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Introduction

What is particle physics?
Why do we need technology “at the edge”?




What is particle physics?

Ken

Peac

The particle physics “Mission Statement”

1) Identify the most fundamental constituents of the
Universe

2) Describe how they interact and inter-relate
and if possible

3) Explain why 1) and 2) above are as they are, and
cannot be otherwise

Then, we have “understood” how the Universe
works at its deepest (simplest?) level
In the first billionths of a second after the Big Bang
But we are left with the task of explaining how

the rich complexity that developed in the
ensuing 13.7 billion years came about...

Which is a much more complex task!

h John Adams Institute 24 March 2006
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The Standard Model (again)
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What remains to be done?

Ken Peach

« The Standard Model is a very good
description of the Universe at the particle
scale (~2M,)

— But does not explain many things

Why so many particles?
Why so many forces?
What is mass?
— Why do particles have the masses they have?
How do neutrinos get mass?
— Are neutrinos different? How do they fit in?
What is Dark Matter? Dark Energy?
Why is matter different from antimatter?
— (Where did all the antimatter go?)
Where does gravity fit in?

John Adams Institute 24 March 2006




JAL Why do we need technology “at the edge”?

2 routes to new knowledge about the
fundamental structure of the matter

S

High Energy Frontier High Precision Frontier

New phenomena
(new particles) Known phenomena studied
created when the with high precision may show
“usable” energy > mc?[x2] iInconsistencies with theory

e

Ken Peach John Adams Institute 24 March 2006



What do we need to make progress?

 To reach higher energy

— To go beyond the LEP/Tevatron energy scale

« ~100-500GeV
— The Large Hadron Collider 2005

Measurem eni Fit Aom--omir'ﬁm“
| -

— The Linear Electron-Positron Collider 2 3

my [GeV] 91.1875:0.0021 ©1.1874 )

 To reach higher precision e oy
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« Particle “factories” ? Ve 0r-0m 040 e

— Strange, Charm, Tau, Bottom,... Al i W
 New types of accelerator o s

— Neutrino factories
— Beta beams
— Muon colliders ...
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Present status
Implications of future upgrades
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Possible LHC upgrades

Luminosity Energy

Data Doubling Time If the physics at the LHC indicates
that there would be a big

discovery potential for an LHC
>-2X the energy
~2015 e
Fr Higtory
TEVATRON Luminosity éx LEP Energy
Tevatron integrated luminosity




LAL After the LHC?

—  What next?

— Need to study the new discoveries
— Precision measurements

— History shows that

— Proton colliders are good at discovery “Floode:ight”
— e'*ecolliders are good at precision
measurement

— Need higher energy than LEP

— But synchrotrons at the limit

— Synchrotron radiation
— o E% at fixed radius
— i.e.2x Energy = 16 x Power or 16 x Radius!

— Back to the Linac!!!!

Ken Peach John Adams Institute 24 March 2006



Rﬂ"e.-rll Hu] I““'H"ri'
Uhndwersity of Londom

The Linear Collider

What it is and why is it needed
Present status and possible future




Why an e+e- collider?

« elementary particles

e well-defined

- energy,
- angular momentum
+ uses full COM energy

« produces particles
democratically

¢+ can mostly fully
reconstruct events

After Barry Barish

Ken Peach John Adams Institute 24 March 2006



After Barry Barish

Ken Peach John Adams Institute
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The Linear Collider

e Why?

— More energy

e LEP —up to 200 GeV
e LC —up to 1000 GeV

— Study the Higgs particle

Similar precision on new discoveries +

spectroscopy of new states

Identify the underlying theory
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A Linear Collider
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After Rainer Wanzenberg
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The International Linear Collider

pre-accelerator

/

extraction
few GeV & dump

final focus
1 1
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compressor collimation

Superconducting RF Main Linac

After Barry Barish
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SLAC — The Stanford Linear Accelerator (Centrely
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The heart of the Linear Collider

Ken Peach John Adams Institute 24 March 2006
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empty buckets filled buckets

extraction

line Just one option —many under
consideration
Project has the complexity of a 3"
generation light source (e.g.
Soleil) cavities
transfer kicker
_ mjection
IMe S

After Rainer Wanzenberg
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An issue — Beam Delivery System
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The GDE Plan and Schedule

2005 2006 2007 2008 2009 2010

| | | |
Global Design Effort > Project >
| | | |

‘ Baseline configuration

‘ Reference Design

Technical Design

ILC R&D Program

Expression of Interest to Host

!

International Mgmt

After Barry Barish

Ken Peach John Adams Institute 24 March 2006



The Limits

e The Superconducting RF Technology
used in the ILC has a maximum
accelerating gradient of around
50MV/m

— 1 TeV =20 Km of acceleration

« + ~10 Km of Beam delivery System,
diagnostics etc

— 3 TeV =2 60 Km of acceleration

 Is there a better technology?
— l.e. with a higher accelerating gradient
» Target ~150MeV/m

Ken Peach John Adams Institute 24 March 2006



CLIC — Compact Linear Collider

e CLIC aim:

— develop technology for e-/e+ collider with

 Physics motivation:
— "Physics at the CLIC Multi-TeV Linear Collider

— report of the CLIC Physics Working Group,"
. CERN report 2004-5

e Present aim:
— Demonstrate all key feasibility issues by 2010

After Robert Aymar

Ken Peach John Adams Institute 24 March 2006



BASIC FEATURES OF CLIC
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High gradient 150 MV/m
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After Robert Aymar
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CLIC TWO-BEAM SCHEME

Drive beam - 180 A, 70 ns
from 2.4 GeV to 240 MeV with -9OMV/m

QUAD

QUAD

POWER EXTRACTION AND TRANSFER
STRUCTURE (=PETS)

ACCELERATING > 30 GHz - 150 MW

STROCTURES CLIC TUNNEL
Main beam — 1.5 A, 58 ns CROSS-SECTION
from 9 GeV to 1.5 TeV with 150MV/m BPM
CLIC MODULE

(6000 modules at 3 TeV)

3.8 m diameter

After Robert Aymar

Ken Peach John Adams Institute 24 March 2006



New accelerating structure concept HDS

« Damping waveguides + slotted iris
— improved HOM damping and vacuum
 Geometry optimized
— reduced Eg re/Eacc @and pulsed heating
*/Assembly without brazing
— reduced cost for mass production
— cold worked Cu-Zr with improved mechanical strength
 Molybdenum iris tips
— higher E ¢

—

Ken Peach John Adams Institute 24 March 2006
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Delay Loop x 2
gap creation, pulse After Robert Aymar
compression & frequency
multiplication

Drive Beam Accelerator
efficient acceleration in fully loaded linac

/

Combiner Ring x 4

pulse compression &

Combiner Ring x 4 frequency multiplication

pulse compression &
frequency multiplication

Drive Beam Decelerator Section (2 x 21 in total)

Power Extraction
m\

Drive beam time structure - initial Drive beam time structure - final
70 ns ons
LR - 4.5ms
100 ms train length - 32 x 21 x 2 sub-pulses - 5.7 A —, LA MR
2.5 GeV - 64 cm between bunches 2 x 21 pulses — 180 A - 2 cm between bunches
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CTEF3 Motivations and Goals Rm.;ul.:.m

Universityof London

Build a small-scale version of the CLIC RF power source, in order to demonstrate:
— full beam loading accelerator operation
— electron beam pulse compression and frequency multiplication using RF deflectors

Provide the 30 GHz RF power to test the CLIC accelerating structures and components at and
beyond the nominal gradient and pulse length (150 MV/m for 70 ns) .

Tool to demonstrate CLIC feasibility issues identified by ILC-TRC

_ Drive Beam Accelerator 35A-14ms ALl el -“_J_Li
Dr|v_e Beam 16 sructures - 3 GHz - 7 MV/m i
Injector
\ —5_’%"
[ I
i \‘ | | | X5
Ring
Two-beam 150 MV/m \Q“’\J *“—-a_;f’.-m
|:[‘ Test Area 30 GHz - i " "‘* -
| I o [ | I 31 \ I 1 I'|
10 m = = \ 2=
bt Probe  35'A 140
Beam ) k= o
Injector 150 MeV

mm HIGH POWER 30 GHz
TEST STANDS

Ken Peach
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What are they and why are they needed
Present status and possible future
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Neutrino Facilities:
What are they and why are they needed

Recent discoveries in neutrino physics (“neutrino oscillations”) require new neutrino facilities

» Beams of precisely known composition (Ve,Vu,VT)1 energy (spectrum) and flux

B beams

Pure electron (anti)neutrino beams
from decay of stored radioactive
nuclei

L Fal - il

1S0L terge
& Bom somrce

.'" ¥
yclotroms __I;!:': __.-"'
Sterage neng =
and East
cyeliag
fynchr atron

) -'..
:

DT B gt Sledv The | prosfuct i el

Neutrino Factories

Pure electron neutrino & muon
antineutrino beams (or vice versa)
from decay of stored muons

Fnncipal Componenis

Muon

Storage

Ring
.- Ry T2
o] :

Both need new physics input (q13) and the development of new technologies

Both are “1B€” projects (accelerator, storage ring, detectors)

John Adams Institute

Ken Peach
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Conventional Neutrino Beams

BT s

Ken Peach

Decay Beam
Region j Dump

« Main components

— Proton Beam

 Energy, Intensity,
frequency

— Target

— Horn (focussing)
— Decay Region

— Beam Dump

— Detector

John Adams Institute

N c P

ev

Note

For any (class of) experiment

X M (xE,)

Beam Target Neutrino
Power Mass Energy
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Example of a Neutrino Beam

est Area Neutrino Facility at CERN SPS

Why Change?

450 GeV Reflector
ot screeren Tyt B s e
- 5PS e et o5l v —

Decay tunnel
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ide Band Beam
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0
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- 4F
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... because Neutrino Physics has changed!!!

« 1950’s and early 60’s

— Nature (and existence) of the neutrino
 (Reines & Cowan, Lederman, Schwartz and Steinberger)

e Late 1960s, 1970s, 1980s

— Structure of the nucleon

* F,, xF;etc
— Structure of the weak current New
; facilities
« Neutral currents, sin,8, etc allow
Id
« Now, and future ohysics
— Nature of the neutrino {0 be
e Neutrino Mass and Neutrino Oscillations g“e‘:fehr
o Standard Model assumption of massless neutrinos is wr

— Note: difficult to add neutrino mass to SM a la Higgs
— Lack of Charge - additional mass-like (Majorana) terms

« New Physics at last!!!!

24 March 2006
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What to Measure?

Neutrinos
v, disappearance
Ve 2 v, appearance
V., = V. appearance

... and the

| corresponding
v, disappearance antineutrino

v, 2 V. appearance interactions
v, 2 Vv, appearance

Note: the beam requirements for these experiments are:
high intensity known flux

known spectrum known composition
(preferably no background)

Ken Peach John Adams Institute 24 March 2006
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120 GeV protons
from the MAIN
INJECTOR in a
single turn (8.7us)
1.9 s cycle time
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Due to start data taking
this year

i ' ]J AL =
b ‘m
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Proposals for new “ Off-axis” neurino beam
o experiments

 T2K (Tokai [J-PARC] to SuperKamiokande)
— Under construction

e NOvVA (Fermilab to “somewhere near MINOS”)
— Under consideration

Ken Peach John Adams Institute 24 March 2006



T2K
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NuMI Off Axis
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Medium energy beam, 10ktonxyear exposure
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o~ 2 GeV energy :

 Below t threshold

* Relatively high rates per proton, especially for antineutrinos
*Matter effects to differentiate mass hierarchies
*Baselines 700 — 1000 km
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Royal Holloway
University of London

Ta RHIC

ligh |mieasity sauree To Target Malion

HF

200 MY Dride Tube Linac

2540 km :

RIHKTLR

Ak
1.2 G — 1K el
4 v eviehe lime {28 Haj

2770 km BNIE

T Mt

A0 Mey

Supereondectia? Linso
O Wik

Homestake & Henderson equivalent. Assume UND class far detector.

BHL Wida Gand. Protan Energy = 28 Ga e P -

LERIEAEE 5 P A b unAME

|
'rl,f“x‘ o | MW, 28 GuV proton beam
b \\ 2 5§« 107 seconds

& 1.12 » 10% PaT

L'}

Bl o carlbon target

s e POl g 1L

e

m ™ N w 4 omogoe 200 o bong decany

! N L
1 S . "
g oy " “"IHEI

Y i

- W i munning same but 2 MW

R
T
i

" @ & 8§ & W .LE-HE:.:W: ; . ' . - % e
BROOKHFAVEN

NATIONAL LABORATORY
B Viren, NuFACTO5c

Ken Peach John Adams Institute 24 March 2006



New kinds of Neutrino Beam

Neutrinos NOT from & decay!

-E Horn Decay Beam Neteatolr
Region / Dump i

Innovate here

 Generate the neutrino beams from
unstable particles in storage rings with
long straight sections

John Adams Institute 24 March 2006



CP-violation
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B-beam (v, 2 v, appearance)

Royal Holloway
Universityof London

Possible B* emitters (v,)

* Need E, >100 MeV

Isotope [ Z | A |AIZ| Tip |Qp gesgs)| D it | B av.| B av. | <E_LAB>(MeV)

: : s | Mev |[Mev|mev|mev| (@450 Gevip)
o Conventlonal_(hlgh 8B 16| 077 | 17.0 139655 4145
energy) neutrino beams Lol 70s | a1 Treloml i ow
° Come from K decays 1.9 1.7 | 1.7 |0.74] 1.00 479
18| 167 | 34 | 34|150|186 930
e small fraction of beam 191734 22 | 22 |096|1.25 594
19| 2249] 25 | 25 (110|141 662
. . 18] 0173| 106 | 82 [397|4.19 2058
* New idea (Zucchelli)
19| 1775 49 [ 49 [227]265 1227
— B beams 19]1226] 51 |51 |235]272 1259

22| 34 4.7 4.5 |2.04| 2.48 1031

« Pure electron (anti)
neutrino beams

Isotope | Z | A [A/Z| Ty, | Qg gssgs)| et | Esav. | B av. | SE_LAB>(MeV)

from s MeV | MeV |MeV |MeV | (@ 450 GeV/p)
6He 3.0/0.807| 35 35 [157|1.94 582
accelerated 8He 4.010.119| 10.7 9.1 |4.35| 4.80 1079
radloactlve IOnS 8Li 2.7(0.838| 16.0 |13.0|6.24 2268
oLi 3.0/0.178| 13.6 |11.9|5.73|6.20 1860

11Be
15C
16C
16N

2.8113.81| 11.5 9.8 |4.65|5.11 1671
2512449 938 6.4 | 2.87| 3.55 1279
2.710.747| 8.0 4.5 |2.05| 2.46 830
23| 7.13 5.9 |4.59]| 1.33 525
17N 2414173 8.7 3.8 |1.71] 2.10 779
18N 2.60.624 8.0 | 5.33| 2.67 933
23Ne 2.8 4.4 42 1190|231 904
25Ne 25)0.602| 7.3 6.9 |3.18| 3.73 1344
25Na 23] 591 3.8 3.4 |1.51]|1.90 750

=18 [1C A A () 26Na 2.411.072 9.3 7.2 13.34| 3.81 1450
Ken Peach John Adams Institute 24 March 2006
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B-beam

=PL

ISOL tarzet I
& Ton source

Cyclotrons &E\
Storage ring 24
at1d fast .
cycling .
synchrotron

7Neon — AHeIium < qneon 5167
7/Helium ANeon quIium

°®He

v <150
= E ~500 MeV

Decay
Eing

o e

8N @

Difficult to get above the t production threshold

Ken Peach John Adams Institute

24 March 2006



Electron-capture beta-beam

« Concept: J. Burguet-Castell (Valencia)
J. Sato (TUM)

— N+e >N + v ... two body decay

 Most favourable isotope?
— 159Dy: half-life = 7.2 mins; E, = 1.4 MeV; BR ~100%

e Energy spectrum: o
— Removes migrations
between energy bins 2es20 |

e Powerful In
combination with
beta-beam

(P PRI

Le+38 -

Ken Peach

John Adams Institute



A Neutrino Factory is ...

® m SHmpMenOsSend MOOOeN X L2meemme 0
OoOcepn OrrED Qedm ammsHEe Omo Emso

ﬂ)(Dan)‘nLQ OMN eM Mher1] ¢ 0@ +ScHLle [OX
&0 ToessH Principal Components

| far detector (5000-8000km) |
Muon
Storage
Ring
- -

‘near’ detector (1000-3000km)
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Neutrino Factory Challenges

Royal Holloway
Universityof London

e Parameters

— Need to know that 6,5 is not zero
* Other parameters well known to fix (E L)

« Technology
— Proton driver
* RCSor LINAC?
— Proton energy?
« HARP, E910, MIPP
— Target

* MW beam power
— Mercury, solid, liquid-cooled, pellet, ...

— Pion/muon collection and/or cooling
* Magnetic Horns or Solenoids?
 Phase Rotators, FFAG’s, cooling?

— RF and acceleration
* RLA’s or FFAG's?

— Muon Storage Ring
* Racetrack, triangular or bow-tie
» Conventional or FFAG?

e Other uses of high power protons & muons?

Ken Peach John Adams Institute 24 March 2006



A What is an FFAG?

EMMA
Fixed Field Alternating Gradient accelerator
Scaling FFAG
P
% CCLRCG Rob Edgecock/CCLRC
Rutherford Appleton Laboratory

Ken Peach John Adams Institute 24 March 2006



The FFAG model

i e =M Q
Faclory{step1)r Q

Meulring Faclorystep2) r

High Power Proton Driver

— Muon g-2

Muon Factory (PRISM)

— Muon LFV

Muon Factory-Il (PRISM-II)

— Muon EDM

Neutrino Factory

— Based on 1 MW proton beam
Neutrino Factory-Il

— Based on 4.4 MW proton beam

John Adams Institute
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24 March 2006
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Kuno,

Ken Peach

PRISM

Royal Holloway
Universityof London

PRISM=Phase Rotated

lr|1‘|_|. t‘-,'_.l '::11'1":' i‘l"_.l'l...l - |.-I'"_ '|'|‘-_;
| LENse S510W WVIUOoN SsOUTrCEe

PRISM

@ muon intensity: 1011~1012 /sec Capture Solenoid

-

QO central momentum: 68 MeV/c

&) narrow momentum width by phase rotation
: i Matching Section -}
o pion contamination : 10 i for 150m " solenoid

Detector

uFACTO5

John Adams Institute 24 March 2006



Other Key Challenges

Targets Muon Cooling
e ~Same power as e Certainly needed
SNS targets for a muon collider
— Open  Almost certainly
— Small needed for a
— Environmental neutrino factory

protection? _ (combined

FFAG/cooling or
ring-coolers?)

Ken Peach John Adams Institute 24 March 2006



nTOF11 (MERIT)

CERN-INTC-2003-033
INTC-1-04%
26 April 2004

Participating Institutions
A Proposal to

the ISOLDE and Neutron Time-of-Flight Experiments 1) RAL
Committee
2) CERN

Studies of a Target System for 3) KEK
a 4-MW, 24-GeV Proton Beam 4) BNL
5) ORNL

1. Roger J. Bennett!, Luca Bruno®, Chris J. Densham®, Paal V., Drumm®, 6) Pri nceton U n ive rSity

T, Robert Edgec k' Tomw A. Gabriel®, John R, Haines?, Helmut Haseroth®,
Yeoshinari Havato!, Steven J. Kahn®, Jecgues Lettry®, Changzao Lu®, Hans Ludewig®,
Harold G. Kirk®, Kirk T. McDonald®, Robert B. Palmer®, Yarema Prykarpatskyy®,
Nicholas Simes®, Roman V. Samulyak®, Peter H. Thieberger®, Koji Yoshimura®

Spokespersons: H.G. Rirk, kT, MeDonald
Loeal Contact: H. Haseroth

Proposal submitted April 26, 2004

Ken Peach John Adams Institute 24 March 2006



nTOF11 (MERIT)

Royal Holloway
Universityof London

This gualilative
behavianr can be
abserved in all
evenis

Kirk] NuFAC

Ken Peach John Adams Institute 24 March 2006



Jet Design

Royal Holloway

University of London

(V. Graves/P. Spampinato, OILNL)

“Syringe” pump system delivers 1.6 1/s
of mercury in a 20-m/s jet for 10-20 s,

Ken Peach John Adams Institute 24 March 2006



Programme

Ken Peach

24 GeV Proton beam o Ao 0rs—————|
Up to 28 x 1012 o | | | I
Protons (TP) per 2us
spill

Proton beam spot

Profile

with r<1.5mm rms
lcm diameter Hg Jet e sphip pulsed Solenoid to MIT

Hg Jet/Proton beam July 2005
off solenoid axis « Test Solenoid to 15 T peak
— Hg Jet 100 mrad field August 2005

- Proton beam 67 mrad . Test Cryogenic valve box
Test 50 Hz operations September 2005
— 20 m/s Hg Jet  Integration of Solenoid/Hg Jet

— 2 spills separated by system Summer 2006
20 ms

John Adams Institute 24 March 2006



Simulation

Royal Holloway
Universityof London

— simulations (Samulyak) of Hg-jet target reaching high levels of
sophistication

L1

Ken Peach John Adams Institute 24 March 2006




lonization Cooling

Muon Momentum

After Acceleration

I:)L
o ™ . =y " Ty
L
—
—-——.____,....--'"".-.-—-_
_.,_._F.._,._ =N o = _—-.- _._._._._,_.-_+__._.

Ken Peach John Adams Institute



10% cooling of 200 MeV/c muons requires ~20 MV of RF
single particle measurements =>

/e ) = 103

measurement precision can be as good as A (&

never done before either....

Coupling Coils 1&2

Spectrometer | Matching . . . Matching | Spectrometer
F Is 1

solenoid 1 | coils 1&2 |L_0€US €018 : Focus coils 2 | | Focus coils 3|]' 1182 | solenoid 2

PRV SAE gy ey

Beam PID \ ’{
TOF 0 RF cavities 1 RF cavities 2

[

Cherenkov Downstream
TOF 1 particle ID:
TOF 2
- %) Cherenkov
iffusers . Calorimeter
Liquid Hydrogen absorbers 1,2,3
Incoming muon beam Trackers 1 & 2
measurement of emittance in and out Blondel

Ken Peach John Adams Institute 24 March 2006



Royal Holloway

University of Lendon
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Other projects

Some examples
1. SR & Free Electron Lasers
2. Hadron Therapy




Synchrotron Radiation and Free
Electron Lasers

http://www.adams-institute.ac.uk Ken.Peach@adams-institute.ac.uk




What is Synchrotron Radiation?

X-ray

Motion of a charged particle (an electron) in a magnetic field

When ultra-relativistic, emits x-rays tangential to the motion

Ken Peach John Adams Institute 24 March 2006



SRS @ Daresbury

._ "..'_E" — ;Jl T |lb'_"-ﬂ."_l w;#::-t.‘ - -
SRR

dglgrviipulb krvskdwh

Ken Peach John Adams Institute 24 March 2006



Ken Peach

John Adams Institute

Strali_:,htenlng out protein folding of a

smal

three-helix bundle pr-::te-tn

24 March 2006

CCLRC/SRD
annual report



Some Synchrotron Radiation Science

Royal Holloway
Universityof London

Structure of Anthrax

© CCLRC

Ken Peach John Adams Institute 24 March 2006



Diamond @ RAL

Royal Holloway
Universityof London

Ken Peach John Adams Institute 24 March 2006 71



The X-ray Free Electron Laser

Electron source
and accelerator

Magnetic structure

Electron trap

Light beam

Experiment

Ken Peach John Adams Institute 24 March 2006



The X-ray Free Electron Laser

Royal Holloway
Universityof London

X-ray FEL radiation (0.2 - 14.4 keV)

P Svitroms r = iy
exireme puise

Ny E——
= CANenerti

NERL T P
= L0 IS

100 fs
intensities 10'-10" ph

tion %1089

x104

Spontaneous radiation (20-200 keV)
+ ultrashort pulse duration <200 fs

- high brilliance

Intansity |
&

I 100 ps durabon
lime &

FEL radiation
10" phis/pulse
100 f& duration

SR radiation
107 phisfpulse

Gerhard Griibal

XFEL Project Group Meating
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Ken Peach

John Adams Institute
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The X-FEL

Royal Holloway
Universityof London

j

Ken Peach John Adams Institute 24 March 2006
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Hadron Therapy




&n}'al Halloway

* “tyof London

tumour

200 MeV - 1 nA

protons target

4800 MeV - 0.1 nA
carbon ions

which can control
radioresistant
tumaours Amaldi

[Dose Distribulion Curve]

. Bragqg peak
u '] - .."-..
S en [ e iy '-
n s {1
: - |
E | L -H-""--\.\_ ; E
Z ey |
T o ... LR T
'E _\_\__‘—\_\_\_ _a 1.-\' -t_.ajl
— 1] H
-ﬂ: * - .I /
S i
Eody sutface 10 k"\\_
15
Depth from body surface [cmn .

Ken Peac John Adams Institute 24 March 2006



How does it work?

%
Doke  PROTONS

Single
field

100
o\

200 j_\_
50

3 co-planar fields

%DQSE

X-Rays
Single field

\2=

2 opposed
—felds -

200
100

3 co-planar fields

A

\fter Bleddyn Jones

Ken Peach John Adams Institute

24 March 2006



3 Field techniques

Axial view

X-Rays

Protons

After Bleddyn Jones

Ken Peach John Adams Institute 24 March 2006



Carbon ions are qualitatively different
from X-rays

9 Xray beams

Carbon ions deposit in a cell 24 times more energy than a proton

producing not reparable multiple close-by double strand breaks

so that they can control radioresistant tumours
At HIMAC (Japan) the doses are delivered in only 5-10 fractions

In Heidelberg and in Pave Europe moves towards the frontier of “dual”
centres Amaldi

Ken Peach John Adams Institute 24 March 2006



The CNAO Italian national centre designed by TERA

Project: Calvi —-TEKNE Main source of 90 MEuro:
Italian Health Ministry

CNAO Foundation constructs and
manages

INFN is co-responsible for the
construction

Project: TERA

A cornosany 1s negotiating witn CNAO a licensea for PIMMS/TERL Amaldi
]

Ken Peach John Adams Institute 24 March 2006



FFAG design for carbon ion therapy

Design study of compact medical fixed-hield alternating-gradient accelerators

Royal Holloway
Universityof London

T. Misu, Y. Iwata, A. Sugiura. 5. Hojo, N. Miyahara, M. Kanazawa, T. Murakami, and 8. Yamada
National Tnstitwie of Radiodogical Seiences, Anaogawa, frage, Clhiba 263-83 55, Japan

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS, VOLUME 7, 004701 (2004}

E. Keil, A.M. Sessler

et al.
Non-scaling design

has smaller radius

carbon ions 4800 MeV Amaldi

FIG. 7. Owerall view of the triple-cascade radial-sector FFAG system.

Ken Peac ohn Adams Institute 24 March 2006 81



Many centres world-wide

Royal Holloway
Universityof London

TOTAL
MAX FIFRGY RFAM PATIFNTS START OF
_1_ WHO, WHERE COITRY PARTICLE Mal}) DIRECTION TREATED TREATMENT
2 |Harvard, Boston UsA 1 160 harlz. atle 1961
3 |Loma Linda sh [ 250 ganmy, horlz. 10740 1990
A |UCSF sA p 60 harlz. 632 1994
5 MPRI2) UsA P 200 horlz. 21 1993
6 |NPTC, MGH Boston  USA P 235 ganmy, horlz. 1167 2001
7 TRIUMF, Vancouver Canada P T2 horlz. 100 1995
8 |Clanterbridge Englamd I b2 horiz. 1372 1989
9 |Mice France p b5 horiz. 2861 1991
10 | thisay France [} 200 horiz. M4 11
11 |50, Darmstacdt Germany ion™ 43070 hariz. 230 17
12 /HMI, Berlin Germany [} [ horiz. biT 18
13 |INFN-L N5, Catania  Italy I bl hariz. H Py LIy
14 | Uppsala Lweden I AL hariz. L TERHRED
15 | S0, Villigen LSwitrerland I ¢ hiriz. 4440 14
1k [I*S1, Villigen Switrardand [ ]l fantry FL) TG
14 |{HTF, Moscow Hussia 0 ZIHI horiz. JiaE T4
1 | St.Petershurg Hussia I 10K havriz. 121 145
14 [ Bubna Hussia I 200" horiz. a T
20 WPTC, Zibo China [ 230 horiz. 136 2004
21 |Chiba Japan I 70 wertical 145 1979
22 HIMAC, Chiba Japan inn 00w al 1796 1994
;_'@_IHEC, K ashviwa Japan P 230 qantiy 380 1993
24 HIBMC Hyongo Japan P 230 aniy 779 2001
25 HIBMC,Hyoqo Japan T 320 al 19 2002
26 PFMRCE), Tsukuba  Japan P 270" ul FETi 2001
27 [PMRC(1), Tsukuba  Japan P [ honis, 100 1983
28 | Shizuoka Japan P 235 horlz. 236 2003
29 Teumqa Japan [ 200 al 33 2002
30 IThemba Labs South Afrlca » 200 horlz. 185 1993

|

based on information of the Particle Therapy Co-Operative Group (PTCOG)

Ken Peach John Adams Institute 24 March 2006



Hadron Therapy in Chiba
(Japan)

130
| etecons (21 M)
100 earton (770 ket u)
E ﬁl
1

) YWeTSUS

Complication

Borrowed from Rob Edgecock — o

Vwrdgifiurp # 1p di gd
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Medical applications of accelerators

 Oncology
— Protons, heavy ions, electrons

 Preparation of radio-nuclides

 Requires precision control of
— Energy
— Dose

— Position
e Just like the linear collider (energy, luminosity)

Ken Peach John Adams Institute 24 March 2006
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Summary

Ken Peach Jo

There are several global frontier particle
p’lysics projects needing new and
challenging accelerators over the next 10-
20 years

There will be many other uses of the
technologies developed to make them
feasible and affordable

— In other branches of science

— In industry

— In medicine

There will also be national and regional
accelerator projects doing frontier
research ...

There are plenty of challenges and
opportunities for innovation

hn Adams Institute 24 March 2006
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