
Tracking simulations
for cERL-FEL: Compare results of SAD, 

ELEGANT and GPT 

Demin Zhou
Accelerator laboratory, KEK

Acknowledgements:
N. Iida, R. Kato, T. Miyajima, N. Nakamura, K. Oide,

M. Shimada, Y. Tanimoto

cERL-FEL meeting, Sep. 24, 2020



Outline

2

➤	Simula(on	of	CSR,	LSC	and	TSC	effects	using	SAD	
					*	Use	new	magnet	layout	(Daihon20200607,	Thanks	to	N.	Nakamura	and	M.	
Shimada)	
												Nakamura-san’s	laLce:	RF	phase	79	deg,	R56@arc=0.217	
												Shimada-san’s	laLce:	RF	phase	90	deg,	R56@arc=0.	

					*	Use	Gaussian	fiWed	beam	sizes	for	LSC/TSC	effects	
➤	Comparison	of	ELEGANT,	SAD	and	GPT	simula(ons	
➤	Models	for	LSC	and	TSC	
➤	Summary	
➤	To-Do	list
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ELEGANT	files	(Nakamura-san):	
beam	line:	fel_SAD.lte	
run	setup:	fel_arcR56_-0.1m_ML2ph_0deg.ele	(Use	old	file)	
beam	ini(al	distribu(on:	5MeV_2ps_500k_new.sdds	(#	of	par(cles:	5e5)

!	p_central	=	19.582453	(elegant)	
MOMENTUM	=	10.0066	MEV;	!	SAD	

Arc	R56	=	0.217	m

w/o	TSC
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ELEGANT	files	(Nakamura-san):	
beam	line:	fel_SAD.lte	
run	setup:	fel_arcR56_-0.1m_ML2ph_0deg.ele	(Use	old	file)	
beam	ini(al	distribu(on:	5MeV_2ps_500k_new.sdds	(#	of	par(cles:	5e5)

!	p_central	=	19.582453	(elegant)	
MOMENTUM	=	10.0066	MEV;	!	SAD	

Arc	R56	=	0.217	m

w/	TSC	
(WSPAC)

Thanks	to	K.	Oide:	devel	version	of	SAD:	
hWps://github.com/KatsOide/SAD.git
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ELEGANT	files	(Nakamura-san):	
beam	line:	fel_SAD.lte	
run	setup:	fel_arcR56_-0.1m_ML2ph_0deg.ele	(Use	old	file)	
beam	ini(al	distribu(on:	5MeV_2ps_500k_new.sdds	(#	of	par(cles:	5e5)

!	p_central	=	19.582453	(elegant)	
MOMENTUM	=	10.0066	MEV;	!	SAD	

Arc	R56	=	0.217	m



1. Introduction

6

ELEGANT	files	(Nakamura-san):	
beam	line:	fel_SAD.lte	
run	setup:	fel_arcR56_-0.1m_ML2ph_0deg.ele	(Use	old	file)	
beam	ini(al	distribu(on:	5MeV_2ps_500k_new.sdds	(#	of	par(cles:	5e5)

!	p_central	=	19.582453	(elegant)	
MOMENTUM	=	10.0066	MEV;	!	SAD	

Arc	R56	=	0.217	m
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rms	energy	spread:	
*	CSR	is	remarkable	in	the	arc	
*	LSC	is	most	important	
*	TSC	is	also	remarkable	(Mechanism:	LSC	depends	on	transverse	beam	sizes)

Simula(on	of	CSR,	LSC	and	TSC	effects

1)	The	s-dependent	energy	spreads	simulated	by	
SAD	and	GPT	are	remarkably	different.	It	might	
be	related	to	LSC	model:	
					*	SAD	(and	ELEGANT):	1D	LSC	model	(overes(mate	LSC	effects)	
					*	GPT:	3D	LSC	model	(consider	x/y	dependence	of	LSC	force)	
2)	The	difference	between	SAD	and	ELEGANT:	
					*	SAD:	3D	TSC	with	Gaussian	distribu(on	in	x-y	
plane	
						*	ELEGANT:	TSC	is	not	available	
						*	Without	TSC,	the	CSR	models	in	the	arc	are	different

LaLce:	2020.06.07

From	D.	Zhou’s	talk	in	cERL-FEL	meeting,	Aug.	27,	2020
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Simula(on	of	CSR,	LSC	and	TSC	effects
rms	bunch	length:	
*	Bunch	length	is	coupled	to	energy	spread	
*	TSC	plays	a	role	(Mechanism:	LSC	depends	on	transverse	beam	sizes)

1)	The	s-dependent	rms	bunch	length	simulated	
by	SAD	and	GPT	are	remarkably	different.	It	
might	be	related	to	LSC	model:	
					*	SAD	(and	ELEGANT):	1D	LSC	model	(overes(mate	LSC	effects)	
					*	GPT:	3D	LSC	model	(consider	x/y	dependence	of	LSC	force)	
2)	The	difference	between	SAD	and	ELEGANT:	
					*	SAD:	3D	TSC	with	Gaussian	distribu(on	in	x-y	
plane	
						*	ELEGANT:	TSC	is	not	available	
						*	Without	TSC,	the	CSR	models	in	the	arc	are	different

LaLce:	2020.06.07

From	D.	Zhou’s	talk	in	cERL-FEL	meeting,	Aug.	27,	2020
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Horizontal	emiWance	(normalized):	
*	Hor.	emiWance	is	coupled	to	long.	because	of	
non-zero	dispersion	in	the	arc	sec(on	
*	GPT:	small	bump	around	s=6	m.	Why?	Is	it	the	
chicane?	
*	Discrepancy	between	SAD	and	GPT	could	be	
aWributed	to	LSC	(but	need	to	be	checked)

Ver(cal	emiWance	(normalized):	
*	Small	change	along	the	beam	line	w/o	TSC	
*	TSC	makes	big	difference	(reasonable?)	(Both	
SAD	and	GPT	show	strong	emiWance	growth)	
*	SAD	and	GPT	show	different	behavior,	especially	
in	the	arc	=>	Need	to	be	checked	
*	Mechanism	s(ll	to	be	understood

Simula(on	of	CSR,	LSC	and	TSC	effects
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Horizontal	emiWance	(normalized):	
*	Hor.	emiWance	is	coupled	to	long.	because	of	
non-zero	dispersion	in	the	arc	sec(on	
*	GPT:	small	bump	around	s=6	m.	Why?	Is	it	the	
chicane?	
*	Discrepancy	between	SAD	and	GPT	could	be	
aWributed	to	LSC	(but	need	to	be	checked)

Ver(cal	emiWance	(normalized):	
*	Small	change	along	the	beam	line	w/o	TSC	
*	TSC	makes	big	difference	(reasonable?)	(Both	
SAD	and	GPT	show	strong	emiWance	growth)	
*	SAD	and	GPT	show	different	behavior,	especially	
in	the	arc	=>	Need	to	be	checked	
*	Mechanism	s(ll	to	be	understood

Simula(on	of	CSR,	LSC	and	TSC	effects
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Horizontal	rms	beam	size:	
*	Hor.	beam	size	is	coupled	to	longitudinal	
because	of	dispersion	and	energy	spread	
*	TSC	is	less	important	than	LSC?

Ver(cal	rms	beam	size:	
*	Almost	independent	w/o	TSC	
*	Reasonable:	No	coupling	between	Y	and	Z/X	
*	SAD	and	GPT	show	similar	behavior.	TSC	is	
important

Simula(on	of	CSR,	LSC	and	TSC	effects	using	SAD
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Beam	distribu(on	at	POINTD:	
SAD,	ELEGANT	and	GPT:	should	be	the	same
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Beam	distribu(on	at	POINTU:	
512	bins	in	z-direc(on	for	RF	wake,	CSR,	and	LSC

SAD	simula(on:	
The	SC	forces	are	calculated	using	Gaussian	fiWed	σx	and	σy,	and	arbitrary	
density	(histogram)	in	z	direc(on.

Nakamura-san’s	laLce	(without	TSC)
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	+	TSC	
Beam	distribu(on	at	POINTU:	
512	bins	in	z-direc(on	for	RF	wake,	CSR,	and	LSC	+	TSC

SAD	simula(on:	
The	SC	forces	are	calculated	using	Gaussian	fiWed	σx	and	σy,	and	arbitrary	
density	(histogram)	in	z	direc(on.

Nakamura-san’s	laLce	(with	TSC)
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Beam	distribu(on	at	POINTU:	
512	bins	in	z-direc(on	for	RF	wake,	CSR,	and	LSC

SAD	simula(on:	
The	SC	forces	are	calculated	using	Gaussian	fiWed	σx	and	σy,	and	arbitrary	
density	(histogram)	in	z	direc(on.

Shimada-san’s	laLce	(without	TSC)
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	+	TSC	
Beam	distribu(on	at	POINTU:	
512	bins	in	z-direc(on	for	RF	wake,	CSR,	and	LSC	+	TSC

SAD	simula(on:	
The	SC	forces	are	calculated	using	Gaussian	fiWed	σx	and	σy,	and	arbitrary	
density	(histogram)	in	z	direc(on.

Shimada-san’s	laLce	(with	TSC)
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Wake	fields:	
512(Let)	and	128(Right)	bins	in	z-direc(on	for	RF	wake,	CSR	and	
LSC
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Wake	fields:	
512	bins	in	z-direc(on	for	RF	wake,	CSR	and	LSC

Nakamura-san’s	laLce Shimada-san’s	laLce	(with	TSC)
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Simula(on	with	RF	wake,	CSR,	and	LSC	effects	using	SAD	
Beam	distribu(on	at	POINTU:
ELEGANT	
From	N.	Nakamura SAD	(512	bins) SAD	(128	bins)

SAD	simula(on:	The	SC	forces	are	calculated	using	Gaussian	fiWed	σx	and	σy,	and	arbitrary	density	(histogram)	in	z	direc(on.	
ELEGANT	simula(on:	The	SC	forces	are	calculated	using	rms	σx	and	σy	and	arbitrary	density	(histogram)	in	z	direc(on.	
CSR	model	is	also	different:	SAD	uses	data	from	CSRZ	code,	ELEGANT	use	Stupakov’s	1D	model
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1D	LSC	impedance	model:	

ZLSC(k)
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Z.	Huang	et	al.,	Phys.	Rev.	ST	Accel.	Beams	7	074401	(2004)	
M.	Venturini,	Phys.	Rev.	ST	Accel.	Beams	11	034401	(2008)
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<latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="4qDqmwIse+X7mvu5enfTDjROwAo=">AAACCXicbZDLSsNAGIX/1FutVaNbN8EiVMSSZKMbQXDjsoK9QNOGyXTSDp1cnJlIQ8hDuPFV3LhQxBdw59s4bbPQ1gMDH+fM8M9/vJhRIU3zWyutrW9sbpW3KzvV3b19/aDaFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vcjPLO4+ECxqF9zKNST9Ao5D6FCOpLFc/Q1eOzxHOpnnmiAcuM7vuCDoKkDsd2OcFpgP7NM9dvWY2zLmMVbAKqEGhpqt/OcMIJwEJJWZIiJ5lxrKfIS4pZiSvOIkgMcITNCI9hSEKiOhn86Vy40Q5Q8OPuDqhNObu7xcZCoRIA0/dDJAci+VsZv6X9RLpX/YzGsaJJCFeDPITZsjImDVkDCknWLJUAcKcqr8aeIxUR1L1WFElWMsrr0LbbliK70wowxEcQx0suIBruIUmtADDE7zAG7xrz9qr9rGoq6QVvR3CH2mfP0KEnU8=</latexit><latexit sha1_base64="4qDqmwIse+X7mvu5enfTDjROwAo=">AAACCXicbZDLSsNAGIX/1FutVaNbN8EiVMSSZKMbQXDjsoK9QNOGyXTSDp1cnJlIQ8hDuPFV3LhQxBdw59s4bbPQ1gMDH+fM8M9/vJhRIU3zWyutrW9sbpW3KzvV3b19/aDaFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vcjPLO4+ECxqF9zKNST9Ao5D6FCOpLFc/Q1eOzxHOpnnmiAcuM7vuCDoKkDsd2OcFpgP7NM9dvWY2zLmMVbAKqEGhpqt/OcMIJwEJJWZIiJ5lxrKfIS4pZiSvOIkgMcITNCI9hSEKiOhn86Vy40Q5Q8OPuDqhNObu7xcZCoRIA0/dDJAci+VsZv6X9RLpX/YzGsaJJCFeDPITZsjImDVkDCknWLJUAcKcqr8aeIxUR1L1WFElWMsrr0LbbliK70wowxEcQx0suIBruIUmtADDE7zAG7xrz9qr9rGoq6QVvR3CH2mfP0KEnU8=</latexit><latexit sha1_base64="PCIxy/1SruZ15V+yDkK2rU768eA=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIpYkG90IRTcuK9gLNGmYTCft0JkkzkykIeQh3Pgqblwo4taFO9/GaZuFtv4w8PGfczhzfj+mREjT/NaWlldW19ZLG+XNre2dXX1vvyWihCPcRBGNeMeHAlMS4qYkkuJOzDFkPsVtf3Q9qbcfMBckCu9kGmOXwUFIAoKgVJann8JLJ+AQZeM8c8Q9l5lddQQZMOiNe/ZZgWnPPslzT6+YNXMqYxGsAiqgUMPTv5x+hBKGQ4koFKJrmbF0M8glQRTnZScROIZoBAe4qzCEDAs3mx6VG8fK6RtBxNULpTF1f09kkAmRMl91MiiHYr42Mf+rdRMZXLgZCeNE4hDNFgUJNWRkTBIy+oRjJGmqACJO1F8NNIQqI6lyLKsQrPmTF6Fl1yzFt2alflXEUQKH4AhUgQXOQR3cgAZoAgQewTN4BW/ak/aivWsfs9YlrZg5AH+kff4AEheeyg==</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit><latexit sha1_base64="crmk1Mq81b5sovHlP5d9jHvjoPQ=">AAACFHicbZDLSsNAFIYn9VbrLerSTbAIFbEkQdCNUHTjsoK9QJOGyXTSDp1J4sxEWkIewo2v4saFIm5duPNtnLZZaOsPAx//OYcz5/djSoQ0zW+tsLS8srpWXC9tbG5t7+i7e00RJRzhBopoxNs+FJiSEDckkRS3Y44h8ylu+cPrSb31gLkgUXgnxzF2GeyHJCAISmV5+gm8dAIOUTrKUkfcc5naFUeQPoPeqGuf5jju2sdZ5ulls2pOZSyClUMZ5Kp7+pfTi1DCcCgRhUJ0LDOWbgq5JIjirOQkAscQDWEfdxSGkGHhptOjMuNIOT0jiLh6oTSm7u+JFDIhxsxXnQzKgZivTcz/ap1EBhduSsI4kThEs0VBQg0ZGZOEjB7hGEk6VgARJ+qvBhpAlZFUOZZUCNb8yYvQtKuW4tuzcu0qj6MIDsAhqAALnIMauAF10AAIPIJn8AretCftRXvXPmatBS2f2Qd/pH3+ABNXns4=</latexit>

b =
yq

2(�2
x � �2

y)
<latexit sha1_base64="mobwJQ8gDhbIkoccapOF9AVmKN0=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIpYkCLoRim5cVrAXaNIwmU7aoTNJnJmIIeQh3Pgqblwo4taFO9/GaZuFtv4w8PGfczhzfj+mREjT/NYWFpeWV1ZLa+X1jc2tbX1ntyWihCPcRBGNeMeHAlMS4qYkkuJOzDFkPsVtf3Q1rrfvMRckCm9lGmOXwUFIAoKgVJanH/sXTsAhytI8c8Qdl5lddQQZMOg99OyTAtOefZTnnl4xa+ZExjxYBVRAoYanfzn9CCUMhxJRKETXMmPpZpBLgijOy04icAzRCA5wV2EIGRZuNjkqNw6V0zeCiKsXSmPi/p7IIBMiZb7qZFAOxWxtbP5X6yYyOHczEsaJxCGaLgoSasjIGCdk9AnHSNJUAUScqL8aaAhVRlLlWFYhWLMnz0PLrlmKb04r9csijhLYBwegCixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mLYuaMXMHvgj7fMHFque0A==</latexit><latexit sha1_base64="mobwJQ8gDhbIkoccapOF9AVmKN0=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIpYkCLoRim5cVrAXaNIwmU7aoTNJnJmIIeQh3Pgqblwo4taFO9/GaZuFtv4w8PGfczhzfj+mREjT/NYWFpeWV1ZLa+X1jc2tbX1ntyWihCPcRBGNeMeHAlMS4qYkkuJOzDFkPsVtf3Q1rrfvMRckCm9lGmOXwUFIAoKgVJanH/sXTsAhytI8c8Qdl5lddQQZMOg99OyTAtOefZTnnl4xa+ZExjxYBVRAoYanfzn9CCUMhxJRKETXMmPpZpBLgijOy04icAzRCA5wV2EIGRZuNjkqNw6V0zeCiKsXSmPi/p7IIBMiZb7qZFAOxWxtbP5X6yYyOHczEsaJxCGaLgoSasjIGCdk9AnHSNJUAUScqL8aaAhVRlLlWFYhWLMnz0PLrlmKb04r9csijhLYBwegCixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mLYuaMXMHvgj7fMHFque0A==</latexit><latexit sha1_base64="mobwJQ8gDhbIkoccapOF9AVmKN0=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIpYkCLoRim5cVrAXaNIwmU7aoTNJnJmIIeQh3Pgqblwo4taFO9/GaZuFtv4w8PGfczhzfj+mREjT/NYWFpeWV1ZLa+X1jc2tbX1ntyWihCPcRBGNeMeHAlMS4qYkkuJOzDFkPsVtf3Q1rrfvMRckCm9lGmOXwUFIAoKgVJanH/sXTsAhytI8c8Qdl5lddQQZMOg99OyTAtOefZTnnl4xa+ZExjxYBVRAoYanfzn9CCUMhxJRKETXMmPpZpBLgijOy04icAzRCA5wV2EIGRZuNjkqNw6V0zeCiKsXSmPi/p7IIBMiZb7qZFAOxWxtbP5X6yYyOHczEsaJxCGaLgoSasjIGCdk9AnHSNJUAUScqL8aaAhVRlLlWFYhWLMnz0PLrlmKb04r9csijhLYBwegCixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mLYuaMXMHvgj7fMHFque0A==</latexit><latexit sha1_base64="mobwJQ8gDhbIkoccapOF9AVmKN0=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahIpYkCLoRim5cVrAXaNIwmU7aoTNJnJmIIeQh3Pgqblwo4taFO9/GaZuFtv4w8PGfczhzfj+mREjT/NYWFpeWV1ZLa+X1jc2tbX1ntyWihCPcRBGNeMeHAlMS4qYkkuJOzDFkPsVtf3Q1rrfvMRckCm9lGmOXwUFIAoKgVJanH/sXTsAhytI8c8Qdl5lddQQZMOg99OyTAtOefZTnnl4xa+ZExjxYBVRAoYanfzn9CCUMhxJRKETXMmPpZpBLgijOy04icAzRCA5wV2EIGRZuNjkqNw6V0zeCiKsXSmPi/p7IIBMiZb7qZFAOxWxtbP5X6yYyOHczEsaJxCGaLgoSasjIGCdk9AnHSNJUAUScqL8aaAhVRlLlWFYhWLMnz0PLrlmKb04r9csijhLYBwegCixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mLYuaMXMHvgj7fMHFque0A==</latexit>

r =
�y

�x
<latexit sha1_base64="tDqySTXnFOGd+JR3PQu3ADsTq5Y=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTQiT6aQdOjMJMxMxhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxNGlXacL2tpeWV1bb2yUd3c2t7Ztff2OypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemG46tJvXtHpKKxuNVZQnyOhoJGFCNtrMCuyQsvkgjnnqJDjoKs+KH7IrDrTsOZCi6CW0IdlGoF9qc3iHHKidCYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gYF4kT5+fSIAh4ZZwCjWJonNJy6vydyxJXKeGg6OdIjNV+bmP/V+qmOzv2ciiTVRODZoihlUMdwkggcUEmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4Rq+Oa03L8s4KqAGDsExcMEZaIJr0AJtgMEDeAIv4NV6tJ6tN+t91rpklTMH4I+sj2/V4JjZ</latexit><latexit sha1_base64="tDqySTXnFOGd+JR3PQu3ADsTq5Y=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTQiT6aQdOjMJMxMxhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxNGlXacL2tpeWV1bb2yUd3c2t7Ztff2OypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemG46tJvXtHpKKxuNVZQnyOhoJGFCNtrMCuyQsvkgjnnqJDjoKs+KH7IrDrTsOZCi6CW0IdlGoF9qc3iHHKidCYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gYF4kT5+fSIAh4ZZwCjWJonNJy6vydyxJXKeGg6OdIjNV+bmP/V+qmOzv2ciiTVRODZoihlUMdwkggcUEmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4Rq+Oa03L8s4KqAGDsExcMEZaIJr0AJtgMEDeAIv4NV6tJ6tN+t91rpklTMH4I+sj2/V4JjZ</latexit><latexit sha1_base64="tDqySTXnFOGd+JR3PQu3ADsTq5Y=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTQiT6aQdOjMJMxMxhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxNGlXacL2tpeWV1bb2yUd3c2t7Ztff2OypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemG46tJvXtHpKKxuNVZQnyOhoJGFCNtrMCuyQsvkgjnnqJDjoKs+KH7IrDrTsOZCi6CW0IdlGoF9qc3iHHKidCYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gYF4kT5+fSIAh4ZZwCjWJonNJy6vydyxJXKeGg6OdIjNV+bmP/V+qmOzv2ciiTVRODZoihlUMdwkggcUEmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4Rq+Oa03L8s4KqAGDsExcMEZaIJr0AJtgMEDeAIv4NV6tJ6tN+t91rpklTMH4I+sj2/V4JjZ</latexit><latexit sha1_base64="tDqySTXnFOGd+JR3PQu3ADsTq5Y=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyURQTdC0Y3LCvYCTQiT6aQdOjMJMxMxhCzc+CpuXCji1odw59s4bSNo6w8DH/85hzPnDxNGlXacL2tpeWV1bb2yUd3c2t7Ztff2OypOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemG46tJvXtHpKKxuNVZQnyOhoJGFCNtrMCuyQsvkgjnnqJDjoKs+KH7IrDrTsOZCi6CW0IdlGoF9qc3iHHKidCYIaX6rpNoP0dSU8xIUfVSRRKEx2hI+gYF4kT5+fSIAh4ZZwCjWJonNJy6vydyxJXKeGg6OdIjNV+bmP/V+qmOzv2ciiTVRODZoihlUMdwkggcUEmwZpkBhCU1f4V4hEwm2uRWNSG48ycvQuek4Rq+Oa03L8s4KqAGDsExcMEZaIJr0AJtgMEDeAIv4NV6tJ6tN+t91rpklTMH4I+sj2/V4JjZ</latexit>

ψ(z):	Longitudinal	density.	For	Gaussian	distribu(on:

 (z) =
1p
2⇡�z

e
� z2

2�2
z

<latexit sha1_base64="+M3bqDIWNPAsmmSig7NcRxDWCfQ="></latexit><latexit sha1_base64="+M3bqDIWNPAsmmSig7NcRxDWCfQ="></latexit><latexit sha1_base64="+M3bqDIWNPAsmmSig7NcRxDWCfQ="></latexit><latexit sha1_base64="+M3bqDIWNPAsmmSig7NcRxDWCfQ="></latexit>

��z � �?
<latexit sha1_base64="KBTipHWMQo0eXe+1Eo0k/ShTqTA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCLotuXFawD2hCuJlO0qEzSZiZCDV068ZfceNCEbf+gTv/xmkbQVsPDJx7zr3cuSfMOFPacb6speWV1bX1ykZ1c2t7Z9fe22+rNJeEtkjKU9kNQVHOEtrSTHPazSQFEXLaCYdXE79zR6ViaXKrRxn1BcQJixgBbaTAxl4MQgD2FIsFBPemjn8KL6MyC+yaU3emwIvELUkNlWgG9qfXT0kuaKIJB6V6rpNpvwCpGeF0XPVyRTMgQ4hpz9AEBFV+Mb1kjI+N0sdRKs1LNJ6qvycKEEqNRGg6BeiBmvcm4n9eL9fRhV+wJMs1TchsUZRzrFM8iQX3maRE85EhQCQzf8VkABKINuFVTQju/MmLpH1adw2/Oas1Lss4KugQHaET5KJz1EDXqIlaiKAH9IRe0Kv1aD1bb9b7rHXJKmcO0B9YH98jtpn5</latexit><latexit sha1_base64="KBTipHWMQo0eXe+1Eo0k/ShTqTA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCLotuXFawD2hCuJlO0qEzSZiZCDV068ZfceNCEbf+gTv/xmkbQVsPDJx7zr3cuSfMOFPacb6speWV1bX1ykZ1c2t7Z9fe22+rNJeEtkjKU9kNQVHOEtrSTHPazSQFEXLaCYdXE79zR6ViaXKrRxn1BcQJixgBbaTAxl4MQgD2FIsFBPemjn8KL6MyC+yaU3emwIvELUkNlWgG9qfXT0kuaKIJB6V6rpNpvwCpGeF0XPVyRTMgQ4hpz9AEBFV+Mb1kjI+N0sdRKs1LNJ6qvycKEEqNRGg6BeiBmvcm4n9eL9fRhV+wJMs1TchsUZRzrFM8iQX3maRE85EhQCQzf8VkABKINuFVTQju/MmLpH1adw2/Oas1Lss4KugQHaET5KJz1EDXqIlaiKAH9IRe0Kv1aD1bb9b7rHXJKmcO0B9YH98jtpn5</latexit><latexit sha1_base64="KBTipHWMQo0eXe+1Eo0k/ShTqTA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCLotuXFawD2hCuJlO0qEzSZiZCDV068ZfceNCEbf+gTv/xmkbQVsPDJx7zr3cuSfMOFPacb6speWV1bX1ykZ1c2t7Z9fe22+rNJeEtkjKU9kNQVHOEtrSTHPazSQFEXLaCYdXE79zR6ViaXKrRxn1BcQJixgBbaTAxl4MQgD2FIsFBPemjn8KL6MyC+yaU3emwIvELUkNlWgG9qfXT0kuaKIJB6V6rpNpvwCpGeF0XPVyRTMgQ4hpz9AEBFV+Mb1kjI+N0sdRKs1LNJ6qvycKEEqNRGg6BeiBmvcm4n9eL9fRhV+wJMs1TchsUZRzrFM8iQX3maRE85EhQCQzf8VkABKINuFVTQju/MmLpH1adw2/Oas1Lss4KugQHaET5KJz1EDXqIlaiKAH9IRe0Kv1aD1bb9b7rHXJKmcO0B9YH98jtpn5</latexit><latexit sha1_base64="KBTipHWMQo0eXe+1Eo0k/ShTqTA=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKCLotuXFawD2hCuJlO0qEzSZiZCDV068ZfceNCEbf+gTv/xmkbQVsPDJx7zr3cuSfMOFPacb6speWV1bX1ykZ1c2t7Z9fe22+rNJeEtkjKU9kNQVHOEtrSTHPazSQFEXLaCYdXE79zR6ViaXKrRxn1BcQJixgBbaTAxl4MQgD2FIsFBPemjn8KL6MyC+yaU3emwIvELUkNlWgG9qfXT0kuaKIJB6V6rpNpvwCpGeF0XPVyRTMgQ4hpz9AEBFV+Mb1kjI+N0sdRKs1LNJ6qvycKEEqNRGg6BeiBmvcm4n9eL9fRhV+wJMs1TchsUZRzrFM8iQX3maRE85EhQCQzf8VkABKINuFVTQju/MmLpH1adw2/Oas1Lss4KugQHaET5KJz1EDXqIlaiKAH9IRe0Kv1aD1bb9b7rHXJKmcO0B9YH98jtpn5</latexit>

�? = Min[�x,�y]
<latexit sha1_base64="cH+u5Gh3jYm5MjlsCQ1Fg0F41ew=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguRBIRdCMU3bgRKlgVmhAm09s6OJmEmRtpCf0JN/6KGxeKuBXc+TdO2wi+DgwczjmXO/fEmRQGPe/DmZicmp6ZrcxV5xcWl5bdldULk+aaQ5OnMtVXMTMghYImCpRwlWlgSSzhMr45HvqXt6CNSNU59jMIE9ZVoiM4QytF7nZgRDdhUZCBzughDRB6WJwKNWiVTu8r0g8jt+bteCPQv8QvSY2UaETue9BOeZ6AQi6ZMS3fyzAsmEbBJQyqQW4gY/yGdaFlqWIJmLAYXTWgm1Zp006q7VNIR+r3iYIlxvST2CYThtfmtzcU//NaOXYOwkKoLEdQfLyok0uKKR1WRNtCA0fZt4RxLexfKb9mmnG0RVZtCf7vk/+Si90d3/KzvVr9qKyjQtbJBtkiPtkndXJCGqRJOLkjD+SJPDv3zqPz4ryOoxNOObNGfsB5+wQetp9p</latexit><latexit sha1_base64="cH+u5Gh3jYm5MjlsCQ1Fg0F41ew=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguRBIRdCMU3bgRKlgVmhAm09s6OJmEmRtpCf0JN/6KGxeKuBXc+TdO2wi+DgwczjmXO/fEmRQGPe/DmZicmp6ZrcxV5xcWl5bdldULk+aaQ5OnMtVXMTMghYImCpRwlWlgSSzhMr45HvqXt6CNSNU59jMIE9ZVoiM4QytF7nZgRDdhUZCBzughDRB6WJwKNWiVTu8r0g8jt+bteCPQv8QvSY2UaETue9BOeZ6AQi6ZMS3fyzAsmEbBJQyqQW4gY/yGdaFlqWIJmLAYXTWgm1Zp006q7VNIR+r3iYIlxvST2CYThtfmtzcU//NaOXYOwkKoLEdQfLyok0uKKR1WRNtCA0fZt4RxLexfKb9mmnG0RVZtCf7vk/+Si90d3/KzvVr9qKyjQtbJBtkiPtkndXJCGqRJOLkjD+SJPDv3zqPz4ryOoxNOObNGfsB5+wQetp9p</latexit><latexit sha1_base64="cH+u5Gh3jYm5MjlsCQ1Fg0F41ew=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguRBIRdCMU3bgRKlgVmhAm09s6OJmEmRtpCf0JN/6KGxeKuBXc+TdO2wi+DgwczjmXO/fEmRQGPe/DmZicmp6ZrcxV5xcWl5bdldULk+aaQ5OnMtVXMTMghYImCpRwlWlgSSzhMr45HvqXt6CNSNU59jMIE9ZVoiM4QytF7nZgRDdhUZCBzughDRB6WJwKNWiVTu8r0g8jt+bteCPQv8QvSY2UaETue9BOeZ6AQi6ZMS3fyzAsmEbBJQyqQW4gY/yGdaFlqWIJmLAYXTWgm1Zp006q7VNIR+r3iYIlxvST2CYThtfmtzcU//NaOXYOwkKoLEdQfLyok0uKKR1WRNtCA0fZt4RxLexfKb9mmnG0RVZtCf7vk/+Si90d3/KzvVr9qKyjQtbJBtkiPtkndXJCGqRJOLkjD+SJPDv3zqPz4ryOoxNOObNGfsB5+wQetp9p</latexit><latexit sha1_base64="cH+u5Gh3jYm5MjlsCQ1Fg0F41ew=">AAACFXicbVDLSsNAFJ34rPUVdelmsAguRBIRdCMU3bgRKlgVmhAm09s6OJmEmRtpCf0JN/6KGxeKuBXc+TdO2wi+DgwczjmXO/fEmRQGPe/DmZicmp6ZrcxV5xcWl5bdldULk+aaQ5OnMtVXMTMghYImCpRwlWlgSSzhMr45HvqXt6CNSNU59jMIE9ZVoiM4QytF7nZgRDdhUZCBzughDRB6WJwKNWiVTu8r0g8jt+bteCPQv8QvSY2UaETue9BOeZ6AQi6ZMS3fyzAsmEbBJQyqQW4gY/yGdaFlqWIJmLAYXTWgm1Zp006q7VNIR+r3iYIlxvST2CYThtfmtzcU//NaOXYOwkKoLEdQfLyok0uKKR1WRNtCA0fZt4RxLexfKb9mmnG0RVZtCf7vk/+Si90d3/KzvVr9qKyjQtbJBtkiPtkndXJCGqRJOLkjD+SJPDv3zqPz4ryOoxNOObNGfsB5+wQetp9p</latexit>

Applica(on	condi(ons:	
Assume	σx	and	σy	are	z-
independent	inside	the	bunch,	
and:

A.	Xiao	et	al.,	PAC’07,	also	FERMILAB-CONF-07-702-AD
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4. Summary
*	All	simula(ons	(ELEGANT,	SAD,	and	GPT)	show	that	LSC	dominates	the	collec(ve	effects	in	cERL-FEL,	
and	CSR	is	not	so	important	(CSR	effects	depend	on	the	bunch	length	in	the	arc)	
					**	If	the	FEL	performance	is	sensi(ve	to	the	beam	distribu(on	in	the	longitudinal	phase	space,	efforts	should	be	made	to	
mi(gate	the	LSC	effects	

*	SAD	and	GPT	simula(ons	indicate	that	TSC	is	an	important	source	of	transverse	emiWance	growth	in	
cERL-FEL	(to	be	confirmed)	
					**	If	the	FEL	performance	is	not	sensi(ve	to	transverse	emiWance	growth,	we	can	s(ll	conclude	that	TSC	is	not	an	important	
issue	

*	There	are	also	discrepancies	between	SAD	and	GPT	simula(ons:	
					**	Energy	spread	and	bunch	length:	Likely	related	to	LSC	models	[SAD:	1D,	GPT:	3D]	
					**	Ver(cal	emiWance	growth:	To	be	understood	[SAD	model	needs	to	be	checked/improved]	

*	The	LSC	and	TSC	effects	can	be	mi(gated	by	op(cs	matching.	This	was	inves(gated	in	A.	Khan’s	work	
(A.	Khan	et	al.,	NIMA	948	(2019)	162822).
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5. To-Do list (old)
*	Further	benchmark	between	ELEGANT	and	SAD	(almost	done?).	
Benchmark	with	GPT	(First	exercise	done)	

*	Use	latest	magnet	layout	for	simula(ons	(2020.04	done,	2020.06.07	
done)	

*	Longitudinal	space	charge	(LSC)	impedance:	Simple	1D	model	(ELEGANT	
model,	implemented)	and	my	model	(w/o	chamber	shielding,	done;	
include	chamber	shielding,	to	be	tested)	
				**	Replaced	rms	σx	and	σy	by	Gaussian	fiWed	ones	for	the	input	parameters	of	LSC	
impedance	(ELEGANT	model)	(done,	NO	big	difference)	
				**	3D	LSC	model	might	be	necessary	

*	Transverse	space	charge	(TSC)	effects	(done,	important	in	cERL-FEL?)	

*	“Interference”	of	CSR	and	space	charge	(both	LSC	and	TSC)	in	dipole	
magnets	(to	be	revisited,	in	dipoles	transverse	beam	sizes	change	quickly	
along	s)
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5. To-Do list (updated)
*	Further	benchmark	between	ELEGANT,	GPT,	and	SAD	(to	be	reviewed?).	
				**	It’s	beWer	to	have	the	same	laLce,	the	same	ini(al	beam	distribu(on	
				**	It’s	beWer	to	simulate	SC	and	CSR	effects	separately.	This	will	help	beWer	understand	what’s	
happening	inside	the	arc.	

*	LSC	model	to	be	improved	in	SAD	(also	ELEGANT?)	
				**	Currently	1D	(same	as	ELEGANT)	is	used.	Maybe	it’s	not	enough	since	LSC	is	dominant.	

*	TSC	model	to	be	revisited	in	SAD	
				**	Scaling	factor	OK?	
				**	Currently	only	put	TSC	kick	at	the	exit	of	each	finite-length	element.	Maybe	not	good	enough.	

*	TSC	model	to	be	implemented	in	ELEGANT?	
				**	Both	SAD	and	GPT	show	TSC	can	be	important	(modify	the	beam	distribu(on	in	transverse	phase	
space)	
				**	It	is	easy	to	model	TSC	in	elegant.	SCMULT	is	already	available	for	storage	rings.	Need	to	ac(vate	it	
for	linacs.	Possible	solu(ons:	
												***	Send	request	of	modifying	ELEGANT	source	code	to	Mike	Borland	
												***	Modify	ELEGANT	source	codes	by	ourself	(I	think	it	should	not	be	difficult)	

*	Op(cs	matching	with	SC	and	CSR	
				**	Strategy	to	be	well	defined	
				**	Available	codes:	To	be	reviewed


