UNFOLDING ELECTRON BEAM PARAMETERS USING SPOT SIZE _
MEASUREMENT FROM MAGNET SCAN ENGINEERING

Yuan Hui Wu, Yu-Jiuan Chen and Jennifer L. Ellsworth
Lawrence Livermore National Laboratory

Abstract Magnet Scan and Beam Parameters Back Streaming lon Effect

) : : : : | | _ _ _ _ * An optimization technique has been developed to
The Flash X-ray Radiography (FXR) [1] linear induction . . DR1scan (data) * Flash radiography imaging required a small beam unfold the beam parameters for linear accelerators
accelerator at Lawrence Livermore National Laboratory l | - DRI scan (simulation) spot size at the target to produce x-ray through .
produces x-ray bursts for radiographs. The machine is € 10 } | | e
i loprodice xr2y spot size less fran 2mm, Usig g ) o ot & e i
the spot sizes measured from the magnet scanning, the ER M | | .+ The focusing effect of the target is insignificant. . | llation for t lectron
beam parameters are unfolded by modelling the FXR g t] [ lons accelerated backward from the surface of x- :)nlj?s!;nsuvrcithercll\i/f?e(r)gr?t acoeleration scheme.
:Ll:l/,:\gp\évir;dtg i;,ll(\;/ él]c_:elnctﬂ(ijsesﬁjl:jﬂf fﬁe Eﬁ]osatmrictehnet % . R I } | ray converter target by the electron beam’s space
measured spot size measurement results and technique ® T { charge forces form an ion channel [6], which can 2. Sol_ving the b_ean_n envelope equation with
used to extract the beam parameters are described. . | EiEsiisssniie have adverse effects on the final beam spot size. ]\C/_arlous nheutrallzatlond factor f, we fo‘énd that
Using the unfolded beam parameters as the initial 100 150 : |200'dc 250 R 300 350 Reference [6] shows that the maximum ion speed =0.3 Sd OW(‘;’ . golot 9 agrtee.men’i h ftweetn
c:ondition],c the backstreaming ions’ neutralization factor f olenoid Current (3 In a ‘beer can’ model is given by TSasUret and Simiiated Sput Slze dl e farget.
= 0.3 Is found by comparing the calculated spot sizes Figure 2: DR1 scan, comparison of measured and simulated - - -
with measured spot sizes at the target. b J d | P 3 Z 3. The technique of m.atchlng the S|mulgte_d gnd

eam radaius. Vimax = 2.48 X 10 I[kA]X (cm/sec) measured spot size through optimization
. algorithm has demonstrated as an efficient way
| | - DR2 scan (data) M to unfold the accelerator's beam parameters.
Introduction 10 I + DR2 scan (simulation) iont Then these unfolded beam parameters can be
£ H_ e” used to optimize the electron beam transport
The FXR downstream system (See Figure 1) v 8 : ; l tune.
E i
« five magnetic solenoids (DR1, DR2, DR3, DR4 and TEU °f I, T ¥ 4. For future accelerator operation, magnetic tune
DRY5) S 4l P : f * M of the final drift section can also be optimized by
. . . . ' solving multi-slices’ envelope equations with
Afmél focuslmg solenoid (FF4)'_ 2 0 o5 - 200 . ¥4 Target back-streaming ions’ neutralization effect.
A diagnostic cross camera is located after DR2 Solenoid Current (A) The b | fion by taking int  of ions’
magnet to measured time resolved electron beam he eam en\1§ Ope Squation by taKing Into actount orions
radius image Figure 3: DR2 magnet scan, comparison of measured and charge neutralization Is
imulat ius.
 a 1mm thick aluminium coated quartz disk is inserted simulated beam radius eB. \? 2l 1 c 2 Acknowledgements
. . . 17} . 0] : : n
o ihe beam fine at 45 degree fo intereepts e . DR1 and DR2 magnet scan were performed by varying r(2) = <2y[3mc> e yB3IOR(y2 f) T y2B2r3 The authors would like to thanks the help from Tim
| the magnet current. The beam spot sizes were measured Houck, Blake Kreitzer and Jan Zentler. This work was
* The Cherenkov light captured by CCD camera in the for each setting. X-ray converter target performed under the auspices of the U.S. Department of
diagnostic cross is calibrated to measure the electron . To unfold the beam parameters at a qiven position. alobal 30 T . 1 T . Energy by Lawrence Livermore National Laboratory
h qi Y g P , g
eam radids. optimization algorithm (Genetic Algorithm) was used to - —— under Contract DE-AC52-07NA27344.
search beam parameters (see Table 1) to match the TN
Diagnostic Cross experimental spot size from DR1 scan. ?“ \\
Ccné““‘““ - The unfolded Lapostolle normalized emittance is 1230 g1s| \
%R T | mm-mrad, rms radius r is 9.4 mm, rms envelope slope r’ is 3 10} N\ _
FXR _I I ) I I I I - * 15.5 mrad, beam energy E is 8.85 MeV and peak current | — \ References
LA IDH' ey brs DRE  DRS rord is 1.83 kA. 3 I"é"g' soluten \\""'ﬁ_\ [1] L. G. Multhauf, UCRL-JC-148534, Proceedings, 25
| o =60 ns X Conference on High Speed Photography and Photonics,
9MeV, 2KA, 60ns 0

Optimized Tune for Two Electron 2002.
2] J. L. Vay, W. Fawley, Amber user’'s Manual,

electron beam

Figure 1: Schematic of FXR final focusing drift section 25 . PUIeS _ rigure © Th_e time varying beam radius on a target with l_\l(_)vember Sth 2000. .
o s 8 back streaming ions (protons). 3] Y-J. Chen, private communication.
::’15 6 . . - - . 4] T. Houck, private communication.
- %10 P e g lon 0] 5] M. Reiser, Theory and design of charged particle
Beam Enveope Equalon g st | | | | | 5{*\\\\% """ v Back Streaming lon [F20-31] 1 beams, New York. NY: Wiley, 1994
vy + OBy Y"2r+< eB, ) S _( Pe ) L_ Eznz2 Lo ’ 13 20 25 30 35 40 L AN _ 6] Y-J. Chen, et. al., Proceedings, 19t International
T ‘%B Zyi ZYB?‘C Y BTIOR ybme 1‘" Yo o el N __ _inear Accelerator Conference, Chicago, IL, 1998
Inertia  Acceleration  Field gradient ~ Solenoidal Self-field Centrifugal T .E”m :E:ﬂ g % 3 8‘“ @“‘* *“'D 7] G J CaporaSO and Y-J Chen’ "AnalytiC MOdeI Of |On
damping  Focusidefocus focusing £, —y,p, torm  oxpansion £ 1300 . T N el Emission From The Focus Of An Intense Relativistic
g 1200 L2t AV o0 Electron Beam On A Target" in Proceedings of the 1998
* (r,r, &, |, y) are the beam parameters we are trying EEEZ . . . . | _ ‘““'*'*-@-:”;;f@’ 7 LINAC Conf.
tO unfOId. . “ F‘ﬂsiztSir.}n (m) » ” v H B““““-@”f |
- Figure 4: Using the unfolded beam parameters as the initial %o 1ot 100 1es oo 1as .
Contact Information condition for simulations, a magnetic tune is developed for two _ _ _ FF4 Solenoid Current (Ampere) _ _
Yonbuiwu electron pulses with different acceleration schemes. The ]Iflgure l: Cgmlp)arllsc;p of g’ﬁthpOt S12€ ddata with SE[)OthS'm
wu39@Iinl.gov ! optimized magnetic tune offers a similar final emittance for two orm humerical SoIUtion, both have good agreement when

925-423-4981 neutralization factor f=0.3.

pulses.

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



