BEBerh 15 35 PGNAA R 50020 i el

, e 1,2 ~ 3 =4 2 2
REA T, Fa, H&e, Hekt
(L. P EFEF R b E A Tkt st i O—BE R, dtat 102413 ; 2. b gUEReRHE A BRA R, Jba 102413
3. W EEFRERMEOI A B RIS, st 102413 )

(W] Sem 7 EReH 1 BT (THND BER v o500 (PGNAA) REEHIHILBET, I IR BT 8 iR
GERsH . ARG G RGN > R TR RG> AR B R AR LiF R SN2 N TR Z o (T R Gtk
AT TR LI 1k SER 2 SR % R G T B i 10 ppm (1 ppm =107%) fAFHN 2 mL fFEF, B JC
FI BRI H 0.822 cps(s™")/ppm. [FIIF R ILRIR LiF B AR 2L R BE DK™= A 3 AR, 5wl iR 1

[ X% ]

[(FEZ%ES] T3 [X#EiRAE] A

1 e e

]

il

By 56 A PR 12X 50 #R I B A b 1 AR R T
(boron neutron capture therapy, BNCT) i F& A 1Ml J&
H OB (1 R R 4L DA K OE AL B
s B T L ek a3 B A el
DA L Ml 20 00 0 L 8L i o i, LB
7 AR R R R S R ) FE B AR
T YRR OB A B e A T R T2 R
IR

WEA v 715 AL 23 Hr ( prompt gamma neutron
activation analysis, PGNAA) J7 & F| F A 7 3R 25 o i
WRE S FE ST OB AR IR TR AR MR ST
FE 107" s PR, BEH BB A 0. 478 MeV (14
v 2R, I Al B (HPGe ) SR80 4% 48 I 1B % v St
28, MR RRAE G 14 RE 52 5 B (0 1A AR O Bk
FEREIINT o IZTT IR R I RS R A ey | R PR R
K0, AT RASCI BNCT J6 97 3o vh 78 4 ek I < 1f i
W [ PR b H A KUR'™ 56 MIT ) Fi gty
SINQ" ™", # [ [ty SNU — KAERI'™ % #5 0L #5377
PGNAA R4 LA "B Je HoAth ot 4 &

BE B rh 7 RS g2 L T 1T T BNCT b5
Pk AT 3 J0 b 7o b ol e

[WgfSHHA] 2012 -05-26

il -7 3R3A 7 5 THNI; PGNAA B E 5 B e
[XEHS]

1009 - 1742(2012)08 - 0028 - 05

FORIP TSR, e i - SRR b 7 R 2 T
BT IRGE, 2 RO L 1710 T PGNAA J5 i
IR BTG Y . B SRR BB b 7 IR A
Fr A WS PR 28 00 B BE B P T IR AR
PONAARGE, FFHEAT 1 W B 5 5256

2 ERAPTFRIEE PGNAA REN TSR

2.1 RGEMK

BE Rz R T B G 28 PGNAA 2 45 32 55 4% h W 32
53 :HPGe ¥R 2% L HH T RE MR AR S, £
FEMHMA 1 HPGe 1Y M T2- R G, R &
T TR ST, Horp 6 oh 7 A5 I 25
Bt FH AR E 3 W

[E g Fh - FR 2% PGNAA 2R %0 3 T 5 1%
B -10 TR & &, HFEAMARR I & A58, &
IPAE FEOR A 3 T a. N5 HfLIE F
B B ) S R DA H A R RE AR B - A IR y
WERIE B R AE ; b, b o) By 71 y 9
el R AERE S ROV S o B = R AE R
v B AIR I ZS T AN s e W5 1009 H Y 2%
Bt R AE R E (o, y) RN TE A IR, W
PNa (n, y)*NaZ Wik BN 0. 475 MeV [HibEA
v R BERR G FEEE E DRI R AR

[EFERT]  SRE(1983—) L b RE A, BhEERESE 5, W52 05 1) by AR AT B2 24 M) B 5 E — mail : zizhuzhang@ 163. com

28 TPTEIEMF



PRI 22 Bt rp - BRSS 2 PGNAA RGEBR R 58 =
RO FEEAE . P FHOGRRCR & MEE D T
o, PRAEFIAAE Sl Ak B o i R K R b
B v 5 98 B, HE T R RS TR 234 & T 5 b 1
B ARy PR R GE . b PRI 25 5 i ke
/DB TR X HPGe 458300 25 F8) 4 47 , [) Bs) 5 i
By ko o AR  WOR B, b
RO, [ s R AP 2 2 AR s KT, I/ MR N D32
MR
2.2 HrRHERE

HH T TET 20 AT T 2H1: PGNAA B Bt 2%
JE RIS v R IRy B4R

B Bt rh - BRS A8 0 A oR  erh o R AL B AR
2 em, JArh ol B E A @ ( <0.4 eV) =
3.08 x 10° em ™ « s e I /@, =96.8 %,
BB DA BRcR  -oh 3

WA TR RO B RS A TR TR
EICE . BB B (3 838 b) FOLi
(942 b) K, RERF AR FLL, FZ"B A5 oT
B, HESE I B 25 2R 5 dy ) 2 f T
JGUELL, it ABRROM BN RE & A H TR . Rk
P B RME A IZ R GE A IR SOR R

HH MBI SR M, LiF R M
Li,CO, i, SHER M Sy Hmiom L RS A
HICR AR EA R GeH; Li, CO; By oKk ol LA
Tk, H Li JTTR B A 4 T LiF, E e A LiF,
BEANE T Li R4 ) S 2 3] 7 s 45 1l L35 v
I AIEFER IR LiF AR Ry b IRSb L

XFF Ry ST R, DL N y PR
K B TR 10 E R B 5 R e O, YR E U Iy S
KEZERA TREE P EFHR D 777 4E
SR W

B3 cm
458510 cm

LiF#5 >3 ecm
LiCO % A2 mm —

2R MU, 2443 mm

20 cm

2.224 MeV[¥) y &L I FEIR EE AT 3k 7
FEAE2 ~3 MeVIY y S 4k o SR FIARAS IS 23 )
10 em JEEETBHIZ BERIILRE T 19 v B1ER

2.3 RFEIT

T AR B A BRI 1 O RN 5 SRR O 15
TR, I 28 22 7 ) 48 . HPGe 4500 25 %%
& R K5 101, B 1 I 2 KO o 5 S R
WP OEE -, HEE TR TR PR
P F A b R Ry, R R S R TR
TALIEH T,

H IR B R R AR LiF Ry A, S s 4 26 4%
JEp=1.0 g/cm’ o XF T F S RNER I 25 57 e s
R FRREN 3 em [ LiF RoK , #A i -38 it TF RRAE 4L
H1.59E + 025 % FrhFHi R B, RHIEE AN
20 em () LiF 3 oK, #arb 73l & 0 N BERS B
4.67E +14, Fif5 LiF A 25 FEE ) 3 mm
EOESJUTE Wl =g N

B 1 kB e b7 BR G #8 PONAA RGBT
INEE . FES N B RE AR O 45 em, BEERI
AP R 6 em , KFEEE 110 em, HFHGFIE R
SGHUCHEA 3 em, BEE 3 mm Y RAETE S OB Y
WOIRE K EHR 60 em, BN HE/NEE N 3 cm
[ LiF $poR , 38 FRIOTIRR UGN 9% &, Rk
FBKSE 12 em IET I, h LR E LK
20 cm 1, FH 2R DU SR &M G AR, R R Tt oA i O
12 em WIEJ B o 5cHMNZR 10 em Pb FRRZ . &M
AR BRI R G 5 A R SR A R 0k SUZ Bt ik
SERG , (EL P00 25 S 8 0 JRE P O 2 mm #°Li, CO5 #}
KOMARERET ALGEN. 2 Wt R G &5
JE IR A o

B1 EBP TR PGNAA RG4S RiTE
Fig.1 Diagram of preliminary designed PGNAA system of THNI

2012 EE 145584 29



2 BOMSRITHTREEN
PGNAA Fil#5 R A
Fig.2 The photo of PGNAA

system as the design

3 WRENEXE

3.1 WHE

Mghoh AR R SRRSO B R B
(n,o) Li" BB, LT 7E 1071 s PR, — MR MK
FEGRHB I H Sp A3y %) b di ke A S, B
(n,0) Li" SRR H(n,y) *H RSB A2 BB y
WAz IS TR (PR P T
RERE A D AR SE) 6. BTAYB (n,a) "Li”
FRE 7™ He B Ry SR B H (n oy ) P RO JF

PAERIBER v ST R LU IE FE TR OB A
H (v B 2 b R RE S 19" B n] ply A R 5 1
B/HYGIE H A o 205 R TR vk X
5 1% I 2 R ity H %) Lk B 25 SR p R S
BIEK, 5 HPGe R ER (R IISCR T o XFHE i
45t DA SRR S 2545 1 T LA RS S ™ A K, {RLRE b
) e i B 25 R g iR 25 . SCER AL
H AR TR 7 VR T 1
3.2 XLWEE

S HPGe vy P AR 457452 Ortec —
GMX35P4 | w4l 4% i R R SF ol ¢58. 8 x 80. 0 mm’
Be %/ 0.5 mm, 2 Co 1.332 MeV JHF 42 5
Y FWHM = 1.82 MeV, WL 65: 1, [K]3 2y HPGe
PRIAR T2 R B HE R o BRICR e Bk . Ari
B AR T TN 25 8 oK EC B M. FF A
R R . TR S O EEN
2 cm, PRI UAE ST BE RN T 2 em AR /N T
2 om, HHRE SR HAR N 16 mm 55 30 mm, [m]HF
R I BCR P S K e ] 2 mL BRAR 1T
DR P LB AR HR R AN TS5 £ 0 A 5 80 55 i .
o

TR 25 ADC : ;
(590Aﬁ)r | ©19 [ | WEH

B
(590)
HPGe AIE
Rl 2e R —
(GMX35P4) (A257N)

3 HPGe R/ EFFLKIEE

Fig.3 Electronic circuit diagram of HPGe detector

3.3 ZBER

DR S, BN HED 26 30 kW, 7347 = HPGe
PRI Z5—MFREE v I F <TuSv/h, oo 2 5 7] 5 3
<3pSv/h, [ 4 kT E R BRI 50 ppm B,
DA ] 600 s,y STk 42

S EEE TORB WEREA, &S i
B - 10 Y Z 210 ppm, 50 ppm B HERE i, K FIAS
JET 450 ~ 550 keV RERBL v BEIE OB £ R 9
BB BT Z2 2/ 50 ppm A3 (10 ppmiy
FE KBRS ZS BE

LRGSR F I RS AT LA HEO B R N

30 FEIEMF

10 ppm, (KT 2 mL BIRE . {H A I % BL7E 2
T 2SRV i g A I AR SR AT AR I 21 452 w5 19 B
0.478 MeVZ 5514 (0.470 ~0.485 MeV) ., It
AN REHE A IE AT A0 T B T 2 mL MRk
ftn, Q& 6 IR, 7 50 ppm B I EAEA 5 50 ppm
PRREIN 45 A 30, Mk & Na, K&
PNa(n, v)*NaZ i, 7 2L fig it 7 475 keV {9 y O
T E A TR DN, 1% Bl O 6 3 T AR
o PRSI REAR B B T 50 ppm B Ifi ke
A5 50 ppm ARFE,

FOSHER B2 30 kW iE1T,50 ppm B AR i



HH% A 41.578 0. 658 cps;2mL,10 ppm B F£ 5
TR N 8.223 +0.386 cps, "B U R R AUE
4 0.822 cps/ppm,

1000k
Gl
100k
10
1 1 1 1 1 1 1 1
0 4000 8 000 12000 16 000
2000 6 000

10 000 14 000 18 000
B4 FHIhERERETHE S50 ppm B 2 mL
R 600 s 58] vy S &L E
Fig.4 v -ray full spectra of 50 ppm B 2 mL
sample with measuring time 600 s for

the reactor at full power

700 a—>50 ppm-300 s

600 SR RBpL00
d—5H-300 s
500
£ 400
300t
200F §

100

9140 460 480 500 520 540 560
ftm/keV

5 HBYHEBEATUESE"BIRE
2 mL £ 300 s T2 v REIEE
Fig.5 +-ray spectra of 2 mL sample of different

"B concentrations with measuring time of 300 s

2500
a—IIL{&+50 ppm B
b—>50 ppm#R
2000 oMk
& 1500
pre
1000 -
500

0 1 1 1 1 1
440 460 480 500 520 540 560
feE/keV
E6 HMEFRLTNE 2 mL MG+ R RIRE
300 s SR v RETEE
Fig.6 +y-ray spectra of 2 mL blood sample

and standard sample with measuring time of 300 s

4 tig

AR 45 Rl g, O B G RE BEAR R, X
AR AT BE 72 A 1 R A« an 2R G0 BT R R R 2
“B;b. BB AN HA G A Bk AL R
H: 0.478 MeV 38 516

WE 7 B, 8 & 50 i S0 RORHEUSRE i
ARG, i BT LiF AR S A R £, 48
B AN ZS B SOAE A BE BT BIOGE A AR [R] HL 35 2> F
LiF #f i LiF SRS IR IE K R R R
FRAE Li 45 520 38 S8 KA, FRERE K T 0.5 MeV
B2 A Li(n,n') L B, OB RN F 1 b, %
SR A R4S L IR B TR RE PR A2 0. 478 MeV Y
v 4.

3000
2500 F
2000 F

#1500 |

5
1000 -

500 oot

0 1 1 1 1 1
440 460 480 500 520 540 560
ft & /keV
7 HHERBFATWEAREER
600 s 13 EIHY v BEIE E
Fig.7 + —ray spectra of samples of different

materials with measuring time of 300 s

AR Li(n,n") Li" W "B(n, o) 'Li" #
[N 3 ~4 ARG AH I T faR i A e ok
F0.5 MeV @2 5276.1 x10° em ™ -+ s 7' H
LiF PRI, FE i AR, BRI R 3 B
i) AN ] 22

AR AE IR = 1 (] i 32 ke G o P A A
R WS AA TT  55 R - W CRA L A A A e Y ) B
SRR y 6, A BRI 4% A FE )R] 5 K
AR, P JEFE LiF - W23 A s
v BHROZ R LR 3 N e A
/by SFER B IEBE 98 e 5 R T RV AS R AR
0.478 MeVRHEIXFif i i Ik v k. Lok, 1 25 &
H A S AT, WD B - SR O L AR
Wy S ABRIMER )L

2012 EE 14 5L H 31



analysis facility using a focused diffracted neutron beam [ J]. Nucl
S E Tk Instr Meth, 143, 414 —421.
2
[1] Hatanaka H, Nakagawa Y. Clinical results of long-surviving brain (5] Critin M, Kemn J, Schenker J L . The new prompt gamma — ray
tumo ~ patients who underwent boron neutron capture therapy activation facility at the Paul Scherrer Institute [ J]. Switzerland

[J]. Tnt J Radiat Oncol Biol Phys, 1994, 28(5) : 1061 - 1066. Nucl. Instr. and Meth. A,2000, 449(1 -2) 221 -236.

[2] Kobayashi T, Kandak. Micoroanlysis systerm of PPM — order "B [6] Byun S H, Choi H D. Design features of a prompt gamma neutron
activation analysis system at HANARO [ J]. Radioanal. Nucl.

Chem, 2000, 244(2) :413 —-416.

concentration in Tissue for neutron capture therapy by prompt gam-

ma — ray spectrometry [ J]. Nuclear Instruments and Methods,

1983, 204(2 —3) ;525 —531. [7] Byun S H, Sun G M, Choi H D. Development of a prompt gamma
[3] Harling O K, Chabeuf J] M, Lambert F,et al. A prompt gamma activation analysis facility using diffracted polychromatic neutron
beam[ J]. Nucl Instr and Meth, 2002, 487(3) : 521 -529.
Byun S H, Sun G M, Choi H D. Beam characteristics of polychro-

neutron activation analysis facility using a diffracted beam [ J].

Nuclear Instruments and Methods in Phys Res — Section B, 1993, (8]
83(4) .57 —61 matic diffracted neutrons used for prompt gamma activation analysis

[4] Riley K J, Harling O K . An improved prompt gamma activation [J]. Korean Nucl Soc,2002, 34(1) :30 -42.

PGNAA system preliminary design and measurement of IHNI

Zhang Zizhu'? | Li Lihua’ ,Gao Jijin® , Fu Jinshu’
(1. China Nuclear Industry Beijing 401 Hospital of China Institute of Atomic Energy, Beijing 102413,
China; 2. Beijing Capture Technology Co. Lid. , Beijing 102413, China;3. Irradiation Metrology
Division of China Institute of Atomic Energy, Beijing 102413, China)

[ Abstract] The preliminary design of PGNAA system of IHNI was completed and the system in accordance
with the design was set up. For both detector shielding part and the neutron beam shielding part, the inner layer
was natural LiF powder and the outer was lead. Then boron concentration measurement experiments using this sys-
tem were finished. The results show that the the system can measure '°B concentration of 10 ppm, with 2 mL of the
sample volume. '°B element measurement sensitivity was 0. 822 cps/ppm. Also it was found that the natural LiF
powder would produce a high background in the target part of the energy spectrum and affect the measurement accu-
racy.

[ Key words] BNCT; THNI;PGNAA ;boron concentration ;shielding
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