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5.1. General

Simplest formalism: Dy, = M Np,,

No beam quality determination!




5.2. Equipment

5.2.1. Tonization chambers: both cylindrical and plane-parallel

chamber chamber




5.2. Equipment

5.2.2. Phantom and waterproof sleeves: see generic

Phantom: Water tank that extends > 5 cm beyond the field
size, account for window water-equivalent thickness (~p.t)
when using horizontal beam and at least 5 g/cm? beyond max
depth measurement, consider window bending

Waterproof sleeve - PMMA (p = 1.19 g/cm3), 1 mm max
thickness, 0.3 mm air gap, also used for chamber calibration !




5.3. Beam quality

Simply ¢9Co




5.4.1. Reference conditions for D, in °Co

TABLE 12. REFERENCE CONDITIONS FOR THE DETERMINATION OF
ABSORBED DOSE TO WATER IN ¥Co GAMMA RAY BEAMS

Influence quantity Reference value or reference characteristic
Phantom material Water
Chamber type Cylindrical or plane parallel

Measurement depth. 5 g/em” (or 10 g/em?)?

“ref

Feference point of For cylindrical chambers, on the central axis at the centre of the
chamber cavity volume

For plane parallel chambers, on the inner surface of the front wall at
its centre”

Position of reference  For cylindrical and plane parallel chambers, at the measurement

pont of chamber depth z,_;
Source—surface 80cmor 100 cm ©
distance or source—

chamber distance

Field size 10cm * 10 cm @
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5.4.2. Determination of D, in reference
conditions

Dy, = M Np

Remember: M corrected for elec, pressure&temperature,
polarity, recombination

5.4.3. Determination of D, at z,_,

PDD for SSD setup, TPR for SAD setup




5.5. Cross calibration

reference chamber chamber to be calibrated

= | 0 Co Il

‘ same
position

D?"E?jn — M}"@‘N:”@f

D.w

as D, has to be the same for both chambers:




5.6. Measurements under non-
reference conditions

CAX PDDs: for cylindrical chambers shift of PDDs over 0.6 *

r'cyl

Attention to non-uniformities in smaller fields and wedged
fields for OF
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5.7. Uncertainty D, in Co-60

TABLE 13. ESTIMATED RELATIVE STANDARD UNCERTAINTY" OF D,
AT THE REFERENCE DEPTH IN WATER FOR A %Co BEAM

Physical quantity or procedure Relative standard uncertainty
(%)

Step 1- standards laboratory®

Np calibration of secondary standard at PSDL 0.5
Long term stability of secondary standard 0.1
Np  calibration of the user dosimeter at the standards 0.4
laboratory

Combined uncertainty of step 1 0.6

Step 2: user *’Co beam

Long term stability of user dosimeter 0.2
Establishment of reference conditions 03
Dosimeter reading M, relative to timer or beam monitor 01
Correction for influence quantities k, 03
Combined uncertainty of step 2 0.5

Combined standard uncertainty of D (steps 1 and 2) 08
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5.8. Worksheet

5.8. WORKSHEET

Determination of the absorbed dose to water in a **Co gamma ray beam

User:

Date:

1. Radiation treatment unit and reference conditions for Dy determination

%Co therapy unit:

Reference phantom: water Set-up: Ossp OSAD
Reference field size: 10x 10 cm % ¢cm Reference distance: cn
Reference depth, z¢ glem?

2. lonization chamber and electr

Tonization chamber model: Serial no.: Type: O eyl O pp
Chamber wall/window Material: Thickmess: glem®
Waterproof sleeve/cover Material: Thickmess: g/em’
Phantom window Material: Thickness: glem®

Absorbed dose to water cal. coefficient Npw=

Polarizing potential I v

O Gy/C O Gy/rdg

Reference conditions for calibration Fy= KPa T.= °C  Rel humidity: %

Calibration polarity: [ positive [ negative [ corrected for polarity effect

User polarity: O positive [ negative
Calibration laboratory:
El ter model:

Calibrated separately from chamber: O yes Ono

If yes Calibration laboratory:

3. Dosimeter reading® and correction for influence quantities
Uncorrected dosimeter reading at ' and user polarity:

Corresponding time: min
Ratio of dosimeter reading and time®: M =
(a) Pressure P= kPa Temperature T =

(273.15+T) P,
T (21315+L,) P
() Electrometer calibration factor” k. =

(c) Polarity correction® Reading at +17: M. =

°C Rel. humidity (if known):

Koo

Date:

Serial no.:

Range setting:

Date:

OnoC Ordg

O nCimin O rdg/min

O nCirdg O dimensionless

Beading at —T7: M-=

P
' 2M

(d) Recombination correction (two voltage method)

Polarizing voltages: Fi (normal) = V. Vi(reduced)= \'
Readings® at ¥y, Va: M= M:=
Woltage ratio F1/F2 = Ratio of readings My/M: =
LA ¢

WY (M)

Corrected dosimeter reading at the voltage V1:

M = Mkpkachpoks = O nC/min O rdg/min

4, Absorbed dose rate to water at the reference depth, Iy
Di(zrer) = MNpw = Gy/min

5. Absorbed dose rate to water at the depth of dose maximum, z___
Depth of dose maximum: zpe: = _ 0.5 gfem®

(a) SSD set-up

PDD at zyr fora 10 cm % 10 cm field size: PDD(zper=____ gfcm’) = %

Absorbed dose rate calibration at zmu:

Dufzmax) = 100D Zret) PDD(Zres) = Gy/min

(b) SAD set-up

TMR at zo for a 10 cm x 10 em field size: TMR(zr,;=_g.fm2) =

Absorbed dose rate calibration at Zug:
Dz} = Dol ZeerVTMPB21e) = Gy/min

_ %

* All readings should be checked for leakage current and corrected if necessary.
" The timer error should be taken into account. The comrection at voltage Vi can be determined according to the following
process:

Ma is the integrated reading at time £a M= mw= min
Mz is the integrated reading for # short exposures of time fs'n each Ma= o= min  n=
(2=n=5) -
Timer error: + = (Muta— Mara){nMa — Ma) = min {the sign of £ has to be taken into account)
M= Mal(ta + 1) = O nC/min O rdg/min

Il the electrometer is not calibrated separately, set kete = 1.

4 M in the denominator of kpo denotes the reading at the user polarity. Preferably, each reading in the equation should be the
average of the ratios of M {or M. or ML) to the reading of an external monitor, Me,

© Strictly, readings should be comected for polarity effect (average from both polarities). Preferably, cach reading in the
equation should be the average of the ratios of Mi or M: to the reading of an external monitor, Mes.

"It is assumed that the calibration laboratory has performed a recombination correction. Otherwise the factor k! = k”;‘km
should be used instead of k. When ( is *Co, kg (atthe calibration laboratory) will normally be close to unity, and the
effect of not using this equation will be negligible in most cases.

Note: SAD: source—axis distance; S5D: source—surface distance; cyl: cylindrical; pp: plane parallel; PDD: percentage depth
dose; TMR: tissue=maximum ratio.
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"6- CODE OF PRACTICE FOR HIGH-

ENERGY PHOTON BEAMS
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Phantoms and chamber sleeves
3. Beam quality specification
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6. Cross calibration of field ionization chambers
7. Measurements under non-reference conditions

Central-axis depth-dose distributions
Output factors
8. Estimated uncertainty in D, under reference conditions
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13



6.1. General

WFF beams 1-25 MV
FFF beams < 10 MV

Special FFF beams (TomoTherapy, Radixact, CyberKnife,
GammaKnife) — TAEA TRS-483

Formalism: Dy, = MgNp,w,0,k0,0,
(if Qo =%Co  — Dy, = MgNpwko)

14



6.2. Equipment

6.2.1. Ionization chambers: only cylindrical

chamber




6.2. Equipment

6.2.2. Phantom and waterproof sleeves: see generic

Phantom: Water tank that extends > 5 cm beyond the field
size, account for window water-equivalent thickness (~p.t)
when using horizontal beam and at least 5 g/cm? beyond max
depth measurement, consider window bending

Waterproof sleeve - PMMA (p = 1.19 g/cm3), 1 mm max
thickness, 0.3 mm air gap, also used for chamber calibration !
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6.3. Beam quality specification and
measurement - TPR,, 1

TABLE 14. REFERENCE CONDITIONS FOR THE DETERMINATION OF

THE PHOTON BEAM QUALITY (TPREO__IOJ A

Influence quantity Reference value or reference characteristic

Phantom material Water f

Chamber type Cylindrical or plane parallel SCD

Measurement depths 20 g/cm® and 10 g/cm?

Reference point of the chamber For cylindncal chambers, on the central axis “7_ —————————— - ————

at the centre of the cavity volume

For plane parallel chambers, on the mner
surface of the window at its centre

Position of the reference pont of the For cylindrical and plane parallel chambers, 20 glem®_ T
chamber at the measurement depths T o :
I o R
Source—chamber distance 100 cm 10 g/em S E
Field size at source—chamber distance® 10 cm = 10 cm hd hd l C‘}
Lateral beam profile Homogeneous radial dose distribution over Hy . 10em~ 10em -t o
the sensitive volume of the 1onization T SRS |
chamber

*  The field size 1s defined at the plane of the reference point of the detector, at the

recommended depths in the water phantom.
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6.4.1. Reference conditions for D, in
high-energy photons

TABLE 15. REFERENCE CONDITIONS FOR THE DETERMINATION OF
ABSORBED DOSE TO WATER IN HIGH ENERGY PHOTON BEAMS

Influence quantity

Reference value or reference characteristic

Phantom material
Chamber type
Measurement depth, z_,

Reference point of the chamber

Position of the reference point of the
chamber

Source—surface distance or source—chamber
distance®

Field size®

Lateral beam profile

Water
Cylindrical
10 g/cm?

On the central axis at the centre of the cavity
volume

At measurement depth z_;

100 cm

10 cm = 10 cm

Homogeneous radial dose distribution over
the sensitive volume of the 1omization
chamber®

a
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If the reference dose has to be determined for an isocentric set-up, the source—axis
distance (SAD) of the accelerator 1s fo be used, even if this 1s not 100 cm.

® The field size is defined at the surface of the phantom for a source—surface distance type
set-up, whereas for an SAD type set-up 1t 1s defined at the plane of the detector, placed at
the reference depth in the water phantom at the 1socentre of the machine.

The rachal dose distnmbution in the wvicimiy of the iomization chamber is maimnly
determined by the accelerator characteristics and cannot be easily modified by the user

18
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6.4.2. Determination of D, in reference
conditions

Dy, = MgNp,w,g.kq,0
(lf QO = 6OCO —> DW,Q = MQND,WkQ)

Remember: M corrected for elec, pressure&temperature,
polarity, recombination, volume averaging for FFF beams

6.4.3. Determination of D, at z,_,
PDD for SSD setup, TPR for SAD setup 19




6.5. Values of kg o,

From a series of N, o coefficients
Generic values for a chamber type by a standards lab

From Bragg-Gray, Monte Carlo or experiment

20



Calculated k. (= ND’W'Q)

Np,w,Qq
. . . (Wair)QO
DW,QO - MQOND,air,QO (Sw,air)QOon with ND,air,QO T paiV
: (Wair)o
DW,Q = MQND,air,Q (Sw,air) Po with ND,air,Q = a_lr
Q PairV
I . Dy,o/Mgq . ND,air,Q(Sw,air)QpQ
Qo Dw,qo/Mq, ND,air,QO(Sw,air)QOon
(Wair)Q(Sw,air) pQ
I Q
Q.Qo ~
(WaiT)QO (SW,aiT') QOpQO
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1+ exp (—a _b0.57)
kQ (TPR3010) =
’ — TPR
1+ exp (=T Raoa0)

6.5. Values of kg (MC + expemmem‘)

kQ MV photon beams
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Addendum to AAPM TG6G-51

Addendum to the AAPM’s TG-51 protocol for clinical reference dosimetry
of high-energy photon beams

Malcolm McEwen?
National Research Council, 1200 Montreal Road, Ottawa, Ontario, Canada

Larry DeWerd
University of Wisconsin, 1111 Highland Avenue, Madison, Wisconsin 33705

Geoffrey Ibbott

Department of Radiation Physics, M D Anderson Cancer Center, 1515 Holcombe Boulevard, Houston,
Texas 77030

David Followill
IROC Houston QA Center, Radiological Physics Center, 8060 El Rio Street, Houston, Texas 77054

David W. O. Rogers
Carleton Laboratory for Radiotherapy Physics, Physics Department, Carleton University, 1125 Colonel By
Dirive, Ottawa, Ontario, Canada

Stephen Seltzer
National Institute of Standards and Technology, Gaithersburg, Maryland 20899

Jan Seuntjens
Medical Physics Unit, McGill University, 1650 Cedar Avenue, Montreal, Québec, Canada

(Received 3 June 2013; revised 3 February 2014; accepted for publication 6 February 2014;
published 12 March 2014)

An addendum to the AAPM’s TG-51 protocol for the determination of absorbed dose to water in
megavoltage photon beams is presented. This addendum continues the procedure laid out in TG-51
but new kg data for photon beams, based on Monte Carlo simulations, are presented and recom-
" 1CTP 1A€A Trning mendations are given to improve the accuracy and consistency of the protocol’s implementation.



Addendum to AAPM T6-51

Use of Monte Carlo calculated overall ky values (verified with
experimental data)

1.00}
0.99}

5098

1  Muiretal 2011
Med. Phys. 38:4604

0.97}

0.96 ¢ All data (report in preparation) * 4
o NRC - McEwen and Ross, 2005 N
— Quadratic fit to measured data

0.95 - - - Muir and Rogers, 2010 (fit to MC)

P
60 65 70 75 80 85
%dd(10), 24

FiG. 1. Comparison of the measured &y factors of Ref. 36 and those from a
laree comparison of primarv standard laboratories [Stucki. GG. private com-




6.6. Cross calibration

reference chamber chamber chamber to be callbrated

[ %,
C’I 0SS - C’I 0SS ‘

| same
p05|t|on
ref
C} 055

_ ef e ref
M Nr Dw.Q, kQ(’ross 9

TAPARY

as Dy, ..., has to be the same for both chambers:

‘_moss k“f

X Ocross -Po
O

= Cross




_____b

6.7. Measurements under non-
reference conditions

CAX PDDs: for cylindrical chambers shift of PDDs over 0.6 *

r'cyl

Attention to non-uniformities in smaller fields and wedged
fields for OF

k

pol and ks for every poin’r!
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6.8. Uncertainty D, in HE photons

ICTP IAEA Training TRS-398 Rev.1 - Trieste, Italy 3-7 November 2025

TABLE 17. ESTIMATED RELATIVE STANDARD UNCERTAINTY"
OF D, , AT THE REFERENCE DEPTH IN WATER AND FOR
A HIGH ENERGY PHOTON BEAM, BASED ON A CHAMBER

CALIBRATION IN %“Co GAMMA RADIATION

Physical quantity or procedure

Relative standard
uncertamnty (%)

Step 1: standards laboratory”

N, calibration of secondary standard at PSDL 0.5
Long term stability of secondary standard 0.1
N, calibration of the user dosimeter at the standards laboratory 0.4
Combined uncertainty of step 1 0.6
Step 2: user’s high energy photon beam

Long term stability of user dosimeter 02
Establishment of reference conditions 03
Dostmeter reading M, relative to beam momitor 03"
Correction for influence quantities k; 03
Beam quality factor, &, [100] 0.6
Combined uncertainty of step 2 08
Combined standard uncertainty of D, , (steps 1 and 2) 1.0

? See Ref [61] or Appendix IV for the expression of the uncertainty. The estimates
given 1n the table should be considered typical values; these may vary depending on
the uncertainty quoted by standards laboratories for calibration coefficients and on the

experimental uncertainty at the user’s institution.

P If the calibration of the user dosimeter is performed at a PSDL, then the combined
standard uncertainty in step 1 is lower. The combined standard uncertainty in D should

be adjusted accordingly.

For the dosimeter reading, a smaller uncertamnty has been assumed than in the first edition

DY T, T IR RN (R . . I « (PR [ (. PR L S Y oI A AN i

27



ICTP IAEA Trair

6.9.Worksheet

Determination of the absorbed dose to water in a high energy photon beam

User: Date:
1. Radiation treatment unit and reference conditions for Dy p determination
Accelerator: Nominal MV
accelerator
potential:
Nominal dose rate: MU/min Beam quality,
O(TPR20,10):
Reference phantom: ___water Set-up 188D 0 SAD
Reference field size: 10> 10 cm ¥ cm Reference cm
distance:
Referencedepth, zey=_ pglem®
2. Ionization chamber and electrometer
Ionization chamber model: Serial no.:
Chamber wall Material: Thickness: glem®
Waterproof sleeve Material: Thickness: glem?
Phantom window Material: Thickness: glem?

Absorbed dose to water calibration coefficient” NDI“, o=

Calibration quality 0. || ®Co L photon beam  Calibration depth:
If 2, is photon beam, TPRaa10=

Reference conditions for P,= kPa T,=
calibration

Polarizing potential ¥ = v
Calibration polarity: O] positive T negative [ corrected for polarity effect
User polarity: 1 positive [ negative

Calibration laboratory: Date:

0 GynC O Gyirdg
glem?

C Rel. humidity: Y

Electrometer model: Serial no.:
Calibrated separately from chamber: 0 yes [ no Range setting:
If yes, calibration laboratory: Date:
3, Dosimeter reading" and correction for influence quantities
Uncorrected dosimeter reading at ¥y and user polarity:
Corresponding accelerator monitor unats: MU
Ratio of dosimeter reading and monitor units: M =
kPa Temperature T =
B (2?3,I5+T]£_
T (273.15+T) P

(a)  Pressure P= 2C Rel. humidity (if known):

OnC Ordg

OnCMU O rdg/MU

k)

(b)  Electrometer calibration factor® ke =

(c) Polarity correction® Reading at +¥): M. =

M|+ M
T
(d)  Recombination correction” (two voltage method)
Polarizing voltages: i 1) =

V F; (reduced) =

Readings’ at ¥y, 3 M=

O nC/rdg O dimensionless

Reading at—Fi: M=

M=

Voltage ratio Fi/Fa = Ratio of reading

MM, =

Use Table 10 for a beam of type: Opulsed O pulsed—scanned

i = a =

a =

2
M, M,
k=a,ta|—t|+a| ]| =
L I(Ml] %[Mi]
(e)  Volume averaging correction (in FFF beams)

5DD =
Thimble length of ionization chamber L =

100 Y
k., =1+(0.00620-0.0036) (ﬁ) r=

Corrected dosimeter reading at the voltage ¥
Mg = Mikrrkaedkpoksha =

4. Absorbed dose to water at the reference depth, g

Beam quality correction factor for user quality O: kQ.a, =

Gm

cm

O nCMU 0 rdg/MU

Taken from 7 Table 16 [1 other, specify:

Do [zmr )=M,N oo Koo, =

5. Absorbed dose to water at the depth of dose maximum, Zmax
Depth of dose maximum: zme=_  glem®

(a) 88D set-up
PDD at zr fora 10 cm * 10 cm field size: PDDNze=

GyMU

glom?) = %

Absorbed dose calibration of monitor at Zmax:
Dy ol Zaan) = 100 Dy gz ) PDD{210g) =
(b)  SAD set-up
TMR at z.r for a 10 em = 10 em field size: TMR{zwr =

Gy/MU

glom’) =

Absorbed dose calibration of monitor at Zpa:
Doy g(zmax) = D gl 2eath TMRzies) =

Gy/MU
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