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NIST Mission: To promote U.S. innovation and industrial competitiveness 
by advancing measurement science, standards, and technology in ways 
that enhance economic security and improve our quality of life.

Disclaimer 

Certain commercial equipment, 
manufacturers, instruments, or 
materials are identified in this 
presentation in order to specify the 
experimental procedure adequately.  
Such identification is for informational 
purposes only and is not intended to 
imply recommendation or endorsement 
by the National Institute of Standards 
and Technology, nor is it intended to 
imply that the manufacturer, materials, 
or equipment are necessarily the best 
available for the purpose.

17025 Quality Management System

NIST QMI 4.1 Impartiality 4.1.1 
Impartiality NIST conducts its 
measurement services in a fair and 
open-minded manner that is free of 
conflict of interests, bias or prejudice 
ensuring impartiality in the operations 
and measurements of the laboratory. 

NIST QMI 4.2 Confidentiality 4.2.1 NIST 
is legally obligated to provide protection 
of confidential or proprietary 
information obtained or created during 
the performance of laboratory 
measurement services activities. 
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Radiation Physics Building

Mission: To develop standards 

by realizing the SI unit of dose, 

the gray, and advance the 

measurement of quantities 

important in the radiological 

sciences through programs in 

the dosimetry of x rays, 

gamma rays, electrons, and 

other charged particles. 

1 Gy ≡ 1 J / kg
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• 17025 and 17043 Quality management system

• BIPM.RI(I)-K2:  Low energy x ray (10 kV to 50 kV)

• BIPM.RI(I)-K3:  Medium energy x ray (50 kV to 300 kV)

• BIPM.RI(I)-K7:  Mammography 

• AAPM ADCL traceability and TG-61

• ISO 4037: Reference Radiation x-ray beams

• FDA-MQSA 

• ANSI: personnel dosimetry performance standards, DHS

Calibration and Measurement Capabilities (CMCs)

The goal for Medical Physics Applications is to provide traceability of radiation 
dose to clinical end users to ensure safety and efficacy of diagnostic and 
therapeutic procedures that involve ionizing radiation.



Control Room 



Equipment Room

X-Ray Range



Three sub-basement spaces 
became one first floor facility

NIST X-Ray Range

300 kV100 kV

mammography



Mo & Rh 
W 100 kVW 300 kV

Identical shutter W disk
150 msec



Air-Kerma Rate (Gy/s) Measurement

Gy/s

Calibration Coefficient Gy/C

C



Air kerma can be measured absolutely with a free-air ionization chamber
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Dosimetry of X Rays (E < 300 keV) 

KERMA = Kinetic Energy Released per unit MAss



NIST Primary Free-Air Ionization Chambers

Electronic Brachytherapy
Lamperti 10 kV to 60 kV
Air-path length 39 mm

Wyckoff-Attix 60 kV to 300 kV  * Ritz 10 kV to 100 kV  * Attix 10 kV to 50 kV

 308 mm  127 mm  212 mm



is the air-kerma rate at a given distance in air.

I / (airV)   is the measured ionization current divided by the mass of air in the 
measuring volume.

Wair   is the mean energy expended by an electron of charge e to produce an ion 
pair in dry air.  The value used at NIST is Wair/e = 33.97 J/C.

gair   is the fraction of the initial kinetic energy of secondary electrons dissipated      
in air through radiative processes, which is 0.0 (negligible) for x rays with 

energies less than 300 keV.

  ki  is the product of various correction factors.
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The SI unit of dose, Gy,

    Air-Kerma Rate (Gy/s) as Realized by Free-Air Chambers

Range of corrections: 0.983 to 1.13
Air attenuation: 1.005 to 1.05



Three X-Ray Beam Lines

Mo & Rh 

50 cm to 370 cm 
source to detector distance

300 kV

100 kV

360 cm

910 cm 129.5 cm
(51 in)

Beam geometry 
10 cm @ 1m



Two pair of test chamber positions
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Mammography
Reference 
Beams

Beam code Tube voltage (kV) Filtration (mm) Half-value layer (mm Al)

Mo Anode
Mo/Mo23 23 0.032 Mo 0.288
Mo/Mo25 25 0.032 Mo 0.313
Mo/Mo28 28 0.032 Mo 0.346
Mo/Mo30 30 0.032 Mo 0.370
Mo/Mo35 35 0.032 Mo 0.404
Mo/Rh28 28 0.029 Rh 0.420
Mo/Rh32 32 0.029 Rh 0.453

Mo/Mo25x 25 0.030 Mo + 2.0 Al 0.551
Mo/Mo28x 28 0.030 Mo + 2.0 Al 0.589
Mo/Mo30x 30 0.030 Mo + 2.0 Al 0.633
Mo/Mo35x 35 0.030 Mo + 2.0 Al 0.715

Rh Anode
Rh/Rh25 25 0.029 Rh 0.351
Rh/Rh30 30 0.029 Rh 0.438
Rh/Rh35 35 0.029 Rh 0.512
Rh/Rh40 40 0.029 Rh 0.559
Rh/Rh30x 30 0.029 Rh + 2.0 Al 0.814
Rh/Rh35x 35 0.029 Rh + 2.0 Al 0.898

NIST MQSA Beam 
Parameters

CIRMS History: 1994 MPD A.1



NIST 
Tungsten
Reference 
Beams

Beam code Additional filtration Half-value layer (HVL)
Al (mm) Cu (mm) Sn (mm) Pb (mm) Al (mm) Cu (mm)

H10 0.105 0.051
H15 0.5 0.16
H20 1.01 0.36
H30 4.50 1.2
H40 4.53 0.26 2.93
H50 4.0 0.1 4.16 0.14
H60 4.0 0.61 6.06 0.25

H100 4.0 5.2 13.51 1.15
H150 4.0 4.0 1.51 16.93 2.43
H200 4.0 0.6 4.16 0.77 19.72 4.1
H250 4.0 0.6 1.04 2.72 21.59 5.19
H300 4.1 3.0 5.0 23.55 6.19

NIST H Series Beam 
Parameters

Beam Series

NIST L, M, & H

ISO 4037

CCRI – BIPM

Mammography: ( Mo/Mo, Mo/Rh, Rh/Rh)

Mammography with W/ ( Ag, Mo, Rh, Al)

CIRMS History: 
1998 MPD A.5
M80 and M120
diagnostic x-ray



NIST delivers 
calibration 
report with a 
Calibration 
Coefficient 
(Gy/C) and 
uncertainty to 
customer.

Calibration: 
chamber ships 
to NIST



FDA MQSA
Calibration: +/-6 %
PT: +/- 3 % 
2-year frequency



NIST 0.9 %

Calibration Facility

1.5 % to 4 %

Clinical 

SI
BIPM

A calibration provides traceability.
A proficiency test demonstrates ability to transfer air kerma but requires a linking calibration.



Measurement Traceability for X-Ray Air-Kerma



X-ray Air-Kerma Calibration
Capabilities over the decades

1980

2000

1926

1970

1990

2010

2020
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