
1

Search for trace element absorption 
sources in synthetic sapphire*

S. C. McGuire, L.L. Henry,  M. J. Baham and E. Preddie
Department of Physics, Southern University and

A&M College, Baton Rouge, LA  70813

*Work supported by NSF grant No. PHY-0101177.
---Talk presented at the LIGO Scientific Collaboration Meeting,  

August 18-21, 2003, Hannover Germany.

LIGO-G030454-00-Z



2



3



4



5



6



7



8



9



10

Trace Element Measurements

Objective:

Obtain physical correlations between chemical 
impurities (Ti, Cr, Fe, Co, etc.) and optical 
absorption characteristics of materials under 
consideration for use as test masses and optical 
coatings in advanced LIGO.



11

Trace Element Measurement Techniques
X-ray Fluorescence (XRF) CAMD, SSRL, ALS

Extended X-ray absorption CAMD
fine structure (EXAFS)

X-ray absorption near edge CAMD, SSRL
spectroscopy (XANES)

Neutron Activation Analysis (INAA) NIST

Prompt Gamma 
Neutron Activation Analysis (PGNAA) NIST

Neutron Depth Profiling (NDP) NIST

Electron Spin Resonance (ESR) NIST
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Neutron Activation Analysis (PGAA&INAA)
Principle: when exposed to a neutron beam, nuclei absorb 
neutrons and form compound nuclei which de-excite by 
emission of prompt γ-rays. The often-produced  radioactive  
product nuclei emit delayed γ-rays . The γ-ray energy is 
used to identify the isotope and the amount of radiation is 
directly proportional to the amount of element.
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Chemical Sciences Technology Laboratory
NIST Center for Neutron Research

Typical gamma-ray spectrum showing the locations of peaks corresponding 
to the indicated elements. 



15



16

Synchrotron Radiation TXRF Facility at SSRL
Collaborators:
SSRL:

P. Pianetta
K. Leuning
S. Brennan
A. Singh

Southern Univ.
S. C. McGuire
M. Baham
E. Preddie

54 pole Wiggler

Monochromator
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Focusing
Optics

TXRF

X-ray energy:  11.3 keV
Angle of incidence ~ 0.08°
Detector:  Si(Li)—no parasitic peaks
Automatic critical angle measurement
Wafers:  Small pieces to 200 mm
Cleanroom mini-environment
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Experimental setup in the total reflection X-ray fluorescence (TXRF) experiments.

Sapphire sample

Incident X-rays Reflected X-rays
α ∼ 0.1°

Fluorescence
Detector
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Recent INAA Results from NIST

**Initial trace element determinations for one pair of high loss (HL) and low loss (LL) sapphire samples. A 
total of four pairs are being examined.
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Summary
• Measurements to date show typical broad range of elements at sub-ppm 

levels.

• Excellent sensitivity for the elements of primary interest.

• Initial measurements on high-loss and low-loss sapphire show  
comparable trace element content.

• Protocols and procedures established for sample preparation and 
sequencing of measurements.

• MOA between Southern University and SSRL has been executed.
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Future Work
• INAA sapphire standards development is ongoing at NIST.

• Completion of INAA trace element measurements on high-loss and 
low-loss sapphire specimens.

• Initiation of low-level counting facility at Southern University.

• SSRL Single Experiment/Program proposal to be submitted 11-1-03.
SUBR (McGuire, Henry, Preddie) 
TXRF/SSRL(Brennan, Leuning, Pianetta, Singh)
Ginzton Laboratory (Fejer and Route)

• TXRF Facility upgrade, Jan. 2004, to include ~10 µm spatial   
resolution.
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