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Multistaged LWFA collider design

Collider physics consideration
beamstrahlung, disruption, emittance
degradation, gamma emission
(spectral degradation)

Driver development
iIndependent and a huge challenge



CMS Energy (GeV)
Luminosity (1034 cm'zs;l}
Luminosity in 1% of Ecms
Bunch charge (10"0}

Bunches / train

Repetition rate (Hz)
Beam Power (MW)

Emittances £, x / £,y (mm-mrad)

IP Spot sizes sx/sy (nm)
IP bunch length sz (um)

Drive beam / Laser / RF Power (MW)

Gradient (MV/m)
Two linac length (km)

Drive beam / Laser / RF generation eff.
Drive beam / Laser / RF coupling eff.

Overall efficiency
Site Power (MW)

SLAL

Laser
1000
2.4
~2
3.80E-06
193
1.50E+07
11.6
1e-4 /[ 1e-4
1.0/1.0
0.1 — 300
58
400
~4
60%
20%
12%
~137
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Plasma
1000
3.5
1.3
1
125
100
20
2/0.05
140/ 3.2
10
58
25000
~6
45%
35%
15.70%
~170
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Examples of TeV Collider Parameters

CLIC
1000
2.3
1.1
0.37
312
50
9.2
0.7 /0.02
140 /2
30
36.8
100
14
49%
25%
12.10%
~150

ILC
1000
2.8
1.9
2
2820
4
36.2
10/0.04
554135
300
80
31.5
47
53.85%
49.01%
17.90%
300
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Raubenheimer(2008)

Keys Issues of future colliders

Beam Acceleration

* Largest cost driver for a linear collider is the acceleration
— |LC geometric gradient is ~20 MV/m - 50km for 1 TeV

* Size of facility is costly = higher acceleration gradients

— High gradient acceleration requires high peak power and
structures that can sustain high fields

- Beams and lasers can be generated with high peak power
« Dielectrics and plasmas can withstand high fields

* Many paths towards high gradient acceleration
— High gradient microwave acceleration } ~100 MV/m
— Acceleration with laser driven structures :L
— Acceleration with beam driven structures |
- Acceleratfon Wfth laser drnlfen plasmas L 10 GV/m
— Acceleration with beam driven plasmas J

S |_ A C 13th AAC Workshop Page 11 @f Farticle Physics
: July 27 - Augusl 2, 2008 -\\k B Retraphysics

~1 GV/m



Issues for LWFA Collider

o Collider Physics Issues (what is unigque
and challenging to LWFA) ----this lecture

strong acceleration (compactness)

small emittance (strong beam)

strong transverse force/large betatron oscillations
large quantum beamstrahlung effects

miniature finesse issues

* Driver issues (high rep rate, high average
power lasers) ----- this afternoon
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_— W Motivation and overview
mnn:-?‘\.

Leemans (AAC ,2010)

* Collider size set by maximum particle energy and
maximum achievable gradient imited by breakdown

= Motivates R&D for ultra-high gradient technology

l Driver technology l
r Laser T r E-beam 7
Direct laser Laser wakefield Plasma wakefield Dielectric
accelerator accelerator accelerator accelerator
BERKELEY LAB F l EE I

LASER ACCELERATOR



Laser driven collider concept

a TeV collider

Leemans and Esarey (Phys. Today, 09)
ICFA-ICUIL Joint Task Force on Laser Acceleration(Darmstadt,10)



on laser acceleration (Darmstadt, 2010)

Case 1Tev (Sclc?n:ii‘:) ) (Sct?laTriZH)
Energy per beam (TeV) 0.5 5 5
Luminosity (103 cm™2s™1) 1.2 71.4 71.4
Electrons per bunch (x107) 4 4 1.3
Bunch repetition rate (kHz) 13 17 170
Horizontal emittance ye, (nm-rad) 700 200 200
Vertical emittance ye, (nm-rad) 700 200 200
B* (mm) 0.2 0.2 0.2
Horizontal beam size at IP ¢”, (nm) 12 2 2
Vertical beam size at IP ¢*, (nm) 12 2 2
Luminosity enhancement factor 1.04 1.35 1.2
Bunch length o, (um) 1 1 1
Beamstrahlung parameter Y 148 8980 2800
Beamstrahlung photons per electron 7, 1.68 3.67 2.4
Beamstrahlung energy loss d, (%) 30.4 48 32
Accelerating gradient (GV/m) 10 10 10
Average beam power (MW) 4.2 54 170
Wall plug to beam efficiency (%) 10 10 10
One linac length (km) 0.1 1.0 0.3

W. Leemans,
Chair

Collider subgroup
List of parameters
(W. Chou)

Table 1
Collider parameters



JTF Report #2

Case 1 Tev (Sclfn:f'i‘(]) 1 (Sct?m?iz 1)
Wavelength (um) 1 1 1
Pulse energy/stage (J) 32 32 1
Pulse length (fs) 56 56 18
Repetition rate (kHz) 13 17 170
Peak power (TW) 240 240 24
Average laser power/stage (MW) 0.42 0.54 0.17
Energy gain/stage (GeV) 10 10 1
Stage length [LPA + in-coupling] (m) 2 2 0.06
Number of stages (one linac) 50 500 5000
Total laser power (MW) 42 540 1700
Total wall power (MW) 84 1080 3400

: 0
E:zz K)) Evea?(nel zgf;l/il-eknv(\:/zlge/(i[)o beam 40%] 20 20 20
Wall plug to laser efficiency (%) 50 50 50
Laser spot rms radius (pum) 69 69 22
Laser intensity (W/cm?) 3x10'8 3x10'8 3 x10'8
Laser strength parameter q, 1.5 1.5 1.5
Plasma density (cm~?), with tapering 10" 1017 10'8
Plasma wavelength (um) 105 105 33

Collider subgroup
List of parameters
(W. Chou)

Table 2
Laser parameters



ICFA

Beam energy Beam power Efficiency
Accelerator Beam (GeV) (MW) AC to beam Note on AC power
H+
PSI Cyclotron 0.59 1.3 0.18 RF + magnets
SNS Linac H- 0.92 1.0 0.07 RF + cryo + cooling
TESLA N i
- + +
(23.4 MV/m) e'/e 250 x 2 23 0.24 RF + cryo + cooling
ILC et/e” 250 x 2 21 0.16 RF + cryo + coolin
(31.5 MV/m) ' y &
CLIC et/e 1500 x 2 29.4 0.09 RF + cooling
LPA e/e” 500 x 2 8.4 0.10 Laser + plasma

10
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"'Zhl BELLA Project: state-of-the-art PW-facility

m__""j:;\ﬁ for laser accelerator science

Gowning Room BELLA Laser

Final focus

Leemans
(AAC, 2010)



r::__rh| |:1 BELLA Laser: 40 Jin 30 fs, 1 Hz

p——S

« Laser power and energy requirement: Leemans(AAC, 2010)
— Simple energy balance:
« 400 pC at 10 GeV =4 J 40 J
« Assume laser -> beam efficiency = 10 %
— Point design

« 40 J, 30 fs laser provides wide parameter range
— Highly non-linear reqgime a>> 1
- Mildly non-linear regime a ~ 1

* 1 Hz repetition rate:
- Fast enough to do:

« Rapid parameter scans: science with error bars
— Slow enough that:

« Thermal loading of optics remains low
« Radiation yield remains < 5 mR/hr outside shielding

_
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‘-’:'}I : Basic design of a plasma accelerator: single-
“_“_Tjj stage limited by laser energy

Leemasn(AAC, 2010)

« Laser pulse length and plasma density
—kyo, 51, o~k ~m'? M

« Wakefield regime determined by laser intensity lager

— Linear (a,<1) or blowout (a,>1) AN A A N I
b _ by y _ P II II| | III | |'I | I___.- { LY AN

ty == T3 = L0 A )" fp (WY fem™ ), I'-.f'l AR

| ¥, '.__,' I'..-"

— Ex: a,=1 for l,=2x10" Wicm* and ;= 0.8 um E, wake

« Accelerating field determined by density and laser intensity
— E. = (a;5/4){1+a,°2) " n'* ~ 10 GV/m

« Energy gain determined by laser energy via depletion™
— Laser:  Present CPA technology 10's J/pulse

— Bunch parameters also determined via beam loading

*Shadwick, Schroader, Esarey, Phys. Plasmas (2008)



-. Leemans(AAC, 2010)

';“FJ}J |"| 10 GeV reachable with BELLA laser at 30 - 40 J

e

» 10 GeV design scalable with density

— 32 (e -2
* B, BN, O~n

» Baseline laser performance: 40 Jin 30 fs

« At 10'"T/ce =10 GeV 300pC™™

« For 30 J: increase density and lower charge

+ At 1.2x10"/cc 210 GeV for ~ 100pC 0  Scale gain [GeV at 1e17 16
0 >Cale galn [(seY &l‘.E-’:‘.-': 14

» Alternative: reduce spot size 15% at 107 /cc
PO : Perfqrma nce vs spot size

" LY
» Performance vs. spot size charaderized ot | bamnLens b —
E e
« Should allow ~ 200pC at 10 GeV w/ 30J al . 'R_._ [
T |
= 30J  40J base
*Cormier-Michel et al, AAC 2008, = Geddes et al, FAC ” -} L |

2000. & SciDAC Review 2000
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ong Quantum
ung Regime

M. Xiel, 'I'. Tajima?, K. Yokoya3
and S. Chattopadhyay!

! Lawrence Berkeley National Laboratory, USA
2 University of Tezas at Austin, USA
*KEK, Japan

Abstract.

We explore the multidimensional space of beam parameters, looking for
ferred regions of operation for a e*e~ linear collider at 5 TeV ccntrrg of r:ar:;
energy. Due to several major constraints such a collider is pushed- mto cer-
tain regime of high beamstrahlung parameter, T, where beamstrahlung can-be
suppressed I_Jy quantum effect. The coilider performance at high T regime is'
examined with TP simulations using the code CAIN. Given the r&quiredgbe
parameters we then discuss the feasibility of laser-driven acceiet’atio;m Ir-l ar:n:‘
ular, we will discuss the capabilities of laser wakefield acceleration ax;r;l conl?l ”:*
on the difficulties and uncertainties associated with the appma&l:h It is hgm;(;
that such an exercise will offer valuable guidelines for and insis;hts.into ;he rpur-

rent develop;ner?L of advanced accelerator technologies oriented towards future
collider applications. i

INTRODUCTION

It is bel'ie\red that a linear collider at around 1 TeV center of mass energy
can .be built more or less with existing technologies. But it is practk;aliy iri}
possible to go much beyond that energy without employing a new V"E‘L lar e-l‘-'
unknown method of acceleration. However, apart from knowing H’u; r'1r-rnilgc-r-)f
}he future technologies, certain collider constraints on electm;; aud n( rrm
beam parameters are considered to be quite general and have to be sat;q.:

ned, e.g. available wall plug power and the constraints imposed by collision

processes: beamstrahlung, disruption, backgrounds, ete. Therefore it is ap-

iczrupua‘u,e to expiore and chart out the preferred region in parameter space
based on these constraints, and with that hopefully to offer valuable guide-

Xie et al. AAC Conference Proc. (1997)

Also, Chattopadhay et al., Snowmass (1996)

WFA Collider Study (1997)

3

With a plasma density of 107em ™3, such a gradient can be produced in the

ing T2 laser. civine a nlasma dephasine
ooyt = S = F 28225

linear resime with more or less ax lasma dep

linear regir
length of about 1 m [13]. If we assume a plasma channel tens of um in
width can be formed at a length equals to the dephasing length, we would
have a 10 GeV acceleration module with an active length of 1 m. Of course,
creating and maintaining a plasma channel of the required quality is no simple
matter. To date, propagation in a plasma channel over a distance of up to 70
Rayleigh lengths (about 2.2 cm) of moderately intense pulse (~ 10'*W /em?)
has been demonstrated [14]. New experiment aiming at propagating pulses
with intensities on the order of 10'¥W/em? (required for a gradient of 10

GeV/m) is underway [13].

Table 1. Beam Parameters at Three Values of Beam Power

i CASE | B,(MW) | N(10%) fc(kl{z‘)ﬂ gy(nm) | By(um) | oy(nm) | o=(xm)
I 2 0.5 50 2.2 22 0.1 0.32
11 20 1.6 156 25 62 ?,56 1
111 200 6 416 310 | 188 | 35 2.8

Table 2. Results Given By the Formulas

CASE| T | Dy | Foiae| ny | 68| mo | £o(10%cm~2s71)
I 3485 | 0.93 | 0.89 | 0.72 (0.2 | 0.19 1
I 631 | 0.29 | 0.89 | 0.72 | 0.2 | 0.12 1
111 138 | 0.081 | 091 | 0.72 | 0.2 | 0.072 1
Table 3. Results Given By CAIN Simulations o
CASE | ny | 68 | 0e/Bo| np | £/Lo(Wem € 1%) | £/Lo(Wem € 10%)
1 1.9 | 0.38 0.42 0.28 0.83 Izl |
1 0.97 [ 0.26 | 0.36 | 0.12 0.65 0.80
‘ I11 0.84 | 0.21 0.32 | 0.06 0.62 0.75
Although a state-of-the-art T° laser, capable of generating sub-ps pulses
with 10s of TW peak power and a few Js of energy per pulse [11], could al-

W peak
most serve the need for the required acceleration, the average power or the rep
rate of a single unit is still quite low, and wall-plug efficiency inadequate. In
addition, injection scheme and synchronization of laser and electron pulse from

15



Collider Physics |

Basic parameters and scalings of LWFA Collider in
Maximizing luminosity with constraintsof
beamstrahlung , disruption, and y emission

Byl .
=) (%) .
L L.lll | Pﬁ |'. A s |I | s 'T Py P T'. - ?
~ 5'*.-"?ff '-.-"ﬁ ! El L ..f.-'_,-.? 1| o e DTN - . ) (R
T - (Eﬁmﬂi}{1m)(1, =5) () t, ~ D TWN , fiz ~ TO{TWE i
- I the lmit T % 1, (T} = 1T TL(T) = 1712, Eq.[E) becomes
D, = (lémrmer,) &N :
|:]'|' R/ II_F'.:I H.I . l:.’ﬁrd'::lll'lﬁl IjE - ||'||r|:T:IIIJ. r!}:‘
n, = 2MHMTIF, & = LATL(TIF 5]
Sy /ArE Wi | Bl , _
Fe [ ](1+R}|:]|' 5 (F) )

First paper on LWFA collider

Xie, M., Tajima, T., Yokoya, K. and Chattopadyay, S., Studies of Laser-Driven 5TeV 16
e+e- Colliders in Strong Quantum Beamstrahlung Regime,

(AIP Conference Proceedings, New York, 1997), 398, p. 233-242.



Collision parameter

dependence
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Collider Physics Il

Xie et al (1997)

Optimization for LWFA Collider at IP

Collision energy

First LWFA Collider design
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T Table 1. Beam Parameters at Three Valuss of Beam Power
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Table 2. Results Given By the Formulas

CASE| T | Oy | Fage| ™y | f2 | mp | G10Pem5)
I M85 083 ) OB | 07203 018 |
I 631 | 029 | 089 072 | 02| 012 1
I | 138 | 4h081 | 000 | 0V2 |02 ) 0072 1

Table 3. Results Given By CAIN Simulatbons

CASE | ny | Bp [o0/Ey| fp | £/E,Won € 1%) | £/L,(W,q € 10%)

[ 19 (D36 | 042 | 0.2 .83 1.1

II | 097|026 036 012 .65 .50

oI | 084 | 021 ) 032 (006 0.62 0.7h
17

Physics under extremely strong quantum beamstrahlung regime Y >>1 (the shorter the bunch, the smaller Y)
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LWFA properties under multistage collider design
First multistage model for LWFA collider

PHYSICAT REVIEW S5PECTAL TOPICS - ACCELEFATORS AND BEAMS, VOLUME 3, 071301 (2000)

Particle dynamics in multistage wakefield collider

S. Cheshkov, T. Tajuma * and W. Horton
Departmerny of Physics and Institute for Fusion Studiez, The Umiversity of Texas at Awstin, Austin, Tevas 783712

K. Yokoya
EFE Natonal Laboratory for High Enagy Phnsiczs, Tzuknba-Shi, Japan
(Fecerved 24 January 2000; published 27 July 2000)

The dynzmics of particles 1 laser pulse-dimren wakefields over multstages 1 2 collider 1= studied.
A pap of phasze space dynamics over a stage of wakefield acceleration induced by a laser pulse (or
glectron beam)} 15 dermved. The enfire system of a collider 15 generated wath a product of nmlfiple maps
of wakehelds, dnfts, magnets, ete. This systems map may mechude offsets of vanous elements of the
accelerator, represenfing moise and erors ansing fron the operation of such a complex device. We find
that an wmuhgated strong focnsing of the wakefield coupled wath the ahgmnment errors of the posthon
(or laser beam mmwng) of each wakefield stape and the unavoadable dispersion m mmdnadual particle
betatron fequencies leads to a phase space nuong and camses a tansverse emuttance degradation. The
rate of the smitfance ncrease 15 proporhonal fo the number of stages, the energy of the parbcles, the
betatron frequency, the square of the masalipmment amphtude, and the sguare of the betatron phase shuft
over a single stage. The accelerator with a weakened focus in a charmne] can, therefore, largely suppress
the smuttance degsradaton dus to emrors.

PACES mmmbers: 52.40ME, 52.65.Cc, 52750, 05.40.—a

[. INTRODUCTION ot NT v f.N?
The use of plasma waves excited by laser beams for elec- dmoeor, dnfeBlVeB;
tron acceleration was proposed by Tajima and Dawson [1].

(1)

whera . 18 the collision fremency & 1s the narhcle mome-




Collider Physics IV

LWFA model for collider
Stage accelerator matrix

j—: = kp Py cos(F), (19)
ﬂ — J‘_f’ (20
dz ET:’T: '

(| \ I R ! i
10041 III 'I |I f \ I||". | II [ II Vo II |I| | II

'I |II ||' III| | Ir,n,lllll IIIIIII I,'II IIII Ilfﬂ'.ll ||II II'. III|I III,' Ilf'qll |III II.
|I I|I \ ." II I|' II|I I|I I".I I,."lll I|I I|II I'|I I|I III"-JIII I|I I|' I'ul I|I
WAL L AL

FIG. 1. The lonzitudinal phase space: electron Lovenz factor
¥ vs 1ts phase with respect to the wakefield V. The paameters
nsed were ¥, = 15, &y = 0.2

Cheshkov et al (2000)

Longitudinal dynamics

Ihe hneanzed equations of moton for the longtudmal
degrees of freedom are

‘51'1;.1|+| = ‘51'1;."- (23)
Syns1 = 2y, Polcos(¥; + A) — cos(¥,)]8Wn + Sya.
(24
Transeverse dynamics
i 4 [m:} sinfem,z + ¥, + &7%,)
13 Li] _
Tt om0 @
whers
k
L == 26
w 22 (26)
142
4
wg =( E) Q7
Ty

[ cos(EA)  gsin(EA) /1 L] .
M= ( o Sml%‘&} fDE[;LI-'}-_:I )(ﬂ 1/ {_9:]

where L 15 the dnft distance between the wakefield stages
and 1 /e 1s the betatron length in the wakefield. The matrix
(29) may be also wnitten as
o cos(=A) o sin(=A) + Leos(—A)
o w sinf-A) Lo sin(z-A) + cos(z-A) |
(300

The fransverse map ‘M for the whole accelerator system
i

M =M", (31

19



Collider Physics V

Cumulative effects over multistages
Strong LWFA betatron oscillations lead to emittance degradation

SEVELD UdUDVEILE ELILLGELCE SLUWLLL L dnlisadlly, Wiikdl
wens 15 that the parficles rotate at different angular ve-
ies m the transverse phase space and if there is a
2 poaition shift present, we get a charactenstic banana-
ed dismbution {see Fiz. 3c) (if 15 banana shaped only
e dislocation size is larger than the beam size, butm 50 D

case the parficle distibufion gets dilated because of aﬁ‘e-:ted_
ma]lgum.en.ﬁ) 'I'Im.pnx&._-,c:rm.ca]h depends on the
the typrcal mgd:nfdnﬁxmgfnrmLufgmat
wtance. Of cowrse, additional information can be ex-
ad from the other total phase space cross sechons; see
4. However, here we concentrate on the transverse
tance as a fipmre of ment due to ifts mportance to the + e
hmuinosity of the colhder. The effect of plasma noise
her noise, such as laser or the boundary) on the par-
dynamies over 3 stage may also be moorporated m 3

where T,

motion, we assume that o < rF,.
This means

a1 _
(i’;—]) —_ |l!’f_,=|ll’fl,=

' 'H‘:'( n‘)

+ IHK IH

strong focus __.--""_-
1w’ =
E 7
=
w b
__-"'f weak focus
1"' 1 L 1
a [1--] 220
H
.} [N
(=] (1]
L | |
£ > £
- a
£ L L &0
-2 ] 20 -20 a bl
it L

Cheshkov et al (2000)

on(3)

(5)=m(™2.7)+ (%)

is the stochastic misalisnment (D, =

). The lonzitudina]l degrees of fresdom are mot
For thes map to desenibe realishcally the electron
The total fransverse
map (in the presence of errors) can be wnitten m the foom

_pe Mol - w,](ﬂl)

(34

(33)

(38)

{Diz, ) D (z)) = oplélz, — 2). (39)

Applying the theory of random walk of 2 harmome oscl-
lator drmven by a random force, we obtain

{D) =0,

{¥) =0, {t) =0, {f¥) = 0, {40
#)y=Dz =DNI, (¥)=Da’: (41)
where the diffusion coefficient [ 15 zrven by
I' 7 T
D= —yaloyg. 42

We ame also assumwang that the emuttance growith 15 lage
{compared fo the bzl enuftance). So, using (400 and
{41), we obtamn

| 1 3
Mg m= wld 7= ?'}'m[ml':l'u‘?h;'lr. (43)

1 ’ 3 /2 | AyN
Ae = —“.I-'ur[url'_l'-?-j:,(L} |':.rtn(l + =¥ )
2 Ayl ¥

(44

E'hEI‘E'}']_de]JJIﬂalPEI‘D.ElEEﬂEtE- Typically, Ay =~
apEol and w = ,— =0 we obtan

Palad | AyN
—- ':.rh:(L + %)

45)
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Optimization for LWFA collider
Strategy of synchronous orbit operation

PHYSICAL REVIEW SPECTAL TOPICS - ACCELERATORS AND BEAMS, VOLUME 3, 101301 (2000)

High energy laser-wakefield collider with synchronous acceleration

C. Chiu.! S. Cheshkov.! and T. Tajima 2
| Department of Physics, University of Texas at Austin, Austin, Texas 78712
*Lawrence Livermore National Laboratory, Livermore, California 94550
(Recerved 5 May 2000; published 23 October 2000)

A recent study on a lugh energy accelerator system which mwolves multistage laser wakefield accel-
eration shows that the system 1s very sensitive to jitters due to nusalignment between the beam and the
wakefield. In particular, the effect of jitters n the presence of a strong focusing wakefield and mitial
phase space spread of the beam leads to severe enuttance degradation of the beam. One way to improve
the emittance control 1s to mutigate the wakefield by working with a plasma channel However, there
are linmtations i this approach. Our present imwvestigation does not mwolve a plasma chanmel Instead
of averaging over the full phase range of the quarter-wave acceleration, we treat the phase range as a
variable. We have found that, for a fixed final acceleration energy and a small phase ship. the final
emuttance 1s mversely proportional to the total number of stages. This leads us to consider an accelerator
system which consists of superumits, where each superunit consists of closely spaced short tubes, or
chaps, with the wakefield of each chip being created by an independent laser pulse. There 15 a relatively
large gap between adjacent superumts. With this arrangement the beam electrons are accelerated with a
small phase shp; 1.e__ the phase of the beam 1s approximately synchronous with respect to the wakefield.
This system 15 designed to have resilience against jitters. It has 1ts practical linmtations. We also consider
a “hom model” with an exact synchronous acceleration based on a scheme suggested by Katsouleas.
Computer simulation of both the chip model and the horn model confirms an expected (s P*/? law for
emittance degradation in the small phase angle region. Thus the choice of a small loading phase together
with a small phase slip provides another important ingredient i controlling emittance degradation

PACS pumbers: 52 40Nk, 52.65.Cc, 52.75.D1, 05.40.—-a
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orentz factor from the nth stage to the n + 1th stage for
typical particle’ is given by

Yorr = o + Ay + S 5y, ™
L4

wherme the mereaszs in the Loventz factor over an accelara-
fion stage 15 given by

Ay = Ay [smly, + A) — sm, ],

with

Ay = IT:',TI\:..
dhy , _ ,
i A Yaus[cos(ghy + A) — cosgh]

To the extent that one neglects the order of 71, fora typical

particle, the deviation of its longrudinal pﬁase from the

center of the beam I poing from one stage to the next
remains fixed: 1e,

Gihat1 = Sghe = Gof . %)

C. Trapsverse lterative map

Transverze equation of motion. For the transverse mo-
fion of the beam particles in the ¥ dwechon we work with
the two vanables p, and x. The equations of motion for
these two vanables are ziven by the Lorentr force equation
and the defimtion of momentom

dp, _ dp, eE, dx P

P 2Py _ _E8s g 2 B

dz cdt c dz myc ®
It 1z shown m Ref [3] that, in terms of the vanable u =
¥x, the tramsverse force 15 approxmately harmonic. The
two equations of mobion lead to

‘Cm:lmnﬁ on 3 typical beam particle: Techmically we could
have infroduced beam partcle labels, e, i = 1,2, Ny Then
the i th particle would have 3 Lorentz factor of v, = ¥, + f¥,.
Here yq is the Lorentz factor at the “center™ of the beam To
be precise, dv; — oy yili) with gy () being a random menber
zenerated by 2 Gamssian dismbafion having 3 unit width By
the comstroction here, o 15 the Gaussian width or simply the
width, of the variable . For brevity throushout the text we
will suppress the beam parficle Label and refer to, for exanple,
¥ = yq + Gy a5 the Loventz fctor for a typical particle which
has a wudth or,. Similarly, the same typical pamcle will have
@ longimding] phase b, with a width ey and a random varishle
s from {0} . We will also apply the same comvention to
its ransverse coordinates « and «f. They have their widths and
the corresponding random varisbles from the set of {y(i)} and
Leale )},

d* 1 dp. 1 E,

E,‘ L _L — = - *u
dz® me ¥ di me ¥ ¢

(10)
where

5 1 4 DoEu 5 -

= — ,i, Dms:m.'x—ﬂ:'hsmw
me ¥ e ¥y kg L

(11)

Jitters and the transverse map. So far the system 5
Harmltoman and thus the emuttanee of the electron beam
1z preserved. MNow conmder jrtters m the transverse direc-
tions, winch, as mentroned earlier, may be due to the mis-
alignment at each stage between the wakefiald with respect
to the beam line. We follow a procadure splar to these for
the zenerztion of random phase space vanables. At each
acceleration stage a rendom number y 15 generated based
on a normahzed Ganssian dismbution with a wadth wmty.
Denote the modified jitter displacement m the x duechion
by O = Fopy. This leads to a following mecwrence
relation in goingz from the nth stage to the n + 1th stage:

Moty w, — I I
(HL-:)_MWM'*( w, )+(1])-
The wakefield acceleration matnx 15 given by

cost *sing
M = [ gt e ] 13)
Here I; 15 the spatal mterval of acceleraton wluch
b'LhEhJ]JE lengith: sea Fig. 1(b). From Eg. (8), L, =
2y, IA, fkp, where A, is the phase slip over the come-
spcmdmg ;pa‘l:lal interval. For a gap with 3 free =pace
interval Lo, the comresponding fransport matnx 1= grven by

-~ _[1 ¢
My, = S(L) L] l-l.

Magnets. It 15 well known that the presence of magnets
increases the stability of electron crbits. Fipure 1{c) shows
the layout with magnets. Within the gap there 15 a pair of
quadrupoles separated by a distance sl and the distance
between each of the magnets to the comresponding end of
the tube 1= grven by alg. S50 2a + 5 = 1. With magnets,
the matrix M, is to take on the following form:

(12)

# =0y,

(14)

My = SlaLolM(F)5(sLo)M(—F)5(alo)

[TECF U] o
Fis T

where b = f /L and f 15 the mapniide of the focal langth

which 15 azsumed to be the same for both the comerpent

and the drvergent quadiupoles. The magnet matrix i the

thin len= approcomation. for focal length F, 1= prven by

Mif) = [—ll, ‘l’]. 16)
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Minimization strategy of emittance growth due to LWFA betatron effects
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0 = (s P (

the local wakefield a: defined sarliar, is i, . then the elc-
tron phase relaine to the laser pulse defined by the local
plasmz wave number &, is

kat) = 20 Niow — o,

o3 s 0.7 .3
pip,

FItz. 8. (Color) Felationship between the normalized cross sec-
ton and the nommalized density fimction in & noezle flow: The
solid circles are for the moneatomic plasms and the curve is for
the distomic plasmsa.
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Huge Driver Issue!



conclusions

LWEFA provides unigue tool to a future
collider option

More compact and thus less expensive
collider framework

Collider physics requirements: luminosity
maximization, small beam, large betatron
emittance preservation: tough challenge

Driver laser for collider: a huge challenge,
topic of discussion for the afternoon
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