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Reminder: The beta function a(s)
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The B-function is the envelope around all the trajectories of the
particles circulating in the machine.

The B-function has a minimum at the QD and a maximum at the QF,
ensuring the net focusing effect of the lattice.

CAS Frascati 2008 Accelerators for Newcomers D. Brandt
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Reminder: beam emittance U

» Select the particle in the beam with the largest betatron motion and plot
its position vs. its phase (x vs. X’) at some location in the machine for
many turns.

Xf

CAS Frascati 2008

ideal

» ¢ Is the emittance of the beam [r mm mrad]
» ¢ is a property of the beam (quality)

» Measure of how much particle depart from
ideal trajectory.

» [} is a property of the machine (quadrupoles).

Area = T.€

Beam size [m]

o(s) = (e.p(s))"?
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Reminder: synchrotron radiation

with y = E/E, = m/m, and m, is the rest mass

Energy loss:
eUp =A.vp
Collider B (T) E/beam (GeV) Y ey, (GeV)
LEP (e* e) 0.12 100 196000 2.92
LHC (p-p) 8.3 7000 7500 0.00001
CAS Bruges 16-25 June 2009 Beam Dynamics D. Brandt 20

Radlation loss per turn is proportionally inverse to the fourth power of the particle rest mass
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Reminder: brilliance or special brightness

BRILLIANCE — SPATIAL RESOLUTION — TRANSVERSE COHERENCE

Q PBrilliance is usually defined as: | 5 (= Fy(2)
(Gaussian approximation) £ (27.[)2 (Z ¥ )(Z' 3 )
In photons/s/mm2/mrad?/0.1%b.w X z X _Z

Brilliance is the metric of a source that determines the achievable

spectral, spatial, and temporal resolution.

F,(2) = total photon flux Z \/O'r+0',26 7 \/O'

A It measures the concentration of emitted photons in the phase space
A It determines how good is the spatial resolution and time scale that we
have avail abl e for t Hghsowscer 6s experi meil

Courtesy A. Nadji




Reminder: radiation damping

A Radiation damping is the reduction in emittance due to the
emission of photons as synchrotron radiation

A Synchrotron radiation is emitted in the direction of motion of
electron, whose momentum is reduced but the angle remains
the same
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A The key for betatron damping is the energy recovery by the RF
cavities, as only the longitudinal momentum is restored
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Low emittance rings

A There are two main types of facilities:

A

A

A

Damping rings

Used in linear colliders to quickly reduce the emittance of the
electron and positron beams at an early stage of the
acceleration (CLIC, ILC).

Storage rings optimized for a fast damping time and a low
emittance.

Interested in good longitudinal compaction of beams.

A Synchrotron light sources

A

A

Very stable beams with small emittance to produce brilliant
synchrotron light.

Storage ring optimized to produce synchrotron radiation for
users (experiments).

Interested in long lifetime of beam: optimized beam injection.

A The optics of future large e+/e - circular colliders is quite
similar.
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Damping rings: CLIC (I)

A Long chain of accelerators to prepare the beam for
final acceleration in the main linac.
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Damping rings: CLIC (II)

A Theoretical minimum emittance (TME) cells in the
arcs and FODO cells with wigglers in the straight
sections to reduce the emittance.

A Absorbers for synchrotron radiation.
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Synchrotron light sources: new science (l)

A Inrecent years, emergence of a whole new ( 4th generation)
class of storage ring based light sources: Diffraction Limited
Storage Rings (DLSR).

A  Breakthroughs can be expected in high-resolution imaging,
microscopy and spectroscopy. Allows science which is not
possible or not even thinkable, today.

A Both the time range and the spatial length that can be
explored are improved by orders of magnitude.

A The aim of 4t generation light sources is to achieve X-ray
wavelengths, close to Free Electron Lasers range of
operation.
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Synchrotron light sources: new science (ll)

Courtesy R. Hettel
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