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W
hy Study Plasm

a Spectroscopy?

Com
m

on A
spect:

Em
ission of

Photons

Study of Radiation
from

 Plasm
a

Exam
ples of Plasm

a



H
ow

 a photon is em
itted from

 plasm
a

• Q
uantum

 theory of particles and fields
- a photon is em

itted or absorbed w
hen the particle undergoes a transition

betw
een tw

o different states.
- Spontaneous em

ission, A
bsorption, and Induced em

ission.
• Typical plasm

a system
: electrons are responsible for em

ission of photons.
- free-free transition (brem

sstrahlung): initial and final state energy is in a
continuum

.
- free-bound transition (recom

bination continuum
): initial state energy is in

a continuum
 and final state is in a discrete energy state.

- bound-bound transition (line em
ission): initial and final state are in

discrete energy states.
• Excitation of electrons from

 ground state:
Pow

er supply --> Electric fields --> Electron heating --> Ionization
(creation of additional electrons) and excitation (m

oving electrons from
 the

ground state to various excited atom
ic or m

olecular states).
• D

e-excitation of electrons: Spontaneous em
ission (e.g. excited state to ground

state) or Radiative recom
bination (free electrons to bound electrons)



Exam
ples of Plasm

a Em
ission Spectrum
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Basic of Plasm
a Spectroscopy

• W
ien’s displacem

ent law
: m

axim
um

 intensity of blackbody
radiation lies at lT= 250 nm

 eV
- Sun’s surface: 0.5 eV

 --> 500 nm
 (visible)

- Fusion reactor: 50 keV
 --> 0.005 nm

 (hard x-ray)
- Cosm

ic background: 2.7 K
(2.3x10

-4 eV
) -->1.1 m

m
 (m w

ave)
• D

ifferent plasm
a state and radiation m

odel used:
- Therm

al equilibrium
 (TE): Planck’s law

, doesn’t exit.
- Local Therm

odynam
ic Equilibrium

 (LTE): particles are in
TE, but not radiation fields.  H

igh density, low
 tem

perature
plasm

a (e.g. 1 eV
 hydrogen plasm

a @
 10

17cm
-3)

- Collisional-Radiative (CR) m
odel: m

ost plasm
a system

.
Com

plicated but lots to learn.
- Corona m

odel: V
ery low

 density lim
it.  Excitation by

electron collisions and de-excitation by spontaneous em
ission.



W
hat you can tell from

 plasm
a em

ission spectrum

• W
avelength:
- location of line em

ission:identify chem
ical com

position
• Intensity:

- proportional to em
itting particles: density

• Shape of em
ission (intensity distribution over w

avelength)
- Brem

sstrahlung: tem
perature of free electrons

- Em
issivity e ~ n

+ n
e /T

e 1/2 exp (-hn/kT)
- D

oppler broadening: random
 velocity distribution --> tem

perature of ions
or neutrals

- 1 eV
 H

 atom
s ~ 0.04 nm

 of D
oppler half w

idth (increase w
ith T

1/2)
- D

oppler shift: m
acroscopic flow

- Pressure broadening: m
icroscopic electric fields due to electrons and ions

(Stark Broadening) --> plasm
a density

- Zeem
an splitting: m

agnetic fields strength
• Tem

poral and Spatial V
ariation of Plasm

a em
ission: tim

e and space resolved
plasm

a dynam
ics (e.g. plasm

a fluctuation, end-point detection, etc).



Tools of (visible) plasm
a spectroscopy

• D
etector: M

easure the light intensity (a num
ber of photons)

- CCD
 (charge coupled device):preferred choice of detector, quantum

efficiency (Q
.E.) ~ 0.8, soft x-ray to visible and near infra-red region.

- Photom
ultiplier (PM

) tube: good Q
.E., fast tim

e resolution (up to a few
ns), U

V
-visible-near infra-red.

- Photodiode: a cheap version of PM
 tube.

• Spectrograph: D
isperse the light into different w

avelength
- Filter: single selected w

avelength region, can be a high resolution (1-2
nm

 or so), very high throughput.
- Prism

: decent resolution (10 nm
 or so) and high throughput. Cheap.

- G
rating: good resolution (0.1 nm

 or greater).  w
idely used.  low

throughput and expensive.
- Fabry-Perot Etalon or Interferom

eter: very good resolution (0.01 nm
 or

so). low
 throughput and very lim

ited scanning range.
• Collecting O

ptics: Lens, M
irror, O

ptical Fiber, Slit, A
perture, Chopper,

Polarizer, etc.  M
any different tools are available to optim

ize the need of
collecting lights into the detector (via spectrograph).
• Calibration: Blackbody radiation, calibrated tungsten lam

p, m
ercury lam

p,etc
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Electron tem
perature of R

ecom
bining helium

 plasm
a
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• Boltzm
ann distribution: N

n /g
n  = N

l /g
l  exp (-(E

n -E
l )/kT), T

e  = 0.26±0.03 eV
.

• Continuum
 em

issivity ~ exp (-hn/kT), T
e  = 0.3±0.03 eV

.
• G

ood agreem
ent betw

een tw
o tem

peratures (rarely happen)



Electron density
•A

dvance of series lim
it (due to pressure broadening):

- log n
e  = 23.26 - 7.5 log n

m  (last state) --> n
e  ~1.6x10

13 cm
-3
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Experim
ental setup 
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G
as tem

perature m
easurem

ent
• G

as tem
perature m

easurem
ent: from

 rotational intensity
distribution of atm

ospheric oxygen band.
• T

gas  (~ T
ion  ) ~ 50 - 300

 ˚C << Electron energy (~10
4 ˚C)
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N
eutral brem

sstrahlung em
ission

• e + A
 <-->e +A

 + hn (A
: atom

)
• Typically sm

aller than e-i brem
sstrahlung by 10

-2 or less.
• D

om
inant continuum

 source only w
hen the ionization

fraction is very sm
all, m

uch less than 10
-2 (our case 10

-8)
• Inverse process in astrophysics: opacity to stellar
atm

ospheres.
• Sem

i-classical calculation of em
ission cross section (from

Zel'dovich and Raizer), related to e-n m
om

entum
 collision

• Result based on phase-shift approxim
ation by D

algarno and
Lane is used for analysis (using e-n m

om
entum

 cross section)

ds
n

dn
=

83
e

2u
2

c
3hn

s
tr  

s
tr  is the e-n m

om
entum

 cross section



Electron density and tem
perature m

easurem
ent

breakthrough in high pressure plasm
a study
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e  1.5x10

11 cm
-3



Sum
m

ary

• Plasm
a Spectroscopy: a very pow

er tool to study plasm
a

system
 (m

ost plasm
a system

s produce radiation)
• Choose w

avelength region: each plasm
a system

 has a unique
w

avelength region w
here it em

its strongly.
• V

isible spectroscopy: Lots of tools available. W
ell suited for

m
any low

 tem
perature plasm

a system
 ( T

e  ~ 0.1 - 50 eV
)

• Collisional-Radiative m
odel applies to m

ost plasm
a system

:
com

plex and difficult to analyze.  N
eed to be careful.

• If lucky, one can obtain m
any im

portant inform
ation about the

plasm
a system

 (e.g. density, tem
perature, flow

 velocity, electric
and m

agnetic fields, chem
ical com

position,etc.)


