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Outline \‘(IT

e of Technology

® Basics of longitudinal beam dynamics
® cSTART
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E.O.M.: Arrival Time A\‘(IT
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® Reference particle at design parameters, e.g. energy E,
® Arrival time w.r.t. reference particle At =t — T,
® Energy w.r.t. reference particle AE = E — E,

. AC
® Momentum compaction factor a = C_Z_;
d
. A
® Phase slip factorn = @—T, No = g — 1/ 2
Ta AP Y AE = 0
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E.O.M.: Energy ﬂ(".
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® Particle gains or looses energy due to
® Electric fields in VRF(At) =V Sin((,l)RFAt + ¢RF)
® Synchrotron radiation f

® Interaction with surroundings
and other particles
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Simulation Techniques &‘(IT

m Macro-particle tracking ® Vlasov-Fokker-Planck equation
m “easy to learn, difficult to master’ ® Non-trivial to implement
® Can require many macro-particles ~ ® Can be faster than MP tracking
® e.g. BLonD B e.g. Inovesa [P Schénfeldt et al.. PRAB 20, 030704 (2017)]
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https://blond.web.cern.ch/
https://github.com/Inovesa/Inovesa
https://doi.org/10.1103/PhysRevAccelBeams.20.030704

RF-bucket ﬂ(".
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® Hamiltonian

Mo — ]
262, ayiiee S cos(wyrAt)

® Bound motion around stable fix points
= RF-bucket

® Synchrotron frequency

H(At, AE) ~

AFE [ MeV

— 21mh qV 14 cos ¢
2 N2
T§ b°Eq
® Separatrix bounds stable region 20 -15s -10 -05 00 05 10 15 20
At/ ps
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a-Bucket ﬂ(".
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® Higher-orders of a
® Stable regions also for AE # 0

® Relevant whenny, = 0
[M. Ries et al., IPAC’11, TUOABOZ2]
[M. Attal et al., PRAB 16, 054001 (2013)]

AF [ MeV
H/ keV

[A. Papash et al., Adv Theo Comp Phy 4, pp. 148 (2021)]
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https://doi.org/10.1103/PhysRevSTAB.16.054001
https://doi.org/10.33140/ATCP.04.02.08
https://accelconf.web.cern.ch/IPAC2011/papers/tuoab02.pdf

(incoherent) Synchrotron Radiation ﬁ(".

® Energy loss Uy < g%v*/1peng

® Radiation damping vs quantum excitation
= equilibrium reach in 1 < T4E; /U, o s e MIEMS 0 o s

Energy | Particle Damping
time
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Wake Fields ﬂ(".
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® EM fields created by changes in surroundings Impedance chamber:
STalk S. Maier

Wake fields
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[Zotter, Khheifets, Impedances and Wakes, 1998]
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Coherent Synchrotron Radiation (CSR) ﬂ(".

® Wavelength > emitting structure = intensity o< N2

dIN 1 ==+ 10ps —
- = N+N2A ) I | T N — S .
aF [ |ACF)] ]df SR

—— sub-structures

elative Intensity

incoherent
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L . . Y B R B
10" 10 10" 100 100 10
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InStablllty' STalk M. Brosi [A.-S. Miller et al., Accl.-Based THz Radiation Sources in Springer 2021]
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The cSTART Project

® Develop infrastructure and technology
for a compact LWFA-based light source

® Very-Large Acceptance compact
Storage Ring to inject and store sub-ps
short electron bunches.
[A. Papash et al., IPAC’21, MOPABOQO35]

® Two injectors

@ linac-based FLUTE
2 LWFA

[S. Hillenbrand et al., NIM A 740, 2014]
[E. Panofski et al., IPAC’21, TUPAB163]

September 30,

2021 Markus Schwarz — Longitudinal Beam Dynamics at cSTART

[Courtesy J. Schéafer]

sy KT

Karlsruhe Institute of Technology

KIT, IBPT


https://doi.org/10.1016/j.nima.2013.10.081
https://doi.org/10.18429/JACoW-IPAC2021-MOPAB035
https://doi.org/10.18429/JACoW-IPAC2021-TUPAB163

Basic Parameters GSTART ﬂ(".
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Ring Bunch Synchrotron Radiation
Pormoir e Junk Braranoie Tuaue _tunicJearameier o [t
Nominal MeV  Bunch charge ..1000 pC critical frequency THz
energy Bunch length 3...300 pm  Energy loss 0.4 eV
Injection rate 10 Hz Bunch 10...1000 fs (incoherent)
Revolution 144 ns duration Energy loss 160 keV
time Energy spread 103...102 1 (coherent, 1pC, 20 fs)
Revolution 6.9 MHz
o (nominal)  1.8x102 - Diagnostics: STalk D. El Khechen
SR damping 16 S
time
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Synchrotron Radiation Properties qSTARY A\‘(IT

® Radiation spectrum « hZ7

® CSR intensity scales with 1 100fs
overlap of RZ and 12- =
10 1
® Average energy loss per electron N
=
7= 2N, | szl [
0 4
@ Coherent SR: 160 keV (1pC, 20 fs) 2
® Incoherent SR: 0.4 eV 0 _ _ -
o0 ™ 10 0® q0* 10"
f/Hz

[M. Schwarz et al., IPAC'21, TUPAB255]
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https://doi.org/10.18429/JACoW-IPAC2021-TUPAB255
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Simulated Beam Dynamics START AT

Karlsruhe Institute of Technology

® |nitial Gaussian bunch (1 pC) - —
B ogrp = 20 fs, opp = 50 keV = i . e com.
m Strong CSR = 004 .
= energy loss ~ 160 keV 4 02/ N
= dipole oscillation ~0.4
® Energy spread < T Toous
= bunch lengthening 2151 [timo”
£ 10-
} 0 1 T T T T T T
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Periodic Recovery of sub-ps Bunch Duratlon@/ﬁﬂ(".

® Sub-ps bunch duration twice per synchrotron period
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Summary e CIT
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® cSTART:
B Electron energy of 50 MeV = long damping time ~16 s

® Synchrotron radiation spectrum up to 53 THz
= ultra-short bunches radiate completely coherent

® Emission of intense CSR
= significant energy loss and non-linear effects

® Sub-ps short bunch duration recovered periodically

Thank you for your attention!
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