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The dynamic Stark effect is a phenomenon in which photon(s) associated with an . . “
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oscillating electric field are absorbed or emitted with the photon associated with an f* ﬂ

. " . . . L the electric field and the quasi-static method can be utilized to line : URON, o e , o [ o e e e e
electronic transition. This multi-photon process leads to the formation of satellites in q O emea e
the spectrum at integer multiples of the frequency associated with the dynamic electric
field. Utilizing the dynamic Stark effect the electric field parameters can be determined 9% _ e B "
from the time-averaged and phase resolved optical emission spectra. Currently the ot Ei=E,+» E,cos(nat, +¢,) t €0, ]
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) _ _ _ E(t) = E, cos(awt B=0 E(t) =E_ +E, cos(wt Eol|l E B=0 E(t) =E, +E, cos(wt Eo|Ei|| B

measure the near field associated with a mock-up ICRF antenna in a plasmas coslot) ()=E, +Eycosfot)  Eo|lEs ()=E, +Ecosfot)  Eo|E1]|Be
environment similar to that of NSTX ICRF antenna.
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The dynamic electric field is discretized. _ ot

. . . . . . o The eigenvalues are independent of frequency when all of the field components are parallel and the ‘fine structure’ is not considered.
The line profile associated with each discretized electric field g P 4 y P P

I C R F Anten Nna Near Fle I d Ph SlCS value is calculated utilizing the static Stark operator.

The line profiles associated with the discretized electric field are - | | | B
The primary objective of this research is to gain insight on the physics associated with summed to give the quasi-static line profile. ) 2 B B NI L T - “u'"f""“-“"e'a*"’f‘a*'“a"““Y"*""'*‘s‘a*E“’“‘-“"*"a"“"""
ICRF antenna near field - plasma interactions. Phase (nsec) Phase (nsec) Phase (nsec) When the eigenvalues are independent of frequency the % _ |
line profile calculated from the quasi-static and Floquet : Due to anti-level crossing the
method converge in the RF range of frequencies. ‘ line profile calculated from the
quasi-static and Floquet method
may not converge.
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Convergence of Quasi-static and Floguet Method

> What is electric field dynamic and topology? Floguet Method

» How does the electric field dynamic and topology effect local power absorption?

lntensity{a.y.}

. _ _ _ _ _ _ _ Due to finite instrument response function!
In the limit A<<l the quantum states do not respond | The following relationship exists between the eigenvalue-eigenvector pairs:

Local Power Absorption/Heating Mechanisms | instantaneously to the electric field and the Floquet method must cs =g E. —E, +mho FWHM =0.025nm — 5t015GHz M, S—

be Utilized tO Iine prOfiIe. . k . . K | | ---Eg=5 kVicm - v=500 MHz|
Due to truncation error these relationships do not seem to be useful. @oz  amezs a3 4ms  dsed
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For the frequencies and field strengths  Desired eigenvalues become ‘naturally’ . — —t : =i f'-_"', 4 *= A robust fitting algorithm imposing multiple
of interest the eigenvalues are typically grouped as the frequency associated - e oy T 2 constraints Is being developed to extract the , « )
not ‘naturally’ grouped. with the dynamic field is increased. 190~ s sl @ exact time dependence of the electric field.

Substituting this result into the Schrodinger equation we perform
the following integral using the orthonormality of our basis set:
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- In order to solve this system of algebraic equations we truncate the
OES - Dynamic Stark Effect set such that
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The dynamic Stark effect I1s a multi-photon | o W = Due to truncation error the only* method to select a consistent set of N out of the Wavelength (nm) Wavelength (nm) Wavelength (nm) wavelength (nm)
process. Photons associated with the atomic W e Wi N(2sm+1) eigenvalue-eigenvector pairs is to track the eigenvalues as frequency is

transitions are emit_ted/absorbed | with P o decreased — starting at a frequency where the eigenvalues are ‘naturally’ grouped! Total emission has a strong time dependence! FUtu re WO rk
photons associated with the oscillating |

electric field!
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Floguet Method A <<1 T 77 " Floquet Block (s) The first derivative of the eigenvalue with respect to
frequency is used to control the magnitude of the
frequency step.

Determine which method — quasi-static or Floquet — approximates the atomic
physics well in the RF range of frequencies.

Develop robust line fitting algorithm based on the following constraints:
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Line Profile Calculations - Methods
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» Multiple line profiles

Floquet Block (s)

Utilizing the developed OES diagnostic, characterize ORNL mock-up ICRF
| antenna in a plasma environment similar to that of NSTX ICRF antenna.
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frequencies, 10’s MHz, is on the order of unity. solution to the Schrodinger equation. ‘ Frequency (GH)

_ _ 2sm+1 equivalent basis sets can be formed out of the N(2sm+1)
Quasi-static Method A>>1 eigenvectors found from diagonalizing the Floguet matrix.

dEdf (ueV/GHz)
(o] [+ I [ %] [=] %] -y [+)] oo

-
o




	An Electric Field Diagnostic for ICRF Antennas in a Plasma Edge Environment

