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Electron beams in accelerators find two
m— main uses ==
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As a point-like probe in the form of Polarized
electrons Tor High Energy and Nuclear Physics

research
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Jefferson Lab
Continuous Electron Beam Accelerator Facility
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As a source in the form of Un-polarized electrons

= for producing IR to X-ray photons in machines like
Storage Rings, Synchrotrons and Free Electron
Lasers

Argonne National Lab
Synchrotron light source

Input
radiation

electron beam

micropulse Generating light in a FEL wiggler
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The 10 DOE “Basic Research Needs” Workshops

10 workshops; § years; more than 1,500 participants from academia, industry, and DOE labs

BESAC - Basic Research Needs to Assure a Secure Energy Future
= Basic Research Needs for the Hydrogen Economy
= Basic Research Needs for Solar Energy Utilization
B = Basic Research Needs for Superconductivity
= Basic Research Needs for Solid State Lighting
= Basic Research Needs for Advanced Nuclear Energy Systems

= Basic Research Needs for the Clean and Efficient Combustion of
215t Century Transportation Fuels

= Basic Research Needs for Geosciences: Facilitating 215t Century
Energy Systems

= Basic Research Needs for Electrical Energy Storage
= Basic Research Needs for Catalysis for Energy Applications
Basic Research Needs for Materials under Extreme Environments

Basic Research Needs for tife 8 s Blfslf : : v /
Hytirogen Economy - or Adva Nuclear “_'_“" ‘“““ oS SATALYS

Slide courtesy Pat Dehmer

ESEARCH NEEDS FOR
CONDUCTIVITY
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DOE BES Science Grand Challenges

Directing Matter and Energy; 5 Challenges for Science & the
Imagination (Report - Graham Fleming and Mark Ratner, Chairs)

1. How do we control materials processes at the level of the electrons?

How do we design and perfect atom- and energy-efficient synthesis of new
forms of matter with tailored properties?

3. How do remarkable properties of matter emerge from the complex

correlations of atomic and electronic constituents and how can we control
these properties

4. How can we master energy and information on the nanoscale to create new
technologies with capabilities rivaling those of living things?

5. How do we characterize and control matter away -- especially very far away --
from equilibrium?

bUItrafast, ultrabright, tunable THz/IR/UV/X-Ray light
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Free Electron Laser Development at

— Jefferson Lab —
® Designed, built and commissioned highest average

power FEL (IR Demo) in-1896-98

achieved 2.1 kW at 3.1 microns (previous world record,

demonstrated power efficiency by lasing at 2.1 kW while
recirculating and recovering more than 75% of the input linac
enabling energy recovered linacs (ERLS)

e World class powers in the FIR (THz), visible, UV and x-ray
= Established a versatile User Facility for the IR Demo FEL

in 1999-2001.:
e used by 30 research teams in 1999-2001

= |IR Upgrade to 10 kW completed in July 2004:

@monstrated sustained operation 14.2kW at 1.6pum in Oct. OD
-continuing high power FEL development

-operating for scientific users and other sponsors
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Continuous Electron Beam Accelerator Facility
_— and Free Electron Laser at Jefferson Lab - —
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The Free Electron Laser User Facilitx

Current User Facility has 7 Labs

« Labl General set-ups and prototypes

« Lab2 Materials studies

e Lab 3 THz dynamics and imaging

 Lab 3a NASA nanofab

e Lab4 Aerospace LMES

« Lab5 PLD

« Lab6 FEL + lasers for dynamics studies

I 1 I 1 I 1 I 1
- oy LA L
_ : LAJ
Dyna{ p|_p|[MicroNano) THz| Optics/ | General
mics fab ASA Lab | Materials Purpose
|
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The 10 kW IR UEgrade Free Electron Laser...

JLab 10 kW Upgrade FEL

. 600 kV DC, 10 mA

DC Photocathode Gun ' Power Supply
SRF Injectori | og =%
2 "3'5*’37‘% . g{l’* 5

SRF Linac

Optical Cavity
(32 m long)

e ):"2&4)‘."
o "33
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=Y |
Beam Dump ,}f o

>

W -;?,.3;’ + 70 2.a \‘"}v
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=

Re-circulation Arc
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...utilizes superconducting linac

— technology... —
=  CEBAF has 338 five cell cavities
= FEL has 26

= 1497 MHz " |
= 2.2 Kelvin operating tefrﬁperature
= QOperate up to 20 MVAn'

= New version has 7 cells/cavity \
T

bl e SO ..»‘.'t_,_r | : g .k‘—*
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...and Energy Recovery Linac concept...

Injector
Superconducting rf linac gk, *

BhEE -
Beam dump |
.‘vN:I!ltlHIFIHIFJFkJHH—\L\: ""l-:lH e T "y

< 60 m N

JLab IR FEL Electron Beam Design Achieved

Parameters

Energy (MeV) 145 160

Bunch charge (pC) 135 270

Average current (mA) 10 9.1

Bunch length* (fs) 500 150

Norm. emittance* (mm-mrad) 30 7

Max. Bunch rep. rate (MHz) 74.85 74.85

Max. extracted charge (Coul) - 7000
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...to generate Laser light
— JASE (Self Amplified Spontaneous Emission) operation —

electron beam
undulator

A Tl photon beam

r
(e ‘o.’.s; 7 ) = — I ",',I"'yn
e~ e (2) G W W= beam
spontaneous NI dum
emission energy P
modulation / bunching S (RS
i coherent emission =1 (4)
Iog(ra ia ed) saturation
i power
A
J 10° - 10°

V4

All electrons emit coherently ---- brilliance proportional to n_?

extremely high peak brilliance ----- fully coherent beam ----- fs pulses

W. Eberhardt, BESAC Feb. 2009
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JLab FEL Power vs Conventional Sources

Ener (meV)
100 1000

ab 10 kW THz JLabm

........... JLab 1 kKW FEL
ab 1 kW THZ

Table-top sub-ps
lasers

Flux (Watts/cni)

1 - III”%O — 100 o 1000 1OOOOI
Wavenumbers (cni')
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Key FEL Program Accomplishments in
— 2006-2009 m——

= Very long carbon nanotube (CNT) production runs for
NASA-LaRC at >1 kW on target at 1.6 microns; record
production (>7 g/hr) and purity levels (> 80% single wall
CNT) for laser ablation.

= Laser nitriding of titanium experiments for the Univ. of
Gottingen

= Pioneering experiments completed on differential heating
of fat tissue at 1.2 and 1.7 microns; resulting in best paper

for Harvard Pl at International Conference of Lasers in
medicine and Surgery (Boston, April 2006).

= New type of THz interferometer and vacuum THz
spectrometer demonstrated on THz beamline; World’s
first THz movies.

= Physics beyond the standard model: LIPSS Dark Matter
Particle Searches
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NASA/JLab Nanotube Synthesis -

— Research to Production ~—

> From Target to Product, 100% In-House

Langley
Research

Center

New and used target

Production with 750 W at 1.6 micron is now routine.

Production rate of 2-6 g/hour of as-grown, high quality, Product, ~1 hour of beam time
“research grade” raw material is already cost competitive in $400/g market.

Nanotube diameter is strong function of laser parameters, suggesting
the possibility of “designer” tubes (selectable diameter likely... chirality, maybe?).

Experimental trends indicate improved gross and net yield with
soon-to-be-available shorter FEL wavelengths and higher power (no scale-up issues).
Mike Smith NASA LaRC
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Application: Laser nitriding automobile

— cylinder liners (grey cast iron)
J. Lindner, AUDI AG WD e

. . A . : LP - s rcz"’f-""—';;::“
Treatment: mirror inside cylinder; rotating engine block
in series production, 5 simultaneous excimer lasers

AccV SpotMagn Dot WD Bxp F————— 50pm
KV60 500x SE 115 13206 Nr.1 21, adal

200

After laser treatment
Slide courtesy of P. Schaaf - U. Géttingen Reduction of oil consumption (30x)
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Fat-burning laser
will treat acne

tists hae devebped &

4y ke

ikt

The benefits of high power and tunability -
differential heating of fatty tissue

6 NEWS

e THE TIMES MONDAY APRIL 10 2006

THE TIMES A

ONDAY APRIL 10 2006 e

NEWS 7

Fat-busting laser revolutionises

A technique developed by American scientists could lead to
fat-related conditions, including arterial heart disease, being
melted away by high-intensity beams, reports Sam Lister

ACNE, celtalite and excess fat
zpped with the fick of a
t may sound like the
rp ey roagers and
the midd i
have dn\luu\\l o e e

ique that can tanget and melt
ot under the skin

A team of researchers have
used 2 machine called a free-
eloctron laser (FEL), which can
peoduce very specific bearss. to
heat and break down £t with-
out damaging ofher body ts-

e breskihrough paves the
way for L e
ot relsted conditions, inchud.
ing lipid tulld-up linkedd to
anterial heart discase, cellubte
and acnc
x Anderson, a dermatolo
Alﬂ -l Massachusetts General
Flospital, led the experiment
using pig fal and skin sarmples.

about 2in | mumm He 23id
that the results were proof of
the princiie for heaing Ussue
with light

The success of the stedy,
whech was concucted at a unit
Degartment  of
Enengy, could herald 8 proc
san lwser treatment for ame
within years
The conditin, zs with cellu-
ite. has confounded most ef-
forts 1o combat it. Questions re-
main over the current most ef-
fective acne drug, sotretingin
(known as Accutane), which
has boen thml 1o birth de 'vn(‘
In  chid whose
used ® Nhl egnant
Cellulite — depashts of subcu-
tancous fat ar brous tissue
that cause a dimpling cffect on
the averlying ski d other
surface body fal coukd be target-
«d, 28 well 3 the fty plaques

= 5.

“But yeu've a Iropard

rm in arteries, keading to
attacks, Dr Andenon
n a fot

g down that
Using the FEL, which I
mwch mare powerful than a
comventional kuer. the scien-
Noose select-
o haser wavelengihs hat o a
heat up the fat, which was t
broken down and excreted by
2 bod

“They found that the process,
calle photatherrn.
olysis, did not affect the area of
skin that was exposed to the

beam.
Dr Andersos ed that be
was particdarly excited by the
i potential a1 3 treat

tod 10 see
A( v(\n\*mx ghands could be
directly targeted with  parti
cular faser waveleagth, isolat
ing the source of spots

The sebaceous ghands secrete
a fatty substance called sebam
theough the bair _follicles,
which hebricates and protects

Seeing the light in
hi-tech revolution

By Sam Lister

THE «.Nnu «-l st v.mu
logy, first wed by Alber
Ewnsiein in Hw uuh 20th ‘w\l

sions created by, foe instance, &
Tight b,
Whie the lx

it given off by
bulbs and o mman light
soumees usually covers & wide

Carlos Hernandez-Garcia,

the skin  However, excess
i colleet and form
v which are associated
th acne.

The resalts of Dr And
study, which also  inwe
rescarchers  from  Harvard
Modical School, were present
e mosl

aston
Massac |u~(l'

st part of the study
the 2 used human fat
abtained from surgically dis
carded, mvrm:l The

and the effects were

he  researchors
selectod wavelengths he
d the fat and consgarcd the
results with thase of an expen

messsred

clently heated

gt However, the researchers

und three \arciengths
5,110 and 1,720 nanometres

researt then
exposed fresh Hll(ics of pig
skin and fat. about 2in thick. to
free-electran infra-red _light

using cet promisag
wavelenyghs,  12i00m  and
1720

surgieal condic
o pig skin was
Do 5o % window. wbieh
nl uﬂl the nnuhmlnn of a
cold compress (0 a patient’s
skin. The rescarchers zapped
samples with beams of mira
Inser Jight from Smne to
12me for abost 16 seconds
They found that the 1,210nm
wavelength heated the m fat
up to Icm deep without dam-
aging the overlying sun. At
this particular setting. the fot
was beated to a temperature
more than twice that of the
averlying skin
“The root cause of acne s a
b

mnmz.l.mnmu ce of the
skin” Dr Anderson sakl “We
want to be ble to selectively

ZAPPING THE FAT

Using.a free electron Lasar, which can provids lntense and highly accurate beams M ugm
scientists have discovered a means of melting fat under the skin. They
Could be 3 solution to problems caused by ocalised areas of fatty aznmm

® Acne, right, ks caused by an
inflammation of the sebaceous glands.
It is common in adolescence and
results in pimples, black heads and
pustules that can appear on almost
any part of the body, but are usually
on the face. It can result in scaring

of tissue betwe:

the fat cells, ollelv
Just a few celis
become more
These areas then
start to pull togather
around the fat,
causing the tiny
dimples and
Iregutarities typical
of cellulite

Wavelength can be
adjusted by
ncwum;. or

th

FREE ELECTRON LASER

Reeycled electrons Light boen
between two
optical mirrors

TAO NN

Eloctromagnetic field shakes
the electrons, forcing them to
released energy In the form

accelerator or the
Electron amount of shaking
beam

Laser light

Electrons, stripped of their
atoms, are whipped up to high
Source

energies in a linear accelerator of light Skin

treatment for acne an

—=r=

® Rox Anderson, right, and
colleague Stevs Henson,
Jaft, discuss iaser beam
warelengths

By tring the free e
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Trivial?

DR THOMAS
STUTTAFORD
MEDICAL BRIEFING

ACNE and cellulite are the
two conditions thal the free

\lulum Leser (FEL) may be
e 1o help by tarpetiog the
Tayers ofsiin ¢

tissue in which both
their arigins. I FEL proves
fictive, and as yet (he aser
has sol sndenpee clinic
wrials &1 human belngs, fis
mast likely asured market
ould scem to be acne.
""Acne i a skin problem that
Iy irivialised: i cn
profourd  eects  on
sotme people’s Fives. 1t min
0 socially crgpliog 1
re cases it oot ool blights

th nnﬂ suleide.

y per cent of

mm suffer from acneform

spots, an appreciable number

| of people continee 1o have

them until middle age, and in

m they can last wntil the
menopause.

occassonally
1 tiene in the
e thirties
s shes-
cents, It Is the almst inevi
able result of the Bormon
surge thal eccurs In puberty,
which causes the skin 1o
produce greater guantities of
| scham, the cil from the

Provided that the quantity
of scbum pnllu(wl is not too

Woeam dratm sasly Wircugh 8

d cellulite

Spots

can truly blight
teenagers’ lives

skin

n men than it is inw
testasterone is the horme
1hat is chiefly resporsi
it. However, in womes m
degrees of acne are
tikely to cont e
ife. It tends to be worse in lm-
week  before
durtng  pres
womeh taidng the p

Tiiberto here hos nothing
ble to prevent acee, hut

afe E
also reduce the
quandity of schum produiced
lics prove inade
qn s, Ead s i &5
cantraindscations 1 its use,
such as the chasce of prez
nancy ora histoey of grychial-
ric problems, isctretinoin by
mwouth i bi thy effeckive mnd
ally recommended
i any chance of cheonic
asts, ¢

deposition of
excess fat in the deeper hyers
of the skin and the superficial
layers of subcutanenes tissse
There s no ewsy remedy

other thas weight [pss.

s bown
with other meass hut pe

lems have arisen with distribe
tion of debris whea the
plagues have been eradicated.
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THz Programs at JLab FEL

electronics  THz photonics

microwaves visible  x-ray y-ray
WF, HF, VHF, UHF, SHF, EHF
, 14 >
| | | N/ | |
107 10° 10° 10° 102 10'° 10'8 1041 10%4
kilo mega giga tera peta exa zetta yotta
Frequency (Hz)

1THz ~1 ps ~300 ym ~33 cm ' ~4.1 meV ~47 6 °K

« THz lies between electronics and photonics.

« THz broadband user facility constructed (world’s highest power).

o Tissue interactions and safety limits.

 Imaging, movies.

« Magnetism, dynamics of quasiparticles, spin.

e Quantum coherence and control.

« Fundamental optical physics.

 Localization effects.

« Coherent Half- and Few-Cycle Sources for Nonlinear and Non-
Equilibrium Studies.
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Imaging / bio-medical cancer screening

TPP, t=-1.Tdps

Basal cell carcinoma shows malignancy in red. Teraview Ltd.

1 mW source images 1 cm?in 1 minute

100 W source images whole body (50 x 200cm) in few seconds
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Physics Beyond the Standard Model
== | IPSS! Dark Matter Particle Searches ==

NCOAD L
The Universe: o e /&
0.5% stars/galaxies BERT ;
<10% neutrinos 1o s ‘%PS Z
~5% e- & protons ALPS S | Gumev :
~30% dark matter 107 CammeV |
~65% dark energy ; i E
IIII 1 IIIIIIII 1 IIIlIIII 1 IIIIIII[ 1 B 1 1 1 IIIIII I—
107 107~ 107 1072 107 107 !
1My [€V] mmcp [éV]

stars aryon neutrinos

dark energy 4 Exclusion Limits

dark matter

paraphoton-photon

- milli-charged fermions
mixing

ILIight Pseudoscalar and Scalar Search Collaboration
Yale Univ., Hampton Univ., Jefferson Lab, Muons, Inc.
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“Light Shining through Wall” technique

— to search for: R
e Light Neutral Bosons (LNB) 10°eV < mass < 103 eV

* Photon/paraphoton oscillations (string theory test)
e Milli-charged fermions

£ Wall
Bright Very dim
spot of spot of —
r Laser beam light light
[§ —— _*“ﬁ__
E Laser i
Magnetic field — —— d Photons
Greate created

Reference:

A. Afanasev et al., (LIPSS
Collab.),

Phys. Lett. B 679,317

(2009).
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We also perform accelerator
o physics research -

k=
= Use Maximum Entropy algorithm g \ ( \ / _ /\
g monitor
(J. Scheins, TESLA 2004-08) 5 -0 O >
>
* Most likely solution consistent with o / \ / \ U
data while minimizing artifacts =
= Reconstructed horizontal phase space at
115 MeV Reconstructed
= Extracted parameters: Tomography phase space

€, =15.36 mm-mrad
P, =0.48 m
o, =1.14

C. Tennant et al., JLAB-TN 09-021

-1 0 1
X (mm)
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And have developed compact FEL
- design for Florida State University/
NHMFL

-20 -15 -5 0 1 20 25
i [ injector F—[ FIRFEL W Gump
om X

v ' e H A D5

< 40 m

e Would be first user-dedicated ERL FEL

e 60 MeV ERL with injector/FIR & beam dump
interior to recirculator

e Linac based on two 1.3 GHz 9-cell cavity pairs

Courtesy, D. Douglas, JLab
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The next step at Jefferson Lab towards 4t
generation light sources in the VUV and soft X-Ray=

UV FEL Completes March 2010
(wavelength =300 nm + 100 nm
coherent harmonics)

Proposed: Two passes for 600 MeV _’
machine for 10 nm fundamental
amplifications FY14

JLAMP X-ray Amplifier/Oscillator on Jlab FEL
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Summarx

= A large scientific community utilizes
accelerator based light sources to exploit
capabilities unmatched by conventional

sources

= Development of new 4th generation light
sources will further expand this activity
into higher brightness, shorter wavelength,
and shorter pulse length photonic R&D
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THANK YOU on behalf of he Jefferson

=111
"8 DC photogun

A

. CathodéElectrode-

RYAT
OKV)

\"

Anode Plate
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BACKUP SLIDES
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The electrodes in a DC gun hold the photocathode
== inside a vacuum chamber and are electrically insulated =
by a a large ceramic

L7778
o

DC photogun 4

> "‘:l A -
e B 4\':5‘ ‘.
\ VAR N
‘.\" Cathodé Electrode

:,‘»‘ Pt
-1..""
44

"Electron bunches out
Incident
laser pulses
\ Anode Plate
(ground potential)
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In Radio Frequency guns the vacuum chamber is a
= cavity shaped to maximize the longitudinal component ===
of the RF field on the cathode

RF photoinjector i\ -

Photocathode ——p




CEBAF 100 kV polarized electron source*

e Two-Gun Photoinjector - One gun
providing beam, one “hot” spare

» vent/bake guns — 4 days to replace
photocathode (can’t run beam from one
gun while other is baking)
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MESH-ELECTROSTATIC SHIELD

NEG PUMP ARRAY
7 " \ NN
b / i

107m

» Activate photocathode inside gun — no
HYV breakdown after 7 full activations
(re-bake gun after 7t full activation)

* 13 mm photocathode, but use only
center portion, S mm dia.

e Extract ~ 2000 Coulombs per year

e B ~ > Smm
dia., lifetime: ~ 100C, 1x10° C/c

* Courtesy of Matt Poelker. CEBAF Polarized Source Group.
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Making laser Iight with electrons

= A Free-Electron Laser (FEL) provides intense, powerful beams of laser light
that can be tuned to a precise color or wavelength. Free-electron lasers
absorb and release energy at any wavelength, because the electrons are
freed of atoms. This key feature enables the FEL to be controlled more
precisely than conventional lasers to produce intense powerful light in brief
bursts with extreme precision. The lack of a lasing medium in the cavity

allows the laser to operate at very high power levels without the usual cavity
heating problems.

DISTRIBUTION STATEMENT A

)
Carlos Hernandez-Garcia, X1l Mexican Workshop on Particles and Fields, Mazatlan, Mexico -!efferson Lab



