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Abstract

This thesis exatelnles( RIDC)PasribmeaM erttiearmasc tafn g
h -@&r Nearc al Density (NCD) plasma to generat

i ot her avyaw.e T hse gleeneatrpatoegpd gfartdam nt g cam 800nm

i mary |l aser, and a 400nm | anzudrat etdhevi ¢ doc @an pa

ation of 35 fs and a respeetigeuseedr gyeot oo
irability of a compact setujwaapprecgril @arati
e historically beernsseyg Whesrmrsheseypitoal e
i me were not -a@&cesiss balkl easothecodbleatate el
atively |l ow intensity. Additionally, NCD p

erated froml ¢ hlei mntiemgcthe®nmaki mum energy

ers are examined with both |inear and circ
overall charge and electron energy gain.
The -Wawaée i s compar ed hteo ptrh emapryo d aageetri cal omfe

ter propagate through NCD plasmas. The sin
f of the plasma and does not | ead to a pea
rgy dt ypecelnferrgpipgH aser acceleration setups
ge used in radiotherapy. Linear accelerato
ctron beams -5t Me¥nandi als@ 6Gyw/mmian el DE MaNCD
eractions |l ead to MeV order electrons whic

ear accelerator sdaosned rsahtoew ealpedttruodre rfaodi diti hge
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Chapter 1 - Introduction and Background Theory
1.0evel opmanti ofe Accel erators

Particl e weare ldervetl orpeed as a wearyerodgy agdH yswi
chievable through radiation Ooner odbkitdseniclaa
ticle wacsc dleevredtopred by Coclkklrohei andeWrnteoan
ctric field through an electrode of 400 kV

the middl e of agnr oaucncde Isetraattei neg etcutpréb]d ea nadt a h

ate an accelerating column for protons. Wh
coveries and a Nobel Prize in 1951, the de
atedktiopowm bfeaheTsusuopadsnghasr!l i mitation

posed accelerationabfepaat|[iln]jglecmndlya rmetidriszil
S method are known naecsc KRlda codfLoladNsfilCe & @ ( RF)

sist of a linéameadcwel &r at seg i €s5r 0ot caei t i
ctromagneti c ofsicalldsd haersde d @8upsl ed st haecicre | er at e

en they cross through the accel eklaNdaGg fie

devel oped to generate an [adcCnleeroaft itohne gnmoasdti

NACCUr r engilsyt mien Susanf ord Linear Accelerator L

celera8okhaprdt eadsgenerate electrord beams wi
wever, the wLd&ddpgricsadlsvagemoted by the amo
celter atigh energi es. Similarly, usage is | im
vices. A higher acceleration gradient is de:

tluipNACcannot achieve such a Ifiemitt @tuieon ooft heo



applied to Atshe uediui mmhearetc.e htte at comseiiamfigal | vy

researched.

1 .L2ZaskRlrasma Acocnel er at

I n 1979, Tajima and Dawson propogsedVFtAhe i d:
[ 7a means of using plasma adl&NdCacoceéecami og
material breakdown | imitation. Because of thi
fields of up to 100 MV/m [4dowrdbosteared, cah at ma:
support |l arge fields without experTiheamaigrhg br e
LWFA acceleration gradients of 100 GV/m are ot
experimental setups tosalalbN&®WFA iaond d wira edreaen r:
pul se propagates i nto a hsufpfoinaddieamtmoy i wred & rod ecre
nonlinear effect, pushes electronswWwitkRi nhonbe
stay rel atiThhelsy adtl atwisonarey.l aser to couple to
pl asma resembling a train of wakes. These wak
pl as ma nmaanndyt thoefa gl ect r ona mwedihom dfhednec alser at i ol
However, electrons can use the wakes as regio
energy to move beyond the deceAreredrilnyg scehge noen
achieve LWFA ex ami rbed wteheav éangbeemaegicda ti-ed fr om t wc
propagating | aser pulses with an underdense p
near the frequency of phaspmphasmad i odueseoaacel
great advrantteshnwml d @ays,e however ,bdthweamosdn st udi

underpglemasma with ,a uditivregafsehlordat ense



The accelerating field strength within the
created by the daesr,yr;awshar@perstdeoemgietry lgr adi er
pl asma. fWheednd tihse sufficiently strong, the el ec
velocities higher than the phase velocity of
breakwn dand | eads t o aapbeeenadkddhgewa vkenewhk i a g
occbuekectrseiidj @acéeed anadddictctiebertodoedheéenl ow po
energy ®hekertegakhisng | eads to an el ectron beam w
t han a monoethoewegveetri,c abse ai mwvjaehert @ aodnli Incgpwss ebdu | bky
el ectrons to-chacgleebataen, canhif @gh m. I t -oddn t hus

bet whange and maxi mum energy exists in this s

Most LWFA experimental setups us%dpimasmas
for the purpose of creati Mgslkipghaerenr @y, mmonan
rai sidnegn stilieg h al |l owxctihe laapérastma wave with a
and can therefore coluplsudi d4 hme diudrk, otf hea @d ac
no | onger resembles the clean form visible in

interByettaoahming advdenhageé yof naehiaghéion, a greai

can be genesabedm Whil enbhi have the GeV scal e
higemergy physics research, such a scheme woul
MeV order electrons instead.

Asi de f-eoerr y gbhysi cs, a maryiesr tahpep |u sceatofon
comparatively | ower enerRBar teil ®lcea ribemamd oge mardat
target cancer cells in a patient, which are t

damages t he DNA oX-raysdretypicallyrused in difierent forsmis of 9] .



radiotherapy due to their ability to penetrate into the body to targetsée¢ed tumors using
equipment which is readily available. Proton beams are used to similarly targeteddeq

tumors and potentially dezase the level of radiation damage done to surrounding tissue [9].
Electron beams lead to radiation which is comparatively shallower than protorayptased
radiotherapy devices. Electrons are more suitable in treating shallow cancers, such akehat of
skin, as they cannot penetrate further into the body but will not damage healthy tissue beyond the

human exterior during treatmgnt9 | .

1 .Ojective

This thesis seeks tpd acsptai miczcee | @ rpad ti eomt isaclh e
applicatinon aodfi cetlheecnvarpoy. t heL It MAaQtso-plli asymad r om
accelerators would allow for a more ,apndpact s
potentiatgheg makhi nerfyrdmeespemppsac iCigve enft a pat
el ectron radiotherapy equipmeiBt Mgd¥hkE.rat els, ed e
ne-aritical density (NCOhepeadmarng iSehdisteidloit ke g e
a Pa+ et ll es(iFMud)at it @mn em@adnéIine t he s nhlgased ian b
| asewabeaawinemirt i cal ddesnai tpyotwehdsmd setup for
radi ot heragheatcgheradensity effects were exa
denseist approachi ngTheher ecsruwadirsod bigee-admetnes tivateyt .ai tp
all owaurftthrer propagation of the pulses into a
despitevermamil ar nt evasviet ipaso.v elsh ee slpeeacti al | 'y advan
generating MeVnoradign teloecttroome.t ientihzaantiisomm ,i nt htel
interacti admei ¢ ocanalaywsedi on to higher densitie

acceleration mechani s ms



Chap2-dheoretical Backgrou

21Pl asma Equations

To understand plasma as a combination of i
are formetdhupangicle and flundaappuodi chesconp
considering two or more parthel @lcarsemma svd <sc h
di fferent fluids mixi,ngt hteogientdhievri.d uiaé$n mpehpiltsa cdbed

with a floyi ?wvhvehociepyesents the velocity of a

llE

q
. ’.",0

Fi gureEex &2mpdief oér ent i ali tfhl «wiod | elcéa memt of parti cl

velocities represented by a singular fluid ve

The fluid description i scagmemleiradtl gd i mhshdVi @

pl asma and thus moves onward ilnn ot me mhirree tcioanp
description, each particle speax]| B3] adheres to
W  —— A@D AGDP— (2.8)
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Figuz eE2ample of a Maxwellian distribution.

whelUies t hdki menmieonal nveilsoctitey mvaescst oo i shé hpar t i

Boltzmann constant, T 0 si st hehes ptehceirensa |t evnepl eorcai tt

b k —(2.9)
This distribyptlioan efdunmatuiBéegui @ 2Zo02&dj unction wit
equation to r etloatteh et heef fdeicsttsr ifbruotm oenx t er nal f or

given as [ 12]

— VQ —— 3 — (2.10)

Where the term involving E and B represent th
hand term represents temporal coll-handnaér mf f

can be neglected.

From taking moment shet BBrodughmainmt eegyruaattii com , o ft

of plasma are obtained [ 12, 13]



— n10¢d6 mZeroth Moment: Continuity Equat

GE— aeon o6 NneEO 6 6 nNRFirst Moment: Equation of

— 60O — nSecond Moment: Equation of St a

Wi thepresenting the fluid velocity of the par

of t he f[ftlhuei dd,eramd el ating the number of degree

From the pl asma he cuathiyesn s,al p adiersecd i witti on, t
pl asma jtshedeerviovleudt i on of an initial push on th
shown i n IFi gaurpel a2s.nda. consi sting of ions and el
el estcam be considered stationary due to the
iofsve i ons are thus considered stationary whe
el ectrons push forward f fcdmrmper tgirhadda ¢eline o tasso @ s
together. This charge i mbalance creates a rea
towards their initial position. However, the
beyond their i nibtriiaulm pwohsiicthi ocrecuosfe spejpaugoltatde re ng p a
converts into an oscillation of the electrons
the parameter known as the plasma frequency.

tredthienglensi ty, veelqouciiltiibersi,umanderfmselwdist haspert t

i : & (2.12)

whead es the initial densityheat requicldi Asi am, oamr
suchtét BakigPQw] 0 [ 12ah&8L &¢. Using the linearized
pl asma frequency is found as:



Imtlal Push

Fi guXx(ea)2.Pleagsumal iabtr i um with a background of o0

(c)

experiences force .puBBmime ceH aercge oinmgb & loar nwcaer dc r €
force on the electrons. (c) Electrons oeersho

agaicoaneérts to an oscillation
From the VIasov equation,plteahsema idgsgavaeseidan r el a
T -QU (2. 14)

Thfei el d generated by each particle has an ¢

parti cl eBe bcgael rl eebde ,chteh. The Poi sson equation sol"

potenti al

N %o —(2.15)

whed%ies t he el ectirsctpoetemai gé %ha@andiouynd Wi e f{

% -AGD—— (2.16)



Wi t hDetbhyee | engt h found to be:

—(2.17)

From (2.16) and (2.17)s tvheiblfectn othat he hbelp
drastically beyond the Debye | ength. This il

shows that the particles affect each other on

22Laser Il nteraction with Pl asma

With the groundwork for plasma behavior when

with a propagating electromagnetic wave can b

22. Gaussian Laser Pul ses

The el ectromagnane cdevawreisbhed tlhhRseugh Maxwel

derive relationships in interactions from cha
are given in differential form as [11]:

NP — D NP T RO

n Q@ — c®® n® ‘f — ¢ pcRQ

wheries the charge dfeinsitttye ode rt rhiet tmiedii tuyneof fr e
permeability @mfs ftrhee cupaeceat amrhsity present i

equatiBarsRif itehaelel aed and presented in potentia

pot ettt iaand vecbpotllpotential,

O 1" —(2.4a)6 n 8(2.4Db)



The normali zedog vest ar fpegerenit aly, used dpaxradmet e

the strength of a | aser and is defined as:

H — B H —2 m@uv O— _ “a(2.5b)

wi edhs t he char get bhd mas £ | efatsa d med eecltecotnr,i ¢ f i e

the 7l annglthe | aser frequenay Bahd wavehsngyhof ai

The primary focus of this wolGkussi amal yzeéem
pulasn@l adABaussi an pul se -dirroepcatgiad ni mgs Fiipng @t rsheen 2ze 4

with the¢ dedquddti on

oify —APP— A@OD—— A1100 Qa N Q (2. 18)

Va 0 p — (2.19)
& —(2.20)

Eoi s the peak el erdtsr itchef ireldd adf dti sd alnaogdeaf),r om t
is the waist width ofwthbhprbeamtaagithtpasopagat
an indicator o]f amkheepuésendutrlaéi omnequency and
|l aser rewpectheeplyaseQ oifs tthhee |paoslearr;i zaantd on vec
which can change depending on whether the pul
Addi onzilsl ydefi ned as the Rayl eigh | ength. The

can propagate until defocusing effects grow a

beam wai sit Wge comes
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Further parameters of i mportance in | aser con

pul se, which are given as [ 4]:

O MPo———(2.21a)d ™™ E=——(2.21b)

Weis the ener gykwihs tthhee |sapscetr suisazeed, otf hd hpull as ed |

of the Ildawnamtdwrawheerdeef i ned as:

Q lico cge 0 ict c& @
22. RaskRrropagation
The dispersion relation of an electromaghne
T 1 oQ(23

where ¢ is the asnpde ekd aofe Itihgehtf,r eagqorudency and wayv
el ectromagespe dtowamdkeycanei t ijolmeads to a sol uti

density known asi vtehne fcrroi i@ iuesailtnfgdsé(r2s. 23y, ¢
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Wheén ¢, the plasma is called an overdense pl as

reflect frometpkRaserdmdegroup velocities of w;

) 1 v >

g —a

From these redmsgd omlsags man iusn dieudnadn tion hhaivgeh ear hd
pl asmas. The high phase velocity waves only ¢
tadgnd of the distributi dMiemidh Shenipfrasdeg Wwnelghc
excited pl as mar@awadv ei natpeprraocatcshewsi t h t he bul k of
condition, the generated wave has a much smal
The ponderomotive foeseasfthel amaen, colbipthngem

plasma, is determined by the gradient of the
gi ve@ ad on®( 2.25) [4]. From t hpeo npdoenrdoemcotmovte vpeo

takehe form [4, 7, 13]:

%o Go p © p(2.26)
Using the ponderomotive potential, the expect
deri ved.
Energy gaphasmaaaktaséterator is | imited by

acceleration cal |ILed Tthhee ddeemhas inmgg | leenmggthh ,descr
trapped i n ttrhabvediloas er ewplke $ elhiciescgdl eeacli enabic cm

the electrons are accelerated to velvoaci ti es a



When the e

wave whioch

L aspelras ma

on its den

|l ectrons move past the

pl as ma

servedyito gle aesl grddt:e t hem.

0 ——(2.27)

sity dependence. A separate

accelerators optimize energy

wayve

gain
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charact

Lpb¢ which describes the |Ilengvél adodgt aaps aemae

pl asma thr

Il n under de
accelerat.i
' inear reg
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22. 3

Thleasewabeasetup -ptopagesi hgol asver s

frequency.

ough a plagma wave and

0 —— & Y

S

gi ve

n as

nse plasmas, the pump deoprl eotfi on | en

on in twhep, rewhat evi 8ei depbgbsmagofeng

i me . However, the deptristi ingal eamgd ha'l

ns.

rgy gain formatiaodepbendshopnas$hiet at ol

gitudinal fields in the

n is found to be [4, 7]:

30 -0 OO—(2.29)
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T 3 1 s 1 (4.1)

whelreanild correspond to the df rseeqcuoenndc il eass eafs trhees p
mat ching thi s -waovredirteisoom,antthey beexacti t es a pl as ma
accel Breattaivoens. have typi calpluyl sbee,e nr eusaetd vienl yt hleo
regi me [ 56 wa7voe] .s eTthuepr bael &l foiwcsi ent pl asma wave ¢
energies compared to single | Aglen d itodhead) higo ac
frequency | aser has a |l arger critical density
| aserngr etwveavbeptopagates through NCD pl asmas
without facing the sanmevlei mirtogptaigarn .e sAswistuc H,i t

NCD plasmas compared to usage of the single,

23l nstabilities

|l nstabli aptiasmai mnat e s aac Whaasnesp a g etxes taersd a wa

in a plasma which grows and evolves continuou

pl asma. The plasma instraebithiet Rasmadi $csuoaséeerin
modul ati onahesastabi abtlyities are i mportant t
The Raman scattering density | imit outlined i
absence igheeedensi hy interactions. Additional
hi gher density interactions from the generat.

wave from the prwgpvag.ati on of the beat

23. 1 Raman Scattering



Raman  rdamagt tdescri bes the phenomenon of a | a
resulting in a plasmon (plasmhaheosoinlsleatviadmpna

mo ment udne matukes r el ati onshi p:

T T T ocQd (2.30a)
M 0 (2.30b)

wheiran@correspond to the frequency amddwavenu
Uis the vel ociTthye oifn stthaebiellietcyt raornisses when an i

pl asma wave presented talse dleamsern yaxies.t uTthatploas

scattered | ight wave through the generated cu

then creates its own density perturbatTihen, wh

di spersionstratanhgobhhi bl unteraction is derived
i i oQu - - (2.31)

O is the oscillatory velocity of ellgd&t)r drms trev

di spersi dmef dnstpieos.i on rel ation showstadnterva
reflect the falcds da htad tomd yormogliersal f r;e qtuhbeenscey &

modes are al so cabtelivbeme c8hek derrma mrde |[Aantteii adn s p

(31, Ramaniscéapbueda hml asemautidensi ty

23. 2 Modul ati ommmad Cawittadorid i ty

A moduliantsitoanbaillpiltaysferans a | arge ampl i tude Lan

dedaiygnt o sever al di[flf3e,r1domtel 7pll asma -wad€&sr mr and

M p



cauesleector mwmyvye towards regions where the wave i
waves are then trapped withinThe rvegeameakedo com
i mpactful that 1 ons begin moving in response

ion density disturbance thenemsdulyatregitome swa

nowmni formity increases. fThos ioansuamdscominign tne
|l oop to serve as the instability.

One outcome of the modul ational instabilit
interactions presented in this work is the fo

densriafyi lIpe of a plasma as a density cavity sur

caviton -ftrreagpuse nhciyghp| asma waves within its dens
resulting field. The cavitons contdieputeo fwi deni
q L [ 1L.3]After reaching this poiwhi,cht hset rcoanvg Ityo

i mpacts the boeakddowe thustbmeads to the for ma

known as an |l on Acoustic Wave [13].



Chap3-€omput aMe tomad

The results shown in this work arethesults
Par t-ii€eePlc®)de EPOCH t oplsa smua aitretPeDr@ddcetiriso ras .P1 C ¢
chosen fluexideirii veyl f racsm aint soupreenffocedesur e t he ¢
properly captures the physics of ctohdee iinst er act

required.

Il n plasma physics, computational solvers g
kinetikrascdeddeisd exami ne and solve the magnetohy
MHDcodes are mostr dgeagruect agstgetugsiepya saomas wi t h ¢
fields, such as in astrophysicsfaoarbmagaobktinot b
codes soltwvien ¢ | aistohvelraamdc kF o KVkFePr)i s iegqBla€ heetsh @d .
PI'C codes begi n B nngaucl raotpi aomtsia chidye $i inned adriizd wi t F

i nto thMacrioaparanl sbesal |l ed superpartithes, ar e

averaged chhawmngée¢erceltiestiobn of smaller parti
comput ati omal eeafcfhi diiemecys.t ep, the relativistic
particles individually wusing the values of th
passions and velocities are determined, the ch

calcul ated and col bechedlss mtgo tthtees eg rviad i mdil retss
cal cwlsatngd Maxwebhhdsi ageaparbtaiselde t wo ¢ ihtei @ns t o
acting upon them. W th the new force and fiel:
VFP codes have an advantage over PIC codes in

consideration of gfipaspiaclieg amdeacambeel | , wl



require such p®&i&&mewwears. aHeweverenptaemaode of

i nteracthiognhs fdluexittmi | ity and | ow conmpRIR ati onal

codels9] .
3.Plar t-ii«€é MEt hod
3. PaX¥t-Rwdhr Al gorithm

The PIC method starts off by solving the eq

a— "O(3.1a)

— 0(3.1b)

To solve through aafkinaiwthie csegegmnemrc ened h-odi me, use
di fference medehroidviarteipvileasc ey utatt @ ons of moti on w

on the old values of velociéeéystaep. pobeteogunatwi

take the for m:

"0(3.2a)

—— 0 (3.2Db)

The subscripts of the vari albiess Ireenpgrtehs eonft tthhee
angd pshotwse value of the vaPliCGabcloed east wutthiel inzeex ta
di fference method known déet-heapemet Fodgumel h.

steps thathapwmanhsemtahtn i nteger points for t

MYy



v-time steps ?

| |
| | | |

x-time steps { & t - } | —
-At/2 0 At/2 At 3At/2 2At  5At2

-

FigurTei R8¢t ¢ ps offradhemeételapd, where the velocity

intervals while the position is at integer in
The code takes in the initial values presente
el ectromag.nefRriamftoreceef orce values, & h-@ svel ocit
calcul ated. The equation of motion at the fir

cal cul attey tahte tvled orcdix t. Halef etgiuosatdii@ninempeoffl ect i ng

met hod are therefore:

G—— O 0B and —— 0 (3.3b)
The ier@ap method is a desirable computational I
words: i f the si mua attiinoen srteespu Imusc harlea tteark etnh aant
retraced back to the original starting condit

of energy.

3. Fiz2ld ASglowvart hm

To obtain the electromagnetic fields in th:
component of MaTlxhwee |Iclhbasr geeq udaetn sointsy. i s used with

calcul ate the potential within the boundaries

M ¢



equation in adiPflfCercordee metfhomd ties empl oyed. Wt

interacti ont akkles e¢deatioom [ 18, 19]:

—(3.4)
where the index Ai 0 is illustmadeswidn thegure
di stanceobesween
Ax
X X X X X X

i-2 i-1 i i+1 it2 it3

FigurleD 3sRatial grid oftimgde®s separated by a s

With the derived electric potential, the el ec
assuming a static magnetic fiCeIndoiOl A~(Bhi53 cas

in a 1D case. This dvddeu=sinlg 8d efeigmiatte met hseda

form [19]:

0O ——(3.6)

While this differential moguthtnicodee 4 e r@ant dilelre mr
becomes difficult awi ttheutb okbnoaa ng st e d ihthieo s .
the electric field at each point solved, the
cell . This interpolation works using particle

such as fi el dotsa ttihoen sc oonft itrhveowsarti cl es.



3.1.3 Particle Weighting

PI'C codes require weighting to convert the

throughout the grid to values of charge densi

griThe weighting process appl i esdicseclrliest et ov an oudees

the simplest weighting process, al+4+aparticles

gat hered and assigned to that point. Figure 3
¢  J

ni+1 S+

Ny

@ @
o, n;, |

Figur@ri3dd 3af nodexs; spgratriadleeds biyn t he Elhue squa

This method alone is insufficient due to noi s
di fferent effects when crDhliss ngoithe bouasdpe yi
cases where there are an iAnss usfufcihc,i etnhti sn uinsb ecro n
zeroth order weighting, and a fidxnt forder owalie
weighting, tbél patedcbesoanél nodes surroundi

depending on the distance from the particle t
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Chap4a-&e sul t s

4.1 Parameters Examined

The focus of this work | swawe ewiatmh nee NGER pl
enhance the interaction and create an opti mal
Due to the f ot bpsaroanmeatpefrisir ccahtoiedoasitt] iCo ,s9d mur esent e ¢

worak e chosepotenmiaakhemaperi mental setup.

Il n this wor k,hatshe pwai\8B@dOreymgitheislemf t he second
wavelength of 400 nm to reflect theegpniematyo
| asTehre. energy of &otphtavalseenr scamssiskav msgl a hEeAat
simulations usingot taempTheapyi masegrl asenei nt e
a higher energy to ensgtéenghwitbhéeheopbahbhsener

casTelse pul se duration foor bd&tihThaes eas aimet &Irls ¢

di ffer bet ween t hweavtewa alsesarnre iln sttlkeel beatTabl e

primary | ase®@ i spithaosean teoxperi mentally obtair
Q v af or the sew®wondareyf flexdsesr odu second har mon
reali zabl e setup. The intensi Adgdif toirtoheea ldlhayslea sse
are examined with both a |inear polarization

Tabl a4 .almMfedrertsheg @midmaecondary | aser.

Q ‘Al ntenmsi| © |61 "QoCXDNMQ@ED

01 Qa Yrmata p T dzpm o) P& zZp T




=

YQweé ¢ 1 1 mata v wXzpT ¢ eRZ p T

From these parameters, the condition (4.1) |e

equal to the cpriitmaray widaddpdrimicly .of t he

This work examines 2D PIC simulatiaen edesul
in 1D are properly captured. The tbhtoovi idmiht i al i
anuw ami cr on.Ehehghldi recti onOgirs ddipwii cd & iwhtiac hl 0 @&
of OO0 grid pointwitm 1I®E mdmuil @alt &dean per ecel I ,
| ongi tudinal grid ™pragi wdh, | &xt hiestfransd etrsebe
Mtoba The grid spacing in both directions is s
as evidenccedigbybetihne g snpuac h s mal | Addi hawomwmntahé yl as
probe is placed wno®hbteo vmecasunr a etgheo nc hmar act er i

passing through anhde pprloapnaeg aotfi ngh eb epyrocorbde t he pl 3

Thel as ma ointss esltfs of both el ectrons and ions
background fYemppteavht Ueet b€ ion temperptasmai s
density profile follows a gaussiamnikdhatfibut.
maxi muypn @fnd centered’ @abma tl emy ihs odhosen t o me
the dephasing |l ength of ¢4 hdhssmechaiaésbbdéwéend
found to balance over al If occrhatrlgee hnii g lihenrt ihaee meaixti y
1D si mullhaedteinensy profile i s sewhas agsdssagseati an
targeto &axdamro@aglaei on of time vfaiceNudvsi saunadl ipzaarttii
this profiinl efsddgailmshdWwlle peak of the density pr

tenhance the ceovwapleing dfhet lpd alsemat t hr ough t he



1.0

y (um)

n/(ne)

0.0

dx = 0.04 um = 0.05A X (4m)

Figur2eD d4prlesentation of the gausgygyiTdre ¢gearmdiet y st

Xewd and the primary and secondary | asers ar
0.8 1
_%‘0.6*
&
Eo.zp
E
= 0.2
0.0 4
0 5 10 15 20 2I5 30 35 40
FigurleD 4cwt: of the 2D density profile taken ac

maxi mum density of 0. 9n



4.2 Linearly Polarized Laser
4 .12 0 We n sdatsye
4. 2.1a Single Laser Interaction

The ddasestpiasphastha Wi g d&hrsHd@Yy
interacting onl yThiid hdemei tpy iimarghoéasmert o exar
density one order below the critical and dete
ar iAde , t heeraction resembles that of seen in

propagates through the plasma, a plasma wave

density:0.10n, laser setup:800nm time: 8.01e-14 s density:0.10n. laser setup:800nm time: 8.01le-14 5

lasma width:15 ym lasma width:15 pm
2 o 05 L M lelz 54 density:0.10n. laser setup:B00nm time: 8 01e-14

plasma width:15 um 1e12
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Figuxe(4) Density profile at a snaphats man t i

(b) Longitudinal fields, or plasma wave, gene

Tepl asma wave is 3s ha® 4Fn 3Ruisgbuordess t4dh.e densi ty
formi ng, w3bilsdhomwisgurhe 4.ongesutli nag éremtthe p
as the | aser travel s3ctThhreowalve aapshowr ieh ekEitg
regions the densiEtlye cdmadise martghy gaudef s beti ceenhte r at «
el ectrons havesuolbuéaé¢hei ¢t l eeadgyf the veloc

become trapped within tamed wawvekamdg.l ead to in



laser setup:800nm time: 9.01e-14 s
plasma width:15 ym 1010

density:0.10n,

density:0.10n, laser setup:800nm time: 7.50e-14 s
plasma width:15 um lelo
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(c)

Fi gu4(em )4. Phase space evolution of the electro
@) Initial pl asma wave formed fr agmoiwtuenrtadt itd

wave begi (elhteo pdraesana. wave f uwlclcyelberreaakess dedvenc tw

The wawvakhown i ndcFl gade 80 injection of elect
accelerating field structures. This injection

phase space.

Thenergy distribotcompaseewiamhnexpected ene
undeaersecet héar Bither €@ ner g ye xdii dbti rtisb wkakkeld @ ed di or a
through the peak at the tail end ofbhhtihse di str
snapshot i s f,oumhi Iteo thlee 2@Be dvke ant drher gya.idf colr &
Based on the energeggat nbpheemidbhdef shWEBAd i mp
18.5, Mawd it can be assumed that the interact
LWFA t Addiryi opbhhsma gitbhe eclaenn r oughly be cal cul a

using the formul a:

—(4.1)

This resuedpt® whmich i s a distance resolvable t

spacing



time: 1.15e-13 s
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4 .1B. B&#atvve I nteraction
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same plsansnahe pr eawidolex hs dattisorsi mi |l ar behavior

HY



density:0.10n, laser setup:beat-wave time: 7.50e-14 s density:0.10n. laser setup:beat-wave time: 7.50e-14 s
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generated. (b) Longitudinal field profile sho

fiel ds.

The wave r api dFHtbyr eraeka cnhge d itnthieto,w acwafeu seil regec tirmjnesc i |
accelerating fields. | n8arhee tpvwoa scel esara cpee askhso winc

propagate transversely. Additionally, the peal

time: 1.10e-13 s 1el0 10

0.0
0 5 10 15 20 25 30 35 40
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The expected energy gain from tthhirsouignht er ac
alteration of tdihea kuesne foafra \eteh ee Thfemactha wiemum ener ¢

di stri bwavberre akfithnggr i s found to be ~80 MeV, wit

H



to an energy of ~50 MeV. The energy at the pe:

sinlgdeer case, showing that LWFA continues as

time: 1.10e-13 s

10t

1024

Particle Count (normalized)

10° 104 10° 10° 107
Energy (eV)
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density:0.10n, laser setup:beat-wave time: 1.60e-13 s
plasma width:15 ym
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probe i-eind heef ttahd di stri bution are similar, bt

i n thweavbeeactase. This is of great i mportance, e

charge occursld nMag\Whe range of 1
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4 2Duar-Creirti calabensity

As expressed in 2.4.1, the Raman-. Sdatterin

exanime effect of, rpeaddehnisnigt yt hiins tlhiemiftol | owi ng
E TR 8 .
4 .232Si ngl eCalsaes er
I n the cadve o@fri snalrgl y aser interacting with

already shows a differenc® ctasbehAyvitome cloanpar

the peak of the density distribution, a plasm
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4.33. SinglCasleaser

Theensity pirnotfeirlaectiinon hoef t he-cprtmaeay phaen
shewf astdkawmrefakt he pl asma wave generated by t
the plasma wave breaks down cl oser -btre atkhe gi ni

swhequently causes an earlier injection of ele

density:0.50n, laser setup:800nm time: 5.01e-14 s density:0.50n, laser setup:800nm time: 8.01e-14 s
plasma width:15 um plasma width:15 yum

1.0 1.0
20 20
0.8 0.8
10 10
_ 0.6 _ 0.6
S o g 5 o g
> < > =
0.4 0.4
-10 -10
02 0.2
-20 -20
0.0 0.0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
X (um) ( a ) X (um) ( b )

Figuie (4a)2 Sl ightly visible p8d am®imanwavacit nngh g

the primary-braad&n.ng( o)f Wdvwe ma wave | eads to r
The interaction results in electrons accel
densities, with a greater charge.

density:0.50n, laser setup:800nm time: 1.05e-13 s

plasma width:15 pm lelo , o

Fi guB&l 4ctron phase space snapshotcras itchmd | as

pl as ma.



The energy tdhetirntbartaotni @af shows an initial
and first interacts with the pl asma. However,
smooth curve with a maxi mum measured energy o

withensheat h.
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through the plane of the probe.
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4 .4a. Si nglCasleaser
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FiguBé¢ a&In.a3pshot when the | aser reaches the edg
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the cavity f i edrdes pwho ncohu nacreed naormd nvi si bl e i n tFh

profile.
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density:0.9n. laser setup:beat-wave time: 3.00 e-13 s
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The effect of the cavities in accelerating th
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Radi ot her apy

The objective of this work is to find a po
el ectron radi ophaesapy atlsphgradbasety pl asmas
approach the r es onwanvcee caochddn Istiiigolya npaf aasdnsdwse agto o d
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