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The High Luminosity Polarized Target
• Description
• Some History
• Current status

A transverse magnet with wide acceptance
• Basic Ideas
• Some examples
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The target was designed and built by 
Oxford Instruments for electron scattering 
experiments at SLAC and JLab with 
luminosities up to 1035 (g cm-2 s-1)

The core components are a 5 Telsa
superconducting magnet and a 1 K 4He 
evaporation refrigerator

The target has a history of very high 
performance, but less-than-perfect 
reliability.
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Abstract

We have built a polarized proton and deuteron target for experiments using intense high-energy electron beams. This
system exploits dynamical nuclear polarization of irradiated ammonia in a 5T magnetic "eld at temperatures near 1K. We
describe the various features and the performance of the target. ! 1999 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

Many modern experiments in nuclear and
particle physics bene"t from the exploitation of
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polarized targets and polarized beams. Scattering
experiments employing polarized targets and be-
ams give access to a number of physical observ-
ables of great interest which are measurable only by
utilizing spin degrees of freedom. For electron scat-
tering, on which we focus, these include:

! The spin structure of the nucleon: The internal
structure of the nucleon in terms of the elemen-
tary constituents, the quarks and gluons, de-
pends on the spins and angular momenta of
these constituents. These contributions can be
measured in deep inelastic scattering (DIS) of
polarized leptons from polarized protons and
neutrons.

! The electromagnetic structure of the nucleon in its
ground state: The magnetic and electric form fac-
tors of the nucleon give detailed information on
the distribution of the constituents in coordinate

0168-9002/99/$ } see front matter ! 1999 Published by Elsevier Science B.V. All rights reserved.
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Its last use was in Hall A (2012) for the gp
2 and 

Gp
E experiments

The target received a substantial overhaul in 
preparation for these experiments

§ new target inserts
§ new vertical motion for targets samples
§ new rotation mechanism for magnet
Ø new 1 K refrigerator
Ø “new” 5 Tesla magnet

Dynamically polarized target for the gp2 and Gp
E experiments

at Jefferson Lab
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a b s t r a c t

We describe a dynamically polarized target that has been utilized for two electron scattering
experiments in Hall A at Jefferson Lab. The primary components of the target are a new, high cooling
power 4He evaporation refrigerator, and a re-purposed, superconducting split-coil magnet. It has been
used to polarize protons in irradiated NH3 at a temperature of 1 K and at fields of 2.5 and 5.0 T.
The performance of the target material in the electron beam under these conditions will be discussed.
Maximum polarizations of 28% and 95% were obtained at those fields, respectively. To satisfy the
requirements of both experiments, the magnet had to be routinely rotated between angles of 01, 61, and
901 with respect to the incident electron beam. This was accomplished using a new rotating vacuum seal
which permits rotations to be performed in only a few minutes.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Dynamically polarized solid targets play an integral role in the
physics program at Jefferson Lab. To date, they have been utilized
on several occasions in experimental Halls B and C to examine the
spin structure and the electromagnetic structure of both the
proton and the neutron, as well as the excited states of the proton.
The targets operated in those halls have been described in
separate articles [1–3], while the target described here marks
the first use of a solid polarized target in experimental Hall A.
It mainly consists of components used previously in Halls B and C,
heavily modified to satisfy the requirements of the Hall A experi-
ments. In addition, new components have been fabricated for
improved performance, reliability, and safety.

2. Experimental overview

Two separate experiments requiring a dynamically polarized
proton target were approved for operation in Hall A at Jefferson
Lab. The first of these experiments, referred to as “gp2,” aimed

to measure the proton's transverse spin structure function gp2 at
momentum-transfer squared values as low as Q2≲0:02 GeV=c2 [4].
The second experiment, herein referred to as “Gp

E ,” measured
the proton elastic form factor ratio μGE=GM in the range
Q2 ¼ 0:01–0:7 GeV=c2 [5]. Both experiments examined the scatter-
ing of spin polarized electrons from spin polarized protons at very
forward angles. To extend the measurements to the lowest Q2

values, a normally conducting septum magnet was located
between the polarized target and the two Hall A spectrometers
to bend the most forward-going scattered electrons into the
spectrometers. Both experiments proposed to use the polarized
target system that had been utilized in Hall C on three previous
occasions as well as at SLAC and is described by Averett et al. [1].
This system features a high cooling power 4He evaporation
refrigerator, a target insert accommodating multiple target sam-
ples, and a 5 T superconducting split-coil magnet3 specifically
designed for scattering experiments with a wide range of field
directions.

Because of their similar electron-beam energy requirements
and because they shared much of the same equipment, the two
experiments ran concurrently. However, they required different
values for directions of the proton polarization (and therefore the
target's magnetic field). For the gp2 experiment, this direction was
901 with respect to the incident electron beam, while for Gp

E it was
61. Additional measurements were made at 01 to measure gp1 for

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/nima
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1 m

Magnet

LN2

LHe

1K LHe

Quench

100

30

Protection

Microwaves NMR

Refrigerator

To Pumps

Rotary Seal

Electron Beam

Scattering
Chamber

This cartoon shows the target prior 
to the installation in Hall A, with 
the original 5 T magnet.

Rotary table

Support stand

Target Description
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refrigerator and insert. The Hall C coils produce a field with a
relative uniformity of o10!4 over a spherical volume of 30 mm
diameter. The uniform field region of the Hall B magnet is smaller:
o10!4 over a cylindrical volume 20 mm in diameter and 20 mm
long. While this is smaller than the dimensions of the ammonia
target cells (25 mm diameter"30 mm long), we saw no adverse
effects on the proton polarization.

Major modifications were necessary to install the Hall B
magnet in the Hall C cryostat. First, the magnet was rotated 1801
about the field axis in order to locate the magnet leads at the top
rather than the bottom of the coil packages. The access port for the
leads was also used to supply liquid helium to the coils via a short
length of stainless steel hose connected to the underside of the
cryostat's liquid helium dewar. One aluminum support ring was
attached to the top of the magnet and a second suspended from
the helium dewar using three 1-in. threaded rods. With assistance
from Jefferson Lab's Survey and Alignment Group, the magnet was
accurately positioned relative to the top plate of the cryostat, and
the two support rings were then clamped together. We regard this
as an improvement over the original scheme, where the Hall C
magnet was rigidly suspended from the helium dewar with two
indium-sealed flanges, and no fine positioning of the magnet
inside the cryostat was possible.

3.2. Refrigerator

A new, high cooling power, 4He evaporation refrigerator was
constructed to replace the original refrigerator that was damaged
during its last use in Hall C. The new refrigerator design includes
modifications to accommodate the new rotation scheme, to improve
reliability, and to satisfy the requirements of the ASME pressure
vessel code. The design, shown in Fig. 3, is well-established and will
be briefly described here.

Using a well-insulated, flexible transfer line, 4 K liquid helium
is continuously siphoned from the superconducting magnet's
dewar into the top of a 1 l stainless steel vessel called the
“separator”, where it drains through a 1 mm thick plate of sintered
stainless steel to remove vapor that is transferred with the liquid.
The vapor is pumped away using a small diaphragm pump and
cools a series of perforated copper baffles located between the
separator and the pumping manifold for the evaporation refrig-
erator. A vapor flow of 5 slpm is sufficient to cool the uppermost,
warmest baffle to about 70 K. The separator is instrumented with a
thermometer and a miniature superconducting level probe.

Liquid is drained from the bottom of the separator through a
3 mm copper tube and delivered to a pumped bath of liquid
helium that is used to cool the polarized target samples to 1 K.
Between the separator and the 1 K bath, the tube is thermally
anchored to a second series of perforated copper plates which are
cooled by gas pumped from the bath. A small needle valve, located
at the cold end of this gas–liquid heat exchanger, is used to meter
the flow of liquid to the bath. The valve is actuated by a room
temperature stepper motor, and a computer-controlled feedback
loop is used to maintain a constant bath level without user
intervention. A second needle valve is used to bypass the heat
exchanger for more rapid cooling.

Fig. 2. Hall B polarized target magnet suspended from the Hall C polarized target
cryostat, after covering with super-insulation.

Fig. 3. The 1 K evaporation refrigerator.

J. Pierce et al. / Nuclear Instruments and Methods in Physics Research A 738 (2014) 54–6056
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The original 5 Tesla magnet exploded in 1998 as a 
result of catastrophic loss of vacuum during Gen98.

• Repaired at JLab

Magnet quenched and was damaged again prior to 
and during SANE.

• More repairs at JLab.
• Magnet operated erratically during SANE, 

quenching more than a dozen times.

Returned to Oxford for refurbishment in 2009.
• Quenched again (4 T) during final tests at Jlab in 

preparation for gp
2 and Gp

E.   

Downstream cone
(coils inside)

Upstream cone
(coils inside)

Doughnut (quench 
protection circuitry)
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Initial hopes were that wiring was damaged inside the quench protection doughnut.

This was the case following the 1998 quench.

It was also true this time, but further damage was found inside the coils themselves.

I did not think we could repair it in time to save gp
2 and Gp

E - so we went to Plan B.
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Hall B Polarized Target

Plan B
Replace the broken magnet with a (somewhat) similar magnet from the Hall B polarized target.

The physics program using this target was completed, so management approved the decision.

Magnet in the target lab.
Ready for removal.

Magnet in its new home.
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Very good performance during g2p & Gep (J. Pierce et al, NIM A 738 (2014) 54)

At 80 nA beam current and above, the polarization results
matched the performance of the 3 previous Hall C experiments
using this target. Anneals were performed after the polarization
dropped below roughly 65%, typically after 2–4 Pe/cm2 dose on
target. An increased decay rate was apparent with subsequent
anneals: in a typical example, ϕ2 fell from 16.75 Pe/cm2 after the
first anneal to 4.12 Pe/cm2 after the sixth. Although the peak
polarizations often reached 90%, the charge-averaged polarization
for this beam current and field configuration was 70%.

A strong dependence of the critical dose on the electron beam
current was also observed. At the low current, 10 nA setting, a
single decay constant of 25.6 Pe/cm2 was observed. This is sub-
stantially slower than even the long life decay in the high current
case, which was typically around 17.2 Pe/cm2. We suspect that this
indicates additional damage to the polarization due to localized
beam heating at higher beam current.

4.3. 2.5 T field results

With DNP under a 2.5 T magnetic field, much lower peak
polarizations are expected; we achieved a maximum 28%
in-beam polarization. Fig. 9 shows the lifetime of a material
sample which accumulated a third of the total dose on target
during the 2.5 T running. The figure shows the 7 anneals on this
material, and the decrease in the peak polarization with subse-
quent anneals. Although the initial polarization decay after an
anneal was stark ðϕ1 ¼ 1:84 Pe=cm2Þ, decay after 17% was char-
acterized by a very long critical dose ðϕ3 ¼ 32:36 Pe=cm2Þ, shown
in Fig. 7. These critical doses were generally higher than similar
results from 1984 [12] seen in Table 1, although the peak
polarizations were lower. The charge-averaged polarization for
the 2.5 T running was 15%.

The T1 relaxation time at 2.5 T was about 2 min, compared to
the nearly 30 min at 5 T, reducing the overhead time for thermal
equilibrium measurements drastically.

5. Summary

In order to meet the requirements of both the gp2 and Gp
E

experiments, updates were needed to the DNP target that had
been used previously in Hall C at Jefferson Lab. The most
important updates were a new 1 K Helium evaporation refrigera-
tor and the addition of a rotating seal to facilitate the rapid
rotation of the magnet. Failure of the Hall C magnet also required
retrofitting the magnet from the Hall B DNP target to the Hall C
cryostat. These essential updates, combined with a new target
insert, a new alignment system, and a new target positioning
system led to very reliable target operation in a variety of
configurations.

Polarizations at 5 T were on a level consistent with previous
operations of DNP targets at Jefferson Lab. The kinematic require-
ments of the gp2 experiment necessitated 2.5 T running, which
resulted in far lower polarizations. A significant dependence on
the beam current was observed in plots of polarization decay as a
function of accumulated dose. This dependence, along with the
overhead associated with annealing the target material, changing
the sample, and calibrating the NMR should be considered when
designing future experiments. As the figure of merit generally
increases as the square of the polarization, in some cases it is
possible that a greater overall efficiency could be achieved using
lower beam currents.

Acknowledgments

The authors gratefully acknowledge the expert support pro-
vided by the technical and engineering staffs of Jefferson Lab's
Target Group and Experimental Hall A during the construction,
installation, and operation of this target. We would like to thank
Dr. Fred Bateman of the MIRF facility at NIST, Gaithersburg for
facilitating the irradiation of our ammonia target samples and
Dr. Calvin Howell, of TUNL at Duke University for the loan of the
70 GHz EIO tube. We also acknowledge the assistance of Jefferson
Lab's Survey and Alignment Group in accurately positioning the
various target components with respect to one another and on the
beamline.

Table 1
Critical doses for typical polarization decays and maximum achieved polarizations
at varied field and beam current settings. Only a single decay constant was seen in
the low current, 5 T setting.

B field (T) Flux (e/cm2 s) ϕ1 ϕ2 ϕ3 Pmax (%)

5.0 15.8$1010 2.4 5.5 17.2 92
5.0 2.0$1010 – – 25.6 95
2.5 15.8$1010 1.8 9.6 32.3 28
2.5 [12] r5$ 1010 1.0 4.1 30. 47

Fig. 8. Polarization vs. dose for the material which accounted for over half the total
dose accumulated during Gp

E , taken with a 5 T magnet field and a 10 nA beam
current. The vertical line represents removal and storage at 77 K.

Fig. 9. Polarization vs. dose for the material which accounted for a third of the total
dose accumulated during the gp2 2.5 T magnet field running, under a 80 nA beam
current. Vertical lines represent anneals.
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At 80 nA beam current and above, the polarization results
matched the performance of the 3 previous Hall C experiments
using this target. Anneals were performed after the polarization
dropped below roughly 65%, typically after 2–4 Pe/cm2 dose on
target. An increased decay rate was apparent with subsequent
anneals: in a typical example, ϕ2 fell from 16.75 Pe/cm2 after the
first anneal to 4.12 Pe/cm2 after the sixth. Although the peak
polarizations often reached 90%, the charge-averaged polarization
for this beam current and field configuration was 70%.

A strong dependence of the critical dose on the electron beam
current was also observed. At the low current, 10 nA setting, a
single decay constant of 25.6 Pe/cm2 was observed. This is sub-
stantially slower than even the long life decay in the high current
case, which was typically around 17.2 Pe/cm2. We suspect that this
indicates additional damage to the polarization due to localized
beam heating at higher beam current.

4.3. 2.5 T field results

With DNP under a 2.5 T magnetic field, much lower peak
polarizations are expected; we achieved a maximum 28%
in-beam polarization. Fig. 9 shows the lifetime of a material
sample which accumulated a third of the total dose on target
during the 2.5 T running. The figure shows the 7 anneals on this
material, and the decrease in the peak polarization with subse-
quent anneals. Although the initial polarization decay after an
anneal was stark ðϕ1 ¼ 1:84 Pe=cm2Þ, decay after 17% was char-
acterized by a very long critical dose ðϕ3 ¼ 32:36 Pe=cm2Þ, shown
in Fig. 7. These critical doses were generally higher than similar
results from 1984 [12] seen in Table 1, although the peak
polarizations were lower. The charge-averaged polarization for
the 2.5 T running was 15%.

The T1 relaxation time at 2.5 T was about 2 min, compared to
the nearly 30 min at 5 T, reducing the overhead time for thermal
equilibrium measurements drastically.

5. Summary

In order to meet the requirements of both the gp2 and Gp
E

experiments, updates were needed to the DNP target that had
been used previously in Hall C at Jefferson Lab. The most
important updates were a new 1 K Helium evaporation refrigera-
tor and the addition of a rotating seal to facilitate the rapid
rotation of the magnet. Failure of the Hall C magnet also required
retrofitting the magnet from the Hall B DNP target to the Hall C
cryostat. These essential updates, combined with a new target
insert, a new alignment system, and a new target positioning
system led to very reliable target operation in a variety of
configurations.

Polarizations at 5 T were on a level consistent with previous
operations of DNP targets at Jefferson Lab. The kinematic require-
ments of the gp2 experiment necessitated 2.5 T running, which
resulted in far lower polarizations. A significant dependence on
the beam current was observed in plots of polarization decay as a
function of accumulated dose. This dependence, along with the
overhead associated with annealing the target material, changing
the sample, and calibrating the NMR should be considered when
designing future experiments. As the figure of merit generally
increases as the square of the polarization, in some cases it is
possible that a greater overall efficiency could be achieved using
lower beam currents.
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Table 1
Critical doses for typical polarization decays and maximum achieved polarizations
at varied field and beam current settings. Only a single decay constant was seen in
the low current, 5 T setting.

B field (T) Flux (e/cm2 s) ϕ1 ϕ2 ϕ3 Pmax (%)

5.0 15.8$1010 2.4 5.5 17.2 92
5.0 2.0$1010 – – 25.6 95
2.5 15.8$1010 1.8 9.6 32.3 28
2.5 [12] r5$ 1010 1.0 4.1 30. 47

Fig. 8. Polarization vs. dose for the material which accounted for over half the total
dose accumulated during Gp

E , taken with a 5 T magnet field and a 10 nA beam
current. The vertical line represents removal and storage at 77 K.

Fig. 9. Polarization vs. dose for the material which accounted for a third of the total
dose accumulated during the gp2 2.5 T magnet field running, under a 80 nA beam
current. Vertical lines represent anneals.
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90%	@	5T	and	10	nA

25%	@	2.5T	and	80	nA
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This is the system with the 
Hall B replacement magnet.  

Current status

Two magnets are not identical.

• Hall B magnet is slightly smaller 
(might affect deuteron polarization)

• Conical opening on 
downstream side only

• Quench protection is located 
on the upstream side of the 
magnet, rather than on top

• Upstream bore is a lot smaller
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Our goal is to replace the current Hall B coils with two separate 
magnets

1. A general purpose magnet (original Hall C?) intended mostly 
at longitudinal polarization 𝛼 = ±50° and 𝛽 = ± 15°

2. A dedicated magnet for transverse polarization with an 
opening angle  𝛽 ≥ ± 25°-30°

The field for both magnets should be ≥ 5 Tesla, with a uniformity 
ΔB/B~100 ppm over a region ⌀2 cm x 3 cm (the current target size)

Design both for use with the existing target infrastructure
→ Make them interchangeable!
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The Helmholtz configuration of split-coil magnets (Split = coil radius) 
provides a very flat, on-axis field profile.

This provides longitudinal and transverse opening angles of 
approximately ±63∘ and ± 27∘, respectively.

Note that each coil only has to produce about 70% of the desired 
field (5T) at the center.

R

B

-1.0 -0.5 0.5 1.0

5.×10-6

0.00001

0.000015

Coil 1 Coil 2

Net field

Split = R

27∘

63∘
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Future Magnet Designs
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The original UVa/SLAC/Hall C magnet consisted of four 
pairs of coils arranged along the 63∘ “Helmholtz Line”.

However, the nonzero size of the windings and the 
support structure reduces the opening angles to ±50∘

and ±15∘.

That is, both opening angles are reduced by about ±12∘

50∘

15∘

63∘
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This produces a depression in the central 
field region that needs to eliminated for 
successful DNP (𝛥B/B ≾ 100 ppm).

-2 -1 1 2

2.×10-6

4.×10-6

6.×10-6

8.×10-6

0.00001

0.000012

0.000014

R

B

Split > R

27∘

63∘

To increase the opening in the 
direction transverse to the field, 
the coils must be moved apart.

Coil 2 Coil 1

Net field
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The uniformity can be improved using correction coils with negative current.  
This is configuration (1f) in the paper by H. Deportes, “Superconducting Magnets for Polarized Targets”, 
2nd International Conference on Polarized Targets (1971).

-2 -1 1 2

5.×10-6

0.00001

Note that the field is now significantly larger 
outside the central region.

BB’

Coil 1 Coil 2

Coil 3 Coil 4

Coil 1Coil 2

Coil 3 Coil 4
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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)	

50°

Bogdan Wojtsekhowski

• ±29° open aperture (no support structure)
• 4.1 Tesla central field
• 15 ppm over target volume
• 12 cm split (no support structure)
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Paul Brindza

• ±25° open aperture (no support structure)
• 4.9 Tesla central field
• 100 - 1800 ppm
• 8 cm split (coils only)

50°



!!
!"#$%&'(#&(!)*+$,-./#01,23(#10.43(,'&"5./#&6.

!""#$%&'(#)*'+,'-#.,/0'#12"#

34+54(67##8)#"19:;#

<'=>#? 9!"#!# #  !!#

$%%>#? 9!"#!# ###1##

&'%/=>#/+(4)'%74%/+*0754'#

+++74%(4(6,/+*0(,''+0*754'!
!
" &8:9!$!'%*!-!!!!/01(!&=?8!!=>8;!(>:9 !!#$;! ? <!;$9!. >(!%8##;><!8$9!

!7!

?$<>?! 9 ;:*!<$9< 9!;>!8$9&!:18<1!>; !&'##8<8 9!!!$!1 >!!!1 !<$9%'<!$;!?$<>??*!
!$!>!! (= ;>!'; !>.$3 !!1 !<;8!8<>?!3>?' 0!$'<1!! (= ;>!'; ! "<';&8$9&!:8??!
<>'& !!1 !<$8?!>9%!&'.& 8' 9!?*!!1 !:1$? !(>:9 !!!$!8' 9<10!<D8!1!
>%8>.>!8<>??*!&!>.8?8& %!<$9%'<!$;&!:1 ; !!1 !9$;(>?!( !>?!#;><!8$9!8&!?$:!8!!8&!
89 38!>.? !!1>!!>!! (= ;>!'; ! "<';&8$9!. *$9%!!1 !<;8!8<>?!3>?' !>9*:1 ; !
:8!189!!1 !(>:9 !!:8??!? >%!!$!>!8' 9<1=0!,"#$;%!%9&!;'( 9!&!1>3 !% 38& %!>!
& !!$#!;'? &!>9%!% &8:9!&!;>! :8 &!!$!% >?!:8!1!!18&!=;$.? (!; &'?!89:!89!&= <8>?!
89! ;#>< !!; >!( 9!&!!1>!!(898(8& !!1 !&!8<C-&?8=!=1 9$( 9$90!
!
(1 !% &8; %!(>:9 !!9  %&!!$!1>3 !:$$%!1$($: 9 8!*!$#!< 9!;>?!#8 ?%!.'!!?>;: !
 ? <!;$9!. >(!><< &&!89!!1 !&=?8!0!(1 !&=?8!!8&!&$!?>;: !!1>!!!1 !<$8?!& !!<>99$!!. !
&8! %!$9!!1 !> ?(1$?!?!?89 &!>9%!&!8??!: 9 ;>! !>!( >989:#'?!(>:9 !8<!#?'"!
% 9&8!*0!%9!!1 !=;$=$& %!% &8:9!!1 !(>89!& !!$#!<$8?&!: 9 ;>! !!1 !#?'"!% 9&8!*E!
.'!!89!;$%'< !891$($: 9 8!8 &!:; >! ;!!1>9!% &8; %0!+>3$';>.?*!=$&8!8$9 %!
; 3 ;& ! 9 ;:8& %!!;8(!<$8?&!%8&=;$=$;!8$9>! ?*!<$;; <!!!1 !1$($: 9 8!*!.'!!
&?8:1!?*!&'.!;><!!#;$(!!1 !< 9!;>?!#8 ?%0!(1 & !>; !!1 !899 ;($&!!=>8;!$#!<$8?&!89!
!1 !=;$=$& %!% &8:90!
!
(1 !?>;: ! ? <!;$9!. >(!><< &&!89!!1 !&=?8!!>?&$!( >9&!!1>!!!1 !#;$9!!#>< !$#!!1 !
<$8?&!8&!&!>:: ; %0!(18&!; &'?!&!89!&$( !$#!!1 !899 ;!<$8?&!1>389:!>!:; >! ;!>"8>?!
#$;< !$#!>?8:9( 9!!!$!!1 !<$8?&!$9!!1 !&>( !&8% !$#!!1 !&=?8!!!1>9!!1 !>!!;><!8$9!
#$;< !!$!!1 !<$8?&!$9!!1 !$==$&8! !&8% !$#!!1 !&=?8!0!!
$$!:1 9! 9 ;:8& %E!&$( !$#!!1 !<$8?&!1>3 !>"8>?!#$;< &!<?>(=89:!!1 (!$9!$!!1 !
< 9!;>?!(>:9 !!#$;( ;!:18? !$!1 ;&!>; !!;*89:!!$!. ! J <! %0!
(18&!<$(=?8<>! &!!1 !% &8:9!$#!!1 !(>:9 !!#$;( ;!>9%!9 < &&8!>! &!>!<$8?!
.><C89:!&!;'<!'; 0!
.!<;$&&!& <!8$9!$#!!1 !(>:9 !!8&!&1$:9!. ?$:!!$: !1 ;!:8!1!!1 !#$;< &!>9%!
!1 8;!(>:98!'% &!
!

!
#9 ;:8&>!8$9!+$;< &!$9!4$8?!6?$<C&!<C'=!
!
!

beam

! !
!"#$%&'(#&(! )*+$,-./#01,23(#10.43(,'&"5./#&6.

!""#$%&'(#)*'+,'-#.,/0'#12"#

34+54(67##8)#"19:;#

<'=>#? 9!"#!# #  !!#

$%%>#? 9!"#!# ###1##

&'%/=>#/+(4)'%74%/+*0754'#

+++74%(4(6,/+*0(,''+0*754'!
!
" &8:9!$!'%*!-!!!!/01(!&=?8!!=>8;!(>:9 !!#$;! ? <!;$9!. >(!%8##;><!8$9!

! 7!

?$<>?! 9 ;:*!<$9< 9!;>!8$9&!:18<1!>; !&'##8<8 9!!!$!1 >!!!1 !<$9%'<!$;!?$<>??*!
!$!>!! (= ;>!'; !>.$3 !!1 !<;8!8<>?!3>?' 0!$'<1!! (= ;>!'; ! "<';&8$9&!:8??!
<>'& !!1 !<$8?!>9%!&'.& 8' 9!?*!!1 !:1$? !(>:9 !!!$!8' 9<10!<D8!1!
>%8>.>!8<>??*!&!>.8?8& %!<$9%'<!$;&!:1 ; !!1 !9$;(>?!( !>?!#;><!8$9!8&!?$:!8!!8&!
89 38!>.? !!1>!!>!! (= ;>!'; ! "<';&8$9!. *$9%!!1 !<;8!8<>?!3>?' !>9*:1 ; !
:8!189!!1 !(>:9 !!:8??!? >%!!$!>!8' 9<1=0!,"#$;%!%9&!;'( 9!&!1>3 !% 38& %!>!
& !!$#!;'? &!>9%!% &8:9!&!;>! :8 &!!$!% >?!:8!1!!18&!=;$.? (!; &'?!89:!89!&= <8>?!
89! ;#>< !!; >!( 9!&!!1>!!(898(8& !!1 !&!8<C-&?8=!=1 9$( 9$90!
!
(1 !% &8; %!(>:9 !!9  %&!!$!1>3 !:$$%!1$($: 9 8!*!$#!< 9!;>?!#8 ?%!.'!!?>;: !
 ? <!;$9!. >(!><< &&!89!!1 !&=?8!0!(1 !&=?8!!8&!&$!?>;: !!1>!!!1 !<$8?!& !!<>99$!!. !
&8! %!$9!!1 !> ?(1$?!?!?89 &!>9%!&!8??!: 9 ;>! !>!( >989:#'?!(>:9 !8<!#?'"!
% 9&8!*0!%9!!1 !=;$=$& %!% &8:9!!1 !(>89!& !!$#!<$8?&!: 9 ;>! !!1 !#?'"!% 9&8!*E!
.'!!89!;$%'< !891$($: 9 8!8 &!:; >! ;!!1>9!% &8; %0!+>3$';>.?*!=$&8!8$9 %!
; 3 ;& ! 9 ;:8& %!!;8(!<$8?&!%8&=;$=$;!8$9>! ?*!<$;; <!!!1 !1$($: 9 8!*!.'!!
&?8:1!?*!&'.!;><!!#;$(!!1 !< 9!;>?!#8 ?%0!(1 & !>; !!1 !899 ;($&!!=>8;!$#!<$8?&!89!
!1 !=;$=$& %!% &8:90!
!
(1 !?>;: ! ? <!;$9!. >(!><< &&!89!!1 !&=?8!!>?&$!( >9&!!1>!!!1 !#;$9!!#>< !$#!!1 !
<$8?&!8&!&!>:: ; %0!(18&!; &'?!&!89!&$( !$#!!1 !899 ;!<$8?&!1>389:!>!:; >! ;!>"8>?!
#$;< !$#!>?8:9( 9!!!$!!1 !<$8?&!$9!!1 !&>( !&8% !$#!!1 !&=?8!!!1>9!!1 !>!!;><!8$9!
#$;< !!$!!1 !<$8?&!$9!!1 !$==$&8! !&8% !$#!!1 !&=?8!0!!
$$!:1 9! 9 ;:8& %E!&$( !$#!!1 !<$8?&!1>3 !>"8>?!#$;< &!<?>(=89:!!1 (!$9!$!!1 !
< 9!;>?!(>:9 !!#$;( ;!:18? !$!1 ;&!>; !!;*89:!!$!. ! J <! %0!
(18&!<$(=?8<>! &!!1 !% &8:9!$#!!1 !(>:9 !!#$;( ;!>9%!9 < &&8!>! &!>!<$8?!
.><C89:!&!;'<!'; 0!
.!<;$&&!& <!8$9!$#!!1 !(>:9 !!8&!&1$:9!. ?$:!!$: !1 ;!:8!1!!1 !#$;< &!>9%!
!1 8;!(>:98!'% &!
!

!
#9 ;:8&>!8$9!+$;< &!$9!4$8?!6?$<C&!<C'=!
!
!

1	February	2019
NPS/CPS	Collaboration	Meeting

19

Future Magnet Designs

Target Group

Oxford Instruments

• ±22.5° open aperture
• 4.2 Tesla central field
• 300 ppm
• 10 cm vertical bore

• ±35° open aperture (longitudinal)
45°beam

Field
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One more thing

Target Group

The 12,000 m3/hr pumping system
is 40+ years old.

We need new pumps badly.
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Summary & Recommendations

Target Group

• The high luminosity polarized target for Hall A & C received a major overhaul in c. 2011

• Operated extremely well during Gp
E and gp

2

• Two systems should be updated for future 12 GeV experiments
1. Roots pumping system
2. Superconducting magnet(s)

• Recommend two (interchangeable) magnets for 12 GeV operations 
1. A general purpose magnet for longitudinal polarization (±55°)
2. A dedicated magnet for transverse polarization (±25°)

• Two transverse designs appear close to meeting the requirements
• Still require significant design refinement and engineering analysis
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Back-up slides

Target Group

NH3 polarization versus field
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