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Objectives

* Background — Purpose of Detecting X Rays
* Detect X Rays

 Calibrate X Ray Detectors

* Analysis



Background — Purpose of Detecting X Rays

e X ray distribution indicates the temperature of the plasma and can
even give more detail, the full distribution function

* Do the electrons follow a Maxwellian distribution or not?

* Plotting count rate versus time determines if x ray production is
constant or varying with time

* Energy spectrum of x rays is determined from raw data collected from
detectors. This information is crucial for determination of various
properties of the plasma



Detecting X Rays

 Amptek XR — 100SDD Silicon Drift Detector (SDD)
* Allows for a higher count rate

* Amptek XR — 100CR Si-PIN Detector
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Calibration of X Ray Detector

* In order to calibrate
detector, the scale (x-axis),
sensitivity (y-axis) and
resolution for each
detector must to be
determined over all
energy levels.
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Calibration of X Ray Detector (cont.)

-

Thanks Sam!




Calibration of X Ray Detector — Sensitivity

* The sensitivity of the detectors, up to this point, has been trusted to
be that of the written values from manufacturer. Charles is currently
working on solving an issue that has been found.

tools/xray nversion/cswanson/02 SDD collimated 4.5kV fmats/xray nversion/cswanson/02 SDD collimated 4.5kV.mca
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Calibration of X Ray Detector - Resolution

* Resolution of detectors can be determined by taking into account the
background noise
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Calibration of X Ray Detector — Scale

& Amptek ADMCA  Z:\xray\160516\05-SEC-source-20cm.mca
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Count Rate vs. Time  ccispmmea

3
2.5
2
1]
L
c
=
o 15
o
-
a
an
T 1
@
=
<
i J|lel Lld ||||H J'\ _______________ JMMIL __________ ik ul JM...JLJM .................. k.. JL...J]NIM ...............................
= M~ m L e T o o T O O O R T o T e Y o O O T T O o I I QU AN I ASMOD U AN 0 A DL A DO AN W oM
Hmﬂmmmdmvmhmomﬁmhmcmmmmm T OO AN TOROONTORODODNMD OO0 mMmTOOWH ool T O M
ﬁﬁﬁﬁﬁHNNNNNNrnmmmmm#######mmmmmmmmmmmmhhhhhhmmmmmmmmmmmm
-0.5

Averaged Time (ms)

11



Analysis

* Analysis of data collected would allow for determination of FRC bulk
properties
 Raw Data =2 X Ray Temperature & Count Rate
Count Rate = Electron Density
Electron Density & Temperature = Plasma Pressure
Plasma Pressure 2 f3
Plasma Pressure & Total Volume —> Stored Energy
Stored Energy & Power = Confinement Time



Analysis — X Ray Temperature

* Plot corrected counts vs. spectrum energy on a logarithmic-linear plot
* Linear regression: y = mx + b.

* Temperature is the negative inverse of log slope
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Analysis — X Ray Temperature (cont.)

* Comparison of analysis of ‘smooth’ data with data containing many
Zeros

SDD Actual Counts v, Spectrurm Energy
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Analysis — X Ray Temperature (cont.)
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Corrected Counts

Analysis — X Ray Temperature (cont.)

e Comparison of the temperatures during Helicon only run and RMF
run with same parameters of machine during each run

50D Actual Counts v, Spectrurn Energy
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Analysis — X Ray Temperature (cont.
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Corrected Counts

Analysis — Count Rate

corrected counts

e Count Rate = —
time collected

SDD Actual Counts v. Spectrum Energy
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Analysis — Electron Density

* TWO ways:
* Complicated-ish math or simplistic math
* Interferometer measurements



Analysis — Electron Density

* TWO ways:
* Complicated-ish math or simplistic math
* Interferometer measurements
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Analysis — Electron Density

* Bremsstrahlung Reaction Rate

* From Principles of Plasma Diagnostics by |. H. Hutchinson, Eg’ns 5.3.6
& 5.3.11

16ac?nZ?r? 1 G(E  E )
<aExra UV> - - JdEe ( kA )'fT(Ee) —
Y T SSqrt(3) Exray e
cm? 1 G(Exray Eo)
5.0 X 1076 : jdE A e (E
SZ Exray e ve fT( e)

* Assuming constant Gaunt factor (~2x error)

; A _Exray
_14 CM>-eV2 e T
e (0 ov) =196 x 10 14 . Thanks Charles!
E
xray T S ‘/TExray



Analysis — Electron Density

* CC Detector Effective Emission Volume =31

* Actual volume, as if seen from a point
sourch through the slit mask:

ri
 Vior = AL = 4, (%) -1
1
 Solid angle reduction factor
Q Aq

4w Amrd

e Total effective volume

. = Vot _ Aol 5 gy 107%cm3
eff 41 4mri

s

Thanks Charles!

—

ry = 10.5cm

—

Az - 0.24cm2

A, = 0.21cm?
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Analysis — Electron Density

* Bremsstrahlung Rate Density
* Rate density 1 from reaction rate
’ aExray77 = Nellg <aExrayO-v>
* Rate density from measure count rate

" Okray CR = Oy MVery

Thanks Charles!



Analysis — Electron Density (cont.)

* Example: July 19, 2016 at 12:45pm (filename indicates 12:46am...),

spectrum measured

» Rate density measured: agxmy

* Reaction rate calculated: <6Exmym/>

n(800eV) = 1.6 x 103

(800eV) = 4.7 x 1072
T=150eV

e Scattering density measured: n, = P.. - 3 x 1013

1

1

* Electron density inferred:

—34><109C

1
m3

cm3-mTorr

cm3-eV:s

Ocm
eV:s

= 1.5 x 1013 =

cm3



Analysis — Electron Density (Interferometer)

~ 2 div Voltage is proportional to the line average electron density! l

40 mV - 7.9 x 10°/(cc-mV) =(2.8 x 1011 /cc b
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Analysis — Electron Density (cont.)

* From interferometer: n, = 2.8 x 101! =~ 1 x 101!

* From analysis: n, = 3.4 x 10° ~ 1 x 10° too low!



Analysis — 5

* For FRC: f = 0.5 — 1 (tokomak: f = 0.05)
plasma pressure = Ng-kpT
. IB — — = 1

magnetic field pressure = -

B? B
.ne°kb°TxTay =8_TL' - TLT=E
* B—field is measured during experiments. Analysis leads to
determining the values of n, and T,,,, values that are required in

order to classify an FRC.

* If ions were more energetic their temperature would have to be taken
into account



Analysis - [ (cont.)

‘nl = —
4o

* Ingeneral B:50 — 100G, T = 150 — 300 eV

10° 2 x 10%eV

=8x 104
cc 104G

nT
1=4X10_11ﬁ:4><10_11'




Maxwellian Distribution?

e tuiated energy ||

* Maybe? ,_H S

* Previous machine (PFRC-1) |
* Single particle simulation L‘q"m_h

 Electron collision rate z;;Er_E_éz_:::ﬂlﬂ-J}" 1
* v, =291x10"°n, lnATe_% sec™t | JTLHJ“L\ R e

* At ZOOBV, Toe =~ 2 sec :I'Emac:u 1000 1200 1400 1600 1800 ::T:m 2200 2400

Energy (eV)

e Other ways to reach Maxwellian
e RMF on/y runs for 5 ms with FIG. 4. Measured x-ray spectrum: P =90 KkW:. n, =

water coolant or 250 ms with

LN, |

S.A.Cohen; Berlinger, B.; Brunkhorst, Christopher; Glasser, A.H.,
(2007), Formation of Collisionless High-f3 Plasmas by Odd-Parity
Rotating Magnetic Fields, Physical Review Letters

L6 x 10 em™:; &, =5uVs: [ =14000 MHz (no
FM): Py, = 1L.O9 mTorr: B, = 56 G. B, = 2900 G. where
subscript m means maximum value. The spectrum shape is fit
by T, = 150 eV. Inset: electron energy distribution calculated

with the RMF code.



What do we expect?
RMF code

Possible causes:
a) Pulse pile-up
b) Scattering off (mirror) field
c) Plasma instabilities

RMF code: r=6¢cm, x =4,

Ba = 70G, Brvr = 12 G, frvr = 8 MHz
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X-ray Emission vs. Source Power

X-ray Count Rate vs. Source Power

s During AW
e Winout RMWE 210

)
> 0
T
-
)

Saurce Power (W)

e

X-ray emssion during the RMF pulse steadily and sigmficantly mereases as the
power for the seed plasma antenna increases. The most ssgnaficant change i the
seed plasma as the source power ncreases 1s an increase m the number of very
energetic secondary electrons i the bulk plasma, seen here as an mcrease i x-ray Peter Jandovitz’s

emissson without RME. Perhaps this means that these energenc seed electrons Poster Presentation,

significantly improve the coupling of the RMF to the plasma, but further 0.8-5.0 keV X-ray

expenmental and theoretical nvestiganon is required. Emission from the
PFRC-2 Plasma
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What Have We Determined Thus Far?

* We are not looking at the bulk distribution
* Questions

* Maybe Heating minority population?

* Not producing an FRC?



Not Producing an FRC?
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Future Work

* Why does the RMF amplify the count rate?
 What is the effective temp of the bulk?
* Put on the new detector = 400 eV
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