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Numerical Analysis of Gas Ionization by an Intense

Pulsed Electron Beam - Program and Its Application to Ar -
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Division of Research, Takasaki Radiation Chemistry Research
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(Received January 23, 1981)

Intense pulsed electron beams of various types are
widely used at present for the researches on the plasma
production, radiation chemistry in gas phase, and gas
laser, However, the details of gas ionization processes
above several Torr by intense pulsed electiron beams
have been hardly clarified. In this study, a program
has been designed which can make a numerical analysis of
gas ionization by pulsed electron beams self-consistently
including the effects of induced electric field and
plasma backward current. The validity and usefulness
of this program have been confirmed by its application
to Ar. This program is applicable to any gas and to
pulsed electron beams of arbitrary charactevistics, and
useful to clarify the roles of various elementary processes
during ionization.

Keywords; Intense Pulsed Electron Beams, Gas Ionization,
Numerical Analysis, Program, Argon,
Self-Focusing
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1. #

ilpll

RBE VA BTFROGDEH COEBRAES L CRHECLDEF L EBsh3 VY,
Hx 3 EORRS NV ABFRCLIRABHBRELMET 2T TRALHICLE Y, €
DEIBRBESNVZETFH GBE, ©—/EHK BRA~K10KA, 70 2 {EE Hns~#10
ns) KEXATEDE#HBEIR, BESE (10 Torr BT 20w TR 77X~ KO8 EAH» L5
FLHRENTO B8 Y, BE, SIERFHLEONEBRS 5V IEHEL — ¥ - REOHET
BAKEDN 3EESE (10 Torr BLE) KW TOFRRDEGD, 21, v gt -
TOBMBREOBZBORMEE, KAERBHICE 28S BLUEERY (s~ 10ns) DI HE
BThb, FHETR, LBOKEDTO N ZBFROEFHORHD D, <L RBFHEICE
AR GERBERTOREHE T 0 /7 aOERIC >V TR~ B LI, AricEALTESH
R ERITRER A BN B,

2. EAHTRADHANLT

7 A BFRBHIC & D BE £ VISR BB 1, (t) (ABED OE{LD 5 E—achliiifd

TR, RATEAChS E— aldhE (z25R) OFREBE,(t) (V/emBif) AL
,3%1"651)0 :

2 1 R dllt)
Ez(t)=—3.0X109'300'~c'2—{-—+1n }""Lt(-)

2 Iy (t) dt @

CTT cRHEE, RiZEVERE, rit) dBMt TOE- 2 ¥ETHS, &1, factor ® 30
% 10° 8K U300 k2T ABLL % esuBfI~, c.g.s.e.s uw B2 VENOBEFKTH
5o ‘

ZOE,(t) ORIk D, FhO RBFHMES MR 4 LHES 5, COM, ©—a
BETFOHEA + LB LOEEOHASD S &, <N BTEMEHIC L5 KK COKETHE
BOEEE dn,(t) /dt i3 Putnam ® OBF BB = 7 VicfT 3 SRR TEZ 0N 3B,

dn, (t) Ip(t) ng(t)
—_— = ab
dt mrylt)? t; (1)
—a,ne(t)ni(t)—ardne(t)nd(t)—A-F 2

22T, FRBOREEDRIEEOREKZIROED TH B,

Mz 1) CORREBFHNICH—UBTEBEONEE— 62 FHEL, v—sEEHr (1) CEEORAOR
TH 5o
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Ip(t) : Bt TOE—- 4B (A)

@, : E—sBFICL B REFOEBRKT, 1o 00,(Ep) e THZ 5N 5,
ng RPHKTEE (cm™), 0, (Bp) Gz i mF— B, 0¥ —oBEFicH
THEREDA A LMK, e IBEFOEMNTH 5,

nelt) : B8t TOZREBFHERE (cm™2)

n; (t) : Bt TOE/ v— 44 VEEE (cm™)

nglt) : Bt TOFA v—4F YHFE (cm™)

o  BE-T /w44 BEAFE (cm¥s)

0y : BF—51w—4A4 Y ERESEH (cmbs)"

ti(t) ¢ E )ik 0IMES N ZREBTFICK 52K A 4 vt 1 B4 b DI85
(s /A& %) T, E/p (EREREE, V. cm, pRIUEE, Torr) @
Ba%

ROOELE 1 IR, E-oBFICLBEEA L LN, B2HEBE,(t)ick3 k44~
it (BFSEH) OH, E3IHRBIVEIAHRENWFNEF -2/ v — 1AV BLUPBEF— 51 =—
A4 vBESICXHERE SEHRMBEKLIBEETH S COBESTHER nsDI{ LAY
—NTRERBTE 3, COEIHLELFRIRO—BORIBIL X 5 E1E L1,

M+ + e~ 2 M(*) (A’
M++2M3E_+M;VFM (B)
M+ em—td , oM® ©

ceeMtdE /s v—A4 0%, M, F4v—A4 V% MIPERETH50EHFE, M
REBERES 3V RBERECHEETH50EATE, e~ REFAEKT 5,

D& S i LT L BRESKOKE t TO4MER op(t) (mho,/om B EELEYICK
RTHZL N3,

op(t) = 0. (t) a,;{t) (o, (t) + o (t)) ‘ 3

TLT, Ot BEU o, ) 3ENTNERt COBF—hHH T LOHRE TR INERLE
F—4F vERETHRE 5UBHR (Spitzer resistance DFEH) TH B, o, (t)RKRATEL S
BT LEdTIRLE Y,

nelt) 1
P Q&) * 9.0 x 1018

T (t) =120 X 107 (4)

TCT, CRFPOZRBETOFGT 2 F— (eV), Qule)id, TANVF-ceVOBT icH
+ 3 SO BH BB HEERGER (cm?)THB. £, pld 0°CTOREE (Torr) T, n,
=330 % 10%p (cm™) Thd. LARHD 1,790 X 10" O factor iZWBEBROBTEs™ 5D

mho,/cm iK% B BBFEMTH 5, '

%, 0y (t) RRRTEZ ATV,
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0, (t) =971 (25/3)%% / In (155 x 10°(25,/3)¥?% / (0 (t))V2) (5)

5L, RIOE,(t) DFRICL ), BESADCARRTEL 515 7 57 BB i o (1)
Asttid 5 ME D),

Loack(t) = 7 ry(t) 2 E (L} op(t) : 6
CORER, et E2 BN A EHROEHR . (tNHIKD LS5 B,
Lner(t) =Tt} + Tpaer(t) _ il

Al (t)/dt >0 D& %3, KPS E,(t) OBFBREEBIDT, [t DFE LR LE
B0 RUND Loy (t) RADPDI o (t) EEI—DSDTHBDT, ., (t) DEREKEILRHMBE, (1)
ik, $£12, E,(t) BEFEH, 77 XA~EEREBL T, () 2BRHBT LIE B,

BH, B/ 74 vBIOFTIv— 14 ODEBEERZNZhREELO)TEL LN B,

dn;(t) — I,(t} ng(t)

— . — . 2
m ik vy a nelthn;(t)— kyn;(t)nylt) t]
dnd(t) Y
at =kdni(t) no(t) —ardne(t)nd(t) (9)

7z, t(t) ERBBIRERESE ¢ OEAIXEIEpt, D (E/>OBI HoRXEBOTELA
2. . .

ti(t]=tf/(18.4p) . (10)

3. %*ﬁ&ﬁ@ﬁ&
3.1 EMRANHAY L, (t) OWA
E— L OBHIEMEHOLEEZH 5 % (1) GRATERSND,
£Lit) = (ay(t) + nalt)) /ag(t) | )
ZTT, nglt) RE—LBFHEE (cm™) TRDEHIKE5Z N3,
np(t) =L(t) (zr(t)¥ c Be) ‘ {12

BRAFEEICHT A — 2B TEEDLTH 5,

M 2) AHEDBA, v—sBROBCHBHEETZDT, BMERIEBZOYDRELERLIEL{TRES
WA, 1 Torr UTOMEEREBRNT, BF&BHENTFLOHEHEELZN D, TOHRI
EHTE 5,



" JAERI-M 9320

3.2 NOREHEITLS Gy TORE
DT (t) =1 LBET KA EMETDfIREM ty EERL, tnETRL(t)=1 £F5,

Oty PEITE, THBHEROMFRCLY, TRETRERINEIPEDIK U — o AL
HanWED 4 p o pav— LERNICEET S EEET 5. THbE, t< ty T,

' nelt) =0, op{t)=0, o, {th=0, o lt)=0, Inult)=02&35

BT, t <ty TOA A yDERIEREG), QLo icHiY, Witk s,

dngft) LMy )

= s = Kt nlt) 3
dnglt) _ () (£)? i
dt d nj Ny

5, BEtToO - LBREEARD ZRTY (1) £8H1T 3) 2RkAb OHES B,
felt) =L (t)2 11 —f(t)—B% | {15
BL, f{t)<1—82Tiriglt)=0&3 5,

33 t>tyTOME

BEALEAT
R
rplt)

9 2 1
c;=—30x10 °300~‘E§ [—2—'+1n }

Cz2= ﬂro(t)z

C;3= C,C

LBE, 4t 2WMOUEEETEE, RDEDt=t + 4t TDOE, (t + 4t) B KR TEEHIZ -
5% 503 EEET Bo '

E,(t +dt) - c,* dlpe /4t {16)

ERBD 41y = {1, (t +4t) +cy e op(t +41) E, (t + 4t) )} — L, (t) THEDOT, XY
RERANDLHHEEMZLON S,

Cl {Ib (t+At)—"Inet(t)} (17)
dt—cyeop (1 + 4t)

E,(t+4t)=

—its, E, (t +4t) @R THELoN3H, LXOHEEID op BTHROKIICE,(t) OEMEL
P &> TV B, THbB,
A3

CME3) o, t Sty TREMICXBIRS & LizEE T,

_4_.
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© 1 |E,(t)| /p OB

Qnle) : = OB

n.lt) : X2), @), QThE 3
=2, @), 9T .

ti(t} : 1E;(t)] /p DBi%Kk

a, = O

@y @ & OB

#-T, E,(t1+4t) QIELVOBEEZB LD, RD~QLBHEFELL BrREFHE LKL,
Z OREER, Swain DX VOHEEBECLTROLSKRAT » FTITE S,
RFy 7D op (ty)=¢, £F 3, 32Tl LI, 1Sty TRt =0 THBDT
6, =0TH5, or=0, LLTHRMNLVEDE, (ty + 4t) %KW, EZ1&9
B,
AFy 7@ :ty~ty+ 4t B, EZ1 2RS4, K2, B), 9% 4 kD Runge-Kuttaik 1)
THE, t=ty+ 4t TDnlt), n;{t), nat)Z2KH 35,
27y 7@ : |EZ1| /p THRERE, Qule) BLTLTRDE n(t)EAVT, K, @),
(Bl&Y t=ty+ 4t TORD oy = 0, KD 5,
A5y T® 0, & oy, AHEL,

[a,- oy, | S < e M . @

BRILBOE &R, 0,=07 0" & LTo, kD, cDo, 2HLV 7,
ELTRTy 7Dl b & pHES '
LBORF oy TEABPHESNSETRYEL, MEShLED o, n,(t) ZOE% t=
tn+dt TOEMET Bo t=ty+ 24t TR t=ty + 4t TOEREE S LFRDRF Y7
EROEL, EMERDB. DT, PR TIEENB . $ CARDHELRDES,
7, EFICEEATO fp(t) ZRATIHET 3,

fpt) = Iee(t) I, (t) B2 (19

&5, R9BLCAWOBAER £ — adblih LB O BBH TRE LGB IcdET 3Y
DT, COBEPELEIFIEROONE LS L, £, HERrt) =—EDREDO T IR
Z&icd s,

ML)  cOlfiid, BESEEFOELTEL FHETE, 001 &Ll 27, a>0T7L454%
e 32 EBHSh TN S 1)
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4. HET79r/I A

AriRB43EEBEOT a7/ 565 5RKIC B E LTHRESN, CCTil, BxAdoidse:7
075 AhOEHZOMGEE, &7 Fa e v—FryO7a— v~ LEEEER<S,

41 BR-EBROHG

Table 1iZRd,

42 MAIN PROGRAM

MAIN PROGRAM® 7 o — ¥} % Fig. 1 & Fig. 2139,

AT~ 3 (ISN
ISN 00118 ~ 00123 :

ISN 00143 ~ 00148 :
: SUBROUTINE GALOPiC & ¥ t< TNT® EN1%EDhHEEE,

ISN 00149
ISN 00154 ~ 00160 :

ISN 00159 ~ 00167 :
ISN 00168
ISN 00169
ISN 00170 ~ 00176 :

ISN 00181 ~ 00186 :
: HEEROS B, All(]), AIN(]), EN1{]) % SUBROUTINE PLOT 1

ISN 00187

ISN 00188 ~ 00189 :
ISN 00190

7075 AhORIOEKE
{4 SEQUENCE) .

COMMONEE,

SUBROUTINE GALOP TO#BEORE.

folt)=1&%3 TNEXEHS (SUBROUTINE GALOP & WALTZ

DRERDEREED D) o
SUBROUTINE WALTZ D #IEDFEE.

: SUBROUTINE WALTZick b, t>TNTDEN1ZolH D,
: Bt > TN TOHER T OYIE,

SUBROUTINE WALTZ 0% L iIEO%SE,
HEERANES 5,

T4 7V v bie7 oy +g 5,
GAS PRESSURE /v — 7% KUEEH NPIEHTS 5,

: P(I), TN(I), SUMI(I) ZEFF 3,

4.3 SUBROUTINE GALOP '
Jo—v—+%(Fig. 3R LI, CORI7a 75 4, t <TN TORHIEEHET 3,

ISN 00070~ 00076 :

ISN 00077 ~ 00078 :

ISN 00080

ISN 00082

t=0(J=1) TOFE, EZT, PMN, PDN{E:X5ZX3 (t=0 T®&
FE, EZT 2EHTER L =8) .

AIT 13856 t ToOvE— ABHE, AITHRERE (t—4t) TOE—A
B,

: SUBROUTINE RUNGE! Tt=t TOPM (£/ < —4 # YE&E),

PD (¥4 =—4 F vHEBE) ZRDB,

Bt TOY-ABTERESZ 5,

-6 —-
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ISN 00083 : Bsf t TOEMERBFRR FE 252 50

ISN 00085 : Bl t TOhHSEE (Torr) 252 5,

ISN 00086 :fp=10—BE—f (t) 5% B,

ISN 00088 ~ 00103 : Bl t COBENEROBATIES® 3, WPI(]) & ALPP(] iR 4EID.
SHETEIAE

ISN 00106 ~ 00117 : fp > 0DEHF R - LEHERTSDTAIN]I & BRF TEERTEI,
fp=0®& &I AINI(]) = AIT & L BRF, BRF(]), SUM1 2E»
T, TORT a5 ax#hbd,

4.4 SUBROUTINE RUNGE1
t<TN (t=t + 4t TORBTIXE{) TOPM, PD% 4 KD Runge - Kuttai: 1V vk 3,

4.5 SUBROUTINE DIF1 (PM,PD,T,PI,G2,G3, RK)
tSTNTDE/ =—A4 Y, F17—4F VERDOBBIFEREEZL 5, G2, G3RkZFh¥F
w03, Wickind 5,

4.6 SUBROUTINE WALTZ
B t > TN CTOSRinHEF@E 2 H TS, 70— v — | £ Fig. 4 KFR$,

ISN 00377 T t=t+ 4t TOE— LEHRIE,

ISN 00378 : EZ 10 E RIicHis) o

ISN 00379 tEZ1 %2 t&kbt+ 4t OfEREE/ESDEN, PM, PDOi%4 K
@ Runge -Kutta Tk 3, .

ISN 00380 :ENKORBLGR by 7EHB,

ISN 00386 ~ 00388 : FREFEDIHKEELEZ 1 DfE» S5 E/p OMEELTDE, F15bb,
EVZ 23K 5,
ISN 00389 ~ 00392 : o,; £kH3 (HAHERGE) .

ISN 00393 - D O RDE EHEFEARUED,
ISN 00394 D0 #5AB,
ISN 00395 : RBieRtsd 5,

ISN 00396 ~ 00399 : RO R F v 7@ILXWHTF %0
RPDEMAHR SN L &, ISN 00400 LI FostEaTHED 155,

4.7 SUBROUTINE RUNGE2
t>TNTDt=t+ 4t £k 3 EN, PM, PD % 4 &RD Runge - Kutta TK» 5,

BES) t=tN+ Jt TORFOHMOMEDS 0y =0 ThH 555, [SN0039T OHMHM Tt o, X 0 T ¢
TRESHODT, o OFMAEL L T0.0001 LIFORERICEZ 7o,

-7 -
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4.8 SUBROUTINE DIF2

t >TN COZRETF, ©/7—44, F47—41F EROBRDIFHERNEEL S, F1,
F2, F3shzhid2), @), Oitd s, RCZ (BAHEA TR e, ) & FUNCTION RC
(EVZ) t5%3, RC2Z (a,4) i3 FUNCTION RC2 (EVZ) THEZ %, %7z, EVZ i3,

FUNCTION EV (Z) THA %,

4.9 SUBROUTINE PLOT 1
All(Ji, AIN(]), log (ENU])) %54 >»F Vo —Lic7ay b&H3,

4.10 FUNCTION Al (T)
Z Z Tt Febetron 706 O & — o &ik ¥ (1° = 8kA, ry=06cm, t, =22ns, tg, =05
ns, tg=25ns, B=0857, E—LEBEFOFHT x4+ —480keV) AV,

411 FUNCTION PTF (Z)

Ar 293 5 Felsenthal & Proud o #5@H% ORISR pt; OEAIE ¥ 0N & v E/p oMK
LLT3BAERUW L (—FANESEEE), Lagrange OB WAV T, FROE pic
B 5ot ExHYHICEH, FAHATESX LT,

412 FUNCTION EV (Z)

Lakshiminarasimha & Lucas Po D L/t DFEAE (DL REBESHAEEHHFR~OBTFD
EHERY, #3BTOBYE) »5, ArhOBTFORY s vF~c= 15D, /s OPAFER%
AOTRDize LD, E/p OBME LT3 A (—BAMESZEL) 2R L, FUNCTION
PTF (2) LEBEAFETERDEp itk 3 c EAFIATES L5 LTz,

4.13 FUNCTION QM (EV)
" Frost & Phelps ® Q, @ ¥k b 13 5% RUH L, FUNCTION PTF (Z) & ALK ET

FEOC KBS Q  MEFATEAESiILLT,

+.14 FUNCTION RC (EVZ)
BRETFEA 4+ Y OBTF L OB e, 3—ic, 10 emds UFTH3 WoT, zzT
BHLAkEHDa, =10 x 107 em¥s 2HVI, o, BAFEA 4 T, BE, c0MAKT

H5H0T, LTTRMMEELTEZ .

4.15 FUNCTION RC2 (EVZ)

Ar,t LETF OB AHK @, i3 Mehr & Biondi ik & b DBFEE 10000 K YT ey =95
X108 xe 0T L LEZoNTVAY, ZZTHE, 1000KLlETEZOXEEELTEOSE
EAVF, BL, ArDE 144 ALRT v o 00 1576 eV ELETHE a,y =0 & L=



JAERI-M 9320

Table 1 Correspondences between notations and variables

in in for

equations | program | output unit remarks

induced electric EZ1
field Ez(t) {gzic | B2 | V/em
. given by AI(T) at
beam current Ip(t) AIT etc | ATII(J) A a function of t
. T
net current Inet(t) AINT AIN1(J) A
AIN

plasma back current Ip(t) AIPB A

(e,n) conductivity Ten(t) SGE SGEP(J) |mho/cm

(e,1) conductivity geilt) SGI ' "

; . SG1
total conductivity op(t) {sclc SIGL(J) o
number density of _3
secondary electrons Te (t) EN,ENN | EN1(J) cm
number density of ny (t) PM,PMN | PMP(J) "

monomer ions

number density of

dimer ions nq(t) PD,PDN { PDP(J) "

number density of

beam electrons np(t) BEN "

mean energy of z EVZ EVP (J) eV given by a .
secondary electrons function of E/p
recombination, coeffi- - iven b

‘cient between elec- oy RCZ cm3/s gu:x,c: ioz zf z

trons and monomer ions

recombination coeffi-
cient between elec- Aapd RC2Z cm
trons and dimer iomns

3/ given by a _
function of ¢

s/ion | given by

]

t
mean ionization time ti(t) TI , encting of E/p
rate constant of RK molgc.
dimer don formation kg -:!_1_11
space charge . ]
neutralization time tN TN TN(I) ns
chamber radius R RW. cm
beam radius ro(t) RB em
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Table 1 (continued)
in in for unit remarks
equations | program | output
space charge
neutralization factor fe(t) FE FEP(J)
gas pressure P PI P(I) Torr |at 20°C
number density of -3 - 186
neutral molecules no(t) GD cm ng=3.30x10""p
momentum transfer col- Q o cm? given by a _
lision cross section m function of €
ccefficient of produc-
tion of secondary _
electrons: by the b ALFB =NgOion/e
direct ionization
ionization cross section gj,,(Ep)| SION em?
factor determining - 2 2
the beam radius fp(t) BRF BRFP(J) Ib(t) Il fe(t) B '
light velocity c SL cm/s
tentative conductivity o1 SG1 mho/cm
conductivity given
by Ez1 Oic SG1C "
induced electric field :
given by a tentative E,(t+At) EZ1 V/em
rA
o1
induced electriv field EZ1C EZ(J) "
given by a o1,
o ALPHA assumed to be 0.8
EPS assumed to be 0.01
(3] Ccl
Co c2
c3 c3
1st ionization
potential EIP ev
SUM + BRF*H SUM SIM1(J)
1- fe(t) - Bz FD
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Table 1 (continued)

in in for unit remarks
equations | program | output
time step for -12
calculation ae H 3x107"%s
rise time of the TR
beam current s
peak time of the :
beam current F "
down time of the
beam current D "
end time of ~9
calculation tend TEND 10x107"s
peak current of P
the beam I AlP
number of gas pres- NPI
sure calculation
write out every . NP
NP points
correction factor . EzP 0.93 for a cylindri-
for equation (1) cal beam
2 1st term of
epIp(t) /1ro” | TERML equation (2)
ne(t) /e (L) TERM2 2nd term
~o,na(t)ny(t) | TERM3 i 3rd term
-opgie(t)ng(t)| TERM4 4th term

- 11 -
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writing

\_/I/'\

gas pressure loop

-

setting of
a gas

£

setting of
initial

time loop

setting of

‘ ini

tial

_time loop

out of the input data

pressure

values

calculation for Ogt gty

values for t >ty

WALTZ I

L’ calculation for t > ty

-judgment of the endpoint of
calculation for a given pressure

out of the result

writing

STOP

Fig. 1 The

judgment of the endpoint
. for gas loop

out of the result

flow sheet of MAIN PROGRAM



time loop
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GALOP

Fig. 2

TN(I) = H/1.E(-9)

T = FLOAT (J) *H

J=J-1

|

TN(I)=T/1.E(-9)

FE=1.0, EN=0.0
PM = PMP(J)

PD = PDP(J)
AINT = AI(T)
SGL=0.0

WALTZ

l

The details of the portion judging f.(t) =1

in MAIN PROGRAM

- 13-
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START

i

time loop

setting
of AIT, AITH, TH

calculation of PM, PD at t
RUNGE 1~ by the 4th Runge-Kutta

FE, EZT

PT, FB, FD

memorization of
the results except

for BRFP(J)

YES

NO

BRFP(J) =0.0

calculation of

J=J+1 BRF and SUM
T=T+H
memorization of
BRFP(J)
END

Fig. 3 The flow sheet of SUBROUTINE GALOP



the loop of time t+ At

JAERI-M 9320

{ START )

Ci, C2, C3
ENIF

|
TT, AITT

setting of
EZ1l

1

calculation of ENN,
RUNGE 2 PMN and PDN at t+ At
by the 4th Runge-Kutta methed

a new SGl

calculation of
EZ1C, AIN etc.

memorization
of the

- caleculated
results

END

Fig. 4 The flow sheet of SUBROUTINE WALTZ
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5. AriZoWwWTHELEFHEERE

Ar Do, (480keV) =999%x107¥cm? 1, 5 v— M4 vERDOEET kq=21x10"3
cm® molecule™ s™! V&ML, Fi1, =06 O—EDRED TR, KEE2, 5, 10, 30,

50, 80, 140

, 300 Torr TELH 1, (t), E (1), IE, ()P, nlt), oplt), nylt) o

HEfEFhZEN t OB E UTFig. 5 ~Fig. 10itR L7z, LhODEROEHNBBZROE

DTHB,
Inet(t)

E,({t)

IE.{t))D:

n(t)

o, (t)

nd(t)

: Fig. 5

10 Torr SLTF TR, 1o lt) idd 2RI BE—EETIEYM, JEKE»S
{18B &, t LM UBKEZETE LT 5,

. Fig. 6

t EFRITHE, ()] BEPDICHDL, HHFHLUKE, DRIEShb 1%, &

UEmt 5,

Fig. 7
t Lk EPHIEDPST B LI, SEEOEMELCEYT S,

: Fig. 8

SUEESEL LB &, ~NARBERTOEMMBRE (L5, ©— 7 BREMHE
D3nsiE TOn (t) IR 10¥ cm P DA~ 5 ~THY, 50 Torr Ll ETiREHE
EAd EFICRBERICH B,

: Fig. 9

WTmrqum,aﬂﬂ@ﬁ%ﬁm5~6mmyhnmﬂétéﬁ,ﬁﬁﬁﬁ
@B &, oplt) DBREMHI 1 mho/ecm AT &7 5,

: Fig. 10

SUATE £ 61T ng(t) EIRA S < BA5, 300 Torr THRIKIEIR 10" em™* DA —
F—ThHb, BATHn (t)BOBBUTTH %,

BlR LI o7h, n(t)ERn ) EEFEALBLETHD, SBEESELLBEETI = —
EAAvERIREOEDT 2, ZORLOEEIn(t) BOMELUTCH 1o T/, BRL
Kipoteds, RO TRETFOFHI A 0F-cid, SBEELRBLALBBRICI~11eVTH

ey L2 G)D

ME6) CocBRAREOHN» SBONIZ6DTIZAL, BITE, (1) /p OB L LTDOXRR12)
DDy /B DEPSMELIODTH B
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Fig. 5 The calculated values of the net current
inet(t) as a function of time for various
pressures of Ar. The solid straight lines

show the beam current

E; () (kV/cm}
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Fig. 6 The calculated values of the induced
longitudinal electric field Ez(t) as a

function of time for various pressures
of Ar
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5 X! A _ Fig. 8 The calculated values of the number density
i !! ; of the secondary electrons ne(t) as a
'l
0 2 6

function of time for various pressures of Ar

TIME (ns)
Fig. 7 The calculated values of |Ez(t)‘/p as a
function of time for various pressures
of Ar
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6. ﬁﬁ%?wm%%ﬁ

KEENVPIZTE L ENIKBENVIETFRO £ — LBESHE, E-oadlilitod5EH
EACBEVEBICERE LTRIE LSS, BUERD,, #X0T5i15h3 Y,

Fiv I (t2 |1 —f (t)— B2 |
Dobs o< J. i

0 e (t)? dt

t z —
+J’ p Inet(t) Ib(zt)ﬁ dt (20)
tn e {t) ‘

CLTae(t)@E—L e 231y 9 YATE- LBHORBMEEROIRETE S, T, tpo
v AEEREER (Febetron 706 Ti3#52ns) T 5o

BORkEFVORYEAELD L1, elt)=—F & LT, 5.OKMETEOREECRD SN
1-XADOEAEE ty DLz Table 21CE &3 LAKBREBDO Ry — VTHEFEOME &
LT, Fig. N ficOMNERL, MPicABITRLUAZAREE KT 2 (RbofioiES i,
- L BROHEE 5 4 — 5 —E LTELLSE I BEORWOBEAETHS) o %Mﬁi&@
BB & 108, BABEOSHEREEIZIRBOTNE LS HELTV 30T, €570
RBIEELEEEDEEL B, Fig. 110 300 Torr B TEAEBLEELT 50HE, [ERFICE
5~ REFHOEEMHic L 5 7,

L0 THEALE - LBROMEDES LU £ - L BRI FEIRABHZ0T, ZHhdHO
EAE 52— 5 —HREZZBEDHEMOEI D TRITT 5, Table 3% Input Data
A% Ltz (Fig. 5 ~Fig. 10 [dInput Data | ZHWTE OGN/ bDT, TDInput Data %
HEEL L THOD Input Data TREFAOMOSZLMLI) . 59, RNOOHSEIKEZ 58
B4 Fig. 11ICR LT, ZOEMERCH L TRE - 2 ¥ BRIV - LoBHOTS EHO B¢,
DELDDRISRE VS, ©— LEEHBEDOEL L BSICBPRIDSN T EXbh B, &
Input Data ZRUVTREE 10, 50, BKU 140 Torr THRONIt =t, TOELHHEHKE
# Table 4icE L, ZNHDEDDS, E— 7 BREBLTt, OBEOELE, n (t) ED
BEFAHREZDLOTREVZ LSO S, B~ LEROE(IC LS n(t) EFOXELRIT
REOD, CREREENSE— 2 EED 2 RICR AT 57207, FENICAIEE G150,

PlEo®sh» o, FHEDEFMIRYLELDEELILNSY, Fig. 5~ 10 D EZRIIL
WO & HBEOREELC LICERT PLEFD Do
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Table 2 The calculated values of the
integral in equation (20) and
ty at various pressures of A,

gas pressure the value of ty
(Torr) the integral (ns)
0.1 0.00325 4,60
0.2 0.0139 4,09
0.4 0.0431 3.35
0.6 0.0694 2,91
0.8 0.0892 2.57
1.0 0.0997 2,27
1.2 0.1050 1.95
1.5 0.0944 1.56
2,0 0.0787 1.17
5.0 -0.0431 0.47
10 0.0321 0.24
20 0.0318 0.12 .
30 0.0351 0.08
50 0.0434 0.05
80 0.0557 0.03
140 0.0735 0.02
300 0.0930 0.01
500 0.0974 0.005
760 0.0995 0.005
Table 3 The list of the Input Data 1 ~ 5
Input Data Input Data' Input Data Input Data Input Data
1 2 3 4 5
¥ (a) 8000 9000
r, (cm) 0.6 0.8 " 1.2
ty (ns) 2.2 3
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Table 4 The summary of the values of the representative variables
calculated using the input data in Table 3 at 10, 50, and
140 Torr of Ar
gas Input Data
pressure
(Torr) 1 2 3 4 5

Tpee(t) (&) 2180 2310 2300 2520 2070
Ez(t)  (V/em) 345 315 371 418 306

10 op(t) (mho/cm) 5.60 6.48 3.08 1.34 5.96
n (t) (10!%n™3) 1.73 2.00 0.942 0.399 1.83
ng (£) (10%5em™3) 1.73 2.00 0.942 0.399 1.83
ny(t) (10'2em~3) 0.123 0.141 0.0692 0.0300 0.146
Iee(t) (&) 3070 3150 3330 3780 3440
Ez(t)  (V/em) | 1280 1120 1350 1820 1330

50 op(t) (mho/cm) 2,12 2.48 1.23 0.460 2.14
ng(t) (10%%em™3) 3.05 3.54 1.80 0.693 3.10
ng(t) (1015cm™3) 3.05 3.53 1.79 0.692 3.10
ng(t) (10}2cm~3) 4.97 5.83 2.75 1.12 5.07
Inec(t) () 4510 4780 4710 4950 4890
Ez(t)  (V/emw) | 3430 3440 3420 3400 3420

1o |oz(t)  (mhofcm) 1.16 1.23 0.686 0.321 1.27
ne(t) (1015em™3) 4.62 4.87 2,72 1.27 5.02
n;(e) (10'5cm™3) |  4.58 4.82 2.69 1.26 4.98
ng(t) (10%2em~3) | 40.8 49.5 22.3 9.14 40,0
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7. FIREROMEN

Twmzziutxﬁm,mnnmmﬁm;?ﬁszaﬁéo?%&,ﬁmoﬁﬂu%
2HDAHEN D, THbE, [() & c(t)RE—LEEDLDEEZLLNDDTE, Fig. 11D 10~
150 Torr TOEHFEBOMEME Fig. 5 D1, (t) DFEEREWVEIEZ &, ERRBOEMIT
Tper(t) DMz X BT EDSbId 5B, B-TC, LEEENETO €— 2 BHOMFITIL, 1. (t) 18
ROBFERATLE LV, TCTE, RROETAEL LTI0 Torr & 140 Torr 2 &0 EiF
TUUT RN S 5,

Fig. 12 i€ 10 Torr & 140 Torr TD 1, (t) DFEREEETRST, HpSBES» L ST, 140
Torr Tt 10 Torr DEFEED 1, (t) LNV, T4 DB, 10 Torr &#&-T, 140
Torr Tl (t) B—BEREIMT 301, I (t)BTRERENBEVED, [t itkde—aE
PRSP RFELUB LD TH D, i 4 (t) i3, ROTEAOND LS, E,lt) & oplt)
OMICHBE 5, 22T, EHOORFHEKRNTH 308FF 578, 10 Torr TOE,(t),
oq(t)iCxfd 5 140 Torr TOEZNENDEDOLEMD, ZOEMIALEFig 1B3IKFLI K
Pobhd LI, E-sBFORRAMEENS 1~3nsTH, E,(t) i3 140 Torr OFHH 5
EREKE VA, oplt)3Hic 140 Torr DEME 1/ 10 EBETH S, $75bB, 140Torr T/hS
12 Lok (t) S, Ei/DhE W oq(t) BRETH BT L DD B, '

op(t)iToNWTERBE, 5T~ LI, CHKRERFIRBEALEELRVLOT, Rdbho
Q{1 eV? izt Ae—gEE BnuesWED, 325 oplt) dko LS cEEKRD SN 5B,

n.{t} 21

op(t)oc

n{t)iIE-OWTR A3 &, Fig. SRR LAzLIIK, t=2~4ns TD 140 Torr TD n, (t)HIE10
Torr OED 2 EIREOKE S THD, —FH, JBHER 1445TH3, +4bb, 140 Torr T

op(t) BRERBARESHVERG, [EEOEMOE&IE~n,(t) OEMOE&GHIEEHIC
PMEVDTH B, TDn (t) OEMA/NSVRERAIL, Fig. TIRBLIKIiE, [FESKEL
1538&, |Et) ) /p W&, E/pOBABRTH St (1) EBKRELKES Vb ThHB,
t;(t) AT 3 L, RROELE 2 FOFEHDIEL, R2ADdn (t)/dt HhELEEh
5Cdh %o Fig. 14 & Fig. 15 CROOEBOEADEDOENLENET Lz 10 Torr TIAE 2
HOEE5ME | HOFHILH~ 100 f£EC K&V (05~35ns) %, 140 Torr TiX, H2HD
HHNBERHRD LTO 5 L bbb B, d%, AENES, 44 v —BFEREICLETR
BTOHERZREATERTI AL, BLY, 140 Torr CRIA~—EAF ViR EZ _KRE
FRYLEED, &/ v—FEAF Y DEFRIRENKENT EdbHh B,

BMET  10Torr BlETiRoi(t) OS5I IELEAERBTE 3,


http://lE.lt

- 62 —

T T T T l‘/
- /' ~1
N 140 Torr/- _
~ = /. -]
< ‘
= ot £
EE R 4
X
(¥}
S I~ -]
- " 10 Torr J
= -
-5 | -
\ | | . ] 1
0 2 4 6
TIME (ns)
Fig. 12 The values of the plasma back current

Iback(t) as a function of time for 10
and 140 Torr of Ar. The negative values

show that the plasma back current streams

in the opposite direction of the beam current
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?ig. 13 Comparison between the calculated values of
GT(t) and Ez(t) for 10 and 140 Torr of Ar
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Fig. 14 The calculated values-of the 1st, 2nd, 3rd

and 4th terms in equation (2) as a function
of time at 10 Torr of Ar
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Fig. 15 The calculated values of the lst, 2nd, 3rd
and 4th terms in equation (2) as a function
of time at 140 Torr of Ar
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AFETIE, PHENRCOE— AEHORRRTERHT 5120, NV RETFHRICKS Ar
KD TORETEREBE L BERIMBREZBERICL LY 20— ¥ 3 VEITHEL, Z0OH
EORF»OIRD K HBHBEERSMIC LI,

(1) 10 ~ 140 Torr DHEEHETO '~ A$ﬁ®%¢ﬁﬁﬁﬁm1mdﬂmﬁﬁEmﬁﬁf

HPSNB,

(2) Toei(t) i 10 Torr LT TR, »2EMLUZKIZIZIT—EEEL 20, [EESSLLE3 L,
1B R BRI EE LT Ine, (t) OIS { 105 Likic, t DEBELARIEMT 5,

(B) KBEEFHDITLICL D, (t) OB, [BEHSERBE, ot BRDL, +
SUBBHRLFNL VYD, E-aBROBHBERELETHTH S,

1) Eoepit)DEibiE, KEESEE AL, |E, ()] /pEMEDL, BETIES N
REFiC L 3BHAEBARD L, RhOZRETEHEED BN HKAEDO M T~/
SVHTH 5,

6) EVERISBHSNIRET TR, ~VRBTREHICL D [EORELA F v LH T
L, BRI 75 X=nELTV S,

B) ArdiTid, NAVRBREENTOA 4 Y EBTOBEZKARLS ZREFONERIEEA
CEETXB,

Lo DERBMOBE—KEIC DO THLHEABETE 38D EELLNS,

P~k Hic, ZRETHERLLT 0SS ik, ~r2BETRBHKAKOEMERE ORI
. KEBDTEHTH 2. L0707 03— BlEERHETERINTH 50T, T—RE2BL
BEGTHERD £ — sBREK OV AETH, 5501, LEREHOTHEEt WES xg
RBEHHERQ,, ESTOREPOKETOEH L ¥ SOHEMOFEDKKicHo»
THATETH 5, 356, MBLT R4 L2y —nIKIBELET, BI7 v 5 450 Runge ~
Kutta D4 S i, 5503, JOFLVWRIEEHA DT ELBETH S,

A6, BFROMELFACRETS SREMNIELBETA P TORBICEH BRI
BRTH B, BTRMEMALEDSE 082 EOEERS D, BEICR, BEOEARH NS
THBH, ERRTOA 4 VLEREL EBLUTF) 0T, EMcE, RETHIThss,

‘HEB) ty DEMEOH SN TOROZUKIC DN TIE, Townsend D 1 EMEEM « (1 F »H¥ cm),
BFOBYAE w (em/s) DHSHTO B354 P IconTik, KRLDKDONE L, HERAL
BLENTE S, .

ti=1"(wa) (22)



JAERI-M 9320

& &

APFZILIBAI 46 ~ 52 EOM, SHTEFFEARCEE EICHEE GEFTAHR %
LICHED 5N T & AEPTORBE LA BTFROECERBEROTES ok L1 IE%,
EEDOATHETHEIS (B 52 F~ 555 , KHBLEOEBEROREO—RE LTH
HotbDTHB, KILMENEECER B, 27, APEEEDS L CHERLE
W E TR A BB ZBARFAF RS L CHBEEFRRICIS DBRMEL ErE ¥, 1,
REWAFHE LY s —SEBRRCEETHESAACE L THESRLES, B8 6 &
BE—Ricid 70 /5 sk & BERFIRICE LT, BELANE LAHAEEC T LERE
LT, MRICESERFRLE T, £/, %707 % 4ho Lagrange O#ElEORI 3 LiEE X
2THRARRPRISOBIBTIC L 5 2 & 27 L CHERKBICRME L%,
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& — Ar iCET 3 EBRED T2 ST 5

c +
c SIMULATION OF GAS 10ONIZATION E)
[ []
c TIME : TIME(NS) 1
4 All 2 BEAM _CURRENT (A} 1
[ AIN1 .3 NET CURRENT €A} 1
[+ EZ .$ INDUCED ELECTRIC FIELD {V/CM) L]
[ S161 : TOTAL CONDUCTIVITY (MHO/CM) 1
[ SGEP t CONDUCTIVITY DTERMINED BY ELECTRON-NEUTRAL COLLISION 1
c {MHO/CM} | E]
c TERM1 : PROOUCTION RATE OF SECONDARY ELECTRONS BY BEAM ELECTRONS «
4 {/7CH#»s3/5} ]
[+ TERM2 : PROOUCTION RATE OF SECONDARY ELECTRONS BY ELECTRON ]
Cc AVALANCHE (/CM»23/S) [
c TERM3 : CONSUMPTION RATE OF SECONDARY ELETRONS BY MONOMER IONS ]
c (/CHe93/S) 1
[ TERM4 3 CONSUMPTION RATE OF SECONDARY ELECTRONS BY DIMER 1ONS ]
c ]
c ]
c EVP 2 MEAN ELECTRON ENERGY (EV) ]
c FEP 2 SPACE-CHARGE NEUTRALIZATION FACTOR ]
[ BRFP 3 BEAM RADIUS FACTOR 1
[ EN1 2 DENSITY OF SECONDARY ELECTRON (CHMss=3) ]
c PHP $ DENSITY OF MONOMER ION (CMe#-3) L]
c POP s DENSITY OF DIMER ION (CMee~3) ]
[ wP T ELECTRON DRIFT VELOCITY {(CM/S) ]
Cc ALLP 3 TOWNSENO®S FIRST 1ONIZATIDN COEFFICIENT (IPS/CH) ]
[ ]
[ .
c »
[+ . L]
CHE988320 0020008408000 RIS RRREI ARSI EIFIFIE S HN SRR SER BRI SRS B AR RRBA %O

COMMON/BLKDAT/ SLPAl.BETHA
COMMON/BLKIND/ SION+TReTFeTDoHeAJPgRW sRBo ALPHA2EPS o NP

COMMON/BLKTN/ TIME{2100)4sA1112100)¢AIN1(2100)+EZ(2100),S1G1€¢2100),
+SGEP{2100),TERM1(2100),TERM2(2100)o TERM3(2100) +TERM4(2100),
+EVP(2100),FEP{2100) 4BRFP(2100),EN1({2100),PMP(22100),P0P(2100)y
+WP(2100) ,ALPP{2100) s SUM

c
COMMON/BLKINP/ EZY9E2P¢SG1lySGICoAINSAINTHENPH4PD+ENNPMN4PON,
+C14C29yC34RX
c
COMMON/BLKRC/ FIP
4
COMMON/BLKEZIC/ EZ1C
c
DIMENSION P(25)¢SUM1(25),TN(25)
REAL#8 ANAME
[V
READ(5:99) ANAME, NPI, FIP
READ(5+100) (P(1),1I=1,4NP1)
REAO(5¢101) SION TR oTF «TD ¢TEND oH RK
READ(5:102) AIP HRW +ALPHA,EPS EZP sNP oRB
c
WR1ITE(64200)
WRITE(5,201) ANAME
4
WRITE(64+202)
WRITE(6,203) SION 4RX - sH oTEND TR +TF 70
WRITE(64204)
WRITE{6,+205) AIP 4RW ¢ALPHAEPS (JEZP oNF
c
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00149
00150
00151
op1s52
00153
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©
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80

10

15

40
sp

30

70
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JEND = 1IFIX{TEND/H)

1 =1
Pl = P(I)
WRITE(6+206) PI4R8

C1 = =(2.0/S5L%32)%(ALOG{RW/RB) +0.5)%300.043 .0E9EZP
C2 = PAIsRB#»2

C3 = C1sl2

J =1

T = 0.0

PM = 0.0

PD = D0

EN = 0.0

SUH= 0.0

CALL GALOP{TsJsPI)
IF(FEF(J)«GE.0.99) GO TO 15
T = T+H

J = Jrl

GO TO 10

IF{J.GE.2) GO TD 20
TN(I) = H/1.0E~9
GO Ta 50

IF(FEP(J)eLTe1.01} GO TO 40
J = J=-1
T = FLOAT(J)#H

TN(L) = T/1.0E-9
FE = 1.0

EN = J.0 .

PH = PMP(LJ)

PD = PCP(J)

AINT = AINI(J)~

561 = 00,0001
EZ1C = EZ(J)

CALL WALTZ(TeJsPI)

1F{J.5E.JEND) GO TO 70
561 = SG1C -

AINT = AIN N - -

EN = ENN

PH = PMN

PD = PDN

J = J+l

T = T+H

60 TD 30 L . . et e ket ——

SUMI(L) = SUM

JP = IFIX{(TR+TF+YD)/H)
NPZ = NP»2

WRITE(6,4207)
WRITE(64208) (TIHE(J)vAII(J)oAIN!(J)vEZ(J)'SIGI(J)vSGEP(J)-
+TERHI(J )} s TERH2(J) o TERM2(J) ,TERH4[J) 9J=12JP¢NP)

" WRITE(6,208) (TIHE(J)vAII(J)'AINI(J).EZ(J)-SIGI(J).SGEP(J);' T

0TERH1(JirTERHZ(J)1TERH3(J)pTERH‘(J)9J=JPf1-JEND'NPZl

WRITE(6,209)
ARITE(64210) (TIME(J)+EVPLU) +FEP{J) 4BRFP(JIJENI(J)yPMP(J)PCP(J)
+WP{J)sALPP(J) ¢J=14JP¢NP)

WRAITE(64210) (TIME(JI)yEVP(J) oFEP{J)+BRFP{J) +ENL(J)PMP(J)PDP(J)
+WP{J) rALPP(J) »JnJP+1 s JEND yNP L)
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CALL PLOT1{JEND)
I =141 S
IF(I-1.LT.NPJ) GD 7D 50 ' , N
WRITE(6+211) (P(I),TN(I}sSUMLI(I)sI=14NPI)

99 FORMAT(A8+14¢F6.2)

100 FGRMAT(TF6.1/12F6,.1) LT
101 FGRMAT(7E11.2)

102 FORMAT(FB8.194F642¢14+F6.2)

200 FORMAT(1H1///10X:*SIMULATION OF GAS IONIZATION')

201 FORMAT(1HO9 10Xy MEDIUM GAS="4A8)

202 FORMATI1HO+10Xe"SION(CH##2) " 41Xy "RE(HCH=2 CH#%6/5)7 45X H(S) ",
+11X*TEND(S)? 412X, *TR(S)I? 312X+ *TF{S) "+ 12X, "FO(S) ")

203 FORMAT(IHO94XsTE17.3) A
204 FORHAT(IHO'12Xp'AIP(A)'y4X"RH(CH)',ﬁXo'ALPHA"6X"§PS'gTX.'EZP'.

+6Xs NPT} - JE

, 205 FORMAT(1HO+10XsF7.0,4F10.2,17)

206 FORMAT(///1H1,15X,"GAS PRESSURE P=?,F6.1+2Xs"TORR AT 200C*,
+10X,TBEAM RADIUS =7,F5.2¢2Xs"(CM)*)

207 FORMAT(1HO¢3Xy*TIME(NS) 9 1Xs "ALI(A) 794 X¢"AINLI(A) 43X ¢ "EZ(V/CH]Y,
+1X ¢ PSIGL{MHO/CM) ' s 1X o PSGEP? 42X, YTTERMLI(/CH##2/5) " 2Xs "TERM2? 98Xy ~

+°TERHA? 48Xy "TERM4 )
208 FORMAT(1H :F9.3¢ZF10.1.F11.2.2F10.3;4E13.3)

209 FORMAT(///7/72Xe*TIKEINS)® 46X "EVPIEV) *95Xs *FEP? 46Xy TBRFP? ¢ 7X ¢
+PENL(CM¥a=2)%,2X) *PHP (CHe%=3) ", 2X ¢ PPOP(CH38=3 )7 )4 Xy "KP(CH/S)? ¢ 1Xo
+TALPP{IPS/CM)*)

210 FORMAT(L1H +F9.3¢2F10246E13.3)

211 FORMAT(///1H1,4 110X, *PRESSURE =" 3F6e192Ks "TORRT 36X "TN=? \F603 46X,
+?SUN=?,E9.3))

sT0P
END
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SUBRCUTINE GALCP({TyJePI)

COMMON/BLKDAT/ SLPAI+BETHA
COMMON/BLKINO/ SION:TR, TF'TD'H'AIP'RH sRBr ALPHAEPS NP

COMMON/BLKTN/ TIME(2100)+A11(2100),AIN1(2100),EZ(2100),SI61{2100),
+SGEP(2100),TERM1(2100) , TERM2(2100), TERM3(2100) ,TERM4( 2100
+EVP(2100),rEP{2100) +BRFP(2100)+EN1(2100),PMP{2100),POP(2100),
+WP(2100)4ALPP(2100)4SUM

CUHHUN/BLKINP/EZI,EZP'SGleGIC'AlN'AINT'EN'PH'PD'ENNqPHN'FDNv
+C1,C29C3,RK

IF(J.GE.2) GO TO 10
FE = 0.0

EZT = 0.0

PMN = 0.0

PON = 0.0

AIT = AI(T)

G0 19 20

AIT = AI(T)

AITH = AI(T~-H)

TH = T-H

CALL RUNGE1(TH,P1)

ALL = PHN+PDN

BEN = ALT/(C281.6E~19sSL#BETHA)
FE = ALL/BEN

EZT = Cls(AIT-AITH}/H

PT = PI~(PMN+2.08PDON)/3.3E16

FD = 1.0-BETHA#s2-FE
Z = ABS(EZT/PT)

TIME(J) = T/i.0E-Y
AII(J) = AIT
EZ2(J) = E2T
SIG1(J)} = 0.0
SGEP(J) = 0.0

TERM1(J) = 0.0
TERM2(J) = 0.0
TERM3(J) = 0.0
TERM4(J) a 0,0

EYP(J)
FEP(J)
EN1(J)
PMP(J)
POP{J) = PDN

WP{J) 1.0E1
ALPP(J)= 1,.0E1

Eviz)
FE
0.0
PHMN

LR 2N B I ]

PM = PMN

P) = PDN
IF(FD.LE.0.0) GO TO 30
AIN1(J) = 0.0

. BRFP({J) = 0.0

a0

J = J#l
T = T+H
GO TO 10

BRF = AlT#%2#ABS(FD)
SUM = SUM+BRF¢H

T AINI(J) = AIT

BRFP(J) = BRF

RETURN
END
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SUBROUTINE RUNGELIT.PI)

COMMON/BLKINP/ EZ14EZP¢SGleSGLICeAINJAINTLEN¢PM.PDENNPHN,PDN,

+C14C2,C34RK
COMMON/BLKIND /STION; TR TF:TD ¢HoAIP RN ,RBvALPHAJEPS NP

TL =7
PM1x= PM
PO1= PD )

CALL DIF1(PM1,PD1,T1+P14G2y63)

OPH1l= HG2
OPO1= H#G3

T2 = T+H/2,. : ;
PM2= PH+DPHM1/2. :
pD2x= PD+DPD1/2.

CALL DIF1(PM2,PD2,T2+P1,G2463)

DPy2=x H#G2
UPD2= HeG3

T3 = T+#H/2.

PM3x PM+DPM2/2.

PD3= PD+DPD2/2.

CALL DIF1(PM3,PD3,T3,P1+G2+G3)

OPM3= H#G2
DPD3= H#G3

T4 = T+H

PMé4= PM+DPH3

PDé= PD+0PO3

CALL DIF1{PM&4PD4,T4¢P)¢G2463)

DPMé= HeG2
DPDé= HxG3

PHN = PH+(DPM1+2.04DPM2+2.0+DPM3+DPH4)/ 6.0
PON = PD+(DPD1+#2.08DPD2+2.04DPD3+0PD4 )/ 6.0

RETURN
_END

SUBROUTINE OIF1(PHDIPODIT+PIs562:G3)

CDMMON/BLKINP/ EZIQEZP SG1sSGIC,AIN lINT ENsPM4PD+ENNPH
vt v v 1] *EN+PM4POD, +PMN+PONy
COMMON/BLKIND/ SIDN'TR'TF'TD'HvAIPvRH'RB'ALPHAQEPS-NP

PT = PI=-(PMO1+2.0+P0OD1)/3.3E16

ALFB = 3,3E16#PT+SION/1.6E~19

GD = 3.3E16+PT

G2 = ALFBtAI(T)/CZ-RK&PHDI#GD:&Z
G3 = RK#PMDI#GD##2

RETURN
END
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SUBROUTINE WALTZ(T:J.PI)

COMMON/BLKDAT/ SL.PAL+BETHA
COMMON/BLKIND/ SION<TRsTFsTDHs AIP yRW yRBy ALPHA+EPS oNP

COMMON/BLKTN/TIME(2100) »ATI(2100)4AINI(2100),EZ(2100)+5161(2100),
+SGEP(2100) 4TERM1(2100) ¢ TERM2(2100), TERM3(2100) , TERM4(2100),
+EVP(2100),FEP(2100) ,BRFP(2100)+EN112100),PMP{2100),PDP12100),
+WP{23100),ALPP(2100)4SUM

" COMMON/BLKINP/EZL)EZP9SG1sSGICyAINy AINT ¢EN9PMyPDyENNe PHNoPONy
#C1+C2+C3¢RK

COMMON/BLKEZC/ EZ1C
ENIF= 045%3.3E164P]

TT = T+H
AITT= AL(TT)

10 EZ1 = CY»(AITT-AINT)/(H-C3s561)

CALL RUNGEZ2IT+PIoF1+F2,F3)

IF(ENN.GE.D.0) GO TO 3¢ it
WRITE(6+212)
STOP

36 IF(ENN.LE.ENIF) GO TO 37

WRITE(6+213)
STOP

37T PT = PI~(PMN+2.04PDN)/3.3E16

Z =ABS(EZ1/PT)
z =ABS(EZ1C/PT)
EVZ = EV(Z)

ET = 0.667%EVZ

ETSR>= ET#SQRT(ET)
ALAMD=23,54AL0G(ETSR)~0.5%AL0G (ENN)
SG1 = 9T7.14ETSR/ALAMD

" SGE = 1.29E-16%ENN/PT/QMCEVZ)/SQRT(EVZ) /9.0E11
SG1C> SGE#*SGI/(SGE+SGI)

DELTA=(SG1~5G61C)/SG1C
IF(ABS(DELTA).LE.EPS} 6O Ta 30

ASG = ALPHA#ALOG(SG11+(1.0~ALPHA}$ALOG(SGIC)
SG1 = EXP{ASG)

60 TO 10

30 EZ1C= CI#(AITT-AINT)/{H-C3¢5GIC}

z = ABS(EZ21C/PT)

EvZ = EV(Z)

AIP3= CZ2#SG1CeEZI1C
AIN = ALTT+A1PB

BRE = AITT#AINSBETHA®#2
SUM = SUM+BRF ¢H )
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TIME(J) = TT/1.0E-9
ALI{J) = ALTT
AIN1(J) = AIN

EZ(J) = EZ1C
SIG1(J) = SGIC
SGEP(J) = SGE

ALFB = 3,3E164PT#SION/1.6E~19
11 = PTF(Z}/PT/18.4

TERM1(J)= ALFB*AITT/C2
TERK2(J)= ENN/TI
TERM3(J) = -RCCEVZ)+ENN»PMN

©, TERM&(J) = ~RC2(EVZ)+ENN#PON

212
213

EVP(J) = EVZ
FEP(J) = 1.00
BRFP{J)= BRF

EN1(J) = ENN
PMP(J)} = PMN
POP(J) = PON-
WP(J)} = 1,0E1
ALPP(J)= 1.0E1

FORHAT(110910Xe *ENeLT#0.0°)
FORMAT(1HO¢ 10X ?ENeGT.0.5¢3.3E16P{1}°)

RETURN
END
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ISN 00329 _SUBROUTINE RUNGE2(Ts+PIyF1leF2,F3)
: 4
c ) .
ISN 00330 COMMON/BLKINP/EZL14EZPsSG1lsSGICsAINgAINT 4ENsPMsPDENNe PHNyPDNy
. +C14C2+C34RK
ISN 00321 COMMON/BLKIND/SION, TRy TFyTD ¢ HoAIPyRW4RB ALPHA EPS NP
c
ISN 00332 - Ti=T
ISN 00333 EN1=EN
ISN 00334 PM1=PH
ISN 00335 PD1=PD
c
ISN 00336 CALL DIF2(ENLPM1+PD14T14PIsFLleF24F3)
c
ISN 00337 DEN1=HsF1
ISN 00338 OPHM1x=H#F2
ISN 00339 OPD1=H#*F3
c
ISN 00340 T2=T+H/2.
ISN 002341 EN2=EN+DEN1/2.
ISN 00342 PM2xPH+DPHM1/2.
ISN 00343 PD2=PD+DPD1/2,
c.
ISN 00244 CALL DIFZ(ENZ,PM2:PD24T2+P1¢F1sF2¢4F3)
c
ISN 00345 DENZ2=H+F1
ISN 00346 DPH2=HaF2
ISN 00347 OPD2=HsF3
4
ISN 00348 T3=T+H/2,.
ISN 00349 EN3=EN+DEN2/2,
ISN 00350 PHM3=PM+DPM2/2,
ISN 00351 PD3=PD+DPD2/2.
4
ISN 00352 CALL OIF2(EN3,PM34PD34T3,P1¢F1,F2yF3)
c
1SN 00353 DEN3=H#»F1
ISN 00354 OPM3A=HsF2
ISN 00355 OPD3=HsF3
4
ISN 00356 T4=T+H
ISN 00357 ENS=EN+DEN3
1SN 00358 PH4&xPH+DPM3
ISN 00359 . PO4=PD+DPD3
c
ISN 00260 CALL DIF2(EN4&PM4sPD4sT44P1sF14F2,FI)
c
ISN 0023561 DEN4=H2F1
ISN 00362 DPM4=HeF2
ISN 00363 DPD4=HeF3
4
ISN 00264 ENN=EN+{DEN1+2,4DEN242.+DEN3+DEN4 )/ be .
ISN 00365 PHN=PM+(DPH142.40PH242#DPM3+DPH4 ) /6o
ISN 00266 PON=PD+{DPD1+2+40FD2+2 +#DPD3+DPD% }/ 6+
4
ISN 00367 RETURN
ISN 00368 END
ISN 00029 SUBRAQUTINE DIF2(ENDI,PMOI1.PD01+TyPIF1lsF2,F3)
[
c
ISN 00030 COMMON/BLXIND/SION, TReTF¢TDsHs ALP +RU oRB ¢ ALPHA 4 EPSy NP
[+
ISN 00031 COMMON/BLKINP/EZ1+EZP+5G1¢SG1CsAINyALNT yENyPM POyENNy PENoPON¢
+C14C24C34RK
4
ISN 00032 ALT=ALLT)
ISN 00033 PT=P]~(PMDI+2.4PDD1}/2.3E16
ISN Q0034 Z=ABS{EZ1/PT)
IS8 00035 TI=PTF(Z}/PT/18.4
4
ISN 00036 ALF8=3.,3E16+PT+SION/1.6E~19
ISN 00037 EVZ=EV(Z)
ISN 00038 RCZ=RC(EVZ)
ISN 00039 RC2Z=RC2(EV2)
ISN 00040 GD=3.3E16¢PT
[
1SN 00041 Fl=ALFBsAIT/C24ENDI/TI-RCZ*END1#PMD I~-RC22$ENDI#PDDI
ISN 00042 F2umALFB#AIT/C24ENDI/TI-RCZSENDISPHOI~RK#PMD 1#GD2s2
ISN 00043 F3sRK*PMDI#GDss2-RC22Z+ENDI+PODI )
c
ISN 00044 RETURN

SN 00045 END '
! - 37—
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ISN 00209 SUBROUTINE PLOTL(JEND)
ISN 00210 COMMON/BLKINO/SIONs TRy TF¢TD o Ho AIP yRW gRB s ALPHA ¢EPS ¢ NP
: c ‘
ISN 00211 - COMMON/BLKTN/TIME(2100),A11(2100)4AIN1({2100},EZ2({2100),SI61(2100),

+SGEP(2100)TERM1(2100) s TERM2(2100)» TERM3(2100) 4 TERM4(2100),
+EVP{2100),FEP(2100) +BRFP(2100}+ENL{2800}PHP{2100}+PDP(2100),
+WP(2100) oALPP(2100) ¢+SUN

c
ISN 00212 . OIMENSION IP(130),MARK{3)
ISN 00212 DATA HARK(II-HARK(Z).HARK(3)'ZERD;BLANKI"' T4%,°07,°1%,* */
ISN 00214 INTEGER HIsZERQsBLANK
ISN 00215 NP2=NP%2
1SN 00216 WRITE(64300)
ISN 00217 DD 3 I=1,JEND:NP2
ISN 00218 DD 2 K=1,130
ISN 00219 IP(K)=BLANK
ISN 00220 2 CONTINUE
ISN 00221 1P(10)=2ERD
ISN 00222 Hl1=IFIX(ATI(1)%0,006+10.0)
ISN 00223 IPCHI)=MARK (1)
ISN 00224 HI=IFIX(AIN1(1}+0.006+10,0)
ISN 00225 IP(H1)=MARK(2)
ISN 00226 Hl=IFIX(ALDG10(EN1(I)*30.0+10.0))
ISN 00227 IP(HI)=MARK(3)
ISN 00228 WRITEC64301) TIMECI}e(IP(J)+J=1,130)
ISN 00229 3 CONTINUE

c
ISN 00230 300 FORMAT(1H1¢5X¢"PLOT OF RESULT'//17X("BEAM CURRENT ttt'.3lv

+*NET CURRENT +++4%,3X,*ELECTRON OENSITY 0000*)
ISN 00231 301 FORMAT(1H 4F5.2¢130A1)
c

ISN 00232 RETURN
ISN 00233 END
ISN 00001 FUNCTION A1{T)
c .
ISN 00002 c COMMON/BLKIND/SIONs TReTFoTD sHs AIP sRW s RE y ALPHA 4 EPS o NP
ISN 00003 IF(T<GE.TR+TF+TD} GO TC 10
ISN 00004 IF(T.GT.TR+TF ) 60 0 20
ISN 00005 1IF(T.GE.TR }) GO 10 30 - .
' c
ISN 00006 AI=AIP«T/TR
ISN 00007 RETURN
ISN 00008 10 Al=0.0
ISN 00009 RETURN
ISN 00010 20 AI=AIP»({1~{T-TR-TF}/TD)
ISN 00011 RETURN
ISN 00012 30 Al=AIP
c
ISN 00013 RETURN o . .
ISN 00034 END
ISN 00015 BLOCK DATA
ISN 00016 COMMON/BLKOAT/SL PA T yBETHA
ISN 00017 DATA SL¢PAI¢BETHA/2+998E1093.161640.,857/

ISN 00018 END
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ISN 00234 FUNCTION PTF(Z)
: I T T T P T P PR P L TR RIS L At

c ! B
c THIS FUNCTION CALCULATE *PTF® IN LAGRANGE®S INTERPOLATION »
c FORMULA FOR ARGON. .
c - .
CHPERSRABAR SR SASRIIBEBRARE BRI SSEEA PSS RS EE S SR ATSRBP RSB HFBREIIIIS0 S

ISN 00235 DIMENSION X{(50),Y¥(50)

ISN 00236 DATA (X(I1)sY(1)sIx1435)/1.0,203.0Eby 2.0925.6E6¢ 340+842ES5s

15.0,2150000.04 10.0,27000050+ 20.0942600.0,

230.0+13500.0y 40,045820.0y 50.003210.0¢ 60.041820.0,
370.0,1330.0, 90.0,700.0, 100,0,435.,0¢ 150.0+16%9.0s 200.0,30.0;
6§300.0432.5¢ 400.0,19.8y 500041449y 600.0011e59 800.0¢9.00¢
51000.0y7«11y 1500.0+5.50s 2000.0¢4.32¢ 3000.0+3.,30¢ 4000.0,
62e74y 6000.042.19y B8000.0,1.80; 10000.041.58¢ 15000.0,1.18,
720000.0+1.00y 40000.0,0.70, 6000G.0,0.57,y B80000.040+48+
8100000.0+0.43, 200000.0,0.,28/

[+
1SN 00237 1F(Z.LT.X(1)) GO TO 20
ISN 00238 IF(Z.GE«X{35)) GO TO 30.
ISN 00239 DO 10 1=3,35,2
ISN 00240 IF(Z.LT.X(1)) GO TD 40
ISN 00241 10 CONTINUE
ISN 00242 sTOP
ISN 00243 20 PTF=203.0E~3
JISN 00244 RETURN
ISN 00245 30 PTF=0.28E~9
ISN 00246 RETURN :
ISN 00247 40 A =(Z=X(I~1))(Z=-X(I))/(X(I-2)-X(1-1))7(X{1=-2)=-X{1))
ISN 00248 B s{Z=X(I-23)%(Z-X(I})/(XCI~2)=X{1+2)) /¢ X{1=1}~X{1))
ISN 00249 C =(Z-X(I=2})%{Z-X(1~103/7¢X(1)-X(]=2))/{X(1}~X(1~1)]}
ISN 00250 PTF=(AsY(I~2)+BsY(1-1}+4CaY(I))s1.E~9
[+
ISN 00251 IF(PTFL.LE.0.0) GO TO 900
ISN 00252 RETURN
ISN 00253 900 CONTINUE
ISN 00254 IF(1.GE.35) GO TO 999
ISN 00255 A =(Z-X(I))s(Z-X(I+1))2(X{I=1)=X{L)D/(XCT~12-X{1+1))
1SN 00256 B =m(Z=X(I-1))*(Z-X(I1+1))/7(X(E)=X(J=1))/{X(1)~X(I+1)}
ISN 00257 C =(Z=X(I=1)J%(Z-X{I)IZ(X{I+1)=X(]=1))/(X(I+1)-X{1))
1SN 00258 PTIF=(AsY(I~1)4BsY{I)4CaY{I+1))s1.E~9
ISN 00259 999 CONTJINUE
ISN 00260 RETUAN
ISN 00261 END
ISN 00046 FUNCTION EV{Z)
gt‘t‘t“tt“‘t“““‘.“‘t‘t.““‘.tt“t‘.‘t‘tt““tt“ttt“tt“““tt.
g THIS FUNCTION 1S MEAN ELCTRDN ENERGY IN ARGON. :
CHIBSRASEE0 0SS 00RBSIRIIENERESRESSAPSPIRS .
ig: ggg:7 D IMENSIOn K iaasviaes LTI T LT L L T TP b PP PP
B DATA (X(I)s¥(1)91x1433)70.10043.54) 0.165,4.135 0,207
106413954309 0483141062 0,973,120 1.28412.0y 2-75::;?3:
24052y 12.0¢ 6489y 12.0¢ 93141340y 14.0,12.0, 186¢9.90¢°
32236199030y 27¢2+9460r 37e009.90y #709:9.30, 56.4910.04 6640,
49e509 94.748e30y 112.048+70y 340.0,9.30, 187.0:10.,0, 238.0,
511.0y 283404 13.0y 266.0¢12,0, ¢06.0,14.0, 600.,0,16.0, ‘800.0,
c 619.0y 1000.0422.0, 2000.0932.05; 4000.0952.,09 6000.0,75.0/
ISN 00049 IF(Z.LT.X{1)) GO TO 20 f
ISN 00050 IF(Z.GE.X{32)) GO 1O 30
ISN 00051 DO 10 I=3,33,2
ISN 00052 IF(Z.LT.X(1)) GO T0 40
1SN 00053 10 CONTINUE ’
ISN 00054 STOP
ISN 00055 20 EV=3.5¢
1SN 00056 RETURN
ISN 00057 30 EV=75.0
ISN 000538 RETURN
ISN 00059 40 A =(Z-X(I-1))8(Z-X{1))/(X(I=2)~X{1~1))/CXLT~2)=X
ISN 00060 B -(Z-X(I-Z))t(Z-X(I)DI(Xll-l)-x(l-Z))I(X(I-l)-xz:;;
ISN 00061 C =(Z=X(I=2) 1o {Z=X(I-1))/(XCI)~X{1~2)) ¢ X(1}=X{I-1)}
ISN 00062 c EV =AsY(I=2)4BsY(I~1)+CaY(])
ISN 00063 RETURN

ISN 00064 END
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FUNCTION QMIEY)

c‘““....“““..‘.‘.‘..t..“..‘.......".‘.‘.‘........‘.‘...‘..‘..“‘

c
c
4

CHAEIIBEBIEIRSAESIRIES PP HA AL EBAASAPRFIEIR SRR PRSPPI 486340880008

213.2y 20.4510.4y 26.0+8.35 30,0472/

10
20
30
40

10

10

THIS FUNCTION CALCULATE *OM* IN LAGRANGE'S lNTERPULATlDN *
FORMULA FOR ARGON. »*

DIMENSION X(20),Y(20)
DATA (X(I)yY{I)eI=14513)/14091.059 1e541e7%y 2002448y 3004407,
1 4,005,805 640¢8e7¢y 8.0¢11.79y 10e0513.8y 12.0024.5¢ 15.0¢

IF(EV.LT.X(1)}) GO TO 20

IF(EV.GE.X(13}} GD YO 30

D0 10 I=3413,2

IF(EV.LTWX(1)) GO TOD 40

CONTINUE

sT0P

QH=1.05E-16

RETURN

QM=7.,2E~16

RETURN

A =(EV-X(I~1))${EV-X(I))/(X(I~2)=X{I~1))/(X(1-2)=X{]1))
B ={EV-X(1-2))e(EV=-X(1))/{X(I-1)=-X(I-23)/C(X(I~-1)~X(1)}
C s(EV=-X{1-2) }#(EV-X{I=-1))/(X(I)~X{I~2) )/ (X(I)~X(1-1))
OM=(AsY(I=2)+BeY(]~1)4CoY(]))sl,E-16

RETURN 1
END . .

FUNCTION RC{EV2)
COMMON/BLKRC/FIP
IFC(EVZ.6T.FIP) GO TO 10

RC = 1,0E-1}
RETURN

RC = 0.0

RETURN
END

FUNCTION RC2(EVZ)
COMMON/BLKRC/F1P . ’ o
IF(EVZ.GT.FIP) GO TO 10
ARC2 = (~0.67)sALOG(EVZ)

RC2 = 9,5E-BsEXP(ARC2)
RETURN .

RC2 = 0.0
RETURN
END
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