55 22 55 4 W] w6 5 kKO OW Vol. 22, No. 4

2010 424 H HIGH POWER LASER AND PARTICLE BEAMS Apr. , 2010

XEHRS: 1001-4322(2010)04-0821-04

BRI TR B S & S

REE, IZE, KEE, #FEH
ChE TR BT B AR BBEFS B, PUJI 48 FH 621900)

WOE: WS TR ERAAXE AR A R P Y A B A A SR VR AR AT T R B R R AR
SRR R AR AL L SRR Y AR R ST R R AR A T R LA HE H — 0 AR B R O A% e R b 4 PR
SR AT A AR AR 5 T 3 — 43 S BE I AE SR AR R G MR A B AR R T VR R L B A B o A AR Ak
T 27 Ay o A 5 ) 348 20 BB B, DT 3 BOR I UE — 46 & 5 B2 9 05 4 L 3k b e Ak — AR Al il i i

KEW: HXREFHR: MEIEMASGE: BWHAREHE: WmEESm

hESES:. TL501.5 XEkFRERG: A doi: 10. 3788/HPLPB20102204. 0821

SR AL L SRR SRS A AR I — B2 52 B A LM g 1 R T S ORI A — A R S R R TR
HMESE AR LA ) 9 BAR R B 20 78BS 70 B 1 22 2R T RE 5 18 8 A O 19 1% S IR A R AT 5 WL A . B e
NG 2RI Tonks & HE AT H-HE T 1 L1 SRO7E AL i a7 v 5 8 BE AR B A 7 2 5 200 32 ) 8y e 3 38 A A 2 5
IS G BE W BRSSP T ) — R RS SRR b AE TR RN N S 2 s B AR SR I A S 5 A BEL T v A R
VR LR O DO P il IR B L AELBR Al A AU A 15t (BBUD A Ui L R B S R T R AR B Y L K B BEL T 8K
IV 2 52 W) SRUAL A S0 B 9 Dt IR 22— o AELAS 2 g SR A i e e v e S P I Y T2 BEAR . AR ST s DO fE
(R S o o v SR A i o A v B RE P AR A T A I BE S R IR AR

1 RENZERETESHEIEREEE
FERE X PR B AR B s as B A bR AR AP AE AR 0] HL g ol e 07 0 TRAR R 2 49 81 2 A KA A2 1) HL 3

JJrZTW‘pm(r)dr O<r<a
q 0

E.(r) = oy

ZTteorlj“anpm(r)dr o<r

K 2 0 (D R F BT sa AR 0 B S B 1560 WA W B q AR F R ;- AR TR0

fiE. FINRRAKXE () =—098() /or AT DS EIN r <) E| a FIM a B b By # 2
Jsém(m — ) == 5[ [ 2 (dr |

N

)

2mend r 1

2)
o o q b Q’ J'u
lsém(b) b (@) = 2mJa T 2mpn (rdr |
BB TARE I (o) = 0, WAL LAAS 3 i far 4340 25 (8] AT 30, ) H 35
PR T [
Pu (1) = 2meo |:J, r (JOZTCV‘O'"(”)dr)+L r < OZan(r)dr)J )
3 o 9% 18 2% (Lorentz) A8 $u 5 51 5255 25 A AR, JF R i 285 B AR L 1) 86 152 L i I R 38 G U8 Oy
1 “1(r) dr b
A U 2T 2 j )

A TG 242 D 1 15 TE TET DAY F1%) SR 58 5 T oA S SR U 58 32 5 3 DA AR X 18 S B8 TR 1 5 ¢ Dot o 0 o 3 A T
BT A EORE AR D L A B R B IR Y H e

(e 1 B I d T ] J'“ I(r) dr b
U= J()Zm’ Lo dr = 47r€o,826‘2Jo AN P i 2 o (5)

o) Ty LB 3 AR AR AR RT3 B . X BT 20 A B

x WS H B :2009-11-04; €17 H#3:2010-01-11
TEE BN ACEH (1968—) . 5 i+, 3 BN in s 45 ) 8 K 45 R WF 5% s dzycaep@ yahoo. com. cn,



822 w5 W 7 K %22 %

() U I(r) dr

bl I J” J”I(r) dr /7:|
_ dr 1, 27 = dr L 2=
e F L) T 7 +In a } o AmeF OI(r)d[ T R +In a

I’ b I? J“ I(r) ZQ
47{50‘82('21na +4T(SOBZCZ o[ I J r (6)

3 In aﬁajzgﬁjz In 1% —In & R TR (RMS) $42 . bRy

U:mln£—m[ln%—ﬁ<“{)> df} Q)

R R AR PR A . (DA 5 — R W e 5 RMS 12 FA% i 4 18 KD B AH G,

BRAEAFE5R B G5 B PR — e RN AR AU TC B % T Y L AR B G B A R AR A X A

1) 5 M) 2 AR A0 553 ) » 7 122 00 o I — 50 % DR 38 Al i FE R - SR RMIS A 45 - 42, 3 156 B o 90 4% R B 120 245 91 ¥ T

AL ALY 5K I SRR BRI 5 A0 45 S0 A e S B 1 v L X — > Tk AR O N AR B R B T e KOS R
(R TARRE iR W R W S 8

2 HEXFREFR AT RE RMS & 51
E.P. Lee il R. K. Cooper #t 5 T HEXHFRrL 754 10 J7 HE CRMS) G Jr Bt A6 26 B oft JE34 Ty 2 )8
HRH"

€l = y%ﬂK[vz —R'*— (1%” (8)
KPR =dR/dz. = TR FAE 7 10 (AL E 50 9 o v Bir A R T 19 RMS B[] B 5 G 7 X HL I v 9 B 4
R HE R AR X T g 1 R e AR ) AR X ) s Lok 5 s i AT 56 A 38 i ORI SE PR  f sh i p, =
y Bmel ) sy AR R F .
e () I HLAE | ARYE G. J. Caporaso WYHE Sy ¥ B P 0E— 45 A9 A8 0 45 31 K 5 2 v R A% By O 1) E 1
o 7

e s = R Q
e I, = dneome’ /q FFFAE LI s m Ry oy OB BT 4

IO AT LU H o 25 o 30 70 A% ol b OR AR B AR O 0 ™ AR ABL i TR A% i ek R b 4 4 o4 T
H R 7 70 A1 5 A 28D 455 I SR IR A R T B A S = TEOC L T H B A2 o S AR AR R DR 4R ] 5E 1
P 56 28, Bt B sXAT 70 O, S B R A 88 J0 186 4K 5 21 TR 3 78 T A9 HE 4 B 0 A 7 A% o B b R AR R A A
BURSTE 21

3 ORRBALIERS R ERK
HB (1 I ) TR T 1 & — [ [XP T 97 ot e — o o 00t K 1 0

AR D AR T AR B — 83 7230 () A AR A S B2 AT TEI IS DRI A SO A i R v s oy TR
R A AR T | F B R A M A S K 22 [ h SR AT AE R AR A

B I E) S BE AR AR E SO AE 2 e — 2 R RGBT RO T B — A R I R
A4 3552 AR %Y T FT o 4 B T AR K R . AR R R RS B SRR T AR AT ) — R OC RS L X M 2k AL
TG B I P B R A E SR s S 2 R R 0 S TR BT AR 2 A AR R il A R 2 G R U A I
900 SR G PR RO A i a7 UK 5 B 15 Bl 1 0 L 7R AL B G A RO L B ) s S A — 2 Ty
T » A5 75 Wb B AR AL 2% B R 5 » P R 45~ A 4 3 5 TR] I SO AN — E0AY 75 7 7 fRO0E 2 B S 0 0 0] A % )
i3l A ST E IR o A S B3 IR RS A X b G R 1 gl T S A0 A A R R R 1 (D A (9)
A7 5 S BOR L R A R TR A U T S O£ e A AR AR T P A 20 A A AR AL T S B A REFREAIR

KD M A T I TR 18— T 0] LUK A 5 B8 1) A2 A5 0L S REIBE 22 R T AL 40 114 34 28 41R ¥ %) K
59 JRE 3R AT TR e U SRR T A FAE 0 A1 R A AR A B IR . DRI R B BE A B O R T AR R B




%4l AR T A S I X B X I8 A A B T R T 823

de; _ 2gR* dU

dz ymcl dz

SR TE A% i o R e 0 SR A T R 3 0 B R G R B IR AL RO AR MR T 0

AR« 32 156 B O O 7 A% i e A v R AR B R IR ) A R i 2R R BB AT FORE - 43 A B TR R IR —
oI

(10

e [T dr
a=mi=[[7) S an

3 (10) 78 Ky
der _ 2R'IdA
dz ypI, d=
M 12) A LUARAS A0 4598 = (1) S35 B8 % 35 4 ] Jr 4% Hin %) o4 Ik 58 132 2 D10 R O o A% i 1) o it B 78
SR 5 A ST FEE A AR L 06 LI LR O A RO A 5 R PR I BRI P o BT 5 (2) I 7E IR B B R S BE K ALTE
B B B R I A S 0 I R s N A I R S B R A R L B A I B A 1/ 15 TR AR K S
JEYE R LT3R 2] F AL & 58 B —2F 5 (3) SRAL L8 2 A2 0 & 9 B 38 K iy 2 ma s+ 43 B R DRt /A 4% 1 12 2 1%
8T T i I 3 R T A 2 i R o 3 — AT DA O — S Oy T DA BRI A% s T R — A X
BBl o B Ao 3 A L M AR K 2 R 4 5 L /DN A R 2 AR T DL ORI S U S TE 4 3 DA% o RIS R Al 5 LA
FEAER 22 . (4) T 5 T 1) Dot PR 5 R P L AT B e 1) s e 32, — S 4 AR BB B 1) 2 I B 3 R i o
PREFEARIX — WA i
VR B — T 349759 43 A 0 e 357 4 A PR R e i P %) SRCAB T i EORE 43 A1 T 3K 2 1) 3 i i 22 031 s B 3
A H 90 Y0 H BT =D L B
«rI(r) 7P dr
1“%*“ (I)} d?
~0.1959 (14

i JTT
A(13), 2 (1) By UL, 76 [ FE ) BE B o % RMS 28 142 F , YA d (34 RE b m 0T ol s L A EL T 55 i
Wr o3 A & — A RS E W 43 A0 - PR LR R H - RAE R A 0 29 R R AT AR e LA I T B S T AR
1R 0T ARL X2 50 43 A7 T DS 2 HE 10 098 300 AR08 30T 0 A i 8 3 — 45 SR O 8 i 0B — 5 o 8% 178 52 56 )+ &5 R IR
o,

4 & ®

ASSCHE T T A B FE S FR B B 5 O B S RE R A 2 I 5 A B IR B T R AT HU L A T RO
A% f 2ok e R IR A R AL 5 0 A A A 5 S A RE A R AT X 0 B IR A A BE T B T RS s . T
Sl FEE B4 S — R i HRLRL T R SR W SRR R R A SR R R — N R AR . 3 AN R
1 BEAS S SCHE K+ AR SRR 1% i o e v SR P s A 1) 32 8 B AN ) D 5 X0 10 A S B I TR 194 5 LR L 2% i
By X K 55 BE A TR T8 K DU A 15328 Bl L % e S BE A W R SUAE T D — Rl R . R T SE IR A 4 SR N R
Wi 2 S E B JL A 2 IR R R AT 18 A5 VEIAR L IF 4R 740l e S B S i 5 5

(12)

=~ 0.096 6 (13)

KV

SEHK:

[1] Lapostolle P M. Possible emittance increase through filamentation due to space charge in continuous beams[J]. IEEE Trans on Nucl Sci .
1971,18:1101-1103.

[2] Lee EP, YuSS, Barlertta W A. Phase space distortion of a heavy-ion beam propagating through a vacuum reactor vessel[ J]. Nucl Fusion ,
1981,21:961-965.

[3] Wangler T P, Crandall K R, Mills R S, et al. Relation between field energy and RMS emittance in intense particle beams[ J]. IEEE Trans
on Nucl Sci »1985,32.:2196-2199.

[4] Anderson O A. Internal dynamics and emittance growth in space-charge-dominated beams[ ] |. Particle Accelerators ,1987,21:197-201.

[5] Reiser M. Free energy and emittance growth in nonstationary charged particle beams[J]. ] Appl Phys,1991,70:1919-1922.

[6] ZEA. Tonks EREFB THRBESELT] M6 SR 79 ,1990,2(2):209-214. (Zhang Guanren. Tonk’s law and rms emittance in in-



824 w5 W 7 K %22 %

tense particle beams. High Power Laser and Particle Beams,1990,2(2) :209-214)
[7] Lee E P,Cooper R K. General envelope equation for cylindrically symmetric charged-particle beams[ ] |. Particle Accelerators ,1976,7 : 83-88.
[8] Caporaso G J. Kiloampere high-brightness beams[ R]. UCRIL-95319,1987.

Potential energy and emittance of cylindrically symmetric intense electron beams

Dai Zhiyong, Jing Xiaoguo, Chen Sifu, Xie Yutong
(Institute of Fluid Physics, CAEP, P. O. Box 919-106, Mianyang 621900, China)

Abstract: The potential energy expression of cylindrically symmetric intense electron beams is derived and the differential e-
quation of RMS emittance is presented in this paper. The decrease of beam potential energy which is leaded by change of charged
particle density distribution during the transportation brings the growth of RMS emittance. The change of the charged particle
density distribution is always toward to decreasing the potential energy, such as the growth of the emittance. Furthermore. based
on the basic definition of emttance, different model transverse motions including beam envelope oscillation with no influence on
emittance and ruleless thermal motion with influence on emittance are expatiated. Several factors of influencing beam emittance are
discussed respectively and some methods to restrain the growth of emittance are presented.

Key words: cylindrically symmetric electron beam; potential energy; RMS emittance; charged particle density distribu-

tion
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