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Los Alamos x-ray charscterization facilitles for plasma dlagnostics
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Physics Division, Los Alamos Netional Laboratory :
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Abstrect

A summery s glvon of charscteristics of x-ray sources used by Los Alamos National
Laboratory to cslibrate verious x-ray diagnostic packages end components. Included are D.C.
sources In elsctron Impact end fluorescence modes, a pulsed laser source for soft x rays
with 100 ps time resolution, Febetron pulsed slectron impect sources, and both EUV and x-ray
synchrotron bsamlines.

In n

Meny of the experiments at Los Alamos emphasize measurements of high temperature and high
denslty plasmas. These include major programs in magnetic confinement fusion (MFE), inertial
confinement fusion (ICF), and the underground test program (UGT). <-In all TUles, x-ray
emission is en important part of the sgston snergy balance and cereful measursment of
emitted x-ray signatures is important to the detailed understanding of the plaswa. Howvever,
before these measurements can be interpreted, it is necessary to carsfully characterize the
instruments with which they sre msde) end ve maintain a wide range of x-ray sources with
which to perfoim the necessary charscterizations. In this paper we will review these x-ray
charecterization facilities. .

There are three fundamental patameters which an instrument may semple: energy or wave-
length, time, and space. No single instrument complately characterizes all three parameters.
Rather, most instruments will emphasize one parsmeter at the expense of the others) hovaver,
it must be possible to calibrete aell three properties of any instrument to the necessary
lavel of precision acroass a broad range of magnitudes. The energy range of interest extends
from 10 eV to more than 100 keV while temporal resolution may be from below 20 ps to D.C.
Spatial response expresses itself elther as spatial resolution which may be as fine as a few
microns or as divercence which may be of order a microradien.

Just a3 no single lnstrument can slmultnnoouslr fully charecterize the full x-ray emisslion
of a pulsed plasma, no single x-ray source will allow us to fully cheracterlze sll the
properties of a measurement instrument, Therefore, we maintain & verlety of facllitles
which allow us to sdequatsly sample the requisite psrameter space. Some of these facilitles
are located at Los Alsmos and represent our complement of lsboratory sources vhile others are
located at the National Synchrotron Light Source (NSLS) at Brookhaven Natlonal Laboratory.

Both tha laboratory and NSLS sources will be described in this paper. The major
characteristles of each source will be outlined and some typical ouptﬁlmonts will be
described. Some of these sources hsve been described In detall previously,'»®»! aend this
will malnly serve as an overview of these systems.

haboratory sources

The lsboratory sources we malntain at Lus Alamos sre classed ad two major types: D.C.
ensrators and pulsed x-ray sources. The D.C. generators are used, primerily, '~ measure
he spectral and sputlal response of detector systems, vwhile the pulsed scurces are

optimized to messure their temporal behavior.

0.C. gengrators

Perhaps the most common type of x=ray roncrltor is the D.C. electron Iimpact =x=-ray
generator. This type of system has a lonf h ltor{ dating back to the early dlgl of vacuum
electron tubaes, hough these tubes aere limited to a fev tens of kilowatts of disslpated
electron energy and only a fev percent of this eppears as x rays, they are stlill the back-
bone of most laboratory x-rey programs because of thelr versatlility and esse of use.

Direct anodg mode. The cross-section of a typlical "Henke-Type"™ x-ray source ls shown In
Flgure 1. A filament 1ls hested by a small D. C. pover supply until 1t thermionically emits
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electrons. These electrons ere accelerated towarde the anode.by a large potentisal supplied
by the main high voltege power supply and strike the surface with luffiolont energy to
excite charscteristic x-rqy .emission from the anode materisl. In the “Henks" tube the
filament is hidden behind the enode to limit the tungsten deposition from the filamsent on
the snode sutface. This is particularly important for low snergy x-rays, below a kilovolt
of energy, since ths x-ray generstfon process 1s essentially s surface phenomena st these
energies and will be strongly affected by any surface contaminants. A more recent innovation
used by Robert Liefeld of New Mexico State Unlversity replaces the tungsten filgment with
Thorium Oxide coated Iridium rzibbons placed in front of the anode ln the seme manner as the
serliest x-ray tubes. These filaments schleve high emissivity at lower temperature and thus
avold the surface deposition problems seen with tungsten filaments.
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Figure 1. Cross section of typlcel "Henke-Type®
elec:ron impact D.C. x-ray generator.

We have six of these classical generators with primary electron energies from g fevw kilo-
volts on our custom-bullt low-energy x-ray sources to 300 kilovolts on a large commerclal
Noreleco generator. All the systems dissipate between one and five kilowatts of slectrical
power. A summary of the properties of thase tubes s ?lvnn in the top of Tuble I. In
general, the low energy I-III sources are Los Alamos bullt units which ere optimized for
use at low photon enargles with hlgn purity.in the photon beem. The higher onorgy phaton
sources are typlcally commercial unites which have been heavily modified for laboratory use.
For sxample, the G.E. n-ray source is a commerclal diffractometer which has been modifled to
perform a vnrlotl of laboratory measurements lncluq1ng rediogrephy, elemental analysis, end
crystal diffraction profile measurements. .

]

In order to achieve the purities listed in Table'l, it is necessary to heavily fllter the
x=-ray beam with e materlal whose absorption edge is Jjust above the chasracteristic ensrgy of
the anode and to limit the electron energy to about twice the charascteristlic x-ray snergy.
The purlity and flux numbers listed are sssocisted w1th this type of operation.

We ere presently engaged in a project to upgrade the direct anode x-ray sources. The new
version will {incorporate a means of chlnqlng the anode without venting the vacuum system.
The anode flltration will slso be changesble remotely. This will greatly enhance the utlility
of the dlirect snode x-rsy mode of operation.

In Teble | the fluxes listed are for a detector located 10 inches from the source anode
or fluorescence source.



Igble 1, f X h
Energy Range Source, type Pulse length Flux at detector € 10® Purity
(Kev) (ph/cat-3s) (% line)
1 - 1.9 Direct anode o.c. > 10° > 90%
1.9 "Henke tube® 0.C. » 10° > 90%
1.5 - 10.5 *Henke tube" D.cC. > 107 > 93%
4.5 Commerclal ETC 0.C. » 10* > 85%
point focus x-ray source
10 - 70 Modified commercial picker unit 0.C. > 10¢ > 90%
filter/fluorescer
30 - 300 Commercial Norelco unit D.C. > 10* > 80%
dirsct of filter/fluorescer
600 Commerclial J ns Bremsstrahlung brosd
febetron spectrur
2300 Commercial 20 ns Bremsstrahlung broad
febetron spectrum

F flyorescer mode. An important adaptation of the direct anode x-ray source is the
fLIT%% uo%gscor mode of operation. A schematic of this mode of operation is shown In
Figure 2. The x-rays from e direct anode x-ray source are flltered for purity end impinge
on a fluorescer whoss characteristic x-rays ones wishes to excite. The characteristic energy
of the x-rsy tube emlssion 1s higher than that of the fluorescer materisl to be excited.
The fluorescent emission i3 then flltered to reduce scattered radiation.
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Filgure 2. Cross suetlon\of an x-rey source I{n fllter/fluorescer mode.
The cheracterlstic x-ray tube onorYy is above the fluorescent emission
line and the fluorescent beam is flltered for optimum purlity.

The flnal beam i3 at lesst one to two decades less Intense then the primery radistion
from an x-ray tube) but, the final baam cen be very pure (» 90%), even at photon energies of
tens of kilovelts. Furthermore, it ls very easy to change the photon enargy of this type of
system by merely changing the electron beam voltage and the fllter and fluorascer matarlials
snd many systems have been bullt which asutomete this process. A plcture of a t{plﬁll
filter/fluorescer x-ray source 1v shawn In Flgure 3. When used with s solid-state detector
as shown in this plcture or & flov proportional counter to perform absolute dosimetry, these
systems become the standard low energy x-rfay calibration sources.



Figure 3. A low-energy "Henke" tube used in the Pilter/fluorescer mode,
The ettached solid-state detector 13 used for beam purity evaluation end
.bsolutg dosimetry (usually referenced to e proportional counter or ion
chamber).

Eulsed x-1oy sourices

Many short-lived plusma phenomens hsve charecteristic time constants of a nanosecond or
less. An example is the ICF program where laser pulses of one to s few nanoseconds ere
common, It 1s necestsaty to completely time resolve thess pulses, so system bendwidths of 3
to 3 gigahertz are essential. In order to charactarlze the x-ray response of such systams,
en x-ray pulse of 100 ps durstion or less is essential. For longer lived plasmas, s slower
responss time i3 edequate.

[}
er ‘gg + We have chosen to meet the need for s 100 ps x-ray source with x-ray
oml%%*on ro%i% plasma cresated by a short pulse laser lnt.rlctini with s slab target., The
radiative cooling times for x-ray emission from a high intensity laser plesma are typically
70 to 100 ps., The high intensity emission of such a plasma is typlcelly from 100 eV to 1 kaV
which matches weli many of our needs.

The system we are using was assembled recently.’ A block dlagram of the laser chuin {s
shown In Figure 4. A commercial unit consisting of an actively mode-locked and actively
Q-switched osclllator and presmplifier model AML 2000 bullt by Hi%;‘%fli&l is fed into en
amplifier chain of Nd glass rod ampiifiecs, which were spare $ eser emplifiers from
Lavrence Llvermore Natlional Laboratory., The osclllator features pulse amplitudu stabllity
of better then 10% with 7 mJ of output,
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Figure 4. A block dlagras of the Forge laser.

The NdiYAG oscillator can also be ussd ss a stand slone aystem and can be harmonically
converted to 3532 nm, 335 nm, or 266 nm. In the frequency doubled modes the system can
dellver 4 m) of energy.

The laser plus anplifiers produce 13 J of 1.06 wym light in a 1 ns pulse and can be
focused to a 50 um spot to achieve laser intensities of greater than 10'" w/cm®. The laser
pulse width cen be adjusted down to 100 ps with a propof lonal raduction In total avallabls
energy. These laser paremeters ellaw one to achisve up to 20% conversion into x-reys with a
charscterlistic temperature of greater than 100 ¢ on a slab target. A picture of the system
is shown in Figurs 5. The system also includes a series of spatial filters to ensure good
beam quality. fhe output beam is then focused inside an evecuated target chamber. The
chamber includes remote focus and besm monitoring capability.

Figure 9. A pleture of the complete Forge pulsed x-ray
saurce fecllity. It consists of a commercial J-K Lasers

sscillator/preamplifier coupled to a three-stage rod
emplifier chain.

These parameters are adequate to characterize many typical fast x-ray detactors. The
original system was assembled to characterize fast x-rey sensitive streak cameras) however,

it has slso proven useful in measuring the time response under x-rey irradistlon of photo-

conductive switches and studies are planned of the time response of fast plastic scintilletors
end n-ray diodes.



At present we are perfarming e serles of dymsalc modulation trensfer Cfunction (MYF)
megsurements of most commerclally available x-ray streak cameras. This Iincludes NTF
measuremsnts of both the spatial snd temperal exis. The spatis] exis is sempled by placing s
resolution mesk over the photocsthods and backlighting the grid with x rays while the casers
is in stresk mode. An example of results of this messurement are shown In Figure 6.

Flguro 6. Oynamic resolution dats from & Hadland
X-Chron 540 streak camera exclted by x reys from
the Forge laser.

The results are not complste and will be reported at a future meeting. However,
preliminary results show that the best asvellable x-ray streak cameras have spproximately
10 line pairs per millimeter resolution a*t 50% modulation.

glgg;;&gl%rgylggg_ggg;ggg. For lower bandwidth systems it ls possible to use electrically
driven pulsed x-ray sources. We have two such systems whose propsrties ere shown at the
bottom of Table 1. They are based upon commercial electron machines which are run |in
rediation mode,

The power supply is a standard Marx bank which ls discharged through s pulse forming line
and across an anode-cathode gep. The resulting high energy electrons strike a high-Z materlal
and genarate bremsstrahlung radlatlon. The radietion has the temporsl history of .the
electron hgam which can be as short as a few nanoseconds. The energy spectrum, however, ls
very broad with a typical bremsstrehlung shape with an end-point energy_of the_full electron
energy.

These sources are best sulted for time response cslibration and we heve primarily used
them to estimate the time response of high energy x-ray detectors for the laser fusion
program and gamma-rey detectors for the underground teat progran.

Synchrotrgn facilities

Synchrotron radiation ls produced whensver a charged particle is accelersted. For
electrons with energy sbove a few hundred MevV clirculating in a magnetlc fleld of order
1 tesla the emission spectrum is predominantly in the ultraviolet and x-ray regime. Indeed
this emlission has limited the highest snergles avallable from circular electron sccelerators.
More recently, this effect has been used as @ coplous source of x-ray emlssion for a variety
of lnvestigations in surface science, materials acience, end stomlc physics., Indesd several
slectron storsge rln!s such as the NSLS at the Brookhaven Natlional Laboratory have been
built with the dedicated purpase of producing synchrotron radiation.

The properties of synchrotron radiation are particularly well Sulted for use as @
characterization source. First, the radiation from the machine s produced with all
energies up to & maximum set by the machine electron energy and ths magnetic fleld in the
machling, Thetefore, bz use of @ tuneble monachromator, any desired photon energ, can be
selected. Second, the beam ls collimated to en angle of 1/y in the vertical direction whare
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v is the ratio of the electron kinetic energy to its rest energy. This mesans that high
intensity 1is available even at large distences and after reflection from beam handling
optics. The choice of monochromator and electron energy can thérefore-be usad To optimize
synchrotron radiation iIn various regions of the spectrum. Indeed tha NSLS uses two electron
storage rings, the flrst with an energy of 700 Mev and the second with an electron energy of
2 GeV to optlimize emission in the subkilovolt and ten kilovolt x-ray regions, respectively.
We are building beamlines on both rings to meet the needs of the Los Alamos program in
science end technoloyy. :

We are building a stnte-of—the-art' facility consisting of four synchrotron radiation
beam.ines at the NSLS. We propose to cover the energy range from 10 eV to 23 keV with high
resalution, high throughput, good higher order and stray light suppression, and to provide
flaxible experimental stetions that are easy to use. Dotalled specifications for these
lines are shown below.

The first beamline has been installed on the YUV ring at the NSLS. Thls line, designated
U3C, covers the photon energy range from epproximately 20 eV to 1200 ev with a resolving
pawar, E/AE, of approximately 1000. This is a very versatile line designed for general
purpose and spectroscopy experiments. Commissioning of thls line 1s nowv taking place and
our experimental program will begin in July 1986.

A second line, designated U3A, is being designed to be implemented on the VUY ring. This
line will augment U3C and extend our capabilities in energy ranfe. 6 eV to 1000 eV with
resolving power of approximately 3000. Installation of this line is planned for July 1987.

We are also implementing two hard x-ray beamlines on the x-ray ring at the NSLS. We are
building a 5%-25 kev 1line, designated xac‘ incorporating a four crystal fixed-exit beam
monochromator with a resolving power of 10°. This line will have an end statlon aepparatus
for EXAFS, x-ray diffraction and scattering, and radiometry, contained in a radiation safety
huteh, Installation of this 1line is planned for early 1987 and operation beginning in
September 1987.

The second x-ray line, X4A, 1s a ultra high varuum line, WHV, covering 1-5 keV with a
double crystal fixed-exit heam monochromator with a resolving power of 10%. This line will
be equippsd with a UHV experimental chamber equipped for EXAFS, PES, and radliometry.
Installation of this line is planned for May 1987 and operation by October 1987.

Beamline U3C

Beamline U3C i{s a general purpose/spectroscopy beamline. It is desligned to collect 10 mr
of radiation and use a grazing incldence mono_hromator (FRG). The line covers the energy
range from about 20 eV to 1200 eV with a resolving power of 1000, low stray light, and good
harmonic rejectlon. UHV sample chambers will be avallable for atomic/molecular physlics
exg:rlme?ts. solid state and surface sclence mesasurements, and detector ciarecterization and
callbration.

Jable 2. U3C spectroscopy line
Monochromator Extenaed Range Grasshopper (ERG)
with Mirror Fllters
Energy Range 20 eV to 1230 eV
Resolving Powar (E/AE) > 679 for E < 12%0 av
> 1000 for E < 800 av
Flux at Exit S1it (Estimate) > 10'* Over Entire Range
(ph/sec-0.1% bw-100 ma)
Order Sorting Excellent Using Mirtor Fllter
Horlzontal Angle Collected 10 mRad
Horlzontal Divergence 10 mRad
at Exit Slit
Vertical Divergence 10 mRad

at Enit Slit
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R schematic of this beamline is shown in Figure 7s, while s photograph of the completed
line as viawed from the experimental chamber end of the line is shown in Figure 7b.
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Figure 7a. Schemat!c of monochromator system on beamline U3C u: NSLS.

Figure 7b. Photogreph of completed hardware on beamline U3C at NSLS.
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Beamling U3A

Geamline U3A will be a high resolution, high throughgut beamline. It will cover the
energy range from 9 eV to 1000 eV with a resolution af 10" to 10° over the entlire renge and
8 flux of ~ 10'". This besmline would be a gensral purpose line well suited to x-ray detector
and spectrometer development and cslibration as well as to spectroscopic measurements on
solid and gaseous samples.

Jable 3. U3A rediometry/sgectroscopy line

Monochromator Torroidal Grating
(6, 10 Mater Combination)
.Energy Range 9 eV to 1000 eav
Resolving Power (E/AE) > 10* - 10°
Flux at Exit Slit > 10'2
(ph/sec-0.1% bw-100 ma)

Order Sorting Good
Horlzontal Angle Collection 10 mRad

- - - [ —

Beanling X4A

The proposed 1-5 ke’ x-ray beamline consists of & veacuum access line incorposating a UHV
double crystal, fixed-exit-beam monochromator with a resolving power of 10° to 10“. The
line will be developed so that harmonic and stray light are reduced to less than 1% of the
first order light.

Following the monochromator will be an end stestlon epparatus consisting of s UHV sample
chamber and/or lonization chamber, EXAFS system, snd detector systems for radlometry. Some
experiments may need to be done at relatively high pressure. This in turn will require
spacial pressure monltoring equipment and may require a differential pumping system.

Table 4. XA x-rgy line

Monochromator Oouble Crystal Fixed Exit Beam
Energy Pange 1.0 to 3 kav
Resolving Power (E/AE ) 10! - 10"
Flux at Exit S1it (Estimate) 101t :
(ph/sec-1.0% bw-100 ma) .
Order Sorting .
With Detuned Crystals Good
With Mirror Filter Excellent

Beamline XaAC !

\
The proposed 5 - 25 keV beamline consists of a vacuum access line incorporating a four
crystal, fixed-exit-beam monochromator with s resolving power of 10°. The line will have
harmonic and stray light reduced to less than 1% of the first order light.

Following the monochromeator will be an end station Jpparatus contalned in @& hutch
consisting of a beryllium window, EXAFS system, x-ray diffrection system fasturing a
4-clircle gonlometer, and detector systems for rediometry. Some experiments may require
windowless lonization chambers. This in turn will require a special pumping system.
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T X x-ray lin ‘
Monochromator . Four .Crystal Fixed Exit Seanm
Energy Range 3 to 25 kev
Resolving Power (E/AE): - 10°
Flux st Exit Slit (Estimate) 102

(ph/sec-1.0% bw-100 ma)

Order Sorting
with Four Crystals Excellent

1 on

The mixture of laboratory and synchrotron besed x-ray facilities gives Los Alamos a

state-of-the-art complement of x-ray sources to meet the needs of our programmatic and
sclence efforts.
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