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FAIR requirements:

— high beam currents

— low repetition rate (max. 3 Hz)

— low duty factor (0.1 %, pulse length for SIS18 only 100 ps)

“Super Heavy Element” requirements:

— relatively low beam currents

— high repetition rate (50 Hz)

— high duty factor (100 %, pulse length up to 20 ms)

— Material Science at GSl-experimental hall

— Heavy lons (m > 200)

— High Beam Energy (up to 10 MeV/u)

— Continuous Beam Energy Variation (1.5 — 10 MeV/u)

M. Miski-Oglu , IPAC19, 20.05.2019
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Cryomodule 1

Recent layout of the future superconducting cw HELIAC*

Cryomodule 2 Cryomodule 3 Cryomodule 4
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Design parameters sc cw-LINAC

Alq <6
Frequency MHz 216.816
Beam current mA <1
Injection energy  MeV /u 1.4
Output energy  MeV/u  3.5-7.9
Length m 20
CH cavities # 12
Rebuncher # 4
Solenoids # 8

Layout properties

* Multigap CH cavities

* Cavities with short lengths (<1 m) and small transverse
dimensions (<0.5 m)

* Modular construction with 4 cryomodules

* Each containing 3 CH cavities, 1 buncher, 2 solenoids
* E,=7.1 MV/m enables compact linac design

* First step — Demonstrator project

* HEImholz Linear ACcelerator

M. Miski-Oglu , IPAC19, 20.05.2019
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Layout of demonstrator cryomodule

Superconducting
9.3 T solenoids

Superconducting

217 MHz CH cavity
Support

frame

M. Miski-Oglu , IPAC19, 20.05.2019 4
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Layout of demonstrator cryomodule Demonstrator at GSI-High Charge State Injector (HLI)

Superconducting
9.3 T solenoids

Demonstrator

Control Room

LHe reservoir (3000 I)

Superconducting

217 MHz CH cavity
Support

frame

M. Miski-Oglu , IPAC19, 20.05.2019 4
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H,,, mode of ”pillbox“ cavity

E field

* Drift tubes are alternating connected to “+” and “-” potential

* Cross-bar-H-mode cavity — CH cavity

M. Miski-Oglu , IPAC19, 20.05.2019 5
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H field E field E field along beam axis

1,4 T T T T T T

—— Simulation
12 —— Measurement 01-28-2015

ol M ,

04 F - - -

oL .;U;

0 100 200 300 400 500 600 700
Beam axis / mm

E / arb. units

* Drift tubes are alternating connected to “+” and “-” potential

* Cross-bar-H-mode cavity — CH cavity

* Multigap drift tube cavity for the acceleration of protons and ions in the low and medium energy range (0.05<3<0.6)
* Accelerating voltage up to 6 MV

* Equidistant gaps provide for flexible beam dynamics

M. Miski-Oglu , IPAC19, 20.05.2019
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Low level RF test in vertical cryostat at 4.2 K
Low level RF test in horizontal cryostat at 4.2 K
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* Improved performance due to an additional HPR

Low field emission activity

M. Miski-Oglu , IPAC19, 20.05.2019
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1070
+ Low level RF test in vertical cryostat at 4.2 K
+ Low level RF test in horizontal cryostat at 4.2 K
+ Beam test with power coupler
% Design CW linac
LCche Friowoa
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Improved performance due to an additional HPR

Low field emission activity

High accelerating gradient

Acceleration of ions over design up to A/q =12

M. Miski-Oglu , IPAC19, 20.05.2019

RF Tests of the Cavity at IAP and GSI == I

(more information on poster WEPRB014, WEPRB012)

Dynamic tuner Static tuner

Preparation
ports

Helium vessel
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10"
+ Low level RF test in vertical cryostat at 4.2 K Dynamlc tuner  Static tuner
+ Low level RF test in horizontal cryostat at 4.2 K
+ Beam test with power coupler
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* Improved performance due to an additional HPR Rmag ~ nQ 9 12
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* Low field emission activity E, MV/m 6.9 9.6
) . . Qo 2.19- 108 8.14 - 108
* High accelerating gradient v, MV 42 59
. . . E, MV/m 43 60
* Acceleration of ions over design up to A/q =12 B mT 39 55

»

* R&D for further improvement of rf-performance

M. Miski-Oglu , IPAC19, 20.05.2019
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* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u

M. Miski-Oglu , IPAC19, 20.05.2019 7
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* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u

M. Miski-Oglu , IPAC19, 20.05.2019 7



# v Matching Line for the Beam Test == 1

Helmholtz-Institut Mainz

1,4 I-|MLeIV/u NX N e N X x1y Democr:’;trator :l

* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u
* Steering magnets

M. Miski-Oglu , IPAC19, 20.05.2019 7
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1,4 I-|MLeIV/u NX N e N X X1y _@ Democr:’;trator :l

* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u
* Steering magnets
* Additional Re-Buncher

M. Miski-Oglu , IPAC19, 20.05.2019
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1,4 I-|MLeIV/u NX N e NX X1y Democr:’;trator :l

* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u
* Steering magnets

* Additional Re-Buncher

* Quadrupole doublet

M. Miski-Oglu , IPAC19, 20.05.2019 7



# v Matching Line for the Beam Test == 1

Helmholtz-Institut Mainz
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1,4 I-|MLeIV/u NANG N AN e NA Democr:’;trator :l

* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u
* Steering magnets

* Additional Re-Buncher

* Quadrupole doublet

* Profile Grid

M. Miski-Oglu , IPAC19, 20.05.2019 7
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1,4 I-|MLeIV/u NXNG NX X1y 6 NX Democr:’;trator EHE) El—:l

* HLI provides Arll*, Ar®*, Ar*, He?* @ 1,4 MeV/u

* Steering magnets

* Additional Re-Buncher

* Quadrupole doublet

* Profile Grid

* Phase probes for TOF measurement of beam energy (also as BPM)

M. Miski-Oglu , IPAC19, 20.05.2019 7
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Matching Line for the Beam Test

HLI
1,4 MeV/u

NXNG NX X1y 6 NX Democrgtrator

@_:l

M. Miski-Oglu , IPAC19, 20.05.2019

HLI provides Arll, Ar®*, Aré*, He?* @ 1,4 MeV/u

Steering magnets

Additional Re-Buncher

Quadrupole doublet

Profile Grid

Phase probes for TOF measurement of beam energy (also as BPM)
Beam current transformers for transmission measurement
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Matching Line for the Beam Test

HLI
1,4 MeV/u

cw

NXNG NX X1y 6 NX Demonstrator

M. Miski-Oglu , IPAC19, 20.05.2019

HLI provides Arll, Ar®*, Aré*, He?* @ 1,4 MeV/u

Steering magnets
Additional Re-Buncher
Quadrupole doublet
Profile Grid

B
iﬁﬁH
M

Phase probes for TOF measurement of beam energy (also as BPM)
Beam current transformers for transmission measurement

Bunch shape monitor (Feschenko monitor)

PH]
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Matching Line for the Beam Test

HLI
1,4 MeV/u

NXNG NX X1y 6 NX Demonstrator

cw

M. Miski-Oglu , IPAC19, 20.05.2019

HLI provides Arll, Ar®*, Aré*, He?* @ 1,4 MeV/u

Steering magnets
Additional Re-Buncher
Quadrupole doublet
Profile Grid

B
Ll
M

Phase probes for TOF measurement of beam energy (also as BPM)
Beam current transformers for transmission measurement

Bunch shape monitor (Feschenko monitor)
Slit-Grid emittance measurement device

Mob
EMI

P
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Matching Line for the Beam Test

HLI
1,4 MeV/u

NXNG NX X1y 6 NX Democr:’;trator

M. Miski-Oglu , IPAC19, 20.05.2019

HLI provides Arll, Ar®*, Aré*, He?* @ 1,4 MeV/u
Steering magnets

Additional Re-Buncher

Quadrupole doublet

Profile Grid

B
Ll
M

Phase probes for TOF measurement of beam energy (also as BPM)
Beam current transformers for transmission measurement

Bunch shape monitor (Feschenko monitor)
Slit-Grid emittance measurement device
6d characterization of the beam

Test Bench of components and procedures for future HELIAC

Mob
EMI
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Longitudinal Matching
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M. Miski-Oglu , IPAC19, 20.05.2019
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Longitudinal Matching
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ﬂum Bunch Length of Accelerated Beam

(more information on poster MOPTS024)

Helmholtz-Institut Mainz

1,4 &LAV/U NX N 6 N X

x|y

/
\
cavities off
1.0
Z 08
S
S 06
% 0.4
5
£ 02
0.0 -
0 1 2 3 4 5
At [ns]

M. Miski-Oglu , IPAC19, 20.05.2019

Inensity [arb. units]

G cw Demonstrator HE S

=
(=]

o
o0

e
o

o
'S

o
[N}

o
o

B

M

Mob
EMI

]

R1+R2 + CHO

o o o =
ES <) 0 o

Inensity [arb. units]

o
)

o
o




ﬁ”"‘" Beam Energy vs. RF-Phase and -Amplitude =51

20 « E. =171MV/m
. et Aret . gL - 2amv/m
. . .. «  FE,.=338MV/m
. . ., ~
I . Te. «  E,.=450MV/m
= . e, reltel Bpee = 540 MV /m
. . .
> A e el
=16} ettt ."°..'c .
= . Sey =.:: .
14F = L
l. 3
. s
v
1.2}

0 40 80 120 160 200 240 280 320
RF phase ¢ (deg)
* Beam energy measured by TOF
* Independent rf-calibration of pick-up
* Accelerating field calculated by CST
* Amplitude of the field scaled according rf-calibration

M. Miski-Oglu , IPAC19, 20.05.2019 10
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f Beam Energy vs. RF-Phase and -Amplitude
At
Epee = 3.38MV/m
18] Epee = 4.50MV/m
= Eyee = 540MV/m
=
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0 40 S0 120 160 200 240 280 320
RF phase ¢ (deg)
* Beam energy measured by TOF
* Independent rf-calibration of pick-up
* Accelerating field calculated by CST
* Amplitude of the field scaled according rf-calibration
* Energy gain calculated by tracking of particles in E-field
* Agreement between measurement and calculation

M. Miski-Oglu , IPAC19, 20.05.2019
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L 9+ acc
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* Beam energy measured by TOF

* Independent rf-calibration of pick-up

* Accelerating field calculated by CST

* Amplitude of the field scaled according rf-calibration

* Energy gain calculated by tracking of particles in E-field

* Agreement between measurement and calculation

* Smooth energy variation

M. Miski-Oglu , IPAC19, 20.05.2019
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* Beam energy measured by TOF

* Independent rf-calibration of pick-up

* Accelerating field calculated by CST

* Amplitude of the field scaled according rf-calibration

* Energy gain calculated by tracking of particles in E-field
* Agreement between measurement and calculation

* Smooth energy variation

* High beam transmission

M. Miski-Oglu , IPAC19, 20.05.2019 10
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* Beam energy measured by TOF
* Independent rf-calibration of pick-up
* Accelerating field calculated by CST
* Amplitude of the field scaled according rf-calibration
* Energy gain calculated by tracking of particles in E-field
* Agreement between measurement and calculation
* Smooth energy variation
* High beam transmission

M. Miski-Oglu , IPAC19, 20.05.2019
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RF phase ¢ (deg)
* Beam energy measured by TOF
* Independent rf-calibration of pick-up
* Accelerating field calculated by CST
* Amplitude of the field scaled according rf-calibration
* Energy gain calculated by tracking of particles in E-field
* Agreement between measurement and calculation
* Smooth energy variation
* High beam transmission
* Transmission break-in du to strong rf-defocusing

M. Miski-Oglu , IPAC19, 20.05.2019
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Injection (1.4MeV/u) Acceleration (1.86 MeV/u)
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* Transversal emittance have been measured by slit-grid device exemplarily for Ar6+
* Reference emittance measured with cavity off

* Beam transmission above 90%

* Normalized emittance growth is about 15%

M. Miski-Oglu , IPAC19, 20.05.2019 11
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Next Phase: Advanced Demonstartor

Cryomodule 1 Cryomodule 2

Cryomodule 3

Cryomodule 4
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Next Phase: Advanced Demonstartor

Standard cryomodule layout

370 mm

h-----------------------------------------

-

>

-—— «———>
766 mm 370 mm

/

4800 mm

New cryo module layout containing demonstrator CH cavity,

2 short CH cavities, 1 re-buncher and 2 solenoids

Simplified cavity design (easier manufacturing & surface processing)
CH1 & CH2 are already in testing (delivery at 4t quarter of 2019)
Re-buncher cavity is designed and Nb material is ordered

Cryostat is ordered, expected delivery Q2 2020

Solenoids are tendered

M. Miski-Oglu , IPAC19, 20.05.2019

R&D on single aux. components is in advanced stadium
— Rf-power couplers
— Tuner mechanics
— cold BPM

New radiation protection shelter

Connection to cryoplant

13
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First RF-measurement for CH1 in a vertical cryostat =1
(more information on poster WEPRB012)

1E10 ¢

1E9

1E8 |

1E7

* Rf-test @ IAP

* Accelerating gradient is twice of design value

= \Vertical testat42K| | * Low field emission
—*— Design cw LINAC

E * Assembly of He-vessel

* Expected delivery of CH1/CH2 in Q4/2019

M. Miski-Oglu , IPAC19, 20.05.2019
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Infrastructure @ HIM
(more information on poster WEPRB015)
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* Clean room complex
— 1SO6 for cleaning and preparation

— 1S0O4 for final preparation and assembly

M. Miski-Oglu , IPAC19, 20.05.2019 15



Infrastructure @ HIM
(more information on poster WEPRB015)
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* Clean room complex
— 1SO6 for cleaning and preparation
— 1S0O4 for final preparation and assembly

* HPR

M. Miski-Oglu , IPAC19, 20.05.2019 15
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* Clean room complex

Infrastructure @ HIM
(more information on poster WEPRB015)

e . TR \*

i

. - e

\

Vacuum )
oven [l

— 1SO6 for cleaning and preparation

— 1S0O4 for final preparation and assembly

* HPR

*  Vacuum oven

M. Miski-Oglu , IPAC19, 20.05.2019
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* Clean room complex

Infrastructure @ HIM
(more information on poster WEPRB015)

e . TR \*

i

. - e

\

Vacuum )
oven [l

* Rail system for string assembly

— 1SO6 for cleaning and preparation

— 1S0O4 for final preparation and assembly

* HPR

*  Vacuum oven

M. Miski-Oglu , IPAC19, 20.05.2019

15



ﬁ HIM

Helmholtz-Institut Mainz

* Clean room complex

Infrastructure @ HIM

: : =
(more information on poster WEPRB015) =1

——— - —
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Vacuum
oven pPIl—

* Rail system for string assembly

— 1SO6 for cleaning and preparation * RF-Bunker for testing

— 1S0O4 for final preparation and assembly * He-infrastructure

* HPR

*  Vacuum oven

M. Miski-Oglu , IPAC19, 20.05.2019

* Sub atmospheric compressor for 2K tests
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02/2015

09/2016
11/2018

05/2019

10/2019
12/2019
04/2020
04/2021

10/2021

Timeline of Advanced Demonstrator Project

Funding of the Advanced Demonstrator within POF3
Ordering of two short CH-cavities

Tendering of cryostat

Modification of radiation protection shelter @GSl
Delivery of short cavities

Link of testing area to STF cryoplant

Delivery of cryostat

Assembly of cryomodule @ HIM

Beamtest @ GSI
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