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Motivation

* There is interest in the H-beta line as a diagnostic and what it can tell
us about plasmas

* The interaction between charged particles is given by the Coulomb
interaction (hydrogen-like atom is shown)
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* This is often evaluated using a multipole expansion (in spherical
coordinates)

V = Z k+1P’f (cos )



Motivation (2)

* The numerator is often assumed to be atomic part and the
denominator the plasma coordinate

* In addition, the expansion usually stops at first (with the zeroth order
cancelling with the nuclear part

1
V & r.— cosy

Tp
* For many plasma conditions, this is a good approximation

* But for high density plasmas, the higher-order corrections become

Important 1 , 11

V =r, — = (3 — 1
Trpcostrr ng( cos®y — 1)



Motivation (2b)—a tangent

* There is also a discrepancy between how screening is evaluated
within the trivial simulations which includes

e Xenomorph
* SimU
e Simulation

* Discussion of Carlos” manuscript?



Motivation(3)

* Historically, only the ion quadrupole contribution has been included

* Gomez et al. (2016) published a simulation with quadrupole and
higher-order multipole corrections for both ion and electron species

* This resulted in a slight narrowing of the line at 10%% e/cc and a
broadening at 101° e/cc

* This result has not yet been verified by other codes, so we are trying
to dig deeper into the codes to find out how each code works



How Matrix elements are calculated



SimU

With and Without Quadrupole Corrections (No Quenching)
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n, =101 T, =10eV
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n, =101 T, =10eV
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Xenomorph

With and Without Quadrupole Corrections (No Quenching)
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SimU

With and Without Quadrupole Corrections (with neighboring states)



Some Comments

 All of the calculations output the entire spectrum

* Sometimes the continuum is in a different spot and the normalization
is dominated by H-alpha

* | tried by best to focus on H-beta, so | artificially (by eye) tried to put
the continuum and heights as close as possible to make a useful
comparison
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Simulation

With and Without Quadrupole Corrections (with neighboring states)
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Simulation Vs SimU

With Quadrupole Corrections (No Quenching)
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n, =107 T, 6=1leV
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Simulation Vs SimU

With Quadrupole Corrections (With Neighboring States)
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SimU vs Simulation vs
Xenomorph

With Quadrupole Corrections (No Quenching)
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SimU vs Simulation vs
Xenomorph

Dipole Only Interactions (With Neighboring States)



Intensity

L

0.035

n,=10% T, =1leV

0.03 |
0.025 |

0.02 |

) g
SimU ssnsssnene

Simgilation sssessssss

KT  —

0.015 |
0.01 |

(0.005%

0L

-20081 508100500 0

SO0 LOOOL 002000

Photon Energy (cm™1)

1N
o0z |
0.015 |

n.01 |

0.005 |

I ]

SIimU ssnessnenn
RO —
Simulation sssessssss

()
-20081 508100500 0

SO0 LOOOL 002000

Photon Energy (cm—1!)

0.035 |
0.03 |
0.025 |
0.02 |
0.015 |
0.01 |

0.005

(0

20081 50810006500 0 500 LOOOL 5002000

N Hi]_]_j_l: FEEANEERNEEE
Simulation ssssssss

Photon Energy (cm™!)



SimU vs Simulation vs
Xenomorph

With Quadrupole Interactions (With Neighboring States)
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SimU vs Simulation vs ZEST

With Dipole Only (With Neighboring States)
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