l. Fast workshop on “Injectors for storage ring based light sources”

Overview of existing injectors

According to www.lightsources.org there are more than 50
light sources in the world (10 in Americas, 15 in Asia and
Australia plus 20 in Europe and the Middle East).

Because it is not possible to present the injectors of all Light
Sources, | made a selection of 10 sources:

NSLS | ESRF ALS APS / ELETTRA BESSY I SLS KARA

ANSTO / NSLS i SOLEIL / Diamond / CLS ALBA / SIRIUS / TPS
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|. Fast workshop on “Injectors for storage ring based light sources”

Schematic of an accelerator complex
for a synchrotron light source
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NSLS | — X-RAY and VUV-Source (1982)

/ g - X-RAY STORAGE RING
: /./ s
) rd \\ P v
) /

ABORATORIES —57

. EXPERIMENTAL
va BEAM LINES (28)

N 1
N\
\ > O\
\\ LABORATORY
X-RAY SHIELD
TUNNEL ny N\
& Wiy o\ . [ Vv STORAGE

EXPERIMENTAL
BEAM LINES (16)

NATIONAL SYNCHROTRON LIGHT SCURCE
BROCKHAVEN NATIONAL LABORATORY

Figure 1.

D. Einfeld, Karlsruhe, 7t March 2024



—LaAC TO BOCATLR

o mesmim o Ama LILCTIOM SLFTEM | (BES U

- et LAE CARCTRS
woasTIR ® e el
81t}

To X-Ray Ring

e pare e wasmwE e
Citeviass & Tam ewiL (3BEL TR

Lol TH BOSATEM WAILCTEn Bewes (FayT) L
(Lminr ¢
MREWITR, VT (A LAl ——

Quat

NSLS-|
\ E =700 MeV
C=28.35m
1 =10 mA
€ =73 nmrad
Qx=2.42
Qy=1.37
Ex=-2.76
¢x=-1.58
dE/turn = 11 keV

oW BACK LEG wwsowee FoR—
TAReTons - A3 E rasarY BBWEL T

QD
e ur TireTronas (UL}

e —_—
o
by e

W ALTLLTRMATS CawTY —

¥ BACKLLG WapWC ron
eeTen = a3 C PALMET = TR
o)~ (nb- ILA
o

e BLYOCVANIG Quan (am Cont)
TR RS et
(8 msces) § —

auns —

commuT TRmmromsEn (T
cxmnine cusmncn -

BooRTIR wuv EACTioN MR BULR)

LTI SEFTYR

oW BALKLLG wmiDmy
Rl o (l‘wl

NSLS | - Booster

Lemes) ‘

Quad [-——__

From Linac

on (are)

T tussan CRMT CORMELTURS -
[T SEaT wen e wem

-

Trim defocusing quad
and trim verticai dipoie

N

N/
|
' g N
FR A

(‘. Ilo‘ I\.Ll = .

Quad

ﬂ_] Current transformer |,

e
(& riacum

LG westmes
oty

Ceramic chamber | -

- Booster ejection kicker l

ST
) tSa |

| Backleg Windings |-——— -

© o cvmmin Taawargmmen (CT)
Pt

ll Booster ejection septum

BaLE LEG WHDNG A A
ard

PosaTER VWY LILEToN 3CPTum | Buts il —re
T ARG

y —
QUAD

| L pace wte wnDmG

BesdTER WUv TIECT s MFTV L (Bans 2}

D. Einfeld, Karlsruhe, 7t March 2024

s A
& ¥hees
N 3

—— A’ —— ~=

T — R
S mesaTIN woEAy LUECTION WGKLR  BILK) ———— / } \/
e s T ‘ _»’" { \

- - g 5

RF Cavity — e = ' ta waces) I
B nte sarme mmenstes gy —rT — P

'1'.1 Backleg Windings |+ |
T e _Gem TA ".\ |
>

o AOMILIMTAL & YERT O \ X sext' y f‘ t“ . ;

——_]

Quad
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ESRF — Injector (1992)
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ESRF — Booster:

M: Middle of the Arc
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ESRF — Booster: LTB-Transfer-Line

Transfer-Line: Linac-Booster (E = 0.2 GeV)
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ESRF — Booster: BTS-Transfer-Line
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ALS - Injector (1993)
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ALS - Injector
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ALS — Booster-Lattice

ALS-Booster: Unit-Cell

ALS-Booster: Straight-Section
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The lattice is the same as for APS (1995)
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ELETTRA - Booster (2008)
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ELETTRA — Booster-Lattice

Lattice function at Injection and Extraction Region
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BESSY Il — Booster (1997)
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BESSY Il - Booster
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BESSY Il — Booster: Unit-Cell
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Paul Scherrer Institut: SLS — Booster (2001)

Jonas Kallestrup
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SLS - Booster

Storage Ring E=0.1-2.4 GeV

Injection C=270m
. =12 mA

Y , Booster € =9.1 nmrad
7/ Injection £x =-14.6
/ £x=-11.6

dE/turn = 233 keV

10 15 20 25m

Figure 1: Layout of the tunnel, showing the storage
ring, booster, linac and the transfer lines.

At SLS it was for the first time to
build the storage ring and the
booster in the same tunnel.
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SLS - Booster
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SLS - Booster
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Figure 324 a: Cross section of the beam pipe with the dipoles BD and BF.
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SLS — Booster: Vacuum System

Standard Booster Cell Top view of the FODO cells in the SLS
Steerer booster with the dipoles BD and BF.

Bp  Pump HX HY gF  Pump After each dipole a small pump is
Bevow = ‘é‘ %& installed
y Bend 6,441° B'JM Bend.1,13° S

Booster Cell with sextupole SD
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ANKA / KARA (2001)
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ANKA - Booster

ANKA - Booster

The Booster was built by Danfysik
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ANKA - Booster
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Canadian Light Source (CLS) — Injector (2006)
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CLS - Injector: Layout and Parameters
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CLS
E=2.9GeV
C=102.528 m
1=>10 mA
€ =523 nmrad
Qx =5.18
QY =2.38
&x =-6.87
§x=-4.03
dE/turn = 863 keV
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Betafunctions [m]

CLS - Booster

CLS-Booster: Unit-Cell

- CLS-Booster: Straight Section nx
30 - nx .
h ! - oy By -
13 \ ‘ A 32 P
.\\.‘ .f/ Bx\\ ‘ )__,”( -\‘\.. ‘ , = @ \ G 2 / \\ }
= \ 4 b 4 N \\\-, o / J 5% ’/')" X .
X /N N, vl \ ¥ 5 k¥ r N
= M 4 b /'/ \-K 4 ~ \\ P e
- B _// ‘\\ ._,/ \-A__ P e TR - N i
; S e~ - il e~ ‘DF DB - DE DE ' DF DB . DC DE
o D1 ID2 5 . D3 " oS .Dﬁ DZ 3 OF - s - = e
o ——m — F Bend Bend F D
QD Bend QF QD QF Bend QD ) en ap &n Q Bend @

Bend:L=2.61m,¢$=225°p=6.67mB=145T
QF:L=0.3m,G=14.61T/m,QD =0.2 m, G=-16.49 T/m
D1=3.37m,D2=0.75m,D3 =0.335m,D4: L=3.516 m, D5: L=3.42 m,
D6 = 0,705 m, D7 =0.385m, D8 = 3.516 m

Bend:L=2.61m,$=225°p=6.67m
QF:L=0.3m,G=14.61T/m,QD=0.2m, G=-16.49 T/m
DF=0.335m,DB=0.705m,DC=0.385m,DE: L=0.755m

Sextupole magnets are not implemented in the lattice for
correction of the natural chromaticity's to positive values since

the head-tail is not considered to cause any problems for beam

current below =50 mA
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CLS - Booster
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‘l Figure 5: Fully installed section of the booster synchrotro
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ASP/ANSTO — Booster (2007)

The lattice is the same as for NSLS 1l (2015)

Australian Synchrotron Project

Lattice: Combined function . @
Booster circumference: 130m 4
Injection energy: 100MeV

Peak energy: 3.0GeV

Beam current (multi bunch train): 5SmA

Cycle rate: 1Hz

Me DANFYSIK
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ASP/ANSTO - Booster

The Booster was built by Danfysik

35
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ASP / ANSTO - Injector

Machine functions within one quarter of the Booster The design is similar to NSLS Il

I ANSTO
E =3 GeV
C=130.2m
I=>5mA
€ =42 nmrad
Qx=9.2
Qy =3.25
§x=-8.8
&x=-11.5
dE/turn = 862 keV

C
S % B ¥

(4]

0 - 1
Entrance | 10 [ Arc-Cell | -- 30
AT T o T R —-

t 8ot BF"*BD BF BD BF BD"BF 1BD BF BD BF BD{ BF{BD 4
QF QD SH SV SV SH QD QF
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ASP/ANSTO - Booster

ARC-Cell of the Booster

oW W

nx

’ ;I3 DE LIS DFDG ;Ie DG DF LIE [lE 3'=:»
] ]
BF BD SD BF SD BD BF

BF:L=1.35m,$=3.429°p=22.357m,B=0.444T,G=8.26 T/m,
B" =-35.41 T/m~2
BD:L=1.15m,¢$=8.25° p=7.99m,B=1.25T,G=-6.7 T/m,
B" =-49.3T/mA"2
SD:L=0.20 m,B" =393 T/m”2,SD:L=0.16 m, B" =-73.35T/m

DE=0.3m,DF=0.12m, DG = 0.24 m

D. Einfeld, Karlsruhe, 7t March 2024

N

nx +0.10
‘ 5 N 0.00
1 \ Straight-Section of the Booster e
By \ e
'-‘"»‘__ -0.15"
5- Byg\'"' ’:/’&\\ L -0.20
—_ \¥, -0.25
. 0 DB 4 & :DB
] [ /| I —
DA
BD QF DA QF BD
BD:L=1.15m,$=8.25°p=7.99m,B=1.25T,G=-6.7 T/m,
B" =-49.3T/m"2
QF:L=0.25m,G=23.51T/m
DA =2.894m,DB=0.6m
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ALBA - Injector (2011)

Sirius (2018) and Taiwan Photo Source
(2015) have the same lattice as ALBA
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ALBA - Booster: Layout and Parameters

3 GeV VO,
Storage PR - v, ®
Ring ‘\ ALBA Booster Layout / ¢
N 7z
& &
~ ”
& &
~ | ALBA Booster: Machine functions within one quarter of the storage ring | -
& @
iy nx e
[ | ®
- = -
é : b ) i é
= s
- | : -
—— e
. 5y
® o &
- E=3GeV, C=249.6, £=9.3 nmrad -~
< &
~ ~
3 GeV \ 0
Booster * 7 \’
'Synchro- e, 8y B \®
tron LR TEET TR

E=3GeV,C=249.6 m,I=>5mA, £€=9 nmrad
&x =-16.7, &x =-10.2, dE/turn = 622 keV
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Betafunctions

ALBA - Booster

18- ALBA Booster: Straight section - ALBA Booster: Unit-Cell 0.4
92 14 - nx 0.3
1 m 0.1 2 )
12 e B ;’/—h———__\ R e ) CACRIRN 9 ; _E_ h I J
104 /By Bx 0.2 d s . ) /
%, VAT S A p
1% S TA i N S Fite
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im D6 - = I E . D1 DI == = m m D6 =
SF SD QD2 BE Qb QF QF BE QD2 SD SF BE2:L=2.0121m,¢=10° p=11.531m,B=0.8678 T, G=-2.285 T/m, B" =-19.91 T/m~2

QF2:L=0.18m,G=15.69T/m, B" = 19.5T/m"2,D31 =1.834 m
BE:L=1.0063m, $=5° p=11.531m, B=0.8678 T, G = -2.285 T/m, B" = -18.81 T/m~2
QF:L=0.36m,G=14.08T/m,QD: L=0.2m, G=-12.77T/m, QD2: L =0,2 m, G =-11.6 T/m
SF:L=0.2m,B"=13.2T/mA"2, SD=0.2m, B" =-37.4 T/m"2
D1=1.23 m, D2 = 0.38 m, D3 = 0.3268 m, D4 = 0.4068 m, D5 = 0.5 m, D6 = 1.45 m, D7 = 0.15 m
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ALBA - Injector: Magnets

- 252 mm »l Lr-= 240 mm =J1
’— —‘ 4 ko E 4
o
3
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E \ o
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= T~ 30 mm-‘
=X

35 mm——.‘

BE:L=1.0063m,¢$=5°, p=11.531 m, B=0.8678 'F,._ QF2:L=0.18 m, G = 15.69 T/m , B" = 19.5 T/mA2

G =-2.285T/m, B" = -18.81 T/m~2

170 mm

[
! =i

’»15 mm-

S~
I‘ZO mm | \\‘\Q’d\ \ e
| | £

SD=0.2m, B" = -37.4 T/mA2 QF:L=0.36m, G =14.08 /m,QD: L=0.2 m, G =-12.77 T/m,
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Circular profile

Inner vacuum chamber profile
Multipoles and correctors: 29 mm.

Elliptical profile

Step from elliptical
to circular profile

Mesh for the
pumping port

D. Einfeld, Karlsruhe, 7t March 2024

Circular profile

48,0
46,0

19
17 | 6

o

Inner vacuum chamber profile in
the dipole is elliptical: 17.6 x 46mm

316l St. steel, 1 mm thickness.
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ALBA - Injector

43
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ALBA - Injector
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SIRIUS - Injector

Many thanks to:

E. Al-Dmour (MAX IV), H. Bach (Danfysik. M. Boge (SLS), J.R. Calvey (APS), E.
Huttel (KIT), J. Kallestrup (SLS), E. Karantzoulis (ELETTRA), I. Lobrach (APS),
M. Jordi (CELLS), L. Liu ( LNLS), I. Martin (Diamond), M. Mcteer (BESSY), R.T.
Neuenschwander (LNLS), M. Pont (CELLS), Schulz (SLS), T. Shaftan (BNL), A.
Shahveh (Diamond), Ch. Steier (ALS), M. Svandrlik (ELETTRA), E. Tan
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Many Thanks, Dieter
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