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Views

* Need for high intensity in the future:
a global view, the energy issue

e Present Trends for the future



News from USA

For the first time in nearly two decades, Last year, transportation-sector CO; pollution was

WE'RE IMPORTING LESS FOREIGN OIL THAN THE LOWEST IT'S BEEN IN MORE

WE'RE PRODUCING DOMESTICALLY THAN A DECADE

I CRUDE OIL NET IMPORTS
I U.S. CRUDE OIL PRODUCTION 24-YEAR HIGH
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Source: US Environmental Protection Agency

Meanwhile
OUR ECONOMY CONTINUES TO GROW, EVEN Source “The White House”
AS THOSE CARBON EMISSIONS GO DOWN

US seems to keep oil consumption

m constant, but GPD continue to grow.
- Oil consumption will eventually
= cosamssions L grow and CO2 emission

= N GDP

I 12 MO MOVING AVG OF COz EMISSIONS
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Source: US Energy Bureau of Economic Affairs.
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Trends & Needs

WORLD: Total Population Figure 1-1. World energy consumption, 1990-2040
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Source: United Nations, Department of Economic and Social Affairs, Population Division (2015)
World Population Prospects: The 2015 Revision. http.//esa.un.org/unpd/wpp/

DOE/EIA-0484(2016)

U.S. Information Administration (EIA)

OECD includes all members of the organization as of January 1, 2016, throughout all the time series included in this report. OECD member countries as of January 1, 2016, were
Austria, Australia, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Luxembourg,

Mexico, the Netherlands, New Zealand, Norway, Poland, Portugal, Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United
States.
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Energy use: projections
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FIG. 6. Projected global primary energy use through 2100 in 40 IPCC SRES scenarios (adapted from IPCC (2000)).
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Development = Energy Availability
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Climate change
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CO, Increases
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Trends & Needs

Figure 9-1. OECD and non-OECD energy-related
carbon dioxide emissions, 1990-2040 (billion
metric tons)
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The Energy Sustainability Dilemma

“A sustainable energy future is not out of reach but will be
hugely challenging — the U.S. and Canada have no real energy
strategy — this must be a high priority for the future. “

Sustainability
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Industry moves independently

World Premiere

.. by Volkswagen
B

Volkswagen CEO Matthias Mueller (R) and chairman of the Board of Management of the Volkswagen car
brand Herbert Diess (L) pose in front of the I.D. electric car concept at the Paris motor Show (Photo credit
ERIC PIERMONT/AFP/Getty Images)

ocT 13,2016 Forbes Magazine
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No global energy strategy

- Science should explore options for solutions -
to the energy sustainability dilemma

Beyond governments For advancement

. : For science advance
policies of society

The difficulties of too long term plans:
do not get political impact in the present
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Accelerators for future
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Requirements: protons ~1 GeV

~10mA
99.9% duty cycle

Il

R. Edgecock

Turbire

l— Hoat exchanger

Fission Product

Transmutation
Container (FPTC)

. FFAGs: use 23
each ~carbon
except mAs!!
Work in early stages



Accelerator

(600 MeV - 4 mA proton)

Multipurpose
Flexible
Irradiation
Facility
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Spallation Source

=

MYRRHA

Reactor
* Subcritical mode (65 -100 MWth)
* Critical mode (~100 MWih)

Lead-Bismuth
coolant

http://myrrha.sckcen.be/en

G. Franchetti

Sustainable fission energy: demonstrate
the physics and technology of an
Accelerator Driven System (ADS) for
transmuting long-lived radioactive waste

Sustainable energy: development of fast
spectrum reactor and fusion technology

Sustainable nuclear energy development
requires the gradual transition of the
current thermal spectrum reactor park to a
fast spectrum reactor park. In order to
reach this objective, innovative fuels and
materials need to be tested and qualified
for the future GEN 1V fast reactor concepts.
Also for the development of fusion energy
the challenges lay to a large extent in the
area of materials. The development of
materials and fuels can only be performed
in an irradiation facility where fully
controlled and representative
experimental conditions can be obtained.
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Past ideas for energy production:

HIDIF

i
————

6 Rings
(2 per species)

Species Merging Sta§e
(8x24 --> 24 beam lines)

Induction Linac Bunchers (1 per species)
24 beams each

Bunch Synchronisation Stage
1 delay-line system per ring Final Focus

Target Station

Injector Linac 10 GeV, Length > 3 km

HIDIF Reference Design

(to scale)

Final Drift
(24 beamlines)

Deuterium-tritium
target

!/ Final Drift

/(24 beamlines)

C. Prior 1998

Ion kinetic energy (GeV) 10
Total beam energy per pulse MJ) | 3
Linac peak current (mA) 400
No. of storage rings 12
No. of stored bunches 144
Stored bunch length (ns) 250
No. of ion species (telescoping) 3
Final pulse length (ns) 6
Peak power (TW) 750
Total peak current (kA) 75
Focal spot size (mm) 1.7
Number of final beam lines 48
Number of target convertors 2

-

N e

Preinjector :16 ion sources
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per species, RFQ's and [ee )
Funneling System :< o000
Induction Linac Bunchers (1 per species) Species Merging Stage :<:) pood
24 beams each (3x24 --> 24 beam lines) ]7“0'..
— <: <00
] ) \ < ——e00
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Bunch Synchronisation Stage :}@—_m
1 delay-line system per ring :@
N 100m ﬁ<
- _ TN 000
\ @00

Total particles
2x101°

Central ion Bi*!
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Multiple-beam induction linac driver for heavy ion fusion

A

a few kilometers

v

All beams pass through the linac in compact arrays

Multiple
Beam lon
Source and
Injector

—— JUILLDIL

Acceleration

with optional

electrostatic
focusing

Injection Matching

=2-3 MeV
~1 A/lbeam
~ 20 us
A=133
q=1"

Acceleration

with magnetic quadrupole
Focusing (arrays)

~ o-10 GeV

| ~200 A/beam

~ 200 ns

Longitudinal
compression

Target
(1 or sided)

Chamber
Transport

\ focusing

Bending

~3-10 GeV
~4000 A/beam
~10 ns

Power amplification to the required 10 TW per beam is achieved by
acceleration and longitudinal bunching of mildly-relativistic ions.
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Heavy lon Fusion Science ,T:}l @ %PFP[]

Virtual National Laboratory
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Indirect-drive, distributed radiator HIF target designs were
developed in 2-D calculations at LLNL (1998 -2000)

Standard hohlraum-to-capsule radius ratio design (HCR = 2.1) Gain 60 @ 6 MJ
M. Tabak and D. Callahan-Miller, Phys. Plasmas 5 (1998)

Grant Logan
2011
Hohlraum is smaller — requires smaller beam spots

@EPRUEHR o, . Heavy lon Fusion Science .. \ ,, =]
( Q%ﬁ. {]'""’"“s Slide 9 Virtual National Laboratory m\fl & %Pppl




Grant Logan 2011 AT W

An ion bunch must
be compressed to a small volume
against its thermal pressure and
space charge forces

HIF targets require ~ 100 beams
for pulse shape and symmetry.
Each beam must be compressed
to a few kA and focused to ~
1mm radius spots on target.
-2>100’s of kV space charge
potential @ initial 5 cm radius can
be neutralized in chamber plasma
before reaching the target.

Goal of HIF science : ¢
explore limits to beam
brightness that lead to
lowest energy to drive

(Figure from Boris
Sharkov, ITEP-IFSA
Plenary talk, 2007,
Kobe, Japan)

Space charge
limits

targets /

Heavy lon Fusion Science

Slide 17 Virtual National Laboratory s
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Bundesrepublik Deutschland
Deutsches Patent- und Markenamt

A d Va n C e d 2 Offenlegungsschrift

(21) Aktenzeichen: 10 2006 007 824.1 enntcr: G27H 1/00 (2006.01)

(22) Anmeldetag: 17.02.2006

( t (43) Offenlegungstag: 30.08.2007
O I l C e p S (7 Anmelder: Holes

Stocker, Horst, Prof. Dr., 61440 Oberursel, DE at the Large Hadron Collider. In: Physical Review
Letters, Vol. 87, No. 16, 2001, 161602;

(74) Vertreter: Hawking, S.W.: Particle Creation by Black holes.
Dr. Miiller + Partner Patentanwalte, 65597 In: Commun. Math. Phys., Vol. 43, 1975,
Hiinfelden S. 199-220;

Hossenfelder, Sabine, u.a.: Black hole relics in

(72) Erfinder: large extra dimensions. In: Physics Letters,
gleich Anmelder Vol. B 566, 2003, S. 233-239;

Hossenfelder, Sabine: What Black Holes Can

(56) Fur die Beurteilung der Patentféhigkeit in Betracht Teach
gezogene Druckschriften: Us. In: hep-ph/0412265;

Hossenfelder, Sabine, u.a.: Quasistable black Hossenfelder, Sabine: Dissertation, Universitat
holes at the Large Hadron Collider. In: Physical Frankfurt am Main, 2003, Kap. 10.3;

Review D66, 2002, 101502;

Dimopoulos, Savas und Landsberg, Greg: Black

Die folgenden Angaben sind den vom Anm: ingereichten Unterlagen entnommen

Prifungsantrag gel atG ist gestellt.

(54) Bezeichnung: Verfahren zur Energiegewinnung durch Umwandlung von Masse in Energie

(57) ZusammenfassSung: Erfindung betrifft ein Verfah-
ren zur Energiegewinnung. Dabei wird €l ikteimes-ivh
ni-Schwarzen Loches, z. B. ein LXD-BH-Relic (large extra
dimension black hole relic) mit gewéhnlichen massebehaf-
teten Teilchen, insbesondere mit Molekilen, Atomen,
Atomteilchen bzw. mit Hawking-Strahlung oder deren pri-
maren, sekundaren oder tertidren Zerfallsprodukten zur
Kollision gebracht. Dadurch wird das Relikt des Mi-
ni-Schwarzen Loches, z. B. das LXD-BH-Relic, aus seinem
stabilen Zustand in einen angeregten instabilen Zustand
Uberflihrt, aus dem es unter Emission von Hawking-Strah-
lung wieder in den stabilen Zustand Ubergeht, wobei die
emittierte Hawking-Strahlung oder ihre priméaren, sekunda-
ren oder tertidren Zerfallsprodukte direkt oder mittels eines
Konverters, bspw. Fotozellen oder Brennstoffzellen, in
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FFAG start in 1956 ...

07.12.16 G. Franchetti
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International Journal of High-Energy Physics

FFAG - recent
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CERN COURIER

Search Go

DIGITAL EDITION

Aug 19,2008
The rise of the FFAG

Projects based on FFAG accelerators are beginning to
flourish throughout the world.

Résumeé.
L’essor des FFAG

Le concept des accélérateurs a gradients alternés et a champ fixe (FFAG) a
été proposé au début des années 50 dans l'idée d’appliquer les méthodes de
la focalisation forte et de la stabilité de phase a I'accélération des particules.

G. Franchetti

CERN Courier is now
available as a regular digital
edition. Click here to read
the digital edition.

KEY SUPPLIERS

JANIS

“Cryogenic Systems
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S.Machida et al.

07.12.16
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Special magnets

Radial designs with edge profiles
(C. Johnstone)

Bsmall ©g \ =

hand

Tune-stable non-scaling FFAG designs have been developed

B - B.“[r‘; + rj _ B::{l N 2 1 k(k- 1)---51( -n+ l)rﬂ Rectangular magnets,
ol w1 n NP 4.0 Simplified field profile
N Higher stability region

(S. Machida, S. Sheehy)

07.12.16 G. Franchetti
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Advanced optics in dynamics

— Integrable Optics S. Nagaitsev, V. Shiltzey, S. Daniloy, et al.

 With strongly nonlinear magnets

» With specially shaped electron beams in electron lenses
— Space Charge Compensation

» With ~“Gaussian” electron lenses

 With neutralizing “electron columns™ IOTA
RING

- Electrostatic BPMs (position, turn-by-turn)

== Sync. light monitors (position and shape)

I Combined dipole and skew correctors
B Injection bump vertical correctors

| sextupole correctors
o Vacuum pump ports
\ / X-correctors in bends
T

I
/e~ B et

07.12.16 G. Franchetti 27



Integrable Optics with Non-linear Magnets

integrals of
transverse motion possible:

— Special NL magnets -

— Special optics of the ring
(next slide)

— Special longitudinal shape of
the magnets (gap vs Z) =2

— Makes particle dynamics
stable with very large tune-

Distance to pole (mm)

spread — :
::3 05t ( TG0 ;
; ; ?;. o} Ko 0
« Danilov, Nagaitsev, PRSTAB 13, > W ~
084002 (2010) e :
6 V.Shiltsev | IOTA, Plasma-based Colliders Workshop =t DS 0 05X et A1 v,njmmm.
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Taming intensity

Flexible machines to store large emittance beams --> FFAG

New machines that exhibits integrable optics, or quasi-integrable optics

Electron lenses studies are on the way, but it has still to be proved that
in practice they works

Fast, ultra-fast feed-back systems for instabilities suppression

Challenges

Technical = Creation of special magnetic or electric field configuration
Accelerator with special materials that mitigate impedances

Conceptual = new theoretical models to create nonlinear lattices integrable
especially: creating local quasi-integrable non-linear kicks



Trend & plans

1980 1985 1990 1995 2000

2005

2010 201 2020 2025 2030 2035

F. Zimmermann

MURA 1957
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20 years

--

CDR by end 201§ for next strategy update

FFAG

[OTAstudies

G. Franchetti

>

Energy
Frontier

“New Intensity
frontier”

30



Advent of new synergies ?

Anomalous Thrust Production from an RF Test Device
Measured on a Low-Thrust Torsion Pendulum

David A. Brady’, Harold G. White', Paul March?, James T. Lawrence®, and Frank J. Davies
NASA Lyndon B. Johnson Space Center, Houston, Texas 77058

This paper describes the test campaigns designed to investigate and demonstrate viability
of using classical magnetoplasmadynamics to obtain a propulsive momentum transfer via
the quantum vacuum virtual plasma. This paper will not address the physics of the quantum
vacuum plasma thruster (QVPT), but instead will describe the recent test campaign. In
07.12.16 addition, it contains a brief description of the supporting radio frequency (RF) field analysis, 31
lessons learned, and potential applications of the technology to space exploration missions.



