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PART 1

 Background for neutron course

« Neutrons properties and their interactions
 Applications using Neutrons

PART 2
* How to generate intense neutron beams
 High power proton linear accelerator

PART 3
« Examples of world-wide neutron sources
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Effective thermal neutron flux n/cm?2-s
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(Updated fromrNeutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986
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Average beam power

Macropulse length

Repetition rate

Proton energy

Beam current

Dutg factor

Beam |oss rate

Functional Requirements:

5.0 MW

2.86 ms
14 Hz
2.5 GeV
50 mA
4%
<1W/m

Ca
Ca
Ca

Dacitg to transfer energy from RF sgstem to the beam,

7.5 MW

2.86 ms
14 Hz
2.5 GeV
75 mA
4%
<1W/m

ExamPle of the ESS accelerator

Dacitg to confine the protons |ongituclina”g)

Dacitg to steer the protons longitudinaug,

CD — Neutrons Sources
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~llsssssmmn 352 2 | MHz sl <l 704.42 MHz -

<25m=> €«2Ilm=> €«50m=> €35m=> €325m> <€586m> <«—lI39m—> <2279 m—> «——I|592 m——>

HEBT & Upgrade
75 keV 3 MeV 79 MeV 201 MeV 623 MeV 2500 MeV
ESS beam parameters
e 5 ngle pass linear accelerator Beam current l, S0mA
Pulse length o, 2.83*107%s
*  Normal conducti ng Pulse period T 1/14s
~ EICCtI‘OI’] CgClOtf’Oﬂ resonance source .
Cl/ ]C Cl I Number of N 1.01*108
- Radio-~ reﬁuencg quadruple (RFQ) Tt pares
-D r’Ft tUbC inac Bunch frequency F,  352.21 MHz
Bunch period T, 2.84*10°s

. SUPerconducting
- Double spoke resonator
~ E”ip’cical cavities (medium beta and high beta)

Charge per bunch g, 142100 C

CD — Neutrons Sources ASP2012 — July 31, 2012
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g Proton source

Based on knowledge acquired with TRIPS, SILHI and VIS high intensity
proton sources

Status
Beam energy 0 keV TR' P S PLASMA CANIBER ICROWAVE
Proton current 55 mA %
Proton fraction =80% g
Upto1 kW @ 245 - =
RF power, Frequency w
GHz 2 -
Axial magnetic field 875-1000 G & g
Duty factor 100% (dc) m o
Extraction aperture 6 mm
o 0068% @ 35mA
Reliability
(over 142 h)
Beam emittance at RFQ | 0.07ammmrad @
entrance 3ZmA

*Movable magnetic system composed by two solenoids
*Five electrodes extraction system

CD — Neutrons Sources ASP2012 — July 31, 2012
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Spoke Resonator

Cavity RF
parameters
R/Q 426 W

G 130 W
Q,at4K 2.6 10°
Q,at2K 1.210

Ey/Eae 443
By /Ese  7.08

Tuning sgstem

CD — Neutrons Sources

SC. Spoke Resonator and E:"iptical Cavities

Elliptical Cavities

T, : pulse period

P

N bunches
per pulse

~ 7

L

I

<>

G, : pulse length
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TW conditioning up to 1.2 MW [10%DC

CD — Neutrons Sources

Starting from Saclay HIPPI IMW 10%DC
coupler (KEK type wmdow

=,

; \,ﬂr ;

g ,“;\

Test in horizontal eryostat

o Fully reflected on the cavity at 4 K & 1.8K
800 1 I r
600 [ JIHHT 11N l il | ”

w0 | (AR A
T

record number

Current activities:

o Evaluation of maximum admissible peak power of Saclay HIPPI power
coupler in SW and TW regime

o Study of antenna HV biasing started

o Starting thermo-mechanical calculations for air cooling assessment (tested
ub to 25kW average full reflection in horizontal crvostat)

ASP2012 — July 31, 2012
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Length InputEnergy Frequency Geometricp # of Temp

() (MeV) (MH2) Sections (K)
LEBT 2.05 75 x 103 - - - =~ 300
RFQ 4.95 75 x 103 352.21 - 1 =~ 300
MEBT 3.53 3 352.21 - - = 300
DTL 32.58 3 352.21 - 4 = 300
Spoke 58.46 79 352.21 0.50 14 (2C) ~ 2
Medium Beta 113.84 201 704.42 0.67 15 (4C) %2
High Beta 227.86 623 704.42 0.92 15x2(4C) =2

HEBT (projection) 158.66 2500 - --

CD — Neutrons Sources




S
—
)
Q
o
—
on
2
=S
=
I
S
—
)
Q
2
)
<




spaLLATON HEBT, magnets and power supplics

e Several oPtical designs of the High Energy Beam Transl:)ort sgstem have

been developed cluring the evolvement '®) the ADU PrOJect.

e The fresent c]esign fulbill the requirements inclucling layout geometrg and
the 6 X 16cm? beam Footprint on target with a sufficient y low maximum
current densi’t9 to ensure a long target lifetime.

e The technologies to be used for building the magnets and power sulrpplies
have been studied including aspects of andling and oPtimization or power
consumption.

 The issues in 2012 consist of completing the many details to go into the
TDR coherentlg with the other work Packages, including costing

target monolith

incl. target wheel
HEBT-S3 e

HEBT-SZ ri - #4m— ]
towa rds a second je—14.9m— *1‘ |

targetstation | i |
= -y |
——100m— .
///r beam dump line )
proton beam window

'-///.// fixed collimator

CD — Neutrons Sources ASP2012 — July 31, 2012
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e Main Features

— One RIF Power source Per
resonator

— RF Sources

* Main Chancnges e Pulsed cathode klystrons for
~ Large number or resonators (>200) e”iptical) DTL, and RFQ
— Large beam Ioacling (Q, <7x10%) o Gridded tube for spokes (IOTs)
— Large L orentz d€~tuniﬂg (>50 — Two Hgs’crons per modulator for
Glegrees) c”iptical

— Long Pulse length A3 mS “3 Lorentz
cletuning time constants)

— 30% overhead for RF regulation

* A&ap’cive lOW ICVCI FCCCL-FOFWEIFCJ

— Large dgnamlc Fange in power algorithms and Low gain feedback

lliptical caviti from 50kw —
{Ez ;%(;CEWSZBVI e range from 2 . High bandwidth Piezo tuners on

suPerconcl uctin g cavities
— Large average power (15 MW of AC

Power) — Bundled wa\/eguicle stub |agout

CD — Neutrons Sources ASP2012 — July 31, 2012
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9 b lntcgratecl Control Sgstem for ESS

e Decision to have a singlc integratccl control sgs’ccm for ESS

—~ EPICS based
— ITER control box concePt

. Achievements:
— Control Box Prototgpe running at £5S5
~ Naming Convention with tools implementecl
— Working Development Environment and Prototgpe £ESS CODAC
~ Well defined Safitg / Protection system architecture
— Parameter List tools clevelopecl
— Interfaces with the Instrument Controls defined

— BLED database for Parameters
e [ssues:

— Target SaFetg Sgstem and Infrastructure Controls requirements immature

— Fastdata acquisition for Accelerator AND Instruments?

— |ICS scope not resourced
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50 Beam Diagnostics

Main topics addressed: modeling codes, radiation issues, longituclinal and
transverse measuring technic]ues

Main message: more cliagnostic equipment than en\/isaged

v The Primar9 linac cliagnostic; needs include beam Posit‘ion, beam
arrival time hase), beam bunch length, beam transverse profiles,
ke i e v s
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v Especia”g iml:)ortant for hléh power oPeration are sensitive
beam loss measurement an Pro{:ile resolution over a wide
dgnamic range.

v Techniclues for halo measurement in a suPerconclucting environment

need to be cleveloiecl.
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* Many research reactors in E:uroPc are agjng, and will be closed bef:orc; )
2020
— UP to 90% of the use is with cold neutrons
e Thereisa urgent need for a new high flux cold neutron source in
Europe
— Thevast mag’oritg of users will Proﬁt froma Pulsed structure
— A Iargc Fraction O‘F tl’!C users are FU”g satisﬁecl bﬂ a lOﬂg PUlSC source
(aPProx 2 ms, 20 Hz)

— Existing short Pulse sources (1S1S, JPARC and SNS) can supplg the
Present and imminent future need of short Pulse users

F. Mezei, NIM A, 2006

1,6x1014)

1,4x1014]

“Pulsed cold neutrons will alwags
be |ong Pulsec] as a result of the \

p 8,0x1013] e HA s |
moderation Process”

6,0x1013]

4,0x1013] ,
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Spectral Brightness [n/cmz/s/sr/ﬂ\]
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10" 5

———ESS-2012 Cold Moderator
— Analytical Reference

TRAM Optimization
9ie!dinggains

1044

1074

104 4

10t

—_——
0 5 10 15
Wavelength [A]

Target monolith cluring target change
Target whee
Moderator~re1qec‘cor Plug

Accelerator Proton beam windo
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Nombre de neutrons par proton
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«  Rotating tungsten target with He cooling

Sounce

- Lower radioactive inventory than for water ("Be, *H, Ta
cladding, W activation,...)

- Proven passive cooling capability of afterheat in case of power
loss (even for earthquake and 10 MW power)

- Passive backup shutdown of accelerator: better chance for He

- Lower risk for being qualified as nuclear facility than for water

— He gas cooling is the prime candidate for the legally
mandated choice of adopting the environmentally most favourable
of the viable options.



