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Elastic form factors of the neutron

Among the reasons they are important,

A A fundamental property of the neutron

A Provides information on the charge density inside neutron
A Tests models of neutron structure

A Provides critical constraints on generalgadond i st r i but i on
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Neutron Target

4 Neutron mean lifetime is just undermims

4 3He nucleus has two protons whose spins are paired, and a sir
neutron that accounts for most of the nuclear spin.

i S0,2He is an effective polarized neutron target.
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Effective Luminosity

In a doublespin asymmetry experiment

Aneasured: P(J:) HéA‘ physic

Relative error of Asymmetry is given by,
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The performance of polarizetie targetshas
iIncreased by roughly a factor of 30 since SIE&42

Tr experiment (2005) .

The scales of the FOMs shown

701 have been normalized so that ~ 25
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FIG. 1: Shown are two figures of merit (FOM) for five polar-
ized “He targets. The solid circles (left-hand scale) indicate
the luminosity weighted by *He polarization squared (PI?IE)
achieved in beam. The shaded columns (right-hand scale)
show a FOM proportional to the total number of spins polar-
ized per second, again weighted by P..




SHe target cell
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High Luminosity Polarizélde Targets For Electron
Scattering Experiments

A Techniques

A Convectiobased Cells

A Targets with metal targetindows



Spin Exchange Optical Pumping

i Use Spin Exchange Optical Pumping (SEOP) method to pol
the target.

an alkaltmetalvapor ispolarized by optical pumping usitasers.
the polarized alkatimetal atomgransfer spins téHe atoms.

Collisional Mixing

mj = —I—%

E _ _1
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Adiabatic Fast Passage (AFP)

Main field coils

Pickup coils

/
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RF Coils

B, =Bk
B, = B cosut k

In rotating coordinates

B=(B -1 J& Bb
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Adiabatic Fast Passage (AFP)

Main field coils X

ﬁ y éo = BOE

Pickup coils — -
z = B cosmt k

/ B =B
@ In rotating coordinates
- B=(B W 9E Bb
A
RF Coils
B -’y

Net magnetization follows effective magnetic field.
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Lockin Output (arb. units)

AFP Signal
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Pulse NMR

Radio frequency energy is applied in the form of a
short pulse on resonance which3ti{fesspins and
make thenprecessaround holding field.

In rotating coordinates

L B, = B cosut k
B=(B, v 9E BB
X X X
B, T
=) - 7 )
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Pulse NMR Signal

Initial amplitude is taken as a

/ measure of polarization
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Spin Up Curve
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De-polarization or Spin Relaxatior

Sources ofHe spin relaxation G = (3. 4O it

wall

Dipolar Relaxation

N3
_g'He _
Gaipotar —ﬂﬁrs '

Static magnetic field inhomogeneity
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Spin Down Curve
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Polarization vs. time as spins relax.

Spin down measurement is used to determine life time of a cell
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Electron Paramagnetic Resonance (E

RBOK Zeeman splitting is proportional to the size of
the field.

Alkallme t a | atoms experien
b e | dto theipeesence of polarizetHe gas.

We can isolatehis fielddue to the’He gas by
flipping the3He spins.
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Electron Paramagnetic Resonance (E
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Diffusion based Cell

Historically used single transfer tube

Re 1

P 1+ G/d

pcC

G.- Spin relaxation rate in T
d.. - rate atoms leave T

G'[C/d'[C < :k

Difficult to maintain as beam current increases.
Results in lower target chambebeam polarization.

Since PC & TC are close to each ofhwsk for radiation damage.

18/42



Convection Cell

CellProtovedl




Convection Cell

CellProtovedl




Protoved| Results

Spin Up at 2353°C Spin Down
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Protoved| Results
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Convectiowriven gasflow test

CellProtovedl

Zapper Coil i

NMR coils
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Convectiowriven gasflow test
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Heater drives convection

Zapper coil depolarizes slug of gas

Colils #1- #4 monitor passagef depolarizedslug.

Heater temperature can be changedadjustspeed of gas
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Raw NMR Signal (mV)
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Adapted from PA. M.Dolph et al.,PhysRev. 34, 065201 (2011).

Unheated transfer tube was at 2.

The dat a

d,. for the diffusion based cell

d,. for theconvectiobasedcell 4.9- 81 ht
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Convectiodrives polarizatiomgradient to zero.

1001 — __ _¢— @ g -oa— @ _ @ _ 099
———-:——I——g——l——x——h——i——l-ga;—'
0.95 -
0.90-
0.85- -
______________________ 10.82
& 0.80- - o B H
ELD_ O
;_E 0.75- .
0.70- O
0.65- 0 T =24 C|f
O H
0.60- A TH=5D“’C [
0.551 e T 100 C|f
0.501H | . :
5 10 15
Time (Hours)

Adapted from P.A.NDolphet al.,2011

Ratio of polarizations of the target chamber to the pumphragmber
quicklyreaches unity with convection drivengsgilation.

26/42



High Luminosity Polarizélde Targets For Electron
Scattering Experiments

A Techniques

A Convectiobased Cells

A Targets with metal targetindows




Polarized®*He Target
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Polarized®*He Target
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Numbers on Gold from the literature look encouraging
for making metal end windows.

Paramagnetic relaxation of spin polarized 3He at coated glass

walls

THE EUROPEAN
Part Il PHYSICAL JOURNAL D
A. Deninger', W. Heil"-*, EZW. Otten', M. Wolf!, R.K. Kremer®, and A. Simon® Eur. Phys. J. D 38, 430 443 (2006)

! Institut fiir Physik, 55099 Mainz, Germany DOL: 10.1140/epjd/e2006-00051-1

2 Max-Planck-Institut fiir Festkirperforschung, 70569 Stuttgart, Germany

5 Other coatings Wall Relaxation Rate

In the course of 3 thesis works [18,23,27] we have briefly

examined also a number of other coatings on various glass / wall — /
substrates and measured their *He r{]ru-:atmn times (in 1 -I-l — r A V
brackets): metals: Mg (6 h), Al 2 h), Se (5 h),

Ag (5 h), Sb (7 h), Te [ID h) b (26 h), Bi

(50 h); salts: LiF (8 h), MgFa( gt (25 h), CsCl " - Surfacerelaxivit
(18 h); oxides: -"ng{:'-] [-1 h); hard cm'alrnt coatings: di- y
amond (3 h), titanium nitride (2 h). Most of the more A - Area

volatile species have been evaporated in situ by a remowv- V & Total Volume

able oven and *He relaxation has been measured without
breaking the vacuum in between [18]. This might have in-
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Preparation of PyrexCopperPyrex tubes

Larson GlasMetal Seals

Housekeeper Seals




