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In dedication to the late ProGGaurangyodh
The last student of Enrico Fermi,at U. Chicago (PhD. 1955), passed away June 3,
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Plasma accelerator driven by beam/pulse

Collectiveforce N? (nonlinearc linear force N)
Coherent and smootbktructure (not stochastic)
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Plasma accelerator driven byser(coherent photons)

a [Fermi@challenge folPeVaccelerator]

compactificationby 1¢ ¢ 10* ( even by 10) >> conventional accelerators
enabled bylasertechnology (intense ultrafaghsercompression{Mourou et al.1985. 2013))

[particle beamdriven case: similar (if a bit lower)]



Acceleratlon by plasmavake waves: History

Collective acceleration suggested
Veksler(1956, CERN)

Driven by electron beam

(ion energy)~ (M/m)(electron energy)

Many experimental attempts

of plasma accelerationl ~ 6039 s ,

Ro st ol&&Clinsluded)

led to no such amplification N. Rostoker

(ion energy) ~ Makd-Taima)UC() anblyesis (11978108
sudden acceleration, ionstrapped
electrons return, while some run away

Y #gladual acceleration necessary

Y Tajima-Dawson (1979, UCLA)wakefield
#2 electron accelerationpossible
with trapping (with the Tajima-
Dawson field)with laser more tolerantor
sudden process

J. Dawson Target Normal Sheath Acceleratior
laserdriven ion acceleration (LLNL,200:
sudden acceleration, ionstrapped




Laser Wakefield (LWFA)

Wake phase velocity >> water movement speed Tsunami phase velocity becon
maintainscoherentand smooth structure causesvavebreakandturbulence

Strong beam (ofaser/ particles) drives plasma waves to saturation amplituée= my y, /e

No wave breaks and wake peaks at vac Wave breaks atv c
ne s . . j.'
Y relativity
) putse regularizes
A (relativistic coherence

A
R VARV Vv e

Relativistic coherenceenhances beyond the Tajirfb@awson fielde = my,c/e (~ GeVicm)



Laser-driven Bow and Wake

Density:n, =1.14x10%cm™

Wakefieldacceleration
Wake Wave

(Bulanov, Esirkepov)

Bow Wave
Ponderomotiveacceleration




The late Prof. Abdus Salam

At ICTP Summer School (1981),
Prof. Salam summoned me and discussed
aboutlaserwakefieldacceleration.

Salam O0Scientists I|i ke
that we had less means to test our theory.
However, with your laser acceleration,

| am endaBl)r agedo.

He organized the Oxford Workshop
on laserwakefieldaccelerator in 1982.

Effort: many scientists over many years to realize his vision / dream
High field sciencespawned



Ascent toward 100GeV and collier




Enabling technologylaserrevolution

Ultra Relativistic Optics

. 2

Relativistic Optics

Bound electrons

—~ CPA

<«—mode locking

<«— (Q-switching

1960 1970 1980 1990 2000 2010 2020 2030

G.MourouinventedChirped Pulse Amplificatidid985)
Lasernntensityexponentiatedsince,
to match the required intensity for Tajia | ¢ a 2WHFXE979)



Demonstration, realization, and applications of

:
Dream beam

The dawn of @0 mpact partigle acCelerators
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Theory ofwakefield toward extreme energy
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In order to avoid wavebreak,

a'O < Ophllz’
where

.. Y theoretical
o ©

Qph - (ncr/ ne)1/2

_ oY experimental
o]

0 0 n, =10 (1eV photon)
o ;(')17 - 1(')18 - 1;19 - 1(')20 | — 10°° (10keV photon)
Plasma density (cm™) Ne = 10° (gas)—> 102 (SOIId)
_ 2 2 é.n 6 1 an 6
I—d __/paO%if)’ Lp:— pa()%io,
P cle + ce =

dephasing length pump depletion length
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K. Nakajima
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IZES T 100 GeV Ascent Plan o T

K. Nakaj|ma Energy gain [GeV] 100

at CEA-Bordeaux Plasma density [105 cm-3] 12
PETAL |aser Accelerator length [m] 12

A Normalized field a, 3

' = OfS’ /- Hi Spot radius [mm] 110

LVIJ tﬂrg?rt.bh * Pulse duration [fs] 500

I _ Peak power [PW]

Pulse energy [kJ]

cience Technology

|IZEST 100 GeV Ascent
Collaboration




