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Thanks for all the
lively discussions and
great posters! |
enjoyed this session
much more than
expected. Cheers!

6 6 -Dustin McNulty

| am really getting into this ..
the videos are really well
done!

-Ciprian Gal

Comments from the Slack

“We found that all
the posters were of
very high qualityand
it was difficultto

select the top two.”
-Elton Smith

Channel

Lots of great videos! The judges
have their work cut out for

them!

-Lorelei Carlson
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ABSTRACT

e magnelic field at which first flux penetrates is a fundamental parameter chara izing superconducting materials for SRF cavities. Therefore, simple, efficient and
curate tool is needed to measure the penetration of the magnetic field directly. The conventional magnetometers are inconvenient for thin superconducting film
easurements because these measurements are strongly influenced by orientation, edge a o 5. veasure the onset of field penetration in bulk,
i nd mudti- red superconductors, we , built and calibrated a s Y perconducting solencid capable of generating

er than 500 mT and Hall probe to detec! t entry of vortice: up can be used to study various promising alternative materials to
b, especially SIS multilayer coatings on Nb that have been recently proposed to delay the vortex penetration in Nb surface
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Penetration into Superconducting Thin Films
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Precision Magnetic Field
Direction Measurements for
Neutron Spin Structure
Studies

: Pret:;Is
on Lab

~ Neutron Spin Stru

Murchhana Roy and Wolfgang Korsch (for the A," /d," Collaboration)

e EE

University of Kentucky

NUCLEON SPIN STRUCTURE

The experiments carried out at CERN and
SLAC in the &0s on the integral of the proton
polarized structure function g,” showed that -
the three valence quarks account for only a
fraction of the proton's total spin. - -
This discovery has resulted in multiple prolific experimental and
theoretical research end . Current und ding of the nuclean
spin is that the total spin is distributed among valence quarks, sea
quarks, their orbital angular momenta and gluons.

Due to non-perturbative nature of strong interactions, it is extremely
difficult to make absolute predictions from QCD on how the nucleon
spin is decy i in all the comp 3

Measurements of nucleon spin structure functions g, and g; in
inclusive deep inelastic scattering are used to investigate the nucleon
spin structure.

g, can be understood in terms of naive Quark-Parton model but
g: is one of the cleanest higher twist observables that contains
information on quark-gluon correlations.

d;, the third moment of linear combination of g, and g,, is the clean
probe to the quark-gluon correlations.

THE EXPERIMENT: NEUTRON g, AND d,

The experiment E12-06-121 (Neutron g, and d,) aims to do a
precision measurement of neutron g, and d, at high Q2.

\\.

Hall C Layout
SHMS and HMS will collect data to cover the kinematic range 0.20 < x
<0.95,2.5<Q? <6.0 (GeV/fc)?.
Polarized *He cell (40 cm long) will be used as an effective polarized
neutran target with ~50% polarization in both transverse and
longitudinal directions.

THE NEED FOR PRECISION

If the target polarization direction is a little different from 90°/270° ,
the longitudinal asymmetry (A;) contributes to the total asymmetry
in same order as the transverse asymmetry (A, ].

A precision of £0.1" in the measurement of polarization direction is
required in the Hall C coordinate system.

A novel air-compass was developed and built as the commercially
available compasses cannot achieve the desired level of precision.

on Measureim |

ure Studies

COMPASS DESIGN

The compass comprising of a g
necdymium magnetic rod (0.25" [S53
diameter, 2" long) mounted on a
floating disk was conceptualized
and  constructed at  the [
University of Kentucky. The air-compass

A cylindrical magnet was placed inside a V-shaped groove to ensure
its position repeatability.

The compass magnet had two mirrors and circular scales mounted on
bath sides. The circular scale had markings every 307,

Field direction was measured by reflecting a laser beam off the
compass mirrors, aligned perpendicular to the magnetic axis of the
magnet as precisely as possible.

COMPASS MIRROR ALIGNMENT

- + The geometric and magnetic axes of the
cylindrical magnet do not coincide.

+ Reflected laser beam from the compass

mirror inscribed an ellipse on a screen as a

-l result of 360" scan of the magnet.

The compass mirrors were zligned parallel to the
magnetic axis of the compass magnet
to minimize the horizontal error by reducing
the ellipse to a straight line.

The compass mirror alignment data were fitted
with a straight line and the horizontal error was

determined. Mirror 1 data

MEASUREMENTS IN HALL C

The magnetic field direction was scanned -g

in three different locations along the —-—
target length for all four polarization
directions (+X, -X, +Z, -Z) and two
kinematic settings of the experiment.

The incident and reflected laser beam
spots for each measurement were
marked on a transparent screen.

Compass installed in Hall C

Transverse
The alignment group at the Jefferson Lab surveyed the points in the
absolute Hall C coordinate system.

Longitudinal

RESULTS

Holding magnetic field directions were
determined along the target length in
the abselute Hall C coordinate system by
analyzing the survey data.

All angles were computed w.rt. the beam
direction (#z direction).

All the systematic uncertainties were
[ 1 or added in i to get
the total uncertainties associated with each
data point.

SYSTEMATIC UNCERTAINTIES

1. Error in determining the angle (8) the magnetic field makes w
beam line: ~ +(0.04*-0.08")

’72 8 - function of all surveyed coordinate
_ [LA] .

dg= |):‘- [(ﬂ_l’l) oy, | variables (x)

N 0, error associated with that coordinate

2. Errors from the compass mirror alignment (8,,): ~ £(0.04°-0.06%)
The misalignment between magnetic axis of the cylindrical magnet a
compass mirror generated additional errors:

A. Projection of the fitted straight line on the horizontal axis

B. Fit parameter errors
3. Laser beam spot size: ~ +0.006"
Lenses were used to make the laser beam spot diameter ~2 mm.
4. Position of incident laser beam on the compass mirror: ~ $0.01*
The laser beam always reflected off the center of the compass min
within 0.5 mm uncertainty.

SUMMARY

The field direction was fi i
March, 2020.

The uncertainty in the field direction measurement was limited t
#0.1° which satisfies requirement for the d," experiment.

The Hall C is currently getting ready for data taking.

The value of d,” will be measured at four truly constant Q7 value
for the very first time.

The results will provide insight on the neutron spin structure an
quark-gluon correlations.

Physics will be explored to test different theoretical predictior
including Lattice QCD.
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What ?

. G lized Parton Distributions, H, E, H and E 1] appear
@ in the description of the Timelike Compton Scattering

(yp— »*p —e'ep) amplitude. They describe the structure of

the nucleon in 3 dimensions (two spatial and one momentum).
+ TCS observables are sensitive to Compton Form Factors (CFF).

HEny = T4f el - mr) ey

* Real and imaginary parts of CFFs can be related to the pressure
distribution inside the proton (via the D-term [2]).

@y -
» -
.‘ S L vwm\/'/ Select e'e’p final state by
P g aaa € ¢ 3 applying cuts on the
e N 4 e*ep(X) missing particle.
H.EHE Remove x* contamination
» ’ -~ @ in the positron sample
/ \ e ~ using neural networks.
Feyetnan Divgracss of the: TCS peosess (1R ) wnd v of 1o sasecbaled Bekhe Beler (BH) gescess (right} Compare data/simulation
to check for inath
The TCS process is described by two angles @ and 8, the from vector-meson
proton momentum transfer -t = (p’-p)* and the lepton pair photoproduction. No clear
mass Q"= (k+k’). sign of 3

@

o || The cos(@) modulation of the cross section of the i ot Ragion of terest
interference between TCS and BH depends the real part of l » /' e ]
: CFFs and s sensitive to the D-term. ; Wi, 3
L Two observables to access it: ! l @ {
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* Weighted 6-integrated c-s ratio [3): | S SR -
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What is next...

-.in the near future 7 ...in the long ran 7
- Systematics - CLAS12: TCS oo seutrca xod mu
« Physical mterpretation with theocists - At Jlalx s Hall D, ln Hall A{Solic
(NLO coerections meluding gluon GPDs) - At CERN: Ultea-peripheral colisi
(LHCY, TOTEM/CMS) K|

T £
LS . Seymamom wnd A Wograr s om0, 75, 50,113 AT,




