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S-DALINAC

Superconducting DArmstadt LINear ACcelerator
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Spin-Polarized Thermionic
Electron Gun Gun

Injector
Detector NEPTUN

n{’D_MD . Test D_O_g
P High-Energy

Scraper-System

Main Accelerator

o, 180° Setup
\\@ QCLAM

/ Recirculation Beam Lines /
‘ 7 QCLAM a\.‘a
169° LINTOTT i Magnet
Magnet Spectrometer Spectrometer
W ———=—500-T—0—0
Thrice recirculating operation
Energy gain injector: 7.6 MeV
Energy gain LINAC: 30.4 MeV

Beam current: 20 A

Design (extracted beam): 130 MeV, 20 pA
Design (NRF): 10 MeV, 60 pA

Particles: electrons

Rep. rate: 2.9973 GHz, cw
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Parameters SRF and ERL

SRF injector SRF main linac
= 1x 6-cell (=0.86) = 8x 20-cell R U R R
as capture (B=1) = 0 ATV T T T T2t g

= 2X 20-cell (B=1)

f=2.9973 GHz
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Parameters SRF and ERL

SRF injector SRF main linac
= 1x 6-cell (=0.86) = 8x 20-cell e A A R o Ee 0
as capture ([3:1) = | A G G TP Tl )

2x 20-cell (B=1)

= ERL mode possible since upgrade in
2015/2016

= 360° path length adjustment system
in second recirculation 2> ERL mode

= 265° for first recirculation

0> Nuclear o™ Pstitut for Kernphysik
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= Modification lattice 2015/2016
= Commissioning of modes followed beam time schedule

= B I ]

December Single December

Injector € _ M 2016 pass 2016
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Overview Operation Modes/Commissioning

= Modification lattice 2015/2016
= Commissioning of modes followed beam time schedule

= B I ]

December Single December

Injector € _ M 2016 pass 2016

May

August
2017 1x ERL g

2017

1x rec.
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Overview Operation Modes/Commissioning

= Modification lattice 2015/2016
= Commissioning of modes followed beam time schedule

= B I ]

December Single December

Injector € _ M 2016 pass 2016

May August
'l
3x rec — November 2x ERL - August
' 2018 2021
= ~
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= Modification lattice 2015/2016
= Commissioning of modes followed beam time schedule

= B I ]

December Single December

Injector € _ M 2016 pass 2016

May August
==
3x rec — November 2x ERL - August
' 2018 2021
> >
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Once-Recirculating ERL Operation

Injector LINAC Thermionic Gun

= Energy gain injector: 2.5 MeV

4
Al

Main LINAC

» Energy gain LINAC: 20.0 MeV

= Current (I;,): 1.2 pA

Recirculations
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Once-Recirculating ERL Operation

Injector LINAC Thermionic Gun

= Energy gain injector: 2.5 MeV

4
Al

Main LINAC

» Energy gain LINAC: 20.0 MeV

= Current (I;,): 1.2 pA

Recirculations

Four phases:

= Phase 1 (ERL Operation): one accelerated and one decelerated beam
= Phase 2 (no beam): RF operation of cavity without beam

= Phase 3 (1x acc.): one accelerated beam

= Phase 4 (2x acc.): two accelerated beams
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M. Arnold et al., Phys. Rev. Accel. Beams 23, 020101 (2020).
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Overview Operation Modes/Commissioning | - vy
See talk by Felix Schliessmann
(Tue, 8:50)
2x ERL — - August
2021
>
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2x ERL: Beam Diagnostics System

Z - . -
<«= First Recirculation

Accelerated
T T @ <4 Beam
180° | 180° < Decelerated
Beam
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%‘E’_D = (Non-)destructive position measurement for both beams
simultaneously

2x ERL: Beam Diagnostics System

’ = Suitable for low bunch charges (S-DALINAC: ~30 aC to
<% First Recirculation ~7 fC in recirculating mode)
= = = Accelerated
@ 4~ Beam ) . . . .
T505 | 1805 Y Decalerated = Two options under investigation: Wire scanner and 6 GHz

Beam cavity BPM (double of fundamental frequency)

nnnnnnnnnnnnnnn
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%‘E’_D = (Non-)destructive position measurement for both beams
simultaneously

= Suitable for low bunch charges (S-DALINAC: ~30 aC to

2x ERL: Beam Diagnostics System

<% First Recirculation ~7 fC in recirculating mode)
Accelerated
T T @ < &~ Beam . . . . .
T505 | 1805 Y Decalerated . Two_ options under investigation: Wire scanner and 6 GHz
Beam cavity BPM (double of fundamental frequency)

Further diagnostics:
1x acc.

= RF beam loading beam
= BLMs

= 3 GHz RF monitors

= BeO target with hole
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Wire Scanner

Measurement routine:

1) Measure one-accelerated beam alone
2) Measure both beams simultaneously
3) Substract result of 1) from result of 2)

- Gain position of once-decelerated beam

= Tuning of the first beam results in a re-calibration
of system
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a) 1xAcc beam at
Measurement routine: " aE
1) Measure one-accelerated beam alone (see a))
2) Measure both beams simultaneously (see b)) :
3) Substract result of 1) from result of 2)
> Gain position of once-decelerated beam : ) T

——- y=-5.351mm
0,=1.306 mm

15000 4

= Tuning of the first beam results in a re-calibration
of system

10000 q

5000 -

! :
-75 =50 =25 0.0 25 5.0 7.5 10.0
y position in mm

-10.0

M. Dutine et al., Proc. of IPAC 2022, p. 254 (2022).
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6 GHz Cavity BPM
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Measurement routine:

= Jdentical to wire scanner

= Advantage: online measurement instead
of defined measurement points

» Tested at test stand
= Read out electronics under development
= Test with beam planned for end of 2022

= Comparison to wire scanner

diameter:
57.4 mm

Y
— ¥~ antenna
mode separator

420 mm

{

<

v

- <+

SIEMENS INDUSTRY SOFTWARE: NX CAD-Designing, Version 12

M. Dutine et al., Proc. of IPAC 2022, p. 254 (2022).
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What will the Future bring?
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What will the Future bring?
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= Clear goal for future ERLs: multi-turn SRF

needed

= S-DALINAC in operation since 1991 - no future

as high-power ERL

Successor needed at TU Darmstadt

DICE el s

. %

; “r
HH|

(Darmstadt Individually- S .

recirculating Compact ERL)
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DICE

» Decision on technologies - straight foreward:
= SRF
= Multi-turn ERL

» Further decision - frequency:
= A state-of-the-art frequency regime
» Compatible to CERN as future large

scale ERL Idea of separate transport: Peter Williams
- 802 MHz

P. Williams, ERL Design Concepts DIANA and DICE, Electrons
for the LHC: Workshop on the LHeC, FCC-eh and PERLE (2019).

- Fu rther deCiSion - T0p0|Ogy https://indico.cern.ch/event/835947/contributions/3553736/
» Qur experience: limitation of common transport,
lack of degrees of freedom for perfect longitudinal match
(= talk F. Schliessmann)
- Separate transport for more flexibility, robustness and reliability

03.10.2022 | Michaela Arnold | TU Darmstadt | AG Pietralla | S-DALINAC: Facility Report 27 Tamm i e



DICE

TECHNISCHE
UNIVERSITAT
DARMSTADT

Parameters (as of today)

= Max. energy: 520 MeV

= Max. current: 20 mA

= Duty cycle: cw and pulsed (~ 40 MHz)

» Site consideration: DICE@FAIR - ELISe programme
(ELISe not part of FAIR MSV)

= Main experimental programme (as of today)
= (e,A)-collider
» Electron scattering: (e,e'), (e,e'y), (e,ef)
» Nuclear resonance fluorescence
» Bremsstrahlung
» Tagging of photons
» Laser Compton backscattering

» Supported by the FAIR - NUSTAR community
= White paper in preparation

Nuciear Instruments and Methods in Paysics Research A 637 (2011) 60-76

Contents lists available at ScienceDirect

Nuclear Instruments and Methods in =
g% é Physics Research A -
journal www_elsevier

The electron-ion scattering experiment ELISe at the International Facility for
Antiproton and lon Research (FAIR)}—A conceptual design study

AN. Antonov®, MK. Gaidarov?, M.V. Ivanov”, D.N. Kadrev®, M. Aiche®, G. Barreau®, S. Czajkowski®,
B. Jurado®, G. Belier®, A. Chatillon®, T. Granier*, J. Taieb®, D. Doré*, A. Letourneau®, D. Ridikas®,

E. Dupont “, E. Berthoumieux?, S. Panebianco?, F. Farget©, C. Schmitt©, L. Audouin’, E. Khan',

L Tassan-Got ', T. Aumann¥, P. Beller*', K. Boretzky*, A. Dolinskii®, P. Egelhof®, H. Emling¥,

B. Franzke®, H. Geissel *, A. Kelic-Heil %, O. Kester®, N. Kurz®, Y. Litvinov®, G. Miinzenberg¥, F. Nolden#,
K-H. Schmidt #, Ch. Scheidenberger®, H. Simon**, M. Steck*, H. Weick?, J. Enders”, N. Pietralla”,

A. Richter®, G. Schrieder”, A. Zilges', M.O. Distler’, H. Merkel’, U. Miiller’, AR. Junghans*, H. Lenske',
M. Fujiwara™, T. Suda”, S. Kato®, T. Adachi®, S. Hamieh ®, M.N. Harakeh *®, N. Kalantar-Nayestanaki ®,
H. Wortche”, G.P.A. Berg ™9, LA. Koop', P.V. Logatchov', AV. Otboev’, V.V. Parkhomchuk”,

D.N. Shatilov", P.Y. Shatunov’, Y.M. Shatunov’, S.V. Shiyankov", D.I. Shvartz®, AN. Skrinsky",

LV. Chulkov®, B.V. Danilin*', AA. Korsheninnikov®, EA. Kuzmin®, AA. Ogloblin®, V.A. Volkov®,

Y. Grishkin‘, V.P. Lisin®, AN. Mushkarenkov ", V. Nedorezov', AL Polonski‘, N.V. Rudnev', AA. Turinge",
A. Artukh”, V. Avdeichikov “*, S.N. Ershov“, A. Fomichev", M. Golovkov ", A.V. Gorshkov ",

L Grigorenko ", S. Klygin “, S. Krupko “, LN. Meshkov *, A. Rodin “, Y. Sereda “, |. Seleznev ¥, S. Sidorchuk ¥,
E. Syresin ", S. Stepantsov ", G. Ter-Akopian ", Y. Teterev ", AN. Vorontsov “, S.P. Kamerdzhiev",

EV. Litvinova**, S. Karataglidis*, R. Alvarez Rodriguez”, M.J.G. Borge*, C. Fernandez Ramirez”,

E. Garrido*, P. Sarriguren™, J.R. Vignote*, LM. Fraile Prieto”, ). Lopez Herraiz”, E. Moya de Guerra”,

J. Udias-Moinelo”, J.E. Amaro Soriano”, AM. Lallena Rojo?, JA. Caballero®, H.T. Johansson ",

B. Jonson*", T. Nilsson**, G. Nyman *, M. Zhukov *, P. Golubev ™, D. Rudolph*, K. Hencken*’,

J. Jourdan*, B. Krusche **, T. Rauscher*, D. Kiselev***, D. Trautmann**, J. Al-Khalili**, W. Catford **,
R. Johnson*, P.D. Stevenson*, C. Barton*', D. Jenkins *, R. Lemmon **, M. Chartier*", D. Cullen®,

CA. Bertulani ¥, A. Heinz ****

A.N. Antonov et al., Nucl. Instr. and Meth. A 637, 60-76 (2011).
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Thank you for your Attention!
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