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Development of new Heavy lon Linacs at GSI F_\|R I == I

* Introduction to GSI
* Linac developments for:
« upgraded UNILAC

« design of a cw-linac

« Summary
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GSI: Center for Heavy lon Research FAIR == 1II

« all ion species from protons to uranium

» protons to 4 GeV, uranium to 1 GeV/u

» parallel provision of three ion species at
several energies to several users
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Typical Beam Time Schedule at GSI F_\|R == I

June 2016

J 2016 1 2 3 4 5 i1 7 3 g 10 11 12 13 14 20 21 22 23 24 25 26 27 28 29 30
un Mi | Do | Fr | Sa | So | Mo | Di Mi | Do | Fr | Sa | So | Mo | Di Mo | Di i Do Fr | Sa | So | Mo Di Mi | Do
48-Ca U300 / UX8 197-Au UMAT / M-Branch 304 / [ 197-Au UMAT / M-Branc 48-Ca U295 / UYT
UNILAC 1 Yakushev Trautmann / Bender Tohanus / K Trautmann / Bender Laatiaoui / Block
197-Au UBIO [197-Au UMAT( 12-C UBI | 197-Au UMAT / UX0 45-Ca UMAT
UNILAC 2 Friedrich Trautmann / Friedric Trautmann / Toimil Trautmann /
48-Ca U295 / UYT
UNILAC 3 o
UNILAC 4
UNILAC 5
g ——
238-U SDET / HTA (124-Xe ¥DET /HTC
SIS 1 Trautmann Sim cheidenberger

124-Xe SDET / HFS
8152 Scheidenberger / Simon
238-U SBO
SIS 3 Sozyvk
238-U SDET / HFS 124-Xe SDET / HTA
SIS 4 Scheidenberger / Simon Scholz/Trautmann
SIS 5
ESR 1
1

* C, Au, and Xe provided in pulse-to-pulse switching mode

* up to eight physics experiments conducted in parallel
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FAIR Injector:

UNIversal Linear ACcelerator UNILAC F'\lR =5 1L
115 m toSIS18%
MUCIS, HLI (ECR, RFQ, IH) . r & e v 3 3
MEWA | ggT 108 MHz Foil
—d I HSI (RFQ,IH1,IH2) -~ Poststripper (Alvarez, Cav.)

=l SRR
an \ = a
|
36 MHz Gas Stripper 108 MHz 14 I\>I v/
PIG 1.4 MeV/u 4 Mevil
2.2 keV/u

120 keV/u

design parameters

: \ ion A/q <8.5,i.e. 23828+
beam current (pulse) * A/q 1.76 (0.5% duty cycle) [ mA
beam energy (adjustable) 3.0-11.7| MeV/u
normalized total output emittance, horizontal / vertical <(0.8/2.5) mm mrad
i r beam pulse duration <200 us
= beam repetition rate <10| Hz
™ I operating frequency 36/108 | MHz
i _:E;;f ' length ~ 115 m
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UNILAC Upgrade Activities

+ dedicated uranium-terminal & LEBT

* increase of rep. rate 1.0 Hz - 2.7 Hz

HSI-RFQ: new beam dyn. design

(ECR, RFQ, IH)
108 MHz

FAR =1

new post-stripper rf-sources

K
36 MHz Gas Stripper
PIG

new post-stripper DTL
to SIS 18 %

- Poststripper (Alvarez, Cav.)

MEBT: re-design stripper: increase efficiency

emittance transfer hor. — ver.
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Heavy lon Stripping FAIR == 1II

* intensive heavy ion beams — increase of ,ionic charge”® by collision with matter (= STRIPPING,
removal of electrons) — reduction of the required effective potential for acceleration

* collision of heavy ions with matter — e--capture (~ Z°) and e--loss (~ Z4)

H, (pulsed) gas cell
>10 ug / cm?

charge state spectrum

N, gas jet = 50 courtesy

y P. Scharrer, W. Barth = Nz
c
2 | Hz
L 15
=
17}

Pulsed Eﬂ

gas valve ‘S 10
2
%
: I J
=]
k=
©
2 I

Interaction zone 0 [ ‘ -
21+ 5+ 27+ 3+ 35+
:ﬁ:m"ppw charge state

gas stripper section

trigger signal

J. Radioanal. Nucl. Chem. 305, 913 (2015)

@ 1.4 MeV/u courtesy E. J&ger, A. Yakushev, J. Khuyagbaatar Phys. Rev. ST Accel. Beams 18 040101 (2015)
‘ N A I P. Scharrer, et al. @HIAT2015
beam energy loss: W. Barth, et al. @IPAC2016
W. Barth, et al. @HB2016

28+ N, jet (max.) 1445 keV/u

28+ pulsed H, stripper cell
U (1 valve, 7.5 MPa) 17+5 keViu e

204 pulsed H, stripper cell ‘
U (2 valves, 5.5 MPa) 2745 keViu
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Complete 4d Transverse Diagnostics

FAR =1

* hor. brilliance, i.e. I/, is crucial figure of merit for injector
* £, can be enlarged from unwanted hor.~ver. beam correlations
* in turn, removal of correlations increases brilliance w/o beam loss

* requires full 4d transverse diagnostics at energies of some MeV/u
NIM A 820 14 (2016)

Phys. Rev. Accel. Beams 19 072801 (2016)

0 4:---:?1&3!;:_5-2-757- - -Thelanlz_;‘llf(lng- o mean=-0.7390 mean=1.5229
. d _sigma=0,38?'5 | sigma=0.1281 sigma=0.2391 sigma=0.0712
% 03|
=
o
£o2
2
@ 01
o
0.0% T -
00 05 00 05 1.0 15 20
<xy> [mm’] <xy'> [mm mrad] <x'y> [mm mrad] <xy'> [mrad’]
courtesy M. Maier « all inter-plane correlations measured
ROSE: 8310 13
- - +
ROtating System for Emittance measurements *« ®Kr>*at 1.4 MeV/u

. 23828+ gt 5.9 MeV/u

ik
Clicihs
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Transverse Emittance Transfer (EMTEX)

125m

doublet skew triplet -
triplet g
3
charge state stripping inside solenoid
1N+ @ 11.42 MeV/u, low current
35
@ hor., exp.
— ® ver., exp. * *
g = =hor., 4d-env. SIS — Accept. (ver.) § o
E 254 |= -ver,4d-env. _’.-";
E *+ hor., sim. * _—_,,.-"'
E 20 4 -~ ver., sim. o
& }-—'""
2 o’
8 Lsiﬂ,jbf'
E ‘.l_____"
o 07 T, B
:E. SIS — MTl-Accept. (hor), -y
0,5 1
0,0 T T T
0,0 0,2 0,4 0,6 0,8 1,0

Solenoid Field (T)

LINAC 16

d - TH1A03

emittance
meas. slit

transformer

m = ;rl,n'"f[]
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solenoid field strength (T)

-]
E
~

wﬁ%b

Phys. Rev. ST Accel. Beams 14 064201 (2011)
Phys. Rev. ST Accel. Beams 16 044201 (2013)
Phys. Rev. Lett. 113 264802 (2014)

I T T T T
Measurement

—  Simulation

B, =09T
| B, =04T
B, = 0.0T

submitted to NIM A by S. Appel et al.

A& [mm mrad]

— &,=40,35
— &,=34,44]|

To=3ps — £,=2964

[T L 1 T
50 100 150 200 250 300
Tlues]

9



New Alvarez-Type DTL:
Overall Layout

FAR =1

five cavities for acceleration from 1.4 to 11.4 MeV/u, 184 cells
pulsed em-quadrupoles

65° of transverse phase advance g

profile grid / pumping
phase probe

current transformator
gate valve
quadrupole
re-buncher (1 MV)

inter-tank section (= 1m)

emittance growth < 5% at 35% transv. tune depr.

inter-tank sections provide for
* intermediate energies
« diagnostics
« reminder: UNILAC changes ion & energy a0
almost every day! :

courtesy A. Rubin

1
; E Lttt i LIlill II|L||'|".';| 1 |r|| I|l|| I|I||IlI|I|||I|I |||||. |I|||-I|||I mn:'un|'uu=:mmm|fif.?|.'|‘|7|'|'|? fll- ":'Illlllllllllllllllllllllllr i..‘.-
- E :[ O R OO X R O KRR e '!".”.'1'!".“.'1'E.'E':':'!'F.'L'.'1'_

0 10 20 30 40 50 60
Position (m)
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New DTL:
Operation at Intermediate Energy

FAR =1

operation at 3.0 MeV/u output energy:

< 61 m .
. rf-power in last DTL tanks
- —— no

DTL tanks single gap « preserve short bunches along DTL
E resonators » decelerate in single gap resonators
E
™
™

low current, 3.3 MeV/u long. output

courtesy A. Rubin P(deg @lDB 41 MHz) W(MeV)

TI’EICEWIH CEA/DSM/Irfuf SF\CM

-6646200 204060

Position (m)
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New DTL.:
Asymmetric Transverse Focusing

FAR =1

— 6,0, = 087 | = ---- o,fo, =115

—_— n<c"ﬁ',o =090 | = ----- r’,c"lf_’.’u =111

focusing shall preserve beam emittance ratio (flatness)

—_— cmmw =1.00

space charge drives re-equilibration of emittances

bd
>

mitigated by stronger focusing in ver. plane

Ratio of ver. / hor. Emittance = 3.5

Ratio of hor. tunewith /whithout space charge
o
2 < <

ver. focusing quads at stronger gradients w.r.t. hor. ones

0.2 0.4 0.6 0.8 1 12 14

few % of increase of ver. quad gradients works Ralioof ffective ver.hor. tune

courtesy A. Rubin TraceWin - CEA/DSM/Irfu/SACM

TraceWwin - CEA/DSM/Irfu/SACM

] —=— Ey
—0.35 j‘ = — Ex
E ] ver.
= m
ET
g flatness preserved !
% g.zi
E_ D_lSé
5 ] hor.

Position { m )
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New DTL:
Optimized Drift Tube Shape

FAR =1

improved shapes of drift tube end plates =1

T
36 MH=z= Gas Stripper 108 MHz=z
[13
Jfreehand“-shape
N
[=3
(=]
3
3
Design V5 tank | tank Il tank Il tank 1V tank V BBS
20160713 20160713 20160713 20180713 20160713 20160713
eneray [MsViul 1.392-3316 | 3.316—4.351 | 4.351— 6521 | 6.621—B.966 | B.966— 11.341 | 4.351 courtesy X. Du
apperture radius [mm] | 15 175 17.5 17.5 175 17.5
r-phase [deg] -30 -30 -30 -25 -25 +- 90
# cells 55 20 43 a5 31 2 Z_eff summary
;
Lo/ Lot 0.27 027-028 | 023-025 022-023 |022-023 028 ; :
rtength [m] 10.54 4.99 12.78 12.41 12.53 0.53
E E 1.00 1.00 0.96 0.98 0.96 1.00 £ ‘
armax [ 3 Tankl i
= ., H
Procs s [MW] 0.885 0.555 0.870 0.842 0.853 0.121 S » Tankl existing |
— v Tank2 :
Pz IMW] 0.245 0.132 0.289 0.209 0.303 0 = F
& 4+ Tank3
Q, 116000 113000 118000 117000 114000 52600 N . Tankd S—
<Zomx [MQUM] 28.67 27.05 33.48 18.02 38.13 24.78 + Tanks o
Emumean (MVIM) 155 176 1.51 1,61 1.61 0 A N T T e e T
Epmmean (MVIM) 1.59 | | ; ‘ ;
80 100 120 140 160 180 200

cell number
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New DTL:

Field Stabilization through Stems FAR ==

each drift tube is kept by two stems:
« provision of quad current and water cooling of tube & quad
» well-chosen orientations of stems suppress parasitic TM rf-modes

AT ““E.:w%m?nmrw““

U1 . m

3 il nmu'% HUM Tl Im. o ourteSyA. eiel

T
= :
S, |
- :
3
g :
T !
5 |
g -2 - : : : : T
3 ] |----- constant V-configuration |: b, ]
,"—E -4 |- if — stem configuration E -s_w
i|--- stem configuration M
-6 ; ; ; ; ; ; ; ; ; ; _
0 5 10 15 20 25 30 35 40 45 50 55 1:3 scaled cold model to probe experimentally:
Cell Number « different stem orientations
submitted to Phys. Rev. Accel. Beams by X. Du » different drift tube surfaces
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New DTL.:
Rf-System Modernization

FAR =1

1.8 MW rf cavity amplifier prototype

150 kW solid state driver amplifiers (prototype
in preparation)

control racks for high power amplifiers

 modern PLC systems for amplifier control
* new fast interlock and measurement units
« commercial grid power supplies THALES

» to be used with existing amplifiers first
and with new ones later

re-use of existing powerful 1 MVA courtesy B. Schit
anode power supplies equipped G. Schreiber J. Zappai
with new PLC controls

development of new digital LLRF
systems based on MTCA .4

innovative /a@®.\
s ( DESY |
h_\hlt.‘l]]t_‘ "o/
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Superconducting cw Heavy lon Linac:
Motivation & Design Parameters

FAR =1

reactions at Coulomb barrier — production of SHE .
operation: cwW
A/q: 6

beam current: <1 mA

multi-gap CH-cavities
« small number of rf-cavities and short cavity
lengths (up to 1 m)

acc. gradient of 5 MV/m — compact linac
design

 several cavities & solenoids per cryostat
* modular construction

injection energy: 1.4 MeV/u
output energy: 3.5-7.3 MeV/u

production of element ;;-uut:

GSI-UNILAC cw-Linac .\: ) WG,
beam on target 3 weeks 2 days
courtesy

. W. Barth, V. Gettmann
cw-linac layout (s. Minaev, 2009)

Quadrupole Solenoid Accelerating Rebuncher
triplet cavity
3.5 MeV/u
1d4MeVin | === | T e ieae—seseeseeee e o

HLI
injector

_________________________________________________________________________
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Superconducting cw Heavy lon Linac:

Layout and Timeline of R&D Phase F'\IR iI= = 1K

217 MHz CH demonstrator cavity

& (P —
- l- M,

(M. Miski-Oglu @ ann. meeting
2016 of HGF-M&T, KIT/Karlsruhe)

courtesy

‘1‘ W. Barth, V. Gettmann

courtesy
H. Podlech, F. Dziuba

HLI
injector @ GSI |3 oo SNy &4 LA L a b Al R LA L
Alq=6
11 m
1.39 1.88 24 3 3.6 E (MeV/u)
2016 2017 2019

Step 0 demonstrator (1 cavity)

Step 1 demonstrator (3 cavities)

Step 2 advanced demonstrator (7 cavities)
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Superconducting cw Heavy lon Linac:
Recent Status

FAR =1

cryo module assembly (11/2015) rf-testing (Frankfurt Univ.)

- g e ‘i
courtesy ' : o8 vo
H. Podlech, W. Barth j A
Q‘%"oqj‘:\%
: RS ;
i o i i
o | %eeg g
< 10 ———
| EE—
.
ol
0 2 4 6 8
(M. Miski-Oglu @ ann. meeting E, (MV/m)
2016 of HGF-M&T, KIT/Karlsruhe)
, delivery status
first cool down of cryostat to 4K 108.4 MH high power
and ramp up of sc solenoids t0 9.3 T ' z re- rf-coupler
| 7 buncher
clean room
upgrade @ GSI

(class ISO 2)
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Summary

FAR =1

* two heavy ion linacs are under design at GSI:

1.
2.

nc, high intensity, low duty cycle DTL for ions from protons to uranium

sc low current cw-linac for ions with A/q < 6

» to this end several developments are ongoing/accomplished:

significant enhancement of heavy ion stripping efficiency
full 4d transverse beam diagnostics

hor. — ver. emittance transfer w/o beam loss
asymmetric transverse focusing

drift tube shaping for increased shunt impedance

cavity field stabilization through stem orientation

sc CH-cavities

in-situ alignment set-up @ 4K
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The Development Team ... FAR =1

A. Adonin, W. Barth, M. Baschke, M. Basten, M. Bevcic, M. Busch, D. Dahn, X. Du, Ch.E. Dillmann, F.
D. Dziuba, P. Gerhard, V. Gettmann, H. Hahnel, M. Heilmann, R. Hollinger, P. Horn, E. Jager, M.S.
Kaiser, J. Khuyagbaatar, M. Maier, M. Meister, M. Miski-Oglu, C. Mlhle, H. Podlech, U. Ratzinger, A.
Rubin, P. Scharrer, B. Schlitt, G. Schreiber, M. Schweda, A. Seibel, W. Sturm, H. Vormann, H. Welker,
C. Xiao, A. Yakusheyv, S. Yaramyshey, J. Zappai, C. Zhang, O. Zurkan,

and many more ....
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LINAC 16 - 3 TH1A03

thank you !

L. Groening et al. / Development of new Heavy lon Linacs at GSI
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