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Outline of presentation

e Refinement of last years experiment: Diffusion of bulk
liquid normal H:

e Dynamics of confined liquid hydrogen deuteride

e Applications of research to high school physics



Why Hz and HD?

They form a quantum fluid and
solid in nature

Spin Isomers of Molecular Hydrogen

N
They can be modeled from first h— ’ h— ’
principles ey -y
Para-hydrogen Ortho-hydrogen
Hz vs. HD - spin properties s ke’ ok ey wis

https://hub.wsu.edu/ise/design/vortex-tube/



Motivation for the study of liguid H2 diffusion
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Neutron Scattering and Diffusive Dynamics of Low
Temperature Hydrogen
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Inner Can\

Indium Seals ——

Outer Can

Sample Environment
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” Gas transfer pipe
\
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Gas ring

H2 Volume

Cadmium Disks

"Coin" Filler

Annular radius around 0.1mm for
10% scattering.

We collected data for 8 different
temperatures between 14.5 K
and 20.5 K.

We also performed
measurements of the empty can
background, and vanadium
resolution.



Our instrument: The disk chopper spectrometer (DCS)

Diffusive time scales:
~ 10—123

Aincident =6.0 A

Resolution: ~60 MeV

Temperatures between
14.5 K and 20.5 K.
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Modeling quasielastic broadening
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FWHM (meV)
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Modeling Temperature Dependence and Conclusion
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Motivation for studying the dynamics of confined HD

e FEffects of confinement

o Increase of liquid viscosity

o  Suppression of freezing temperature. Supercooling.

e \Why HD and not H2?

o Adsorption dependence on ortho H2 content

o H2 ortho to para conversion



Sample Characterization

Thank you Taner!
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Experiment Details N seeensiermbe =
N

Preparation of MCM-41 A=
Sample Can Outer Can
o ~1mm annular radius for 10% scattering. &
. ass wool
DCS settings

MCM41

o  Medium resolution, A =4.8 A Powder

Measured confined HD at five different

temperatures:
o  14.5K to 20.5K which consist of temperatures
below and above the triple point of HD (16.6K).

Measured bulk HD at the same DCS
settings but in the 0.1 mm annular can.

Inner Can
(Hollow)




S(Q.E) for Bulk and Confined HD
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S(QE) (A.U))

Bulk and Confined HD: Cut at Q=0.56 A*-1
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Further Analysis
e Determine a diffusive model of liquid HD in confinement.
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n is the dynamic
viscosity

D =

Future Study

e At what lowest temperature do we continue to see quasi-elastic broadening?

e Perform the experiment for p-H2. Theoretical models suggests p-H2
superfluidity at ~6K [1].

e Quantify pore-size influence on the suppression of freezing temperature.



What did | learn and experience?

Continuing work on an
ongoing project

Taking part in the summer
school

Science is hard work

Constant reassessment
and refinement.

E weights / GeV

E weights - bkg

T | T T T T I T T T T
—e— Data ATLAS Preliminary

200

B Background Vs=13TeV, 13317 _J
= Signal + Background H—yy, m =125.09 GeV ]
160 Signal o T
= S/B weighted sum of .
140 event categories =
120 —
100/ —
- :_ ....... _:
60— —
40 -
20 —
0 = | —— | | | -
10— —
51 + —]

5 .

; + ;
-5 — <]

110 120 130 140 150 160
m,, [GeV]
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Last year: Inquiry based experimentation

Pose an inquiry question with a selection of
hypothetical theoretical explanations.

Students formulate their own experimental
methodology
e Choose independent variable and controls
e Choose materials and measuring devices

Experimental uncertainties

Presentation of results and inferences.
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Results from implementation

Managed to convert 5 major labs

Students dove right in. < )
“But my R*2 value is close to 1"

Common issues in student reports:
o Lack of detail on sources of error,

environmental factors. C )
o Lack of referencing results in
formulation of conclusion. Variable cross-section and

: ] g
Assessing reports was a lot of work on high rate of multiscattering!

my part.



Expanding on inquiry based research

Who is the arbiter of validity?

Q: How can we make the process of writing and getting feedback on a

research paper more realistic and at the same time give students experience
interpreting research papers?

A: Implement a peer review process.



L. Initial

Submission

ﬁ
2. Review

and Revise
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3. Final

Submission

NrEET

Reviewer

Research Review Criteria

Soundness of Design:

Is the work technically correct?

Is the data reliable? What
environmental factors did they fail
to account for?

Does the data support their
conclusion? Is there a logical flow
to their reasoning?

Quality of writing:

Can you follow the experimental
design?

Are the figures clear and do they
support their findings?

Are the calculations clear and
correct?
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Questions?






