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Introduction

We report on the first polarimetry calibrations done in the HDice Lab (called here IceLab), located in the
Test Lab. We tested:
• A new power supply,
• A new reference cell made of CH2 . This includes systematic tests on temperature and signal reproducibility. Two types of cell were tested. One corresponds to the JLab cell geometry and the other to
the BNL cell geometry.
We compare these NMR signals with the previous JLab NMR sweeps done in the temporary lab set up the
EEL building (reported in [1]). All the scans presented are done in the PD.
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Figure 1:
Design for the BNL-type CH2 target.
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Description and purpose of the CH2 reference targets

The targets consist of a CH2 plastic cylinder attached to a Kel-F holder. There are two designs, one corresponding to the diameter and length of the HD target used at BNL (we thus call this plastic reference
target “BNL-type ref. target”), and the other corresponds to the geometry of the JLab HD target (JLab-type
ref. target). The cylinders have several 0.64cm diameter holes to provide cooling for the inside of the target
cylinder: it might take otherwise too long for the target to reach the thermal equilibrium at the cryostat
temperature.
The purpose of the reference targets is to provide a mean to cross-calibrate the various cryostats in which
NMR polarimetry are done, as well as verifying that the various NMR racks give compatible polarimetry
results. Finally, the CH2 targets may be used to calibrate the HD NMR signal by using the known volume
and density of the CH2 sample. Given the large Hydrogen NMR signal from the CH2 target, one can use
specially designed, smaller, CH2 targets to map the NMR signal in function of the position of the target
sample within the RF and pick-up coils (This will not be discussed in this note).

2.1

Description of BNL-type reference target

The CH2 plastic cylinder for the BNL-type ref. target has a 4cm length and a 2.5cm diameter. The cylinder
has 37 cooling holes of 0.238cm diameter and his attached to the Kel-F holder using three CH2 3-48 () screws
of 1/2 inch length (without counting screw cap). The schematics of the target are shown on Fig. 1.

2.2

Description of the JLab-type ref. target

The CH2 plastic cylinder for the BNL-type ref. target has a 5cm length and a 1.505cm diameter. The
cylinder has 14 cooling holes of 0.238cm diameter and his attached to the Kel-F holder using two CH2 3-48
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Figure 2:
Design for the JLab-type CH2 target.

screws of 1/2 inch length (without counting screw cap). The schematics of the target are shown on Fig. 2.
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Validation of the NMR system after moving to the IceLab

In order to be moved to the IceLab, the NMR system was disassembled. In addition, several of its components,
such as the coolant temperature control box or the attenuation/switch box were dismounted by W. Teachey
in order to study them and build two similar NMR systems. Finally, the controlling computer, that had died
during the EEL tests, was replaced. The Labview control software had to be updated to a more modern
version of Labview (Labview version 8.5). This was also done by W. Teachey. Because of all these reasons,
NMR sweeps without any target inserted in the PD were done in order to compare with the EEL and the
BNL results and validate the system. Without any target inserted, the resonance signal comes from the
Fluorine of the NMR RF/Pick-up coil holder.
The first NMR sweep done in the IceLab (June 14th 2010) is shown on Fig. 3 (Black curves) and compared
to equivalent sweeps done at BNL (red curves) in the EEL building (blue curves). The vertical scale is the
pick-up signal and the horizontal scale is the time expressed in Gauss (B-field unit, the conversion constant
between time and Gauss is given by the B-field magnet power supply ramp rate). The top curve is the x
signal of the lock-in and the bottom one is the y-signal of the lock-in. The first peak is the ramp-down NMR
sweep and the second peak is for the ramp-up. The sweep was done at 4.2K with the yellow RF cables and
the “old Oxford power supply” (Oxford Instrument 2115B Power Supply). The B-field span was larger for
the black curves, so the peaks appears narrower. The lock-in phase was set-up at 64 degree (instead of the 69
degree nominal, see phase study in section 4.2). The IceLab run is averaged over 490 sweeps while the other
are averaged over 508 cycles. The IceLab run uses un-inflated air pad, while the BNL and EEL runs use
inflated air-pad to damp vibrations (the location of the old Oxford power supply cooling unit, which produces
large mechanical noise, was different in all cases. It was farthest at BNL and closest in the EEL building).
Noise study is shown on Fig. 4. The signal magnitudes are similar in the EEL and IceLab (typical 2.5×10−7 )
and larger than the BNL ones (typically 2.1×10−7 ). The noise/signal ratios are similar, respectively 1.3%
for the two IceLab runs, 1.2% for the x-signal BNL run, 1.6% for the y-signal BNL run, 1.1% for the x-signal
EEL run and 1.5% for the x-signal EEL run.
Two other runs without target were done with a B-field span of 200 Gauss and averaging over 508 sweeps,
as for the BNL and EEL runs. The lock-in phase was set-up at 64 and 74 degrees, see Fig. 5. The signals
are not large enough to check whether 64 or 74 is the correct phase angle.
3

All in all, the NMR system performed similarly in the IceLab when compared to the EEL or BNL results.

4

Study of the BNL-type reference target.

4.1

First runs

The results for the first runs done with the BNL-type reference target are shown on Fig. 6. Two of the runs
were done with the lock-in angle phase of 64 degree (red and blue curves) and a third one with 74 degree
(black curve). The PD temperature was about 4.2K and we used the yellow RF cables. The signals are
averaged over 508 sweeps. The red and blue signals are on top of each others, indicating good reproducibility
(at least when the NMR and PD systems are not disturbed). The black signal is sharper with smaller and
non-negative wing, indicating that the optimal lock-in angle is close to 74 degree. This is discussed and
confirmed in section 4.2.

4.2

Determination of the nominal lock-in phase angle

The lock-in phase should be the one corresponding the frequency-sweep electrical circuit resonance peak on
which we sit. We sit on top of the second resonance peak (λ/2 resonance). Craig Thorn calculated that
an offset of ±5o due the electrical response of the circuit needs to be added (the ± is because Craig did
not remember which is the correct sign). The λ/2 resonance phase is 69.8 degree (as measured in the EEL
building). This is why we set the phase at either 74 or 64 degrees. We decided to experimentally check with
the reference target what was the effect of changing the phase around the optimal phase. The results of the
test are shown on Figs. 7 and 8. The runs were averaged over 50 cycles only, hence the larger noise/signal
ratio. The PD temperature was 4.3K and we used the yellow RF cables. The lock-in phases were set at 72,
73, 74, 75 and 76 degrees. The plot confirms that 74 degrees gives the best peak but the 72 degrees gives
almost the same signal. The 73 and 75 degrees signals are similar while the worst signal is for 76 degree
(similar amplitude as for 73 and 75 degrees but worst wings). Because of the 72 degree run, there seems to
be no analytical evolution of the signal quality with the phase, which might point to problem in these data
(such as a change on the PD or NMR rack for this run). Nevertheless, it seems to confirm that 74 degrees is
the optimal lock-in phase.

4.3

Reproducibility of a polarimetry calibration signal

We compared in Fig. 9 several runs taken a different times, spanning about a week (time reproducibility)
and after unscrewing and screwing back the reference target (position reproducibility). All the runs are taken
with the yellow cables at temperature of about 4.2K. The conditions are:
• Run 153252651: Taken on June 18th 2010 at 18h10min
• Run 153774165: Taken on June 24th 2010 at 19h02min
• Run 153860627: Target taken out and put back (first time)
• Run 153941199: Target taken out and put back (second time)
• Run 154027958: Target taken out and put back (third time)
Apart for a slight difference regarding time reproducibility, possibly due to different average temperatures of
the PD over the duration of run (see Fig. 10), the reproducibility is excellent. We remark that in order to
compare the signal, we have to offset them vertically and horizontally.

4.4

Thermal time evolution of the BNL-type reference target

One question regarding the CH2 target is how long it takes for it to reach cryostat temperature equilibrium? In
order to use it for calibration using thermal polarization, the target needs to have reached thermal equilibrium.
We did several runs (yellow cables, 508 cycles) during which the PD temperature was decreased from about
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Figure 3: First NMR sweep in the IceLab (Black curves), without target, compared to similar sweeps done
at BNL (red curves) and in the EEL (blue curves). The numbers on top of the columns give the NMR run
number.
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Figure 4: Noise study for the first IceLab (Black), BNL (red) and EEL (blue) runs. The signals displayed
on the left column are fast Fourier transform of the noise between the up and down sweep NMR peaks. The
horizontal scale is the inverse time (in magnetic field unit (1/B)), proportional to the frequency. The right
column is the histogrammed distribution of the noise before the Fourier transform but after correcting for
non-flat baseline. Their widths give the noise amplitude.
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Figure 5: IceLab runs similar as the one on Fig. 3 except for the B-field that is swept over 200 Gauss and,
for the right plot only, the lock-in phase that is set to 74 degrees.
4.2K to about 1.8k for several hours, then went back to 4.2K. In the first run we did (run 154104079),
the temperature recording did not work. However, knowing the time at which we start (14h41min), when
we started to move to 1.8K (15h15min) and went back to 4.3K (17h21min), we can already see that the
thermal equilibrium is established within a time shorter than minutes, see Fig. 11. For the second run (run
154265822) The temperature recording was working. We can compare the signal to a NMR thermal signal
assuming that thermal equilibrium is instantaneous, see Fig. 12. The run started at 11h38min at 4.28K. At
12h02min, the temperature started to be lowered to 1.8K. At 16h47min it went back 4.28K. The thermal
polarization is computed as Pt = αtanh µB
kT with α an adjustable constant. The excellent match between
the calculated and measured polarizations tells us that thermal polarization is within better than one cycle
(2.1min). A zoom of the 4.28K → 1.8K slope is shown on Fig. 13.
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Test of the new Oxford Power Supply

The “old Oxford power supply” (Oxford Instrument 2115B Power Supply) was replaced by a modern type
(Oxford IPS 120-10). The Labview program was modified by R. Teachey. Such replacement was already
tried at BNL but was not successful. The issue was a random time offset at the start of each B-field sweeps
(trigger jitter), resulting in a widening of the NMR peaks, and hence a worst signal/noise ratio. Tests were
conducted in the IceLab to verify that the power supply was appropriate for NMR polarimetry. The tests
were done with the BNL-type reference target.

5.1

Comparison between NMR signals obtained with the old and new power
supplies

The first run (run 155580109) done with the new power supply (PS) is shown on Fig. 14 together with runs
that used the old PS. All runs used the yellow cables. The new PS run is only 483 cycles while the old PS
runs are 508 cycles. Other differences between the runs and the resulting signals are:
• The new PS NMR B-field scan has an offset of 170 gauss.
• The B-field ramping rates are different: The distance between the F and H peaks (which should be
constant if the horizontal scale were giving the true B-field) are different: 164.2 Gauss for the new PS and
7

Figure 6: First runs done with a CH2 reference target (BNL-type geometry). The conditions of the various
runs are summarized on top of the first plot. The large signals are the Hydrogen resonance signals while the
smaller ones correspond the the Fluorine of the coil holder. The top plot is for the x-channel of the lock-in
and the bottom one is for the y-channel.
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Figure 7: Fluorine and Hydrogen signals from the x-channel of the lock-in for various lock-in phases.
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Figure 8: Fluorine and Hydrogen signals from the y-channel of the lock-in for the same lock-in phases as Fig.
7.
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Figure 9: Reproducibility of the NMR signals for runs taken with a 6 days time span and after repositioning
the reference target.
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Figure 10: Same as Fig. 9, showing only the two runs taken 6 days apart for clarity.
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Figure 11: Temperature test for the BNL-type reference cell. The two top plots are obtained from the lock-in
x channel and the bottom ones are for the y channel. The two left plots correspond to the ramp down parts
of the NMR cycle while the right ones are for the NMR signals from the second part of the cycle (ramp
up). The horizontal scale gives the number of NMR cycles, i.e. the time (a cycle takes about 2.1 min). The
vertical scale is the maximum of the NMR peak (in case of the y-channel signals, they are first transformed
into a NMR signal similar to a x-channel signal using the Kramer-Kroenig relation). The high signals (~0.65)
are for the 1.8K period and the low ones (~0.3) are for the 4.3K periods.

13

Figure 12: Same as Fig. 11 but for run 154265822. The red line gives the calculated thermal polarization
assuming that thermal equilibrium is instantaneous.
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Figure 13: Zoom of the 4.28K → 1.8K slope for run 154265822.
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112.9 Gauss for the old PS. This is because the horizontal scale is given by time×(conversion constant),
with the conversion constant translating time into Gauss, and we did not change this conversion constant
when we analyzed run 155580109.
After rescaling the horizontal scale by a factor 1.454, and shifting the left peak to the left and the right
peak to the right, we can better compare the NMR peaks, see Fig. 15. The signal widths appear to be the
same whether the scan was done with the old or new power supplies. In particular, close inspection of the
width of the fluorine and hydrogen peaks show no widening of the peak due to trigger jitter of the new power
supply, as was seen at BNL. A Fourier analysis of the signals indicates that the noise level is similar for
the old and new power supplies. It is unclear why the new power supply does not display the trigger jitter
anymore. A LabView VI controlling the new PS was not available from BNL and was written anew by W.
Teachey. This could be the reason of the absence of trigger jitter.
Ramp rates: With the old power the supply, the separation between the ramp down fluorine and
hydrogen signals (113.1 “Gauss”) on the left and the ramp up fluorine and hydrogen signals (114.9 “Gauss”)
are different. This is because the down and up ramp rates were different. This is not the case with the
new power supply: the separation between the left F and H signals (115.1 “gauss”) is similar to the right
one (114.9 “gauss”). A consequence is that the right fluorine signal from the new power supply is slightly off
compared to the ones obtained with the old power supply because two scale factors, one for each ramp rate,
would be necessary for a perfect adjustment (factor 1.454 for left signals and 1.452 for right signals).
Fig. 16 displays the second run done (15566329, 508 cycles) with the new power supply. The signal has
been adjusted as in Fig. 15. We also run with the oldest of the new power supply type and obtained similar
results.
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Test of the JLab-type reference target

The JLab-type reference cell #1 was installed on August 3rd 2010. Two CH2 cells were made (JLab-type
target #1 and JLab-type target#2). The tests discussed in this note are done exclusively on target #1. Fig.
17 displays the first NMR scan (black, red, blue and green lines) done on the target, compared to a scan
done with the BNL-type CH2 target. The yellow cables were used as well as the new Oxford PS. As expected
from the BNL/JLab cell volume ratio of ' 0.46, the signal from the BNL-type cell is about twice as large as
the signal from the JLab-type cell. We note that the frequency used for the JLab-type target (8614kHz) is
slightly different from the one used with the BNL-type cell (8600kHz). The signals display a slight difference
in x-channel/y-channel phase.

6.1

Position repeatability tests.

The position repeatability tests for the JLab-type CH2 cell #1 are shown on Fig. 18. The black and blue
signals correspond to first runs taken without touching the cell. Then, the target was taken out and put back
in one first time for runs 157309794 (green line) and 157219177 (magenta line). It was taken out and put
back in a second time for run 156974243 (red line). There is a excellent reproducibility for the five runs. A
close inspection of the Hydrogen peak shows that the magenta signal is slightly smaller than the other signals
and the black one is shifted by about +0.5 Gauss. The small difference of signal strength for the magenta
signal may be due to the fact that the PD cryolevels were too low at the end of this run (for this reason,
the run was shortened and the signal is an average over 484 sweeps rather than the usual 508 sweeps). The
reason for the small shift of the black peak is not known.

6.2

JLab-type CH2 cell temperature tests

Temperature tests for the JLab-type CH2 cell similar to the BNL-type cell ones were done. The tests were
done using the yellow cables and the new Oxford PS. The run number is PD157459231 (an earlier run is also
available, but without temperature recording). Results are shown on Figure 19. The run started at 4.2K.
The PD was cooled to about 1.9 K and then warmed back to 4.2K. A zoom of the 4.28K → 1.8K transition is
shown on20. The finite (i.e. non-vertical) slope probably reflects the time needed for the PD to reach his new
temperature rather than the equilibrium-reaching time of the CH2 cell. The spikes seen (ex. around cycle
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Figure 14: First run (black line) done with the new power supply compared to runs done with the old power
supply (color lines).
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Figure 15: First run (black line) done with the new power supply compared after adjustments to runs done
with the old power supply (color lines).
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Figure 16: First run (black line) done with the new power supply compared after adjustments to runs done
with the old power supply (color lines).
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Figure 17: First runs done using the JLab-type CH2 cell, compared to a run with the BNL-type target
(magenta line). (The black line labeled with run 156098509 should be labeled 156876956).
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Figure 18: Position repeatability tests for the JLab-type CH2 cell #1. (The black line labeled with run
156098509 should be labeled 156876956).

21

300) are likely due to noise coming from some welding work occurring nearby the NMR apparatus during
this temperature test: electric arcs from welding have been seen to produce large spikes on the NMR signals.
The conclusion is the same as for the BNL-type cell: thermal equilibrium at the PD temperature is
reached immediately, as far as the NMR needs are concerned.
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Runs done with different cables

We also ran with the white and purple cables. The NMR signal amplitudes from the different cables should
be different because the NMR circuit frequency λ/2 resonances have different amplitudes for each cable. The
NMR circuit is optimized for the white cables. The conditions for the NMR runs presented in this note are
given in below:
• Yellow cable, λ/2 peak: f=8600 kHz, amplitude=2.349 × 10−4 V, φ = 69o (so we we used 74o according
to section 4.2);
• Purple cable, λ/2 peak: f=8771.9 kHz, amplitude=1.812×10−4 V, φ = −86.07o (so we used -81.1);
• white cable, λ/2 peak f=12349.8 kHz, amplitude=6.50×10−4 V, φ = 143.69o (so we used 148.7).
The results for runs with the three cables are shown on the same plot on Fig. 21. We shifted the horizontal
axes for the purple and white cable scans to account for the different frequency values of the scans, see list
above and we flipped the sign of the white signal (x-channel only). (No rescaling of the any axis was done.)
As expected the white signal, for which the circuit is presently optimized, is the largest.
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Conclusion

We have reported on the first polarimetry tests done in the IceLab. The results obtained at BNL and in the
JLab EEL building were reproduced with similar signal sizes and signal/noise ratios. A new power supply
was successfully tested and found adequate for polarimetry. Temperature tests on the CH2 cells show that, as
far as the NMR needs are concerned, thermal equilibrium at the PD temperature is reached immediately for
both target designs. The NMR signal reproducibility of the CH2 cells is satisfactory. The NMR signals will
be compared quantitatively and reported in a future technical note. This good reproducibility can be used
for systematic study and correction of the HD NMR signals, for example the effect of non-optimal phases
chosen during experimental runs.

References
[1] A. Deur, JLab HDice technical note 1; http://www.jlab.org/Hall-B/HDIce/technotes/report1.pdf

22

Figure 19: Temperature test for the JLab-type CH2 target.
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Figure 20: Zoom of the 4.28K → 1.8K slope
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Figure 21: Fluorine and Hydrogen NMR signals obtained with the yellow, white and purple cables. (The
black line labeled with run 156098509 should be labeled 156876956.)
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