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Two Examples

Why starting with examples?

1. I am most familiar with the works I did

2. To show how to apply the general principles and theories

you have learned to actual accelerator design and construction

3. To introduce few concepts and world activities of high power proton
accelerators



Example 1: Booster Project and AGS Upgrade

Booster was constructed in 1987 — 1990 to

Increase proton intensity in the AGS
Raise polarized proton intensity in both
AGS and RHIC

Raise heavy 1on mass and intensity in
the AGS and RHIC
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Gold Ion Collisions in RHIC

Beam Energy =100 GeV/u
L, per IR=2 x 102 c¢cm?sec’!

ave

BOOSTER

1 MeV/u
Q=+32
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Space Charge Tune Shift in Ring

3r N
p

AQ = < 0.25
2
2n P y° €4 By
Where:
r Classical proton radius
N: Total number of proton
(O Normalized emittance

By Bunching factor
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Limited tune spread to avoid resonance loss of beam



Space charge effect of injection energy

The Booster can raise the AGS injection energy from
E =200 MeV with B y2=0.83 to

E=1.5GeV with fy2=6.23

Everything being equal, a factor of about seven increase is possible



Intensity history of multi-GeV proton machines
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BNL AGS kept highest intensity record for synchrotron since 1995
That for an AR were kept by ISR and SNS.



AGS Intensity History
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Technologies developed for high intensity beams:

o Low loss charge exchange injection (AGS, SNS, ...

» High current ion source

o Boosters (CERN, FNAL, AGS, KEK, ...

« Rapid cycling synchrotron (FNAL, ISIS, ...

e Pulsed and CW RFQs (LEDA, AGS, SNS,..

o Super-conducting Linac (SNS, ...

 Transition energy jump or avoidance (CERN, AGS, J-Parc, ...
o Beam loading compensation and 2" harmonic cavity (AGS, ISIS, ...
o Electron cloud cures ( PSR, SNS...

o Beam Collimation (SNS,

o Damping of collective instability (AGS, SNS, ..



injection into the Booster

Simulation

Measurement
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» High B dot gives effective longitudinal phase space painting.

» 90 mA H magnetron source, about 100 turns accumulation
» Injection period is approx. equal to synchrotron period.



AGS High Intensity Performance

» 6 single bunch transfers from Booster Peak current
» Peak intensity reached: 72 x 102 ppp

» Bunch area: 3 eVs at injection
10 Vs at extraction

> Intensity for FEB ops: 60 x 102 ppp e /

» Strong space charge effects
during accumulation and energy

40 A

. Intensity
transition in AGS P e o i

» 2nd order transition energy jump
limits available momentum aperture.

» Chromatic mismatch at transition
causes emittance dilution

5 x 1013 protons

A
y

2 seconds




Example 2: The Spallation Neutron Source

The SNS is a short-pulse neutron source, driven by a 1.4 MW proton accelerator
SNS will be the world’s leading facility for neutron scattering research with peak neutron flux ~20-100x ILL, Grenoble
SNS is funded through DOE-BES at a cost of 1.4 B$

The Project is a Front-End Building

collaboration of Central =
six US DOE ~ “Helium___ P Klystron Building
laboratories L'““;ﬁﬁ:::g N Jﬂ!’. — [Linac Tunnel
SNS will be 8x e en oy e
ISIS, the world’s Facility
leading pulsed support i
source Buildings
Stepping stone to
other high power LT - TS =
facilities _ T T - e : = - IEﬁmtnﬂr for™ ¥

Central Laboratory < - ; Hanophase

: W, and Office Complex o -~ Materials

: 2, q _Sciences




Evolution of the performance of neutron
sources ESS
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Evolution of Neutron Sources

. Reactors, 1940 —

. ISIS/RAL 1980 ---

. LAMF/LANL, 1980 ---

. IPNS/ANL, 1985 -- 2005

. ANS/ORNL(R&D), 1985 ---1996, followed by SNS

. ESS R&D, 1990 — 2003, 2005-2010

. Individual US Spallation Neutron Source R&D( 1990 — 1996 )

LANL, ANL, BNL, ..
US joint R&D/ORNL, 1996 — 1999
US SNS/ORNL construction, 1999 — 2005

10. J-PARC/KEK R&D, 1992 — 1999, construction, 2001-- 2008



Power of a Proton Beam

P(MW) - Ek(GeV) * Iave(Amp) (2)
[,.=Ne/t=1.5x10"x1.6x 10-1*x 60
= 1.4 mA

Pos=1.0x 1.4=1.4 MW

High power accelerator needs both high
intensity and high repetition rate



Neutron Yield

n=0.1X(A+20)xE (Gev) (3)
=~ 20

For SNS mercury target at 1 Gev

N,=nxN,=0.1x(A+20)xP  (4)

Means that total neutron flux is proportional to
total proton beam power

Show Desktop.scf



SNS Accelerator Complex

Front-End: 1 GeV Accumulator Ring:
Produce a 1-msec LINAC Compress 1 msec
long, chopped, long pulse to 700
H- beam nsec
1000 MeV
2.5 MeV

|

Front-End

Chopper system
945 ns makes gaps

\

mini-pulse

Current
Current

1 ms macropulse

- 1ms

Y



Accumulator Ring and Transport Collimation

Lines \\l S%%JMULATEIR
. Extraction

e Designed and built by Brookhaven
National Lab

e Accumulates 1-msec long beam pulse by
multi-turn charge exchange injection

. . ‘ 2]
Injection -3

Circum 248 m
Energy 1 GeV
Accum turns 1060 A \ Target

Final Intensity 1.5x10"4
Current 26 A




1 MW Beam Power Achieved!

Neutron facility achieves 1-megawatt power

By Duncan Mansfield

Beam to Target

1021.3kW on Target Posted Sep 21,

Power on Target
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Beamloss: SNS Residual Activation after 1 MW Operation
(Hot Spots)

All numbers are
mRem/hr at 1 ft.
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e We plan to double the SNS beam power by
—_Increasing beam energy with 9 additional cryomodules (SNS Power Upgrade Project,
— Increasing peak current from the source (Operational improvements)
— modifying injection and extraction regions to accommodate higher beam energy (all
other power supplies support 1.3 GeV operation)

e Anticipate PUP “CD-2” Approval (Baseline) in 2011; Construction Timeline 2012-
2017

e Active R&D: Laser-stripping, target cavitation damage mitigation, electron-

proton instability damping, source development, ...

Baseline Upgrade
Kinetic Energy 1.0 GeV 1.3 GeV
Beam Power 1.44 MW 3.0 MW
Linac Beam Duty Factor 6% 6%
Peak Linac Current 38 mA 59 mA
SRF Cavities 81 117
Ring Bunch Intensity 1.5x1014 2.5x1014
Ring Space Charge Tune Spread 0.15 0.15

NATIONAL LABORATORY




3. Possible Applications of HPPA

Nuclear waste transmutation and accelerator driven sub-critical reactors:

o CW or high DF to minimize mechanical shock
e E: 1-10GeV (minimize power deposition in window, fully absorb beam in reactor)

Production of intense secondary beams:

e Neutrons: DF: CW - 104, E: 0.5 - 10 GeV (neutron production ~ prop. to beam power)
o Kaons: DF ~ 0.5 (minimize pile-up in detector), E: > 20 GeV

 Neutrino super-beam: DF: ~ 10->(suppress background), E: > 1 GeV (depends on
neutrino beam requirements)

e Muons for neutrino factory: DF: ~ 107 (pulsed cooling channel), E: > 10 GeV (for
SMW, .. > 50A)
e Muons for muon collider: DF: ~ 10~7 (maximize luminosity), E: ~ 20 — 30 GeV (for

SMW, [ = 1.7 - 2.5 kA)



High Power Proton Accelerators

| Upgrade Plan
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CW or high DF:

Low DF:

Design options for high power facilities

design:

Cyclotron + p source
SC Linac + p source

Linac + accum. ring
Linac + RCS
Linac + FFAG

Linac +n x RCS

issues/challenges:

E <1 GeV
CW front end (RFQ, DTL)

E <5 (8?7)GeV (H stripping)
Rep. rate < 100 Hz, Pro/Py .. < 10
Rep. rate < 1 kHz, Prq/Prpag <3

For high energy

Bunch-to-bucket transfers
High gradient, low frequency rf



Achieved: 590 MeV, 2 mA, 1.2 MW
Upgrade: 590 MeV, 3 mA, 1.8 MW
Possible: 1000 MeV, 10 mA, 10 MW
[M. Humbel (PSI)]

Current Limit [mA]'

'ISpace Charge Limiit of . 1
590 MeV RingatPSI |/ 17 11Gev ]

LN W Aoy

Space charge current limit scales with
third power of rf voltage.

Energy Gain per Tum [MeV]



ector Magnets:
gnet weight:
ccelerator Cavities:
lat-Top Resanator

rection coil circuits:

2lerator frequency:
monic number:

stic beam energy:
iIm current max.:
raction orbit radius:

er diameter:

itive Losses @ 2maA:

ismitted power:

PSI Ring Cyclotron

1T

~250 tons

850 kV (1.2 MV)
150 MH2

15

20.63 MHz

6

72 — 530 MeV
2.2 mA

45m

15m
~1..2-10¢

0.26-0.39
MW/Res.




(D)  Grid to Beam Power Conversion Efficiency

for industrial application, transmutation etc_, the aspect of efficient usage of grid

power Is very important

PSIl: ~10MW Grid — 1.3MW Beam

P.(1)=(8.0£0.5)MW +0.81MW -I[mA]

contains many loads
not needed for ADS !

P differential measurement of
electrical power vs. beam
power (total PSI power shown)

P51 total poveer
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FE)

Particle losses a

ong the accelerator

Accelerator Section R EE;:;E{ mu_;ﬁ? vp- h:::}[
Injectar 11, extraction T2 5 0.3
collimator FX5 (shisided) 72 10 il =
transpeort channel |l 72 01
(35m) : -
-
Ring Cyc., Injection 72 2 03
Ring Cyc.. Exfraction 500 2 0.4
transport channel |l 590 0.1 0.02 (est)
target E+M (shielded) 290 0% 0%
transport channel 1V B7H 0.1
SIMNQ farget (shielded) 575 T0% 70%

acceptable for service:

~ 2-10-% relative losses per location (@ssomeav




1997, Th.Stammbach et al]

Parameter Set fora 10 MW Cyclotron

parameters 1 GeV Ring PSI Ring
Energy 1000 MeV 590 Me\
Injection 120 MeV 72 MeV
energy

Magnets 12(B.,=217T) | 8(B,,, =1.1"
Cavities 8 (1000 kV) 4 (0O kV)
Frequency 442 MHz 50.63 MHz
Flat tops 2 (650 KV) 1 (460 kV)
Injection radius | 29 m 21m
Extraction 5700 mm 4462 mm
radius

Number of 140 186

turns

Energy gain at | 6.3 MeV 2.4 MeV
extraction

DR/dn 11 mm 5.7 mm

Turn separation | 7 s 7s

Space charge | 10mA 2.2 mA (3.0
limit MVturn)
Beam power 10 MW 1.3 MW




Several proposals, but no existing facility
Issues: CW front end (RFQ, DTL), operating efficiency of SC cavities/rf system
Low Energy Demonstration Accelerator (LEDA):

6.7 MeV, 100 mA CW (0.7 MW)

Successful demonstration of CW front-end
REQ i HEBT

Bench-marking of halo simulation codes

Injector &

High Intensity Proton Injector (IPHI, CEA) [R. Ferdinar
3.0 MeV, 100 mA CW (0.3 MW)
First beam in 2006, to be used for SPL (CERN)

I L - Beamstop
X 1‘ f

Waveguide

International Fusion Materials Irradiation Facility (IFMIF):
2x 125 mA D", 5 MeV (RFQ), 40 MeV (DTL) (2 x 0.6 MW, 2 x 5 MW)
Start 2009 (?7)



Waste Storage Times
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The Conceptual design
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Advantages of the EA:
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Principle of energy flow

- Example of a 10 MW beam (Project X?); very close to
the power of standard EA unit defined by C. Rubbia.

"||3| ~ 45%)

Flectrical

Energy

Converter

517 MW,

1200 MW

T
N

10MW  / Energy

Project X F: Producing
" Unit

"
(n ~ 43%)

(k = 0.98)
G=G0/11-k)
(Energy Amplifier)

ipr/Fermilab/Oct.20.09




Beam lrip frequency (timesfyear)

show 1 or 2 orders of frequency

reduction might be necessary to meet the criteria

T Criterlon-1: Beam window

1'.']5" - r...r'rl

=
o
o
E)

104 - mmu e

strategy-1:

duration

103 Reductlon of [ LANSCC ( 1997

~

) -

]

Strateqy-2:
Reduction of
frequency

it pphnmind | |
Criterlon-2:
HEEC[IJF Smjﬂtlﬂ'E
1ol N e
Strategy-2:
Mitigation of
1 criterla

0-1sec. 0-1min. 1-5 min.

Ceam tr£ duration

AHIPA, Cet18-21 2008, Fermilab., U

Fage 14

= 5 min.

| Criterlon-3:
Turblne stop

Three strategies for reductior

1. Reduction of the beam
trip duration down to 1
SEec.

2. Reduction of frequency
tor relatively long beam
trip

3. Mitigation of the criterla
by design consideration

and detailled transient
analysis.

B Detailed analysis on the causes of th
beam trips is underway to explore the
realistic solutions for Strategy-1 and .

J-MRCED



S

Nuclear and Particle
Experimental Facility

Materials and Life Science
Experimental Facility

-

i

Nuclear
Transmutation

¥

3 GeV Synchrotron B 50 GeV Synchrotron
(25 Hz, 1MW) (0.75 MW)

J-PARC = Japan Proton Accelerator Research Complex

¥




2.2GeV, 1.8mA ,4 MW, 50 Hz [R. Garoby (CERN)]
After Linac: DF: 8.2 %, [ ., =22 mA (H')

After accumulator: DF: ~ 104, I .., ~ 18 A
After compressor: DF: ~2 x 10, 1 .., ~90 A
Solid Nb super-conducting 704 MHz cavities New Design
5.0 GeV
G ~20 MeV/m
95 keV 3 MeV 160 MeV 2.2 GeV
¥ 10 m e 75 m < 550m >
40MeV  90MeV 237TMeV  383MeV
H™ ||RFQ Hehopp. HDTL-CCDTL-SCLHB 0.52 B 0.7 B 0.8 —————mmm
Source Front End Normal Conducting Superconducting Debunching \
= # Stretching and I

|
- collimation line
LINAC 4 fﬁ47
Compressor ring / Accumulator ring / =
A iR st T daes




Arqguments for a linac-based driver

1. Acceleration in a single machine

Alinac is largely accepted as the best accelerator at least up to a few hundreds of MeV.
Accelerating up to the final energy in a linac avoids beam transfers and guarantees very
low beam loss in the accelerator itself.

2. Safe and proven set-up

There is no doubt that an sc linac can be built to reliably deliver multi-MW of beam
power up to 4-8 GeV. Proof of existence is given by SNS.

Motivation

3. “Easy” ring(s)

A synchrotron is needed to transform the long linac pulse (nx100 us) into a small
number of short bunches. It can however be simplified wrt an RCS and it is credible
because of:

- no space charge

- no need to accelerate ( CW power supply and magnets, ordinary vacuum

chamber, simpler RF system, no capture loss...)

- no time for instabilities to develop.

MATIONAL LABORATORY



Specifications
(from ISS report)

Parameter Basic value Range
Beam energy [GeV] 10 5-15
Burst repetition rate [Hz] 50 ?
Number of bunches per burst (n) 4 1-67?
Total duration of the burst [us] ~ 50 40 - 60
Time interval between bunches [us] (t;,,) 16 ~50/(n-1)
Bunch length [ns] 2 1-3

SPL-based 5 GeV —4 MW proton drivers have been designed

[SPL + 2 fixed energy rings (accumulator & compressor)] which meet

these requirements

NATIONAL LABORATORY



SPL-based proton driver: principle [2/2]

Beam accumulation
e Accumulator ring
+ Charge exchange injection
~nx100us accumulation time
Isochronous (n=0): beam frozen longitudinally to preserve Ap/p
No RF (=> minimum impedance)
1-6 bunches of ~120 ns length

* & o o

Bunch compression
Compressor ring
+ Large RF voltage (large stored energy & minimum RF power)
(=> bunch rotation on stored energy)
+ Large slippage factor n => rapid phase rotation in few x10ps,
+ ~2ns rms bunch length @ extraction to the target
(=> moderate AQ because of dispersion)

Synchronization between rings
- Ratio of circumferences guaranteeing correct positioning of successive bunches inside
the compressor without energy change in any ring



Scenario for 6 bunches

Generation of 6 bunches [2/2]

Accumulator
[120 ns pulses -

i Duration =
Accumulation 400 s SPL beam 60 ns gaps]
[42 bunChes - Compressor
21 gaps] [120 ns bunch -
V(h=3) =4 MV]
Compression t=0ps : i
t=12 ps :
t=24 ps

Target
[2 ns bunches
— 6 times]
etc. until t =
o> T

NATIONAL LABORATORY



SPL for proton driver

Output beam

Parameters Values Parameters Values
RITTEUT DearT energy SCev RITTEUT DearT energy SCev
Repetition rate 50 Hz Repetition rate 50 Hz
Average current during
the burst 40 mA No. of bunches per cycle 6 :
Beam power 4 MW Bunch length (r.m.s.) ~2ns LTI .- (Lo
Bunch spacing ~12 us
Transverse emittance
(r.m.s., physical) 3 mmm-mrad
Accumulator Compressor
Parameters Values Parameters Values
Circumference 3185 m Circumference 3142 m
Transition gamma 6.33 Transition gamma 2.3
RF voltage - RF voltage 4 MV
Harmonics number - Harmonic number 3
No. of arc cells 24 No. of arc cells 6
Super periodicity 2 Super periodicity 2
Nominal transverse tune 7.77/ 7.67 | Nominal transverse tune 10.79/5.77
No. of turns for accum. 400 No. of turns for comp. 36
Maximum no. of bunches 6 Maximum no. of bunches 3
Main quadrupole Main quadrupole
Bore radius 56 mm Bore radius 148 mm
Field gradient 5.5 T/m Field gradient 7.1 T/m
Magnetic length 1.2m Magnetic length 1.9m
Main bending Main bending
Full gap 103 mm Full gap 125 mm
Full width 162 mm Full width 379 mm
Field stength 1.7T Field strength 51T
Magnetic length 1.5m Magnetic length 3m
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Summary

IT IS CLEAR THAT

there is no show-stopper for a multi-MW proton driver based on a 5 GeV SPL delivering 6 or
even 3 proton bunches of ~2 ns rms length on target at S0 Hz.

reducing to a single bunch is probably not impossible, but much more challenging.

HOWEVER

the accumulator and compressor rings remain to be designed in detail (RF system,
minimization of beam losses, design of collimation and collimators, H0 & unstripped H- beam
dump, ...).

R & D on H- stripping and charge exchange injection is mandatory. Laser-based stripping
deserves study and experimental tests.

if high beam power and accumulator/compressor rings are implemented as upgrades, the
corresponding needs have to be foreseen when initially building the superconducting linac.

NATIONAL LABORATORY



ulse duration, N, = number of bunches per pulse, 75 = final compressed bunch length.

er Power Type Energy Frequency Protons Pulse structure
(MW) (GeV) (Hz) per pulse 7, (jt8) Np Tp (ns)
(x10'7)

-AGS 1 Synch 28 2.5 9 720 24 3
4 Synch 28 5 18 720 24 3
4 Synch 40 5 12.5 720 24 3

WL 2 Synch 8 15 10 1.6 84 1
2 Linac 8 10 15

L MI 2 Synch 120 0.67 15 10 230 2

IN-SPL 4 LAR 2.2 20 23 3.2 140 1
4 LAR 3.5 50 14 1.7 68 1

\RC 0.75 Synch a0 0.3 31 4.6 8 5]
4 Synch o 20 10 1.4 4 1
4 Synch 6—8 20 8.3 1.6 6 1
4 FFAG 10 20 o 2.3 3] 1
4 Synch 15 25 6.7 3.2 6 1

/CERN 4 Synch 30 8.33 10 3.2 8 1

/Kyoto i FFAG 1 10% 0.06 0.4 10 10
1 FFAG 3 3107 0.06 0.5 10 10

P



FNAL SCL Proton Driver Proposal

Super-conducting linac: 8.0 GeV, 0.25 mA,2 MW, 10 Hz [B. Foster (FNAL)]
After Linac: DF: 0.9 %, I, =28 mA (H')

After MI (accumulator): DF: ~ 6 x 10, [ .., ~5 A

After MI (acceleration): 120 GeV, 2 MW, 0.7 Hz, DF: ~ 4 x 109, Leak ~ 5 A

1.3 GHz Tesla cavities, stripping of H™ (all fields < 600 G )

"Super Beams"
for Main fnfector

Neuirino Program
Low Emimarice

Profon Beams o
Tevatran Coilider

Pradietan
e ) o oand FLES
[CHM + )% Funicre Mo
Toraer

& | Hallarian
F{ Targer

JGelr
F. T,

gy
Protons 8 Gel phastC. 5 -
£5 Superconducting Linac oo

X~ Ray

A v Free Electron Laser
et tnrget ::*E_A;FI:_:;];H.::T (XFEL) Lsar Facllity

(TESLAGFNAL)



Project X IC-2v2.0 L,
“Option 4” L3

* Dption 4: a 3-GeV CW linac with a 650 MHz intermediate system,
based on 5-cell cavities.

SSRO | SsR1 | ssR2 | p=0.6 | p=0.9 NIl
S ———— - —— - {—

325 MHz, 2.5-160 MeV 650 MHz, 1.2 GHz
0.16-2 GeV 2-3 GeV

Note: 630 MHz, p=0.9, 5-cell cavities are same physical length as
1300 MHz, =1.0, 9-cell cavities




yiect X IC-2VZ.VU
“Option 4”

ey
e

otal number of cavities in each configuration:
>-2v1.0: 316 cavities (to 3 GeV)
>-2v2.0: 250 cavities (less if =0.99)

otal linac length is reduced by ~20% (for 3 GeV)
— Or, 3 GeV linac (option 4) is ~20% longer than the 2 GeV linac in IC-
2v1.0

-arly analysis of cost trade-offs indicate that 1300 MHz cavity

ecomes more cost effective than 650 MHz somewhere in the range
f2 GeV

Jevelopment of IC-2v2.0 (option 4) will allow us to explore issues
2lated to introduction of a third frequency, and variations on the
300 MHz cavity shape

3. Nagaitsev, March 11, 2010 Page 20



= i ES5 aeCh MARIY anvands
mertrone respektive synkrotonius

pdlknande s3tt com stara miloroskop.
Anldgoningsr fr forskmsing ered
meutroner och synkmotronius bygas
ofia sida vid sida, eftersam de b
teinfiErra 3 Kompleterands
verkiyg fir forskarma.

= Bache E5% ol MAXTY ieremme

att bl de vlridsl=dande mnligg-
nilegama | dif clag, ach kan Hillczam-
maris bllda et virkdsledands

Primary parameters

9 MW long pulse source
(upgrade to 7.5 MW?)

< 2 ms pulses
<20 Hz
Protons (H+)

Low losses! 1 W/m
High reliability, >95%




Summary

Beam power efficiency

& Beam power efficiency is an issue for high
intensity accelerator.

& BPE>30% for Po>10MW, otherwise
¢» Environment problem:CO2

& ADSR becomes nonsense ; Creating nuclear wastes
more than treating!

& Superconducting magnet

@ High temperature SC is very attractive.



*ba
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tf','_nutfmlzc Comparative Advantages of RCS vs LAR

e Lower Beam Current
e Lower Injection Energy

e Higher Injection Beam Loss is allowed.

(If one increases the beam energy by a factor of 7.5 times, the allowed beam
loss during the injection is 7.5 times as high as that for AR with the same beam
power.)

e Perhaps immune against the e-p instability?

oSNS debate in 1999 BNL(LAR) design or ANL(RCS) design?

Dis*?i'r‘*zq fv‘éﬁﬁ'&mres 52
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vi':ﬁ “PARC RCS Disadvantages vs LAR

RCS Challenges

e Lower injection energy in turn implies higher space charge effect.

e Large aperture magnets are required, giving rise to large fringing fields.

e Ceramics vacuum chamber with RF shield to avoid the eddy current effect

e Stranded coil to overcome the eddy current effect on the magnet coils.

e Injection to make large aperture beam and its extraction are hard to
manage.

e Precise magnet field tacking is necessary for each family of magnets

e Powerful RF accelerating system for rapid acceleration

Dis*?#zu- fv‘éﬂ%’gxmres 53



Main challenges for future Multi-MW facilities

Beam Loss and collimation
= Maintainability requires losses ~ 1 W/m
= For 1 km/10MW facility: total losses of 1 kW or 10 at top energy

= Since losses are not evenly distributed, lower values may be required at some
locations

Power Consumption Efficiency
» Efficiency = (beam power)/(wall plug AC power)
= Present facilities have typically low efficiency ( few % )
= Need new technologies for efficient beam power production

Design and Performance of High Power Production Targets and secondary beams

Reliability and Availability for Users, especially for commercial

power production



Conclusions

Multi-MW facilities are being planned with DF from CW to
10

Designs for a CW facility with few MW beam power are
mature, either by SPL or Cyclotron

Several excellent and detailed designs for Multi-MW low DF
facilities exist. The designs will benefit from the operational
experience of recent projects (SNS, J-PARC).

FFAG is not suitable for high intensity, but can provide high
power through high rep rate(" 100 to ~ KHz)

Active R&D needed to improve performance, increase
reliability, and reduce cost

China 1s entering the field at a critical time for both
technological advancement and industrial competitiveness.
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Exercies

1. Changing one parameter at a time, how to raise SNS proton beam power from 1.0
MW to 2.0 MW by varying

a. Beam energy
b. Beam intensity
c. Beam rep-rate

2. What is the best combination( realistic and cost-effective),
by varying all possible parameters to reach 2 MW?

3. Compare the relative advantages of LAR and RCS design
of CSNS design, in terms of

a. Accelerator performance limitation
b. Required changes of power supply, RF, and Vacuum
c. Cost and reliability



