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Why	does	the	opening	need	to	be	large?	
•  The	current	physics	interest	has	moved	to	Deeply	Virtual	processes	like	DVCS	and	TCS	
						where	the	products	of	interest	are	moving	in	the	forward	direcKon	near	the	beam.	

	At	the	same	Kme	the	target	needs	to	be	transversely	polarized.	
		
•  There	is	also	a	set	of	wide	angle	processes,	like	D(e,e’d),	which	also	needs	a	larger		

	acceptance	in	the	direcKon	transverse	to	the	target	polarizaKon.	
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Beam	induced	spin-flip	in	the	atomic	target	

Polarized	targets	need	a	magneKc	field	whose	essenKal	components		
oWen	block	the	aperture	for	produced	parKcles.	
	
A	fringe	field	magnet	for	a	storage	cell	of	a	polarized	atomic	target	at		
electron	storage	ring	VEPP-3,	D(e,e’d)	or	T20	experiment	in	1988.	

It	was	used	at	VEPP-3,	AmPS,	and	SHR/Bates	

aperture	



History	of	polarized	target	magnet	
Proceedings	of	the	
InternaKonal	Conference	on	Polarized	Targets	and	Ion	Sources		
Saclay,	France	December	5-9,	1966		
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The	12o	opening	
just	
enough	for	a	beam	
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“Helmholtz”	pair	allows	
a	good	opening	along	
magneKc	field	but	only	
a	Kny	one	in		
the	transverse	direcKon		

History	of	polarized	target	magnet	



HIGH	ENERGY	PHYSICS	WITH	POLARIZED	BEAMS	AND	TARGETS	
23-27	August	1976,	Argonne,	IL,	USA	

POLARIZED	TARGET	AT	ANL	by	D.	Hill	

Ten	years	later	aWer	Atkinson	
ANL	made	a	very	good	Helmholtz		
pair	which	allows	
a	good	opening	along	
magneKc	field	but	only	
a	small	range	of	+/-	12o		in		
the	transverse	direcKon		

History	of	polarized	target	magnet	



HIGH	ENERGY	PHYSICS	WITH	POLARIZED	BEAMS	AND	TARGETS	
23-27	August	1976,	Argonne,	IL,	USA	

POLARIZED	TARGET	AT	ANL		
D.	Hill	

History	of	polarized	target	magnet	



A	detailed	analysis	of		
the	max	possible		
angles	α	and	β

Super	conducKng	magnets	for	polarized		
targets	by	H.	Desportes	

Proceedings	of	the	IInd	InternaKonal		
Conference	on	Polarized	Targets,		
30	August	–	2	September,	1971,	Berkeley	

History	of	polarized	target	magnet	

PracKcal	limit	for β in	the		
case	of	a	5	Tesla	field		
(UVa	target)		

Hall	C/B	
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A	detailed	analysis	of		
the	max	possible		
angles	α	and	β

H.	Desportes,	Super	conducKng		
magnets	for	polarized	targets	
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Conference	on	Polarized	Targets,		
30	August	–	2	September,	1971,	Berkeley	
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PracKcal	limit	for β in	the		
case	of	a	5	Tesla	field		
(UVa	target)		



A	detailed	analysis	of		
the	max	possible		
angles	α	and	β

H.	Desportes,	Super	conducKng		
magnets	for	polarized	targets	

Proceedings	of	the	IInd	InternaKonal		
Conference	on	Polarized	Targets,		
30	August	–	2	September,	1971,	Berkeley	
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PracKcal	limit	for β in	the		
case	of	a	5	Tesla	field		
(UVa	target)		



HIGH	ENERGY	PHYSICS	WITH	POLARIZED	BEAMS	AND	TARGETS	
23-27	August	1976,	Argonne,	IL,	USA	

B.	Sandler	presented	the	ANL	experiment:	
	
It	worked	well	for	the	parKcles		
detected	in	the	direcKons	close	
to	the	field	orientaKon.	
However,	the	forward	angle	range	
is	very	limited.	

History	of	polarized	target	magnet	



The	Virginia/Basel/SLAC	polarized	target:	operaKon	and	performance	during	
experiment	El43	at	SLAC	,	by	D.G.	Crabb	*,	D.B.	Day,	NIM	A	356	(1995)		
	

Twenty	years	later	
	
PracKcally	the	same	geometry	
of	the	coils:	+/-	13o	opening		
in	transverse	direcKon	

History	of	polarized	target	magnet	



Why	does	the	opening	need	to	be	large?	

It	is	interesKng	to	note	that	many	modificaKons	
were	made	for	the	“frozen	spin”	targets	
where	a	low	value	of	0.5	T	field	is	sufficient	and	
luminosity	is	for	a	107	gamma/s	photon	beam.	
	
However,	HIGH	LUMINOSITY	requires	a	5	T	field.	
At	such	a	high	field	a	thin	correcKon	coil	is	not	easy	
to	realize.	

•  The	current	physics	interest	has	moved	to	Deeply	Virtual	processes	like	DVCS	and	TCS	
						where	the	products	of	interest	are	moving	in	the	forward	direcKon	near	the	beam.	

	At	the	same	Kme	the	polarized	target	needs	to	be	transversely	polarized.	
		
•  There	is	also	a	set	of	wide	angle	processes,	like	D(e,e’d),	which	also	needs	a	larger		

	acceptance	in	the	direcKon	transverse	to	the	target	polarizaKon.	



Why	is	the	opening	so	small?	

1.  Helmholtz	opening	is	given	to	be	~53	deg.	

2.  Field	is	5	Tesla	=>	strong	mechanics	and	SC	coils.	

3.  ResulKng	opening	is	just	26	deg.	
	

														We	have	to	open	the	gap!	
	

													Yes,	the	field	would	be	bad!	
	 							Let	us	look	at	it	and	correct.	



What	are	the	field	properKes?	

Red	is	Bz	along	the	beam	direcKon	
Black	is	Bz	along	the	axis	of	a	solenoid	
	
VariaKons	are	of	200	G	over	+/-	1	cm	target	size	

						4	x	10-3	non-uniformity	

50	kG	

We	double	the	gap	and	
double	the	coil	length	

beam	

									Double	gap	(+	10	cm)!	
	Opening	is	50	deg.		

							~	2	*	21*tan((5+4.8)/21)	



Central	correcKng	coil	

CorrecKon	solenoid	is	
in	the	middle	is	blocking	
the	aperture!	

beam	

Red	is	Bz	along	the	beam	direcKon	
Black	is	Bz	along	the	axis	of	a	solenoid	

									Double	gap	(+	10	cm)!	
	Opening	is	50	deg.		

							~	2	*	21*tan((5+4.8)/21)	

Good	uniformity!	
				5	G	/	64000	G	



What	are	the	field	properKes?	

We	double	the	gap	and	
double	the	coil	length	

beam	

									Double	gap	(+	10	cm)!	
	Opening	is	50	deg.		

							~	2	*	21*tan((5+4.8)/21)	

-2									0										2	cm	

Let	us	add	a	correcKon	field	in		
the	opposite	direcKon	at	z	=	+/-	2	cm	



Obtained	soluKon	

CorrecKon	solenoids	are		
outside	of	the	aperture	Red	is	Bz	along	the	beam	direcKon	

Black	is	Bz	along	the	axis	of	a	solenoid	

41	kG	
beam	

									Double	gap	(+	10	cm)!	
	Opening	is	50	deg.		

							~	2	*	21*tan((5+4.8)/21)	



What	are	the	field	properKes?	

Red	is	Bz	along	the	beam	direcKon	
Black	is	Bz	along	the	axis	of	a	solenoid	

CorrecKon	solenoids	are		
outside	the	aperture	

0.6	G	/	41000	G	
Non	unif.	~	10-5	

0																		0.5														1	cm												1.5															2				

41	kG	
beam	

									Double	gap	(+	10	cm)!	
	Opening	is	50	deg.		

							~	2	*	21*tan((5+4.8)/21)	



Summary	

Ø  The	concept	of	a	magnet	with	a	50	deg.	opening		
(double	the	exisKng)	is	ready	for	design	stage.	

						
Ø Other	opKons	(with	even	a	60	deg.	opening!)	
					are	already	modeled.	
		


