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➤	Simula(on	of	CSR,	LSC	and	TSC	effects	using	SAD	and	GPT	
					*	Use	magnet	layout	Daihon20200607	
					*	Use	ini(al	beam	of	ideal	3D	Gaussian	distribu(on	
➤	Scaling	laws	of	momentum	spread	increase	due	to	SC	
➤	Summary



1. Introduction
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Layout:	
Start	from	POINTA2	(50	mm	before	POINTA) Beam	energy	17.5	MeV	

Arc	R56	=	0.0	m



2. Tracking simulations
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*	On-axis	LSC	model	

*	Average	LSC	model	(Average	over	the	transverse	beam	density)	

On-axis	and	average	LSC	models	(Ref:	hYps://arxiv.org/abs/2101.04369)
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2. Tracking simulations
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*	Clear	discrepancy	in	energy	spread	=>	3D	LSC	model	is	necessary.	Currently	
SAD	simula(on	use	1D	LSC	model	(same	as	that	used	in	ELEGANT)	
*	Clear	discrepancy	in	bunch	length	=>	Result	of	difference	in	energy	spread	
(energy	spread	translated	to	bunch	length	through	the	arc)

rms	energy	spread	and	bunch	length	with	on-axis	LSC	model



2. Tracking simulations
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*	Smaller	discrepancy	in	energy	spread	=>	Average	model	is	beYer.	Remaining	
discrepancy	might	be	due	to	3D	effects	
*	Discrepancy	in	bunch	length	=>	Related	to	energy	spread	and	CSR	(CSR	models	
are	different	between	SAD	and	GPT)?

rms	energy	spread	and	bunch	length	with	average	LSC	model



2. Tracking simulations
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*	Good	agreement	in	general	
*	A`er	the	arc,	difference	appear	to	be	remarkable.	Can	be	correlated	with	the	
difference	in	energy	spread

rms	horizontal	beam	size	and	momentum	spread	with	on-axis	
LSC	model



2. Tracking simulations
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*	Good	agreement	in	general	
*	A`er	the	arc,	difference	appear	to	be	remarkable.	Can	be	correlated	with	the	
difference	in	energy	spread

rms	horizontal	beam	size	and	momentum	spread	with	average	
LSC	model



2. Tracking simulations
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*	Good	agreement	in	general	
*	The	arc	does	no	make	difference	since	it	does	not	create	coupling	in	Y	and	Z	
direc(ons.

rms	ver(cal	beam	size	and	momentum	spread	with	on-axis	LSC	
model

A	liYle	strange!



2. Tracking simulations
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*	Good	agreement	in	general	
*	The	arc	does	no	make	difference	since	it	does	not	create	coupling	in	Y	and	Z	
direc(ons.

rms	ver(cal	beam	size	and	momentum	spread	with	average	LSC	
model

A	liYle	strange!



3. Theory of SC effects
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*	Energy	spread	due	to	LSC	with	path	length	L	along	the	beam	line:

Scaling	law	for	energy	spread	increase	due	to	LSC	[Refer	to	my	paper	
under	prepara(on]
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*	More	general	equa(on:
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@�p(s)
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3�
3
4Nreg(s)p

2⇡�3(s)�2
z (s)
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*	Predic(ons	of	LSC	driven	energy	spread:	
**	Linearly	propor(onal	to	bunch	popula(on	
**	Roughly	linear	propor(onal	to	length	of	beam	line	
**	Inverse	cubic	power	law	for	beam	energy	
**	Inverse-square	law	for	bunch	length

This formulation is only valid for ↵x ⌧ 1 and ↵y ⌧ 1.
<latexit sha1_base64="PKjEqXuqqKSip9qUp8iwD+Nh/ow="></latexit><latexit sha1_base64="PKjEqXuqqKSip9qUp8iwD+Nh/ow="></latexit><latexit sha1_base64="PKjEqXuqqKSip9qUp8iwD+Nh/ow="></latexit><latexit sha1_base64="PKjEqXuqqKSip9qUp8iwD+Nh/ow="></latexit>
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*	Apply	to	cERL-FEL	(magenta	line	in	the	figure):

Scaling	law	for	energy	spread	increase	due	to	LSC	[Refer	to	my	paper	
under	prepara(on]

�p(s) =

s

�2
p0 +

Z s

0
�0
p(s

0)ds0
�2

<latexit sha1_base64="li07ssB4ReGZS5pnWAMI7iFDnFo="></latexit><latexit sha1_base64="li07ssB4ReGZS5pnWAMI7iFDnFo="></latexit><latexit sha1_base64="li07ssB4ReGZS5pnWAMI7iFDnFo="></latexit><latexit sha1_base64="li07ssB4ReGZS5pnWAMI7iFDnFo="></latexit>

�0
p(s) =

@�p(s)
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=

3�
3
4Nreg(s)p

2⇡�3(s)�2
z (s)

<latexit sha1_base64="hxFS1qfn3RvcpQOX3zd6IRFoKtM="></latexit><latexit sha1_base64="hxFS1qfn3RvcpQOX3zd6IRFoKtM="></latexit><latexit sha1_base64="hxFS1qfn3RvcpQOX3zd6IRFoKtM="></latexit><latexit sha1_base64="hxFS1qfn3RvcpQOX3zd6IRFoKtM="></latexit>

*	Very	good	agreement:	
**	In	the	equa(on,	beam	sizes	taken	from	SAD	
simula(ons

3. Theory of SC effects
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*	Apply	to	cERL-FEL	(magenta	line	in	the	figure):

Scaling	law	for	energy	spread	increase	due	to	LSC	[Refer	to	my	paper	
under	prepara(on]
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s

�2
p0 +

Z s

0
�0
p(s
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*	The	theory	explains	the	extra	increase	of	energy	spread	a`er	the	arc	
with	R56=0.217	configura(on:	
**	Shorter	bunch	length	causes	faster	increase	of	energy	spread

3. Theory of SC effects

From	D.	Zhou’s	talk	in	cERL-FEL	meeting,	Oct.	01,	2020
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*	Momentum	spread	due	to	TSC	in	a	dri`:

Scaling	law	for	momentum	spread	increase	due	to	TSC	[Refer	to	my	
paper	under	prepara(on]

*	In	a	quadrupole,	there	is	another	term	to	be	counted.	
*	To	be	benchmarked	with	simula(ons.

�0
px
(s) =

@�px(s)

@s
=
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1
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q
ln 4

3Nreg(s)
p
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� = (�x + �y)/2
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So	far	the	simula(ons	and	theory	I	used	are	based	on	the	
assump(on	of	3D	Gaussian	beams	(The	longitudinal	distribu(on	
is	not	necessarily	to	be	Gaussian).	Ini(al	Gaussian	distribu(on	
used	is	also	a	reason	for	good	agreement	between	SAD	and	GPT	
benchmark	simula(ons	

Ques(on:	How	good	is	this	assump(on?	

If	this	is	a	good	assump(on,	we	can	derive	beam	envelope	
equa(on	using	the	space-charge	forces	of	Gaussian	beams.
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A	revisit	of	beam	envelope	equa(on
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A	revisit	of	beam	envelope	equa(on

Linear	TSC	model	used	in	
ELEGANT	
=>	Overestimate	TSC	effects
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A	revisit	of	beam	envelope	equa(on	(references)
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From	ELEGANT	manual:
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5. Summary
*	Bench	mark	of	SAD	and	GPT	
					**	Using	averaged	LSC	1D	model	shows	beYer	agreement	with	GPT	simula(ons	

*	Theory	of	SC	effects	
					**	Simple	scaling	laws	were	found	(Any	similar	theory	in	the	literature?)	
					**	Reproduce	the	simula(ons	well	(Condi(on:	bunches	close	to	Gaussian	
distribu(on)	
					**	Sigma-matrix	equa(on	can	be	used	for	simula(on	and	op(cs	matching	with	
space	charge)?


