Sources for Water Window
Imaging

Gerry O'Sullivan, Padraig Dunne, Paddy Hayden,
Deirdre Kilbane, Bowen Li, Ragava Lokasani, Elaine
Long, Hayato Ohashi, Fergal O'Reilly, John Sheuil,
Paul Sheridan, Emma Sokell, Chihiro Suzuki, Elgiva
White and Takeshi Higashiguchi

International Workshop on EUV and Soft X-Ray Sources, UCD, November 5t 2014




Outline

Overview of

 Water window sources,

e laser produced plasmas,

e unresolved transition arrays (UTA)

An =0 UTA
n=4 — n=4 emission
An=1 UTA

2"d Transition row (n= 3- n=4)
3" transition row (n=4-n=>5)

Conclusions
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Water window source development
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nm.

Relative transparency of
water allows investigation
of biomolecules, cells and
proteins in their natural
aqueous environment by x-
ray transmission
microscopy or tomography
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Laser Produced

Plasmas (LPPs)

— Laser be

Coronal Equilibrium

Re-radiated energy including
EUV emission
Low density

__— blow-off plasma
Critical density

Collisional Radiative Equilibrium (CRE)

(absarption front)

Inverse

High density Bremmstrahlung

plasma absorption

| I

/'/l' ¥y Sn target

Local Thermodynamic
Equilibrium (LTE)

Critical electron density, n, =101 — 10! cm3
(n..~10%/A(1um)? cm3)

depends on laser wavelength

Temperature depends on laser power density (D), T.(eV) = (A2®)3/>

Average charge = 0.67 (AT_)'/3
Hottest at centre, cooler margins- opacity iss
Expansion velocity = 108 - 107 cms?
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Spectrum consists of:

e lines (bound-bound transitions), because of high density, lines from high n
states are usually not seen

e recombination radiation (bound-free transitions) which scales as ({)* where
(C) is the average ionic charge

e bremsstrahlung (free-free)

For an optically thin plasma: Pj,..:P,ccomp:Pprem = 100:10:1

In some cases lines cluster together to form a UTA (unresolved transition array)
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What is a UTA?

A UTA generally has too many lines to identify individual transitions.
Ideally linewidth > line separation

Both the energy levels and spectra can be parameterised statistically in terms
of moments of the array (Bauche, and Bauche-Arnoult Phys Scr T40, 58, 1992)

UTA described by:

* Position - 1,

e Width - o= [, - 1£;2]*/?

[ Hla) = bIHID'w, Wa = H@DbFE, D = —%,er,
“‘n"*z W
W Ea b ap

For niN*1 - nIN n’l’ transitions, the shift from the average position, 8E, rather
than p, is the quantity of most interest:

L 21+ 1)1+ 1)/ ’
08 =N L fFH 1)

k#O

+ kzngk(zz'))
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Increasing
power
density

J

Two types of UTA in XUV spectra
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An = 0 transitions overlap in adjacent ion stages.

An = 0 transitions do not overlap in adjacent ion
stages and move to shorter wavelengths with
increasing ionization.
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Outline

An =0 UTA

n=4 — n=4 emission
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Narrowing in mixed arrays
In spectra due to 4p®4dN+i- 4p®4dN4Af + 4p>4dN*2 transitions

Configuration interaction causes

Ga Value Distributions for Sn'2*
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stages F C ©
! MJLN
THO BDO  BS0 ] '
D 1
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interference in
. ( F. Koike et al. J. Plasma Fusion Res. SERIES 7,253
optics
! 2006)
e Ar F. Koike and S. Fritzsche Rad. Phys. And Chem. 76,
¥ 5.0 LD Lo ] Y
404, 2007)

(Bauche et al. Phys. Scr. 37, 359, 1988)
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Outline

An=1 UTA
2"d Transition row (n= 3- n=4)
3" transition row (n=4-n=>5)
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photon flux (10'®photons pulse™'0.04nm™'sr™t)

Conversion efiiciency (%)
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Calculations for 34 Row Transition Elements
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Observations for 3@ Row Transition Elements
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Comparison of Water Window Emission Spectra
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Integrated inband counts (><106)
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Intensity (arb. units)
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An=1 UTA in W and Au
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Outline

* Conclusions
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Conclusions

Optimum sources for the water window at specific wavelengths matching MLM
reflectivity remain to be identified.

Atomic data are essential for source identification.

Need for spectral wavelength and intensity data for a large range of elements
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