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RECEPTOR BINDING DOMAIN OF SARS-CoV-2
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» Key figure of merit
comparing different
photon sources

B N”

- AT20,0y0, 0, (0.17%BW)

» Independent of the
distance to the source
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» Particles in the beam are described
with the Hamiltonian formalism

H=FE=1T+4+YV

(T,02),  (W,py)s (2,D2)

de  OH

dt — Op,

dp.  OH

dt  Ox William Rowan il

» Phase space area in the transverse coordinates
IS called emittance
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» Emittance decreases with acceleration

» Accelerating structures increase the
longitudinal momentum, but leave the
transverse momentum unchanged

» In the absence of non-linear forces,
the normalized emittance i1s constant

En = YE
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EMITTANCE IN A STORAGE RING

» Emittance is damped by the emission of synchrotron radiation

dp
! 5 / P
'6’11

e(t) = (0) exp (—25) + £(00) :1 — exp (—23)- .

T/ .

» The equilibrium emittance is determined by quantum mechanics
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RADIATION DAMPING AND QUANTUM EXCITATION

» Horizontal equilibrium emittance in a storage ring

VoMo +20aNeNpy +Ban,
3 0 o $ \p\?’p s
Xr,00 — Y i
32\/§mec | fnTw<p12=2PO ac'iy)ds %ids
55 p%ds 02

where:

h is Planck’s constant,

me IS the electron mass,

c is the speed of light,

y is the Lorentz factor,

the integrals are ring integrals around the storage ring, along the longitudinal coordinate s,
Qx, Bx and yx are the Twiss parameters, which characterize the beam optics,

Nx and nNpx are the dispersion, i.e. the dependence of position and angle on beam energy,
p is the (local) radius of curvature,

—e is the charge of the electron,

Po is the nominal momentum of the particles, and

By is the vertical component of the magnetic field
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RADIATION DAMPING AND QUANTUM EXCITATION

» Horizontal equilibrium emittance in a storage ring

2 2
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Magnet lattice
= a detailed description of the magnets around the ring
Special relativity
Quantum mechanics
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EMITTANGE OF X-RAY SOURCES

» Synchrotrons

» emittance determined by radiation damping

» Free electron lasers

» (hormalized) emittance determined by source
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SLS today SLS 2.0 CDR SLS 2.0 TDR
Lattice type TBA /-BA /-BA
Circumference [m] 288 290.4 288
Periodicity (arc geometry) 3 12 3
Energy [GeV] 2.411 2.400 2.700
Beam current [mA] 400 400 400
Natural emittance [pm.rad] 5630 102 158
Energy spread [107] 0.88 1.03 1.16
Radiation loss per turn [keV] 549 554 688
Momentum compaction factor [10™] 6.04 —1.33 1.05
Working point Oy, O, 20.43, 8.74 39.20, 15.30 39.37, 15.22
Chromaticity &, &, —-67.3,-21.0 -95.0, -35.2 -99.0, -33.4
Total gross straight length [m] 79.9 66.3 83.6
Vertical emittance in operation [pm.rad] ~5 10 10
Beam lifetime in operation [h] ~9 9.5

o PSI Rasmus Ischebeck

https://www.dora.lib4ri.ch/psi/islandora/object/psi:39635




T R IK":I == obomoa

journey

Rasmus & M

NEXTon O 006

i

W 87 n

PSI Rasmus Ischebeck




First phase Second phase Athos 0.65-5 nm

2013-16 2017-20 S | User
31 BC2 /7_3.3 Gev =] aions

Injector — 7 > - Linac1 — 7 ) L-

0.3 GeV 2.1 GeV 3.0 GeV 2.1-6.2(7.0) GeV Aramis 0.1-0.7 nm

O r Lo

Porthos 0.12-1.2 nm?

- Linac 2 Linac 3

Planned phase

2030s

Linac: Aramis: Porthos:
Pulse duration : 1-20fs Hard X-ray FEL,A=0.1-0.7 nm  Hard X-ray FEL, A = 0.12-1.2 nm?
Electron energy : up to 6.2 GeV , L , o

Linear polarization, in-vacuum,  Variable-polarization undulators

(7 GeV after upgrade) ) :
variable-gap undulators (technology to be decided)

Electron bunch charge: 10-200 pC .

First users 2018 Construction: 2030s

Repetition rate: 100 Hz, 2 bunches
(3 bunches after upgrade)
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» [ransverse normalized slice emittance:

» predicted: >00 u 2
» @ 10 pC: 180 nm _ 400 ¥
» @ 200 pC: 430 nm =
@) w
& 300 \ 115 <
» measured: £ =
» @ 10 pC: 100 nm ©200F 113
[
» @ 200 pC: 220 nm =
Z 100 10.5
0 | | | | | | | | 0
0 10 20 30 40 50 60 70 80 90

t (fs)

PSI Rasmus Ischebeck Prat et al., PRL 123, 234801 (2019) 21




time

measurement example

Intrinsic, or “slice”
energy spread

projected energy spread

energy
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SLIGE ENERGY SPREAD OF SWISSFEL

» From ASTRA simulations: < 1 keV

1 2 _X_10'.4 T T 1 T
» Measured: | 3 Damn
@ -~~~ Fit
. 1+ Resolution contribution | -
} @ 10 pC 65 == 05 keV \ Betatronic contribution
S, Dispersive contribution

O
o 0]
T

» @ 200 pC: 15.0 + 0.3 keV

Beam size (m)
o
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» Intra-beam scattering (IBS

71/2,1/2

» Microbunching instability (MBI

O'ENIﬁZ
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Eduard Prat; Di Mitri et al, New J. Phys. 22, 083053 (2020) and references herein; Rasmus ® Midjourney
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MEASUREMENTS OF ENERGY SPREAD

14

§ R56’BC = 0 mm, measurements

» Overall a good agreement!

§ R56’BC = 63.6 mm, measurements

RN
N
T

—R56’BC = 0 mm, simulations

R56,BC

» ... but we require to increase IBS strength by a
factor of ~2.4

= 63.6 mm, simulations

Energy spread (keV)
S

] _ . : .
8 . » still, underestimation of energy spread for low
N S ——— peak currents and some R56 settings
0 0.5 1 1.5 2 2.5
Reg L (MM)
15 § zero R56; measurements | 8
. nominal R56, measurements
%; § nominal R56, simulations
_‘i’ 107 zero R, simulations |
.
0 . . .
0 5 10 15 20

Peak current (A)
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