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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

LINEAR ACCELERATORS (LINACS)
= Conventional LINAC

m—»— INJECTOR == MAIN LINAC —>- EXPERIMENTALAREA = BEAM DUMP

Adapted from J. D’Hondt, https://indico.ijclab.in2p3.fr/event/9817/
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LINEAR ACCELERATORS (LINACS)

= Energy Recovery LINAC (ERL)

EXPERIMENTAL AREA
Phase-Shift
180°
PDEEEE—— nueECTOR MAIN LINAC BEAM DUMP

Adapted from J. D’Hondt, https://indico.ijclab.in2p3.fr/event/9817/
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DUAL LINAC ERL

A POSSIBLE DESIGN FOR THE DARMSTADT INDIVIDUALLY
RECIRCULATING ERL (DICE) CONCEPT
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First sketch of the DICE Accelerator:
Arnold, M., DICE, In preparation

Dual Linac ERL: Possible DICE Design

G. Pérez Segurana et al., Phys. Rev. Accel.
Beams 25, 021003 (2022)
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

= Design: two vertical dog-legs and a total horizontal bend of 180°. =3
= |deally adaptable to all arcs in the DICE structure.

» Tunability of the dispersion terms.

* Focus of this work: | = x5(s) = X%-1 Rs;($)x;(0) + X5o1 X5y Ts i ()% (0)x; (0)  EEUEIICHECEREEEY
terms:

» Goal: Maximum range around zero for Rg, and Tsgg, ; girst-ocrjderéjRSG
. Second-order: Tsgq

while Ri6 = Ry = R36 = R4 = T166 = T266 = T366 = Taee = 0.

Xy X horizontal position deviation 1\ (Rii Riz iz Ria Ris Rig 1\
X2 x' horizontal directional ... T2 Ra1 Rz Rz Raqg Ras R T2
%(s) = YoV = vertical position ... || _ [P Rs2 Rsy Rsu Ry Ryg | |23
X4 y vertical directional ... T4 Ry Ry Rauz Rua Rus Rae T4
Xs l longitudinal ... T Rs1 Rsy Rs3 Rsa Rss  Rse T35
Xe 8 relative momentum ... vs); \Rei Rez Res Res Res Res 76/ |
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

DESIGN AND SIMULATIONS
= Used simulation tool: ELEGANT.

Design: horizontal lattice and dog-leg.

1. Lattice.lte
2. Optimize.ele
3. Track.ele

Initial parameters:

The full lattice is designed mirror-symmetrically.

The simulation process included three types of files:

initial momentum

po = 187 me =~ 95.6 MeV/c (kinetic
energy Fy;, ~ 95 MeV)

normalized emittance in both z- and
y-plane

€nz = €ny= 2 mm-mrad

RMS bunch length

o; = 1 mm
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

SUGGESTED FULL LATTICE DESIGN:

M Dipole magnet

Il Quadrupole magnet
[l Sextupole magnet
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

OBSERVATIONS AND RESULTS
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= Horizontal lattice approx. 55 m. Longitudinal dispersion
.. . terms:
= Optimization parameters: 1. First-order: Re,

2. Second-order: Tsgq

Ri6 = Ry = R3¢ = Ry = T166 = T266 = T366 = Taes = 0
Rse =0, Tge6 =0

4 Transport Matrix - R parameter 6 Transport Matrix - T parameter 4 Beam Envelope
—— R16[m] —— T166[m] Oy
R26 [1] 41 T266[1] Oy
31 — R56 [m] —— T566[m] 34
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- -2 \ s
>
&1 irar ‘ ' A
0 01 Aty
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

OBSERVATIONS AND RESULTS

= Optimization parameters:

Ry6 = R36 = R4 = T166 = T266 = T366 = Taes = 0

Ri¢ =
R56 = +0.5m , T566 = +0.5m
Transport Matrix - R parameter
3.0
—— R16[m]
2.51 R26 [1]
—— R56 [m]
2.0
1.51
o 1.01
0.5' l
0.0
—-0.51
_10 T T T T T T
0 10 20 30 40 50
s [m]
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

OBSERVATIONS AND RESULTS

= Optimization parameters:

Ri6
Rse

3.0

_05 m, T566 — _05 m

Transport Matrix - R parameter

2.51
2.0
1.51
1.0
0.51
0.01

—0.51

-1.0

—— R16 [m]
R26 [1]
—— R56 [m]

Ry6 = R36 = R4 = T166 = T266 = T366 = Taes = 0

Transport Matrix - T parameter
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s[m]
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» Dog-legs approx. 3 m.
= Optimization parameters: R3¢ = Ryg = T366 = Tage = 0
Transport Matrix - R parameter Transport Matrix - T parameter
0.44 — R36 [m] 0.757
R46 [1] 0.501
| —— R56 [m]
0.2 /\( 0.25 )
N =T \
0.0- —— 4 0-00- \/ \/
n: \ |_ _0.25_
_02_
—0.501
—0.41 —0.751
—1.001 —— T366[m]
—0.61 T466[1]
—1.251 —— T566[m]
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BEAM-DYNAMICS SIMULATIONS BASED ARC DESIGN FOR THE ERL-FACILITY CONCEPT DICE

OBSERVATIONS AND RESULTS

= Full lattice approx. 60 m.

= Optimization parameters:

Ri6 = Ry = R3¢ = Ry = T166 = T266 = T366 = Taee = 0

Rseg =0, Tge6 =0

2.0

1.51

1.0

0.51

0.0

_05 4
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Transport Matrix - R parameter
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CONCLUSION AND OUTLOOK

= Tunability for both R56 and T566 has been shown with the suggested lattice.

= A maximum freedom range of 1 m, from —-0.5 m to 0.5 m, has been obtained for R56. The same
range has been obtained for T566.

= The beam envelope has been found to be around a maximum
of 2.5 mm in the horizontal lattice.

= Qutlook: Reducing the arc length and optimizing the beam size.

Do T

H Dipole magnet T y T T r T -
B Quadrupole magnet 0 10 20 30 40 50 60

I Sextupole magnet s [m]

—— R16 [m]

R26 [1]
—— R36 [m]
—— R46[1]
~—— R56 [m]
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