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SULEIL Synchrotron Radiation

SYNCHROTRON

Ultra relativistic electrons can be deviated

by the constant magnetic field of bending magnets
In which their trajectory is an arc of circle

Due to the bending of their trajectory,

BENDING they are slowed down by their self
MAGNET field and lose energy
—-‘
Ultra relativistic

electrons

J,

Synchrotron
Light

X Slowed down
electrons

They emit photons in
a direction tangent to their trajectory

This is synchrotron radiation
Such conditions are met in electron Storage Rings

10th October, 2005 Amor NADJI
CERN ACCELERATOR SCHOOL (Trieste)



SULEIL A Storage Ring : A typical Cell

SYNCHROTRON

The arrangement of magnets along the desired beam path is called the magnet LATTICE

Focusing magnet
\ UADRUPOLE

N

I /t H_ \ Bending magnet
“ﬂ;i_/______f: Ny DIIF?OLEg EXPERIMENTAL HALL

-~

SOLEIL 2.75 GeV I g ™ Y Beamline
e Front-End

354 m long ring
24 Straight sections I ——
1 Injection system DEVICE
2 RF cavities
21 for ID’s
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SULEIL Standard Magnetic Elements

SYNCHROTRON

The Bending Magnets deviate the beam in the
Horizontal plane (27 in total)
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In a Quadrupole B, is linear with the distance
from the center. It can focus the beam in one
plane with the reverse effect in the other plane

A sextupole can focus/defocus
around an off centered orbit
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SOLEIL High Brilliance

SYNCHROTRON

* A parameter of prime importance in experiments with synchrotron radiation
sources is the spectral brilliance (brightness) defined as :

d N ph
— photons per second
dAdQdtdA/ A mm’mrad 0.1%6b.w

* High intensity, small e- beam cross section, good focusing of photon beam
and high monochromaticity are looked for in order to maximize the photon flux.

< Apart from diffraction effects, we have : “dA dQ = g¢,

€, and €, are the transverse e- beam emittances, which are the areas occupied
by the beam respectively in horizontal (x,x’) and vertical (z,z’) phase planes.

HIGH PHOTON BEAM BRILLIANCE = LOW ELECTRON BEAM EMITTANCE
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SWLEIL

SYNCHROTRON

< Additionally undulator magnets must be used to fully take advantage of a
low beam emittance.

A K? 2 2
% The radiation from undulators : An = Zn;/Z (1+2+7/ o j

¢ The natural spectral width of the radiation : =

( A %

A4, <(1)2+( y* (0;(2+a'22)>

A small beam emittance is desirable when the spectral purity is of importance
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SOULEIL The successive generations of

ynermoTmon storage ring based sources
St "
1E+24 1= generation
5 exploitation of the light from the bending
1E+22 -------mm oo - . :
2 _ magnets of e+/e- colliders originally built
S Achieved for elementary particle physics
o'="° 1  3rd generation 1 ond generation
(N _
Qe[ o exploitation of the light from the bending
’é Z magnets and a few insertion devices at a
SIEHe Y A S later stage of dedicated storage rings
N 2nd generation
ElE " 5 I lower e beam emittances and
EF T e A | better optimisation of light extraction
L ® gain of about 1 000
clEevt12 v f g rd .
E 5 3 generation
SEHOT X-Ray Tubes [ £ brilliance is the figure of merit -
= 08 = rings designed for very low emittances
=8 § ””” priority to undulators
E LE+06 , , , , , , large number of straight sections
e gain of about 10 000
1880 1900 1920 1940 1960 1980 2000 moderate gain of about 100 on bending
years magnet light
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SOLEIL K2 Generation of emittance by radiation

SYNCHROTRON

g7

Two e” with same E and same trajectory at the
entrance of the bending magnet (they cannot be
distinguished : no e- beam size)
They both radiate AE and exit with E-AE
1 emits AE at the origin, smaller p
<& 2 emits AE but at the end
S They follow different trajectories

OB OR i OB Ok

n(s) and n’(s) are respectively the dispersion
function and its derivative

Due to the random location (random amplitude has
the same effect) of the emission, at the exit they are

well separated : the e beam is heated up by A X — dx
radiation introducing a sort of noise or dilution. _ = ds
An e- beam size and divergence are created ¢ Size .. p:
(plus E spread) : X(m)
| | | salssssssssssssssssss 2 ‘.>
Concept of e- beam emittance in [m*rad] units : o)
1 | o 2 if
E— 'associated with a given E = -
Errany = 1) XX g P i
o I 4
Note that the phase space dilution is less for a
short bending magnet e- beam horizontal phase space
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SWLEIL

SYNCHROTRON

The concept of emittance

Accelerator physicists used to write 1+ 02
Oy Py ¥y Yy = -
Px

ellipse (Twiss) parameters which vary along the storage ring structure

_1dg
=79 ds

The quantity : ’
O xpet = \/PxEx

Y X2+ 200 XX'+B X'
Is an invariant when following a
particle trajectory and disregarding
radiation
In an electron storage ring, the
distributions in X and X’ are

gaussian ,
Gxper (S)=Px(S)ey

2
Oxper (S) =7x(S)ex
give the rms horizontal size and

a [
< »

Oxpet = VT xEx

divergence in terms of the emittance R d‘St'ibuz‘,b,) :
o> Z
g © +
X
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SWLEIL Transport of an e-beam by means of magnetic elements

SYNCHROTRON

Origin of the transport End of the transport
Entrance Exit Entrance Exit
2 _ 2 2 N 2 2 " 2
@ 18} ®
Q Q Q
447 [ 4]
12 e 2l 12 2 12 > Sl 12
2. ﬁ 2. 2. d;' 2. 2. d: 2.
= = = = = = = = =
Q a Q
Focusing Quadrupole 1 Focusing Quadrupole 2

Given an emittance
Drift

Drift Space 2 Drift Space 3
dxdx’ e / \

X[m*rad] ﬁ P
it can be transported \/ \/
through a channel with H #

bending magnets and /
focusing quadrupole —
Ey IS INvariant

when radiation is neglected

The transverse motion ( X and Z planes)
of individual particles around the beam  If the outer phase space rms limit contour

center of mass is called betatron (bet) is an ellipse, it will remain an ellipse with
oscillation different parameters but same inner area

/ )
Transport of a e- beam in a two quad channel
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SULEIL Fortunately there is a cooling effect

SYNCHROTRON

The heating in the horizontal X plane produced by radiation in every bending magnet
would lead to a continuous blow up of the emittance, size and divergence

however, there is the RF cavity that restores the energy lost per turn and cools down
the transverse horizontal oscillations

S
A

."i

(b

= £

= i

S 5

& 5 e/ o

€Ctron circular trajec'®

p, cavity exit )
Damping time is of the order of the

p,afteroneturn p, —Ap,.. E-AE_ time it would take for the particle to

: : ~ lose all its energy
P, cavity exit P E Memory of initial conditions is
1dpy, 1 AE,. 1 totally lost when the RF has
— -~ — _ restored the total energy of the
pX dt T ET At(z AEacc - E) particle

The two adverse effects (heating+cooling) lead to an equilibrium emittance g,
and gaussian distributions in X and X’
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SULEIL Equilibrium Beam Emittance

SYNCHROTRON

< The two counteracting effects (heating + cooling) lead to an equilibrium emittance

* The natural horizontal emittance for an isomagnetic ring, i.e. all bending magnets
having same bending radius is :

5 J, Is the horizontal damping partition number.
) Cyy <H>dipo,e J, ~1 (zero field gradient in bending magnet)
&y = Jp J,F—2 (vertical focusing in bending magnet) :
X (potentially) emittance reduction of a factor two

C,=3.83x 10-13m and vy is the Lorentz factor (ratio of the particle energy to its rest energy).
p is the bending radius.

H is the so called lattice invariant or dispersion’s emittance or H-function

(..., an average taken only in the part of the circumference where photons are emitted,
that is in the bending magnets (and Insertion Devices).

H(s) = 7,(8)n° (s) + 2, (8)1(8) 77 (5) + B, (8) 177 (S)

“*In practical units, g, is given by :

(H)y g, IS completely determined by the energy
_ 2 dipole X )
ZlinEd]=dd0E[Esv] pJ, bending field and lattice functions.
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SULEIL H-function in a Bending Magnet

SYNCHROTRON 2
B(s) = By - 2005+ 7,87,

B, M
betatron function [3(s) a(s) = a, - 7,5,
N . 7(S) = 7o,
dispersion function .
1n(s) = 1, + S+ p(1- cosb),
1 (s) = 1, + sind.
; . S _
(N6=1'6=0) 0 =slp

Bending Magnet

* [y Qo Yoo Mo 1o, @re the values of the lattice functions at the beginning of the BM

“ We assume a lattice where 7,=7'y =0 (achromatic condition).

% We get after integration over one BM: < > — ,BOB + a,p A+ 7/0102(:
For small bending angles: B~ 3 ( 5 ) o - IM
(sufficiently accurate for A~ - i@ (1_ 592 ) /P
most storage rings design 10 |, the length of the BM
application) C~ ﬁ@ 4(1_ 154® 2)_

® the full BM deflexion angle
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SWLEIL

SYNCHROTRON

% We get for the natural horizontal e- beam emittance :

C.r°0°
q I
Ex ; B iao+2107/olb
JX Ib

[12

“*There is clearly a cubic dependence of the beam emittance on the deflexion angle| (

It is a general lattice property, there is no assumption on the lattice type.

==) Should use many short BMs to get low emittance.

If the ring consists of N identical BMs : |® :2_” ) o« 1

N X N3

=== Need for a magnet focusing (quadrupoles) providing small waist for the optical
functions
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SULEIL Minimum Emittance (with Achromatic Arc Condition)

SYNCHROTRON

¢ In order to get the minimum possible emittance we have to vary the initial conditions
By and oy until the minimum is found.

2 .3 23
o0&y Cq7 ®" ¢ [1,30 1 11+0[5| J _Cq7’®[ 1 Ib aojzo

= — gt = = -+
dag Iy odag3l, 40 20 AP J, 4710 Fo
23
and 9%x :qu © 1_|b1+0‘62 =0 12
8,6’0 ‘]X 3 20 ,302 Po.min = ?Ib
< We can calculate the unknown initial conditions 3, and o : ao,min = V15

The minimum possible emittance is determined only by the BM length, |b

¢ The minimum equilibrium beam emittance in an isomagnetic ring with an Achromatic
Arc Condition, 7n,=7'y =0, at the entrance of the BM is:

- qu/2®3

E . =
X, min 4\/E'Jx
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SULEIL Minimum Emittance (without Achromatic Condition)

SYNCHROTRON

¢ By breaking the achromatic condition (non-zero dispersion in straight sections)
we can obtain the configuration in which the emittance becomes the smallest.

_ Cq72®3

g o
omit 12 A5 7,

% It is smaller by a factor 3 than in the achromatic arc configuration.

* The optimum values of betatron functions at the entrance of the BM are:

8 _ 1 2 ' 1
ﬂo,min — J15 Ib ao,min =415 no,min — 6:0@ Mo.min = _2®

¢ It is interesting to note that in this case, the dispersion and the betatron function are
parabola with the symmetry axis at the middle of the bending magnet :

2 . .
p@( 1)2 002 15,30( 1) By 0 Minimum at center
= x-= XF—— Xx—=| +— A
1) =75\ X=5) + o4 Aix- 4 2) 16 =0 of the BM.
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SULEIL Beam Sizes

SYNCHROTRON

*»*The local effective emittance relevant for the brilliance has to include the projection of
energy spread o, to the horizontal dimension via the dispersion n.

Horizontal

gx eff — \/EXO + EXO H (S)Ge Oy (S) — \/gXﬂX (S) + (Ue77x (S))2 beam size

B(T)E(GeV the statistical process caused by the emission of
Where o, =6.64x10 \/ ( )J( ) synchrotron radiation affects also the energy-time
° phase space : a gaussian distribution of the individual
particle energies . J. is the longitudinal damping
partition number.

+» ldeally, a flat lattice (i.e. with no vertical BMs) has no vertical emittance (H = 0.). In
reality, however, spurious vertical dispersion and linear coupling create a finite vertical

emittance, £.. Vertical beam size (negligible vertical dispersion) : _
z (negli persion) g (5) = /&, 3, (S)

: 2 _ &x : . . . : .
it |k = - ,the natural horizontal emittance ¢, is divided into horizontal and vertical
2l emittances
2 2
k% is generally of the order of a few %. It can e = X0 e =K &x0
be controlled by means of skew quadrupoles. | * 142 % 1412
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LOW EMITTANCE (HIGH BRILLIANCE)

LATTICES
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SOLEIL Design Criteria For
(Modern) Synchrotron Light Sources

< Emittance is the design criteria

% Compactness

¢ Extensive use of Insertion Devices such as Undulators and Wigglers (highest

ratio of available straight sections to the circumference ).
< Straights of variable length, based on both machine and user needs
< Very long straight sections
< Tunability
< Stability

< Upgrade potential
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SULEIL The Double Bend Achromat Lattice (DBA)

SYNCHROTRON

* R. Chasman and K. Green proposed (~1975) a cell with 2 BMs separated by 1

Focusing Quadrupole. It is the basic Chasman-Green lattice.
Achromat section

<«

iqht FQ1
» Two quadrupoles (FQ1 and DQ1) in straight Straight "9 CRQ B 1

' B . .
section to match the B-functions in the BM section j -—.—- l Insertion

. . insertion DQ1 DQ1
to reach the minimum emittance.

HISOR
»The strength of the CFQ is adjusted so that 30— T
the dispersion generated by the first dipole is 95 B_X_(m), Aoreme
i — Vol i
cancelled by passing through the second B Vil Ay
dipole (achromatic condition). w» 207 T il y
S
= 15 .
» the structure is rather limited in tunability > 10 b )
=
> no simultaneous control of B-functions in 2 y
straight section = 0 i
> rgstrlctec_i area for the sextupoles and ™ 0 25 50 75 10.0 125 15.0 175
diagnostics DISTANCE [m]
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SULEIL

Expanded Chasman-Green Lattices (1)

SYNCHROTRON

s Example of ELETTRA (Achromatic Condition):

A triplet of quadrupoles for the control of dispersion in the achromat section, two
guadrupole triplets for the adjustment of beam sizes in straight sections.

ELETTRA almost
operates at the
minimum emittance
achievable for a DBA
with achromatic
condition.

Too large (?) space
between the two BM

g

"W

Achromat section

g, = nm.rad @2GeV

Bam (m)

20.0

15.0

i0.0

Mo=10 =0

FUNCTIONS

C =258m

ELETTRA

A

Bx(my\

i

Ba

//\‘\ ! ' \

LN

n”m

i0.0 15.0

Achromat section

20.0 s{m)

1o=1¢ =0
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SULEIL Expanded Chasman-Green Lattices (2)

SYNCHROTRON

s Example of ESRF (Achromatic Condition):
- Four quadrupoles are used between the two BMs.

- Different B-functions in straight sections: to provide parallel beam in one insertion
and small beam sizes in the other.

e A A

Achromat section

MUs =36.440 R =134.38389
MUZ =11.3480 ALPHA= 2.827E-04 OFTICAL FURCTIONS EwxfGamn™2= 4. G13E-17

a0

45|

40

N

30

25

Mo=1 =0 7Oné Cerlil
|
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SULEIL Expanded Chasman-Green Lattices (3)

SYNCHROTRON

s Example of ESRF (non-Achromatic Condition):

The DBA lattice of ESRF starting with dispersion free straight sections was later
tuned into a dispersive mode in order to reduce the emittance further.

MLUE = 36.440 R =134.353559
MUZ =14.391 ALFHA= 1.863E-04 OFTICAL FUMCTIOMNS EwxfGam™2= 2.725E-17

&0 T T T T T T T T T I

sxoéz 4§nm.§rad Q GGeV C = 844m

o 1 T IERRIIE TEREEEEE L EEEEE-EECEREEL S EFECEI FEEFEEEE EERERERE EEREEES _

solo ]

Finite dispersion in straight sections

10th October, 2005 Amor NADJI
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SOLEIL Expanded Chasman-Green Lattices (4)

T Super-ACO : ABSOLUTE MINIMUM EMITTANCE OPTICS

15
i: ::)z( :;):: €x=9,85 nm.rad @800 MeV
12
11—\ Bx (m) [——) —
10 \ [ Bzm) | !
9
8
7
' \ A
4 720 W W I N W WY AN
' \ -/ Nx (m) \. /
0 = . - U=
i ° s (m) 1 15
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SWLEIL

SYNCHROTRON

Super-ACO : Zoom on optical functions in the dipole.

€x=9,85 nm.rad
/

: Bz (m) /
1 \ i
| Bx (m) Mx (m)
3 s (m) 6
10th October, 2005 Amor NADJI 25
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SULEIL Expanded Chasman-Green Lattices (5)

SYNCHROTRON

% Example of SOLEIL (non-Achromatic Condition): SOLEIL plans for a dispersive lattice
right from the beginning

C = 354m -
- Px(m) € = 3.7 Nm.rad @ 2.75GeV
24 straight sections 25 | ﬂ ”
(variable length) 20 B, (M)

4x12m : ]
12x 7 m 15 |

SRy imimin
Different B-functions 10 /\}\

In straight sections

5 * 10#n,(mM) \

Finite dispersion ol

: ; 0 10 20 30 40 50 60 70 80
In straight sections ‘ s (m)

(increase the number of straight sections by drifting
apart the two focusing quadrupoles in the achromat)
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SOLEIL Triple Bend Achromat

SYNCHROTRON

*» Large flexibility since the phase advance in the achromat can be varied between
7 and 21t by changing the position of the achromat quadrupoles and/or the length of

the central bending magnet / outer ones. . B . B- .—E .

Achromat section

- to keep the emittance small, the
dispersion in the inner BM must be
reduced = large sextupole strengths

25 -

20 -

- More suitable for small rings, where s L
the deflexion angle per BM, and :
correspondly the dispersion is larger. w |
-More compact than a DBA lattice of 5

the same emittance, however provides
fewer straight sections. °

10th October, 2005 Amor NADJI 27
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SOLEIL Triple Bend Achromat

SYNCHROTRON

“ Example of SLS:

C =288m
25 -
12 straight sections i & =5nm.rad @ 2.4GeV
; x0 — - -
(variable length) 20 L {\ ’\ |
3x11.7m ! /\
6 X 4m oo
Different 3-functions Z / \/ \f\} (\ | /\ UN/
in straight sections Yo VV\ M \ \/ \)\
s L | l l /
Zero dispersion —/ \/‘\Jv \
In straight sections ; nn\ﬂn ) ‘HmH F‘ﬂﬁ ‘H
10th October, 2005 Amor NADJI
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SULEIL Example of Factor of Merit

SYNCHROTRON

Source | Energy 2L £, F
X
(Gev) | © C(m) (nm.rad)
ALS 1.9 ]0.1745 197 | 81 56 0.48
BESSYII 1.9 10.1963 240 | 89 6.4 0.68

DIAMOND 3 0.1309 562 | 218.2 2.74 2.11

ESRF 6 0.09817 844 | 201.6 4 1.73
ELETTRA 2 0.2618 258 | 74.78 7 3.05
SLS 24 02440 288 | 63 5 6.13

SOLEIL 2.75 |0.1963 354 | 159.6 3.7 10.66

F=105><£ 2 L j/(é‘n)2

Circumference

‘9x0

} (Energy)2 x (©)°

&,

10th October, 2005 Amor NADJI
CERN ACCELERATOR SCHOOL (Trieste)



SOLEIL Emittance Achieved

SYNCHROTRON

“ Looking into the details of all these lattices, one will find that the optical functions
do not exactly fit the conditions needed to reach the minimum emittance.

Example of SOLEIL :

Ideal values : Design values :
o min = /15 = 3873 a, = 18
Lo min = 2.17m S, =15m
Eomn = L8 NM.rad &0 = 3.7nm.rad

x0,min

% The ideal value %, =15 causes the betatron function to reach a sharp minimum

inside the BM and then to increase from there on to large values in the quadrupoles,
leading to extremely high chromaticity (the quadrupoles do not provide the same

focussing strength for particle with energy deviation).

&y, = dv,,/(d Ap/p)

v, , . betatron tunes

10th October, 2005 Amor NADJI 30
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SWLEIL

SYNCHROTRON

+»* This must not be tolerated for two reasons :

Momentum acceptance : some variation of energy deviation has to be accepted by the
storage ring for reasons of beam lifetime.

Head tail instability: collective oscillation of electrons in head and tail of the bunch
leading to very fast beam loss. (m)

“* We must operate with zero or positive chromaticity

Chromaticity : § ~&KQ B+m.Bn)ds>0 40/q \ﬁz
guadrupole strength 30 \/ v_\/
)

Px

(introduce negative &)

Strong chromaticity correction 20
sextupole strength sextupoles reduce the /\ \
(correct the &) dynamic aperture and this 10
negatively impacts on the / N{
beam lifetime. 0 IL.LI\ \/ [L.H |
0 10 20 s(m)
10th October, 2005 Amor NADJI 31
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SOLEIL Beam Lifetime

SYNCHROTRON

s 2 main limitations :
® Touschek Effect: scattering within the bunch

c LEacc (s) ]2 N - Ring axis
1 2eN | 1L yox®) |\ L\ -
=| Te T | . 5 ds Chromatic orbit -AE
TTy 872'7 ol LO(TX(S)O'z(S)(Tx(S)Eacc(S)
2
s | Dynamic Aperture | (SOLEIL) 1000 wens High density-Touschek scattering of
ob o _ particles - large longitudinal transfers of
I _ energy - loss unless large acceptance : RF
Twl % rV"_\' acceptance, physical aperture, dynamic
Sl 0% fa¥ NG aperture for large E deviations
4%
10} ; i
I >2 g, =
sp 6% p T € &, (SOLEI, SLS :g,. =4 to 6%)
O—50 —40 —30A —ZOH 1|0 0 10 2|0 3|0 : 4|0 - 50

X (mm)

@ Elastic Scattering : scattering with residual gaz of pression p

1 f (p) Transverse deflexion and subsequent lossin regions
2 2 P of low aperture, which are usually the narrow vertical

Tiaoum E°Q gaps in undulators (g).
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SOLEIL Beam position stability is crucial

SYNCHROTRON

% Users specifications : 6 ,< 0.10 65,,,and o', < 0105’5,
G.m (M) G.m (Hrad)
Horizontal 18 3
Vertical 0.8 0.5

* Amplification factors :
A, =14 o(,= 1.28 um

A, =3 0©(Q,= 027 um

This corresponds to 1um peak to peak
tolerance in the vertical plane

Sub-micron level !l

A = oglrder

A 5 plka)

A

Brilliance reduction,

Emittance growth

Time dependent Orbit Oscillations
Magnets motion

Girders (support) motion
Ground Vibration

10th October, 2005 Amor NADJI
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SULEIL Optimisation Method (1)

SYNCHROTRON

Tune vs Emittance <

l

Betatron Functions

|

Sextupoles Positions

|

Chromaticity Correction
and Dynamic Aperture Optimisation

\ 4

(Use of codes like Momentum Acceptance
BETA, Tracy, MAD,...)

10th October, 2005 Amor NADJI
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V,, V, space
resonances lines :
mv,+tN v, =p

m+Inl resonance order

Periodicity

many constraints for
placing the working
point.

.

Larger dynamic aperture

SULEIL Tune Diagram (Working point)
2 e ddorder  —— 4™order ~ —— 57 order
vz ‘
10.5 .
14.
2.5 _ d .
: [ S =
8.5 .::-__'_'g _
1a. & 12, VX 20.

Lowest emittance

Smaller dynamic aperture Good Compromise between

dynamic aperture and emittance

Higher emittance

10th October, 2005

Amor NADJI
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SULEIL Optimization Method (2)

SYNCHROTRON

« Tune shift w/ amplitude Knobs :
- hift v/ quadrupoles
e Tune shift w/ ener
e Rob o Lattice design |, sextupoles
obustness to errors Fine tuning
multipoles
coupling |
IDs ;
* 4D tracking Tracking
* 6D tracking NAFF
*(x-z) fmap = Injection eff. NAFF suggestions
*(x-8) fmap > Lifetime r .
*Touschek computation Dynamics analysis

Resonance identification

Improvement
Needed

Yes

Good Working Point

(NAFF: J. Laskar)
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SULEIL

SYNCHROTRON

USRS,

High Brilliance
B~1/¢ ¢,
&

Sy s

Constant Intensity

&

Low Emittan ' f
ow Ittance ¢ ngh current |

Long beam lifetime

»| Bendangle 6
g o« O3

.

Touschek- scattering
dominates

Small B, n
In dipole centres

.

Large Energy
Acceptance
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SOULEIL

. !

Large Quadrupole Strength K,

i |
Chromaticity & = dv/(d Ap/p) ~ ) (- Ko + m,B ) ds >0

ﬁ—>—

Dynamic Aperture\ Latt ice Energy )

Closed Orbit _Dlstorsmn (Acceptance) Acceptance
from Magnet displacements > >

> < \_Physical Aperture / | RF Energy

i ! \_ Acceptance /
38
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SWLEIL

Should we further reduce H emittances ?

SYNCHROTRON

X-Ray case : To obtain a high degree of coherence,
constraints are to be satisfied by the optics of the ring

A
. <
Horizontal ‘o
plane 2

/

C o L
" 42
0.
1

The one electron photon
beam emittance

18 10° at 1.2 keV
8.10* at 12 keV

AL, s

G, =—— G, =.|—
4 2L
>

Vertical
plane

Angle Z’ >

h

Resulting emittance
ah
Electron beam
emittance

=

Electron beam emittance
of a 3“GLS

£, @B 10°
6,20 i, 10

>
Position X /@\ Position Z

Resulting emittance <@

Near the diffraction limit a good
matching of the electron beam
emittance with respect to the photon
beam emittance associated with a
single electron is necessary
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SOLEIL Can we further reduce H emittances ?

SYNCHROTRON

to produce X-ray diffraction limited beams in both planes
A a reduction of ¢, by a factor «@00

Increased storage ring size (Chasman-Green)
Ny=2 Ny, ; (65 =6,4/2) number of cells x by 2 ; circumference x 2
for a 3 GeV ring, 32 periods, 700 m circumference (~ ESRF)
n=nJ/4 stronger ¢ sextupoles, lower dynamic aperture, (a=a,/4) ; e.=€y ; T, =270 ;

AMgain a factor 2° = 8 (heating by radiation/16 and damplng/2)
significant reduction of H (V maintained at the limit) and // beam sizes . Intrabeam
scattering makes emittance reduction (<4 for 500 mA) much less effective
Increased damping
All n=0 ID straight sections (200 metres) filled with damping wigglers thus occupying
all the high brilliance sections ; AE=4 AE,
reduction of the damping time t, =t /4

@Mgain another factor <@

Resulting Touschek lifetime is dramatically shortened (factor 15 V at the diff. limit)

ADAcceptable for damping rings but not for light source storage rings

AMSaturation of SR X-Ray light source Brilliance in the low 10% range
slightly below the diffraction limit in the horizontal plane
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S OLEIL Emittance Minimisation with Longitudinal Dipole Field
e Variation (a new step?)

¢ The idea proposed by A. Wrulich is to set the 30 _
bending field higher where H(s) is lower and vice versa. () SOLEIL-like
20
pH
**R. Nagaoka applied the idea to SOLEIL and proposed |_. /\W/\
several laws of dipole field variation (exponential decay, |= " M
polynomials). 0 NS —
D 5 10 15
annEann narEnnn
10 guddoyu goLagauu
% SOLEIL-like :Using an exponentially decaying field (R. Nagaoka) sI[m]
with a peak value of 4.4 T, superposed by the
transverse gradlent Of 18 T/m 8X=09 nmrad HH§S§§§8 F.LPT—iﬁll!'?a?FsDE-uat OPTICAL FUNCTIONS E!x.fGam""2!= 5.?34E!-18

A factor 4 lower than that of SOLEIL emittance.

% A lattice of 0.8nm.rad is calculated by A. Ropertetal. .|
For and ESRF-type with a maximum field of 1.8T.

20

% Guo and Raubenheimer proposed independently
the same idea applied for the NLC damping ring.
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SOLEIL SOLEIL PROJECT : ACCELERATORS

SYNCHROTRON

e . BOOSTER:
LINAC specification : :
_ 2 super periods
(500 mAiIn 416 36 Dipoles -
bunches): Output 057 F71517 m
LINAC charge 8 nC in ' '
300 ns 44 Qpoles:
10.3 T/m/0.4 m
e In temporal structure :
(100 mA in 8 Drifts: 3.17 m
bunches): Circumference:
e Output LINAC L5rm
charge 1.5nCin 3 Emittance:
bunches 150 nm
Power supglies
cycling at 3 Hz
(SLS concept)

TOP UP Injection : injection every 2 min (for a beam lifetime as bas as 4h).
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SOLEIL STORAGE RING MAIN PARAMETERS

SYNCHROTRON

Energy: 2.75 GeV
Circumference: 354.097 m
Emittance H/ V: 3.73 nm.rad / 37.3 pm.rad
Number of cells / super periods: 16/4

Straight sections: 12mx4;7mx12;3.8mx8
Betatron tunes, v,/v;: 18.19/10.29
Natural Chromat. & /&, -52.42 [ -22.76
Momentum compaction: 4.49x104

Energy dispersion . 1.02 103
Revolution Frequency : 0.846 MHz
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SULEIL SOLEIL PROJECT : BEAMLINES

SYNCHROTRON
ID 15M - CASSIOPEE ID 15C - Diff. Lig. Reson.
ID 14C - Diff. Surf. o 1D 16M LUCIA
ID 14M Microfocus
LY
« 2500 users per year 13- DIFFABS D1.- ODE
e it ) M
~IR1 - SMIS
) IR2 - AILES
* 10 beamlines
ID 12M - ANTARES BOOSTER
) \ 2‘75 Gev .y D 3.] - MARS
INn summer 2006 ID 11C - SWING ~_ID 3C - High Pressure

e 24 bheamlines in 2009
\[D 4M - PLEIADES

RD 4.] - CDBio
\ID 5L - DESIRS

ID 10C - PROXIMA I/

* 43 possible beamlines, ... coxmas”
21 on undulators D9, - SAMBA 7

\ID 6M Wiggler FEMTO

D 8., - METROLOGY \ I
IDB8M - TEMPO
ID7M - XMCD
ID 7C - Inelastic
L Section Longue

M Section Moyenne

5 Section Courte
D Dipole 1°
D Dipole 4°

En noir : lignes de lumiére non validées par le Conseil
En couleur : lignes de lumiére validées par le Conseil
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SYNCHROTRON
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