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UNIversal Linear Accelerator
UNILAC === 1L

design parameters after upgrade
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Alvarez DTL =P
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What is the motivation
for a new post stripper DTL? =51l

FAIR goal

High current applications

as required by FAIR

(high intensity operation of heavy
ions was not considered in the
1960°s)

—_
N

—_
o

Operational risk
Alvarez DTL is

o]

in regular operation since 1978

(expected lifetime: ~20 years).

An increase in failures is observable.

Number of failed drifttubes
(o]

Maintenance effort is increasing.

1975-1984 1985-1994 1995-2004 2005-2016

Year
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What are the operational risks? IS

Risks 1) Water leaks 1) Water leaks
1)  Degredation of RF-properties i1)  Degredation of RF-properties
11)  Failure of cooling system 111)  Failure of cooling system
1v)  Electrical shortcut of internal
windings
Reasons 1) Corrosion (mild steel) 1) Erosion
1)  Aging of the Cu layer 11)  Aging of the Cu layer
ii1)  Corrosion/Erosion products clogup 1i1)  Corrosion/Erosion products clog up
the cooling channels the cooling channels
1v)  Aging isolation
Counter- 1), 11) Substitution of tanks and endplates 1)-1v) Substitution of drift tubes
measures 1) Cu-stripping and re-Cu-plating 111)  Rinsing, closed stainless steel
1)  Rinsing cooling circuit in 2013

Minimizing the operational risk means a one-to-one copy of the existing DTL
* no win of performance
» costs (and resources) for refurbishment

are comparable to the costs of a new post-stripper DTL
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What defines the FAIR goal? =51

1.0 £

FAIR goal

- ,upgraded” SIS18
08 | space charge limit

—

= 08
ﬁ gap caused by design of
= UNILAC from 1960's,
04 - w.r.t. the post-stripper DTL.:
s * not a dedicated HC DTL
(courtesy p: Spiller) (intertank sections)
‘ ‘ | e quadrupoles gradients
o8 . _ 1 I _ I are limited (phase
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How to reach the FAIR goal?
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How to reach the FAIR goal
with the new DTL beam dynamics layout? === 1L
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periodic focusing
(new design of the inter-tank sections
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What are the results?

FAIR Zero

current

Low energy

Larger

long. emit.

Smaller long.
emit.

Transvers.
flat beam

Current, mA

Input & (rms), mm mrad
Input & (rms), mm mrad
Input €, (rms), mm mrad

Output energy, MeV/u

16.5 0

0.175 0.175
0.175 0.175
0.07 0.07
11.4 11.4

0
0.175
0.175
0.07
3.3

16.5
0.175
0.175
0.14
11.4

16.5
0.175
0.175
0.035

11.4

16.5
0.0875
0.35
0.07
11.4

Transmission, %

A &, (tot, 95%), %
A€, (tot, 95%), %
A E, (tot, 95%), %

100 100
7 0
7 0
10 0.7

100
0
0

1.7

100
7
10
5

100
8

100
16
3
4

Fiotvan - CEA/DSWITW/SACH
Ele:0[0m] NGOOD : 100000/

X{mm) - X'(mrad)

104

53 .
o

104

baadatiantsiiasasn s
<10 -5 0 S
Y{mm) - ¥'(mrad)

s

Zos

#

S0
10

107
i
0l

I
104 !

1

bevrr g pend

<10 -5 0 S

P(deg @108.41 MHz) - W(MeV)
i

3

o
10

0

53

. O
537

0

N

Zos

=0
ke
Eo

Po=-0.000 deg
Wo=333.20000 MeV'

XX
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Yy
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X &Y (mm)

What is expected in front of SIS18? =51

TraceWin - CEA/DRF/Irfu/DACM
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,realistic scenario”
- taking tolerances into account

Quadrupole x.y displacement +0.15mm
Quadrupole x.y rotation +1°
Quadrupole z rotation +0.1°-0.4°
Gap voltage + 1%
Gap phase +1°
Initial energy +0.5%
Input rms emittance (X.,y,z) + 15%
Input beam mismatches (x.y,z) + 10%
Input Current + 15%
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What is new concerning the rf-design? I===1I

existing

At 1.0 Kilpatrick (maximum surface field),

6.5e+006
_ e ~13% increase in shunt impedance
§ 4e+006 I
w 3e+008 Surfaceﬂeldofnewtubeshaple(ZTI' GDGMOhm‘Im) 6-4¢+m7 . . : Z'I‘TI?I.-P ~
2e+006 - Surface field of original tube shape (ZTT = 53.3 M Ohm / m)[ ™ 6Ze+w7*--------------é--------------é"-"""" ___E____.__________; ______________
5e+0050 210 40 60 8:0 1(1)0 120 6e+007 1-------- ----------- e T : .........
Curve Length / mm 5.8a+007 ‘.L .,L‘, A A;:‘
E (4707 "y B ERPER T S— . ,, ..............
g 5.4e+007 1 ; : : S——
= Modernisation = 5.264007 |- eens Jap— ..............

%~ of UNILAC RF-systems £ Ses007

¥ 4se+oo7 | _ _
w 1.8 MW THALES 4.664+007 - _____________ , ne?dnfth.lbe('iesgn

cavity amplifier prototype 4.464+007 1 .............. ..............

existing driftiube design

{2 (2ms rf pulse length @10Hz) 4264007 : : ,
20 25 30 35 40 a5 50
G. Schreiber, B. Schlitt, GSI E_peak for 1V Gap Voltage / [V/m]
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What are the challenges? IE5S I

storage/assembling/testing
areas on-site

expertise is retired Dimension of the cavities Cu-plating

equipment is
scrapped partly

new drift tube design
(tight spatial conditions, higher gradients)

Reqular beam time in parallel FAIR project in parallel
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What is the First of Series (FoS)? =5

B ey Feb 2017:

System-Decision:
Alvarez type DTL

Jul/Aug 2017:
FoS funded with
1.5 M€ until 2021

Nov 2017:
Procurement of components starts

2018-2020:

R&D: System design
process development
preparation test stand
delivery of components

2021

Full performance tests
-> rf characteristics

-> pulsed quadrupoles
-> cooling system

1st section of A1 cavity (11 + two "2 drifttubes)
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What is the FoS-status?
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How the schedule looks like?

strict boundary condition:
minimize the downtime

-> don't touch the
existing if there is any
uncertainty about the
new Alvarez

-> sequential installation
and commissioning

-> UNILAC downtime
has to match the FAIR
schedule
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Summary =5 1K

Two aspects require the substitution

Operational risk
refurbishment of the existing DTL means an one-to-one-copy
-> no gain in performance, no significant cost savings

FAIR intensity requirements for heavy ion beams
-> existing DTL is not designed for HC applications
-> intertank-sections and limited quadrupole gradients

Robust beam dynamics (focusing periodicity)

re-design of intertank-sections
higher quadrupole gradients

RF-efficiency is increased by new drift tubes geometry

FoS-Project is funded until 2021
-> testing of innovations in design and fabrication
-> procurement and development is in progress

Kick-off for series production is a successful FoS project

No immediate ,urgency” until the existing UNILAC is in operation,
a delay X can be allowed w.r.t. the overall FAIR schedule and the project's
progress
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Michael Kaiser, ==
Peter Gerhard,
Lars Grgeny
_Marcef’ f 3
Jens Holltpa, *
Stephan TeiGhelh
Markus Romi_ _
Tanja Dettinger, ¥
Frank Céurs,
Norbert Bonsch,
Eberhard Merz‘t_
Stefan Jagsch,
Wilfried Sturm,
Vaishnavi Srinivasan,
Carsten Muhle
Bernhard Schlitt,
Gerald Schreiber,

Foto:Sep2018 by T. Middelhauve/FAIR
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