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NLC - The Next Linear Collider Project
(Sl — IhE2E O T PO il i) p—

. What Was Observed in Plasma Physics?

0.6 TW 1.1 TW 2.0 TV 2.9 TW
1° divergence, interpreted as
@ 0.06 7 mm mrad invariant
| emittance
Miﬁhigﬂn: Magnet ofT Magnet on
Phys. Plasmas 6 e = |
(1999) 4739 5 H 3
™ €
Fact: :

High Power Lasers, on interacti

with matter, produce narrow i
beams of relativistic electrons, but ~ Berkeley e
with large enerqy spread Phys. Plasmas 8§

~100%) (2001) 4739

11

10" Advanced Accelerator Concepts Workshop, 2002



NLC - The Next Linear Collider Project E m

Correlation Free Emittance Assumed

., ——

From the 5pum radius plasma channel size and the divergence, one can calculate ve.
This calculation is correct if there are no nondinear space charge effects.

Comparison between two UMichigan experiments give low apparent envelope emittances
=, for both. Both used 4-5TW lasers with 400 fs (120pum) pulse length on a gas
jet. The main difference is the centroid collimation used in the second experiment.

; = ib) :
Meas./Coll. divergence /mrad 10 5 e | { .ﬁ
N, 10'° 510% sk .}
Avg Energy/MeV 2 7 em— - LI 2
Energy spread 1 3 e SHD l
Laser/Plasma spot size/pm  9/5 14/8.5 Hh E :
Y€,/ 10° 7T m rad 0.06 0.3 G 3 G £
6 Rainer Pitthan

10" Advanced Accelerator Concepts Workshop, 2002




NLC - The Next Linear Collider Project

. e

The flat dependence gives an upper limiton ™

the emittance £,, <~108 7t m rad. That
is to say, the emittance could be smaller, but
we can not determine it from the data.

Since the 5 108 case is due to collimation,
we conclude that the original beam of 2.6
10'" did undergo more rapid expansion. A
bunch length of 250 Lim would yield a G
consistent with the collimator parameters.

25
10" Advanced Accelerator Concepts Workshop, 2002
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Divergence as a Function of Exit Emittance €,

Divergance L aftier 2 mi Drift a8 & Function of Masma Exlt Emitian o L

Divargence [mrad]

bunch length=120p m

posx 10"

o+ collmamdat 2 m, Bx 10t e

i R

a0m

ot 1
Geomsine Emittance & [mm miad]

Rainer Pifthan



NLC - The Next Linear Collider Project _,m.

Reduce Energy Spread: Several Lasers
ad First Proposal: Use Two (LILAC)

Au=aried Madee Fesswrh Ereer e

Laser Injected Laser Accelerator (LILAC):
PRL 76(1996) 2073

One Laser produces the Plasma.
A second laser beam intersects and accelerates.

Simulations from UMich give tgpiullg (there is wide
variation in possible parameter space):

Power (pump) ~ 15TW g

E = 40MeV 5

AE/E = 1.25% (500keV) § |

T =51 2

N =~ 10® (one bucket) i |

YE <1 mm mrad

€, ~ 2.5 107 eV sec A .

t of

27 DESY Accelerator Seminar, 2/21/03 Rainer Fm‘”
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Scientific (Goals:

*Thoroughly characterize the dependencies
of the energy modulation on:

« Interaction length

« Crossing angle

« Slit width

« Relative laser phase

* Physical tolerances of the cell
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ARG

Traditional and Table Top Ion Accelerators

Superconducting cyclotron High-intensity laser driven
K-500 at MSU proton accelerator at CUOS
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Energy = 16.5MeV
Bunch charge =510pC
Bunch length < Sps

Bunchrep = 104MHz
Timing qitter < 100fs

FEL : A="7-23um

R =S (2.34kW). Tm WEE(6%)DIER,

REEEERHREE FORR | —>| e o0 uncar 20 LA,

7 & =
EMEEBR T F | B eXH 31515 (4.094)

e | &, S

:ttﬁ i?;g = | Fr-TmiE
& E e G
Wit sm@E| 1215155y LA

g i
;.| . _mlaﬂu Hﬁam,

10 -1000 -800 -600 -400 -200 O mu-mmammu
delay ('s)

Mishirnori et al., Phys. Bew. Lett (2001) Hajima et al., Phys. Eev. Lett. (2003)
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