LLL OPTIMIZATION OF LINEAR INDUCTION RADIGRAPHY ACCELEATOR '
WITH ELECTRON BEAM WITH ENERGY VARIATION ENGINEERING

Yuan Hui Wu and Yu-Jiuan Chen
Lawrence Livermore National Laboratory

Abstract Conceptual Accelerator Configuration Final Focus Optimization Corkscrew Motion Minimization

_The CL_Jrrent m’_cerest for the next generation I_mear My — 20 MeV » Multi-Objectives Global optimization algorithm = Corkscrew motion is caused by misalignment and chromatic aberration
induction radiography accelerator (LIA) is to 4 Cell Block X-ray target - - - . of the transport system y
t It I I t b | th h h Injector -—- ...... - m /\ (GenetIC A|gOI’Ithm) [4] IS Used tO Optlmlze the _ _ %2
genﬁra e mut 10 ?”? ecbron eam pu SeSdWI g t vV magnetic  setting for minimum integrated " Bee}{hm centr0|dd(.z,t) ?z/ra:[t)les a(;o;/réc; the offset flux line | )
. . : . o the gyro-radius |r(z,t)] « 1
peak currents. [he beam energy and curren i / emittance and the desired time integrated spot OThe%?'ux ine displacement D(Z)kocc (dB/B) (@)
may vary from pU|Se to pulse. (?onse.quer?tly, the « KV beam radius: 5cm = 72 c_ells,18 blocks (block . Focal Length: 28 cm sizes at the target (Figure 5) | k=0
transport and control of multi-pulsing intense - Lapostolle Emittance: 800 mm- 93P 50 cm) _ _ _  Corkscrew amplitude A(z) 0 X
_ _ mrad - 250 KV per cell / envelope divergence spherical aberration
electron beams through a focusing lattice over a . dglg =0, +1 - 5% - dVIV =0, £1 - 5% TP rmr—— T A2 (z) = < (X(z,t) - <x(z,t) >)2 >+ <(y(z,1) - <y(z,t) >)?2 > « |r(z,})]?
long distance on such machine becomes * Current variation according to® _ Solenoid length: 40cm + No target plasma L (ef : . v V¥ (CR’? Y 2 Spectrum with corkscrew
challenging. Simulation studies of multi-pulse ‘ Ry =% 1+(Rl‘f ) +|2 71Rl' Tl T4 +1 - ) (5BIB), |AJ2|minimizing steering
. — Beam transport for each !
LIAs using AMBER [1] and BREAKUP Code [2] ~> beam slice is simulated emittance  chromatic aberration space-charge
are described. These include optimized focusing ialaailiid
magnetic tune for beams with energy and current Scaling law for final spot size [5]
varlgtlons, and. steering correction for.ccl)rkscrew Electron Beam Transport and Tune 30 e 0 |' ™
motion. The impact of energy variation and Obtimization . —optimized for beam size | | o o s
accelerating voltage error on radiograph & Elgure (IS Minimizes the errc;r field s/lt<C components for
: £20- : ' '
erformance are discussed. £ eam slices over a range of energy/time
P | 2MeV 4 Cell Block 20 MV, X-ray target s 5_ I S
njector .~ | e ot 1 —after correction,
Introduction j 10 T - o |
| | | > gg | \/ §§ | \/
Controlling  beam _transport 1S esse_ntlal _for Minimize envelope oscillations of Minimize the time integrated emittance 0 l \ \ l \ \ ?-,% 0 | ) — —
accelerator operation and future induction the nominal beam with Ay/y = 0 and spot for each given energy spread 38 38539 39-25( ) 40 405 4l . 1 |
. . . m
accele_ratcl)r dg&gn. In this stludly , 56 I_:|gure_ 1, 70 5%, V5% Figure 4: Beam envelopes can be chosen for the ERERERE N R LR RN R
we IS|mu ateTh a co_nchtua _'”eeg M'”\/“Z“ER col —dn/y=-3%, dV/V=-3% smallest possible spot with emittance growth (red) or . |
accelerator. The nominal incoming 2-MeV, 2- o o for a 1.2-mm MTF spot while preserving the emittance E | Bam o e
electron beam exiting from the diode injector has ~50 dy/=1% dVN=1% | (red) £ E
a uniform KV distribution with a 5 cm edge radius E 10l T v | s P
: ——ay/y=>%, =27 2 | i 2
(r =5 cm) and a 800r mm-mrad edge normalized 0 g s
emittance (¢ = 8001 mm-mrad). The incoming 5 0 Electron Beam at the Target T o
beam has a small energy variation (dg/g), which %20+ R T TR T T bon w5 ow om0 6w
. 0 0 . Syy=0,8VN=0 . Oyly=t1%,VN=t1% . Oy/y=t3%,VN=13% Byly=t5%, SVIV=t5% Time (ns) Time (ns)
varies from -5% to 5% with respect to the 0l x-y plane - : : _ _
nominal beam energy s g 22 1 I - I arr—— Figure  7icorkscrew motion and the central
' 0 LN o RN I I L. displacement. Solenoid magnets were randomly
° o B H AN i = A misaligned with solenoid displacement 3s = 2 mm and
starmmure ' t2ommmre | d AsmmwTE . 2 : . —
5 Figure 2: Envelopes for electron beam with different | : i g 33/6\?9'(1:22 /SSThZ lrgnrad., The.t.aclzcdelira.tor*_vg!;age er.c:r
: e L : x-x’ plane i i : + . T
h\ Accelerating module initial energy variation dg/g and accelerating voltage e . Ly _E = e 'Sﬁ t° ne e_a(r)nSS iNitial dg/g 1S 0, and 11S
- error dV/V. The beam envelope for the nominal T, @, L% i—a kT ek T INtial oTSet Xo = Yoir = U.0 MmM.
‘“’  Acecleratingsap peam is given by the thick red line o R
- 4 ki S [V M onclusions
— /Eem pipe Radius : | | Beam transport on a conceptual induction accelerator
E— }. Electron Beam at the Accelerator Exit - | - . ansport ¢ prual Inct .
Beam S Figure 5: the beam size and emittance of the beam was optimized with Global optimization algorithm. The
Focusing solenoid %y plane at the accelerator exit increase for the beam pulse effect of energy variation of electron beam on the
S0, 8VN=0 | SY=l%,SVN=:1% | OyA=i3%, SVN=£3% | Syv=ts%, VN=S% with a larger initial energy variation or for a larger radiography performance was evaluated. Energy
T/’ S e v o M BB isf:,::‘;i?%'“"“..55?33153 accelerating voltage error. variation has large impact on the 50% MTF spot size
\133 IE; i zgf ‘ | 2 7 ,’I F Injector energy spread | Accelerator Voltage | R, (mm) Normalized Lapostolle 50% MTF ADID bUt nOt On the forward X-ray dose The OptlmlzatIOn
- 2 Wb . | | Syly (%) variation VIV (+ %) Emittance (mm-mrad) (mm) (%) -
I T =g 3 u : — - e : scheme can also l_oe u§ed to set the magnetic stre.ngth
x(mm) ; x(mm) - x(mm) | x(mm) 1 1 067 1005 20| 02 of two steering coil pairs to reduce corkscrew motion
-’ plane . . 2 2 0.72 1026 125 | 10 and transverse centroid displacement.
i i 3 3 0.76 1034 1.34 1.8
Figure 1. Schematic of simulated 250kV Come @ e F| ; : s
: g e T b T T . . Reference
accelerating cell £ S lE S ME: Table 1. The radiography resolution depends on the | ™=
g i = I _ _ o . 1] J. L. Vay, W. Fawley, Amber code, 2000
j SR | O S SR | Sy S S s i SPOt size defined by the 50% modulation transfer 2] Y.-J Chen, W. Fawley, BREAKUP Code
ContaCt Information x(mm) | x(mm) | x(mm) | x(mm) function (MTF) [7] We used the time-integrated _139_9I\L/|1.[LI'?’]elser, Theory and design of charged particle beams, New York. NY: Wiley,
Yuan Hui Wu Figure 3: the beam size and emittance of the beam profiles to calculate the 50% MTF spot sizes for all the | |41 Deb. Jomn wiey and Sons, Chichester, 2001,
Lawrence Livermore National Laboratory at the accelerator exit increase for the beam pulse cases we studied, which are shown in Table 1. Both | | Y_'W'U,Yf’ J. Chen, napac conference, 2016.
wu39@IInl.gov with a larger initial energy variation or for a larger the initial energy spread and the accelerating voltage | | [71C. Ekdani, Vol 28, No. 12, J. Opt. Soc. Am.
: : : 8] Y.- en, Apri : -ID- ,
925-423-4981 accelerating voltage error. error have large impact on the 50% MTF spot size. [9] Y.-J. Chen, Nugl. Inst. Meth. A, 398:139, 1997

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM



