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Abstract [Background] Due to the influences from durable years, work environment and replacement parts of the
dual megavolt tandem accelerator, the terminal voltage output is not accurate enough to ensure the stability of the
incident ion energy depends on the terminal voltage acceleration. [Purpose] This study aims to calibrate terminal
voltage output of megavolt accelerator for ion-beam materials characterization. [Methods] Taking the 2x1.7 MV
accelerator as an example, the calibration method on the terminal voltage is making use of the non-Ruhterford
backscattering spectrometry (Non-RBS) spectrum of ?C(p,p)'?C, and the proton beam was irradiated vertically on the
surface of high-purity graphite target, which was characterized by the scattering peak of the isolated resonance at
around 1 750 keV. [Results] Combined with multichannel analyzer (MCA) and SIMNRA 6.05 code, the threshold
energy of the resonance scattering reaction between incident proton and the surface of graphite target can be detected

as (1 744+2) keV. The actual terminal voltage was extrapolated and the error after calibration also was analyzed.
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[Conclusion] This calibration method on the terminal voltage provides a reference for megavolt Van der Graff

accelerator or tandem accelerator.

Key words Accelerator, Terminal voltage, Non-RBS, Energy calibration

20 4D 60 FFANE, ADFEFHEY . W
S5 N TFBO iy soRL 1 sk 30 & g & R 1 I AT
TREMFFEER R TAE. flan, FHOoRAAE L
KB N LA BB P Te 3= # 2 AR Ik & 3K
(s AR FH BT He - ek 45 328 455 i) SRS VB 1) ot 1
ik kR, ICOFERPRROCIE. HER
SR T AL KR R R T ) S = (1
fREEINIESS (R FREEALE 30 MeV LLF) &&E
B F Ins 28 51 i1 (Accelerator Mass Spectrometry,
AMS). B F IR Hr(lon Beam Analysis, IBA), HI#
FEH T, AW, R N e 2R, R
& % TR RER AR sk 38 N S RL T AT AR e B
10 ) B = £ WA a1 R S (1)1 B - Tt s )
B BRSO . RSN kR ey K,
T T 25 i FH R A DA ERRSE 5 U ) 2k o R D6 20
BRI RERREL S, A REORUERT Ik Bk 13K 15
IREEIA BIBOE E . 2RI, 2R EAEHER 37
SRS A g o e A . TEIRSE K,
0B T i 5 S B 2 o TR A i 200, X e
() RS EAT M &L R HE SR ORI N SR HR - R4
HREE LA I N EE,

AT, S EIE AR (Me V)i
HRLF AR (p)s T (D) EE (), 5 H AR
RAEMBAERE, EXREAEE AT K AEZILR
SSE,  Xof 7 AR s S A T SR AR v, ZE R S
H— A AN RELIE, BRI BR8N AR B
T,

T8I A% LR S S AE FEAN e B A BT Y R AR R A
U, RSB T8 e BV L A R R DT 48 1) e B R
HA LU, n)v (p, V)~ (d, PR AZ I,
Overley ZEPER SR FHAER 4~10 MeV 35
BRI (p, n)RZ SO, X5 B B 51 Y Yo bz R
AR 90/ A dEAT 1 REEARHE, [H 2 BRHE
D5 JF AR FHAZ O LR Be & R AT o il
Paneta 25 H] 27Al(p, )~ C(p, 1)~ *C(p, po)F1 **S(p,
poy) FEARIZ SR 73 i — & 5.5 MV i H ok 45
— 6 5 MV BAIE ST 7 ReERAE, $5 HinE
A BN FANEE T e % AR R 1T (Generating Voltmeter,
GVM) IS E T, 1A FH L I 43 B B Bk ke i ¢
TAREE, RAREFRBEER 5 ARk
FYIMIFE. Csedreki Z VR T 1450 keV

PIZIY Cd, py)C R BILIR FLIERT 5 MV ()58
A% Hr NI AR AT T REEARAE, ANHRE AU
+0.2 keVo FHILFTI, ST H A 468 e 1 ok 25 e
BRHE, B BUTE 25 N 2 R .

S b, ERREEAAE T R 2 R IR B
AEi RS, — M AEERE v T, R
HH S (R RN 85 SR AT, T A 0 K 2 S = R/ =y e
KRS DR MCHE T, — M SR A AR SR B UR
MRE ERARKIRL . BT, X ELE 3 MV LR
IR RE M 28R 1, DRI M i) B e R R B T R
BN . R AR B AR S BE 1S (Non-
Ruhterford Backscattering Spectrometry, Non-RBS)#jt
FE— AT T RO RPN 28 Se i = —
R EEM & T AR A GIC 4117 R
2x1.7MV A&, AREE S 30 a0 2012
GO M it 1 2 S0 157 = S DA D 2N
REUE 4 H LR 0 FRVREEAT TSR, R T ISR iR
BTN 1t B AN ORAIE 2 i R AR e S e, FRATIFERS
R . R SRR b, X A
i P R REAT T REAEN T, T o R B ek S 10 A e
s 05 FEL R S8 =5 () 2, BRATISRA °C(p, p)'°C AR5
R HUR 2 A HEAT I 25 e B M B RS HE, T
FZ LA e B R A RE R 271 ek 5 2 i v R 1)
¥ PART MR SR E . 1% 7 v R AR S T ya s
B4 TNk 2 S FoAth MV AR R N 45 7EAR e X 11
Uiy L s 2 g A

1 SEIRIBRIG A

BB IR 48, N B BT 3R AR 1 e A
E=Ey+(1+N)qU, i Eo 2RI 81 My S5k
BReE, EESE PG EERES IR EE
Ky N BHEEEFH RS ¢ NIcHATH
B U ohnadk s e E ™,

e AR B 2R RE RN 1~10 MeV BT
o B NFBE TR E Z<20 o R b, KE
1) A% R 5 8 TR Oz v T A T ST 48 T e B
R, TEEARER pAL, JTHUR A 2 /5 SR T H
WML HHE EEAE, XREE RIS
SEIRBT . A S0 (3 A S e R R — i
Ui B R AEL, XA B 2 2 75 9 2 IO T I S 3R AR
(I BE R AR/ SRR T B A I — AN SRR U

100201-2



FRRAEE: — FIRARGARRE N i & s FEL IR AR HE T V5

VR TR IRER, T AR O M B s A
W TR T S I N o B I 1S A N S B T
(1) B T ) LR A s B NI A T [ A 3 () SR T
Ab, IXBHIREEA REEL TN B T YRR R, A
V7 1) R A A 7 R RS AEAE

K45 T BT HRFM “Clp, p)PC AE5 B
UM RS o T SRR /0. W 1
A LAE L, 7E 1 740~1 750 keV H FL—AME & 98 B 1)
BURBLIE 0, 2052 /7 AR BUR 8 1 ok 19 58 £i%, I
FH LR B B SR 25 B i S Re i, hREE T X
N7 (4] R S A e e 0 oo s ity FEL AL, I L TR GVM
fey Y [ 24 PR e, OEL SR A 4 S5 73 T AR P L S A

80

2C(p.p)=C 0,,=168.2°

60

40

18,

20

0 I/,J/\ 1 I
1000 2000 3000 4000
Proton Lab Energy / keV

1 C(p, p)"°C HE /5 B AR T BUH #iH 5
NN PSS
Fig.1 Non-Rutherford backscattering cross section of
12C(p, p)'*C as a function of proton lab energy!”

ARSI, IS £ R S| I H SRR A
075 uA, ZFm. IE Gii KL 865 kV).
REE. MR E ONBEEZIN 1750 keV BT
W, FERBEAN2 mm, RAHEE S nA. 3
JF ARREN AT, I NS B P4 ) e Ak
JEA S5 b, M HERON 15 keV IBEALTE NP THRE
(Passivated Implanted Planar Silicon, PIPS)3}- /AR
WIZRTBAE 170° 8975 BUN A BSOS HU s+,
ZETHMRGEMAZITENZE s, 330
BRI . S 7RI R I A R R e, R s
At 3 & P i) S A — B R E RS- = P AR
Frvh R vP Al R 4 S O . (A1 — 322, Bk
T AR AR AR I e R IR 0% F R VAl B S ), s A
(R4 B RS TR 2 N FEAE RIE 22 MQ RS
Sy s HLBH, I LS ORI 8 4 2 R L P o, it
PR R IR, BN E R IMEN I IR R
b SRR R PRI L TR ) R AR SE A
77 5 Sy W 5 vy PR S 15 DD A B —
Hohnid g v B R 0 s, s A R G rh o AR B AL
EFARRH NG T, FREME TR R

R GVM %% BRI & .
2 GREREDH

P 2 S S0 15 2 1 A0 1 SIMNRAG6.05 81451
P, HApRRALRR A 2 A il S A E T
R BRI R R PR THUN =8, RonkE
e NI HU R TSk, RS B AT
BRI SR R o P 2 HR SO AR T A e P i B
PULE 200 dEHEAL, xR ALIRGER SN 1742.8 keV,
X5 SCHER[71IRIE ) 1 744 keV AHZEEN . SZBR E,
B TR R S BUN S ¢, Paneta 25
T PClp, po)LHRAEE S 2108 1 734 keV, HTFHIH
R 160°. B 1 I HUR M 168.2°, ASEEGR
2 170°, HAMEERER SEHEILERR,
SEARSZY PCp, p)'PC F IR B AE R WAL SN
(1744%2) keV. SIMNRAG6.05 F2/5 Ll &1 78 s g X
FLAR BRI I 43 RO SR E IR I A AT AUy, A BT
PEALHE

Energy / keV
O200 400 600 800 1000 1200 1400 1600 1800 2000

2C(p,p)C
30+

—=— Experimental
Simulated

Yield / 10°

0 L L L L L L . . 1
20 40 60 80 100 120 140 160 180 200 220 240
Channel

2 BRI PCp, p)'°C /S B AR TS BURHE 1
SIMNRAG6.05 )&t
Fig.2 The experimental and simulated Non-RBS
spectra of '2C(p, p)'*C

B I RHE D IR 2 TETHENLZ 8 9 Hr X
MCA FLi 453 2C(p, p)°C BT S, SEiMiH %
N AR ey AL, A3l 2 AR AR LR LU AR S R
(211750 keV) PIATHECEEAR L T X R0 AT, 1t
INF 7R I LR S B R AR FERE il NS, R 238 23 i
B AR O R B AR T O R R R X 8
(Region-of-Interest, ROI), 1ci3% LI I FX Net Area
WA A, WE 3@ Fa: B8 &R R E
865kV, HFIMEREE AN 1 kV/step, MEIEKIAAL, fF
XIRRUE A T8R4y “W R 7, Mt Ui ik MCA g
B THEE E 200 72 A AL LF “ B E 27, SEi
LR I R R A AERE ISR TR, X B2 Net Area J1,
S UG AU —2F, 172 ACEI3(b). 24 2C(p,p)'2C
W2 AR U W K AR AR A SRR R T, WIUhRE
= UFBRAEDR, HLREE XTI 1 i R i il 4 =

100201-3



o R

2018, 41: 100201

JESREERE, AR AR T A e B AT A
H B 2%, A AR 2 os m E OA IXAME R AT, a4
Fim o
T NS & FREEA R, dhiHE
218 865 kV, FERANSTERG = AR E R, H
1o BELER A SR PP At A o I P ity FEL R AT AT 1. 1
5 ol T AR HE H () FIAR T Ji5 (b) 6 3t R DA A,
R, BN E LA . B s AR

Peak: 200.17=200.17 keV

FWHM: 9.36 FW[1/5]M: 14.13

Cross Area: 439 845

Net Area: 330 828+1 037

Gross/Net Count Rate: 473.95/356.48 s

FEHIAS R 1 (nA) S5 U (kV)IZ M R
N FAU+B, b 4 R, SRR &5
CERUEREREERC Bﬁ&ﬁ [R] Sy ity RS A2 EH 3 5 15
H W E RIS AR R (2 30 kV) BB
AR 21, BT DA R ZR A IR B 75X B SE
bR . MR 1 ATLUEH, BHEE 2P RIRER
A. #REE B HIFRHARZEIBEAR, A MR R R
SRAL T 1, Ul A S A ity R AR S VAR

Peak: 199.73=188.73 keV

FWHM: 5.88FW[1/5]M: 9.10

Cross Area: 230 613

Net Area: 165 718+605

Gross/Net Count Rate: 252.74/172.48 s™!

3 IHEHL MCA SRk, Hrpaibric X8 EoR ROL,  NAE KR % ROI R IE(E 2
(a) FESMNFTILARIE, (b) BRI IRIE
Fig.3 The resonance scattering spectra of MCA interface, the marked ROI and inset with its sampling parameters
(a) Inside resonance, (b) Near-surface resonance

lonx

B4 e ARAS TS ] i M e T S T A BT

Fig.4 Pictures of generating voltmeter external control circuit and high voltage display panel

400 500 600 700 800 900 1000
Terminal Voltage / kV

40

(b)

35F

5%
(=}
T

Current / pA
59
W

153
(=}
T

15 1 1 1 1 1 1 1 1
550 600 650 700 750 800 850 900 950 1000

Terminal Voltage / kV

5 mPEARRRHI R R iR S R R S R (a) AT, (b) KRAESS
Fig.5 Measured current vs. terminal voltage test points by high-resistance voltmeter
(a) Before calibration, (b) After calibration

100201-4



FRRAEE: — FIRARGARRE N i & s FEL IR AR HE T V5

R1 KIERL FEMUAESHK

Table 1 Linear fitting parameters of before and after calibration

I=AU+B B P v 22 A PO 2 R
Standard deviation Standard deviation

B Before calibration -8.190 0.9952 0.049 0.001 38 0.994 0

G After calibration -10.276 0.646 5 0.051 0.000 83 0.998 2
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