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Outline: Why Cryogenic Detectors?

Low thermal noise
* Why low T? <S'mall excitation energP _

* Which technologies?

Tunnel Junctions Microcalorimeters

Operating Principle E—> A E —> AT
Resolution (0.1 to 6 keV)

Max. count rate

Both detectors have small pixel sizes- and are operated around 0.1 K.

* What for?
Fluorescence-detected absorption spectroscopy of dilute samples




Superconducting Tunnel Junction Detectors
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Signal = Current Pulse

Small energy gap (A=~ImeV) =High energy resolution (=10 eV FWHM)
Short excess charge life time (us) = (Comparably) high count rate (=<10,000 counts/s)



Two-Stage ADR with Cold Finger

» 70 mK base T, 20h below 0.4K
* 3x3 array at =<15mm = Q/4n=10+*
* ~15¢V FWHM, >100,000 cts/s max
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Adiabatic Demagnetization Refrigeration

Electronics

N2 tank (77 K)

He tank (4.2 K)

Heat switch

|_-5T ADR magnet

|_~Magnetic shield

IR windows

STJ magnei[ lﬁ
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Kevlar strings

Isothermal Adiabatic
Magnetizati magnetization
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T=Tj T=T; T=T¢

1) Close heat switch
2) Apply B (lower entropy S)
3) Open heat switch (decouple T)

4) Reduce B slowly (keeping
entropy constant = reduce T)
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STJ Performance: Energy resolution
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<10eV resolution below 1keV
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Signal = Current Pulse

Statistical limit:
AEpyim = 2.355y 6By (F +1+1/(n))

e~ 1.7TA=meV = charge creation energy

F = Fano factor (charge generation noise)

1+ 1/<n> = charge tunneling noise



STJ Performance: Area Dependence
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Low energy operation possible Trade-off between area and resolution



Resolution [eV FWHM]

STJ Detector Performance: Count Rate
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Signal = Current Pulse

Current sensitive preamplifier :

Tdecay = Tifetime = ~ few us



STJ Detector Performance: Lineshapes

Top electrode
Bottom electrode

Surface

layer Substrate, bottom lead

Clean surface!

dévice:

1 1 l 11 1 l
0 200 400 600 800 1000
Energy [eV]

200 400
Energy [eV]

I |
0 200 400 600

L i T I A A AR T
R 70 200 400 600

\ Energy [eV]

Edge

Energy [eV]



Digital Signal Processing
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Rise time differences between top
and bottom electrode and substrate

0.8 -
0 0.1 02 03 04 05 06 07
Pulse height [a.u.]

 top Nb film

1000F . =

bottom

Nb film|

é 100k Substrate events -

= f e Surface laye ]
8 [ : i events

B N R

0 100 200 300 400 500 600 700
Energy [eV]

On-line event discrimination at
5000 cts/s to reduce artifacts

Digital signal processors courtesy of X-Ray Instrumentation Associates, www.xia.com



X-Ray Absor

ption Spectroscopy

Detection
Synchrotron beam Sample x
Intense, monochromatic, tunable Absorption p (E)
[,=10'2 photons/s
AE=0.1eV
=l Photohs
(Fluorescence)
:\ 1) Transmiss.ion ocly (1= ¢~Hpgng)
M h ) Thin samples
ONOCHTomator High background
Elgctrons
(Auger, photoelectrons)

ALS, BL 4.0.2., A.T. Young et al.,
Nucl. Inst. Meth A467, 549 (2001)

2) Electron signal oc ['u, (E)
Surface sensitive
Moderate background



X-Ray Absorption Spectroscopy on Proteins
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Spectrometer sufficiently sensitive for few ~100 ppm sample analysis.

Spectroscopy on active metal sites in proteins (photosystem II)



Bandgap (eV)

GalnNAs: A material for 1.3-1.55um lasers

Collaboration with V. Lordi from Prof. Harris’ group at Stanford
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- =  Telecommunications Application
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1.0 e § has a bandgap of ~1.3 - 1.55 um
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Anneal GalnNAs to increase luminescence.

Problem: Band gap increases upon annealing



Nitrogen nearest neighbors affect optical properties
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* MBE, ~2% nitrogen * Energy gap increases » Strain favors decreasing
* [II-V random alloy with # of In-N bonds # of In-N bonds

» FCC lattice
* Thermodynamics favors
» Anneal at 780 °C, Imin increasing # of In-N bonds
= Luminescence increases
= Bandgap increases



Nitrogen X-ray absorption fine structure

X-ray absorption [a.u.]

Experiment Simulations

GaNAs, annealed Pure GaNAs
GalnNAs, as-grown No In-N bonds
GalnNAs, annealed 1 In-N bond

3 In-N bonds

Core level
shifts

Partial density of states [a.u.]
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Absorption edge shifts show increasing number of N-In bonds
Nitrogen migrates towards Indium upon annealing

V. Lordi et al., Phys. Rev. Lett. 90, 145505 (2003)



Current/ Future Work: Enhance Sensitivity

Experimental Set-up
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Spectrometer Development:

* Polycapillary Optic (courtesy XOS)
» Larger Arrays (6x6)
* Ta absorber for efficiency at higher E



9-Channel STJ Detector Array

Summary

» <10-20 ¢V FWHM below 1keV
« >100,000 counts/s total count rate

ADR Cryostat with Cold Finger

« 70 mK Base T,

e 20h hold time below 0.4K

GaNAs, annealed
GalnNAs, as-grown
GalnNAs, annealed

L\

Fluorescence-Detected XAS on Dilute Samples

X-ray absorption [a.u.]
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* Few 100 ppm samples with S/N=50 in =lhour
* Protein biochemistry and material science

Current/ Future Work: Increase Sensitivity
 Larger arrays, Closer, Ta absorbers, Optics...
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