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Cryogenic and Polarized Targets for 

kHz to MHz Laser-repetition Rates 

30 Aug. 2016 | Markus Büscher 
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JuSPARC: third pillar in photon landscape 
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keV x-rays: Betatron radiation 
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Target concept: Cluster-gas mixtures 

over-dense under-dense 

• gas-jet density: 1019 /cm3 
• cluster radius: up to few 100 nm 
• in (10 µm)3: 1 – 10 cluster 

➥ gas target with localized  
 density enhancement 



M
it
g
lie

d
 d

e
r 

H
e
lm

h
o
lt
z
-G

e
m

e
in

s
c
h
a
ft
 

August 30, 2016 M.Büscher | EUCALL Satellite Workshop 5 

Synchrotron radiation from cluster/gas targets  

 

3 TW 

Argon 

2 ∙ 108 photons (>2.4 keV) per shot 
5 ∙ 1021 photons/s/mm2/mrad2/0.1%BW 

 
10-fold enhancement compared to gas target 

L. M. Chen et al., Scientific Reports | 3 : 1912 | DOI: 10.1038/srep01912 
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Cryogenic cluster-jet target (WWU Münster) 

• H2, D2 (N2, Ar, Xe) cluster 
• temperature ~20 K 
• up to 106 molecules/cluster 
• cluster jet density: 1015 atoms/cm2 
• ‘No’ background gas 

A.Täschner - http://arxiv.org/abs/1108.2653 

Cluster target @ HHU Düsseldorf 
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Frozen-pellet target (FZJ, ITEP Moscow) 

Frozen pellets  ~ 20 µm 

 

H2, D2, N2, Ar, Kr, Xe 

 

Pellet velocity ~80 m/s 

 

Pellet beam Ø < 1 mm 

 

Pellet rate up to 100 kHz 

 

Pellet target @ ITEP Moscow 

A. Boukharov, MB et al., Phys. Rev. Lett. 100, 174505 (2008) 
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Frozen-pellet target (FZJ, ITEP Moscow) 

Frozen pellets  ~ 20 µm 

 

H2, D2, N2, Ar, Kr, Xe 

 

Pellet velocity ~80 m/s 

 

Pellet beam Ø < 1 mm 

 

Pellet rate up to 100 kHz 

 

Droplet generator 

Laser beam 



M
it
g
lie

d
 d

e
r 

H
e
lm

h
o
lt
z
-G

e
m

e
in

s
c
h
a
ft
 

August 30, 2016 M.Büscher | EUCALL Satellite Workshop 9 

Pellet tracking system (Uppsala Univ.) 

• Est. accuracy for laser applications: 
• ~50 µm/~20 µm (vert./hor) 

• Pellet rate ~100 /s 

A. Pyszniak: Development and Applications of Tracking of Pellet Streams 
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-235671 
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Metal spheres in a hourglass-like setup 
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Metallic micro-spheres (FZJ, MPEI Moscow) 

D=150 µm  

Cu  Al  Tschm. = 1084 °С 

D=400 µm  

Tschm. = 660 °С Er3Ni 

D=500 µm  

Tschm. = 1450 °С 
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Spheres from different materials (e.g. gas-filled) 
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Metallic micro-spheres (FZJ, MPEI Moscow) 

Liquid metal 

Gas injection 

Hollow droplets 
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Possible scenarios: 
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Polarization is preserved 

Polarization is generated 

Polarized target 
@room temperature: 
3He gas 
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Glass vessels surrounded by permanent magnets 
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Polarized 3He gas: Transport 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Halbach array of permanent magnets 

   ☞ Homogeneous field at target location 
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B.Nauschütt,  
Bachelorarbeit FH Aachen (Aug. 2014) 

Spin relaxation time 
t = 21.4 h 

Phelix vacuum chamber, GSI Darmstadt 
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Glass nozzles 

100 µm nozzle 

LightFab UG Aachen (2013) 
www.lightfab.de 
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Films of polarized solid D2 
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Some “Science Fiction” 
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Questions? 


