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UL Intensity 40x w/ 50 % of hv

* 0.5 mm sguare, 10 keV x-ray beam into 0.03x0.02 mm

- Intensity good for ultrafast
— Collimation helps with nano...
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% Refraction vs aternatives

* Microstructured (zone plate, Fresnel lens)

* (sub)-nanostructured (crystals, Bragg reflection)

— curved cylindrical, spherical, ...
- Reflection and transmission, large angles

e Uniform medium: reflection (n < 1) & refraction

- K-B mirrors, capillaries, ...; need supersmooth surface

— Refraction (small phase shifts, transmission)

e Macrostructures, 'optical’ surface, low cost ()
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* X-ray refraction history

e Known since 1920s, understood 1930s.

* Too small for useful lenses (on traditional sources)

— Correction to Bragg diffraction angles
— Glancing incidence mirrors (Kirkpatrick-Baez, 1948)

e 1991: Weak lens matches synchrotrons

— remembered by Suehiro et al., rgected by Michette, Yang, ...

* 1996: Compound Refractive Lens (CLR)
e 30 holesin aluminum (Snigirev et al., 1996)
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© X-ray refraction basics

* Refractiveindex:n=1-0-1f3
e 0 phase shift ((cop/co)z& n), B absorption (nucle)

* Propagation: exp(-ikdx) exp(-kBx)
e d small (10°-107°,like hot/cold air for visible light)

* o/f3: phase shift/attenuation length
— Large o/f3 good (o/[3 amost infinite in optical)
- o/[3 = 2500 for Li (Be, 600, plastics, 200)
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N AX Small &, small deflection

* Single parabolic lens (Aachen): f=R/2(n-1)= R/20
e 100 mfor Li (R=0.2 mm, 10 keV, d=10"°), 20 m for Al.

QXis
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~ Stack lenses, add deflections

* N lenses. f = R/2N0 (Snigirev, 1996)

(a) single lens (b) stack of N lenses

K -1 mm .
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Ly

r  X-ray lenses today

e Collimators on synchrotrons (esp. ESRF)

 Fixed focus (spherical, parabolic)
* Variable focus (Cederstrom's multiprism)

* Imaging (Aachen, Lengeler):
e Microbeam, microscopy, etc: research ongoing
e Materials. Al, plastics, Be

 Fabrication favors Al, plastics (but, radialysis)
* Ecopulse champions Li
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% Lithium: good for you!

Lithia Springs Eternal
Speingng pure and clear as
crystal through crevices of sobd
rock, Lithia Water is considered 2
unique natural Mineral Warer.
The analysis shows that it s very
nch i that rarest of salts, bicarb-
.md’lﬂmu.mdmr.um
more of that priceless ingredient
than any other botled water
known. In the mass of mineral
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L1 most promising

- Highest o/ (= Yang's 1993 N _=0/213)
e Li'sdensity low (0.5 g/cm®), long x-ray path
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£ Multiprism = lens for x-rays

* Each prism deflects little (microradians)
e Many prisms approximate parabola (at shallow angle)
e Cederstrom, 2000
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% 2D L1 multiprism

e 2x110 prisms, 300 mm long (2 ¥2inch conflat)
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Experimental setup: the actual lens has 80 teeth, which deflect only 0.1 degree
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~ Multiprism collimation

e Gan 18x: OK, not great
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Ly

~ Multiprism isversatile

e Can focus off-axis, cleans beam

* I[mage at 5x nominal focal length: filtered x-rays
* Topis 10 keV, bottom 30, 50 keVV harmonics
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A | ssues with LI

e Flammable solid, corrodes in moist air

* Permission from safety people essential
* |nert (dry, He (Ar), vacuum) environment
e Specia shipping: Ecopulse has US approval to ship

e Fabrication: little experience & lore

* Extrudes, molds easily
e Sticksto metals (use polypropylene, delrin for molds)
» Esoteric metallurgy
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L AX Problem: SAXS

* Demagnified source 2 micron, actual 20 micron.

- (SAXS: sgmall-angle x-ray scattering: a = A/d)

El:l IULE ,INc



Ly

r  Surface scattering?

* Embossing gives modest surface quality

e Oxide layer? (original extrusion in dry air)
* 0.5mmprism & 0.2 mm parabola (0.02 mm up)
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Wy metallurgy (1)

— Temperature affects strength (Hill & Rosenberg, 1959)
— Li isbcc metals, like Mo, W: cool Li mimics hot W
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LI metallurgy (2)

* Measured for Li proton lens (Tarig, FNAL, 2003)

* Follows Perzyna model :
& il Ug[l o (T_*)lfc?]




Wy metallurgy (3)

* Fundamenta work in Vienna (Herke, Pichl, et al., 1975+)
* FHow stressin single crystals, boundaries, etc
* eg., crystal boundaries after fcc to hep transition at 78 K
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L AX Embossing affects SAXS?

* (micro)crystallites created by embossing? Surface?
* Modeling by UW-Madison (Turng, Winardi)




“U X-ray diffraction (Qadri, NRL)

e Extruded & deformed Li:
e Sharp reflections ( = large crystals)
* Broad structure w/ 4 different (1-3 %) crystal parameters?
 |_ocal density variation 10 % (?)

e Lidrop (slowly cooled)

e Sharp reflections
e Narrow structure, some reflections missing (?)
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L = X-ray diffraction (Qadri, NRL)
e Gradually cooled (left) vs. extruded (right)

* 28 cran from 20 tn AN degrees: 110 reflection off bcc Li
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A Fabrication alternatives;

* (electro)chemical machining of single crystal
e For multiprism: must grow long, thin single crystal
e Liquid medium
* Uniform density

* shape with capillary force (0.4 N/m: water 0.07 N/m)
e Liquid Li must wet substrate (i.e., w/o oxide layer)

e SAXSeffects TBD, March 2004
* |nitial datafrom x-ray diffraction (Qadri, NRL)
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% L1 Idedl for intense x-rays

e AT=(u/p Cp) F
° (L/p) lowest (7.5& 0.5cm?/g at 3 & 8 keV)
. CIO highest (25 Jgmol = 3.5 J/g a RT)
* [nitial application: high fluence x-ray window

* Survives easily at 3.1 keV & many Jcm?
* temperature increase 1/7 K/(Jcm?) at 8 keV

e Good for LCLS (8 keV, 0.1 Jcm?/pulse, )
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ULy Stafus

e First useof Li for x-rays

e windows

e Collimation (on synchrotrons)
e Microfocusing, imaging TBD
* |nteresting option for LCLS

* |ssues. metallurgy, fabrication, ...

e LI x-ray lenses available now



