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S-DALINAC: OVERVIEW

S-DALINAC

SUPERCONDUCTING DARMSTADT LINEAR ACCELERATOR
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= Design (extracted beam): 130 MeV, 20 y4A = In operation since 1991, modified, improved

Q: ’o’
‘/’ Recirculation Beam Lines

= Design (NRF): 10 MeV, 60 pA and operated mainly by students

= Particles: electrons Virtual tour (click here, bottom of page)

= Rep.rate: 2.9973 GHz, cw
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S-DALINAC: OVERVIEW

EXPERIMENTAL SITES
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= Electrofission (in prep.)
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S-DALINAC: OVERVIEW TECHNISCHE
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PARAMETERS SRF AND ERL

SRF injector SRF main linac
= 1x 6-cell (=0.86) = 8x 20-cell
as capture (B=1) w
= 2x 20-cell (B:l) ‘”‘ —200 mm—}
= 360° path length adjustment o f=2.9973 GHz

system in second recirculation
- ERL mode

m 2659 for first recirculation

\ fl LINAC
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Recirculation Beam Lines
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= Bunch length important for
every setting
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S-DALINAC: OVERVIEW

OVERVIEW OPERATION
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MODES/COMMISSIONING

=  Modification lattice 2015/2016

=  Commissioning of modes followed beam time schedule
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S-DALINAC: ONE-TURN ERL TECHNISCHE

UNIVERSITAT
DARMSTADT

ONE-TURN ERL
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180° phase shift
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S-DALINAC: ONE-TURN ERL

ONE-TURN ERL
Na1sco1r = Pp,A15C01,1x acc.~Pb,A15C01,1x ERL
(90.1 £ 0.3) %

No Beam 0.00 + 0.01 . »
— AP = ERL-Cup
One Beam (acc.) 4.51 £ 0.16 i? — EOFLCuy 1600
ERL (acc. + dec.) 0.45 + 0.03 m Lo
1 ¥t ot :
Two Beams (acc. + acc.) 8.59 + 0.01 0 wwy 1200
= 1000
\ Injector LINAC Thermionic Gun S B d W‘N 800 =
B c-———--3 < 10 5 600
Ekin injection — 2.5 MeV Main LINAC fag ~ %
____________ EOF1-Cup <5 o - : - 400
— —151 ©a T 5] m%,_\ m
AEMain LINac = 20 MeV ERL-Cup 228l o g4 £ 200
— ¢ Ll T
Linitia1 = 1.2 pA 7~ Recirculations _20_[@“ 20 40 60 ST
{ (minutes)

M. Arnold et al., Phys. Rev. Accel. Beams 23, 020101 (2020).
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S-DALINAC: TWO-TURN ERL

TWO-TURN ERL
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180° phase shift
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S-DALINAC: TWO-TURN ERL

CHALLENGES

I

Concept based on: R. Koscica et al., Phys. Rev. Accel. Beams 22, 091602 (2019)
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= Objective functions result from
= Splitter magnet ratio:
"pP iPriPs=1:4.73:8.32

Degrees of freedom:

- o o
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S-DALINAC: TWO-TURN ERL TECHNISCHE
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REMINDER: PHASE SLIPPAGE

Simplified model of energy gain

AW  sin(¢)

+ Energy (Gain

Momalize
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S-DALINAC: TWO-TURN ERL TECHNISCHE

UNIVERSITAT
DARMSTADT
REMINDER: PHASE SLIPPAGE
Simplified model of energy gain More complex model of energy gain
R Speed changes along the cavity

AW  sin(¢)

W ‘ Influences interaction with

alternating electric field

WU — Numerical simulations

required

] Enaergy (5a
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)
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|
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S-DALINAC: TWO-TURN ERL

SOLUTION FOR

LONGITUDINAL QUANTITIES
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S-DALINAC: TWO-TURN ERL
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S-DALINAC: TWO-TURN ERL TECHNISCHE
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TWO-TURN ERL MODE

= Momentum injector: 5 MeV/c

100

. - 3.0
—f— Beam loading | R = Max. Momentum ERL: 41.61 MeV/c
E l ................................... W g_
Z 80 2% acc. -2 5 “5_ ]
0 " L =CTA | S : Load at main LINAC
3 | | o Operation mode (W)
; 60 - saved power 2.0 '..'r:
E . " E 1x acc. 43.5+ 0.2
% N and |ecycllﬁﬁ}§ [iiovsnopniny M ‘;SJ 2X acc. 86.3 i 0.3
= 1x dec. 1x acc. —
8 1.0 1x dec. 42.6 + 0.2
£ 201 5 2x dec. 13.8+ 1.1
% Y -0.5 5
O
b L A Energy-recycling efficiency:
0 T T T T - 0.0
0 10 ,2[] , 30 40 _ Pb,main LINAC,2x acc._Pb,main LINAC,2x ERL
Time (min) Nmain LINAC —

Pb,main LINAC,2x acc.

= (84.0 + 1.2) %
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S-DALINAC: TWO-TURN ERL
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T'WO-TURN ERL MODE
100
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F. Schliessmann et al., Nat. Phys. 19, 597-602 (2023). (Mmain LiNAC)
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S-DALINAC: TWO-TURN ERL TECHNISCHE
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S-DALINAC: TWO-TURN ERL

INSTRUMENTATION OF See talk by Manuel Duti
SUPERIMPOSING BEAMS 505>

(Non-)destructive position measurement for both beams
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imultan I
simultaneously M. Dutine et al., Proc. of IPAC 2022, p. 254-256 (2022).

diameter:
57.4 mm

= Options ‘
» RF beam loading | WEANC S d "~ e

Z  First Recirculation o 20

Accelerated = Screen with hole e
T P Beam
 50° |180° *Decelerated = Beam loss monitors
Beam _
p > = Wire scanner
3 GHz _
= 6 GHz cavity BPM (double of fundamental frequency)
6 GHz

3 GHz cavity BPM in combination with bunch trains
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S-DALINAC: THREE-TURN ERL TECHNISCHE
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THREE-TURN ERL

/ /
180° phase shift
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S-DALINAC: THREE-TURN ERL 7} TECHNISCHE
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* The higher the turn number, the less
degrees of freedom
- Objective functions result from
splitter-magnet ratios
» Presence of phase slippage due to \ £ /2 ég?*
small injection momentum of PRV W) » WL /S o B
o, o\ NSRS
5 MeV/c %% QRS
BE N 5 A
%2
=> Setup must be precisely determined ‘?@‘5 &
in advance via simulations » » Y @

experiment/LCB
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S-DALINAC: THREE-TURN ERL TECHNISCHE
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o 1o ] 0.6
= Target centroid momenta reached with 50 - 19
accuracy of 1 eV/c 115
{0.4
= Reduced momentum spread compared Y _
to injection > o v
J < 301 }102103=
= o S)
fo} o
= First longitudinal study successful 20 10.2
= Futher improvements and transversal I8
simulations will follow . %4
0 T - —— - : 0 -0.0
, 0 50 100 150 200 250
F. Schliessmann et al., Proc. IPAC 2023 (2023) 2143-2146. s (m)
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S-DALINAC: LASER COMPTON BACKSCATTERING

LAYOUT

Implementation of a Laser Compton
Backscattering Source at the S-DALINAC:

COBRA

S-DALINAC
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Laser lab
Electron sources

Injector
T - J Synchronized |¥~_]
Main LINAC == MOPA Laser
Beam

Sj:abilization

Dipole

‘V_V_V_I_—‘

X-Ray

-

Detector

I Coupling chamber

T L)

Quadrupoles

Laser  compton backscattering source

24.09.2024

Physik | Institut fir Kernphysik | AG Pietralla | S-DALINAC | Michaela Arnold

26



%% TECHNISCHE
5.5/~ UNIVERSITAT

%0+ DARMSTADT

S-DALINAC: LASER COMPTON BACKSCATTERING

DIAGNOSTICS TOOL AND
BACKGROUND MEASUREMENT

= Determination of electron energy

3.0 -
and energy spread
» Future live use in the ERL mode of 2.5 1
the S-DALINAC .
5 2.0 - F
: .
8 1.5 /|
o

= Measurement with electron beam: 1.0 -  lay
65 MeV @ IP (85 MeV max.), 5 pA . . [ . 1+ B)E, ]

= Simulation with laser: 100W@1030 nm T e PR - B) + 2(BL/Ee)

> LCB: 77.8 keV “°l0 20 30 40 s0 6 70 8 s 100

Energy (keV)
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S-DALINAC: LASER COMPTON BACKSCATTERING TECHNISCHE
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STATUS 939% of 100

= Example parameters for collission

Electron
Beam

Injector D Electron Guns

\

), - @
Main Accelerator <=

= Commissioning of collission

MOPA-Laser:
95 W @ 1030 nm, el - G MY @ LD AL e planned for 2025

475 pd, 3ps euche

200kHz
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TAKE HOME MESSAGE
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One-turn ERL

operation
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TAKE HOME MESSAGE
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Q7 — i e One-turn ERL
E S ) e Detector  NEPTUN 5 "
2 : " | 5 Tost phty 1400 H
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- operation
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9 >
é Beam loading: £
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