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Moore’s Law
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https://en.wikipedia.org/wiki/Moore%27s_law

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Gordon E. Moore, Cramming more components onto integrated circuits. (1965)



“However, the inexorable progress towards smaller chips may be
nearing its limit. Physicists reckon that below 0.1 micron - a size which
would be reached around 2005 - significant problems could arise from

the unusual phenomena known as "quantum effects", in which
individual electrons can tunnel through solid barriers.”

C. Arthur, The Independent, 1996
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"The technology has a habit of moving immovable barriers.
Somehow, we always get past these problems.”

C. Hoggar, Texas Instruments
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Focused Intensity (W/cm?)

CPA enables relativistic intensities

UCI
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Ultrafast Lasers

1 TW focused to 10 um
> 3 teraVolts per meter

electron quiver velocity of 10% ms*

_ 1 mJin 1 second =1 milliwatt

1 mJin 1 femtosecond = 1 terawatt
UCI University of
California, Irvine



Ultrafast

Short pulse lasers have pulse durations of >100 femtoseconds

1 femtosecond is one millionth of a billionth of a second (102> s)

Space shuttle max speed = 17,500 mph

Travels 8 angstroms in 100 fs
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Laser Power

e 1 Terawatt = a trillion Watts
* United States power capacity ~1 teraw

U CI University of
California, Irvine



Laser Revolution

e W
& e NGB Acsianiccet
SOENCES - ENGINEERING * MEDIINE

‘g

The Future of Intense
Ultrafast Lasers in the U.S.

CONSENSUS STUDY REPORT

Brightest
Light |
Initiative OPPORTUNITIES IN ;

INTENSE ULTRAFAST
3 LASERS |

(&\ y % 2 3 B / " . . 4 Y

() _JLFLLNL /% 1 Reaching for rhe=sragmfu5m':§?:t~¢_-’§
D) , AN X 2 > b s > 0t PRAS

Dinewoy |2 T s R

2 e jE

UCI University of
California, Irvine



500TW___
Diagn. "“

GAIA/HP ‘I‘SL
/l ATLAS 100

L .

L | =
=
PULSAR
—__ frontend

— MAT -

University of

UCI

California, Irvine

Target

11
—MA3

ISO7 Laser

. cleanroom [

=

Preparation Wy,

—
rv—
, compEessor
. - . - con sor
ATLA# 100 HLAS 100 ‘_

—

& -
INTREPID \

" Target Area 2

Laser Control Room



Light and plasma

* The index of refraction for light is given by

n(a)) =V _E
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Underdense interactions

UCI University of
California, Irvine



Laser Wakefield Acceleration
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Laser Wakefield Acceleration

Bubble size

Implications
* Short duration
« Wavebreaking
* Dephasing
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Laser Wakefield Progress

* First described by simulations!
* 1979 Tajima & Dawson
* Predicted 100 GeV/meter

* Proof of principle experiments in 90s

* First “monoenergetic beams” in 2000s

* Current petawatt lasers can exceed 10 GeV

U CI University of
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Laser Wakefield Acceleration

Time=250 ps"Part ticle trajectorie: s

Deflected
electron beam N
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Electron Properties

.

* 1% Energy spread

W

e <15 fs bunch duration
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[C. McGuffey, et al., Phys Plasm. 2012, C McGuffey, et al., Phys. Plasm. 2018]



Making X-rays
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Plasma Undulators

Max density 1.0x10*° cm?
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Betatron Spectrum

b = 7.8 keV
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[S. Kneip, et al., Nat. Phys. 2010, S. Kneip, et al., App. Phys. Lett. 2011, C McGuffey, et al., Phys. Plasm. 2018]



X-ray Properties

CCD counts

.

0 4000

20 um Ag foil
3 - 140 um bars
M=1185/216

»  x-ray radiographs b

x-rays resolve 3-5 Um objects
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[S. Kneip, et al., Nat. Phot. (2010)]



X-ray Phase Contrast Imaging
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[S. Kneip, et al., App. Phys. Lett. 2011]



Other x-ray sources

UCI

Betatron x-ray radiation

Bremsstrahlung

Electron y

X-rays

Inverse Compton Scattering

X-ray photon
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Overdense interactions
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Short pulse lasers and overdense plasmas

lon acceleration

Electron acceleration

High Harmonic Generation
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Target Normal Sheath Acceleration
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Target Normal Sheath Acceleration
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[F. Dollar, et al., Phys. Plasm. 2013]
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Relativistically Induced Transparency
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Laser Driven Neutron Sources

p+1 Li =] Be+hn Q= —-1.64MeV

td+5 Li =4 Be+jn Q = 15.03MeV

*d+2d—5 He +4n

Q =3.2TMeV
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Neutron Time-of-flight
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[C. Zulick, et al., App. Phys. Lett. 2013]



Neutrons on ice

‘10?'3 = D-D
«  P-Li
105+ »+  D-Li (Pain)

D-Li (Ice)

dN/(dE-dQ) (n/(MeV- sr)
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[A. Maksimchuk, et al., App. Phys. Lett. 2013]



Plasma emission

Cold material (Cu) Bulk T, = 1keV
no100) 2999
n=2 (L)
Ka Hea
(8.05 keV) (8.39 keV)
n=1(K) O O O—O
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ROM

* High order harmonic
generation from aharmonic
surface motion

* Low intensities via Coherent
Wake Emission

* High intensities via
Relativistic oscillating mirror
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High Harmonic Generation
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Laser solid electron sources
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Experiments

Titan Laser Facility @ LLNL

1 micron wavelength

Up to 400 J

<10 picoseconds

Laser intensity - 5x10"9 W/cm2

Added 0.01J prepulse
0.04J
0.84J

Electron number (/MeV/pixel)
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Pair Production

1.Direct (Trident) pair production
e+ DP2e +et+7
(Z: nucleus)

2.Indirect (Bethe-Heitler) pair production:
e+ZDy+e+27
y+Z Dde+et+7
(y: Bremsstrahlung)
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Positron Measurements

Electron Proton Positron Spectrometer

A

University of - = | Py
UCI California, Irvine FLOTentZ — eC(E -I— 1}) X B)



Positron Measurments

[J Electron-Gamma-Shower
Simulations

Number/MeV/sr

Positron number/MeV (x10™)
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Conclusion

* High intensity lasers are powerful drivers of particle accelerators and
advanced light sources

* In the underdense regime, multi-GeV electron accelerators have been
demonstrated

* Bright x-ray sources with energies ranging from tens to thousands of
eV have been demonstrated

* Tunable sources of electrons, ions, x-rays, neutrons, and positrons are
capable

U c University of
California, Irvine



	Slide 1: 2025 Introduction to Plasma and Fusion Course
	Slide 2: About Me
	Slide 4: Computers
	Slide 5: Computers
	Slide 6: Moore’s Law
	Slide 7
	Slide 8
	Slide 9: Lawrence’s Device
	Slide 10: Dawn of the laser empire
	Slide 11: Ultrafast Lasers
	Slide 12: Ultrafast
	Slide 13: Laser Power
	Slide 14: Laser Revolution
	Slide 16: Petawatt Powers
	Slide 17: Light and plasma
	Slide 18: Underdense interactions
	Slide 19: Laser Wakefield Acceleration
	Slide 20: Laser Wakefield Acceleration
	Slide 21: Laser Wakefield Progress
	Slide 22: Laser Wakefield Acceleration
	Slide 23: Electron Properties
	Slide 24: Making X-rays
	Slide 25: Plasma Undulators
	Slide 26: Betatron Spectrum
	Slide 27: X-ray Properties
	Slide 28: X-ray Phase Contrast Imaging
	Slide 29: Other x-ray sources
	Slide 30: Overdense interactions
	Slide 31: Short pulse lasers and overdense plasmas
	Slide 32: Target Normal Sheath Acceleration
	Slide 33: Target Normal Sheath Acceleration
	Slide 34: Relativistically Induced Transparency  
	Slide 35: Laser Driven Neutron Sources
	Slide 36: Neutron Time-of-flight
	Slide 37: Neutrons on ice
	Slide 38: Plasma emission
	Slide 39: ROM
	Slide 40: High Harmonic Generation
	Slide 41: Laser solid electron sources
	Slide 42: Experiments
	Slide 43: Pair Production
	Slide 44: Positron Measurements
	Slide 45: Positron Measurments
	Slide 46: Conclusion

