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This is a 3D map of the longitudinal wakefield generated by the incoherent
combination of 208 low-energy laser beamlets. In the region behind the driver,
the wakefield is regular. Credit: Carlo Benedetti, Berkeley Lab

Making a tabletop particle accelerator just got easier. A new study shows
that certain requirements for the lasers used in an emerging type of small-
area particle accelerator can be significantly relaxed. Researchers hope
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the finding could bring about a new era of accelerators that would need
just a few meters to bring particles to great speeds, rather than the many
kilometers required of traditional accelerators. The research, from
scientists at the U.S. Department of Energy's (DOE) Lawrence Berkeley
National Laboratory (Berkeley Lab), is presented as the cover story in
the May special issue of Physics of Plasmas.

Traditional accelerators, like the Large Hadron Collider where the Higgs
boson was recently discovered, rely on high-power radio-frequency
waves to energize electrons. The new type of accelerator, known as a 
laser-plasma accelerator, uses pulses of laser light that blast through a
soup of charged particles known as a plasma; the resulting plasma
motion, which resemble waves in water, accelerates electrons riding atop
the waves to high speeds.

The problem, however, is creating a laser pulse that's powerful enough to
compete with the big accelerators. In particular, lasers need to have the
capability to fire a high-energy pulse thousands of times a second.
Today's lasers can only manage one pulse per second at the needed
energy levels.

"If you want to make a device that's of use for particle physics, of use
for medical applications, of use for light source applications, you need
repetition rate," explains Wim Leemans, physicist at Berkeley Lab. In
January of 2013, the DOE held a workshop on laser technology for
accelerators. At the time, says Leemans, the big question was how to get
from the current technology to the scaled up version.

Conventional wisdom holds that many smaller lasers, combined in a
particular way, could essentially create one ultra powerful pulse. In
theory, this sounds fine, but the practical requirements to build such a
system have seemed daunting. For instance, it was believed that the light
from the smaller lasers would need to be precisely matched in color,
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phase, and other properties in order to produce the electron-accelerating
motion within the plasma. "We thought this was really challenging," says
Leemans, "We thought, you need this nice laser pulse, and everything
needs to be done properly to control the laser pulse."

But the new Berkeley Lab study has found this isn't the case. Paper co-
authors Carlo Benedetti, Carl Schroeder, Eric Esarey and Leemans
wanted to see what an erratic laser pulse would actually do inside a
plasma. Guided by theory and using computer simulations to test various
scenarios, the researchers looked at how beams of various colors and
phases—basically a hodgepodge of laser light—affected the plasma.
They soon discovered, no matter the beam, the plasma didn't care.

"The plasma is a medium that responds to a laser, but it doesn't respond
immediately," says Benedetti, a physicist at Berkeley Lab. The light is
just operating on a faster time scale and a smaller length scale, he
explains. All of the various interference patterns and various
electromagnetic fields average out in the slow-responding plasma
medium. In other words, once laser light gets inside the plasma, many of
the problems disappear.

"As an experimentalist for all these years we're trying to make these
perfect laser pulses, and maybe we didn't need to worry so much," says
Leemans. "I think this will have a big impact on the laser community and
laser builders because all of a sudden, they'll think of approaches where
before hand all of us said, 'No, no, no. You can't do that.' This new result
says, well maybe you don't have to be all that careful."

Leemans says the ball is back in the experimentalists' and laser builders'
court to prove that the idea can work. In 2006, he and his team
demonstrated a three-centimeter long plasma accelerator. Where a
traditional accelerator can take kilometers to drive an electron to 50 giga-
electron volts (GeV), Leemans and team showed that a mini-laser plasma
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accelerator could get electrons to 1 GeV in just three centimeters with a
laser pulse of about 40 terawatt. To go to higher electron energies, in
2012, a larger more powerful laser was installed at the Berkeley Lab
Laser Accelerator (BELLA) facility with a petawatt pulse (1 quadrillion
watts) that lasts 40 femtoseconds, which is now being used in
experiments that aim at generating a 10 GeV beam.

Still, the goal of a high-repetition rate, 10-GeV laser-plasma accelerator
that fires a thousand pulses or more per second, is at least five to ten
years away, says Leemans. But a new project called k-BELLA (k is for
kilohertz) is in the works that will use the principles of combined, messy
laser light sources to produce fast, more powerful laser pulses. "Once we
synthesize a pulse at higher repetition rates," says Leemans, "we will be
on our way towards a kilohertz GeV laser plasma accelerator."

Provided by Lawrence Berkeley National Laboratory
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