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BESSY Il electron storage ring
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Storage ring parameter

nom. energy 1.7 GeV
nat. emittance 6 nmrad
circumference 240 m
Optics: 2x8-cell DBA long. damping time 8 ms
typ. current 250 mA
rf-frequency 500 MHz
15 IDs in operation nat. chromaticity X, X, -52, -26
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Insertion devices at BESSY

Table of present BESSY 15 IDs

Name devices length B ID-type

U-139 1 1.39m 1.47T 6 planar IDs

U-125 2 3.87m 1.36 T

U-49 2 4.10 m 0.80T

U-41 1 3.25m 0.66T

UE-56 2 3.36 m 0.77T 5 helical IDs

UE-52 1 4.00 m 0.74T

UE-49 1 3.09 m 0.71T

UE-46 1 3.24m 0.68T

4(6)-T-WLS 1 0.008: 4T 4 sc-IDs

7T-MPW 1 0.075 7T siongest devices

7T-WLS 2 0.020* 68T Gipole rad power
=17 kW /100mA

* = vertical tune change
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Numerical generating function (GF)

explicit orbit integration through the ID yields,
rearranged: (0 0yi: P Py) P (Qy. Qs Py Pyi) | i, f = initial, final

construct a polynomial GF of type F,

M
o m n
F (05,9, P Pr) = QA Ao U q;/i P Py

k+l +m+n=1 M=4..6

with the properties | Qs =1F./TR;, Q, =1F, /1P,
P, =TF, /90, , P, =ﬂF2/ﬂqyi

and fit numerically the |Qy

iImplicit equations of motion solved by Newton fit routine
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Analytical GF

H =Hamiltonian, A, =vector potential (analy. expression)
H=(P- A/Br)*/2+(P,- A /Br)*/2- A Br

Hamilton-Jacobi-equation: H(QX, X,Qy,P +9F/9z=0

where F, :é f.pl PyiXs ., B = — R, =

|,m,n

and flmn(QX,Q ,z) and, e.g., X, =1/Br

- first order, partial differential equation for F,
- f,,, solved by iteration routine (REDUCE)
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GF Example, planar ID:

scalar potential: Vv =- (B, /k,)cos(k,x)sinh(k,y) cos(k,2)

expanded GF
F=FgptFoBs + |:01ny +Fy Px? + F, Py ny + Fo, Py?‘

Foo = 2% (K; €0S*(Kkq) cost (K, 0y ) + k5 sin?(k, 0 ) sinh? (k, )/ 4K
Fio = O - 2° G K, Sn(K, ) Cos{ia ) (k7 cosi (k,a,) +k5) /4k;

For =0y +2° %5 K, sinh(k,q, ) cosh(k,q,) (k7 cos’ (K,qy) +Kkg)/ 4k

Fu = 2% Sinh(k,0,) cos(i,g, ) (kg +k3) /(kK,)

F.o = 2/2- zx3k, cosh(k,q,;)sin(k,q,)/k,

Foo = 2/2+ z X3k, cosh(k, q,;) sin(k,q, ) /k,

FAST: several periods can be taken in a single step! z =nl

fast convergence X, =1/(k,r ;) »1/(60*5) =1/300
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Helical ID (APPLE Il type)

Scalar potential for an APPLE Il type ID:

V = J_r}”“.-'l T 1.’ + 1 1 + i‘l,l"H with
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the expanded, analytical GF
is derived from this potential

txi- = eslkatz 20l 828 =sin(kz g 2). function

]l-:_l — {'F-_lt“fllrrar I.'Il.lil:l:” _|_ F'_-_-A- r ”_,-"IL'._ L.E?.- i

The integrated sextupole strength of one pole is comparable
to the harmonic sextupole strength of BESSY II.
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Helical ID: matching condition

First and second field integrals for closed orbit matching:

+L z

+L
(\j?)deZO, (\) (\j?)de'dZZO and for BX
L Lo-L

and similar for the ID-sextupole components:

+k Loz proof based on

N\ N\
Z)dz =0, Z)dz'dz=0 T. Collins “Distortion
CP( ) O CIS( ) Functions”, Fermilab
-Lo-L Internal report 84/114

-L

there are 4 types of sextupole-like fields:
Voooir Visoir Vi Vi
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lelical ID: end poles

0 - closed orbit has to be matched to helical orbit
7! - non. lin. fields have to be matched
T .
2 l ‘ - possible, matched end pole scheme:
1 'F _3 . . .
iy I 3 poles of equal shape and at periodic location
<—> - - -
end periodic with amplitude ratio of +1:-3: +4
pole part
-u.n distortion function,\\ ::: vertical phase_espace plot
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Distortion function B for the matched Vertical phase space plot for the
(red) and unmatched case along one matched (red) and unmatched case

BESSY Il unit cell
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ID effects on the beam

IDgap lifetime orbitff tuneff [f=feed
off on off on

open 5h - 8h - - -
closed 3h -5h 100 20 125 <5

mm mm kHz kHz

< = per ID

UES56-module: skew 8-pol resonance,
tune moved away from resonance

U125, 0.02 max. tune shift, large beta- and phase beat,
with correction 16%*» 10% life time reduction

7T-MPW, 0.075 max. tune shift, large beta- and phase beat,
life time affected by gas desorption

G. Wiistefeld et al., BESSY, WIGGLE2005 Mini-Workshop, Frascati, 2122 February, 2005 10



ID effects on the beam

excitation of skew octupole resonance by UE56
vertical tune scan

450kHZ =0.04%p

450 kHz =0.04x2p
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ID effects on the beam

linear distortion by IDs can disturb the nonlinear tuning of the ring
beta and phase beating needs to be corrected

optics correction of U-125, tune shift 0.02

phase beat correction beta beat correction
Ui : e
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degrees
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Field integrals

Comparison of field integrals measured with beam and
stretched wire, helical ID UE56

bx | [5 KH2'div]
A iBamesmi | | @ upstream and downstream module of ID
P .| | operated as a planar device
F %5‘2 Y/ T sl e horizontal tune shift and vertical
o I |f beam kick as a function of the
oot | | - mamwswssl || horizontal displacement are measured
it closec .I I
e Ve v |*vertical and horizontal field strength
— - YN[ seel|are derived and compared with stretched
,_ T wire data
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Beam-based measurement of the integrated
field errors in comparison with the results ob-
tained by a stretched wire (black). The results
for the up- and downstream parts are shown

in red and green.
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summary

e generating functions are fast and symplectic
mapping routines for IDs

* end poles require a careful design including the
non.-lin. fields

e additional resonances are excited by ID-fields

e strong linear ID-distortions de-tune the non. lin. ring
optics, beta beat and phase beat correction required
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