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Unit 8 - Lecture 17

Building blocks of storage rings

William A. Barletta

Director, United States Particle Accelerator School
Dept. of Physics, MIT
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Il ||| Dipole magnets to bend the beam * *
** **
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* In practical units
BT
1[m‘l] - 02008 —oL1
p B« E[GeV]
|
dipole :ﬁbend
I,

|y (AMp —turns) = 1 B, (Gauss) G(cm)
0.4x

US Particle Accelerator School




m = ** *
Il |" Quadrupoles to focus the beam T
* * **
Focaill'.poi nt
.........
For a Quadrupole with length | & with gradient B'
B[T/m
o=+ By Forz=1 k[m?|=0.2998 [T/m]
\BE A ﬁE[GeV]
5 [I] _ 2_51NI [A -tuzrns]
m R [mm?]
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I1lil" BEAM OPTICS screen { .

/E= Magnet Lattice'and Beam Dynamics Functions .

File Particle newlattice optics z-step ringdesign edit Graph lists Help

Particle Trajectories
60 T Jcopyglement

50- ................................................................................. EL ....................................... J cut and paste
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x{mm), y(mm), 10*disp(m)

O -oo-nnmnmoonnasnsrensnannemassmnemenosnsescasnnoncsnnsoscenronessasnrsn sonon ons “ """""""""""""""""""""" [~ BL edit mode

T e
-80 '

z-axis {m)
do not show dispersion | RED: x(s); GREEN: y(s); BLUE: dispersion*10
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I"liIT Magnet input screens * i

edit beam line element:

running index

edit beam line element:

previous element

delete element

2

i J accept data

edit beam line element:

running index 3

sector magnet

Name

1D

12

path length

curvature

0.10000

gradient strength

0.00000

’ pole face angles: Ain/Aout(rad)

[m.ﬁan :] 0.00000

full magnet gap

deflection angle

0.25000 m

1/m
1/m”2
0.00000

0.00000 cm
1.43239 degrees

" rect Magnet ¢ sector Magnet " vedze Magnet

foc. guadrupole Name
1D 20
path length 0.25000 m

| quadrupole strength 1.00000 1/m™2

s foc.quadmpols (" defoc. quadnipole vary/scroll quad sirength
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I'lj|” FODO transport channel Wt
** **

f/2 -f f/2
N Y,
Y
FODO cell

For stability sinH:L = f>L/2
2 2f
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I1lj|’ FODO transport

* The (symmetric) FODO transport matrix is

2
1- 2fL 2L - (1+ E)

% =2- (1_ % ) : (% 2) and @ = betatron phase advance

* Letx=f/L

1> k-2

cos<;0:1—2f2: or

K,Z
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I' Ii |- More generally for a lens of finite length = =
* *

% The solution is that of a simple harmonic oscillator

= VK

JKSn®  cos®

!/

X

!/

1 .
X COS ——9n X
( ) © © ( ) whee © =+/K |
out out

% For K < 0 the solution iIs

( 1 . )
cosh ® —— sSiNh®
(:(() = VK (;() with © = /K|
out \1/\K\ snh ® cosh © | out

* For the thin lens, let =0 keeping Kl finite and —1/f
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IiIT Symmetric FODO cell { }

beta x,y (m).

z-axis (m)
beta_x (red); beta_y (green)
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1§ Simple FODO cell { 3

Betatron Functions

beta_x,y (m), eta*10 (m)

S1's)| " . R g ™ i e s s i
= =
s s s R G R ER B e e e
0 1 2 3 4 5 6 7 8

z-axis {m)
beta_x (red); beta_y (green); dispersion®10 (blue)
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1§ 12-fold symmetric 1 GeV FODO ring T 5

Betatron Functions

20
18] : . :
e B R | |8/ SV B S SRS S
PR RNAAS ARRRE R NERE AN .-

beta x,y (m), eta*10 {m)

D200 40" 60 80° 100 1200 40 160 18D
z-axis (m)
beta_x (red); beta_y (green); dispersion*10 (blue)
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N .. . ** x*
||||| RF for 1 GeV FODO ring * *
* *
. * ¥
e SE
File RFf-system energy scan phase space  rf-potential
1f voltage, kV 1000.000 rf frequency = 500.27866 MHz || change beam parameter ? - energyacceptance, % = 0.646
1f power, kW 200.000 harmonic numher = 267.000 momentum cp , GeV  1.000 | over voltage factor = 71.97
energy loss/turn = 13.895 keV beam cwrent, mA  100.000 ' phase = 170.204 deg
addl. energy loss/turn [keV] 0.0 . synchrotron frequency, kHz= 91.250
e O e __ M rms bunch length, nmm = 0.398

cp_min | < cp (GeV) < cp_max synchrotron tune, nue_s = 0.048700

‘RfPower system =
if frequency = 500.27866 MHz rfwavelengthis 0.599 m
# of cavity cells/ring: 1 eff. cavity lengthis 0.300 m

~Cavity Impedance
@ scaled cavity impedance " select Impedanc

* copper impedance = 28.630 MOhm/m

cavity material pill box shunt impedance——————
" aluminum | tot. ring impedance = 8.578 MOhm

Shunt impedance is defined hy R_s = V*V/P

tot. cavity voltage = 1000.000 kVolt

tot.available rf-power = 200.000 kW

total cavity losses = 116.575 kW

misc.xf-losses= 0.000 kW or  0.000 9% oftotal power

remaining 1f power of 83.425 kW
will sustain a max. total beam current of 6003.794 mA
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N - . * *
I"liI Longitudinal phase space e

) A (O NI O OO 1

dEE (%)

0 30 60 90 120 150 180 210 240 270 300 330 380 390 420 450 480 510 540 570 600 630 660 690
phase (degrees)

(green:separatrices; red:unstahle; blue:stable trajectories)
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I|I-- The bend magnet can be in the drift: * o
Il 112t of 10 GeV DESY ring A

Betatron Functions

20
18;
161
14-
12;
101

beta_x,y (m), eta*10 (m)

0 2 4 6 8 10 12 14 16 18 20 22 24
z-axis (m)
beta_x (red); beta_y (green); dispersion*10 (blue)
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IljI” DESY ring parameters 1t
** **

- - - - - - . - - -, - - - - - - -\

BAPEIRIB. il ve s eimsnavae s eeaiee electron

particle momentum, CP...ccevvanssanns = 10.000 GeVv ing geometry

R O S (e e = 19569.34144 e :

DEAM CULTENE .« e vvne e eenneennnnseenns = 100.000 mA # of superperiods |1

ring circumference,C.....ccoeeuncanns = 288.24000 m ring circunference = 288.240 m
eRergy losS/turn ...cccvsvnssiussanne = 32.618 MeV revolution frequency = 1.

tot. radiation power .....ccccucvccuse = 3.262 MW if frequency, MHz [500.2°
Roxiz.GEping TIRE .c.nvsvvasassanae = 309.458 usec harmonic number is 481.000
wert.damping time ...iccciiicinnocnnne = 294.764 usec now total defl.angle is 360.000 deg

synchrotron damping time ............ = 143.964 usec

perfect ring with integer harmonic number!

 study full ring?
betatron tunes,Q X......ccvevvennnanns = 6.08396 =
Q_Y .................. = 5.92782 J study superpelriod?
natural chromaticity,xi X0 ........... = -7.03662
Xi YO cecnvennnan = =7.171701
corrected chromaticity,xi X .......... = 0.00000
Xi ¥ conveannas = 0.00000
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|||“ DESY ring RF

Brr

Fle Rf-system energy scan oot

phase space  rf-potential

if voltage, kV 60000

if power, KW 6000.000
energy loss/twm = 32618.122 keV
addl. energy loss/tumn [keV] 0.0

if frequency = S00.27814 MHz
harmonic number =

“change beam parameter ?

momentwn ¢p , GeV  10.000
beam cwrent, mA  100.000

481.000

cp_min

< cp (GeV) <

cp_max

* *
* *
* *
* %
energy acceptance, % = 00918
over voltage factor = 1339
phase = 147.069 deg
synclhrotron frequency, kHz = 108.196

rms bunch length, mm = 20.123
synchrotron tune, nue_s = 0.104026

dEE (%)

longitudinal phase space

0 3 & %

120 150 180 210 240 270 300 330 360 390 420 450

(green:separatrices; red:unstable; hlue:stable trajectories)

“X-axis scale
& linear
 Jogarithiic

80 310 SA0 ST 600 630 660 6%0

phase (degrees)
[y-axis scale [raxds limits
& linear xmin 0 xmax 0
| logarithunic ‘ min 0 ymax O
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|||i|- Example of synchrotron complex: ELSA .
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|||i|- ELSA optical functions : x

* *
* %
25 T T v T v T T T T r— ) T Y r T T T T T
CALIF fit from RM ——— CALIF fit from RM ———
measurement ——— measurement (BPM scale factors from CALIF) ——
20 | - 4l
X i ¥ 1 1
3 -
15 - 9 —
E f [ B | /
» - 2+
= ot |
\ l -
5
0 x
0 . 2 1 i A - pr— 1 1 1 1 "
0 20 40 60 120 140 160 8 120 140 160
s-position [m] s-position [m]
- ; : ' " CALIF fit from RM ———
measurement ———
20 I
f i H
- I5F
E
N |
< 10 , \

SV

0

0 20 40 60 80 100 120 140 160
s-position [m]
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IliI  Achromatic Transport Cells Wt

Po po po
w——\-—-l__ — - — | ;a/—’

Figure 5.5 A simple achromatic system consisting of two bending magnets sepa-
rated by a horizontally focusing quadrupole.
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117 Why use achromats? o2 =
** **

% We may want to deliver the beam to a region with no
residual dispersion (energy dependent orbit displacement)
= [nteraction regions in colliders
= [nsertion devices in storage rings

% For circulating electron beams we may want a very low
emittance
= Synchrotron light sources

* We would like many long straight sections

% Hence the low-emittance Chasman-Green lattice (1975)
— Basis is Double Bend Achromat (Panofsky, 1965)
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Ill-- Storage ring building blocks: o o ol
Il Double Bend Achromat «

Betatron Functions

beta_x,y (m), eta*10 (m)

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
z-axis (m)
beta_x (red); beta_y (green); dispersion*10 (blue)
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*

|| |i|- 12 of the cells make a 2 GeV electron ring {

Betatron Functions

beta_x,y (m), eta®*10 (m)

0 2b 4'0 60 80 100 120 140 160 180 200 220
z-axis {m)
beta_x (red); beta_y (green); dispersion*10 (blue)
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II |i|- With a tune in a dangerous position

Resonance Diagram

475

vertical tune, Q_y
N
n
\/

3’5 375 Kl
horizontal tune, § x

(hlack: integer; blue: 1/2- integer; hlue: 1/3-order resonance)
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IliI" The longitudinal phase space is

longitudinal phase space
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