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»Goal. Get more accurate value of Polarization; reduce systematic
uncertainties, tackle off-phase signal

NMR Signal | P =41.90% Pzz = 13.63%

® Data

0.015

0.0000 1— Fit
—== C-D Negative
—0.0002 0.010 ... C-D Positive
—-== 0-D Negative
—0.0004 4 0.005 4 ==+
Jlab data 3 L S —
~0.0006 1 S 00001 =mmmmmmmmmmnsaeganAERngE T T
ﬂﬂnﬂﬂf.‘.:::; AL
—0.0008 > _0.005 1
—0.0010
—0.010 A
—0.0012
—— Signal —0.015 1

—-0.0014 + —— Fit

—0.020 1

324 32.6 32.8 33.0 33.2
Frequency (MHz)

T T T T T T T T T
323 324 325 326 327 328 329 33.0 331

2w Current Status:

v Absorptive and dispersive both function are used to analyze the signal

v’ False asymmetry and scaling both version are used to analyze the
Polarization
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Motivation continued

1
n . _ " +
The correct way to determine the asymmetry, r, is by fitting the equation of the absorption function from S (w) = CX (w) [1 + 92 £R] (19)
this theory to NMR signals, not by dividing the peak heights. Then the polarization can be calculated from
Eq. (20). Using Egs. (14, 15,21,22) the absorption function for large quadrupole broadening reads However, once the phase a,ngle is included in curve-
) 1\ (72 — pl-30R J30R | fitting, P and Q can be determined regardless of the phase
%Ry (w_q){[ rl=9R ]F"(R) +[ r1+UR }F”(R)}’ (24 angle. One can polarize target material while switching
while for deuterated butanol material in a 2.5T field, where ¥> 1, the absorption function in good approxi- betwee_n different plr-la.se ang]?s and still e?{tra'Ct a COH?IS—
sation, I8 tent spin-up curve via the ratio method (Fig. 10), allowing
i S one to observe patterns in both real and imaginary views
1 . . . . . .
1 (rR) o (a)(*‘—, ) [7F+(R) + F_(R)]. ) of the signal during polarization. Even with exceptionally

good tuning (a phase angle at or near 0°), it is still more
correct to use the full complex form of the signal, as the

signal is itself still complex.
3.2. False asymmetry and false polarization & x p

—
—
e

c(aP* + bP? + 1) (20)

where ¢ is the remaining constant portion of the scaling
factor. This makes Eq. (18)

The Q-meter distortions appear as a false asymmetry in the deuteron TE signal. It manifests itself by
increasing the size of the right side of the signal by a few percent with respect to the left side. Since the TE
signal has a small and well-known asymmetry which results from its Prg = 0.0523 % polarization, it provides
a very clean way to measure this asymmetry and therefore it enables the parameterization of the effects of
the Q-meter distortions.

. . ) . . _r /s

A more exact relation [17] for Eq. (3) is available and can be used to estimate higher-order frequency- S (w) = E[X 005(9) — X Sm(g)] (21)
dependent corrections to the NMR signal defined in Eq. (27). A detailed example calculation of this distortion
can be found in Ref. [18] which shows that a small mixing of 7’ into the signal causes this effect. The distortion
is approximated well be a linear gain across the deuteron signal which can be summarized by

By extension, Z is dependent on r via Eq. @)

D(w) =1+ 3&1 +R), (28) —_ r?—1 4 r?—1 2
o o () ) v e
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Fitting Principle on Current Software
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D(w) =1 +%E(1 + R)
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Upgrading to Complex Fit
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l:‘complex = Scale * & (Fabsorptive * Cos(phase) + Fdispersive * sin(phase))
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Fit with and w/o dispersive function continued

-
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Complex Fit
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Complex Fit continued
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Conclusion

v Complex sighal implementation will follow data more closely
than with out it.

v It has more fitting parameters but faster calculation with E.

v This will help us reduce the systematic uncertainties in the
future experiment Run Group C.

v' This can be found in github.
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Backup Slides
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D(w) =1+ 341 +R), (28)

where ¢ is the false asymmetry parameter. The equation is written in this manner so that ¢ is directly the

1"

difference in gain between the two peaks of the signal. Now, the false asymmetry correction to y” is put
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Complex Fit continued

Backup Slides
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Complex Fit continued
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There are two types of the plots in the simulation | am confused and which one is correct??
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Backup Slides
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