2022-10 S FpNE == QSIS e 1Y)
58(5) Journal of Beijing Normal University(Natural Science) 733

ETF%0(p, v)F F17Al(p, v)®Si iRk & MY

REERFR

&Y A RY
H

PRARE "
R

% £

X
TV AR

MAEEZIE

R#EHED Wo#HY

GEE

( DAEFIHRE R 2 E R 2E S RSB, SRR AREF W E LR, Jb TR & AR5 B 56 5 5 AR WF5E i, 100875, dbat;
2) R 2 B A0 W BLATE 5 9T, 730000, H R 22 M
3) R 2 B A A0 A I R 22 BE 9T 5 A% 8 4 4 H R BIF 98 BT, 230031, ZE#0A )

WE KA RS ST AR RE SR L s & IR AE A% R AR e 06 2 0GR 2, h ER =R & LY SRk 5E B
(") HINEG (high intensity D-T fusion neutron generator) = J°F- 15, H HI Al LU AZ KRR P SC 10 7E 70~260 keV RE L 4
PRI 5 mA BT AR, TR N g B, TN THE A AR BRI B 1, R E A0 (p, v) F F
T AL(p, )81 FLPR S XN AR SRR AR AT T IS, 848 Geantd FE4UL44 1 T I AE I M WAL AN 5. M4 R %
W], BT F SO AE R AE 151.3 Al 222.8 keV BRI A9 BB 1A% 43514 (0.3+0.3) FI (1.7+0.1) keV, JETE 43 51240.970 02 F11.390 33
keV. %45 REKW], HINEG (1 HFLH EARBEAL R3S 50 i) 2K

KSR AR MR S AR RE I % 5 Geantd B4

FESES 057142

0 5|5

B R ARy B2 02 M AR ) BT B B PSS R AR
PRI RR A 52 S B, EEEEO) TR T A AR
P U B A B B A PN B A BN L B A% il R A
AR E 5 T A DL A5 . A% R R W BRSO ) WF 5 7 T
Y 2 R, B R D0 A [R] 4 0 AL
7R AT REAEIE AR R BT WS SO i AR, b EE I
1] {1 RE A1 FHE 21 K Ay BHLREOG HR A f 55 SR 7 1. A
AR BEBT BLR M B R B 1 — & AE JLBL A keV, L
INT RSB R, S BUH BB T U5 R Y SR A TR A R
ANER 2011 E= 00 5/ N S B 87 [1BE S N =V & SN
0 A A DA B AW AV A 96 B 458 X6F — 86 O B A S5 N 1Y) L 3
R EP RN

AT FEURE 5 R B A S5 N AT 7 AER R DKW TR
AR BURR, B B A0 AR AR BT R P
R RAR Y PRSI0 T it A S L T Y AR, TETE
B R A SR A I T0] 5 o A, 3o e X RO fE
F8 K I TR RGP AT s SR L DR I A S 6 )
T I g PEA T RE B 2, LAAS B SEBR AT B AL
TA 14 SR FE 2 L

* E R HRFELFE A B H (12075027)

(o

W B

DOI: 10.12202/.0476-0301.2022163

Hh [ B 25 BE A IE 4 5B 24 F 58 B HINEGH &5
-5 B RG] LA~ R K AR ) B SE G 7 70~260 keV fE B
T R R B K S mA B R TR . FEA TAES, B
TR E H i 0(p, v)°F ¥ Al(p, v)*Siix 2 43k
P IO X 2 A 1) RO BE e E AT TORS B 20 B fif
FH Geantd FE4DL45 HY T AR I B 2 119 D B 2t 118 9

1 SKKRIE

TESLIR BRI E, (L dIR Sz v, 5 1y 468 T A2 AT
FE R -ZE & 20 (Breit-Wigner) 24 25

I*/4

"(E-EY+I/4
K MEE G IR A I N 98 B ; o, J& L 4R S 1 AR
THT U (1) A KA

RE 5N E, W SR 25 i — 8 & B R B, A% S
I Y|

(D

opw(E) =0

Y(Eo) = J‘E" O-(E)

E,-AE &

s AE B AR T 70 BT 2k B RE i, & 2 B

TEMEMEA: kLB, B, BIEA%. B9 A% KRS L. E-mail: liyongzhang@bnu. edu. cn

W ks H 4. 2022-05-10


https://doi.org/10.12202/j.0476-0301.2022163
https://doi.org/10.12202/j.0476-0301.2022163
mailto:liyongzhang@bnu.edu.cn
mailto:liyongzhang@bnu.edu.cn
mailto:liyongzhang@bnu.edu.cn
mailto:liyongzhang@bnu.edu.cn
mailto:liyongzhang@bnu.edu.cn

734 b I R 2R

e (A ARBEA R

5 58 %

ST BEL LR A 4. K 2R (DR AR (2), 15 30 505
AE 6 4R S5 R H 7 1
—E. E,—E,—AE
) - arctan(r—/z)] .
(3)

X F RS TR AT, B AR RE
s, PRI AT 2R R

I'o, E
Y(E,) = % [arctan( 0

T 7E O N B 4x B AR K

I'o, E
Yoo (Ey) = g, [arctan( 0

-E\ =

r/2

WE AR, MR EE R E~E, I, AJHRF7E)R
HO P o R A Re A, 1A AR B o p LR I, I
BN B R PR 172, B Y /2. WEE SR, Vi /240 FF
XTIV 1 i B B A iR fi o Er LR VEEE TR I Y /4
~3Y /AT XTIV ) B R 2

201 a

/(a.u.)

=

O n L Il
400 450 500 550 600

R SLIRBE & E=500 keV, 5% I=15 keVP.
Bl 1 Breit-Wigner #{H (a), ETZHIRRNITEER
B =& fhZk (b)

EIRTHEE E T IR BE Y TE EZFU&HE
XoF 7 0 2 A B2 L S PRI R by Tl e R At A
U AE AR —{H, TR A —E R TE, E%E’\J
PR 5 Lk ARG DU A i 25T *E?Ei?ﬂ"]é‘]ﬁz%
2% T AR R PR B e O IR, — B i SR
T REAYR i o SRR BE B B4 % O %,

2 SLWERS

SRR AN 2 PR R @ﬂ2’|\{ﬁﬁ5‘lﬁﬂ?&
RV BFJG 2 di K v 305 W RS BFR B SR T R T, L

R TCRR s 4 in—300 VA gk ER T, SR 4 4
W AESE bR R G T SC P T 1 R
249 2 pm 19 Ti"0, [A] {7 2 FEPOCH %) A 1 B 1.8 mm
JEE IR 4l ALSE, JOAE 2 B0 A RE 45 24 4 K T e g 3k
PR TERE, AT LAY E C PR JE#E AR #E 5 14 6 cmx6 cmx
12 cm A9 BGO 1 #% B T /K B ¥ 09 1E )5 Ty, FH R
JRE PR AR y B2k

A i
/
WEETL 1 K {Aﬂ
—T
et B SIS H_
{’EﬁﬂZ Nyqt BGO h«'ﬂﬂ%

B2 IURETRE

X150 B, SIS AT Y y ST LR AR IS AN K] 3 TR,
A AR AR T BON B[ 54T T 13— 146, 7E By, =149~
153.5 keV X JA] L 0.2~0.3 keV By K VEHL T 10 M RE &
AL IR0 (p, y) F W By, =151.3 keV!' 2L 35 Ay 7=
w2k, P2 T 0.25 mA. RN KSR 3 4
Ly SR RE R AN h 8 026, 4229, 3 908 keVI', # &
1) i3 SERRAE U 110 R 5 100 - 5 Rk i U, T BRI
B fE R X ] 4 3 000~8 400 keV (& 3 21 (7 [X 15 ).

18 19
1 050 O(p, V)"F
i El®kev, J" E/keV
900 1513 —| 12 8138
750 "O+p 4229‘
> 4229 (0=7994 kev) P28 2615 g
£ 600 4 3 9081 908
5 450
o
@)
300
150
2000 4000 6 000 8 000
E /keV

WM RER Ey p=152.5keV; XNy B8 RARA
J6E 408 P AN B R Y i IX
3 "“0(p, y)"F Ry Stk il

X TALEE, SN AT Y y ST Re ik an i 4 PR

FANTHE Epp, ,=220~227 keV XA L) 0.5 keV 119 25 K 3EHL

T 11 AEeES, WAL, v) St W By, =222.8 ke V!

LR 9 7= A M £, 72 T LR 0.5 mA. %R &

EI’J 24 EE y BHLRRER S A 1779 A1 10 020 ke V!,

S BEAR KSR AT LA B PF (p, o) '°O S0 72 A 1 y B 2k

T, T A B R B AE & X [E] S 8 000~
12 000 keV (&l 4 414 X 3.

SCIS TP IR I T 40 min B R AR AR, XA BE



MR 45, F T %0 (p, v) °F MY Al(p, v)2Si 4§ [ i A% BE Bt 7 o i e 12 %1 735

7Al(p, v)*Si

360
Ekev T EkeV
300 Y 8 —| (23 {1179
“Alp 10020
> 240 (0=11 585 keV)
E z i 1779
é 18 2C(p, y)"N 071‘77.9 0
2 Y .- p.Y 2G4
© 120§ $ Wk
208 -
Tl 9F(p, ay)*0 \ 10 020

Y
2000 4000 6000 8000 10000 12000
E /keV

R HE R B, =226 keV:; WX 3N y ST R R AR,
AR el I W W T B QO Y P
B4 YAl(p, y)®Si KRy 5L REIL

600 -
Sk R
500 Geant4 4]

a Igo(p’ ,Y)I‘)F

400 |

300 -

FE/(a..)

200 |

100 ¢

149 150 151 152 153 154
U,/kV

Sy SR BEE N BR KR AR A, 15 B H BT 2
Hh S A A 2k, anIaL S b R B RUTR, ]
iR ARG IR E, AL REE R DRSS
R ARLGRFR P BRI T Geantd F2 719, L
A 2 B S B RO R RE B B AE, 1 AE B i
B AE i, WU AE HE v AE B DOARZD KBS N 1 nm. A
TS =D g R RBE Ry, F10E
FAnER 1. HUE AR Bt 1Y w5 307 i 98 AE, F1 i 7% it
AEi=Euv—Ewe( Eqy R 185 BV 6 BT 25 B9 50 BE &,
Eqve 2 BRFT S HE 3 1T A HE RE B ) S AU P Y
MESHER D).

30 -

SEIR4E R
25l Geant4 1)
b Al(p, y)*Si
20
15+
10 b

5 I I I I I I I I J
219 220 221 222 223 224 225 226 227 228
U/kV

5 Geant4 HHIUER S LWL RISLL

F1 Geant4 FMBHHRBEMRAEERTE
)3z Ey. /keV I7eV
*0(p,y)"F
TAl(p, v)*Si
T TRk Y 1 FRAA.

AE g, /keV AE/keV

151.3+0.300 13007 0.3£0.3 0.97*0.03

222.840.10% 34003 17201 1.397012

BRI ZE 0 . 7E 151.3 F1 222.8 keV Fff 3T, o3k
() BE B B8 95 AE, 43 31 24 0.97+002 11,3902 keV; fiE et i
8 AEgq 53 91 4 (0.3£0.3) F1(1.7£0.1) keV. Lk | 2%
L5 H: A [ 288 00 3 4% 10 1 RE S B A — 2, s
320 KV @& FEOF £, FE BT R 3 AR B O 224 keV B, 3R
TR R R 524 0 1.0 keV, RER AL 1.4 keV,

3 ZitERE

A TAEXT d B BE A I8 9 53R 24 0 52 e 9 HINEG
VBB R AT TR R B SC I A T
50(p, v)"F FI¥Al(p, y)*Si Wi 7E 151.3 il 222.8 keV
PR BF AT By S 2 7R A ik £k 5 aE G % e A b 4k AT
Geantd B, FAT45 1% S 7E R G AE & 4 151.3
222.8 keV Fff 3T i) 14 BE £ Jé B8 43 1 o 0.97092F111.39+512
keV; fiE & A% 23 591 24 (0.320.3) F1(1.7+0.1) keV. %44

R, HINEG & JEF 5 1 A% R R 4 B 52 56 11 22
D N 2 a1 S KU I AR SO P VAN
BNa(p, v)*Mg. *Mg(p, v)PAl X H £ G & k17 %)
JE, X6 i % K ) 32 7 R T Al — A PR 5T

4 SEuk

(1]l e, JH/NAL, SRR PR, BRI 3 g e (0], W3,
2013,42(7): 484

(2] WK, W0 TF, JERAR, 45, B T HIAFR A KK Y BLOE 5T
1. R ByER Jioe R0, 2020, 50(11): 95

[3] Rolfs C E, Rodney W S, Rodney W S. Cauldrons in the
cosmos: nuclear astrophysics{M]. Chicago: University of
Chicago press, 1988

[4] WU Y C, LIU C, SONG G, et al. Development of high
intensity D-T fusion neutron generator (HINEG)[J]. EPJ
Web of Conferences, 2017, 153: 03006

[5] ILIADIS C. Nuclear Physics of Stars[M]. Weinheim:
Germany: Wiley-VCH Verlag GmbH & Co. KGaA, 2015

(6] & BRE, MRS, ALa0RE, T2 B S 5 T v
M]. dbat: JiFREH it 1981-1982

[7] WANG S, LI K A, XU S W, et al. Measurement of the
proton beam characteristics of low-energy accelerators[J].
Nuclear Physics Review, 2017, 34(3): 454


https://doi.org/10.1051/epjconf/201715303006
https://doi.org/10.1051/epjconf/201715303006
https://doi.org/10.1051/epjconf/201715303006
https://doi.org/10.1051/epjconf/201715303006

736 LRI A2 2 4 (A AR 2 i) 5 58 %

[8] FORMICOLA A, IMBRIANI G, JUNKER M, et al. The [13] UHRMACHER M, PAMPUS K, BERGMEISTER F J, et

LUNA II 400 kV accelerator[J]. Nuclear Instruments and al. Energy calibration of the 500 kV heavy ion implanter
Methods in Physics Research Section A: Accelerators, ionas[J]. Nuclear Instruments and Methods in Physics
Spectrometers, Detectors and Associated Equipment, 2003, Research Section B: Beam Interactions With Materials and
507(3): 609 Atoms, 1985, 9(2): 234
[9] WANG L H, SHEN Y P, SU J, et al. Development of [14] ILIADIS C, SCHANGE T, ROLFS C, et al. Low-energy
irradiation-resistant enriched "“C targets for astrophysical resonances in *Mg(p, y)*°Al, *Mg(p, y)*’Al and “’Al(p, y)
2C(a, v) 'O reaction measurements[J]. Nuclear Instruments #8i[J]. Nuclear Physics A, 1990, 512(3): 509
and Methods in Physics Research Section B: Beam [15] ZHANG L Y, SU J, HE J J, et al. Direct measurement of
Interactions With Materials and Atoms, 2022, 512: 49 the astrophysical ""F(p, ay)'°O reaction in the deepest
[10] EREN, oA, Jesy. AR X TRELIE IR Jas operational underground laboratory[J]. Physical Review
I 1] 9 ZeO, W BERF P 9 5 0[], b S 9 K 27 2 4 Letters, 2021, 127(15): 152702
(ASREARR), 2022, 58(1): 47 [16] AGOSTINELLI S, ALLISON J, AMAKO K, et al.
[11] BEST A, PANTALEO F R, BOELTZIG A, et al. Cross Geant4: a simulation toolkit[J]. Nuclear Instruments and
section of the reaction "O(p, y)"F at astrophysical Methods in Physics Research Section A: Accelerators,
energies: the 90 keV resonance and the direct capture Spectrometers, Detectors and Associated Equipment, 2003,
component[J]. Physics Letters B, 2019, 797: 134900 506(3): 250
[12] VOGELAAR R B, WANG T R, KELLOGG S E, et al. [17] BECKERH W, BAHR M, BERHEIDE M, et al. Hydrogen
Low-energy reaction yields for "*O (p, y) and "*O (a, y)[J]. depth profiling using "*O ions[J]. Zeitschrift fiir Physik A
Physical Review C, 1990, 42(2): 753 Hadrons and Nuclei, 1995, 351(4): 453

Energy calibration of low energy proton beam with *O(p, y)"F
and “’Al(p, v)?*Si resonant reactions

CHEN Xin"” SU Jun"” ZHANG Hao" CHEN Yinji” SONG Luyang"” HU Jun”
TIAN Ning” CHEN Size¥ ZHANG Liyong" HE Jianjun"

( 1)Key Laboratory of Beam Technology of Ministry of Education, College of Nuclear Science and Technology, Beijing Normal University, Institute of
Radiation Technology, Bei jing Academy of Science and Technology, 100875, Beijing, China;
2)Institute of Modern Physics, Chinese Academy of Sciences, 730000, Lanzhou, Gansu, China;
3)Institute of Nuclear Energy Safety Technology of Hefei Institutes of Physical Science, Chinese Academy of Science, 230031, Hefei, Anhui, China)

Abstract Low energy, high current proton accelerators, which can run stably for a long period, are crucial for
low-energy nuclear astrophysical experiments. The HINEG (high intensity D-T fusion neutron generator) high-voltage
platform at Hefei Institute of Physical Sciences, Chinese Academy of Sciences, can provide a proton beam up to 5 mA
in the energy range of 70-260 keV. This high current accelerator was used to build a low-energy nuclear astrophysical
platform. The beam energy was calibrated with "*O(p, y)'"°F and *’Al(p, y)**Si resonant reactions. Data were analyzed
by Geant4 simulation. Simulations showed that for proton beams of 151.3 and 222.8 keV, energy spread was 0.970%2
and 1.39712 keV, energy shift was (0.3+0.3) and (1.7+0.1) keV respectively. The HINEG platform satisfies
requirements for nuclear astrophysics studies.

Keywords nuclear astrophysics; resonance reaction; beam energy calibration; Geant4 simulation
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