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3'd Generation Light Sources

Existing Under construction
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Storage Ring Light Sources
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Courtesy of RBartolini LowEmittanceRings Workshop, 2010, CERN
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Synchrotron Radiation

Electron beam in undulator Photon spectral flux in 0.1% BW
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Spectral Brightness

Brightness of electron beam radiating

at " (odd) harmonics in andulator Spectral brightness of PEP -X
IS givenby 10®
——SPECTRA
— 2 ' ' o Analytical
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S 3 ° .
If the electron beam phase § re
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the brightness becomes optimized | b
E
B,=— i P ’{
4o (e, +/,14p)(e, +/,14p) h
Finally, even for zeremittances there 1075 1&“ ”
iIsan ultimate limitfor the brightness Photon Energy (keV)
g = h A diffraction limited ring at 1 angstrom
A or 8 pm-rad emittance
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ALSupgrade: 1.9 GeV, 0.5 A, 195m

— = =2200x 30 pm-rad, 4-4.5 m IDs

2

NSLS-II: 3GeV, 05 A, 792m

— = =600x 8 pm-rad, 3-4 m IDs

3

MAX-IV: 3 GeV, 0.5 A, 528 m

— — =263x 8 pm-rad, 3.8 m IDs

4

PETRAIII: 6 GeV, 0.1 A, 2304 m

= = =1000x 10 pm-rad, 5 m IDs

APSupgrade: 7 GeV, 0.18 A, 1060 m
2500*x 8 pm-rad, 4.8 m IDs

Cornell ERL: 5GeV, ~3150 m
30x 30 pm-rad, 0.1 A or
8x 8 pm-rad, 0.025 A

SDLS: 2GeV, 05 A, 250 m
40x 40 pm-rad, 4 m IDs

PEP-X:4.5GeV, 0.2 A, 2200 m
11x 11 pm-rad, 4 m IDs

USR7: 7GeV, 0.2 A, 3160 m
15x 15 pm-rad, 8 m IDs

TevUSR: 11GeV, 0.1 A, 6283 m
1.3x 1.3 pm-rad, 4 m IDs



PER X Layout

beamline length = 70-140m
PEP circumference = 2200 m ‘ 2

To be Built in the PEP tunnel.

Y. Cali, K. Bane, R. Hettel, Y. Nosochkov, M-H. Wang, M. Borland,
Phys. Rev. ST Accel. Beams 15, 054002 (2012)
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Beam energyGe\f 4.5
Circumference [m] 2200
Current mA] 200
Betatrontune (H/V) 113.23/65.14
Naturalchromaticity (H/V) -162/-130
Momentum compaction 4.96x1CP
Emittance[pm-rad] 12/12
Bunchlength [mm] 3

Energy spread 1.25x103
Energy loss per turfiMeV] 2.95

RF voltage [MV] 8.3

RF frequenciMHZz] 476
Wiggler length [m] 90
Length of ID straight [m] 5

Beta at ID cente(H/V)[m] 4.9/0.8

10/25/2012 Yunhai Cai, SLAC



Energy Spread and Emittance

Balance between the quantum excitation and radiation damping results
in an equilibrium Gaussian distribution with relative energy spread Sy
and horizontal emittance e,:

(2 = [S <N ,<u®> 3=C, o <1/43>5,

o (FN),

o

() = X<|‘# <u’>% >=C

€ "3 (),
where and
55 > 2 - 2
C, = , # =20 +2 +D
q 32\/5 mec X xdx quxdx XCL

A The quantum constant Cy = 3.8319x10-+* m for electron
A gis the Lorentz factor (energy)
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Minimization of Emittance

For an electron ring without damping wigglers, the  horizontal emittnace
IS given by

where F_ is a form factor determined by choice of cell and g is bending
angle of dipole magnet in cell. In general, stronger focusing makes F,
smaller. Often there is a minimum achievable value of  F_ for any a given
type of cell. For example, we have

E . DBA — 1
min 4\/T5
E TME — 1

min 1215

There is a factor of three between the minimum values of DBA and
TME cells. Thatos the price paid
dispersion and its slop at one end of dipole.
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Machinefunction / m

MAX -1V Light Source

7 Bend Achromat ,at3 GeV

—— BetaX/m —— Beta¥Y /m —— 10 * DispX /m

Innovations:

A Multi -bend achromat

A Compact and combined
function magnets

A Octupoles

10/25/2012

MAX-1V dipole
+ 2 sextupoles in
one block

FIG. 6. (Color) Illustration of the unit cell dipole magnet block.
The common iron block integrates the unit cell dipole and the
two flanking defocusing sextupoles. Further integration of the
unit cell focusing quadrupoles and focusing sextupole is pres-
ently under consideration.
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PERX 7 Bend Achromat
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Arc cell lattice functions
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Resonance In Storage Rings

Diagonal Dynamic Aperture (c)
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Dynamic aperture in a two -dimensional tune scan for the baseline
design of PEP-X (2008).

Where these resonances come from?
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Presentations for Magnetic Elements

Lie factors M 1ei fsiei f4:... wengine iNMARYLIEA. Dragt)

DragtFinn

Taylor map

TPSA

Symplectic Oe 2 @ HiDsg 2

Integrator
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wviolatessymplecticitywhen evaluates

M " (Z) wengine INTRANSPORT, MAD, COSY

(K. Brown and M. Berz), simpgtematrix

wbut highorder oneviolates
_Ho!

_:HO:DS

wengine INTEAPOT, SAD, TRAEGO

PTJE. Forest, R. Ruth, and K. Hirata)
wpreservesymplecticity
wsimple and based on several known solutions
wemphasis on numerical process
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Cancellation of All Geometric 3 ' and 4" Resonances

Driven by Strong Sextupoles
except 2 n,-2n,

Third Order FourthOrder

K.LBrown& R.VServranckx Yunhai Cai
Nucl Inst. Meth., A258:48(502, 1987 Nucl Inst. Meth., A645:168.74, 2011.

There are still three tune shift terms.
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