design of a RFQ direct injection scheme for the IsoDAR high
intensity H3 cyclotron

LOW energy RFQ: 80 kev Hg_ D Winklehner, R Hamm, J Alonso, ] M Conrad and S Axani

Review of Scientific Instruments 87 (2) 02B929, February 2016.
doi:



FMIT

Fusion Materials Irradiation Test
Built in the 1980s at Los Alamos

Target: 35 MeV, 100 mA CW
deuteron beam

RFQ: 80 MHz, 2 MeV, 4 m
Achieved 50 mA CW HJ beam

CW operation of the FMIT RFQ, accelerator

at 2 M ev W D Cornelius
Presented at PAC 1985: The 11th Particle Accelerator Conference,
Vancouver, BC, Canada, 1985.
Published in IEEE Transactions on Nuclear Science 32, pp. 3139-3143.
doi:



FMIT

Major problems with CW RF
Thermal expansion
Surface outgassing
Multipacting

Major problems with H beam
Melted vacuum seals
Melted beam pipes
Incorrectly matched input

CW operation of the FMIT RFQ, accelerator
W D Cornelius

Presented at PAC 1985: The 11th Particle Accelerator Conference,
Vancouver, BC, Canada, 1985.

Published in IEEE Transactions on Nuclear Science 32, pp. 3139-3143.
doi:



FMIT

Beam halo
Not just H7

Protons, electrons and
neutral hydrogen atoms

Stripping and dissociation of HJ ions
RFQ not matched and equipartitioned
Vacuum levels not good

CW operation of the FMIT RFQ, accelerator

W D Cornelius

Presented at PAC 1985: The 11th Particle Accelerator Conference,
Vancouver, BC, Canada, 1985.

Published in IEEE Transactions on Nuclear Science 32, pp. 3139-3143.
doi:



FMIT

Stripping and dissociation of HJ
Residual gas collisions

Electrostatic field component
in ion rest frame

Beam thermal energy
due to mismatch

CW operation of the FMIT RFQ, accelerator

W D Cornelius

Presented at PAC 1985: The 11th Particle Accelerator Conference,
Vancouver, BC, Canada, 1985.

Published in IEEE Transactions on Nuclear Science 32, pp. 3139-3143.
doi:



Molecular hydrogen ion dissociation




Molecular hydrogen ion dissociation

Molecular hydrogen bunches



Molecular hydrogen ion dissociation

Molecular hydrogen bunches
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Molecular hydrogen ion dissociation

Molecular hydrogen bunches
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Impact-T code modifications

InteractionClass

InteractionClass

BeamBunchClass
PhysConstClass
CalculationClass
InputClass
QuickSort

0 g :: debug_mode = .FALSE.

: :: IT_DISSOCIATION =
i :: IT_CAPTURE =
: :: IT_CAPTURESPLIT =

Interaction

source_bunch_id

target_bunch_id
:: peak_energy
peak_cross

interval
88 MExac
Interaction
BeamBunchTemplate
current
energy

mass



Impact-T code modifications

InteractionClass

addto_BeamBunch_copy(this, source_bunch, particle_ids)

(BeamBunch), (INOUT) :: this
(BeamBunch), (IN) :: source_bunch

BeamBunchClass =

array_size, number_to_copy
EGER :: last_particle, Npt_old

number_to_copy = SIZE(particle_ids)
array_size = SIZE(source_bunch%Ptsl, 2)
last_particle = this%Nptlocal

this%Pts1(:, last_particle+l:last_particle+number_to_copy) &
= source_bunch%Pts1(:, particle_ids)

Npt_old = this%Npt

this%Npt = this%Npt + number_to_copy

this%Nptlocal = this%Nptlocal + number_to_copy

this%Nptrans = this%Nptrans + number_to_copy
(Npt_old == 0) i

(is_zero(source_bunch%Current))
this%Current =
this%Current = this%Nptlocal * this%Charge

this%Current = this%Current *x this%Npt / Npt_old

addto_BeamBunch_copy



Impact-T code modifications

InteractionClass ()

BeamBunchClass

(flag_interact == 1)
x, "Initializing particle interactions"

ACCSi m u Iato rCI a SS construct_interactions(Ebunch, Nbunch)

()

(flag_interact == 1)
interact_all(Ebunch(1:Nbunch), distance, dzz)



Impact-T code modifications

* InteractionClass
* BeamBunchClass
* AccSimulatorClass

* Input files

! more information needed by the integrator:

! phase-space dimension, number of particles, a series of flags

! that set the type of integrator, error study, diagnostics,
! image charge, the cutoff distance for the image charge,

! and a flag whether to include interactions

!

! PSdim Nptcl integF errF diagF imchgF imgCutOff (m)

6 100000 1 2} 2 ) 0.0
1

and

interactF
1




Impact-T code modifications

InteractionClass
BeamBunchClass
AccSimulatorClass
Input files

InputClass

readbonusflags_Input(fileunit, flag_interact)

' (IN) :: fileunit
. (OUT) :: flag_interact

dim_in, np_in, flagmap_in, flagerr_in,
flagdiag_in, flagimg_in
dim_chk, np_chk, flagmap_chk

zimage_in
ierr
(fileunit)
(fileunit, *, IOSTAT=ierr) dim_in, np_in, flagmap_in, flagerr_in,

flagdiag_in, flagimg_in, zimage_in,
flag_interact

(ierr /= 0)
flag_interact =
(fileunit)

(fileunit)
(fileunit, *, IOSTAT=ierr) dim_chk, np_chk, flagmap_chk
((ierr /= 0).0OR

. (dim_chk /= dim_in).OR.(np_chk /= np_in) &
.OR. (flagmap_chk /= flagmap_in))

flag_interact =
(fileunit)

readbonusflags_Input



Impact-T code modifications

CalculationClass

InteractionClass

BeamBunchClass

:: debug_mode = .FALSE.

AccSimulatorClass o § : dotailed dobug ot = FALSE

Input files

is_zero
I tCl PROCEDURE is_zero_real
n p u a SS PROCEDURE is_zero_dp
PROCEDURE is_zero_int
PROCEDURE is_zero_log
PROCEDURE is_zero_char

CalculationClass

move_duplicates
PROCEDURE remove_duplicates_int

remove_duplicates



Impact-T code modifications

InteractionClass
BeamBunchClass
AccSimulatorClass
Input files
InputClass
CalculationClass

QuickSortClass

QuickSort

QuickSortArray
1t key

gqsort
PROCEDURE ¢gsort_int

gsort

S C SOIRE

gsort_int( )
(INOUT)

(QuickSortArray)



Molecular hydrogen bunches
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Proton bunches
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Status

Added interaction bunches
Specified by the interactions input file
Created by the interactions module
Uses standard tracking and space charge methods

Implemented three interaction types
Probabilistic particle selection

Interaction rates and trends don’t match expectations



Future

Fix interaction probability calculation
Investigate full Monte Carlo method
Implement other types of interaction

Compare with experiment
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