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FORWARD

This Report includes copies of transparencies and notes from

the presentations made at the Symposium on_ New Modes of Particle
Accelerations - Techniques and Sources, August 19 - 23, 1996 at the
Institute for Theoretical Physics, University of California, Santa
Barbara California, that was made available by the authors. Editing,
reduction and changes to the authors contributions were made only to
fulfill the printing and publication requirements.

We would like to take this opportunity and thank the speakers for their
informative presentations and for providing copies of their
transparencies and notes for inclusion in this Report.

We also would like to thank ITP staff for their assistance, with our
special thanks to Ms. Deborah Storm for her continuous efforts and
help with the meeting, announcements and processing of this Report.

Zohreh Parsa

Symposium Chairperson

Institute for Theoretical Physics
UC, Santa Barbara California, USA.
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iTP Conference on

NEW MODES OF PARTICLE ACCELERATIONS
TECHNIQUES AND SOURCES

August 19-23, 1996

Coordinator: : Z. Parsa

SCHEDULE

Aonday, August 19, 1996:

‘onvener: Z. Parsa

e

.ime Speaker Title

:00 am Registration ITP Lobby

40 J. Hartle, ITP Director Welcoming Remarks

Z. Parsa, BNL Introduction to Program

lefining Perspective Presentation:

110 R. Siemann, SLAC Status and Future Direction of
Advanced Accelerator Research

0:10 Refreshment Break ITP Front Patio

onvener: A Sessler

ower Sources - Status, Advances and Limitations:

):30 R. Phillips, SLAC RF Sources
[:15 G. Mourou, U. Michigan Laser as a Power Source
2:00 pm Lunch Break ITP Front Patio

onvener: A. Skrinsky

:30 M. Gunderson, USC Pulsed Power Sources -- Physics Issues
Underlying Power Conditioning for Accelerators

dvanced Accelerator Schemes:

:15 W.B. Mori, UCLA Laser Acceleration

:00 Refreshment Break ITP Front Patio




20 S.Yu,LBL

)5 C. Pellegrini, UCLA

50 W. Kimura, STI Optronics
30 Wine & Cheese

00 Buffet Dinner

esday, August 20, 1996

wener: C, Pellegrini
ne Speaker

v Modes of Acceleration & Applications:

Jam T. Katsouleas, USC

wa

A. Skrinsky, BINP

30 Refreshment Break

50 C. Joshi, UCLA

15 R. Pantel, Stanford Univ.
S pm Lunch

wwener: R. Siemann

ittance Issues of Acceleration Methods:

1 E. Esarey, Naval Res. Lab.
) N. Andreev, RAS
1 Refreshment Break

1 B. Breizman, Univ. Texas
) T. Katsouleas, USC

b end of session

Two Beam Accelerator

Advances in Inverse Free Electron lasers
and an Update on Free Electron Lasers

New Advances in Inverse Cerenkov Accelerator
ITP Front Patio
ITP Front Patio

~ Title

Plasma Beat Wave Accelerator (PBWA)
and Overview of Plasma Acceleration

Plasma Wafefield Accelerator (PWFA)
and System Designs

ITP Front Patio
Progress in Laser Plasma Experiments
Open Waveguide Structure for Laser Acceleration

ITP Front Patio

Laser Plasma Physics Issues

Self-Modulation of Intense Laser Pulses in
Homogeneous Plasma and Plasma Channels

ITP Front Patio
Beam Dynamic Issues in Plasma Wakefield Accelerators

Beam Dynamic Issues in Laser Plasma Accelerators
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ednesday, August 21, 1996

nvener: W. B. Mori

ne Speaker

0 am C. Barty, UCSD

5 D. Umstadter, U. Michigan
30 Refreshment Break

50 A. Skrinsky, BINP

35 A. Sessler, LBL

1S pm Lunch

wener: E. Esarey

5 P. Chen, SLAC

] A. Skrinsky, Z. Parsa,

N. Andreev, B. Breizman
C. Joshi, W.B. Mori

G. Stupakov, T. Katsouleas
V. Gorev, D. Umstadter,

and others
D Refreshment Break
0 G. Stupakov
D T. Marshall, Columbia
) V. Telnov, BINP
) end of session

Title
Production of Ultra Short Laser Pulses

Short Bunch Injection, Synchronization,
and Acceleration in Laser Wakefields

ITP Front Patio

Beam Cooling Techniques

. Laser Cooling

ITP Front Patio

Crystal Accelerator (Plasma wake in
conduction electron and channeling

Reports* on New Advances in Lasers,
Plasma based Acceleration Techniques
and Panel Discussions

[*= to be announced]

ITP Front Patio
Beam Emittance in PWFA

Microwave Inverse Cerenkov and FEL Accelerators:

“Tabletop” Systems for Applications at 10 -20 MeV.

Requirements of Beam Emittances in Photon-
-Photon Colliders and Methods of Realization




ursday, August 22, 1996

wener: D. Rule

ne Speaker

Dam A. Shchagin, KIPT
D A. Zholents, LBNL
)5 Refreshment Break

wener : K. von Bibber

25 D. Cline, UCLA
wmass 96
00 J. Wurtele, LBL

Title

Parametric X-ray radiation as Source of Short
pulses of X-ray beam

Generation of Femto-Second X-Ray Pulses at
Synchrotron Sources

ITP Front Patio

Advanced Linear Accelerator

- Development for Linac Ring Colliders

Summary of Accelerator Issues

m Sources - Status, Advances, and Limitations:

0 K.Leung,LBL
!0 pm Lunch

vener: B. Zotter
; R. Macek, LANL

ort on New Advances:

i W. Molzon, UCI

i C. Bula, Princeton Univ.
g Refreshment Break

| M. Ottinger, Univ. Texas

I Z. Parsa, C. Pellegrini,
A. Sessler, R. Siemann,
J. Wurtele, V. Telnov,
T Marshall V. Gorev,
R. Macek, K. Leung,

High Current Short Pulse Ion Sources

ITP Front Patio

High Intensity Neutron Spallation Sources

High Intensity Muon Source

Observation of Nonlinear QED Effects in Electron-Laser
Collisions

ITP Front Patio

SYN2 - A New Model for Tracking Space Charge Perturbed
Snychrotron Beams

Reports* on New Advances
and Round Table Discussion on Basic Issues

D. Cline, A. Skrinsky and others.

TBA
Beer and Chips
Fiesta Barbeque

ITP Front Patio
ITP Front Patio




iday, August 23, 1996

nvener: N.Andreev

ne Speaker Title
sorts on New Advances (continues):
0 am J. Allen, UCSB Photon Assisted Transport in Semiconductor Quantum
Structures with the UCSB FEL’s.
5 J. Wells, Harvard Univ. Superintense Laser - Atom
Interactions:
15 Refreshment Break ITP Front Patio
35 W. Lee, Princeton Univ. - Perturbative Particle Simulation
of Space Charge Efects for a K-V Beam
15] M. Pato, Univ. Sao Paulo TBA
15 pm Lunch ITP Front Patio
5 Reports* (continues)
Z, Parsa Summary and Closing Talk
A To Be Announced
To Be Confirmed

Brookhaven National Laboratory

Lawrence Berkeley National Laboratory

Los Alamos National Laboratory

Budker Institute of Nuclear Physics, Novosibirsk
Russian Acacdemy of Science

Kharkov Institute of Physics and Technology, Ukraine
Stanford Linear Accelerator Center
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NEW MODES OF PARTICLE ACCELERATIONS
TECHNIQUES AND SOURCES

INTRODUCTION

Z. Parsa, BNL/ITP
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STATUS AND FUTURE DIRECTION OF
ADVANCED ACCELERATOR RESEARCH

R. Siemann, SLAC
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LASER AS A POWER SOURCE

G. Mourou, U. Michigan
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PULSED POWER SOURCES -- PHYSICS ISSUES
UNDERLYING POWER CONDITIONING FOR
ACCELERATORS

M. Gunderson, USC
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LASER ACCELERATION

W.B. Mori, UCLA







w

" y Laser Plasma Group
Rt 3N R R S R R S R R e S S A R L

Laser Acceleration

W.B.Mori

University of California at Los Angeles

Collaborators:
K-C.Tzeng UCLA, R. Hemker VCLA
C.Joshi UCLA , J.M. Dadssn UCLA
C.E.Clayton UCLA
T. Katsouleas USC and Stodests

%‘ High-intensity lasers have large electric fields

| I=cE, %/8n .
[eE, =30~/I(10°W/cm®) GeV/em

For example:
]25TW A=1um W0=20,umE " [IPW A=1gm w0=20ymfi§
1=5%10" W/cm? % 1=1.6x10* W/cm?
leED =7 TeV/m ,_._ !_eEL =40 TeV/m ~

Conventional Rf technology: 100 MeV/m

Santa Barbara, 1996




Motion of a free electron in an
electromagnetic wave

Consider an electron starting at rest in front of the pulse
C,=mec and C;=0

Therefore

py=cA,/c=>p,/mec=a

v=(+[(p, /mc)? 12])=(1+(a/2))

_ Equaaozs of the motion P, = (p, /me)? 12=2%/2
y dt py q@’ V B /C)

5 —p,=q(v sB./¢)

cnergy —-y q(v v/ c)

Leads to two constants of the motion
yme-p, =G,
P, +qA,/c=C,

Santa Barbara, 1996

How can these large fields be utilized?

Laser acceleration schemes

L. Laser acceleration in vacuum
T. ~ Laser accéleration in gases
III. . Laser acceleration in plasmas

Santa Barbara, 1996

et " — - ———— g = e i gy g




USC

UNIVERSITY

OF SOLTHERN

MAFORNIA

.
o

4

Ry

I

LIMITATIONS

;Pﬁmo:;?. mﬁnaw,« @9.5

/.kl\\

N/&o —_—
g= -¢[4PF
€ = eE bl z wWe By . amum/\
€ (MeV) £ 36 {Pctw) W W

e \aqh | +rv
Energy Gradient ( Esergy Gaw in o Rax\eigh Leng

2
L:\..m uﬂm‘rérﬁmmrﬂw .um..m.r
* N nyw
.%Im. E mlm. = m.»{m.h.

()
can be wnhegrated
PQ?FF? = .ﬁnnﬁon m.rw
For Ngpue¥y
w3 me>

e )




Lt nameme e

carens

o SOUTUERN
CALIFORNIA
LEMLIFORNIY

OF SOUTHERY

CALIFQRNIA

R ST, ST

o SR
s Q,W@gy 3
A6 S P 2
Bt AR AR S P oy
e
TR TR

\:g':a‘rw‘* £

TR

oty
£

AL




I

LYTR YT 719

Critical issues for vacuum
% 4

' | acceleration ﬂ.

SR A RN ISR AR N s A o T & iy e

" Termination of fields (at either end)
Specifics
Damage of terminator
Energy losses to particles as they pass through the aperture

* Beam quality
um size bunches
off axis fields
reflected fields
synchrotron radiation

e T T e e = T Oy R T [P S S

Santa Barbara, 1996

AY1CoN GEOMETRY Steinhaver e al.
Con increase Energy Gradunl Sor High 'J:“Je&fo“ Energies

RADIALLY POLARIZED
 LASERBEAM

INTERACTION ) y
AXICON REGION Euz E, 5106,

L':Zwo

sin 6,
g=e EuL = 2eEyWo
same as beloce

88-16874R1

Figure 1
Dc.?ho.'sms s q Pco\o\en e

N .
(Vuave = “pﬁndc) A% E -}’5_' Al = A/(ee""%“) £ L
NN Tes F'...-"n...n 6 pa...\.“




DREARVUWN IV LILY | hviminy
] Properties of the relativistic electron

\ plasma wave

« The wave amplitude ¢ is defined ason,/n,

) 16
g=4 n=lo
« Acceleration gradient given by E ccel™ E"e eV/cm. 30 6oV /m

- Phase velocity of wave is ¥ ¢~mo/ ®pe>>]

NS e
/V\/V"

6 8 10 12
Axial distance / Lp

. Maximum energy gain is smaller of...

E L
Yo ™ 2£Y%h or yﬁnal ~ —acmmc (yﬁnal >> YO)
(dephasing limit)

(finite interaction length limit)
Laser Channelig — deetd trlk

Three basic laser-plasma accelerator schemes:
%{i proposed by Tajima and Dawson in 1979

- ETRa ST
o ek a5

IR, TS I S IR DA

Laser Plasma Gro!
AT M T O VT RS P IR P .
. TFraece
® A single short-pulse (LWFA) Tewss
.JCLPQ\

e Two-frequencies, i.e., a train of pulses (PBWA)

(_Coo\q\ Vaey Spacing anl dutetion of pulser )
FUmctadder et oJ.. : :

VLA
[ CIXE
FTapas

® Raman forward scattering instability (SMLWEFA)

sedetel fecent
expevinents
LLoL *
RAL ¢
?‘\‘;f. "
Ve M
NAYL

evolves to

A t<oal & al,
(smrwehs fEoall oY (.)
No wavebeecking
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%‘ Recent LWF excitation experiments

P I A L g Wmmﬁwmmrf:h@:w«* o

% University of Texas  Siders et al.(1996)

% LULI (France)

ieos Q- Xq wAmb P)2IY Hyoad

J3jED0Y 4O S}o\] daofuoen

»

[N
l'th Ve
LU e

days < o

;bbds agqu 1=X

Marques et al.(1996)

Appeared together in PRL-similar parameters

I=3x10"W/cm?, A=8um, W, = 5Sum,

7, =1005, n, »3x10"cm™,and k,w, =5

ok

L
A

suun| puy pasaoy

\9p|imKg S3ado() {09

.?_3\%‘“01 ‘

:

Wakes were diagnosed using optical pump probe techniques;-experiments
worked because density flucuations are large for narrow wakes

Santa Barbara, 1996




LLNvL/veLh NN

We observe the first and second anti-Stokes modes:

in the near-forward spectrum g
o prrT T T T T T T o8 <
g [ ' ' 3 n, =259 % 10°an< L’
’E‘ Q.18 ,'
=1 .
] r'd
.2 .14 ;/
ot Awm/o [ ’
) % { P
§. o2t /,’ n, =152x10°cm®
E I S
g
i . ‘ e [1-1.] 800 1000 1200
o 200 400
o0 i’\."v’gveleng;’u‘:o {nm) "o 1200 backing pressure of Helkum (psi)

The spacing of these modes is
P — not constant in A (varies with the order),
‘— consistent for a density of 2.23 x 10 cm=.

s 4
The anti-stekes stgnal was correlabnd wih The
detectin oL 2 peV elsclrs ns

é-x «; Some Recent Short-Pulse Electron
o Acceleration Expenments

TS TINRIIE L LY T T S R ey A T BT Y3 e s st - T =t

v" @ C. Coverdale ez al., PRL 74, 4659 (1995), LLNL/UCLA.

v ® A.Modena et al., Nature (London), 377, 606 (1995), RAL/UCLA/LLNL/LULL
® Nakajima et al., PRL 74, 4428 (1995).
® D. Umstadter et al., to appear in Science.

e detector
)

Vacuum

P
e ———r
Ll Y -
- Py e
- -
-

j Optical detectors

Gas jet target

by X-C. Treng




There is a correlation between the -anti-Stokes mode and
the energetic electrons — fiest Unambiguous covrelation

10° . & . 1.0 _
- [«]
— 8 po s
2 - o, 28 n=18x10"cm®
~— . [ ] 6 ° ¢
T 10 — . : o ° 22 y k=055
e O
.9 ' g 3
7] ® J
c o0 ¢ 0'32§ 1=3.9x 10" Wiem?
=) =
E 40 ™ ° g 2 spotsize:
8 g g 16 um x 24 pm
—= ¢
7] : ‘e — &8
-y
: @
’ —
10° : RIS 12
10 102 10° 10* 10°

T

Anti-Stokes level (AU)

A correlation between the anti-Stokes amplitude and

the level of transmitted light was observed i
100 :-""I'Q"l""l""lﬁ""l
i . ° e i 10
90 f *".._% transmitted e .-°
s R .
8o | g 3 1000
n0r . 3 100
! : $ 3
60 - J 33, .
-* 1st antl-Stokes *+ s 4 10
50 F amplitude
(arb. units)
40 [ gl g ' 1 L : 1
04 05 0.6 0.7 0.8 0.9

03




KA g peciment I=SR10W/ewm® NEhHR0 Tos
Evidence ior wavebreaking

As density is raised linearly, A
electron flux rises dramatically. g

b ol 1O zé ’
£ . > . o 3 :
£ B electeows m 10" = . N & ;
L@ .
...._........WMWMFI]I.I ™ P(.‘ﬂ&} @ m.. f
et ] b £fgocore 5 = A (@) Ne=tge19 )| &
< mm,m,o 1 £ 10° & t— (b) Ne=1.519 :
5550 ] @ R e O (9Ne=15e19 }l :
. D0 L ] w T : ® (d)Ne=1.0e19 :
. wuw s 1 o —T 13 [ — = (e) Ne=0.58e19 | X
i < <0e ] 10°* 2
! . ] 8 910 20 30 490 50 s
- 1w _ Energy(MeV) _ :
- ¢ ] S Maximum energy was spectrometer-limited, > 10 x above "
3 - U I
[ VR 1 @ the noise level, and close to thé dephasing limit of 70 MeV L
- 1w for e » 1 (the expected warm-plasma wavebreakin __35 !
A 28 P g
” : ] m
i ® 1 _& @ once-narrow mvaEE R aTaneously broadens 1o
- N\ 17 Aw ~0.5 ®, suggesting loss of wave coherence.
” " “ .—Q. b LA 2 TV T ¥ L LI A ) LI 2 e 4
- 1w 5 100} n=1.5x10"___ ﬁ
- ] MV\. 10* k\\ ] r
3 “ mv AOO : Ig a.t\; oo u
FUPEFOE ESTSTET SN BUSSTSr A AT ST BT o m .)E /.- L ) K
9 Y @9 - @ o G 10° [y JUEE A K YA W w
T T 3 n= o.ma x10 ot |
(r) A610u8 papjwsiesn 5 10° : () /.\//)( . |
2 1°f ", |
Sdo.. PPN PPN PPN NI A D
2 - 4 5
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%)% e Contours of Laser Intensity and
M Accelerating Electric Fields

E fodid _mm
Laser Intensity Accelerating Electric Field
¢t = 0.00 mm X-ct .
;"—' v T

Cetritsmey wis emome = -

:‘:_‘;5"(‘.0\?ﬂ . Wo"“ﬁ/}."‘. sz Tov ‘ﬁ nc, "LL(' ‘i.IDFI

%j* Distribution Function vs. k-spectrum |
-- a Simulation for RAL experiment @

Laser Plasma Group 1

dist @ 0.32mm dist @ 0.64mm dist @ 1.28mm dist @ 1.92mm

10° I e e e T 3
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E . b E
el ] C IR W I E
B wiay 1 eIV Y my :

; . o L
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ot io 20 10 a0 g0 0 100 200 0500 400

P, By Py p/me

E3(k) @ 0.64mm E3(k) @ 1.28mm E,(k)@1.92mm

YN T RT IR

E3(k) @ 0.32mm
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Beam Loadlng (K‘\:}-S\ mef:.i\c:h:i)w)
=3 How much current?

Laser Piasma Group

R ST e g e

« Estimate number of self-trapped electrons by superimposing their own
wake onto the RFS excited wake and assuming complete cancellation--
beam loading(assumes no phase slippage). Or we can use energy
balance:

ALE %/8n =NgeE,L/2
Ny =n,Ac/o, = 5x10° (n,/ny) (ny cm3)12A

e The maximum possible density of self-trapped electrons in one plasma
wave bucket is therefore (no surprise):

No/(Acle,) =n,
e The peak current is then
I,=ecn A =5x10"nA Amps
¢ If spread over ten buckets then current is
I=5x10%nA Amps
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Different Pulse Evolutions @

D1fferent Pulse Lengths Cause

Laser Field Profile forL_1_0.8 I

l Plasma Response forL_1_0.8 I
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Particle-Wave Dephasing e

Laser Plasma Grou,

e Electron outruns wave when it slips half a wavelength. This
occurs in a distance

O(cVy)Lgp = A2
OLgp = Y42 Ay, Where ¥, = (1-v,2 )12

e For waves generated via RFS (an instability) the phase
velocity is not well defined and the electrons which
constitute the wave are also the ones being accelerated.
We use PIC simulations to self-consistently measure the
evolution of their energy distribution

e KL Tremgand W8 Morl
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- 2D Phase Space

10,0
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Cumulative electron energy
spectrum with Mars laser y uc o

ma Group

. Data acquired over many laser shots
- Spectrum falls rapidly on both sides of injection energy

- Electrons observed out to 30 MeV
10° 3
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5; ;, PBWA”EVOIUIIOH of Laser
" Intensity and Acceleratmg Fleld

=111, LASER PULSE. | PLASMA wv

— Twice Rayleigh Lengin
%;- Short-Pulse 100 MeV PBWA
asma Group 1
Q Parameters:
O o,/0,~14,15, w,=6 c/w,=14 um
O N, =8192, N, =256, 6 particles/cell
O n/n,=10.5%, c/o,=2.4 pm
O a,,=0.22,0.22,
O Xnax = 144 c/@, Yo =41 clw,
O Taumm =340 fs, Prise = Pray = 60 ¢/,
DOE Revew 1996 by KL Tzeng




One GeV i1n a single stage

aser Plusma Group

Laser wavelengths 1.05 and 1.06 pm
Plasma density ' 10" cm?
Plasma source ' Multiphoton ionization
Laser pulse length 4ps (Zps)
Laser power 14TW (22 Vo z,23
Laser spot size (20) . 200 pm :
Raleigh range (2Z,) 6.2 cm
Plasma homogeneity few %
Peak plasma wave amplitude E/E, . =0.5
Peak accelerating gradient 160 MeV/cm
Final energy 1GeV

= 1996 Snowmass Workshop
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® Laser acceleration in vacuum
no experiments 3
small scale experiments can add &s critical issues
® Laser acceleration in gases 3
no new experiments since 1994 F
need to show optical guiding (Sprk
@ Laser acceleration in plasmas : |
LWFA

no acceleration
PBWA g
no new results since 1994(acceler tion of injected electrons)
new lab under construction at UCL
“SMLWFA”/single frequency

% Other applicat

w T
Ed

@ Optical injectors {Umsiadter et al.
@ Optical bunchers JCoedenetal,

® just the beginning §

Laser Plasma Group




TWO BEAM ACCELERATOR

S. Yu, LBL
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UPDATE ON FEL &IFEL

C. PELLEGRINI, UCLA
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ifelbull

IFEL € Accelerator , Experimental Results:

¢ beam
Injection Energy  [MeV]
Energy Gain [MeV]

Wiggler

Length fcm]
Ay {cm]
By (kG]

Laser* or
FEL **
Power, W, [GwW]
Wave length, A [um]

Yerevan'

12
0.02

20
0.95
10

0.02¢
10.

Columbia’l BNL/ATFY

0.75
0.25

38
1.8-2.25
04

0.005+*
1.6 10°

40
0.9

47
2.89-3.14
10

L.0*
10.6

i) A.Amatuny,M.Petrosian,B.Petrosian, ct.al., Proc. X Int.Conf, HE Accelerators, 1987

i) LWemick, T.Marshall, Physical Review A, Vol.46, No.6, 1992

iii) A.van Steenbergea,J. ‘Gallardo J.Sandweiss,ct.al BNL/ATF Users Mecting, Dec.,1995
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— _._.o be published in Physical Review Letters

Juswsitadxg J0era[320V TdH1

L]
\ m _J Observation of Energy Gain at the BNL Inverse Free Electron
m
r Laser Accelerator |
(@) T
o ”
3 A. van Steenbergen'®, J. Gallardo'?, J. Sandweiss?, J-M Faog® g
% 3 o~
A o 3 Brookhaven National Laboratory, Upton NY 11978
-t <
m uOc 3Physics Department, Yale University, New Haven CT 06511 -
m nUv — 3Department of Applied Physics, Columbis Universily, New York NY 10027
N (July 17, 1996)
g B j
TSN 3
— =
= (] >
S
2 Bl -] Abstract
Bl - i)
m Z > |||
r = 7 M A 40MeV clectron beam, using the inverse free-electron laser interaction,
il 2 m 9]
o] ja N has been accelerated by bwﬂ = 2,5% over a distance of 0.47 m. The electrons
M Z: m m interact with a 1 = 2GW CO; laser beam bounded by a 2.8 mm ID sapphire
e
m = B m. circular waveguide in the presence of a tapered wiggler with By = 1T, and a
” _...M W period 2.89am £ Ay € 3.14 cm. The expesimental results of bmﬂ as a function
m = E L of electron energy E, peak magnetic field B, and laser power Wy compare well %
j £ - ~J with analytical and 1-D numerical simulations and permit scaling to higher B
= .
g W laser power and electron energy. :
] .
W nnW 29.17.4+w, 41.76.H¢, 41.60.Cr;62.76.M», 42.62.Hk :
[ 3 e H.
> .;
(%] L
o
m Typesct using REVIEX ;
(7]
— B
m .
N\. { *Natlonal Synchrotron Light Source 12
- n r
M | X < tPhysics Department, 901-A. To whom correspondence should be addressed.  E-mail: o
3 .
.m gallardo@bnl.gov



IFEL ACCELERATOR EXPERIMENT, FIRST PHASE

Electron Beam

Injection energy  40.0

Exit energy 423

Mean accel.field 4.9

Current, nominal 5

N(bunch) 10°

I(max) 30

AEE (onec)  +310°

Emittanc(one 6) 7 10*

Beam radius 0.3
Wiggler param. .

Wigglerlength  0.47*

Sectionlength 0.6

Period length 2.89-3.14

Gap 4

Field max, 1.0-1.024

Beam oscill.,a;,  0.16-0.19
Laser Parameters

Power, P(laser)  10°

Wavelength, A 10.6

Maxfield, E, 078 10°

Guide loss, o 0.05

Field attenuation 0.26

Pulse, (fwhm)  200- 300

A, 1.5310°

Lo(LW/2) 1.0
mrumaumaéNau_S\wo Z,=37171Q
7t (min)(v = 0.5) =4 R(ray) A=cE/mc?

MeV
MeV
MV/m
mA

&

A

(Ro = guide radius )

*Lolettor  ite1070¢

IFEL e Acceleration

Sapphire Circular
CO, Laser Guide, 2.8 mm ID .
\ hv Diagn,

B — SV A
OVAW%.A &g W%% 2
¥l A
e e Diagnostics

Fast Excitation
<~5M.~Eo Period Wiggler
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An Injector-peebuncher for a Plasma Electron Accelerator

M. Lampel, C. Pellegrin, Fgégon&éﬁﬁ.gébﬁ»owmﬂ
E?ﬁ&ﬂggou.gﬁ.gm»érgggfﬂo

ABSTRACT the design is based.
) TABLEI
ovmaﬁagugﬁngg.fﬁﬂé
acecraio requires a injectd beam consisting of a i of oo |EAGRIELSS Design Valy
bunches separaied by the plasma velength, with each bunch i the Emitance (unsormalised,  [0.5 x mm-mrad
g?&é-gggggg«ﬁiﬂwﬁa ms.) ’
cﬁﬂ?&é&oﬂﬁc&&?ﬁ&ﬁl&n&nﬁ&gﬂr ch
and plasma wave. The typical plasma wavekength is about 0.1 snm, _Wn.aeaaﬁg.v 2%
foquiring 2 bunch kgt of about 10 0 20 pm, which: is difficult 1o —.!&3202882@ >2McV
achicve with : .ﬁmg&.“. In this paper we
desaibe an cooron_acceleratoc-buncher sysiem basod oo 8 [Averagechargelnbunch |1 nC
phocinjecior and an FEL, which can sadsfy the plasma acocdersior ) (10°¢c)
oo, {Buachics teagth 30-60fs
INTRODUCTION _wcaosz diameter (20) <200 um
??&55&5<§§W§8i&? 083“_.8._._5 Wlps
ﬂﬁgwﬁinﬁgﬁmia_:iwv-égol celative A0f
euxgﬁ&zaanﬁﬁvgggegg?
__.nvninnvséotﬂxuut&!&n&ooa«&nvwc;&- . .
nﬁgsgags:ﬁn«<§§ Theigjector Ijection phuase. conrel of the bunchlets faclines

vl be basd o0 proven fogy from the S 12k ) %82?32>?8&n&3§?§
 ith Upgacis of both te BNL RF gun 13, ad the Planc Wave P00 Hgs..ﬂﬁ&”af.ﬁnu&za@g Aol
Transfoamey (PWT) sockrsor (4], Toe sysiem willprovide 1 o S0An8 1 el because e elotron pulse can forg

a . « a 100pm spot athe the faser pulse. ggﬁgoansvggi-ﬁ
e Ty e focused * ith the clociron bunchldts b Y. A noolincar optics
injection >EB=§§&!8¢Q_§. w . :
sss_&ﬂwaggswoasaﬁsﬁhsss.szas& conrol mhad of phase locking bunchictformaon 1 the beat wave
bunchlets will alow conol of the relaive phase of e clocton PO Q?Ew_gg..h"&aﬁ_?mﬁﬁhns
burichit and i plasma wave. Such ool il aid i micimizog, 285 this and etalod sucics il 10 deorify the most
PBWA chmon o e, T cpicl A1y il 0ttt s il b sl befe hecptca
gg?ﬁaga*gazﬁ«_g&.ovo! N cad B \gexp uvon_s.. ioJanE&noBﬁuE&n 1)
H © o third order 1o mimain the U o -gguisgo:svg_ooslnk

i 3 ggsgsagﬁgsgggﬁn
bunchlcts shape afier exiting the opacal resoaxtor, ik of i g e ot
PBWA REQUIREMENTS nieractio,  control the optical path kengdh, thus the relaive phase,

of 100 pmlight

A PBWA opesates by mixing two lines from a deive The baseling injector system uses the techrology of the
laser in a plasma whose paramcters arc chosen 50 thed the S P The § hardh v .E.Eo
beat betwoen the lases lines matches the plasma froquency,  biardvare ncedod for e injocior, exocpt for the experimens sposific
We assume a mult-tecawatt 1 Hm laser system as the drive Enonuwsonavwi?.:&?_o&_ﬁo..eog?_as
faser sysicm for the PBWA. The PBWA roquirements dictate 1 PBWA lascr symem.
the design of the injector so that cificieat matching can
occur, Table 1 shows the top level parameters upon which

0-7803-3053-6/96/$5.00 ©1996 IEEE 764
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streogth
INJECTOR DESCRIPTION GINGER calculations for a maswer oscillatoe-power
amplificr (MOPA) FIR FEL configuration have been done o begin e - —
A standard RF power system consisting of a modulaior and ining the perf of a pro-buncher. Table 11 gives the reet 2 Ly gt Figre1:

Kysron runs  photo cathode RF g1 (0-5 MeV) o a0 PWT (gulse~ GINGER paramcees of the elecron o oeical beams sdid fo the ol o o Eleckoa Beanbunciog o eixsfioc atime
wave transformer) acockerator soction (525 MeV). The electon  oscilator aod the amplific, . wpll
beam gencraied in the gun is focused by bucking solencids so that it Table 1f i g - {= i
has propes sizg entering the acockerator, X-Y siecting magnetscomect | Eractron Beam Parameters
for any small mechanical misslignments.  Afier exiting the Oscillator and Aroplificr _... ~... : ~...
acockerator section the beam travels through a beamling guided and . A N
cciron beam 21 Mev
focused by dipole and quadrupote magnets. These magnets maich the L2 cocrgy : - - .
electron pulsc into the FIRFEL for prebunching, A final traasp Micropulse curreat
section makches the beam into the PBWA foc acocloration by the 150A W o Lo U VS
plsmavave. Micropulse leagth (fwhm) 12ps i oyl i
The modulstor and klystron provide up to 35 MW, Micropalse soacin oo v aspremrpne 2 L pemem .
spproximately 7 MW to the electron gun and the rest pUTsc spacing
available 1o the PWT. Thc design of the modulator is taken | Normalized calitance (cdge) 10 x mm-mrad o - .
from the present modul for the § peciment .
capable of rupning at § pps. The Klystroa will be & SLAC | Resonator Parameters, 0. m... m... m:.
XK-5 of which UCLA currently bas two availsble fos this Stoglopave goln 24 | { {
X (L Y} o
project. ° * *
Fourh hanmonic light of the PBWA lascr diives the | Power in spoatancous 15w
phowcadiode,  The gon Ksclf is the scoond generation of the | esiissionafier 1 pass “ * “
ful Brockluven Nadom] Laboratocy of g A slight |  Sawrated power (peak) 180 MW . o
modification of the kngth of the ficst caviry, 10 0.6 4, recults in sn . I et
Resonator length 1Sm o~
increased electron beam brightness (a docrease In beam emittance)
over the original "Balf cavity” design. Round trip time 10ns ~60°, coresponding 10 less than 20 pm. The forward part of the REFERENCES
The PWT is a high gradicnt sunding wave accekraler, | Undulator Pavameters choctron pulae Is well bunched because the opscal fickds propagats
Several cagineering and fabicaton imgx s dfoc | Oscillator and Amplifier from the rear 10 the front duc o the slippage of the eloctron baam, 1) Measuerments of the Reavwave Dynamics in Space and
e newt Igecioe: A simplificaon of the ntermal cooling of the Undulator period aom The bunching parameter is about 07, To increase the oumber of well T30 A. Lal, K. Whaon, D. Gordon, CE. Claywo, M. Everen, C.
injecic . . binched lices, we will consider In future calculaions two potcadially 0 PACSS, May 15, Dallas, X
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NEW ADVANCES IN
INVERSE CERENKOV ACCELERATION

W. D. Kimura

19 August 1996

Work supported by U.S. Department of Energy, Grant No. DE-FG06-93ER40803

OUTLINE

® The Past

- What is inverse Cerenkov acceleration (ICA)?
- Past experimental results '

® The Present
- ICA with an IFEL prebuncher
- 100 MeV ICA Demonstration Experiment

e The Future (?) _
- Inverse transition acceleration (ITA)
- Inverse diffraction acceleration (IDA)

S Titorrronics
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INVERSE CERENKOV ACCELERATION (ICA)

RADIALLY POLARIZED
LASER BEAM

AXICON REGION

88-16374R1

Phase Matching Condition: nfcos & = 1
Where n = Index of Refraction of Gas, fc = Electron Velocity

Maximum Energy Gain: AW o< sinf/PL/A
Where P = Laser Peak Power, A = Laser Wavelength

Significant E-Beam Focusing Also Possible

Experimentally Demonstrated at Stanford in 1981

Using Gaussian Laser Beam .
. S T] ’ OPTRONICS
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DESCRIPTION OF ICA EXPERIMENT

e Objectives:
- Demonstrate improved ICA using radially polarized laser
beam and axiom focusing developed by Fontana and Panteli

- Compare with model predictions

e Experiment Located on Beamline #1 of the Accelerator Test
Facility (ATF) at Brookhaven National Laboratory

e Major Components of ICA Experiment
- Hydrogen gas cell where ICA interaction occurs

- Optical system for converting linearly polarized CO2 laser
beam to radial polarization

- Electron beamline system connected to gas cell
- Electron energy spectrometer that uses image intensifier/

SCHEMATIC PLAN VIEW OF GAS CELL

INCOMING

002 LASER BEAM !
ELECTRICAL
SPENT VACUUM
LASER FEEDTHROUGHS
BEAM ’J.”l

ZnSeWINDOW—\hl Lﬁ“ . T II

|- T 1
( ,

45° ’ PHOSPHOR PHOSPHOR e-BEAM

MIRROR SCREEN #3 SCREEN #2 WINDOW
o | \
D
_\ —|— | 1\ i:}I: e-BEAM

- e ——
by RAE EELEE T AL IR Lo ~ o § B e R eaac Ry~ gieynpepdgnyt | S \-.‘_--- - -
} [ ——" I~ g f

MOTORIZED
MOTORIZED
MICROMETERS MICROMETERS J
\_
GAS CELL WALL | ]
L—=—]

VIEWING PORT
9220406 A1 ‘ T | *
s OPTRONICS

e




R P

s




SCHEMATIC OF ICA EXPERIMENT OPTICAL SYSTEM
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TYPICAL ICA EXPERIMENT SYSTEM PARAMETERS

Electron Beam

Source: BNL ATF

Beam energy: 55 MeV

Intrinsic energy spread (o) =1 0.1 MeV

Normalized emittance: ~ 31 mm-mrad

Electron bunch length: = 10 ps (FWHM)

Pulse format: Single pulse
Laser Beam

Laser: CO2

Wavelength: 10.6 pm

Pulse length: 220 ps

Peak power delivered to interaction region: <1 GW

Pulse repetition rate: Single shot

Interaction Region (Gas Cell)

Phase matching medium:

Cerenkov angle:

Length of electron/laser beam overlap:
Length of gas traversed by electrons:

Thickness of diamond film e-beam windows:

Hydrogen gas

20.08 mrad # 0.08 mrad
=12cm
43 cm

2.1 .
A1 ST i orrmoncs
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EXAMPLE OF EXPERIMENTAL RESULTS

Laser power: 0.05 GW - 0.45 GW

6 S5 4 3 2 4 0 1 2 3 4 5 6
ENERGY SHIFT (MeV)

(Uncalibrated data) - ST.
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NEXT PHASE OF EXPERIMENT IS TO
DEMONSTRATE 100 MeV NET ENERGY GAIN

e Goals of Experiment

- Prebunching of electrons at optical wavelengths
e need to bunch electrons into smaller phase space
e important for efficient acceleration

- Staging of acceleration sections
e need to rephase light wave with bunched electrons
e important for scaling to higher energy gains

- 100 MeV net acceleration
e  energy gain depends on laser peak power

e total number of accelerated electrons affected by many
other factors (e.g., gas scattering, emittance, trapping,
etc.)

S Titormonics

LASER PULSE SHAPE NIEASUREMENT

e Data Represents Width of Central E-Beam Energy Subspectrum
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DESCRIPTION OF 100-MeV ICA
DEMONSTRATION EXPERIMENT

e Use ATF e-Beam (65 MeV) and Upgraded COz2 laser (250 GW-1 TW)

e Use Existing IFEL as Prebuncher

In collaboration with A. van Steenbergen (BNL)

Provides nearly ideal bunching at optical wavelengths

Probably will not need magnetic chicane

Locate upstream of existing ICA experiment

o Use Existing Gas Cell as ICA Acceleration Stage

Use doublet or triplet to refocus e-beam from IFEL into ICA cell

Demonstrate rephasing of laser beam with bunched electrons
Demonstrate acceleration of bunch (i.e., trapping)

e Lengthen Gas Cell for 100-MeV Demonstration
- Single-stage, 27-cm long interaction length
- Predict ~370 MeV/m acceleration gradient for ~250 GW delivered

laser power

S Titorronics

CONCEPTUAL LAYOUT FOR

100-MeV LASER ACCELERATOR

JRIVE LASER
BEAM
BEAM SPLITTER
Y caw Y -2s0aw
ZCTRON -
BEAM IFEL D e S EEAM ICA LASER :
5 MeV PREBUNCHER OPTICS ACCELERATOR 170 MeV
- Bunches electrons - Needed to refocus - Can be single or
to optical wave- e-beam into laser multistaged
lengths accelerator - Laser pulse can be
- Permits maximizing - Important for maxi- recycled
number of electrons mizing number of - Forms the basic
accelerated electrons accelera- unit for scaling ICA

ted
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UPDATE ON ICA/IFEL COMBINED EXPERIMENT

e Analysis and Modeling of Combined Experiment in Progress
- Use existing IFEL and ICA codes
- Use TRANSPORT and PARMELA to model beam transport
e Upcoming IFEL Experiment Will Include Measuring Prebunching
- Use coherent transition radiation (CTR) diagnostic buiit by BNL/UCLA
- Same diagnostic will be used during combined ICA/IFEL experiment

e Afterwards, IFEL Will be Moved to Position Upstream of Present ICA
Experiment

- First combined experiments will be done at moderate laser powers to
verify rephasing and trapping of bunches

- Later, ICA experimental hardware will be modified to handle upgraded
COz2 laser power

S Titormonics

SCHEMATIC OF ICA/IFEL COMBINED EXPERIMENT

MIRROR SPENT{ = ICA
WITH HOLE LASER GAS
/ IFEL BEAM | cELL
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=L I 1 —— --»----l-/--- - — - TO
/I \  Eoe— 7 : SPECTROMETER
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DOUBLET vy TH HOLE
A SAPPHIRE A
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TR R ¥
BEAM SPLITTER LASER BEAM
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BASIC CONFIGURATION FOR ITA

MIRROR MIRROR
\
§VVVVL>TH TR
————————————————— bz
FOIL eBEAM ‘
N
z=0
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INVERSE TRANSITION ACCELERATION (ITA) AND
INVERSE DIFFRACTION ACCELERATION (IDA)

Transition Radiation (TR) is Well-Known; Diffraction Radiation (DR) is

Very Similar

- DR occurs when relativistic charged particle passes through an
aperture or over an edge rather than through a foil like TR

- Angular and spectral characteristics of DR similar to TR, becomes
identical to TR when the aperture size goes to zero

Just Like ICA and IFEL, the Inverse Process Should be Possible
- Idea first suggested by J. R. Fontana

- Additional helpful comments from R. H. Pantell, K. T. McDonald,
and R. B. Fiorito

Key Concept is Formation Length L f for TR or DR

- L. is nominal distance for appreciable coherent superposition of TR
fields from polarizations induced in medium )

- L. is‘also distance within which fields from electrons significantly

interact with surface via virtual photons
| ‘
s T OPTRONICS




NEFORMATION LENGTH" FOR TRANSITION RADIATON: L,

e Relativistic Particle Induces
a Polarization in Medium ‘

e Lsis a Consequence of
Requirement for Coherence
of Radiated Intensity

Field Reorganization

STi+ormonics

ANALYSIS OF INVERSE TRANSITION ACCELERATION (ITA)

e Earlier Classical Analysis [J. Appl. Phys. 72, 3237 (1992)]
- Used ICA axicon-focusing geometry without gas

- Shorten interaction length to limit phase slippage between electrons
and light wave, define distance as Lz ’

e Performed Classical TR Analysis (Submitted to Appl. Phys. Lett.)
- Showed that TR formation distance L= La/xz
- Showed that angular dependence affected by geometry

e Performed Quantum Mechanical Analysis (Submitted to J. Appl. Phys.)

Limiting interaction length ¢ permits satisfying momentum
conservation through uncertainty principle (R. H. Pantell, 1979)

Showed that ¢ = Lz for optimum interaction
Derived same angular dependence as classical analysis

S Titormonics




ANGULAR DEPENDENCE OF TRANSITION RADIATION

e Fory=1000, k¢ =20

o 40 T T T T T
=
pd
o |
@ 80 ONE SURFACE I
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= TWO SURFACES
2
3 of :
<€
5 /)
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keo®
| 1 OPTRONICS
S Ti{ormonics
CLASSICAL ARGUMENT FOR

LIMITED INTERACTION LENGTH /

s Related to Phase Slippage of uscr

sctron Phase Relative to Wave: ﬁ

Y = 0t-kz ()

z(t) = electron's longitudinal position

- =0
K = -5 cos 6

Slip distance L, = distance over which Ay=mn

= x ~ N
T k(fcst) T o ViR

L

Note: L5 A in general

v

S Titormonics
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QUANTUM-MECHANICAL ARGUMENT
FOR LIMITED INTERACTION LENGTH

Uncertainty Principle: ApLz %

Ap = momentum uncertainty

w FINAL -
ELECTRON
ABSORBED
PHOTON
INITIAL
ELECTRON
FREE
ELECTRON
DISPERSION
SURFACE
P,
From RLH. Pantell, 1979 mc?2  EMITTED
P, PHOTON

electron-photon pair can temporarily violate

energy and momentum conservation S Titscmonics

RADIATED TRANSITION RADIATION VERSUS k/

‘e Fory=1000
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ADVANTAGES OF ITA/IDA AND ISSUES

Advantages:

Medium-free process
No synchrotron losses
High acceleration gradient possible

¢ assume limited by optical damage intensity /.., then

(AW / dz)(eV / m) = 7.8 x 1030ey/I, (W / cm?)
o forl,,=5%10"W/cm2 A=10.6 pm, 6 = 100 mrad,
(dW /dz) ~ 0.6 GeV /m

Issues:

Optical damage limits; however, may be able to solve by moving
axicon away from foils/apertures

P. Sprangle, et al., identified two other limitations

e e-beam self-field damaging aperture

o reflected self-field losses (i.e., spontaneous TR or DR losses)

e we are presently examining the implications of these limitations
Wakefield and space-charge effects, and their affect on emittance

S Ti+orrmonics

IALYSIS OF INVERSE DIFFRACTION ACCELERATION (IDA)

Sending Electrons Through Aperture Rather Than Foil Changes Process
to IDA

In general, as aperture size increases the amount of DR decreases
relative to TR

Efficiency of inverse process decreases proportionally

Amount of decrease for single-boundary DR case goes as

[J olkr 4 sin 6)]*

assuming y— o, where Jo is Bessel function of 1st kind order zero,
ra is aperture radius

Example: If A=10.6 um, 6 =10 mrad, and ra = 0.17 mm, then DR is
reduced roughly 20% compared to TR

Similar properties expected for double-boundary DR case

S Titorrronics




ALTERNATIVE ITA/IDA FOCUSING GEOMETRY

AXICON —

\

EXTENSION ' EXTENSION
TUBE TUBE

S T+ orimonics

CONCLUSION

e Inverse Gerenkov Experiment Entering New Phase
- Features IFEL prebuncher

- Near-term goal is to demonstrate optical bunching, staging,
and trapping

- Long-term goal is to demonstrate 100 MeV net energy gain

o Inverse Transition Acceleration or Inverse Diffraction Acceleration
May be Attractive New Scheme

- Further analysis still needed
- Relatively simple proof-of-principle experiment may be possible

S Ti{orrmonics




PLASMA BEAT WAVE ACCELERATOR (PBWA)
AND OVERVIEW OF PLASMA ACCELERATION

T. Katsouleas, USC




. ta .
“— 2 oowl) ERRA




Overview of Plasma Acceleration

and plasma beat wave accelerator

T. Katsouleas
University of Southern California

Collaborators:
T.C. Chiou, L. Hsu, S. Lee (USC)
W.B. Mori, K.C. Tzeng, C. Joshi,
C. Clayton, D. Gordon, C. Pellegrini,
K. Marsh, J. Dawson (UCLA)
J. Wurtele (UCB), G. Shvets(Princeton)
C. Decker (LLNL)
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Three basic laser-plasma accelerator schemes:
%\’ proposed by Tajima and Dawson in 1979

- Laschlasma Gfoup
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To excite plasma waves:

AT <2 UACR

Given a bunch length of:

Requires a plasma of ;

MBI st
ey

k

(for a Gaussian
electron bunch)

ATeyim = 4ps

n #10 cm
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LASER SELF-FoCUsiNG /N BEAT WAVES
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2nd Generation Plasma Accelerators

Goals:  Address issues of beam quality and significant energy gain

*  energy: 100 MeV
®*  energy spread: AYY<5%
*  emittance: €, < 10 T mm-mrad

e  numberof particles: N> 10"

Simulatiens show. ..
Energy Spread:  w/o pre-bunching: Ayry<25%
with pre-bunching: Ayly<5% forAZ< 064,
2 Tyuna < 60 fsec
Emittance Preservation:

_o2[ ymcoy, T2
3‘7[2?5;%[ = Oinj < 60 1t

=t e e

Cumulative electron energy
spectrum with Mars laser Voo

up

+ Data acquired over many laser shots
» Spectrum falls rapidly on both sides of injection energy
- Electrons observed out to 30 MeV
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Electron energy (MeV)
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Histogram Summary

‘100 MeV .,wwg:.m, 15MeV injection

€0 =3 © mm mrad (Z,=1.2cm, w,=185|um)

ey =7 © mm mrad mzuecaEE.EBa...

100 MeV case; unbunched

100 MeV case; bunched

i

« ¥ B E & K

1 GeV parameters, 10MeV injection
€0 =10 * mm mrad (Zo=3.1cm, w,=100j1m)

€y =28 © mm mrad gy =15 © mm rarad

1 GeV case; unbunched

1 GeV case ; bunched
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‘One GeV in a single stage

Laser wavelengths 1.05 and 1.06 pm
Plasma density ! 10" cm3
Plasma source Multiphoton ionization -
Laser pulse length 4ps (2Zps)
Laser power 14TW (22 .‘ées.zs
Laser spot size (20) . 200 pm
Raleigh range (2Z,) 6.2 cm
Plasma homogeneity ' few %
Pedk plasma wave amplitude EE_ . ~0.5
Penk accelerating gradient 160 MeV/cm -
Final energy 1GeV
1996 Snowmass Workthop
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Diffraction may
(Durfee & Miichberg '93)

Laser piopagated 23 Rayleigh E:Q:w in plasma:

be overcome in a channel

CSprangle,etat.)
( Kafsoulgas, efal.)

V24
]
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1
e . LY 5.
laser pulse lllll...@.mu,dwm%.. pulse
%EQSNMV T T ARrms channe!

distanco on optical axis (mm)
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(1) Hollow channel confines laser like an optical fiber,

(2) Wakefield is excited at channel edge. (A surface plasma
wave)

(3) Fringe fields reach to the center of the channel and can
accelerate particles.

(4) Accelerating field - uniform across the channel
Radial force - small

= Good beam quality




Comparison of Laser Wakefield

. m
Homogeneous and Hollow channel
plasma
aser : ¢

wavelength 1.0um Energy: 7.5
pulse length (FWHM): 0.25ps spotsize: 4lpm
wu.ﬁomm: length ; 0.5¢cm

Wakefield ;

Homogeneous plasma Hollow channel plasma
density (ng) : 5%101¢m3 6.7 % 10%cm™3
channel radius ; — 20.5¢m (k,a = 1y
Wake amplitude

Qm.n\ien& : 0.34 0.17
Gradient Am.mtn ME 13GeV/m 43GeV/m
Acceleration

" length: 0.5¢m . lm
Energy Gain : 3TMeV 4.3GeV
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Channel Formation :

(A) Acoustic wave :
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(B) Foam target :

Agill, 1996
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(D) Blocked Gas Jet
Side view :

-—  » gasflow

Gas Jet O obstacle

Top view :
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DI, WEAKESIELD ACCEL ERATORS
ANL Dielectric Wakefield
Experiment Plasma Wakefields at ANL

(Gai, et al, PRL 61, 2756, '88)

.y, . " patameters
\\ a . hollow cathode discharge plasma: n=1013 ¢m3

length=30cm
H b beam:; n=5 x SA Aes.w

- oy —>
Witness Beam Orlving  Beam .
Dieloctric WIME .
\ ol . (Rosenzwelg, et al '89)
\\k wfFT T T
MR -+—Perfoct Conductor .
parameters wrE . ¥
beam: Q=2nC length=25ps radius~3mm s
s ok
dielectric: length=50cm a=1.3cm b=0.6cm &~6 i
-j00}~
: i ]
EXPERIMENT THEORY I
T T T T T T ! 3 ¢ H ! .AS . DELAY THE (pecc)
wh B 4y ] 2-D PIC Simulation

(UCLA group, '89)

[ ) ol .
-0 f H .wm 1y “ ”f_ i ,. * ) @
-80 |- _~ ) * { LH] : “ B ””” { .
-120 [l 1 f N y 1 1 1 3 f\ mew, - i
0 20 400 600 800 1000 0 200 400 600 800 1000 .
Delay (ps) Py

Measured Gradient = .3-.5 MeV/m

Measured Gradient ~ 5MeV/m
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, AnL Wakes in the Blowout Regime  Ruengwerg <ol /91"
Improved designs are being explored cﬁb r what Is_blowout? ,
A Novosibirs g
1. Ramped drive beam current => Large transformer U.Tokyo
ratio ( R = &Yyl Yariver ): (Banc, et al,, '85) !
2 [T T T Ty :
Argonng Ramped Beam PWFA

15 F .
g 15 . 2 kz 2s E%] ”
~ 1 o b - . ’
m - \ R=5 All plasma electrons are expelled from a channel ‘

W‘ s | beamcurrent / \ ] When plasma is diiven b "

A|\||\.\ \ wakefield en plasma is driven by a superintense
. — M laser: Visslc > 1
[ particle beam: n, > n |
0.5 TS PR BN ......_......._... Q ,..“
2 0 2 . & 6 8 10 12 X
Z (en) :
why is It important? .
2. Dense drive beams (Npgam > n ) l t gradient ,\
plasma) n argest gradients E > yn ,
=> Good wake structure for beam quality: : ‘ ° <\o3 i
) linear focusing
1.5 v L e e e e : g
E <<N —_w . _. —.n\ % N
1 = T e e e — '/ 4 o , 1 )
/ —_—— iu : /r
0.5 fv..%o N
. uniform acceleration y
% 3
0.5 —nﬂ. 4/ W
(Rosenzweig, et al. '91) ] I|I“V Y
-1.5 Or et .O.m P a !

‘radius 2 26




Kcy step in assessing P[asmas For TeV collibrs

IS a 1 GeY plasrha accelerator Test

ProPosal: A 1 GeV Plasma Acceleration
tesi- at SLAc-FFTB
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SLC Wakefield in a Plasma

: {\ru. o 16eV Plasma Expeciment ot SLAC ?

SI.C 50 GeV Driver Is IDeal!

" . - S0+i6eV
So6eV
:& \.«.l\./.lV{WN Tz =0.4Tmm @ §.4nCoul

Ve ﬁ\/\/\,

s 5 . § 8 8 _ e Ve Gel
————— __ High & =
(WiAeW) 73 ! no 3«&&&..@
g n no  pump depletion
; o distortion CLEAN TEST
no diffraction
no E&Gﬁﬁ.%»&@

Beam ys. Laser
omb.&.«%«
long Rayloigh’ .at 2
ong Rayloigh length %u.«l >> L s #T

R F %

Stes IS5Ues - ;
physics . electron buse - ¢ g, test by wising n,
Tecknology issues ~ pulse sheping

Beam: N=4e10, 62=0.47mm, or=100um, (y=1e5)
Plasma: no=2.5e14, (nb/no =3.7, Ap=2.1mm)

“Test Blowout Regime. (ny>n,)

Extend from mm {5 m scales

Y
(winen) 23

Collect Richter Bet !




b?u_.o.&\._o.a of Plasma Accelerators

* Plasma E&ms@a

oo «—(0 000
»—pe” @a eﬁm‘. VEZ SQ\..
«—0000

| Ulta-fast n?B_ﬁQ

plosma. accel. pulse stracture : é

3o-100 fyec
pump/probe. W/ €~ ov X-rays

¥ Hi Tower IR mme:dmm ( Q.f\a.mmu THz)
PBWA + D¢ @Lu..o‘& = wﬂosﬁmu&.@ Cerenkov wake.

S VN P— @
¢ 8,
m.&..s. ~ Eﬁ
Eer. © @,

* Novel Photon Accelerators ( _GE. Sourees)
:.Umrg:oﬁ r&&. "

<K In Sthe xmwrm&mo:m - €.9., meta) %pr..?m

A&ﬂ | - Y T VI

E, 2 Gy ~.l-! A.@ﬁuu.iv

Low CosT HADRON CIRCUtdR COLLIDERS

~ u. . .
.\Cpr. Mt emen. N .

“hilted

v?nzﬁ,z»gmqolu
_ . ke
Ue T\ fronds  wy ophical mixing :
kb \/k
2. k. component - eE, ~ 106eVim = 30 Tesla,
*® magnetless
3 ﬁne/lw 2 lkm I 106eim
Cegt —— STV eE,
) Compack

4. Facilitates b&m«» m.?.mﬂ.d




Comparison of Laser Instabilities

< *initlal laser pulse profile P * kespecirum of inlilol pulse
. ()
N AJ
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w e
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PLASMA WAKEFIELD ACCELERATOR (PWFA)
& SYSTEM DESIGNS

A. Skrinsky, Novosibirsk
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The structure and properties of PWFA oscillations.

* Compensating plasma current & stab

Results of computer simulati
to-plasma interaction (still a

(axial symmetry!)

* Stability of high amplitude free plasma oscillations?
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PROGRESS IN LASER PLASMA EXPERIMENTS

C. Joshi, UCLA
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OPEN WAVEGUIDE STRUCTURE FOR LASER
ACCELERATION

R. Pantel, SLAC
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LASER PLASMA PHYSICS ISSUES

E. Esarey, Naval Res. Lab.
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Channel guiding - Laser intensity (a2) ' )
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Self-Modulation of Laser Pulses
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Relativistic optical guiding: long pulse,
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Status of the Self-Modulated LWFA experiments at the NRL

o The—generation of wakefield plasma waves has been observed.

e A pump-pfobe technique has been used to study the temporal behavior of wakefields
produced in a hydrogen (and helium) gas jet plasma.

o The wakefields are observed to decay into ion acoustic waves in approximately 5 ps.

« 90° imaging of the scattered probe light shows the probe is guided in a plasma channel for
approximately 20 Rayleigh lengths.

o The plasma channel is formed by ponderomotive expulsion of electrons by the pump and
* subsequent expuision of ions'by spdce charge effects. :

o Electrons accelerated from the background plasma have been observed with energies in
excess of 30 MeV. The measurement of the energy spectrum is in progress.

« High energy electron production is concurrent with the observation of highly non-linear

wakefields ( An/ng ~ 1).
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SELF-MODULATION OF INTENSE LASER PULSES IN
HOMOGENEOUS PLASMA AND PLASMA CHANNELS

N. Andreev, Russian A.S.
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Wake-Field Amplitude Is Weally Depended
On Seed Pulse Inteasity
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Stable And Intense Wake Field Is Generated
Due To Stimulated Pulse Self-Modulation In Plasma Channel

® Pulse Energy E,=5J, 1,,,,= 2ps, Spot Size ;= 30u, Ry= 60y, ng=4+10'cn
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BEAM DYNAMIC ISSUES IN PLASMA WAKEFIELD
ACCELERATORS

B. Breizman, UT-Austin
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BEAM DYNAMIC ISSUES IN LASER PLASMA
ACCELERATORS

T. Katsouleas, USC







Beam Dynamic Issues

in laser plasma accelerators

T. Katsouleas
University of Southern California

Collaborators:
T.C. Chiou, L. Hsu, S. Lee (USC)
W.B."Mori, K.C. Tzeng, C. Joshi,
C. Clayton, D. Gordon, C. Pellegrini,
K. Marsh, J. Dawson (UCLA)
J. Wurtele (UCB), G. Shvets(Princeton)
C. Decker (LLNL)

4 '.".\.u-,'x[)

Beam Loading Basics
What are N, dy, n, €7

Plasma Wave: Ep = -mcwp/e n{/ng cos[mp(t-z/c) + ¢]

LN\ AN BN

Single particle wake: Eq= 2cop2 Ko(kpr) cos[wp(t-z/c)] O(t-z/c)

_\//\v/’f -

Superposition of fields: E,, + NMax Eq

lf/ /\\/_.

P

For wide waves and beams:

Nmax = 5 x 10° (ng) 12 Afgpnz; ny/n,
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INITIAL BEAM PHASE SPACE
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17 mm-mrad

[<x2><x2> - <xx'>2]

(avg. over particles with y > 1500)




Synchrotron Radiation in Plasma. —>\9<®m
2.4 p = S~ TP

) ==
Radigy Cields = | e »v&..

' ewe . N FINAL BEAM PHASE SPACE
wm m; q \M m = L oo NA—VD XO

x.

In

P

10

o]

= WF 8
Tye | -

for ion channe/ «.eo&_“«l;.&. bowout regime 8
Lworst case)

Xo= Kam .....A wmw nﬂ\ﬁm‘w W

et., @sTeV Y=
N,=10%m? €y = | wm -myad
= O\Swum.@x xm»n 0-2p

.m ~ 180 MeV/m

0SS

P W

No““ reduceo by wave Shaping , holfow channels, e . . X [m]







PRODUCTION OF ULTRA SHORT LASER PULSES

C. P.J. Barty, UCSD







New Modes of Particle Acceleration Technigues and Sources
Santa Barbara, August 21, 1996
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Qutline

* Ultrafast Perspective and Motivation

* Chirped Pulse Amplification

- o Ultrafast CPA '
Unique Concerns
Dispersion Control /
Spectral Control

* Lab Tour of UCSD Systems and Applications

e Summary and Conclusions

Persgectiveg 100 Terawatts

100 TW = 30 x's world's electric grid capacity

I idd

NOVA ‘ UCSD
10 beams @ 10 TW/beam = 100 TW 100 TW in single beam
% shotl/ﬂlslo%r . 36,000 shots/hour = 10 Hz
ns pulse duration 15 fs pulse duration




Perspective

15fs ~ b5 optical cycles @ 800 nm = lsum]
cAt = 45um

pancake of photons 50,000um

Vit = 024 @300K
ion and electron motion decoupled

Trad o }\,2
k-shell transitions

erspective

If diffraction limited and 100 TW @ 15 fs

Leaxk = 10 Zettawatts/cm2 = 1022 W/cm2
(NOVA ~ 1014 W/cm?)

Epex = 3x1014V/m ~ 1000 atomic units
Ppnoton = 1012 atmospheres

Vi = 4x1012 cm3 ~ one bacterium
"~ (NOVA ~200 cm3)

90 tons TNT/cm3
150 x106 K black body
4.2 mg/cm3

U/V = 4x1011]/cm3

iy e Sy e Sy



Generic Chirped Pulse Amplification

Strickland & Mourou, Opt. Comm. 56, 219, 1985
Cook, Proc. IRE (1960), p. 310

- Short

duration
seed At~10fs-1ps
pulse

Dispersive
delay line A tpreren = Foat/ It > 200ps

—
N

—1

Solid
state
amplifier
¢ reach saturationsafely
¢ avoid optical damage and nonlinear effects .
o peak powerincrease & A tyetch = Frat/Towt > 1000 . \t
Nd:glass Ti:sapphire inverse
. Av ~ 300fs AV ~3fs datay
Fo~5]/cm?  Fyy~1J/cm2 -
A tyeten ~ Ins A togerch ~ 200ps
: —_
Atout
Energy Extraction Efficiency
e DR e m e S S
0.70 ’
- Theoretical Maximum Efficlency
7}
§ o0.60
2
s
w 0.50
: 1
g 0.40 Taat
E l;;;ntz-lk!oclvlkl SIm}IITa.ltlon
S 0.50 nm pumping of Ti:sapphire
«
2 .20
o
E
3
o 0.10
0.0 'SP TP PR TP |
0 1 2 3 4 i




ltrashort Pulse CPA Concerns

-ehigh order phase distortions

®gain narrowing

erefractive distortions

ebandwidth of optical components

ebandwidth and saturation fluence of gain media
*self focusing and self phase modulation by air
*damage threshold of gratings

eamplification efficiency

*beam quality

*pulse quality

rolution of CPA

Pulise Power Rous Puise Duration
T T T T T T T T T T TY T T T T T T T
AL ‘"&TP
102 wl||%&‘ mm
E Eﬁ IHM. ENSTA R LN Gz
5 10' Ouaiy g, LN Gese  coeoy e us{';:"‘
joly (N Sacley
5 I e Safous HOSO .
&2 200 L aadt thyysy
S 107 | Aochesse WU USAF
o th 1 Sankerd uw YENSTA
Year Year
CPA “Utllity"
10’ L
. 10°
8 10°
g 10
§ 10°
2 10
10

0
10 1986 1988 1990 1992 1994 1996
Year




R

fractive Pul

. ® Curved pulse fronts
* Spatially varying group dispersion

N
J\//\.

Distorti

n

N

* Use reflective optics whenever possible
Use Galilean rather than Keplerian telescopes

Use large f-numbers, > 25
Use achromats

0doosoat TRID L3 XL'9 ¥ 30 shipes weaq mena (1
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At AW

Dispersion Control Critical »}\e ﬂm
"’) 5% g-‘ (- wO'*'—‘%L)O(w 600)2 ég—w%lm(w—an)3+0[Aw4]

Group Delay = %

g+ Aw/2 At(w) p 0
/\ Group Delay Dispersion —55%

AN 0
—_’| $(w) J\> Cubic Phase Distortion =29

. . -
Quartic Phase Distortion o

0y-Aw/2 o 4w0
10 fs 100_fs
~ 0.2 rad/fs Aw ~ 0.02 rad/fs
D < 50 fs2 (1 mm BK7) GDD < 500 fs2
vic < 2000 fs3 Cubic < 200,000 fs3
artic < 30,000 fs4 Quartic < 30,000,000 fs4

)-fs-range CPA

* Control of Dispersion is Critical

10 fs + 20 fs

1mm BK7
* Control of Spectral Reshaping Critical

Natural gain narrowing limit of
Ti:Sapphire ~30 fs @ 10'2 amplification




Conventional CPA Devices

= Pos. GDD Expander At = 300 ps Neg. GDD Compressor
' GDD C Tped > T
Tred < Thlue red blue
r 3,000,000 fs2
Cubic (3 | e

o , 4,800,000 fs3

Ny Quartic 0

v 9,800,000 fsé :

K= 81 ——K— 2f —¥—sp-]

Dispersion is Matched IF and ONLY IF
o | =2f - ;-89

®* Qex = ecomp .
* lenses are paraxial
* NO material in the system

Small Mismatch = BIG ERROR-

Dispersion Control

* The frequency dependent delay for any component can be described as
TA)=cd +6 2+, +c, 2.,

* The necessary condition for transform-limited output is
Toystem(A) = const

40000~ .
L Ideal of “aberation free™ ] Material Delay

@ Lexpander N
200008 - =
> L . > Net Delay
% s Net Delay « %
a or . a
2§ 2
F-2000Q-Paratiel Grating &-2000
to :Compressor g

-4000q~ -4000

6006507007508008509008501000 6006507007508008509009501000

Wavelength (nm) Wavelength (nm)

* Coefficients of an aberation free expander can be equal and opposite of a
parallel compressor but not in the presence of any amplifier material




ispersion Balancing Expaﬁder

(Lemoff and Barty, Opt. Lett. 18, 1651, 1993)

HNO DL

e

Delay (fs)

L. A 1 i 1 4 L] i L 1 1 i i
740 760 780 800 820 840
Wavelength (nm) ) .

¢ Sperical aberrations allow control of up to quintic phase delays
¢ 100,000 times stretching and > 1 m of material path possible
¢ < 1-fs delay should allow ~12-fs amplication

pectral Reshaping during Amplification

— 50ch2 with total gain = 10°7
==

Normalized Intensity
(2vwo 61-v0L,) Uop2as sso1n

650 700 750 800 850 900 950 1000
Wavelength (nm)

* Gain narrowmg occurs as A®pulse approaches Ac)gam
* A 10-fs sech’ narrows from 65-nm to 32-nm for gain = 10’




Re

enerative Pulse Sha in et al. Opt. Létt. 21,219, 1996

e Most gain narrowing occurs in regen or preamp
e Relatively low gain per pass ==> only linear filter necessary
e Correct for gain narrowing on each pass

e Decreased single pass gain ==> increase round trips

Spectral Filter Gain Medium
HR Thin Film Polarizer Etalon Ti:sapphire HR
(;wngsuynpllno Resesrch Opﬂcl) (Ellseﬂmag::;
V ——
\ 5§32 nm Pump I
\\
\ p“li’;aiz‘"&“”
u ave 1 ect dP I
Ampl-l-ﬂse':j’ulse \\ Pockels Cell nj e ulse I
\ (MEDOX Electro-Optics) . I
\
T(@)= = (w) G(w) = e"(“”"

H

Net Gain = [T((O) G( w)]"=#nf passes

w to increase output bandwidth-?

Iout(®)=Iin(w)(1-B@)"G(w)"

« Iin(w)
Increase the input bandwidth -> 100nm spectrum -
. G(0)=Exp(No(®)L)

Increase the gain bandwidth -> Mixed glasses amplifiers

e 1-f(w)

Modulate the spectral losses ->Regenerative
pulse shaping -




[deal Filter for R eneraﬁve Pulse Shapin

ldeal Filter Transmisgslon Net Gain

T T T Ty 2 ey T Tr—r—r—r=y —
100 £
= 9ok 3
£ s 5
5 eof 3 e
F] 1 - ]
E 70F o no fiur |3 :
E 4 —cel,] 1 g
1 —cet,d | =
" e o :- —C-I.S : w
3 —cal.? |
sof round tripes? c1o 13
9 L2 2 2 32 1 2 bodedod 2 2 2 £ 2 &2 4 o I —— 1 2
700 750 800 850 900 700 750 800 3850 900
Wavelength (nm) Wavelength (nm)

* Large modulation width desired

e Large modulation depth desired

itracavity Spectral Filters

. . . ¢ hard to manufacture
Birefringent filter / « limited adjustabllity
<40 nm FWHM
Prism sequence  Polnting sensitive
. s ¢ J0Wreso on
with spatial mask ~80 nm FWHM
* low damage threshold
Ax}gle-atimed / ¢ low modulation depth o
e n * depth an coupl
thin etalo / ~60 nm FWHM
AR + low modulation depth
. ulation dep!
Air-spaced etalon * high damage threshold
~80 nm FWHM
— . k1= * high modulation
Thin Film Polarizer * low insertion loss
Etalon . :L?h:t’:mm:qum & depth
. FP . it wi P
{patent pending CP] Barty et al.) ~80 nm FWHM




Thin F ﬂm P OlariZeI' Etalén atent pending C. P. 1. B etal

Fresne! Reflectivity
. 2 27nd : : . ;
-T=(1-R)*/| 1- R)* +4Rsin ( cose)) 100
A sl i
£
~ >
~ Z ef 1
~< d=@N+1)(4}) 2
9 \\ . H prys .
~ S
-4
20l h
Thinfilm  c—— o T rr—r———— "
polarizer coating 0 20 40 0 80
Uncoated surface Anle (degrees) :
Variable Separation Varlable Angle of Incldence
100F r . . T soof T . ' : .
~ 98F 150 2 = sor
2 o6k k £ 9of w
S 94t 3 5 sof ¢
H . 3 H
E 02 E 7o} L
s oof 3 s
g ssf E Z sof 3
86l e 4 sof 72° 3
54 A A . ; : : . :
€00 700 800 900 1000 1100 600 700 800 900 1000 1100
Wavselength (nm) Wavolangth (nm)
separation gontrols width incident angle controls depth

* TFPE's provide large and adjustable modulation width and depth

ASE Qutput with TEP Etalon

1 Fe T T
TFP Etalon ﬁ
FWHM = 81 nm
0.8 1 .
— No Filter
) FWHM = 31 nm
=
3
. 0.6
o
oy
2 0.4
s .
=
0.2
0 1
700 750 800 850 900

Wavelength (nm)




Jltrabroadband Ampliﬁcation

R e ——

.................
s
> 0.8 :'
=
c
= 5
- 0.6
g I |
~ r FWHM > 100 nm
E L
7 0.4 -
= 5
Q o
il
: Jd
= 0.2F
o A T TN .
740 760 780 800 820 840 860

Wavelength (nm)

etwo etalons usede

*transform limit would correspond to ~12 fs pulsee

——

ectronic Tunabili

1

0.8 i
0.6 '
0.4 i

0.2 i

§

:
X

800

Y
\l/
h

:

of Amplified Pul

w\

B M N NS

Wavelength (nm)

T T T T

* Changing the etalon spacing tunes the output in
wavelength '

* Spacing change necessary is < A/2

860




lor Amplification

Tw

| =
. I
| LQ
u.
. £
g
I o
H’ e
I - L
€T
o)
.
£
g
9 L
- e e e o
o o o o

Aysuayu) pozjewioN

900

850

750

700

. 800 4
Wavelength (nm)

e 2 etalons were used in the regenerative amplifier

e After amplification > 20 m]J per color

* Ideal for IR generation via difference frequency mixing
or PBWA |

D Ultrafast Laser Svstem

T
L s\ﬂ_,w \/l\\/
\ 3/ \ M%IMW
vz s
LI,




)esi als of UCSD System
pump extracted] number |[beam size IR IR amplifier
energy energy of (mm) |Intensity] Fluence rate
passes GW/cm2| J/cm2
50 mjJ 10 m]J 15 2 0.43 0.32 50 Hz
620 mJ | 260 m]J 4 4.4 2.3 1.7 50 Hz
53 23] 2 9 4.9 3.6 10 Hz
S
)} Hz system

~10 TW, ~15 fs pulses
splications: Ultrafast x-rays for studies of molecular
'namics and time-gated medical imaging

- Hz system :

~100 TW, ~15 fs pulses

plications: High field physics, novel particle
celerators, x-ray lasers, sub-femtosecond harmonics

_SD Ultrafast tem

* Dispersion & pulse shaping allow transform-linﬁted ultrafast amplification

et al. Opt Lett, 21, 668, 1996

18-fs, 4-TW, 50-Hz 22-fs, 50-TW¥, iO-Hz
, 1p

S 0.8 3 0.8
A £ 0.6
2 z2
§ g 0.4
E £ 0.2

240 -20 0 20 40 0T =0

] Time (ts) Time (fs)

g os8f 3 &
£ o.6F 3 ]
2 :
£ 0.4f k ]
E 0.2} 3 ]

o L 1
800 850

750
Wavelength (nm) 50

750 800
Wavelength (nm)

*tests with attenuation before compression




Shorter Pulses Possible

B Seed pulse amplified to >1.5 J,
Transform limit, 15-fs

0.8

06

04

Intensity (arb. units)

0.2

750 800 850
Wavelength (nm)

Figeen




Jeam Profile after 4 Pass Amplifier

ficient High Peak Intensity Generation

Ti:sapphire vs. Diode-pumped Nd:Glass

additional losses for sapphire
80% for doubling before pumping
50% extraction from final amplifiers

benefits
pulse duration 15 fs vs. 300 fs

phase conjugated pump laser possible
higher rep rate

==>> sapphire system should give 10 x's higher intensity




ummar

* Dispersion control on the femtosecond timescale
- optimized cylindrical mirror based expander
- 100,000 times pulse expansion
- <1 fs pulse delay error
- very large material paths possible
- amplification at 80% of theoretical max demonstrated

* Gain reshaping control
- regenerative pulse shaping
- thin film polarizer etalon developed
- >100 nm FWHM demonstrated
- tunable amplification demonstrated
- two color amplification demonstrated

* UCSD multiterawatt systems
4TW, 18 fs, 50 Hz (summer upgrades >100 m] in 15 fs)
45TW, 22 fs,10 Hz (summer upgrades > 1] in 15 fs)

* Future systems based on UCSD technology
kHz terawatt under development at UCSD (1996)
1 Hz petawatt under development in Japan (1999)

Future Systems ??

| Hz Petawatt Laser Kilol_1ertz Terawatt Laser

151s,15] 10 fs, 10 m] |
12 mJ before compression

27 m] pump energy required |

17.5 ] before compression
4() | pump energy required

NOTE: Phase conjugate pump lasers with diffraction limite
pump profiles alr]ea%y exist which are capable of producing
pulses of 25 | at 6 Hz and 300 m] at 600 Hz.




digh Intgngigg Applications at UCSD

* Ultrafast laser produced X-rays
time resolved diffraction
time resolved absorption spectroscopy
high resolution, time-gated radiology

* single femtosecond high order harmonics ;
* lonization ignition in atomic clusters

* >10 TeV/m laser driven electron accelleration

* keV x-ray lasers

* highly relativistic laser/matter interactions

* ultradense plasma physics

trwshe~+ Pulse -S-f'a:wlf«o.:l W Aad,(:..-z,“‘c'w

o B0 for corvect ?o/a*l-m:;l‘m

Ao TxB Jernn
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SHORT BUNCH INJECTION, SYNCHRONIZATION,
AND ACCELERATION IN LASER WAKEFIELDS

D. Umstadter, U. Michigan
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12-18-1996 3:42aM

|

) . .
HE !l-lﬂh.Fﬁs'f R. Wagner, S.-Y. Chen, and A. Maksimchuk
OFTICAL SCIEHCE University of Michigan, Ann Arbor
bl L )
] http/fwww.eecs.umich.edu/USL-HFS
Experimenta -ayout of Laser Electron Accelerator
i _
[irs 4t
|
Supersonic
Gas Jet
1~ 1019W/cm?2 (He or Ar)
Laser \\ /
P=6TW —_—— \ Tmm mrad
:: 20%5{33 um/f \\ emittance
Vacuum Laser Electron Beam
Spot Size Gas Jet Density Profile Profile at 20 cm
3001020 rrrrrrerrrrrr
‘,:’N . -
£ 1.501020F
s 3
© 3 E
g .
o {SWTE NPT FUPS N 1]
-400 0 400 —
position (um) 1cm

Acceleration of a relativistic
electron beam by a terawatt laser

D. Umstadter, J.-K. Kim, E. Dodd,




P4

12-18-1996 3:42aM FROM ULTRAFAST LAB CUCS 313 763 4876

P.8

12~18-1996 3:143AM FROM ULTRAFAST LAB CUOS 313 763 4875

Experimental Set-up to Measure Raman Forward Scattered Spectrum

eIy 1

high dynamic
range {18 bit)
. ; Prism
fow dispersion Spectrometer
CcCD supersoriic
gas jet
{He or Ar)
upto 7.5 TW /(no= 8.5um
T3 2=1.053um 1< 1019 W/em?
T=4001s

vacuum chamber
and beam tubes

RFS Spect Modulates and Broadens with Laser Power
laser pulse incident on supersonic gas jet backed with 150 PS| Helium

A = 1.053 um
©=400fs

67 TW

o

8_ 4.8 TW

3 .

o))
8

' 20TW-

3
8

> 14TW

(7]

c

b 0.79 TW ~— P,
£

malin bt ossTW

P’Mlﬁhnmuxu{ Ikt bl L <030 TW

2 0 2 4 6 8 10 12 14
Aw (+10%4 rad/s)
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Plasma Wave Characteristics Measured in Experiments at CUOS
ULTRAFAST
arecH, Ot . -

Physical Dimensions:
width ~ 10 um, length 200- 750 uym

Maximum Amplitude: % =0.40 - ~2GeV/cm
[}

Electron Density: ~ n, ~ 3-10"% ¢m

Temporal Duration: ~1.4 ps (FWHM)

Growth Rate: 4.0 ps Decay Rate: 1.9 ps™

Collimated Beam of MeV Electrons Produced by Laser Plasma Accelerator

Vacuum Laser Spot Electron Beam Profile

20 cm
from plasma

3 mm-mrad
emittance

15cm
from plasma

1 mm-mrad
emittance
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e ——— = = e T TSI I

MeV Electron Production Has Sharp Thresholds

i " maximum number detected ~ 1010 which corresponds to ~ 1 nC
ng=2.3+1019¢cm3 . P=13TW
He gas target ‘ He gas target
10°F TI ! 1. 100} ,
S ¥ $ i 1 8 | 1
8 105k i i § 1%k } ]
s ¢ Pl ]2 | ,
= 10¢F ! 1 2 10t} -t 1
S .F Péi b 8 I T ]
8 2k 3 o
g 10°F 1 g 107 1
=5 3 pue § E
c 3 3 e 1 1
100"_._,_,_31..4.|....1....l....' 100‘,,,,",,.‘... TP TP T
.0 1 2 3 4 5 0 1 . 2 3
laser power (TW) electron density (#1019 cm-3)

eV Electron Spectroscopy Shows Exponential Deca

CENTER  PON
WTRAFAST

collimator
without
magnet

cpllimator
with

R — 1 oo g _ 2 P (MeV/c)

* Energy > 6 MeV

(x108Meav)
E -

N

_* Exponential Decay

‘ognn‘.n.t.- PR
01 2 3 4 5 6 7

energy (MeV)

number of MeV electrons
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Electron Beam Characteristics Measured in Experiments at CUOS

WIngAST
Maximum Number of Relativistic Electrons: 2-101° (3nC)

Emittance/Divergence: )
low power - 0.75 -mm-mrad, 9° (HWHM)
high power - 0.38 n-mm-mrad, 4.5° (HWHM)

Energy Spectrum: exponential decay to > 8 MeV following

without self-channeling - exp(~y)
with self-channeling - exp(-0.67y)

Bunch Duration < 1.4 ps.
Threshold at 1 TW (1.5 Pg)

The Three Types of Laser-Plasma Accelerators Differ
in the Temgo | Characteristics of their Driver Pulses

/\ LWFA L=civ,= c ('ym/ne)1/2

AN K] s
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FROM ULTRAFAST LAB CUGS 313 763 4876

12-18~-1996 3:45AM

The Optimal Sine Pulse Widths Decrease with Increasing
Plasma Wave Amplitude

) 10 [ oo -

- ® [ ----- . potential (x_ . ’ J
¥e] S electric field (&) ]
o) I € . ’
= [ intensity (o) !

5 5 ; PO ! _
E | /! AN [
U 77N 4 ‘\ .\'l
1 (LS
8 SR VAR S TN
o] I ~_V’ ~ N W ~
~, H N, 1 b
£ | . A
= o
S8 |
50 . — '
0 2000 . 4000 - 6000
Z-C

Lilac: How Dbes It Work?

o Pump pulse drives a wake field plasma wave.
o The ponderomotive force of a second laser acts on electrons.
« Electrons receive a drift t_relocity paraliel to the wake field.

o Electrons with a large drift velocity can be trapped in the wake.

o The trapped electrons now form a beam in the plasma to.be accelerated.

e Remove necessity for an external source of electrons.

[
e e SRR TERETT T e e
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Laser Injected Linear ACcelerator: one pulse

drives a wakefield and another injects electrons

pump pulss
—- i
injection
pulse

Laser Injected Linear ACcelerator: collinear case

12-18-1996 3:48AM FROM ULTRAFAST LAB CUDS 313 763 4876

L e, x4
injection™-., .

....... Jpulse e -

wakefleld o~ oTERgem o . N e pump pulse
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BEAM COOLING TECHNIQUES

A. Skrinsky, Novosibirsk
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BEAM EMITTANCE IN PWFA

G. Stupakov







CRYSTAL ACCELERATOR (PLASMA WAKE IN
CONDUCTION ELECTRON AND CHANNELING)

P. Chen, SLAC
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MICROWAVE INVERSE CERENKOV AND FEL
ACCELERATORS: “TABLETOP SYSTEMS FOR
APPLICATIONS AT 10 -20 MEV.

T. Marshall, Columbia
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REQUIREMENTS OF BEAM EMITTANCES
IN PHOTON-PHOTON COLLIDERS AND
METHODS OF REALIZATION

V. Telnov, Novosibirsk
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PARAMETRIC X-RAY RADIATION AS SOURCE OF
SHORT PULSES OF X-RAY BEAM

A. Shchagin KIPT
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GENERATION OF FEMTO-SECOND X-RAY
PULSES AT SYNCHROTRON SOURCES
A. Zholents, LBNL







eneration of Femtosecond X-Ray Pulses at Synchrotron Light Sources

S. Chattopadhyay, P. Heimann, T. Henderson, K.-J. Kim, H. Padmore,
R. Schoenlein, A. Zholents, M. Zolotorev

Santa Barbara, August 19 -23, 1996
Syposium on New Modes of Particle Acceleration Techniques and Sources

There will be discussed:

- Qualitative description of the primary idea
Formal description of the idea (the same as above, but with formulas)
Application to the ALS

- Perspectives for further development




Qualitative description

- Duration of the synchrotron radiation pulses in storage rings is defined by the
bunch length. |

- Typically, the bunch length is ~30-50 ps.
- We want x-ray pulses of 50-100 fs !l

The are two alternatives:

- Compression of the electron bunch almost in 1000 times
- does not seem feasible

- Usage of the radiation of a fraction of the beam )
- good idea, but how to do it?

Qualitative description (cont'd)

A B C
—— D X-rays
—i— [
Bend Magnit Beamiine
XDOBS1200T7AR

A schematic drawing showing the principle of the generation of the femtosecond pulses of
synchrotron radiation. The electron bunch and the bunch slice are artificially magnified.

P




Qualitative description (cont'd)

Phase A:
+ Electron bunch slice is created in the interaction of electrons with a

femtosecond laser pulse co-propagating with the electron bunch in the wiggler. Due
to the high electric field possible in the femtosecond laser pulse, this interaction
produces energy modulation among this slice of electrons with the modulation
amplitude several times larger than the r.m.s. beam energy spread.

A AE, MsV
bunch slice

TAAAAL
A

Longitudinal phase gspace portrait of a fraction of the
electron bunch after interaction with the laser pulse

Y
N

+100pJ in the 100fs laser pulse is enough to make modulation amplitude
of 10MeV 1l

Jualitative description (cont'd)

Phase B:
*  Electrons with large energy deviations are then transversely separated from the

rest of the electron bunch at the distance several times larger than the r.m.s.
transverse size of the beam. This occurs after electrons pass through the next

bending magnets.

AX ‘/bmch slice

-
N

~NY

Top view on a fraction of the electron bunch




Qualitative description (cont'd)

* Phase C:
«  Finally, by imaging the beam to the experimental area, and by placing an
aperture radially offset from the focus of the beam core, we will be able to separate
out the radiation from the offset electrons .

 5(x)

femtosecord
electrors

>
2 4 6 x

Particle density distribution in the horizontal plane at the radiation point

g
Formal description
I. Energy modulation in the wiggler.
* wiggler period satisfies the resonance condition:
A, =272 L/(1+K2/2)
/'lw is the wigller period, A 1 is the laser wavelength, K is the deflection
parameter
« the most efficient energy exchange between the electron and the light will take
place when the far field laser radiation has the maximum overlap with the far
field spontaneous radiation of electrons in the wiggler in both the transverse and
longitudinal phase space.
* asuperimposed field of the laser radiation EL(CO,F) and the spontaneous
electron wiggler radiation E'R(a),ﬂ is written :
E (o) +E, (0.7
7 (@F)+Ep(@,7)
.F




Formal description (cont'd)

. Total field energy:
A~ (B, @)+ Eg(@Pf dsdo
can be written as a sum of the energy of the laser pulse AL the energy of the

electron radiation AR and an exchange energy:
1=AL+AR+2\/ALARA60L

>
/Aa)R cos(Q). Aa)R_Aa)L

ler'e Aw R is the bandwidth of the wiggler radiation and A®@ 7 is the bandwidth of the

ght pulse.
Spontaneous radiation of electrons in the wiggler is equal:

2
A =Toho: —K_/L,
R Li+g2/2

Thus, the amplitude of energy modulation is:

2_ K272 Ao,
(AE) =47Z706AL7M)L1+ 2275 ACOR

ormal description (cont'd)

xample

ha)L =2 eV;

AW R =A@ T (Number of wiggler periods is ~ number of circles in the laser pulse)
A, =100 pJ

AE=10MeV  (Confirmed by B. Kincaid in computer simulations) ‘

itice, that:

fypical beam energy spread in synchrotron radiation sources is 0.5 - 3 MeV

for a large K energy modulation depends from K very weakly

relatively short straight sections can be used even in high energy rings using
wigglers with a large K.

- —— e
‘o



Formal description ' (cont'd)

.  Intensity of femtosecond x-rays
« Much smaller than usual intensity of synchrotron radiation

Factor_I.

¢ Number of electrons in the bunch is N

b
T

« Number of electrons in the slice is V. "T;S

b1y,

* Factor 77=0.2 accounts for fraction of electrons in the right phase of the laser

wave.

' T
« Thus, number of electrons producing femtosecond pulses is ~ an-fli. This
b

is at least 1000 times less than Nb.

Formal description (cont'd)

o

Factor_ II.

Frequency of the femtosecond pulses is much smaller than a bunch repetition
frequency.

« Limited by the available laser power PL

Than x-ray flux per unit of the azimuthal angle is :
dF{2 =_«/§ay_I_en'”_ST€Ls[&a]4&

« Or limited by the effect of energy modulation

do2 o2 _ o
-af-+,t1!;—(quant. fluct+(energy modulation)=

_9% . AR2%sIT
T%Q+ b

B R et A el oy

11
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'ormal description (cont'd)

Assuming: 5 _
T
%‘Q:AEE T‘Si;l‘ (0e="20,)
D * %
We get:

2
O | dAc|Ar
AE] A4

1

dglﬂ. !_’ \3 ]
=2z ;OTD

Ill. Pulse duration

1e‘minimum duration of the x-ray pulses is defined by:

the laser pulse shape
stretching of the electron bunch slice on the way from the wiggler to the

:nding magnet.

ormal. description (cont'd)

ice stretching is related to the non-isochronisity of the beamline and can be
aracterized by the differences of the pathlengths of electron trajectories:

2
MR BB (aemp2)

LU, _4viz _£Dgz
=[P by [pn Ip= [

three integrals IU, IV' I 7 can vanish simultaneously only if taken over the
hromat lattice . But the lattice from the interaction region to the bending magnet
n not be the achromat, since a non-zero dispersion in the bend is the integral
rt of the method. In a non-achromat lattice either IU or IV will be non-zero and

iere

2 associated pathlength difference can be estimated as:

Ab=2x

e
lere &‘x is the horizontal beam emittance.




Formal description (cont'd)

 Signal to noise ratio

p(x)
femtosecond . femtosecord
electrors electrors
L/ P\ >
- -4 2 4 6 X

For one bunch signal-to-noise ratio is:
_2nt | (D 14 Dy4AE 1
SIS

@ is the error finction.

19

Formal descfiption (cont'd)

* Theoretical assumption on particle density distribution in the beam

Partilce density distribution

Partilce density distribution :
) Loglp(x))
0.1 Gausslan core 0.1
I'4
0.001 1 0.001
Non Gaussian tail
.00001 P(x)°¢1/x2 0.00001
% 3 vy 3 s 0.1 0.2 0.5 1 2 5
%10, Log(x/ O'x]

15




ormal description

(cont'd)

Measurement at the ALS:

Beam life time versus horizontal scrapper position

0.001

0.0001}

0.00001 |

(Damping tlme)l(ljfe time)

- T 2
=X -
Interpolation —,éi—jgx-eXP[

x [ (x/0y)

B X\,\

1, 10 .
A

-7 . ] . .

1, 10 5 T 25 >
Scrapper position, x/ 0,
)rmal description (cont'd)

Since f I << f~ we need an x-ray chopper in the beamline to avoid unwanted
adiation and exposure of samples by the x-rays from unmodulated bunches.

e e s o -

16
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Application to the ALS (cont'd)

Laser Transport

Femtosecond Laser Pulse
enters Storage Ring here

A schematic view of the ALS sectors 5, 6.and 7 showing wiggler, laser
and laser beam transport lines.

78

Diagnostic beamline

1- s
image detector r

<
-}

Image detector ‘)Nlndow
Vacuum vaxlve:z._.,'_—‘_—_.l
Shutter
5°
’wlndow Cu
—
———— P \/acUum vaive wiggler W16
laser wiggler radiation /g7 30° .
+ laser /{QJ T Beamline 5.0
\A
photon stoppers Y ’¢
currently  block 4
the line
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Application to the ALS (cont'd)

Aperture M1

Horizontal
B&la?n focussing
Magne L mirror M2
N Converging
2 mirror

M3
Vertical
focussing

mirror

Grating

schematic of the beamline 6.3.2; bandwidth of the beamline is 12-200 A; angular e
sceptance is 2.5 mrad.
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yplication to the ALS (cont'd)

Anticipated results:
Estimated x-ray flux for 1.5W of an average power of the laser beam:

{

l—u\
08 \

©
S
Qos
D 04 -
=,
g 0.2
>

0 } : }

0 100 200 300
Number of bunches

X-ray flux - number of x-ray per second - in 2.5 mrad angle
and 10% bandwidth (assumed measured bunch lengthening)

Stretching of the electron beam slice is 250 fs FWHM and overall duration of
x-ray pulse is ~ 300 fs FWHM

Pulse duration taken in the sector 5 can be as low as 100 fs FWHM

Signal-to-noise ratio in a single bunch is ~ 10

24




Perspectives for further development

» How to get higher flux of x-rays?

1. More powerful laser
1.5 W —> ~20 W average power <—— factor 15 better
But, beam energy spread also goes up :

O, —> ~1.5 O,

2. LLNL is in the process of development 1kW average power with the pulse
duration ~ 50 fs (?77?). '

Is any way to use such a laser?

A schematic view of the laser
e-beam interaction in two interaction regions

beamline

e
laser /

wiggler

NS o

180 degree Y wiggler N\
phase shifter /

modulation region demodulation region

isochronous _ lattice

i) Utilization of the laser with 1KW average power
gives improvment factor in the x-ray flux ~ 600

ii) Utilization of the undulator instead of the bending magnet
gives another factor of 10 .

22
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Laser e-beam interaction in two interaction regions
inside optical cavity with a pulse regeneration system

laser

e [:!A N
1 regeneratic;l -
system - R e
J X " 2/
wiggler phase wiggler ‘
shifter
modulation region demodulation region

If ~ 100 circles will be possible, then factor 600 can be achieved with
the laser with only 10W of average power.

=~ = A = A o]

29

limmary

Modem lasers find more and more applications in accelerators
In the past - advance diagnostics:

a) polarization measurements
b) measurements of small beam sizes - "laser wire"

and:

production of high energy 7 via Compton scattering
Today - shéping the beam in the phase space:

a) optical stochastic cooling
b) femtosecond pulses of synchrotron radiation

In the future - particle acceleration (?)

25"







ADVANCED LINEAR ACCELERATOR
DEVELOPMENT FOR LINAC RING COLLIDERS

D. C. Cline, UCLA
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SUMMARY OF SNOWMASS ACCELERATOR ISSUES

J. Wurtele, UCB







SNOWMASS96 ADVANCED ACCELERATOR

Jonathan Wurtele
UCB/LBL

WORKING GROUP

Introduction
Collider design
Plasma Accelerators

Working group leaders--Swapan Chattapadyhay

,vo\x«\&\v{ Bellor Thase-
VVtaene Acceliatos (?)

¥ Nr
— L) BEAN
CASCADED = _F e 1 g e e g

ACLELERHTORS

° Allows molfjple bunches
| o short eyposurc Hme for awy ouc cell




Advanced Accelerator Subgroup Charge

* Discuss and evaluate concept * Identify promising R&D
- - L3 35
for a..chu?vmg 5 TeV with 10 —  Power sources
luminosity .
. — Accelerating structures and

— Gradient geometries

— Emittance — Instrumentation

— Efficiency

GENERAL COMMENT

* SNOWMASS OFFERS THE OPPORTUNITY
FOR THE LASER-PLASMA WORKERS TO
FAMILIARIZE THEMSELVES WITH LINAC
ISSUES AND FOR THE LINAC WORKERS TO
BECOME FAMILIAR WITH THE ADVANCES
IN EXPERIMENT AND THEORY IN PLASMA.-
BASED CONCEPTS




Topics

Collider scaling laws

* Lasers .

* THz Radiation * Beam dynamics
* RF sources * Laser-plasma

* mm wave technology dynamics

* microfabrication * New concepts

plasma-based devices

* superconductors
A POTENTIAL COLLIDER B
GRADIENT LENGTH R&D
>10 cm 100 MV/m 60 km New superconductors

lcem 200MV/m 30km Power sources

3mm 1GV/m <10km Structures
Power sources
Fabrication ‘

<300 pm >10 GV/m ~km _ Channel guiding

Staging

Beam dynamics

Hadronic + EM Backgrounds

£ree I (\ R
Physics = uncertain initial state /TIPS
| m Implications M 8/23/96




CLASSICAL COLLIDER PARADIGM

INTERACTION
POINT (IP)

e+
< ' ot
. ot
) : eh
Linac—- s e o I l ¢ ' l e e e «gLinac
|- T
€ 2

e s e s e e Np

)
ml
— ———

2
LUMINOSITY : £ =1N
41to'y2 R

(f =Npfrep)

A AVERAGE POWER: Pp = 2ymc2Nf=1Pw

£eee

w/r
8/2

RADIATIVE EFrECTS OF MACROSscOPIC
BEAM ELECTROMAGNETIC FIELD

Y

ete-

JWATIYVG
872141,
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Example
Assume
e=1TeV
L=1035/cm2-5
8=0.1
NPy =0.02GW
Cz=10um
Then
N=1.3x107
Oy =2.5x109cm
f=4.9Mhz
Assume
A'acc=xp=100'z
E;=10GV/m
B*=Gz
Then
np =11x1017/cm3
& 1016/ cm?
Ip

* —
En=1e=10%/B" =13x10"10p

Wy

Laser Accel Wkshp,
LBNL/10/5-6/9%




SCALINGS

» ‘“..: %
%S

PR

2
SN ARE A,
ArTRTE X

I/

i

7234

AT b TeV nw2ﬁmmumw, MASS ENERGY WITFH

35 2,

A LuMINosITY 10 cm 3 » CONVENTIONAL

COLLIDER DESIGN “ CHOICES FOR THE
RADIATIVE PARAMETERS LEAD 0
UNREALISTIC  vALUES FroR ~CRITICAL
na.:.r:umm PARAMETERS €.9. TOTAL
SITE  POWER WELL ABOVE A

G IGAWATT , eta.

WITH RADIATIVE PARAMETERS
IN  THE NONCONVENTIONAL
REGIME :

T > 0:3
dp > 0.4

FORCED -To CONSIDER  COLLIDERS




CHANGE THE PARADIGM:
UNCONVENTIONAL, BUT NOT NEW IDEAS

* GAMMA-GAMMA COLLIDERS (KIM AND XIE TALKS)
* NEUTRALIZE BEAMS AT CROSSING--STABILITY

T e

* ACCELERATE WITH HARMONICS---LARGER SIGMA-Z

* LOWER LUMINOSITY TO “DISCOVERY ONLY’--NEED UPGRADE
PATH .

* PLASMA COMPENSATION--BACKGROUNDS

v}
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Exotic Collisions - Gamma

2 v +— Final Focus

e &

Compressor Pre-Accelerator T

-Gamma Collider

Advanced Power
j’ource for -2 1Tev

3 Pre-Accelerator ~ Compressor
Compressor
| rrrr. 'm . =
—{
Key Issues
EFFICIENCY
~ Wall Plug _ Laser }
Laser ==  Plasma ./
Plasma =——>  Beam ;
BEAM QUALITY
Energy Spread f
Emittance
T o o,



ARTIST's  IMPRESsioN oF A STAGED LWFA

Laaer System wifl clock A —»

! hw
;w Lg. \ -LL'\r \ AN
Q%X—a' LINAG [—> ____l@’ =@ ==& =’D®<

Yo
, FINAL
PHOTO ~ 7 LWFA Focus
or ALL OPTICAL S4ages
| NTECTOR
- P thmﬂgww:“j
— e Tromsverse -foemssing
¢ Vavious channelin omd
radiahon cgo (‘f
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_lﬂrbw.sm JLAseR|
o foz a)5 TeV EWFA 10 GeV/ s+ => $00 STuges
L2 wﬁvm@@wmmwﬁuwr. dep = L [ stoga
dn~ 0.3 P

V,f.»xn = .oo&\?.,

N ‘='S0 %
WaLe- Lager
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=30 Mw
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Implications

Small O'y at IP

4 B*icz

Small

U Plasma focusing <th rogeneous

annel (weaken by
Small Iy factormp / @ ~hollow)

|/

Inhomogenerties, Mismatch, ...

Sn/n (Instabilities of laser and ebeam)

/Laser Accel Wkshp,
W, LBNL/IO/S-G/&

Beam in Plasma
exn =1.3x10~10
1 ) EZ(GV/m) 1
= =7.9x10
k|3 Bp™ 9% \/ E(TeV)  Ap(m)
BP1=4cm
oyPl=23x10"7cm
€n(mr)
KOy, ~1.6x102
Py \/ E(TeV)E(GV/ m)A3;m)

E| ~kpiE; =E | (0y]/E,(0)=12x10~4

9 ﬂ"_Te’\//bW

Problem : (Alignment of Quad <—» (stray field in plasma)
At 104 level codes and theory inadequate




A |

Sutsnooj pue uneofadde

Ay
Y

€ — Matched beam, bunch length
Linear focusing, instabilities

DESIRE :

Ez:

\JPALL

BEAM _QUALITY

= ¢ BunchLength + E,(r)

Er:

r

E;

AEz = Ay
Ey (1)

————T

Satisfied by Wake in
Hollow Channel to

order w% /W%

*
bt =
2
\4

JW/CBP Seminar
LBNL/11/95




PLASMA CHANNELS

+ OVERCOME DIFFRACTION

+ DECOUPLE TRANSVERSE GRADIENT OF LASER
FIELD FROM THAT OF THE ACCELERATING WAKE

+ WEAKER FOCUSING

+ MANY SIMILARITIES BETWEEN LINAC
STRUCTURES AND HOLLOW PLASMAS EXIST--
THESE NEED TO

« BE QUANTIFIED AND BETTER UNDERSTOOD

EXAMPLE

Dipole (hose) instability
Displaced Pulse

_ @ Channel
Evolution of centroid of pulse

A

N~ U\

JW/CBP Seminar
LBNL/11/95




BNS in Laser-Plasma

Laser Hose < E-beam bbu

E-beam : BNS Damping

kB =k 8 (Y(s)) Coherent betatron frequency sweep

Laser Plasma : 1/ Zp & kB
Zp = Zp(ao(s)ko(s))
* Amplitude sweep ay(s) occurs naturally from
relativistic guiding : AZp /ZR~ wzklz, I aol 2/2
* frequency chirp ko (s) applied
Criterion: A(l/Zg)~m/Lg

T Ry
SUPRESSION
1. BNS METHOD GS & W)
2. DETUNED METHOD (EE., PS,JK)
CAVITY
3. LOWERQ METHOD (TA, PM)
ON HOM i o

JW/CEE Seminar




R&D for Laser Acceleration

Pulse propagation and wake excitation at
high power

Injection and locking
Wakefield diagnostics

Laser development
Acceleration of beam to 1 GeV

() A0(S)

- op(Z)

LEAKY
CHANNEL

EACH PLASMA METHOD IS
ANALOGOUS TO ONE USED
IN LINACS ! '

- JW/CBP Seminar
LBNL/11/95




~

1)  Much is known about intense short-pulse laser propagation in plasma.
2) Instabilities can exist even for pulses of order Ap.

3) Plasma is an active non-linear medium — its guiding proéerties and
stability can be changed by the pulse.

4)  Detailed understanding developed through experiinents and theory is
needed.

CBP Sentina
s

WHAT HAS CHANGED ?

COMPACT HIGH POWER, SHORT PULSE, EFFICIENT LASERS

DEMONSTRATED : Table Top Terawatt CPA
solid state lasers : fast moving technology.

Peak power sufficient. Research on rep. rate

PHASE, AMPLITUDE AND JITTER CONTROL OF T3 LASERS

DEMONSTRATED : Driven by Coherent Control needed for Ultrafast Chemistry
<200 fs phase noise. Research on multiple pulses.

CHANNEL GUIDING DEMONSTRATED : 1015 W/em?2 ~ 70 Raleigh lengths
Research on wake excitation and guiding at 1018 W/cm?2

MICROFABRICATION (10nm) DEMONSTRATED: (LIGA)

e WAKEFIELD INSTRUMENTATION In progress at SLAC, DESY, KEK,
UT Austin

¢ NEW IDEAS : Neutral Beam Collisions, Beam Combining, Matrixed Linacs :

2 Theoretical Work in Progress

e oo o] JWATPY

8/23/%




, low
{.¢ } .
'suppression
T Lsper e Wi,

as well as greater

quire innovations,
interaction

)

ry will need to address critica]
of the laser-plasma

acceleration of a low energy spread

emittance bunch with a significant number particles
plasma or structure

v

L, medical, synchrotron light/x-ray sources,
ams in rings may come to fruition before TeV colliders

driven device will re
brightness beams

periments and theo
gh
rol

generation ex
gy issues
pment of diagnostics
ng
pling of laser to
efficient coupling to beam
, e.8., FE
ser-
g and hi
nd cont

prebunchi
efficient coy

ysics and technolo
the develo

The realization of a la

microslicing of be
of beamstrahlun

Conclusion
Second

ph

L4

Other applicatio
understanding a

Thursday, August 22, 1996
Convener: D. Rule

Time Speaker Title
9:00 am A, Shchagin, KIPT Parametric X-ray radiation as Source of Short
: B pulses of X-ray w&.E

9:30 A. Zholeats, LBNL Generation of Femto-Second X-Ray Pulses ay

X . Synchrotron Sources
10:05 Refreshment Break ITP Front Patio
Convener : K. von Bibber
10:25 D. C. Cline, UCLA Advanced Lincar Accelerator (\

Development for Linac Ring Colliders

. Snowmass 96

11: 00 \ a._. Waurtele, LBL Summary of Accelerator Issues

Beam Sources - Status, Advances, and Limitations:

11:40 K. Leung, LBL, High Cusreat Short Pulse Yon Sources
12:20 pm Lunch ITP Front Patio

Convener: B. Zotter

1:45 R. Macck, LANL High Intensity Neutron Spallation Sources

Report on New Advances:

2:25 W. Molzon, UCI High Intensity Muoa Source
3:05 C. Bule, Princeton Uniy. Observation of Nonlinear QED Effects in Electron-Laser
Collisions
3:35 Refreshment Break ITP Front Patio
4:00 M. Ottinger, Univ. Texas SYN2 - A New Model for Tracking Space Charge Perturbed
Snychrotron Beams
4:20 Z. Parsa, C, Pellegrini, Reports* on New Advances

A. Scssler, R. Siemann, and Round Table Discussion on Basic Issues
J. Waurtele, v, Telnov,

e

D. Clige, A. Skrinsky and others,

TBA
545 Beer and Chips ITP Front Patio
6:15 Fiesta Barbeque ITP Front Patio







HIGH CURRENT SHORT PULSE ION SOURCES

K. Leung, LBL
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rfrr\nlﬁ;
f

wrence Borkeley Nationai Lavoratory | 8 1 11 | J-LH
High Current Short Pulse Ion Source

Ka-Ngo Leung
Lawrence Berkeley National Laboratory
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B Jon-beam requirements for major accelerator
facilities
B Generation of pulsed high current positive and
negative ion beam
B Short pulse ion beam formation
= for compact neutron tube application
& for induction linaés

I Formation of high repetitive rate, very short pulse
ion beam with laser driven photo-cathodes.
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HYDROGEN ION SPECIES (%)

100 . .
o L
90
80} *
701
60
501
3 ' H+
40 w] H;
30} 4 Hy
20 |
10 C
. ' 2 g 3 2
3 10 15 20 25 30 35
RF POWER (kW)
K&MCompany  POLY-VU
Totrance, CA 90503 #pvitg
ION CURRENT (mA)
o8 8 8 &8 3
o | M;G'o | |
o
=3 o o
(o}
3 &
o of " D. °
o n
E o f > °
m o o
o o F o)
= owf > *
s 3 (ol
L h |
o > 0O o0 m e
af ¥F2ZE o -
(3] \ . ¢
o n -~ rey o o o ' >

ION CURRENT DENSITY (A/cm?)

-




—

HYDROGEN ION CURRENT (mA
ot [x% [I) -

A)

LI
=g . ]
gg . L]
S5 ZF » .
S of
g o L °
‘8 S RLENPT »
o] 5", F
52 o5 ] '
Em rén Nt > ®
3 o x o
e = 8t .
o
s 5. :: :
= eif 28
5 sl 2% g y
5 > - . N . ; , , e . ]
: @ =t -t b -—h pu—ry
‘g S 8 R & &8 58 8 & & ®» B
= _ HYDROGEN ION CURRENT DENSITY (Alcm2)
Toresnce, CA 90503  #PMIY
10— T T -.. r ——
90- ° [ J ') g
’ |
P i “1 i
E 80
O 70 i
E : 60T With Fiiter ]
a. _ _ .
[ : )
= 90 | | N
© 4} | . NS
£ 30 |
O]
o 27
0@ u )
- 10t n =
= ’ n .

%4 5 6 7 8 9 10 11 12 13 14 15 16
" RF POWER (kW)

T




COMPACT HIGH INTENSITY NEUTRON GENERATOR
FOR BOREHOLE APPLICATIONS
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Hydrogen (H®, H.*, H,*) Beam Current vs. Bias Voltage
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Experimental Setup for Lanthanum Hexaboride
Photoemission Study
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Laser Characteristics

Type:
Wavelength:
Photon energy:
Pulse length:
Pulse energy:
Rep. Rate:

Krypton Flouride Excimer
248 nm

5eV

50 ns

200-500 mJ

1-10 Hz
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Temporal Characteristics of Laser
and Electron Pulse
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HIGH INTENSITY NEUTRON SPALLATION SOURCES

R. Macek, LANL







High Intensity Spallation Neutron Sources
(Outline for Presentation - R. Macek, 8/22/96)

m Brief survey of the field
® CW sources

® Long Pulse Spallation Sources (LPSS)
® Short Pulse Spallation Sources (SPSS)

m Status, limitations & upgrade plans for existing SPSS
e ISIS

® MLNSC

m Comparison of RSC and Linac-Compressor Options
N Lessons for the Next Generation SPSS

RIM, ITP_tatenseSNS

Production of Neutron Beams at Spallation Sources

Nicket
reflector-shield

Neutrons (flight path
Ppenctration)

Target system

22056 RIM.ITP_InicreSNS
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Long Pulse Spallation Sources (LPSS)

® The SNQ proposal of the early 1980’s _
® 5 MW Linac, 5 mA @ 1.1 GeV, 0.25 ms pulse duration @ 100 Hz
® project canceled in mid 1980’s

® Los Alamos LPSS proposal (1995)
® 1MW Linac, 1.2 mA H+ @ 800 MeV, 1 ms pulse duration @ 60 Hz

® 0.8 MW demonstrated in 1995, 1 mA H+ @ 800 MeV, 1 ms pulse
duration @ 60 Hz simultaneously with 70 HA of H- to MLNSC and
operation of WNR

® Main requiréments are target and beam lines in the experimental
area

® Proposed for funding in 1999 or 2000

2056 RIM. ITP_tntenseSNS

Continuous (CW) Sources

® 1 MW SIN-Q at PS]|
® 1.5 mA CW protons @ 590 MeV from isochronous cyclotron
® Zircalloy rod bundle is the initial target
o Under construction, completion in the fall of 1996

N Accelerator Production of Tritium (APT) proposal (170 Mw
spallation source)

@ Linac producing 100 mA CW protons @ 1.7 GeV on large target of
tungsten rods

® Target damage studies currently underway at LANSCE

4 22056 RIM, ITP_tnicnseSNS




ISIS

® RCS with Multiturn (~250 turns) charge exchange injection of 70
MeV H" beam :

e Horizontal closed orbit bump in the injection straight section

e Bump turned off at end of injection so beam clears the foil during
acceleration

o Painting in both transverse planes is needed

m Key limitations on intensity
® Space charge tune shift of ~ -0.4 shortly after acceleration begins
® Losses injection and during RF trapping ~ 15%

— Collected on absorbers
~ ~25 rem/hr after a day’s cool down

® Uranium target lifetime is a problem, Ta target has acceptable
lifetime '

m Upgrade potential: 300 pA
e Dual harmonic RF to improve bunching factor

RIM, ITP_lntenseSNS

Short Pulse Spallation Sources (SPSS)

m Highest user demand, most powerful for TOF techniques
e Pulse width <1 ps, 20-50 ms between pulses
m ISIS & MLNSC are the most intense sources

ISIS sets the standard by virtue of intensity, hours per year for
* research, number of instruments and strength of scientific program

Beam Rep | Pulse
Power Rate | Width { PPP o
Facility Type (kW) |E Mev| 1(nA) (Hz) (uS) | 1073 Relxab:llty

1S1S (RAL, UK) RCS 160{ 800 2000  s0| 045/ 25| 80-90%
- Linac- .
MLNSC (Los Alamos) |Compressor 56 800 70 20 0.25 22 75;—58:,6
IPNS (ANL) {RCS | | 7| 450 15 30 0.3; ?o
KENS (KEK, Japan) |rRcS 25 so0| 5 20 | o1 7
IN-06 (MMF Moscow) |Linac-
under construction Compressor 220 7007 3007 50 0.35 47

r RIM, ITP_lntentscSNS
[
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PSR/MLNSC

m Linac-Compressor with 2-step Charge Exchange injection for ~1700
turns

e H- to HP via field stripping in a high field magnet followed by HO to
conversion H* in a stripper foil

m Average current limited to ~ 75 pA @ 20 HZ by beam losses during
accumulation

® "First Turn" Losses (0.2 - 0.3 %)
— Excited States of H that strip in downstream dipole

e Stored Beam Losses (0.3 - 0.5 %)

— 4 - 6 x 10¢/stored proton/turn - primarily from nuclear and
large-angle Coulomb scattering in the stripper foil

— Some losses from action of RF Buncher (momentum spread)
m Peak current limited by a fast instability
e Threshold depends on buncher voltage
m Peak current also limited by ion source
m Operational beam reliability/availability has been poor in the past

s 12096 RIM, ITP_laxcseSNS
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Absolute Yield

Characterization of Operational Beam “Reliability”

= Definition: Availability w.r.t. schedule

Uptime - Uptime - 1
Scheduled_Time Uptime+ Downtime 1+ MTTR
MTTF

Availability =

B Reliability and Maintainability contribute on an equal footing

® Fluctuations in availability over the duration of an experiment
are the main source of risk seen by the user who is given a
fixed block of time

B Longer downtime intervals have the greatest impact on the
typical SPSS user :

RIM. ITP_tatenseSNS
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Down Time by Length of Interval

Fraction of Scheduled Time

Down Time Fractions 1992-93
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Solution: Direct H™ Injection

N

[

N
N

X' (mr)
Y' (mr)

-6

~i0 =20 3 20

X (mm) v (m.m)

RIM, ITP lotemscSNS

Fundamental Problem for PSR: HY Injection

(Underlying cause of the slow beam loss problem for PSR)

Present Injection Scheme in XX’ Plane ’_ Offset Injection Scheme in Y-Y° Plane

H
H* (23 x mmems) %)

=i

X(mn o

X (mm) ¥ (mm)

® Emittance growth of factor ~3 in bend plane of stripper magnet
= Large mismatch in the horizontal plane

® Cannot manipulate or tailor neutral beam for optimum filling (“painting”) of
transverse phase space to keep the stored beam off the foil as much as possible

2 22096 RIM. ITP_InlemeSNS
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Benefits of Direct H- Injection

® Provides optimum injection “painting” that greatly reduces
the well-understood, main Sources of slow beam losses
® Factor of 10 reduction in sto

red-beam foil hits compared to HO
injection

® Factor of 4 - 5 reduction in overall loss rates after optimization of
foil thickness to reduce excited states of H°

N Other Benefits

® Larger core & smaller tails = lower s
— Lower space charge tune shift
— Increase threshold for collective

® C-magnetin ring facilitates handii

pace charge density

effects including the PSR instability
ng 1st-turn losses

RIM,ITP_lnwenseSNS

Direct H™ Injection Layout

PSR Injection Line Modifications

Matching Section and Last Bend T

-

- " o
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" 22096
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Unstable Beam in PSR

Scope trace below was taken for beam that is at the threshold for instability.

Beam is lost after being stored for ~300 us after accumulation (450 us of accumulation).
Note the rapid rise time (~20-30 us) for vertical oscillations just before half the beam is lost.
The frequency spectrum of the vertical oscillations is very broad and centered around 100
MHz. All observations are consistent with e-p (2-stream) instability.

ol

F T T 1-
[ * -+ .
S SR < SO N Ring Current
N ,J -
N T 4
X L.
HHT N HI T R .
X - Vertical
boraipate . "
Mt Shatd B ==-{----ic BPM Signal
S ¢
2 b -
T . o
t(200 ps/div)
17 22096 RIM, ITP_tniemseANS

Fast PSR Instability Limits Peak Intensity

m ltis a fast, transverse instability that is avoided by keeping the
beam well bunched
N Threshold is a strong function of RF buncher voltage
® Threshold of 7- 8 x 102 PPP for coasting beam (buncher off)
® Present operation is 2.2 x 1013 PPP with ~6 kV on buncher

® Have accumulated up to 4 x 10%3 PPP with 15 kV on buncher (1988)
~— 11 kV fundamental, 4 kV 2nd harmonic
— maximum available from jon source with 950 us beam gate

® Solid demonstration of 3.4x1013 PPP operation at 12.5 kv (1992)
® All of the data is consistent with the theory of e-p (2-stream)
instability
m Control e-p instability by Suppressing electron production and/or
preventing the trapping of electrons
® Suppress various sources of electrons

® More RF voltage on Buncher will keep inter-bunch gap free of
protons and thus suppress trapping electrons in the field free or
uniform field regions of the ring

0209 RIM, ITP_lntenscS NS




PSR/MLNSC Improvement Program

Goal: 200 tA @ 30 Hz

m Direct H- Injection to reduce beam losses in the ring

® Factor of 10 reduction in foil hits,

loss rate

® Target System upgrade for better maintainability
® 3 week replacement time instead of 10 months

W Brighter, more intense, high-duty H- ion source
® Increase intensity by 2-2.5 to ~40 mA and cut emittance in half

N RF Buncher upgrade to control PSR instability
® Twice the voltage (to 30 kV) and add harmonics (2nd & 3rd)

Effect of Bungh_e_x_' Voltage

Stable Peak Intensity vs Buncher Voltage

4.5 reduction of overall beam

RIM,ITP_tntemeSNS
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Summary Graph

Planned Beam Performance of PSR/MLNSC
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Comparison of RSC and Linac-Compressor Options

Advantages

® Main losses are at lower energy of m

injection
® Linac costs are lower

® Mature technology, fewer
unknowns

® Higher energy, lower current for a
given beam power

= Highest space charge tune limit on
maximum current for a given
aperture & final energy
® Ring less complex
® DC magnets
® No acceleration

®m Beam in the ring for a shorter time

Disadvantages

Lower space charge tune limit on
maximum current for a given
aperture & final energy

Ring complexity greater
® Rapid-cycling magnets
® More demanding ring RF

More time in the ring for instabilities
to develop

All losses are at the final energy

Injection at the higher energy is
more difficult

Linac costs are greater

Conclusion: Both options will go to higher intensity, choice may hinge on other uses for
the facility such as LPSS or meson/kaon/neutrino beams.
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Proposed Short Pulse Spallation Sources

Beam Rep | Pulse
Power ] Rate | Width { Ppp
Facllity Type (MW) |E GeV I{mA) (Hz) (uS) 10/413
Linac-Two
ESS Compressor 5 133 38 _s0] 1 47
Linac-
NSNS (ORNL) Compressor Yo Y. 1. _eof ~1 10
IPNS Upgrade RCS 1 2 0.5 30 <1l __ 10
Linac-
LANSCE-NGSS Compressor 1 08, _ 125 60| 06 13
JHP (KEK) RCS 0612 3 0204] 2550 <1 5
Austron RCS 0.2 1.6 0.13 25 <1 3.2
z 209 RIM, ITP_InsenscSNS

Lessons for the N ext Generation Soufces

m High reliability/availa
part of the specificati

m Beam losses are key,

bility is crucial with the users and must be
ons up front

they must be kept low for hands on

maintenance

® Losses from excited states of H? can be minimized but not totally
eliminated. Optimization needs to be part of the initia] design.

® Keep the beam off the foil as much as possible,
® Allow plenty of access room in the regions of significant losses.

m The PSR instability may still hold some surprises,
® R&D needed on intense, high brightness H" ion sources

® Extensive R&D needed on high-power target systems

23 12096 RIM, ITP_InicoscSNS
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OBSERVATION OF NONLINEAR QED EFFECTS
IN ELECTRON-LASER COLLISIONS
C. Bula, Princeton University







Qsiaagu) uo1oULLy ‘DIng uvNSLIYY

- a9ssauuay fo finssoarupn
fiwououpsy puv saishyg fo juarwgiodscy
UURWISPISAL 'Y PUE ‘Aoyewrqg *)] ‘S83ng ) ‘sSpueg g

fiygsusaiu) paofunyg
L97UB)) 407DLIIIY UDIUYT pLofuD)g

Z[epd (1 PU® ‘URIPQ 'Y ‘IWG-TO3I0Y D) ‘PRI Y ‘eyIng 'Q

Jagsayooy fo Rusiaaiup
sorgabiausy 4asvT dof fisopvioqoy,
‘burassuibugy jporuvyoagy fo wawoda(T,
‘Ruouonysy puv sarsfiyg fo Juswgtnda(y
392y ‘M pue g f1ejoqeko q
1'SOUISSI[P Y ;‘nojBoaasioy] *J, (‘e8e0g ‘g fIsqureg D

fipssaniug) vogaoutsy
$a103040907 fuuapr ydasop
sAqe1d “g pue ‘pleuo@ol ) ‘ejng D i

uone.Ioqe[o) HpI-d OUL

9661 1sn3ny ‘eieqieq ejueg

$92Imog pue sanbruyosy, - woneIspEIY
OPNIE] JO SOOI MaN wo umisoduidg

(uoneIOQe[[00 Py 1~ oy Joj)

ANSIoATU() wOSOUTIY
g[ng uensLy)

SUOISI[I0)) JI9SBT-HO.)II[ Ul S9aJyq
A0 Tedur[uoN Jo uoneAIsqQ

=

. N



'
|
t
1
i
i

Qsazatuny uoraduny ‘ving unusLIyD Qysizaupy uorpourg ‘ving uvsuyd

"WO/A O—Oﬁ - m_Oﬁ
Sayoeal piayy oy .cobooﬁ 9} JOo awely 3591 Ny uj
"JOSB} Jjemelo], e JO sndoy oy e wcouonm

pue suondgfe AsnH 9% usaamjieq suonoeIUl JO %@Em <=

Juepodwi
Sie suoelolul uojoydninu eloym WedI ) up pue (HY) Jo -

3uons play eonuo oY) 0y sjqeredwos P} ul g0 Jo IsaL ” .
PYI-He -l | -t
m JoonnQ pue Arewruing e 3
,.Bawzmo\é_ . i
SI SWoISAS OMWIONe M UOMDBIUI 1oy} pue sureaq SHnsay pue. mﬂmbmg Ble(T o

19se] pasnooy Aq paonpoid are woyp g01 13pI0 JO sppIq <= d d
: 9 SUITIaAX .
'SpIoly Suoxns A[ererspow je adgo jo s, S [eyuotHd de o

:sond(Q IeQUITUON o UONONPONU] e :

"QUIBA) ploy Yeam o) Ul po)se) A[oAIsuaixa st Qg0 . . .

duIpnQ
aao jo sysoy,




Qustantun) uoiaounyg ‘vjing uvusiyd

dunayeos uoydwio) resurjuou <=

o M+ 9 <—°Mu+0

‘uojoyd AS1ous
Y3y o3uis e spmue pue suojoyd oAem u $QI0Sqe UONI9[e 9], e

9IMOIJ TedTUeYOSJA] wnjuen()

[ < U 10J JESUIUoU <=

oI X §: X a0y
st ojodninw 10p10 Yiu Y3 Jo oje1 UOISSTWD 3y,

"(uonerpex sjodnnu) °® Aousnbayy
SABM 31} JO O[uOULEY Yju Sy} SSpR[IUI UOIDS[e Sumels[adde
e Jo wnnoads uoneiper [eaissepo ot ‘Amun seyoeoidde bt SV o

&saaaqup) uospourtd ‘vpng uvnsuyy

Tg = L MW ONSIANR[OI-UOU 10 P[ol Yeom <=
N\MIA._N.Q -1)=TL yum ‘TITL = L
£q w8 | 9/Ta =Ty fyoopen

pue °® Aouanbory reindue yim uonow Ie[noId 9SILASURY)
seo3xepun piey pozirejod Apenoxs e ur UoNo3[e 33 Y o

oIMOIJ TeOISSE)

spey Aouenbayy mof ‘opmyyde Mo UI 9[qISSI0TE =

2°mus

w
I %\}\\,%m = =0

gm.@

Iojourered ayy uaym Juepodwr owoosq Aoy, e

Jutod suwig-aoeds ofSurs
B Je suojoyd pjoy u M u0XO3[e UB JO UONOBIONI JUAIYOY) e

SHOIMP TAITIT ITNINITdmmrar




! 1151,
&nsaaarun uoraounty ‘vng unusy) Qusaaarun) uoraould ‘ving upusLYy)

‘uononpoxd ried 9,5 snotdoo adxg <=

'sied 9,0 ojur syreds, wnnoea ayy “preyy [BONLO 9} IV @

Wo/A 01 X ), = g “ "SIOPI[j0d 2Imny ul punoiSyoeq uononpoid _
. ! . 1red juepoduir jo Sofeue 9SO SI 949 9 <~ W U + 0 @

Jo asind 1osej pasnooy

® (M patoral 9q ued yuans pioyy [eonud oy . . ‘ .mczﬁbmﬁmon ) .
,01%6 = ) suomoepp A9D 9y Jo ewely 3501 Ay [ PPIE <= o 0) Je[ruis ol ¥ o5Ie[ YIM SUOHORISIIL OM U + 9 <= |
. “IOPI[[09 940 2Imnj \.._
Vighy = Plg (g +1) = g Je younq Jo piay 0} o[qeredwod ST snooy Jese[ je WSuLLS POL] e

St uonoale A310us YSIY © Jo owrely Isor o) UI PRI} OINOAID F , -F
[ Ysiy ®© J 13 ) ur ppey om P UL e Sunjyensureog
g I .

o B =g = X

Iorpuered 103uiMyog Aq pezusjoereyo ore yi1Suans peL] e : .J,

'suolsi[oo 1y31-Aq-)ydy ur sepew jo uononpoid —

2
Wo/A 001 X GE'T = om e wo 10 Suneneos JySn-£q-)ySy onsepour —
€2
. *SSBUI 3591 wondRfe oY 03 Jenba st yi3us| se pajardiojur 5q ued (iSuons piey [eOnLO Off) JB SUOISI[0D m
oaem uojdwop e ssoe dosp oFejjon oy} ‘pley Teonwd Ay 1Y o Jose] uonoope ur sued uonisod-uonosfe Jo uononpoid SYy e |

dH0 Jo ppPIJ [BonL) Ayy, Suponeos 1S T-Ag-Y8r]



Kusiaaruny uotaouryg ‘ving upysIYY

'$19pI[[00 A-A pue A-5
Jo Josimoaxd st 41-g Jo ASojouyos) uoIsI0D Iose[-uonoayy e

"(1o8re) Jose] ur Suuoyeos
Quio[no) ou) SIAPI[0d UMY 1o} 90In0s uoxIsod UENNUS MO]
JIR[I20X3 9q P[NOD> SUOISITI0D 10SE[-U0NN2A]0 U UOHONPOI] eg e

SUOIBANOIA O30

utod UONOBIAIUI 10SE[-UON}Oae oY) 18 paonpoid
suonisod jo wrnupads £S1ous pue UonJas $S0I0 QINSEI) o

(Bunyenswesg) uononpory Jied

"GUH]) = ;u o1 ‘ploy Suoxys ul ssew
T0R33[d 9AN9KS paseatour o) anp aSpa uojdwo)) reouy jo
YIGS wIguod pue sewmeS poapedsyoeq Jo wmnoeds SISBI @

[ < u o]
Avisuajur 195e] U0 ojer Sunopess JO Qouspuadep Ieouruou 1597 o

33pa uoydwo)) resury oy puofaq wnnoads uoxnospe QINSEIJ o

Sureneog uoyduron TeQUITUON

WeIS0LY 1eauarrradyrr

&nsavaruny uoraourtd ‘ming uvusuyy

sjeudew dump

52 A%9 Ly LBOE 1803 _

snojoyd ~H — — =
THOD

"Iojowonoads se spuSew dwnp g4 95 e

Jutod uondRISIUT JASE[-UONIS )
%e paonpoid suonisod pue seurnured ‘suonos[e Jo sejel AINSeo]\ o

*(Sun[yensuwresq)
yutod wonoelsjur Jose[-uonoefe oy Je uononpoxd ired
pue Suuapeos uoydwo) resuruou Apms am ‘eseyd sy Ul @

VIS
18 (4I.1]) weaq 31597, snoog feury oy je dn Jas I uownadxy o

e e @




Knsiaarup) uo12ouly ‘g uvusiyy Ausiaaup) uorpountg ‘vng uvysLyd
wpaq uosos|e o) ZHS'0 . ;
wrizzg 0'sdg iy _PII0S uojoyd, <=
co_mmsmm:ohw _numw_t (ww g'¢ =°x :qf) ww g'g ~ °x Yi3us] voneIpey <=
wo X ~ ISUQD U0)O
wrigco°t'sdg 1 're € \wwoﬁ [4 b p uojoyd <}=

XSZ' L E0=X 90= b=
TWO/M 01 ~ :(paulejurews pue) PaASIYoR SONISUAU] o

4841} |pypds

FEINCE R —= )
~ t__mjm |p2)Ipuijho x4 ; i

ssp|B:pN /nl'ﬂv NAO ZHq /1 9jex uonpedar — .
Xz 4 usa1d 10y ;i ¢y ‘eale jods [eoo] — :
23
supdxe = IWHMA 99sd ¢'1 ;uonemp ospnd — " m
auidlotioy Suods (uru /76 = ) usaid 10} ayno osind 1od £S10u0 -
._m_:_anm otods mgw::an l_ =X } 9nof | 95} g
9A)jDIBUD E'OV_A? sspib:pN wwg . B
sz.o_l ssp|B:pN A ssod ejgnog ss1ojowered uSiseq o |

__00
sjax)oog| snlpo

A260)s uojsupdxa A

/ : | (wu /76) uea1d pue (un $¢o1) NI 'syiSuspeaem 7 je sojeredp o 5

53005 U] ] . ssaiduiod pue Ajydwe uoy ‘espnd yoeng <=

404D]|1950 "(VdD) uoneoyrdure osind padimyd :edoug o -
ZHNGL | AINPN Mo

soqy poydo wyy  S90STUOL pezydojs ssoy "Iy OBUIT 0} Payoo| aseyq e
‘ |

oDUj| WOl ZHWILY "Jase] (1) pemersy doy-s[qe], e

$CG00L

WoSAS IOSe] JIBMBIS], JO ONRUISYOS WRJSAQ J9ser]



Qusiaarun) uoraouny ‘oing uvusiyy

X1
SIAY| €7

W 9'IX9°]
= van 1

sped pxp
= 19M0) |

$19M0) p TYDd
S19M0} € FTYDT

N/

= e—

0 610 dav

o
. w.
:uonnjosay e
'sjuowides [eurpmiSuo]  ojur
poBued o ped yoes 10j s1afe] o
'sped W 9'T X 9'] Jo
Suwnjod § pue smol (97) ZI e

"uassuny,
30 °X T pue IS jo s1ofe| ¢7 o

TVOd PUe TYDH SIOWHOR) uels3un[-uoorrg

PIONIS d
sdoosuag

X )

IueAuo) 1y

‘[eusts
TequI[uou 9y} SZI[eULIOU 0) pas() e

‘depraao
Jose[-U0Nos[e JO aInseawr Arewy o

"(e1ex uoydwio) Jesury ~) ajel
BWWES PaIoyeIsioeq AU} SIONUOH e

IINDD JIsjuno)) AONUI™)) Sen)

Qusaaarig) uoiaouLy ‘ving uvusiyy

"Jo}eds snooy tasef y3nomp Surssed o Jo 9 o7 ~ <=

wresq eurwred 0} wesq o SunoAuos 10§ Kousionye Y8ty <=

"J0ys Jase] Jod sewrures 01 ~

‘[=U pue lose] usaid 10J A9D (f -

:Asuauy o

0 A31ug o

‘Supoyeos uoydwoy (y=u)

Areuipio £q pajeurwop ‘suojoyd 1ose[ paloneosyoeyg

1$59001] o

wedg euwruier)

(reorddy) wri o = %o ‘il gy = %o
95d £ = WNHMT <= unl o8 = %0
younq 1od o OIXG

A®D 96y

n

0zis j0dg o
:[pSus] young e
KA 141 19 JPY
:A30ug o

wedqg Uo.)II[




Cnsavaun) uolpouLLy ‘ming uoysiyy

[A®D) AR13u2 uenospe
05 Sy Oy SE O ST Oz Si OI § O

(B4 RhAA R WA WA R ALl Y LU LULE
s

[A®D] A833u9 vunued
05 Sy Or € OC ST 07 S1 01 S 0O

T

w a1 a1
4 o “Jo
E N .n
X0 8 o MO
E P L
.m w eres®t 3 g
ot S Aot &
4 o, e o
ioa3 . \\l\ =
101 B [A N 3
3 o E <]
. 3 N W] OpeIRAULY g S
T=u wgsivuey 59 © v 1% a
72 i

wnnoads uo1noafe wnoads euruied

@o.o = l) Juoym g{01 SNOOJ Iase| je Aysuo] o
(Wu 4501 = *) 1058] I »

uoneImsyuo) pi1-g JoJ enoadg

0,
v
®+ 9 <~ QU + 9

™

surrRyeds uoyduro) JesurpuoN

nstzaun) uoIoULG ‘DING UDNSMYD

[09sd] 1

00§ 0 s o
T 000

+ 580w e -

DEEICN sl & I - I

.Dnuwgc..

-QooQge

Tasaebesrslons

001 2
B

—

P A

3jed Jedulquou ‘ueds Ix

[ossd] 3
0l S 0 § o1

HCTWGEURARLEAARE
-.+oo0000 5 - -
.. .um_u_u. .
. .Dummu ‘e
««oofp)Jooe
-+ +&ofloo -
P DDEU: 5
cee0Bg@O

-+ BEIRM

JJer. JeaUl| ‘ueds x

[wsri] . [w] « [o9sd]
00z 0 00z 007 00Z- 0z 0z-
2 0 o 0 T 0
...... & M 1 m.. 1 I.M. 1
= K M 3 ¢
= 3 €
- 4 ] ve
ES- sg ] s m
3 d WrM = 9
E 9c L e = =1
i E . 2, g L2,
i 3 L (74 | 8 174 = 173
ueds £ ueds x ueds awy

"6. Ty e e s o e

goung 9 —»E55

SIXE-)

SIXe-X

"$3JeJ Jo)1BS
-uojdwo)) (jeoqy) resuruou

pue (D) Jeaul] JOIUO o

‘aulp pue 9oeds ur wesq
-9 SSOIOB SNO0J JIose] UEDIS e

derIpAn Weaqg-uo1dd1y J9seT

W
_
W__




Qis1aamuny uoraouly ‘ming uvnsLyy

‘0M) dY) JO SUONBUIqUIOD
pue Suuepess uoydwo) o[dynwr pue resuruou —
‘A1jowos3 uonoRIAUI P20 —
UN0J0E OJUI SOXe) UOWENUIS o
dp, Lo
JU9AS (oBa JoJ own pue 9oeds IoAo A.Iv.l Jo

opl 1
uoneidejut duswinu £q suonolpard [eons1oey) YIIM UOSLEAUIO))

"IOpPIO | 0} [eoued siojoureled
weaq uonosfe ur sious ‘yopif urun jo spoopg <=

A%v@ _ dphy

opl 1 7 NPT

‘PRI pazijeuniou uLIO) 0) 9jEl BWUIES PIM OZI[BULION o
dy(d) _ dp

o NP

‘eAloyul wguswow Jod SUORIS[E JUSpIOUI JO
oquinu o urelqo am ‘moI TyDH ur pemnsesw A51ous woL] o

‘PULSp 3Q JOUUBD UOHOSS SSOID JUBLIBAU[ <J=

"Jun pue
eds ur soLre yorym ‘Ssuojur ose] uo spuadap uonoas ssor) e

Kusiaaup) uopourtyg ‘vng uDuSLIYD)

'

‘Aundique sup woiy oaxy S1 wnnoads euruen
'SuoNd3e dels feury Suunsesuwr £q ysIsunsip 0y pley <=

olqeredwod ore uoneINSyuoo H1-g 10y soy @
e[S QXe SUOLOI[S ajels-Teuly Jo exjoads o
"K)isuSjur Josey ur Tesuruou ore sasseooid y1og e

TEORUSP! I8 SUONO3LE GJEIS [EUN S JO SONEWISUTY e

(Yuarayoour)
uo)dwo) reaury o[dnmpy o

(3ua1909)
uoydwo)) IeaunuopN e

wSUIISNBOS ofdnnyAy, JuaIagoouy

eA rranAdranar s vemamee T ..

!
v
E
|
'




Qusiaaun) uowouly ‘ving uvnsiayy Qustaaupy uosaoupd ‘opng uvistyd

[5/A9D] wmuswour uonaape [o/A20] wmuswows uonsage [o/AD] wmustow uonos [o/A°D] wmuswou uonaage
91 ¥ Tl ol 9 ¥ 7l o1 T 1 o1t 6 8 L TW 11 or 6 8 ¢
™1 T T ..\ T lw.°~.l. ™ T T — |w.o_ AU RN R ...”.....n 01 =~ IS ENRARESN LERL ..s.s 01 =
F < TE PR S A s PUR, sl d 01, T e (P
/ g 2 , \ i 2 4 u\.b.. v Z ; - v Z
p ) O.—ndu. e, | E ol = . 3 = = = &

-~ \ 3 g - 4 - \ +.v 1% > ..\\\ 46 o—...ll.. \ IS o—.l. :
® G 01a i L § = b 2zg0=b o o 181°0=U ) :
’ froox = i PR e ydriayr] 01 G 4 i o6 27 : o1& i

K (g o ] h 3 -5 1) Lo” a E < y H ¢ . ! < .
. . ) IS - ,t
[o7A9D] wmuawow vonoape [9/A°9] wrguawow uanospo [o7A°D] wmuswous uonazfa [5/A99] wmuswow uonssfe
9 ¥ uw o 0 81 o1 pioz o1 8 vz, o1 8
T T 7T T \.. uw.o— ~r .... — - T L T \.\\ .uh.OuI T T ¥ ....x. hno—.l
1WA 3 E s TV .8 At R
5 \é 4 o173 e | A =< : eI 0175 y ¥ ors
o r'S J- N PE . ! b 49 & p % -
-’ 3 E m ; > g .\A .+. E 2 ~ m -
(o5 g { oS Y A IRE Ll / 3 oG g
i .+\ ] 9 ” ~~ E Om.m.. ~\ .*. . [ N \\\ k3 - ”
s oS by R fuvensil®, E PYE R o oz < S 3
/Ad TRig=lt],. 01 § A = “geGeiT] 016 ST e ] 'S
[ ozY 13 0 S |[SRIE R ) 4 1-0's furozg 49 3 0l fur g9 ‘a9 ol
~r|.. H - 0, had : () v
v . & £ I,
[o/A°D] wnuswow uonodpe [o/A2D] wmustwow uonoap : [5/A°D) wmuswowr uonos}a [o/A90) wmuawow uonoape
[T 91 4! 174 81 91 p1 14! 44 01 8 14! [A¢ ot 8 v
LA NL e e s « = T T T T Y T T [T 77 _..lhncu-l ™ TTT ™ 1T -O~
f s TS \ ] 2 N mh 2
! \ 3 L - H L 4 E O—lh J -3
N\ *3 * 4 =< o F [ ° ) 01 .
..+ ..... = o o1 m ... o1 .m. \* m m s\ Mw. m ;
/ ¥ g ; v Z 7 1 0§ 2h g |
1 ol ¢ s i/ Jg- Vit [riponues 4 4 018 !
~— 53 Yo s o= e — —
1 cergrl 4 -5 = ;vﬂﬁv‘. E = + 9 + ~ ﬁ
3 QG [Te® 3 3 S So o1g) 3 01 Q V
- 990°0=ls Q EI.T__. ir % Lypro=lt ]y g, | B
{r [iTE) &) LR furgg‘an 4 > fugy 1o ol |
* = ) Ly t r

1988 pazirejod A[remon) “yy

.

1988 pazire[od A[IR[nOII) ‘U99If)



Knsiaatu) uorouny ‘vng UDUSIYD

(A®D) 81307 vonysog
or ot 4

T S STV 0
K .
. o
S
ll \\
. ll\\

e \ i
= ) Jase] u9a1f -~ / \ 0o

5200
MUIA - = = = =
r o83} e <

‘UONBINZIUOD $p -7 10J enoads uonisod pajenofe)

(AN

s
118t

(wu /76

ASD /4N

1o

[
uojoyd Tenpra ‘dojs-i uojoyd pear ‘dojs-z
juspLy To[eaypm-nerg uojoyd-nnuw
) R el
.
v ° _

o0 )

W 49 0

‘uononpord xed 03 onqIyuos sesseooid om Le

gl 10y 8 =< 4 pue u2a13 0] y =< u

spasu Suuspeas uoydwo) (Feoury) woyy sewwed
PIM 219 <~ mu + A eours ‘3]qBIOARJ SI 1aSE] USRID) <=

‘Ploysa1p
uojoyd sjSurs mojeq s uoneand Jed 9 A9D 9'0p YA @

\m-:-:-x-l:!in\l W fvw—— ~

Qsanu uoraouny ‘g upySLIYY)

[uorm) Ayseow somy

[ Aipsuaivg ooy
ad u9

[REN)

‘a0 001 ol

ol

RAL [sosa
4 d ]
Bl
LA ..ew v "[so0n ..w.
1
: § m "% -
u2249 .m ar a0 50t] ] uw..
T m : _ m

U3 10§ 9 0g- / 05+ —
91 1§ % 0§ —H -
Jo AKytsuajur Tosef ur Ajurepsoun
ue Suipnpour ‘uone[nWIS oYy juasardox Spueq popeys 2], e

ap ‘A1
—ul X b — 8
I-u (1-u)z NP I

109dxe om uonewrxoidde Iap1o '] & °

Lavmce ..




Knssaarup) uorasunyg ‘vmg uvusLyD

(A2D) wnjuawow uosysoy
vz 02 Stz Ll 6

il ILdl 18

Q
b=

)
ad
Sy jo Jagquny

=)
o™

52
9851 S BNV £2E51 - 95251 SUNY :punoByoeg pazjewoy

(A99D) wnjuswows uodyisod
4 0z Si (43 3 6

]

0

)
wn

°©
siIy jo Jaquwngy

T
w
-

(=1
™~

14
9561 § "BV £2€51 - 95251 suny ‘leubls

(rw ogg ~ ABiaug 4ase) suopoesau) BUlUEE)-JasET]
Ul uoiianpoid uoiyisod 40} asuspiag Aeunuyaig

14745

06 ISn3ny

Qusaaarun uorzouuyg ‘oing unuSLIYY

o~
-
o
o~
-
o
«~
-~

|
4%

——
llll!llllll'lll o

—
13
——
<
[

[
©°

WS FETE RS .. P

e
IS NS N
==
IWE FWRN NN
IWWH NN N P
c
<

*

€ Moz ¥ mo1 G Mol MO1 MO mox '
8

(=3
«©

uiq / SaLUD Jo ON

uonnqyuod eusls - 3y | egep ¢

3090 ewWSIS 9 ~ =
Sj0ys Jesep 001 / ared | ~ =
_ sited 77 — €61 umsoy o

lqers K1oa ‘ur 0og - 0oL ‘weeln R ET g (P

2wl 0§ X QST ~ :[dI I8 jods 98I <=
'SuonIpuod olqesun ‘Summ wesq jo $10] <=
Weaq ur ysaw UM 0 anp spunoidyoeq ofny :wreaq UOIJI[ o

G6 IaquIeda(y

€' JO punoIdyoeq pojoadxa ym suomsod g 51 1150) ) P

SUOISINN0S 1ase}-uonoafe ur yoress uomsod jsin o

v6 Ioquioydog




1SI01U[) UCIPIULG ‘D 1S
ustoaru) uoipduild ‘png uoNSLY) Ansiaaun) uo12oULd ‘DINg UDNUSLYD)

syoudem domp
o4

VS suona
D S@ %) Ly 60 1603 _._@ussm o
sopyd -8 - = l.ll.v_l..IP. it 190
&0 S0 Jeudem .swmﬁ“m suoayisod
T 9es 1d
g PN H
Topmonoads Jed
“(1ayowronoads D)D) siudem damp
wnnoads eunwed ur 1091J0 JIys ssew pue [eudls 7 =U o -
. TS st01}23[2
yoopno V9 S3 %) 2y LEDT TE)T | passyyeos $3
suojord m.¢ —- = =Pt — 2D 4y
’ LW
‘powess 1snf siskfeue pajreio( : s O
‘un 9 isndny ur uwononpoid ired Jo SOUSPIAD Areuriuijolg — s
‘(6 92 pue p6 1des) spoured una ! sappmorads Jed

snotaaxd om) ur paalesqo feudis uonisod Jo wonedsIpUI ISIL —

uononNpoIrd uoIIsOd e :
wnipoads ssew juerreaur Jred —
. Q.

OpPMIUSEWI JO SIOPIO ¢ IGAO SUOIR[NOTEd woros ssox> uoponpoxd red —
[Bona109y} M JuowaalSe pood ur st Ajsuajul pRyj ) ) )
UE WRUSWOW UOXIJe U -
P n 109]2 U0 sojel unopneds Jo aouspuade 7df 7@ suojoyd [ea) g Sumopeos ISrT-AGEIT, e

‘UoISa1 § puUB € ‘z = U Ul S3Jel UONIS[D PAInsesfy —

‘wnnseds uondspe ur feuSls JeSUIUOU Iea[d PaAlasqQ —

(s6 yorepy) SurropeoS woldwIo)) IBIUI[UON e amn, Teqj







SYN2- A NEW MODEL FOR TRACKING SPACE
CHARGE PERTURBED SYNCHTOTRON BEAMS

M. Ottinger, Univ. Texas
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PHOTON ASSISTED TRANSPORT IN SEMICONDUCTOR
QUANTUM STRUCTURES WITH THE UCSB FEL’S.

J. Allen, UCSB







PERTURBATIVE PARTICLE SIMULATION OF
SPACE CHARGE EFFECTS FOR A K-V BEAM
W. Lee, Princeton Univ.
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BEAM EFFECTS ON THE AMPLIFIED INVERSE-
BREBSSTRAHLUNG ACCELERATION

M. Pato, Univ Sao Paulo
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ADVANCES WITH PSEUDOSPARK AND
PRODUCTION OF HIGH BRIGHTNESS ELECTRON
BEAMS: A SOURCE FOR HIGH LUMINOSITY
ACCELERATORS

M. Gunderson, USC




SUMMARY AND CLOSING TALK

Z. Parsa, BNL/ITP




