
Simulating	particle	interactions
in	transit	with	Impact-T
MATT	EASTON
PEKING	UNIVERSITY
2018-05-09



Molecular	Hydrogen	H"
#

Particle Protons Neutrons Electrons Mass Charge Charge/Mass	ratio

Proton 1 0 0 𝑚% +1	e 1

Deuteron 1 1 0 𝑚% + 𝑚(~2 𝑚% +1	e 1/2

H"
# 2 0 1 2 𝑚% + 𝑚,~2 𝑚% +1	e 1/2



Molecular	Hydrogen	H"
#

• Testing	deuteron	RFQs

• Multi-ion	accelerators

• Stripping	to	proton	beams



Testing	deuteron	RFQs

o Avoid	activation

o Same	charge-to-mass	ratio

o Same	ion	source

o Low	current	for	commissioning

Challenges	of	the	high	current	prototype	accelerator	of	
IFMIF/EVEDA
J	Knaster,	Y	Okumura,	A	Kasugai,	M	Sugimoto	and	P	Cara
Presented	at	IPAC	2016:	The	7th	International	Particle	Accelerator	
Conference,	Busan,	Korea,	2016,	(MOZB02)	pp.52–57.	
http://jacow.org/ipac2016/papers/mozb02.pdf

Preliminary	results	of	𝐇𝟐
# beam	generated	by	a	2.45	GHz	

permanent	magnet	ECR	ion	source	at	PKU
Xu	Y,	Peng	S	X,	Ren	H	T	et	al.
Presented	at	IPAC	2013:	The	4th	International	Particle	Accelerator	
Conference,	Shanghai,	China,	2013,	(MOPFI035)	pp.363–365.
http://jacow.org/ipac2013/papers/mopfi035.pdf

Status	of	the	SARAF	CW	40	MeV	proton/deuteron	accelerator
I	Mardor,	D	Berkovits,	I	Gertz et	al.
Presented	at	PAC	2009:	The	23rd	Particle	Accelerator	Conference,	
Vancouver,	BC,	Canada,	2009,	(FR5REP087)	pp.4981–4983.
http://jacow.org/pac2009/papers/fr5rep087.pdf

Low	beta	CW	linacs for	intense	beams
G	E	McMichael
Presented	at	LINAC	1990:	The	15th	Linear	Accelerator	Conference,
Albuquerque,	New	Mexico,	USA,	1990,	(WE104)	pp.518–521.	
http://jacow.org/l90/papers/we104.pdf

FOR	EXAMPLE:



FRIB	ReA

o Facility	for	Rare	Isotope	Beams

o ReAccelerator:	
rare	isotope	post-accelerator

o Multi-species	RFQ

o Low	current:	2	μA	H"
#

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 Isotope	Decay-At-Rest

o High-intensity	proton	beam	for	
neutrino	oscillation	experiments

o Accelerating	H"
# and	stripping	to	protons	

just	before	extraction

o Small	RFQ	as	injector	to	driver	cyclotron

o Low	energy	RFQ:	80	keV	H"
#

Preliminary	design	of	a	RFQ	direct	injection	scheme	for	the	IsoDAR high	
intensity	𝐇𝟐

# cyclotron
D	Winklehner,	R	Hamm,	J	Alonso,	J	M	Conrad	and	S	Axani
Review	of	Scientific	Instruments	87 (2)	02B929,	February	2016.
doi:	10.1063/1.4935753



FMIT

o Fusion	Materials	Irradiation	Test

o Built	in	the	1980s	at	Los	Alamos

o Target:	35	MeV,	100	mA	CW	
deuteron	beam

o RFQ:	80	MHz,	2	MeV,	4	m

o Achieved	50	mA	CW	H"
# beam	

at	2	MeV 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:	10.1109/TNS.1985.4334300



FMIT

o Major	problems	with	CW	RF
o Thermal	expansion
o Surface	outgassing
o Multipacting

o Major	problems	with	H"
# beam

o Melted	vacuum	seals
o Melted	beam	pipes
o 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:	10.1109/TNS.1985.4334300



FMIT

o Beam	halo
o Not	just	H"

#

o Protons,	electrons	and	
neutral	hydrogen	atoms

o Stripping	and	dissociation	of	H"
# ions

o RFQ	not	matched	and	equipartitioned
o 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:	10.1109/TNS.1985.4334300



FMIT

o Stripping	and	dissociation	of	H"
#

o Residual	gas	collisions
o Electrostatic	field	component	

in	ion	rest	frame
o 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:	10.1109/TNS.1985.4334300



Molecular	hydrogen	ion	dissociation



Molecular	hydrogen	ion	dissociation

Molecular	hydrogen	bunches



Molecular	hydrogen	ion	dissociation
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Molecular	hydrogen	ion	dissociation

Molecular	hydrogen	bunches

Proton	bunches



Impact-T code	modifications

• InteractionClass
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• BeamBunchClass



Impact-T code	modifications

• InteractionClass

• BeamBunchClass

• AccSimulatorClass

• init_AccSimulator()

• run_AccSimulator()
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Impact-T code	modifications

• InteractionClass

• BeamBunchClass

• AccSimulatorClass

• Input	files

• InputClass

• CalculationClass

• QuickSortClass



Molecular	hydrogen	bunches

Proton	bunches



0.00

0.20

0.40

0.60

0.80

1.00

1.20

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

En
er
gy
	(M

eV
)	/
	T
ra
ns
m
iss
io
n	
(fr
ac
tio

n)

z-location	(m)

Molecular	hydrogen	ions

Protons

Energy	(hydrogen)



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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