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Polarization efficiency correction (in general)
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Nomenclature: in general

SM: Supermirror;

SF: neutron spin flipper;

S: sample;

P_: neutron polarization provided by the polarizer;

P: percentage of neutrons in the “+” state from the polarizer and P, =2P-1
A : neutron polarization provided by the analyzer;

A: percentage of neutrons in the “+” state from the analyzer and A =2A-1
¢p: the percentage of neutrons flipped by the flipper before the sample;
¢,: the percentage of neutrons flipped by the flipper after the sample;

fp: measured flipping ratio with the flipper before the sample;

f,: measured flipping ratio with the flipper after the sample;

Here I ignored the spin transport loss and can be added into the matrix operation as
an additional polarizing element.
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Polarization efficiency correction (3He analyzer)
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SHe analyzer & flipper

Nomenclature: *He polarizer related

T : transmission of unpolarized neutrons through a polarized *He cell;
T,: transmission of unpolarized neutrons through a unpolarized He cell;
Ty: transmission of unpolarized neutrons through 3He cell windows;

T*: transmission if neutron spin is parallel (antiparallel) to 3He nuclear spin;
F: flipping ratio produced by a polarized 3He cell;

P,.(t): 3He polarization at elapse time t in hours;

P,.U: He polarization at time t=0;

T,: 3He polarization relaxation time on the neutron beam line in hours;

1: 3He cell path length;

A: neutron wavelength;

n: number density of 3He gas;

o: the 1/v neutron capture cross section given by o(A)= 6 A;
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Polarized 3He related equations

TH-T" (T jz
P, = = tanh|{o (A )Ny LP =.1-| 2
n T++T— [ ( ) He He] Tn
T,=Tg exp(—anHeL)cosh(anHeLPHe)

Ty = Ty cosh(onlP) T* = Tee oM (FPe)

TO = TEe_OﬂI F = T+ = eanIPHe

T-
Pe(t) = I:)IS)Ie exp(— %—1)
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Spin transport loss & sample depolarization issue

» Assume spin transport loss and/or sample depolarization
affects the spin-up and spin-down neutrons in the same way;
and assume the sample depolarization is equivalent to the
transport loss;

* It can be shown that the overall transport loss 1s a product of
cach individual transport loss;

* It can be shown that all spin transport loss and/or sample
depolarization could be lumped to either the polarizer;
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SM & flipper efficiency (*He analyzer & flipper)

Four cross section method to determine
SM and flipper efficiency

With a *He analyzer and a NMR based flipper

. 1T+ Toa )1 (T + T where
n=— ) . )
(Wt T W vt T T: transmission of the neutrons passing
( ud = ud )+ ( + uu) through the polarized 3He.
P.=2P—-1 +(-): neutron spin is parallel (antiparallel)
Where " to 3H lear spin
o 3He nuclea ;
du 4+ — dd 4+ — ’
1—2 — | (Tdd +Tdd}| (Tdu+TdU) U and D: neutron spin states, UP(U) or
p=

P Qdd Tr T WilMEs T ) DOWN (D); uu, ud, du, and dd
" ( du du)+ ( o dd) correspond four different cross sections.
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Error propagation to SM & flipper efficiency

—our cross section method
OP, 2 0 SP 2 )
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For ["*=100 and =10, T, ;*=T,4'=0.2and T, =T, ;= 0.01

% =1.6%

5| uu
We can do the same thing for other terms.
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Error propagation to SM & flipper efficiency

P _2|uu(|uUTu_d—|UdTuJL) » 2|uu(|uuTUd Iud_l_u_u)
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Error propagation to SM & flipper efficiency

—our cross section method

ooy (e o 2] o)+ 22 oy
(28] o 2o ey {22 ] ra o 22 gray

Sep _ —(1 — 2gp)

P, P,
Sep 21 (r duTdd — TauTdd )
R T )1 T )]
Sep 219 (r duTdd — TauTdd )

AR 1 - Ta )1 (o T )]
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Error propagation to SM & flipper efficiency

55p ) ] dd (I dd-l-d—u _ |du-|-d+d)

Mio Py [1% (16, ~Taw y1* (T ~Tao )]
55p ) _2|dd (I dd-l-aru B |du-|-d—d)
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Flipper efficiency vs wavelength spread

Calculated flipper efficiency
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* Mezei precession spin
flipper.

 Large wavelength
spread for SANS, 10%-
20%.

* Measured flipping
probability of higher
than 0.9835.

* Calculated flipping
probability slightly
higher (0.991 @ 15%
wavelength spread).




Data reduction--polarization efficiency correction

PRRND YLD IR M )

=+ P)ETT (14 PR)Z T T T +(1-R)ET T +(1-P)Z T
”“ﬂlppe{ | = [l +(1-2e)P E T + I+ (1-26)P B T+ [I-(1-2e)P, B T +[I-(1-26)P J= T~
fioped { " =(1+P)Z T +(1+P)Z T +(1-R)Z T +(1-P)Z T7
I =[+(1-26)P, 7T +[I+(1-2)P E T +[I-(1-2)R ZT T +[I-(1-26)R, 2" T"

|+ s+ Note: T=P,FP_, P, F and P_ are 4x4 matrix for the
3He analyzer (T and T- deﬁned before), the spin

|~ > flipper (efficiency of €) and the SM polarizer

|- =T - (efficiency of P ). 2, ¥, ¥*, and 2~ are the four
scattering cross sections for the sample, including the

| DA sample holder and the cell background.
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Data reduction--polarization efficiency correction

Pclarizaticn efﬁciency corrected background

TS T

" B =B

unﬂipped{ 1" =(1+P)B"T*+(1-P)B T =B"[(1+P)T +(1-P)T" |

17 =[1+(1-2¢) R, |B*T" +[1-(1-2¢)R, |B T~ =B {[1+(1-2¢) R, |T* +[1-(1-2¢) R, |T"}
flipped { |+‘=(1+Pn)B+*T‘+(1—Pn)B"r+=B++[(1+|3])T—+(1_|DH)T+]

I~ =[1+(1-2¢)R, |B"T +[1-(1-2¢)R, |B T* =B" {[1+(1-2¢)R, T~ +[1-(1-2¢) R, |T"|

Bt = ™ BH — 1"
or (1+P)T +(1-P)T™ o (1+P)T~+(1-P)T*
1~ =
BT = - B+ — |
[[+(1-20)P T +[1-(1-22)P JT [1+(1-26)P, T~ +[1-(1-2&)P,]T"

Note: B=the sample holder and the cell background.
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Flipping ratio monitoring

No sample

(1+P)T +(1-P)T"

[1+(1-2e)P, [T +[1-(1-2&)P, [T~

3He unflipped (original state) FR=

e [+ (=20 T+ [1-(1-2&)P,T"
(1+P)T +(1-P)T"

3He flipped
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An interface for polarization efficiency correction

"M O O polarization efficiency Controls

-0.04  -0.02 000 0.0z 0.04

The following actions are presented wertically
in the order they need to be performmed. | 120 3.0
U=C0FF or ZHe analyzer normal, D=0N or ZHe analyzer reversed 0D
For example UL = ++, DU = —+, D = —+, DD = —- | o
0.0z
_ Supermirror and flipper efficiency caleulation &0
run nurnber head [OCTOTO001.543_1_M | -
neutron wavelength in nm [0.75 |@ &0
Transmiszion Bun Mo for four cross section withSwithout zample
THe cell name+datelmmddyyyyd) [Olaf0ZZ42002 | 40 -0.02
T_run * for e+ [E4_ ][] [ 1++ mask |
T_run * for -+ 35 ][] [ I-+ mask | 20 _0.04
ZHe cell name+datelmmddyyyyd [D1af0Z242008 | |
T_run * for 1+- 63 || [ 1+-mask | o
T_run * for |-- [64 @ [ —— mask ] . 0 20 40 60 g0 100 120
cal. S off. |0.916441 cal. flipper off. |0.9276328 Y

e cer IGOR based compatible with SANS

[ ——— software;

s o e BB v =t e T Implemented SM and flipper

e ET B 4o efficiency calculation;

BEkR RN Polarization efficiency correction to
sample not implemented yet.
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3He polarization decay online monitoring tools

« online monitoring of 3He polarization decay by NMR.

* Periodically monitoring of flipping ratio.

* Periodically monitoring of 3He polarization by neutron
measurements.

How T1 uncertainties affect polarization efficiency correction?
N,

=10%= 2.5% in SF and ~2.5% in NSF
i
P
T—11= 20% = 5.6% in SF and ~5.6% in NSF
ATransmission o t
= onlPge () =L = 1SS1 ~ ’
e o He (D) T T, Transmission change ~ a few %

3He Neutron Spin Filters




Online monitoring tools -- FID NMR

Reflectometry

How T1 uncertainties affect polarization efficiency correction?

T 100

T—11= 10% = 2.5% in SF and ~2.5% in NSF
p

T—11= 20% = 5.6% in SF and ~5.6% in NSF

Al ransmission ZIM o
— = oNlPye(t) =1 — Transmission change ~ a few %
Transmission T
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Online monitoring tools -- FID NMR

almost 1deal case

FID NMR is a direct way to monitor the 3He
polarization decay.

10 _+ Bullwinkle T1 in Rambler (3.2 G, 3 power supplies)
S‘ \‘F"+.|\__‘_ after demagnetizing the box, run 101-236
£ K
— +t|r
= iy
o 197 T
0 e
Hh
o Tt
+
= S
Z 08 L
e -HEH_
2 : : St
O Spin Down Fit: 9/22/2008 +”=H-
2 tau=155.4 + 1.4 hrs e,
G 07 NMR Loss Used =0 d§++t+
O ¥ =0+ 1.0gexp-0.0054 t) et
=
I [ I I I I [
a 10 20 aa 40 a0 B0
Time thrs)
3He Neutron Spin Filters N&T

Hational Institute of

Standards and Technology



Online monitoring tools -- FID NMR

What’s limiting our capability for reflectometry?

Some limitation from FID NMR measurements because of
not good field homogeneity around the NMR probe due to
restricted space on the instrument for our device. NMR probe
1s typically forced to the location where the field
homogeneity 1s worst for the magnetically shielded solenoid.

t

Chardonnay T1 in BT-7 analyzer solenoid on AND/R with 3He spin in
0.43 — original state (+), run 2-28, excluding 20,21,22,23,25
02 xup19, Ampv= 0.393 mV N %
5/1/2008 21:12 042 L+ &
Freq. = 101 Hz S S
01— P= 310 deg, T2= 15 ms £ S
RF = 75850Hz, 0.04V, 1ms = 041 o 5 ¥ Ol
| | 5 ~ 1 8%
0.0 - .I b yf Sl Rt Ug)) * W i + 0
’ i L AdUR I 0.40 —| 5 Tl
0.1 = + S
: - 0.39 H + ~
% K
0] e .
-0.2 - = 038 S
8 Spin Down Fit: 5/2/2008 %
tau=320.2 +- 25.0 hrs ~
NMR Loss Used = 0
-0.3 * 037 v =0+ 0.4gexp(-0.0031 t) N "
+ ~
| | | | | : ; | | ; $
0 20 40 60 80 0 10 20 30 40 50
ms Time (hrs)
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Online monitoring tools -- flipping ratio

Flipping ratio can also be used to monitor the 3He polarization
although 1t 1s not straight forward and we do not prefer because 1t
involves 1n polarization efficiency correction. However, unpolarized
neutron transmission measurements are much better.

TS T

I =(1+P)E T +(1+R)Z T +(1-R)Z T +(1-P)Z T~
unflipp ed{ | = [l +(1-26)P E T + I+ (1-26)P B T+ [I-(1-2e)P, B T +[I-(1-26)P J= T~
Hioped { 1 =1+ P)Z T +(1+P)Z T +(1-P)Z " T +(1-R)= T
I =[+(1-26)P, 7T +[1+(1-2)P E" T +[I-(1-2)R ET T +[I-(1-26)R, 2" T"
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Online monitoring tools -- flipping ratio

(1+P )T +(1-P)T"

[1+(1-26)P, T +[1-(1-2&)P, T
1 (FR[1+(25—1)Pn]—(1—Pn)J

Pe®)= 2 ont ™ 1+ Py FR[1- (26— 1)P, ]

FR=

3He unflipped (original state)

cpo [H(=28)P T+ [1-(1-2¢)P, T
B (1+P )T~ +(1-P)T*

3He flipped
1 [FRO+Py)-[1-Qe-1)Py]
Phe®)=7 ) ln£[1 +(2e-1)P,]- FR(- P, )J
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Online monitoring tools -- flipping ratio

3He polarization

Reflectometry

* Not 1deal.
BT T T T T * Use spread sheet to match
0.76 T ] FRs and estimate T1.
1

074 | T <10%  « Can calculate 3He
s | | polarization from FR, but

need good FR
0.7 - |

measurements and good
BT ) = mexp(mom?) knowledge of SM

Value Error . . .

086 |- [ mi | 077759 ] G006o1ds 1 polarization efficiency and
064 | | -CsI] 0O0OZGETEL WA | flipper efficiency.
- ] e Better to have a slit scan at
.10 0 10 20 30 40 50 60 70 . .

very beginning.

time, h
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Online monitoring tools -- FID NMR

SANS
How T1 uncertainties affect polarization efficiency correction?
@ —10% = . .
e 2.5% 1n SF and ~2.5% in NSF

T

pu

7, = 20%= 5.6% in SF and ~5.6% in NSF
Al ransmission ot

= onlP (1) =L — issi ~ 0

Transmission He(t) T T Transmission change ~ a few %
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Online monitoring tools -- FID NMR

What’s limiting our capability for SANS?

Severe limitation from FID NMR measurements because of really bad field
homogeneity around the NMR probe due to very restricted space on the
instrument. NMR probe is typically forced to the location where the field
homogeneity 1s worst for the magnetically shielded solenoid. Changing the
sample field also changes the NMR signal. The measurement time is typically
much shorter than T, making it difficult to monitor T1 from NMR.

B2 xup195, Amp = 0.187 mV P i Y + Olaf T1 in BT-7 polgrizer solenoid on SANS, with 3He spin in original state
3/26/2008 16:19 :E 75 run 155-173 excluding 158,172
0.15 — Freq. = 98.7 Hz = =
P= 91 deg, T2=7.4 ms = ~ -
L RF = 45465Hz, 0.05V, 1ms S 016 5 ﬂl ~ 15%
& : S = ~ 0
0.05 — % S Tl
= 0.15 - o BT
0.00 — o + ‘ ~ -
3 g
-0.05 2 014 TS
(@] Spin Down Fit: 3/25/2008 S
-0.10 — O tau=108.4 + 27.9 hrs
NMR Loss Used =0
T 0.13 Y =0 + 0.2gexp(-0.0092 t)
0

I I
0 5
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Online monitoring tools -- flipping ratio

Limitation and requirement for SANS

* Not 1deal.

 Use spread sheet to match FRs and estimate T1.

* Can calculate 3He polarization from FR, but need good FR
measurements and good knowledge of SM polarization
efficiency and flipper efficiency.

* Need SM and flipper efficiencies to determine 3He
polarization, hence polarization decay.

* Need a program to communicate the SANS data.

 Different sample depolarization at different sample.
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SHe polarization decay-- neutron measurements

TS T

- T T
SHe analyzer & flipper

Nomenclature: *He polarizer related

T : transmission of unpolarized neutrons through a polarized 3He cell;
T,: transmission of unpolarized neutrons through a unpolarized *He cell;
Ty: transmission of unpolarized neutrons through 3He cell windows;

T*: transmission if neutron spin is parallel (antiparallel) to 3He nuclear spin;
F: flipping ratio produced by a polarized 3He cell;

P,.(t): 3He polarization at elapse time t in hours;

P,..U: He polarization at time t=0;

T,: 3He polarization relaxation time on the neutron beam line in hours;

1: 3He cell path length;

A: neutron wavelength;

n: number density of 3He gas;

o: the 1/v neutron capture cross section given by 6(A)= o A;
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3He polarization decay

T1 determined from unpolarized neutron transmission

R T, )
P, = — tanh[o(A)NpelPre ] =4 [1—| 22

n T++T— gl [O-( ) He He] (Tnj
T, = Te exp(—onyel )cosh(onyeLPye )

T, =Ty cosh(onlPy,)

1 T
Pe(t)= — acosh|

Only at the end of the experiment,
T, 1s measurable.

Pre(D) = I:)Igle exp(— %1)

We need at least three points for this, but they are not convenient

from the user experiment. We are typically able to have two points,
one at the beginning and the other at the end.
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SHe polarization and uncertainty

T1 determined from unpolarized neutron transmission (two point)

Method 1
T At a 2 , o 2
1= 2 1 i 1
" Per @) _(O'Pﬁej (é'DHe) +[0’PerJ (élDHe)
I:)He f
i
iy T, oan _ T dDiHe _ éP'f"e —29%
= - f ple P
O’F)I . | éPH P He He
e Phe ln[Pl_fleJ e PHe II{PI}IG i 0
Pie He P,.!=76.0%

& Py, = 62.7%

2 i N7 oi P i o pf P
[@] _ [IH[PHeD (dDHeJ N [IH[PHGD (épl-le j At= 2 days
T P! )] Pl pf ) (R T1=250 h
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SHe polarization and uncertainty

T1 determined from unpolarized neutron transmission (two point)

SHe uncertainty propagation
Prte (t) = Plic exp[-t/T; (Plie, Pie )

éPHe épl_—le

. | | |
dPpe (t)=—" dP|'49+éPHedT1= . dP,he+dDHe ﬂil dP,qe+i}dPerJ
éIDHe érl_l éIDHe a.I-l _éIDHe éPHe
{@He P Ty }dPHeﬁHe T gp,.
Phe T Pl 1 Pe
2 2
2 Phe  Pue AT 2 | Py T f
(Pre) { T ﬁ} (Pre) [ sl ) ()
Pre 1 Prye I P

. \2 2
(Pee (P @he) (1 Pl
:>L J =|1- . + :
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3He polarization decay

T1 determined from unpolarized neutron transmission (two point)

Method 2
At
In|  He Phe (t)= Phe exp(-t o = Pre exp| —In pf |At
Pre In Per He
He
2 2 2 )2
(@He] _( ) (éPHe) +( t j éPHe
PHe At PHe At P|-f|

3He Neutron Spin Filters




3He polarization uncertainty comparison

PR 2 pi 2 2 pf 2
Method 1 ( Hej :(1— j [ .He] +( j He
PHe At : At PHe

Phe
2 2 of
P
Method 2 (@Hej =(1 j [@He] +( t j He
Pre AU\ P AV Phe
o emwmon pat
P y He — He — 2%
; i f
F)II-Ie I:)He

P,.'=76.0%
& Py = 62.7%
At= 2 days
T1=250h

PH (t) uncertainty (fractional)
e

time, h
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