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Summary

This report summarizes the problem description of the temperature loss of all stages, the cause of this
problem, the events when the temperature is lost, the effects on the vacuum chamber, the possible
solution, the recovery time of the temperature loss, prevention time, prevention measures and at last
pictorial representation is added with comments. For the past several months, we have been
experiencing temperature loss in VSM. As a result, we have initiated an effort to address and resolve this
problem.

Temperature loss becomes evident when the sample stage approaches 5 Kelvin, in contrast to the
absence of such occurrences at room temperature. Consequently, all observations are meticulously
recorded for the 5 Kelvin conditions.

The Problem Description

Over the past few months, a recurring issue has arisen whereby the cooling stages experience
unexpected temperature losses. In response, an investigation is launched to elucidate the circumstances
triggering this temperature loss phenomenon. Notably, these instances occur when the sample stage
approaches 5 Kelvin, a behavior clearly absent during operations at room temperature. Mostly the VSM
analyses are conducted at room temperature which has shielded us from this issue. However, in recent
months, an increasing number of analyses were performed at lower temperatures, revealing and
diagnosing this temperature loss problem.

It is important to highlight that the frequency of temperature loss is notably higher as the sample stage
temperature approaches 5 Kelvin. While temperature loss incidents have been observed across various
conditions, we have categorized them into two distinct events for the illustrative purpose. These
observations are specifically noted when the sample stage is at 5 Kelvins. When a temperature loss
occurs, the subsequent events develop in the following sequential order:

1. The helium pot becomes empty within seconds.

2. The temperature of the 2" stage, magnet and switch begins to rise.

3. Ifan MH sequence is in progress, the magnet experiences a quench accompanied by an error
message.

4. The vacuum level within the vacuum chamber drops from 107 mbar to 10° mbar. This vacuum
loss is detected using a turbomolecular pump.

5. The occurrence of this vacuum loss is captured on a Video

The cause of problem

1. Itis possible that there is an internal leakage within the vacuum chamber.

2. This leakage might be of Helium from the VTI system into the vacuum chamber.
Investigating and addressing this potential source of leakage is crucial to resolving the temperature loss
issue.


https://centrallab.lums.edu.pk/physical-properties-measurement-system-0
https://centrallab.lums.edu.pk/physical-properties-measurement-system-0
https://photos.app.goo.gl/ZfzGADsCDd8nqAxq8

The events of the temperature loss

The temperature loss across all stages occurs precisely when the sample stage's temperature
approaches 5 Kelvin. Significantly, the temperature loss issue worsens during an MH sequence event at
5 Kelvin. To simplify the understanding, the temperature loss is categorized into two distinct events.

Event-1 (if TMP was not running)

If we execute ZFC/FC or MH(5K) sequences without engaging the turbomolecular pump for vacuum
chamber evacuation, the temperature loss takes place when the

1. ZFC/FC sequence approaches 5 Kelvin or below 100 Kelvin. The chance of temperature loss is
above 70%.
2. For an MH(5K) sequence the chance of temperature loss is 100%.

Event-2 (if TMP was previously evacuating the chamber)

Exactly, when the turbomolecular pump has been running to evacuate the vacuum chamber and has
achieved a vacuum level of 107 mbar or even better, the temperature loss occurs upon running the
ZFC/FC or MH(5K) sequence.

1. ZFC/FC curves approaching 5K, either the temperature loss doesn’t occur, or it occurs least
frequently.
2. For MH sequence running at 5K the chance of temperature loss is minimum.

Note: The chance of experiencing temperature loss depends on the quality of vacuum achieved within
the chamber which depends on the duration of evacuation. Achieving the most optimal vacuum level
typically requires approximately 24 hours of evacuation.

The effects on the Vacuum Chamber

Upon the occurrence of temperature loss, the vacuum within the chamber is rapidly destroyed. This
phenomenon has been verified using a Turbo Molecular pump connected to the vacuum chamber. A
Video demonstration effectively illustrates this vacuum loss scenario. Notably, the vacuum level drops
from 107 to 10° mbar during this process.

The possible solution

Turn OFF scroll pump, close valve 12 and then close valve 11.

Attach the Turbomolecular Pump to the chamber.

Turn ON the turbomolecular pump till it attains a vacuum of 107 mbar.

Open the vacuum chamber valve the reading of vacuum chamber will be about to 10 mbar
Keep on pumping till it attains a vacuum of 107 mbar.

Wait till 50% of helium pot is filled.

Open valve 12, turn ON scroll pump and open valve 11 to start helium circulation.

Wait till the VTI gauge reading stabilizes at about 10 mbar or adjust the needle valve to stabilize
the helium flow.

9. The sample stage will start attaining a temperature of 5 Kelvin.

10. Run the MH sequence when 5K temperature will be stable
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https://photos.google.com/share/AF1QipO4r3tT5g7nn5VN9ZkLkAJtQAITgAKl29kUiT61MoPEqdkMI0p5bxgi1hJ2AIS6Kw/photo/AF1QipMY0n3KvjUZh9NqQxTLhtRboevSdMAAdCQNhHPW?key=cndKYzRRTW4yY1VYXzFJRld0NmZja2h3T0hkR2Vn

Recovery Time

In the event of temperature loss, it takes approximately 4 to 24 hours to restore the temperatures of all
stages, including the temperature of the sample stage at 5 Kelvin.

Prevention Time

To prevent temperature loss, it's essential to maintain the vacuum of the chamber at 107-7 mbar for a
duration of 12 hours before commencing any low-temperature analysis. This practice will help ensure
stable conditions and minimize the risk of temperature loss.

Prevention Measures

1. The VTI gauge reading should be at about 10 mbar to provide sufficient cooling to the magnet
and switch.

2. When the sample stage reaches 5 Kelvins, it's crucial to maintain the vacuum chamber at levels
below 2*107 mbar.

3. Turbomolecular pump should be running throughout the duration low temperature
measurements especially at 5 Kelvins. A better and stable vacuum condition will minimize the
risk of temperature loss.

Conclusion

This report gives a brief description of the temperature loss and the procedure to recover from this loss
and what are the possible actions to prevent this loss. Though loss recovery is possible, but it consumes
a lot of time and energy, so | may suggest to consult Cryogenic for a permanent solution. It will help to
promote the research.

Pictorial Representation
All above events are explained in the pictures with comments
Explanation of Event-1 (if TMP was not running)

During event-1, an error is triggered with the message "Sequence terminated magnet quenches." As a
result, the magnet's field drops to 0 Tesla. The two images below depict the status of the system when
the MH sequence was terminated for a sample stage at 5 Kelvin.
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The turbomolecular pump has started to evacuate the vacuum chamber continued running till it
attained 107 mbar vacuum. Then opened the chamber valve to evacuate the chamber.

Time required to attain this vacuum before opening the chamber valve=more than 6 hours

Time required to evacuate the chamber to attain a vacuum lower than 107 mbar = more than 4 hours
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As soon as the evacuation of chamber is attained the temperatures of the stages start recovering, then
the helium circulation is started to attain the required temperature of the sample.
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Explanation Event-2 (if TMP was previously evacuating the chamber)

Despite the ongoing evacuation by the TMP (Turbomolecular Pump), the temperature loss still occurred.
While the probability of this event is quite low, it is influenced by the duration of chamber evacuation.
When the evacuation time is under 6 hours, the likelihood of temperature loss increases. For optimal
results the evacuation time should exceed 12 hours, with the stipulation that the vacuum level within
the chamber remains below 2*107 mbar.
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When a better helium circulation is attained then the helium pot will maintain a filled level as given
below.
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The status of the magnet temperature when a good helium flow is maintained.
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If the needle valve is closed tightly then the reading VTI gauge will be less than 10. It will reduce the
cooling power




If the needle valve is not closed tightly then the reading VTI gauge will be above 10 mbar. It will increase
the cooling power and helium pot may become empty.

The below pictures show the temperature loss and the cooling curves of the Magnet, Switch, Helium
Pot, Charcoal Filter, 2" Stage, the 1 stage and reading of TMP. The below pictures are for best possible
attained vacuum within the chamber which is 9.58* 10 mbar
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Table. Typical temperature locations

channel B

Location Typical Measured by Type
Temperature
Cryo-cooler 1st 45-50 K Temperature Monitor CCSs
stage channel 1
Cryo-cooler 2nd 3.0-45K Temperature Monitor CCS
stage channel 2
Magnet winding 3.0-45K Temperature Monitor CCS
channel 3
Persistent mode 3.0-15K Temperature Monitor CcCs
switch channel 4
Helium pot 3.0-42K Temperature Monitor CCSs
channel 5
Cryo-pump 3.0-4.5K Temperature Monitor PT100
(0.2 Q) channel 7
Charcoal filter 50-90 K Temperature Monitor CCSs
channel 8
VTI Heat 1.6-325 K Temperature controller Cernox
exchanger channel A
Sample 1.6-325 K Temperature controller Cernox

1 atm =760 torr = 1.01325 bar = 101325 pascal = 14.695 pound-force per square inch




