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Table 1. Research reactor based slow positron sources.
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Fig. 1. Scheme of Reactor based slow positron source.
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(b) extracting efficiency vs. extracting voltage for the constant b : s ratio.
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Fig. 4. Potential contours in the tungsten tube with tungsten tube voltage of 60 V and the exit grid 0 V for
different b : s ratio: (a) b:s=1;(b)b:s=2; (c) b:s=3.
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I IR K SR A, AN [R] S 06 & A5 1 25 22 R R
K. A sie gt BT DL (3) sUEEAR EM; €0+,

Pmod FIBUEAZ G LR, FEAITERELF T 2 8 1BK
WEEES AP

4.2 PULSTAR 3R # 18 IE B8 F 5 32 51
et

J PLUSTAR ¥l & 25 5 [19:34) 56 1F # 1 A5 70 )
IERitE. PULSTARE IE 1R 23 /2 HE B K
AL, IR IRAMI R HARZ) 100 mm, WAEZ
80 mm, L7 T 55 MEE (2100 °C 4B k), 1%
WISUTEHES, BN EEANT em, K25 cm, BE
JE50 um, B #AH KL 865 cm?, Bl R % &
BB N SR T AR, S5 R0 1 8 BT, A ity RO 3 IE
WIGATIE D= 108 et /s, &MESCHRIRIE, >k B HES
T 1 MeV 6Tl &8 2.7x10'2 p/(cm?-s), AEikHE
B N%0.25 mm RS, B (0, y) R4
111 MeV PA_EJ6FilE4)5.3 x 10'2 p/(cm?ss), fE
AR

K8 PULSTAR JIREHE /18 (b A A
Fig. 8. Photograph of converter/moderator bank used
in the PULSTAR positron source.
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Fie HE 92 1) BRI O 2 52 MCONP A5 28 1 B
IER T ERP, TR 7 ARy g
2L HE S BR B OK T 1 MeV OG T REAS £,
PL 17 7 20 o B M B RS DUAR AR KOG T AR
W EEE N AR, FRRIER T AR
P =2 x 10" et /cm?; DIHER KT 1 MeV )06
TR Sl BT, BBEMRIE R AR
Py = 3.2 x 10! et/em?; BHIIEHE PR ER N
P> 2 A Bl P = Py + Py = 2.3 x 10'2 et /em®.

70, €ety Pmod R ATAEEE. T252]

Emg, = 865x2.3x1012 x140x 107" % 0.25x 0.4
= 2.79 x 10, (14)

18 11 FL 7 DR T AR S BB B A AR o (X R0 . U
0.26; ML RGILIREE o HOA0.810) X FLEIFS
BRI SRE T A

I=279x10%x0.26x0.8=58x10% (15)

x2 BRI R T IR S H R

Table 2. Experimental and calculation efficiency for transmission mode moderators.

518 KA JEBE /um SIS RCR SCHik L4 /nm THEE
Y 1600 °C Bk 1 4.20 x 104 28] 80 8.10 x 10~4
28
% 53, 1600 °C Bk 15 2.80 x 10~4 40 1.36 x 104
% fhES, 1600 °C Bk 4 3.60 x 104 2] 40 3.20 x 104
29
% fmiy, 1600 °CiBk 6 2.00 x 10—4 40 2.74 x 104
S 2100 °C iRk 1 5.90 x 10~4 100 1.01 x 10~3
A 2100 °C Bk * 1 9.10 x 10~ 4 100 1.09 x 103
% 5, 2100 °CIB Kk 6 2.50 x 10~4 50 3.42 x 104
R 1400 °C iRk 0.3 6.60 x 10—+ 50 100 4.99 x 104
30
AR 1400 °C Bk 0.13 4.90 x 104 100 5.02 x 104
% iR, 1400 °C Bk 2 2.50 x 10~4 50 2.35 x 104
% 4R, 1400 °CiB K 5 1.31 x 104 50 2.11 x 10~%
Z AR, 1400 °C Bk 7 1.25 x 10~ 50 1.96 x 10~4
BRES 2000 °CIBAAE L h 1 5.30 x 10~° - 50 5.06 x 10—4
31
Z 5, 1800 °CIBKAE 1 h 3 2.30 x 10~4 25 2.16 x 104
HUEER 1000 °C Rk 0.3 2.90 x 10~4 50 2.50 x 104
FLARER, 1000 °CIB K 0.5 6.50 x 10~4 50 2.48 x 104
AR 1000 °C Bk 0.7 5.50 x 10~4 [32] 50 2.46 x 10~4
HUEER 1000 °C Rk 1.0 4.20 x 104 50 2.43 x 104
FLARER, 1000 °CIBk 1.5 1.60 x 10~4 50 2.39 x 104
B4, 1800 °C Bk 0.1 5.40 x 10~4 80 8.69 x 104
RS 1800—2200 °CEEk 0.2 8.80 x 104 100 1.08 x 103
HLRES 1600—2200 °C Bk 0.2 8.30 x 10—% 53 100 1.08 x 103
33
FLgnAS, 18002200 °C Bk 1.1 8.10 x 104 100 1.00 x 103
S 22002400 °C B K 1.2 6.20 x 10~ 4 100 9.96 x 104
HLRES . 1600—2200 °C Bk 1.2 6.20 x 104 100 9.96 x 104

TE: * N RIS, JAd AR A G L.
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Moxom 25 191 78 2007 45 43 Hr A N A Sty oK 37 56
FEN (4.1—8.2)x 108 et /s, 230 HIXT I 50 nm 47 HL
FEE 5 100 nm ¥ HLE B Hawari 25 14 78 2011 454K
18 18 0F BT R 5T 2R (0.51—1.10)x 10 et /s~ 7]
DLE B, AR I H T T PULSTAR (1)K i 12
I FRRFE, 5 SEue il & DL ST N A 4 SR B A
—.

5ot i

B 50 HE (112 1F f IR R AT 2% S PR R
M. Ru AR T A% (4) 2 (5) APAh. 9o
5 — RS B R ge K, A B v e] DLk
F190% LA_E, ASCAHTIE. X RAN4ANEE P, A,
Ly, m Wit F.

PHERETBEERL RahrEER
A DL AR s PAE, T 1R A R B R S RN
F . WRNWE X R R R, NG
R DLV B A S0 W R AN A R — AR TE
10%—20% F 45 .

Ly 58N SEA O, BKEmHIETHE.
A28 IE H YR S0 3 BRI A ) R JE 5 2L
B KRR, AN [ S 56 25 0 15 1) R0 22 e A AE AR OR
75, FEFR R SR KRR 2 . X T HENE IR
TR, 2/ EH0E T HEEEE324 h 5L
AT 30% Ao A R, 32 B PR A B R R AR T
ML, R

AYn FHEEHE. 15 ARIEH, PULSTAR
K 2458 HES . NEPOMUC % H JBS #1155 45 1)
U BEHE G S5/ IR N T3 A, n H5ERRIHE
5, SRR -EARLE (b 2 s). SRBUH R . 40 e 208
MR b sEROK, AR BAK. X TR A E
SE [P G516, S8 I0UR S v A RO IR A, 276 % &
b:s=3: 10 A-ny FK; PRI R EGE R, A
100 VA4 FISRECEIE 4518, RN
B T B, A5 25 RS B4 AR B2 138 n 5w S
RIRRAR, K 1 a5 R N E.

EE X AR AE CMRR HE LM @18 1F B 7R, 44
AR AR BTN R 1) R ] BEAE A A R
BB B 2) RS 3G KSR A A I3 il ¥0 (1) IR B,
WD s HU3; 3) PR E RUF B KHRAE; 4) 7
W S A T R T

TR S CMRR HE A4 148 1 H U5 1 ] B2 i

fE. Pk R B @A EAKMALE D, BT LER
SPRR I, $ESEH AME TCVE Y 60 mm, 275 PUL-
STAR HI#5 3R 454, 1% €10 x 30 mm (4%, W
i f % W] DAAT B 20 N, A AU A 160 cm?.
MOCNP T 545 21 s Ab TN B8 45 4 J 887 A2 1 v e
N FIEEFR L 3.3x10"% n/(ecm?-s), XF M ARIE T
FEERP =1.2x 10" et /(cm?s). b:s=3:1H,
m = 0.4, no = 0.8. fRN (3) 2URI (4) 2T 13 A i 5
MLIN 8.5 x 108 et /s. T EULHANIE, X R 2D

b, EAR B T AT .
6 & W

AT SR IE TR S HE NS G TR B AR R
S ELEE, # T R I I H RO R R EE e
BERL, B T 5 e R o 5 B Y R B B R, XY
1% 1F FEL 7 M\ 3 THI 9t 452 B 28 1 2R A i R0 oy B0 4T
Ty, i 2 AR R IE BT R sk R
B AR, WE 7R AR S LA S 50 Ik
it THEAE S SR E B A TF A R A PULSTAR
18 1E HL T IR B0 UE T B AP BEAR Y JRATT A A58 28 T
N2 3 R U 9 B 5.8 % 10% et /s, 5 SEZEG N B AE
(0.51—1.1) x 109 et /s FFERRLF. AL L
Z4j/2 CMRR HE b 2 ey 5 FE 18 0F i 7 U5 ) 3R
B, T LAA AR SRR IR BT SR T AE.
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Abstract

In the world there have been built five reactor based slow positron sources producing very intense beams, of which,
the NEPOMUC source generates the highest intensity about 3 x 10° e™ /s after updated. The beam intensity depends
on the power of the core, the converter material, and the moderator geometry. It is important to have good knowledge
of the influencing factors and relevant processes for building a positron source in China Mianyang Research Reactor
(CMRR). In this paper, the basic mechanism and several pivotal processes are studied and modeled, including the high
energy ~ ray induced fast positron generated in target, the moderation of fast positron to slow positron, the emission
of slow positron from surface, the extraction of slow positron from surface to external grid, and finally the focusing and
transport by beam optic system. The beam intensity at the end of the solenoid can be deduced as I = Emyn X 11 X 12,
where 71 is the slow positron extraction efficiency from moderators, 12 is the efficiency of lens extraction and solenoid
transportation, and Emyy is the slow positron emission rate from surface. The value of Emy, can be expressed as
Emg =A-P-v2 Ly €cy -Pmoda, where A is the effective surface area of the moderator, P is the generating rate of
the fast positron in unit volume, Ly is the slow positron diffusion length, .+ is the branching ratio of surface positron
(= 0.25), i.e. the ratio of positrons reaching the surface to that emitted freely, pmoa (= 0.4) is the probability of the
emitted moderated positron. Therefore, attention should be paid to the values of P, Ly, n2 and A to enhance the
beam intensity. P is in proportion to the neutron absorption rate by cadmium, which requires higher neutron flux of
incidence. L. is sensitive to the moderator material and its annealing condition. For the well annealed single crystal
tungsten, the value of Ly is about 100 nm, while for that annealed at 1600 °C, it decreases to only 40 nm. The value
of m1 is related to the moderator depth/width ratio, the extraction voltage, and the moderator back layout. Although
deeper ring can enlarge the moderator area A, the average extraction efficiency m decreases obviously. Considering the
product of 71 and A, the recommended depth/width ratio is 3 : 1. Validations are performed by employing two types
of experimental results, including several isotope slow positron sources and the PULSTAR reactor based source. The
calculated efficiencies of isotope sources match well with the experimental measured results, which verifies our basic model
and parameters. With these parameters and models, the intensity of PULSTAR reactor based positron source at system
exit is calculated to be 5.8 x 10% e™ /s, which matches well with the reported measured value of (0.5—1.1) x 10° e™ /s.

Some suggestions are made and will be considered in our future design of positron source.

Keywords: research reactor based positron source, mechanism and models, positron beam intensity
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