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éN/ FN  The TRASCO Program

TRASCO: conceptual study and the prototyping of components for an
accelerator driven system for nuclear waste transmutation, and
involves research agencies and Italian companies
- TRASCO/ACC
- Accelerator studies: lead by INFN
- TRASCO/SS
- Subcritical reactor studies: lead by ENEA

TRASCO/ACC (1998-2004, in three funding stages) is devoted to:

- Conceptual design of a high current superconducting proton linac
- I=30 mA, E =1 GeV

- Construction and R&D activities on key items:
- an 80 kV, 35 mA proton source (INFN - LNS)
* ab MeV, 30 mA, CW RFQ (INFN - LNL)
» SC cavity prototypes for low B cavities (<100 MeV) (INFN - LNL)
* SC cavity prototypes for B = 0.47 elliptical cavities (INFN - MI)
- SC cavity prototypes for B = 0.85 sputtered cavities (INFN - GE)
- engineering of elliptical SC linac components (cryomodules, etc.) (INFN - MI)
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& FN The Reference Linac Design

F

80 keV 5 MeV ~100 MeV 200 MeV 500 MeV >1000 MeV

[2:::; }“’[ RFQ}—' Medium energy ISCL linac 3 sections high energy $C linac

Source RFQ ISsCL High Energy SC Linac
3 L%: (_% 3 g 5 - 85/100 MeV SC linac 3 section linac:
73 >3 i > - 85/100 - 200 MeV, B=0.47
S 5 é o § Baseline design: - 200 - 500 MeV, B=0.65
% % % ‘;_’_;‘ Reentrant cavities (352 MHz) - 500 - 1000/2000 MeV, p=0.85
o 'J: <a Five(six) cell elliptical cavities
;‘ o % S | Alternative design: Quadrupole doublet focussing: multi-cavity
> § = 3 Spoke, A/2, /4, ladder cryostats between doublets
é:/ 32 - 7044 MHz
8BA FODO focussing with sc
magnets

Beam Dynamics %@1
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NN TRIPS: TRasco Intense Proton Source
i Fiica Nucleare .‘.Q\__” 1-LNG

High in’ren;i’ry (tens mA) proton sources exist Reported at EPAC2000, PAC2001
- Chalk River, Los Alamos, CEA-Saclay - .

ADS asks for high reliability and availability
Additional efforts are required for:

- Voltage and current stability
- Control of the low beam emittance

Design in 1999, source in LNS in May 2000
Achievements:

- First beam of 20 mA @ 60 kV in Jan 2001

- 80 kV, 55 mA operation in Aug 2001

Off-resonance microwave discharge source
(2.45 GHz), based on SILHI (CEA/Saclay)

TRIPS Goals: Achieved
55 mA
Proton Beam current | 35 mA (~90% p.f.)
Beam emittance 0.2 tmm mrad | To be measured
Operating voltage | 80 kV 80 kv — PN G
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Automoatlc Tuning Lnlt EXTPGCTIOH
Hagnetren electrode

/j_; "'""'H""H"'"""""""E'—:-%\.}.

Fefrigerator

2 kW RF
generator

A

T
Studies on SILHI
extraction system
lead to: - | B

- Pentode T I T T

configuration with
new geometry

- Lowered voltage:
from 95 kV to 80 kV
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L’_N/ FN  Layout of the Source and LEBT

di Fisica Nuclears

Automoatlc Tuning Lnlt

s !
s ® ® 9 +. g i

Moving coils to adjust ECR region O
extraction system = ' (impedance match)
lead to: = ]

- Pentode ; 2 ﬁ*u W
configuration with J =
W

new geometry —1 =k g U=
- Lowered voltage: T ED 4-step binomi
e : = -step binomial transformer
from 95 kV to 80 kV ““fmmmmm for waveguide to plasma
i A impedance matching
P. Pierini
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INFN  Performances and recent development

Lo ANBRI RIS
A rms emittance below 0.2 Ttmm mrad has been calculated with beam
dynamics simulations, crosschecking different codes
- Emittance unit from CEA is being shipped to Catania for measurements
LEBT for'.beam anqusus and characterization: 10 kW beam stop
- Solenoid (focussing) >
- Beam alignment monitor | \

- 2 current transformers for beam current measurements
- 10 kW beam stop

Reliability tests have been performed:

at 65 kV/15 mA: 24 h with no beam
interruptions

Tests at 80 kV are underway (improving)

A new control system for automatic restart
procedures after discharge is being implemented
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Papers contributed to this

INF Low Ener'gy Linac Conference (TU and TH)

Estitu

to Naz
L/ di Fisica Nucloa [ ] A--“J.ll_-d‘n_‘ .‘ll e, i, S .
OO FROEERTO O LSO

The low energy linac is split in fwo components:

- A normal conducting CW Radio Frequency Quadrupole (RFQ): from 80 keV
to 5 MeV

- RFQ design: 3 resonantly coupled segments. Modulation:
- Radial match in the structure
- Shaper
- Gentle buncher (from dc to 352.2 MHz bunches)
- Accelerator (boosts up to 5 MeV, longest portion)

wave guide :
?ners &t RF loop vacuum ports Ve guide RF loop

s r
[omgmomo}o ifﬁ‘ Q}Bﬂm‘cﬁomé}{o oo %MO g Olo oo

' coupling cells
S E— techn. model — »
< 7.13m

- A superconducting linac (ISCL): from 5 MeV to 100 MeV
* Reentrant cavities for highest availability (allowing beam on with 1 cavity off)
- NM4,\/2 cavities
- Spoke cavities
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m/:? RFQ Desi
F esign
(o 9 -
Different optimization procedure for TRASCO RFQ w.r.t. LEDA
- Limit to 1 RF source (1.3 MW CERN-LEP klystron)
- Lower design current of 30 mA (transmission of 96%)
- Peak surface electric field is 33 MV/m, 1.8 Kilpatrick limit
- Simplified engineering/manufacturing choices
Substantial heat dissipation in the structure ~ 600 kW total

5@
EE

Three resonantly coupled segments Poster THPLEOS83:
TRASCO RFQ: Field Tuning of the
Beam current 30 mA (96 % transmission) TRASC? RFQ

O2mmmmrad T
0.18 rtdeg MeV L

Beam emittance

Final Energy 5 MeV

Length 7.13 m (3 sections)
150 kW (beam)

RF Power

600 kW (structure)
Peak Field 1.8 Kilpatrick
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m/:? RFQ Desi
F esign
(o 9 -
Different optimization procedure for TRASCO RFQ w.r.t. LEDA
- Limit to 1 RF source (1.3 MW CERN-LEP klystron)
- Lower design current of 30 mA (transmission of 96%)
- Peak surface electric field is 33 MV/m, 1.8 Kilpatrick limit
- Simplified engineering/manufacturing choices
Substantial heat dissipation in the structure ~ 600 kW total

!i@
EE

Three resonantly coupled segments Poster THPLEOS83:
TRASCO RFQ Field tuning of the
Beam current 30 mA (96 % transmission) TRASC? RFQ

Copper dominated ||
- Not space charge limited |
- Not beam loading limited
- 150 kW to beam —
- 600 kW to copper —

| Peak Field | 1.8 Kilpatrick
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A 3 m Al model of the structure has been
built and measured at LNL, and achieved the
necessary field stabilization

A 220 mm part of the structure has been
built to test the full fabrication procedures
- Brazing
- Water channels by long (1 m) drilling
Full structure is under fabrication
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INFN — Superconducting low energy linac
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[ ] .“_J-_“l
ILOFORONCIRCY  RROPERCIATOm O

Single or two-gap structure linac

- Moderate energy gain/cavity

&

- Solid state RF amplifiers
- 8 BA focussing lattice

Various options, are being considered

- Reentrant cavities
- Spoke cavities

- A4 cavities

- ladder

Quarter Wave resonator

(QWR) 2 gap structure of
the ALPI linac in INFN-_L_N

P. Pierini

1t tuning

w b

.

p Reentrant Cavity for High Intensity
I Proton Beams

2 gap spoke cavity

§

Poster TUPLE121: A 2.5 kW, Low Cost
352 MHz Solid State RF Amplifier for
CW and Pulsed Operation

Poster THPDOO022:
RF testing of the TRASCO SC

~g

Reentrant cavity single gap
structure. He Vessel
integrated in the cavity
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INFN  The high energy linac
(o

Conceptual design of the 3 section linac e @i o i ‘

Development and test of prototype cavities Conference (WE and TH)
- At 352 MHz with the LEP IT sputtering technology
- At 704 MHz, bulk niobium, for the lowest 3
Design and engineering of cavity components and ancillaries
- Cryomodule, tuner system, piezo damping, ...
RF Test infrastructure

INFIN Milano LASA

Designed with high current beam dynamics criteria o
avoid emittance growth (smooth, fune resonances, ...)

Section 0.47 0.65 0.85
# cells/cavity 5 5 6
Length 50 m 93 m 102 m
100 MeV 190 MeV 480 MeV
Initial/Final Energy
190 MeV 480 MeV 1 GeV
Doublet period 42 m 58m 8.5m
# periods 12 16 12
# cavities in section 24 48 48
Max. Eacc (MV/m) 8.5 MV/m | 10.2 MV/m | 12.3 MV/m RF Test Bunker

P. Pierini
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Conceptual design: cavity design

INFIN Milano LASA

¢ Parametric tool for the analysis of the cavity shape on the

electromagnetic (and mechanical) parameters

¢ Inner cell tuning is performed through the diameter, all the
characteristic cell parameters stay constant: R, r, a, d, L, Riris

¢ End cell tuning is performed through the wall angle inclination, a,
or distance, d. R, L and Riris are set independently

+ End groups for a 4 die cavity can be tuned using the end cell
diameter (and a,d R L, Riris are set independently)

alpha =

=

P. Pierini

Longitudinal eigenmode analysis

Freq=103 Hz

Build Cavity _X_}
Eoe Coomebred P Radus [om}  16.3764 Tool used also for the SNS cavity desngn
Frequency [MHz] 804.93913
Iris Riadius [cm] iz LY _ . .
A — ‘ B, = 0.81 Cavity for SNS — 4 dies
A=B/A equatorial elipse [1 \ Effective B that matches the TTF curve = 0.830
r=h/a iis ellipse 1.7
sl — '\ EJ/Ewcc 2.19 (2.14 inner cell)
Mg Lol o % By/Eooe [MT/(MV/m)] 4.79 (4.58 inner cell)
RQ[Q] 485 DN AN LN N LD LD
H, centers distance [em]  [g.27500121 G[Q] e = =
T Cavity beta value 0.61007378 K [%)] —
b L IF ] Ques @2K[109 362
: : KL70 =-0.7 [Hz/(MV/m)? =-0.
Superish Execulion it Frequency [MHz]  805.00 a1 ] KL80 =-0.8 [Hz/(MV/m)]
3 Run Supersh_| Twel | | [lcavtypatabase | Mutices Field Flatness [%] 1.1 o thickness =38 mm
Frequency [MHz}=804.9392 Geometrical Parameters
Riris Epeak/Eacc=263 End Cel Tune E i Grogs T Inner cell End Cell Left End Group (c?upler)
Hpeak/E ace [mT /{MV/mj}=5.44 Left Right
( BCS factor @ 2K =2736E+10 :;‘[m[m] : Zgg Zgg " 875.5 00
1/0 [Ohm]=24.56 H P iris (MM . . . .
dF/dR at equator [MHz/mm]=0.00 BuildCavity 3[[::]] 1‘15‘5"-‘1)5 16‘:-312 . ‘1)66-11 50
PR Moos | | r 18 16 18 16
i - - ‘ f T ~ — R 1.0 1.0 1.0
P:ADanilo\Cav\Cavities 2000.mdb | Tuned Cav #: 671 110/10/2000 6:35PM a [deg] 7.0 10.072 7.0 10.0
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INFN  Conceptual design: linac design

Btituto Nazionale

INFIN Milano LASA

x|

Leie™ e | Build linac from simple rules, with control of

Linae paramelers
Fiequency [MHz] Transverse ms [xmmmrac]  [o4000

e = longitudinal & transverse phase advances

Humber of Sections [z ||feeem—
Max Phase Advance A0.000 ' Gap Equiv
Linac Plats
Transverse PhaseAdvance  [ggoon | | WumMaic
Section Parameters | Lengths 1 section Detais
Humber
~ Cavity Param
it Cavity beta [oson  CaviiesperCyomodde [ . o . .
Nmbacrctt [ Srchoaspar] [T Ind matche eam solution in all linac
Bpesk/Eace [mT/My/m] [Ga70  MaxB sutsce fiskd (mT] [5n00
Epeak/Eace [3a00 MaxEsul fieldMv/m] [28.38
- Energy Flang
E Initial Eneray [Mev] Final Eneray [Mev]  |204.000 Roon B N 1
: — un non-lfinear muiTi-
== gz g
- Energy Gain in cavit ; 1o esisgns . M M
Femgnam 5 Wb [ ; B pa rticle simulations
8 BRSCHINCAYEES™ (oaur
Marimal gain [Mei] 330 X 3 1%
L Y -0.7381 7.3608 . .
|15 EA e R
wom s | v | ey e N for confirmation of
S.1 Hlat-18 Leell=4.200 Lsec-75.600 il — e r?é.g‘%é? =
S:2 Hlat=26 Loell=4 600 Lsec=119.600 E A= 0.00 B 0.0476 7 139 |19.2740 A= -0.122 B= 0.00 .
T3 i N
1375 -1ileaze HE deS| n
o . g&%% <232> \anras \224\cav\cav-quad. t3 1 |
. RE: 13 il
E— R I e e
iy X B T, Ty Ty pe—— y P P —
10.0 Deg X | 1000.0 Kev 10.0 Deg X | 1000.0 Kev 610

Section1 | Default Linac

‘ E:16 P | 5/24/2002

Length= 506397.mm

.y

,W

Poster WEPLE109:
Adiabatic Matching in Periodic Accelerating R -
Lattices for Superconducting Proton Linacs N G B
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352 MHz (3=0.85 prototypes with CERN

INFN Milano LASAYGenova

lllllllllllllllll
di Fisica Nuclears

352 MHz cavities with CERN (MOU)
- Use LEP IT sputtering technology
- Single cell and 5 cell sputtered - $=0.85
- Cavity integrated in a LEP type cryostat
All tests reached the design goals, indeed performed as the best LEP batch
But: Bulk niobium is needed at lower (3, and the gradient is moderate w.r.t 704 MHz

B [mT]
p
0 5 10 15 20 25 30 35 40 Test in a modified LEPII
' | ' | . cryomodule (Aug. 2001)
6| gy, S L;ZQ 1 - Powered to 250 kW
wig L » ¥ He Processing 2 - 7 MV/m
4t § .,
Qo L T
Wik
® v:".
2t .- i‘?\ ‘& “‘
l. A v‘v
{ i TRASCQ Specifications
08l " @=2x10" @55 MV/m |
06|
0 1 2z 3 4 5 6 7 8
E . [MV/m]
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lN:P? _ B=0.47 single cell cavities prototypes

L/ I'NIFIN Milamno LASA
Fabricated with RRR>30 & RRR>250 Niobium at Zanon '
BCP, HPR and tests at TINAF (Z104) and Saclay (Z101-Z103)

1

[ —
F Max Epeak = 74 MV/m  © ZIOIRRR=30 4 pon 1 _cell:
) ol 7104 RRR=250 B /E = 5.38 mT/(MV/m)
8%0%0@:@‘90 P gP
o0 8 o So © o
10° A o o "og For 5-cell:
3 °© oo oo, 1 E/E, =3.57
- design value, B =50 mT i Peg] B /EacC = 5.88 mT/(MV/m)
- E =30.3 MV/m, g :
| E,.78:5 MV/m ° | Two 5 cell cavities are
8 | | Quench N°q”|€“°h %IQuench under fabrication
P o 20 40 60 80 100 120 140 Poster THPDOOZ23: RF
E I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 N
P o 10 20 20 20 - " - Tests of the Single Cell
P T A E N E O S S R A Prototypes for the
g 2 4 6 8 10 12 14 16 18 20 22 TRASCO =0.47
Cavities ﬂ

Bp [mT], Ep [MV/m], EaCC [MV/m]
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INFN  Baseline of the "smooth” linac design

(e
”J'E eV 100 MeV 190 MeV 480 MeV 1 GeV
RF Q : | : ) T I T T T J T
Trans Phase advance/m 8
100 Long Phase advance/m 1
— Period Length
TRt cen L]
[deg/m] a0 IsCL 16

60

40

20

P. Pierini

B[

FODO

period

Continuous phase
advances at transitions - 4

[}=0.50

2 cav/cryo 3=0.68

doublet 3 cav/cryo [}=0.86 12

doublet 4 cav/cryo
%_“‘--_,____ doublet
1 i 1 i 1 L 1 . 0
50 100 150 200 250 300
L [m]
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iN/FN ~ Full SC linac from 5 MeV to 1 GeV

IHPUT @ 5 MeV 105 p‘l'cl  Results of non-linear simulations
' No particle losses, beams well confined

Trace_Win - CEASDSMADAPMNIAS SEA

g R R e R e R R LR R R R AR R R BRI R BRI
= 2
MY (mm-mm) E D ) . | .
045f--2 1D-: """""""""""""""""""" o x r.ms enve Ope
0.1 o .2
005} --- 5
0 of
00544 5
014 5
0A45%--4 10..
30 20 10 0 1u 20 30 i 5 10

Ou‘rpu‘r @ 1 GeV

T T T T T o
-10 -5 0 3 10 ] P h l
L
Phase-Energy (deq(352.2 MHZ)-Me) PR e S S e e e as e r. ms e nve o p e """
o > :
IJ"' rr
e g 1
L 1
P’ 1
""""" i Ml Sl Ml
- 1
o 1
R 1
RE Q- —1
& 100 150 200 250
B e e e E L R e P LY
; ; t t =
-2 -1 i} 1 2 E o Meter
Wyio=1013.878 Me' Phase=0.001 deg Hmaee =7 252 mm Ymax = 5771 mm
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', N F. N . Rms eml*Tances gr'OWth (from end of RFQ to full energy) < 2 /o
(o
5 MeV 100 MeV 190 MeV 480 MeV 1 GeV
T T T T T T | ' | !
P T -fn\-!-___-__ﬁ__.__‘ h___;__r.n—-——-______.-——-"'-#h_"—_ — an2n
U.D f ¥ T
€ & &, €
[mm mrad] [352]2 deg MeV]
40.15
Avoided: “ox
- Structure resonances oy
- Tune resonances nz
- Big ftune depression
Guaranteed: $=0.68 $=0.86 40.10
- Smooth beamline changes 3 cav/cryo 4 cav/cryo
- Good matching procedures . , ,
150 200 250 300
L [m]

P. Pierini
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', N F. N . Rms eml*Tances gr'OWth (from end of RFQ to full energy) < 2 /o
(o
5 MeV 100 MeV 190 MeV 480 MeV 1 GeV
T T T T T T | ' | !
P T -fn\-!-___-__ﬁ__.__‘ h___;__r.n—-——-______.-——-"'-#h_"—_ — an2n
U.D f ¥ T
€ & &, €
[mm mrad] [352]2 deg MeV]
40.15
Avoided: “ox
- Structure resonances oy
- Tune resonances nz
- Big ftune depression
Guaranteed: $=0.68 $=0.86 40.10
- Smooth beamline changes 3 cav/cryo 4 cav/cryo
- Good matching procedures . , ,
150 200 250 300
L [m]
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INFN — Perspectives
(e P

The effort to build a complete ADS system exceeds the capabilities
(and the funding availability) of any national program like TRASCO

- TRASCO means to provide significant R&D and prototipical effort along
the road to the design of a transmuter system

- cfr. " A European Roadmap for Developing Accelerator Driven Systems
(ADS) for Nuclear Waste Incineration’, by the European Technical
Working Group on ADS, April 2001 —

(available in http://itumagill.fzk de/ADS/)  plfEt s’

Already in the FP5 of the European Commission a Program has been
funded: "PDS-XADS - Preliminary Design Studies for an
eXperimental Accelerator Driven System”

- 25 Partners, from Research Institutions to EU Industries

- 12 M€ Program (50% supported by the Commission)

- Several Working Packages, dealing with various aspects of an ADS
- WP3 is dedicated to the Accelerator

More to come in the FP6 ...
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