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Effects of the SSRL Wiggler on the SPEAR Beam

Introduction.

A wiggler for SSRL (Ref. 1) has been bullt, Is now under-
golng magnetlic testing, and ls scheduled to be Installed In SPEAR
In time for the October turn-on. This wiggler Is a 7-pole (5 full~
and 2 half-pole), 3-perlod deslign, apprcximately I m effective
length, and designed to reach 18 kG peak field. It will be placed
in the short stralght sectlon just counterclockwise from the south
symmetry point.

In this note, the effects of this wigglier on the beam are
estimated by means of the computer program MAGIC (Ref. 2) and
varlous matchlng schemes are lInvestlgated.

Parameters of the Wiggjer.

The optical equivalent and synchrotron radiation Integrals
of the SSRL wlggler were calculated by a computer program written
for thls purpose, and are discussed in a previous report (Ref. 3).
It was shown that the only significant quantlties are the vertlical
focusing (ky), the energy loss Integral (Ail,), and the excitatlon
Integral (A¥3). On the basls of computed design flelds (Ref. 1)
these functlons were found to be

ky = 0.05001(By/18 kG)?(E/1.5 GeV)~2 (m™!)
al, = 0.05042(8,/18 k&) (E/1.5 GeV)™? (m™1)
Aty = 0.01425(8,/18 kG (E/1.5 GeV)™? (m2)

where B, Is the peak fleld and E |s the beam energy.

imulatgl Wi GIC.

Since MAGIC models only rectangular uniform-fleld magnets,
the probliem Is to simulate the effects of the actual wlggler wlth
a squared-off fleld mode!. Lucklly, as may be seen from the
results glven above, we only need to flt two of the three func~
tlons (slnce ky and Al; scale In the same way). Consequently
only two adjustable parameters are needed In our modet!. By
making a serles of runs wlth the wiggler program (Ref. 3) It was
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found that the effectlive pole length (L) and the effectlve peak
fleld (B,) can be adjusted so that the squared-off representation
flts the above functlons accurately. The effectlive parameters as
compared to the actual peak fleld and Integrated pole length are

B, = 18.0 kG B, = 14.1386 kG
2o = 0.094488 m Ly = 0.104429 m

where % = 1 [8 ds
pole

The wiggle perlod and number af poles were flxed at the actual
values. While the above numbers are based on the design fieids,
they are not expected to be much different for the measured flelds.

MAGIC Resulls.

Since there is no longer any symmetry In the ring, It was
necessary to use a speclal version of MAGIC with expanded dimen-~

slons to accomodate the complete SPEAR ring.

Flve cases were run and compared to the unperturbed reference
case:

(1) No speclal matching for the wiggler.

(2) matched by varylng the palr of QF's nearest the wiggler
(desiénated as QFwW).

¢3) By matched by varylng the nearest palr of QD°'s (deslg-
nated as QDW).

(4) B, and ny matched by varylng the nearest palrs of QD's
and QE' (deslgnated as QDW and QFW).

(5) By* and %f matched by Independent trimming of all the
Q3's and Q2's south of the IP's (designated as Q3SE, Q2SE,

Q354, and Q28¥),

Table | shows the unperturbed values for the confliguration
used in the calculatlions. Table Il summarlzes results before tune
corractions. Additlonal runs were made to cerrect the tunes, but
the parameters other than the Av's changed only marginally.

Lonclusions.
Regarding the flve cases summarlzed In Table I1:

{1) No matchtng. The differences In By of $3.5 2 at the twe
IP's may be talerable.



(2) g, matched by QFW, Thls case Is a disaster because of
the large differences in By*and n,* at the two IP's (1.671 m
and 1.180 m for B,*and +0.203 m, =0.360 m for nA). This

Is especlally worrlsone because n,* Is belleved to be i{mpli-
cated tn the "flip-flop" effect (Ref. 4), Moreover, the
change of 24 % required for QFW Is far ocut of range of the
trim windings.

{3) By matched by QDW. Better than Case 2, but then*mis-
match (-0.022 m, +0.04D m at the 1P's) s probabiy stil)
too large.

{4) B, and n, matched by QDW and QFW. Quite good optically.
The mgtch could be made exact by varylng one more set of

quadrupoles, but this seems umnecessary. The changes requlired

In QDWW and QFW (2.5 % and 1.2 % respectlvely) are probably
within the range of the trims, at least at low energles.

(5) g *and ay*matched by trimming Q3's and Q2's in south arc.
Exact 'match at the IP's. The effect of the +12 2 B, mismatch
{which occurs only In the south arc) would have to Ee cons d-
ered. Quadrupole trim requlrements are minimal.

In summary, It appears worthwhlle to try running the ring
with the wigzgler with no speclal matching (Case 1, above). 1If
the By*dlfference appears unacceptable, elther Case (4) or (5)
could be tried.

Some other possibly adverse effects are:
(a) Unequal betatron phase advances In the south and north

arcs. Thls could In principle be corrected by making all the
quadrupole familles Indepeandent In the two arcs.

{b) Loeca! energy loss at the wiggler, which might relate to
the "fllp=-flop" effect (Ref.4). This could be partially compen-
sated by dephasing cavitlies In the north arc.
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Table |. Conflguration Speciflcations. (E = 1.5 GeV).
Note: the tunes used here are considerakbly closer to the
Integer than tunes which now are commonly used In SPEAR =~
l.e., Vv = 5,27, v, = 65,18. Thus the present example is
somewhat of a "worst case" as regards mismatch effects.

June: Vo 5.14b
vy 5.09872
Maching Functions:
By* 1.20 m
By* 0.10 m
n* 0.0 m
Emittance €0 0.1229 mm~mrad
Luminoslity: %o 3.6 x 102 cni? sec”!
Lamping tlime:

Txo ™ Tyo = Tgy /2 0.067 sec



Table It. Effects of Wiggler with Various Matching Schemes.
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Matching

Jlunes: vy

Av
y

g * &NP)
x CEP}

¥y (EP)

x (UP)
™ (EP)

Mismatch In Arcs:

ASXIBX

88,78y

An, /oy
Enerzy lLoss: U/U,
Emittance e/eg
Luminosity: £/%,
Damping: Tx ! Txo

Matchlng Quadrupoles

AQDY/QD
AQFW/QF
AQ3SE/Q3
AQ2SE/Q2
4Q35M/Q3
4Q254/Q3

1.20
1.20

a.10

1

D.09%

0.0
0.0

0.0
+0.11
0.0

1.103

1.31
1.31
0.90

7

8)‘
C.067
-0.010
1.671
1.180

0.100
0.100

0.203
-0.360

29.36
0.0

20.53
1.103
2.24
1.61
0.997

+0.243

8y

9 =0.0051
8 0.0378

1.19%
1.203

0.100
0.100

=0.022
0.040

*0.01
0.0

£0.06
1.103
1.38
1.37
0.907

+0.0257

6 .

By,n,L
-0.0010
0.0361

1.217
1.193

0.100
D.100

+0.0251
+0.0116

0.0171
1.20
1.20
0.100
0.100
2.0
6.0

t0.004

$0.12
g.0
1.103
1,31
1.31
0.507

-56.6027
-D.0008
+0.0043
+0.0010
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Effects of the 5SRL Wiggler on the SPEAR Baam

introduction.

A wiggler for SSRL (Raf. 1) has been bullt, |ls now under-
going magnetic testing, and 1s scheduled to be Installed In SPEAR
In timp for the October turn-on. This wiggler ts a 7-pole (5 full-
and 2 half-pole), 3-perled deslgn, spproximately 1 m effective
length, and designed to reach 13 kG peak fleld. It wil) be placed
In the short stralght sectlon just countarclackwise from the sduth
syrmetry polnt.

In this note, the effecrs of th!s wilggler on the baam are
estimated by means of the computer program MAGIC (Ref. 2} and
varlous matching schemas are Investigated.

Paramatars of the figglar.

The aptical equivalent and synchrotron radlatlon [ategrals
of the SSRL wigglar ware calculated by 3 computer program written
for this purpose, and are discussed In a previous report {(Ref. 3).
It was shown that the only sign!flcant quantitlies are tha vertical
focusing {ky), the energy loss Integral {(A),), and the excltatlon
Integral (4179, On the basis of camputed design fields (Ref. 1)
these functlons were found to be

ky » 0.05001(8y/18 kG)2(E/1.5 GaVv)~2 (m~1)
Bl, = 0.05062(B,/18 kGI2(E/1.5 Gev)™2 (m!)
Aly = 0.01624(By/18 %G)? (E/1.5 GeV)™? (m2)

where By is the peak fleld and £ 18 the besam energy,.

Slewlating the iiggler In MAGIC.

Slnce MAGIC models anly rectangular unlform=-fleld magnets,
the problem s to simulate the effecrs of the actual wiggler with
8 squared-off fleid model. Lucklly, as may bp seen from the
results glven above, wa only noeed to fit two of the three func-
tlons (slnce ky and al; scale In the same way). Conseguently
only two adjustable parameters are noeded In our model, By
making a serles of runs with the wigglier program (Ref. 3) It was
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found that the affectlve pole length (£,) and the effective paak
field (3,) can ba adjusted so that the squared-off representation
fits the above functlions accuratsly, The effective parameters as
compared to the actuat peak flald and Integrated pole length are

B, = 18.0 k@ B, = 14.1386 kG
fo = 0.094488 m Ly = 0.104429 m

where L, = -1 fB ds
o Jfpole

The wiggle perlad and numbar of poles ware fizxed at ths actual
values., Whlle the above numbers are hased on the deslzn flelds,
thay are not expectad to be much differsnt for the messured flelds.

MAGIC Results.

Since there 1s no longer any symmetry In the ring, It was
necessary to use & speclal version of MAGIC with expanded dimen~
sions to acconadate the camplate SPEAR ring.

Flve cases ware run and compared to the unparturbed reference
case:

{1) No speclal matching for the wiggler,

(2} 8, matched by varying the pair of QF’s nearest the wiggler
(desltnat-d a3 QFW).

(3) 8y, matched by varying the nearest palr of QD’s (desig-
nated as 0QDW).

{4) and n, matched by varylng the nearest poalrs of Q0‘s
and QF's (deslignated as QOW and QFW).

{(5) B2 and B.,i matched by Indenendent trimming of all the
Q3's and Q2"s south of the IP's (deslignated as Q3SE, Q2SE,
Q3I5H, and Q2SW).

Table | shows the unperturbad valuas for the conflguration
usad In tha calculatlions.’ Table 11 summarizes resylts bafore tune
corrections. Addliclona) runs were made to correct the tunes, but
the parameters other thap tho Av's changed cnly marginally,

f£oncluslons.

Ragarding the five casss zummarizead In Table |I:

(1) Mo matching. The dlffarences In B;' of #3.5 3 at the two
I1P's may be tolerable,
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: (2) matched by QF4. Thls case |5 a disaster because of
the &ru differences in By"and n,* at the two 1P's (1.671 m
snd 1.180 m for A, *and +0.203 m, -0.360 m for nM. This
ts sapacially worrisome because n* 1s balleved to be Impli-
cated ln the "fip=-flop" effact tﬁef. ). Morsover, the
changu of 28 § required for QFW iy far out of ronga of the
trim windings.

(3) B, macched by QPY, Batter than Case 2, but the nfais-
match (-0.022 m, +0.040 m 3t thea IP's) s arobably stit!
too large.

{s) and u, matched by QOW and OFW. Quite good optically.
The abtch could be made exact by varyling ona more sot of
quadrupoles, but this sesms unnecassary. The changes raqulired
in QDN and dFW (2.5 % and 1.2 § respectivaly) are probably
within the range of the t*ims, at least st low energles.

(5) 8 "and g,*matched by trimming Q3's and Q2's In south ayc.
Exact match at the IP's. The effact of the ¢12 2 mismatch
{which occurs only In tha south arc! would have to-be consid-
ered. Quadrupole trle requlrenents are alnimal.

in sumaary, it appears worthwhile to try runnieg the ring
with the wiggler with no speclal matching (Case 1, shove), 1If
the B,‘dlffaﬂncn appears unhacceptable, alther Case (&) or (5)
could"be tried.

Some other possibly adverse affests are:

{a) Unequal betatron phase advances 'n the south and north
sres. This could In princlple be corracted by making a1l the
quadrupole famllles Independent i the two arcs.

{b) Loca) energy l0ss at the wiggler, which might relars to
the "f1ip-flop" effect (Ref.h). This could be partially ¢cnpan~
sated by dephasing cavities tn the north arc.

Acknowlgdganents

The author thanks #. J. Lee and J. E. Paterson for helpful

ﬂ;fg”"’“" end A. S. King for supplyling the specle) version of

Bafacences:

1. M. Brunk, 4. Spencer, and H. Winlek: private communlicatlons
snd report to be published,



.‘-

2« A. 5. Klng, B, J. Lee, and W, H. Lee, MAGIC, a Computer Code
for Daslgn Studles of insertions and Storage Rings, Stenford
Linear Accelarator Centar Raport SLAC-183 (1975),

3. R. H. Haim, Kodeling the Effects of a Flat Miggler on a
Storage Ring Beam, Stanford Linsar Accelerator Center Report
PEP-272 (1978).

b, SPEAR Machline Physics Group, private cammunication. Tha
Uf1lp=flon! affect 13 man!festad by one of tha colllding beiams
being blown up while the othar remalins small; stlight changes In
machine conditions causss the blowup to Filp From one beam to the
other. The pheanomenon lacks satisfactory exolanation and ju still
undsr Investigation,



Tabla t. Conflzuratlion Speciflcations. (E = 1.5 GeV).
Note: the tunss used hare are considerably closer ta the
Integsr than tunss which now are corwmonty used In SPEAR ==
Ii-., Vy ® 5-27. W s 5.18. Thus the presant sxanpie Is
somewhat of a "worst case"” as ragards mlsmatch effacts.
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June: Ve S

Vy 5,09872
Hachlng Functlons:

By* 1.20 m

By* 0.10 m

Ny 0.0 m
Enlttance €o 0.1229 mm-mrad
Luminosley: 2o 3.6 x 102 o2 sac!
Damping tioe:

Tz = fyo - TEO 1z 0.067 sec
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Tabtle 1}, Effects of Wiggler with Varlous Matching Schemes.

Case 1
Matching Nona
JIuans: &y, 0.0
bv 0.0119
4
1P Fun<tleona:
g {WP) 1.20
x (EP) 1.20
+  (UP) 0.101
&  (em 0.09%
*  (UP) 0.0
& (EP) 0.0
Mismarch In Arca:
&8 /6, 0.0
b8, /8y 0,11
ang/m, 0.0
foarsy toxs: WU, 1.108
Emlttaﬂc. E,Eg 1031
Luninosisy: @/2, 1.31
Damping: T, /T 0,907
Marching Quadrupglies:
AQDW/QD e
AQFW/QF e
A33SE/Q3 -
AQ2SE/Q2 ~e=
AQ3SH/ Q3 -ma
AQ:SH’Q’ e

A el D koA W

Caso 2
By
0.0679
‘00010'
i.¢6M
1.100

0.100
4.100

0.203
=0.360

20.36
0.0

¢0.53
1.103
2.24
1.6}
0.907

*0.2436

Case 3
By
=0.0051
0.0378
1.19%
1.203

0.100
0.100

=0.022
0.04D

20.01
0.0

£0.06
1.103
1.36
1.37
0.907

«0.0287

----- WesasagudESfagpsusesews ol gEasew S BEden o oD S B

Case &
By

-0.0010
8.0381
1.217
1,193

0.160
6.1400

0.0
0.0

£0.02
0.0
a.0
1.103
1.54
1.52
0.907

+0.0251
+0.011%

- -
-y
- -

- -,

Case 5

0.6171
1.20
1.20

8.100
8.100

0.0
0.0

20.004

20.12
¢.0
1.103
1.52
1.7
0.907

‘0.0027
=0.0008
+0,0043
+«0,0010




