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Experimental Determination of Energy Spectrum

of Megavoltage X-Rays

Tetsuo Inada, Suoh Sakata and Hideo Matsuzawa

Physics Division, National Institute of Radiological Science

A scintillation spectrometer consisting of a 5 inch (diameter) by 4 inch (length) NaI (T1) crystal, two

photomultipliers and the rest has been prepared for studying the X-ray spectra from a betatron.

Scince thee response function of the detector is needed to relate the measured pulse height distributions

to the true energy spectrum, measurements of the pulse height distributions have been made with this

spectrometer for monoenergetic gamma-rays with known energies from 1.28 to 20.3 MeV. Thus, the re-

sponse function (matrix) and its inverse matrix have heen calculated for photon energies from 1.5 to 50.0

MeV.

X-rays from the betatron have been measured with this spectrometer, being corrected by means

of the inverse matrix method. The energy spectra are presented for 15 and 25 MV X-ray beams with

and without absorbers (water and aluminum).

1. #®E

—ftic, HBIEHXBEOMELRET 5 R
AR ED =F ¥ — H1F (XEA<27 b
n) THY, ZTHIXEREHEAR TOZRETH
SPWIHRE & A FHET B Do,

bhbhix, HE 54 v+, EX 44 vFo
Nal (Tl) v va v —f—%FH T<—%—}r
YL REETBEXEDOARS P ARERR AT,
LaL, =3 AF—XHECHLFO=F ¥ —
DAANEBCESL DT, Y VFV—Z—DIEEL
CD=FNF—IRTESL LLETH. Lizdio
T, HOXFARZ PR ED gl F=x
AF =T AR ROIEE (VAR VY ARED)
BHIDZDNEIH DY, KR T, BERO AR
VY ABB R RS, N—F— e vhbIEET

DXPDASRTZ PABIOK s TAI =T L7 T
Y b REBBRO XA P A ERRIE L.
2. LMy REH
HoXF=FrF-5M% N Er) L+,
B2t X b 2 b ha S AlkEadfm PGk @Zhn
Ba%: R(Ev, k) (zh% il 45 B0 v A
BYARBRBEWD) EHVTRETELBRS.
P (0= [ 'REY, ONENLEr (1)
kK 3V AWET, »5Ey cEToREES
k2250 2 THfiTs. (DRE~FY Y 7 RFE

ACE EHD UL
1 max
Pj= X Rij Ni (2)

Eigh, Ho ARz b N ke bicdicit
@)K Rij oM~ + U v 2 ARTFRT L,

— 9 —



HeF

672 BAREZ AR E QMR WaTE
Table 1. Mono-energetic y-ray sources
y-ray source Target Ep (kéV) Evy (MeV) Impurity
Na® 1.28 .51 MeV
Tl20# 2.62 1.94, 0.86 other
Be® (e, ny) C¥ (RaD-Be) 4,43 Brem., other
N (p, ay) C* KNO, 1000 4,43
F* (p, ay) O* CaF, 800 6. 14 6.92, 7.12 MeV
Be* (p, v) B Be 991 7.48
B! (p, v) C2 B 680 12.14 16. 57, 4.43 MeV
Li? (p, v) Be® LiF 441 17.64 14.74, 2.90 MeV
T (p, v) He' Ti-T 950 20.3
Fihbb, Fig. 1, Detection efficiency of 5 inch diameter
. 7 j max . . % 4 inch length Nal (T1) scintillation crystal.
Ni-= 3 (Rij)* Pj (3)
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Fig. 2, Experimental geometry for @-tron X-ray measurement using Nal
scintillation detector and the block diagram of the following ele-
ctronics. (1) X-ray target, (2) S-tron donut, (3) flattening filter,
(4) lead cover of B-tron, (5) adjustable collimator to determine
the field size, (6) stray electron absorber, (7) transmission cham-
ber, (8) bulk phantom of Al and water, (9) 1cm dia. lead coll-
imator, (10) cylinder phantom of Al and water, (11) 20cm lead
shield, (12) 5 in. dia. x 4 in. Nal (T1) scintillation crystal, (13)
EMI photo-tubes 9579 b.
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Fig. 5, Energy intensity spectra transmitted th-

rough 26cm alminum cylinder. (a) 25 MV X-
rays, (b) 15 MV X-rays.
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Fig. 6, Energy intensity spectra transmitted thr-
ough 3lcm water cylinder. (a) 25 MV X-rays,
(b) 12 MV X-rays.
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Fig. 7, Energy intensity spectra transmitted th-
rough bulk aluminum phantom. (2) 25 MV
X-rays, (b) 15 MV X-rays,
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Fig. 8, Energy intensity spectra transmitted th-
rough bulk water phantom. (a) 25 MV X-ra-
ys, (b) 16 MV X-rays.
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