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Effects of the SSRL Wiggler on the SPEAR Beam 

Introduction. 
A wfggler fo r SSRL (Ref. 15 has been b u i l t . Is now under­

going magnetic t e s t i n g , and Is scheduled to be ins ta l l ed In SPEAR 
In time fo r the October turn-on. This wiggler Is a 7-pole (5 ful1 -
and 2 ha l f - po le ) , 3-perIod design, approximately 1 m e f fec t i ve 
length , and designed to reach 18 kG peak f i e l d . I t w i l l be placed 
in the short s t ra igh t section j u s t counterclockwise from the south 
symmetry po in t . 

In th i s note, the e f fec ts of t h i s wiggler on the beam are 
estimated by means of the computer program MAGIC (Ref. 2) and 
various matching schemes are invest igated. 

Parameters of ttie WtsRier. 
The optical equivalent and synchrotron radiation Integrals 

of the SSRL wiggler were calculated by a computer program written 
for this purpose, and are discussed in a previous report (Ref. 3). 
It was shown that the only significant quantities are the vertical 
focusing (ky), the energy loss Integral (Al 2), and the excitation Integral (M3). On the basis of computed design fields (Ref. 1) 
these functions were found to be 

k y - 0.05001(Bo/18 kG)2(E/1.5 GeVr 2 (m_I ) 
fll2 • 0.0S0I*2(Bo/18 kG)2(E/1.5 GeV)"2 (uT1 ) 
M 3 - 0.01lv2fc(B0/18 kG) 3 (£ /1 .5 GeV)"3 Cm-2 ) 

where B 0 Is the peak f i e l d and E Is the beam energy. 

Simulating the Higgler In MAGIC. 

Since MAGIC models only rectangular un i fo rm- f i e ld magnets, 
the problem Is to simulate the ef fec ts of the actual wiggler with 
a squared-off f i e l d model. Luck i ly , as may be seen from the 
resul ts given above, we only need to f i t two of the three func­
t ions (since ky and AI2 scale In the same way). Consequently 
only two adjustable parameters are needed in our model. By 
making a ser ies of runs wi th the wiggler program (Ref. 3) I t was 
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found that the e f f e c t i v e pole length ( £ w ) and the e f f e c t i v e peak 
f i e l d ( B 0 ) can be adjusted so that the squared-off representat ion 
f i t s the above functions accura te ly . The e f f e c t i v e parameters as 
compared to the actual peak f i e l d and Integrated pole length are 

B 0 » 1 8 . 0 kG B w - l i f . 1 5 8 6 kG 

*o - 0.09<tl»88 m A„ - Q.10<i«»29 m 

t - -Lft where K - ~ I B ds 
7 pole 

The wiggle period and number of poles were f i xed at the actual 
va lues. While the above numbers are based on the design f i e l d s , 
they are not expected to be much d i f f e r e n t for the measured f i e l d s . 

MAGIC Results. 
Since there Is no longer any symmetry In the ring, it was 

necessary to use a special version of MAGIC with expanded dimen­
sions to accomodate the complete SPEAR ring. 

Case; 
Five cases were run and compared to the unperturbed reference 

(1) No special matching for the wlggler. 
(2) 6 V matched by varying the pair of QF's nearest the wlggler (designated as QFW). 
(3) By rtatched by varying the nearest pair of QD's (desig­
nated as QDW). 
Ci) fry and r>x matched by varying the nearest pairs of QD's and QF's (designated as QDW and QFW). 
(5) P/ and fry* matched by Independent trimming of all the 
Q3's and Q2*s south of the IP's (designated as Q3SE, Q2SE, 
Q3SW, and Q2SW). 
Table I shows the unperturbed values for the configuration 

used In the calculations. Table II summarizes results before tune 
corrections. Additional runs were made to correct the tunes, but 
the parameters other than the Av's changed only marginally. 

Conclusions. 
Regarding the five cases summarized In Table II: 
(1) No matching. The differences In 6* of ±3.5 t at the two 
IP's may be tolerable. 
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(2) e y matched by QFW. This case Is a disaster because of 
the large differences In Px*and nx* at the two IP's (1.671 m and 1,180 m for 6X* and +0.203 m, -0.360 m for n x*). This 
Is especially worrisome because n x* Is believed to be Impli­cated In the "flip-flop" effect (Ref. ki. Moreover, the 
change of 2U % required for QFW Is far out of range of the 
trim windings. 
(3) B matched by QDN. Better than Case 2, but the V mis­
match (-Q.022 m, +0.0t>0 m at the IP's) Is probably still 
too large. 
(it) 8 and n x matched by QDW and QFW. Quite good optically. 
The match could be made exact by varying one more set of 
quadrupoles, but this seems unnecessary. The changes required 
In QDW and QFW (2.5 % and 1.2 % respectively) are probably 
within the range of the trims, at least at low energies. 
(5) e *and e*matched by trimming Q3's and Q2's In south arc. 
Exact match <at the IP's. The effect of the +12 % B» mismatch 
(which occurs only In the south arc) would have to be consid­
ered. Quadrupole trtro requirements are minimal. 
In summary. It appears worthwhile to try running the ring 

with the wlggler with no special matching (Case 1, above). If 
the gy*dlfference appears unacceptable, either Case (4) or (S) 
could be tried. 

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

arcs. This could In principle be corrected by making all the 
quadrupole families Independent In the two arcs. 

(b) Local energy loss at the wlggler, which might relate to 
the "flip-flop" effect (Ref.4). This could be partially compen­
sated by dephaslng cavities In the north arc. 
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Table I . Configuration S p e c i f i c a t i o n s . (E » 1.5 GeV). 
Note: the tunes used here are considerably c lo ser to the 
Integer than tunes which now are conmonly used In SPEAR --
i . e . , v x * 5 .27 , \>y • 5 .18 . Thus the present example i s 
somewhat of a "worst case" as regards mtsmatch e f f e c t s . 

Tune; v x S.lUif 

5.09872 

1.20 m 

0.1O m 

0.0 m 

Machine Funct 

v y 

Jons 

E m l t t a n c e 

*** 
e 0 

L u m l n o s l t v : &o 

Oamolne t imes 

Txo • T yo • TEo > 

0.1229 mn-mrad 
3.6 x l O 2 9 cm"2 s e c - 1 

/ 2 0.067 sec 
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Table It. Effects of Higgler with Various Matching Schemes. 

Case 1 Case 2 Case 3 Case it Case S 

Matching None *y s By.Hx 6 X , By 

Tunes; Avx 
0 . 0 0 . 0 6 7 9 - 0 . 0 0 5 1 - 0 . 0 0 1 0 - 0 . 0 0 0 2 

Av 
y 

IP F u n c t i o n s : 
A * <WP) 
K (EP) 

0 . 0 1 1 9 - 0 . 0 1 0 8 0 . 0 3 7 8 0 .0361 0 . 0 1 7 1 Av 
y 

IP F u n c t i o n s : 
A * <WP) 
K (EP) 

1 .20 
1 . 2 0 

1 .671 
1 .180 

1.19U 
1 .203 

1 .217 
1 .193 

1.20 
1 .20 

R * (V/P) 
p y (Ep) 

0 . 1 0 1 
0 . 0 9 4 

0 . 1 0 0 
0 . 1 0 0 

0 . 1 0 0 
0 . 1 0 0 

0 . 1 0 0 
0 .100 

0 . 1 0 0 
0 . 1 0 0 

„ * d i p ) ^x an 0 . 0 
0 . 0 

0 . 2 0 3 
- 0 . 3 6 0 

- 0 . 0 2 2 
0 . 0 4 0 

0 .0 
0 . 0 

0 .0 
0 . 0 

Mismatch In A r c s i 

A V p x 0 . 0 £ 0 . 3 6 ± 0 . 0 1 ± 0 . 0 2 t o . ooi* 

A@ /e 
y' y 

+ 0 . 1 1 0 . 0 0 . 0 0 .0 + 0 .12 

A V i x 
0 . 0 ± 0 . 5 3 ± 0 . 0 6 0 .0 0 . 0 

EnerfiV L o s s : U /U Q 1 . 1 0 3 1 . 1 0 3 1 .103 1 . 1 0 3 1 . 1 0 3 

Emtttance E / E 0 1 . 3 1 2.21. 1 . 36 1.31* 1 . 3 1 

LumI n osft;y: « / J ^ 1 .31 1 . 6 1 1 .37 1 . 3 2 1 . 3 1 

Paipififis T

x / T x o 0 . 9 0 7 0 . 9 0 7 0 . 9 0 7 0 . 9 0 7 0 .S07 

Matching QuadruDoles : 

AQDH/QD 
AQFW/QF 

AQ3SE/Q3 
AQ2SE/Q2 
AQ3SW/Q3 
AQ2SVJ/Q3 

•0 .2U36 
• 0 . 0 2 5 7 + 0 . 0 2 5 1 

• 0 . 0 1 1 6 
- 0 . 0 0 2 7 
- 0 . 0 0 0 8 
+ 0.001*3 
+0 .0010 
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Ef fects of the SSRL Higgler on the SPEAR Beam 

In t roduct ion . 

A wlggler for SSRL CRef. 1) has been b u l t t . Is now under­
going magnetic t e s t i n g , and Is scheduled to be I n s t a l l e d In SPEAR 
In time fo r the October tu rn -on . This wlggler I s a 7-pole (5 f u l l -
end 2 h a l f - p o l o ) , 5-perlod design, approximately 1 m e f f e c t i v e 
l eng th , and designed to reach 19 kG peak f i e l d . I t w i l l be placed 
In the short s t ra igh t section j u s t counterclockwise from the south 
symmetry po in t . 

In th is note, the e f f e c t s of t h i s wlggler on the beam are 
estimated by means of the computer program MAGIC (Ref . 2) and 
various matching schenas are I n v e s t i g a t e d . 

Paranwt«r» of the Wlgglar . 

The opt ica l equivalent and synchrotron r a d i a t i o n Integrals 
of the SSRL wlggler were ca lcu la ted by a computer program w r i t t e n 
f o r t h i s purpose, and are discussed In a previous report (Ref. 3 ) . 
I t was shown that the only s i g n i f i c a n t q u a n t i t i e s arc the v e r t i c a l 
focusing ( k y ) , the energy loss In tegra l ( A l 2 ) , and the e x c i t a t i o n 
In tegra l ( M 3 ) . On the basis of computed design f i e l d s {Ref. 1) 
these functions were found to be 

k y • 0.05001(Bo/18 k G ) 2 ( E / 1 . 5 GeV)" 2 (nT 1 ) 

A l 3 • O .OSO^Bo/ lS W ) 2 ( E / 1 . 5 G e V r 2 (nT 1 > 

AI3 - 0.01*2(1(60/18 k G ) 3 ( E / 1 . 5 GeV)" 3 (nT 2 ) 

where B 0 Is the peak f i e l d and E Is the beam energy. 

Straularltw tht- Higgler In MAQIC. 

Since MAGIC models only rectangular u n i f o r m - f i e l d magnets, 
the problem Is to simulate the e f f e c t s of the actua l wlggler wi th 
a squarcd-off f i e l d model. Luck i ly , as may bo seen from the 
resu l ts given above, wa only need to f i t two of the three func­
t ions (since k y and AI2 scale In the same way) . Consequently 
only two adjustable parameters are needed In our model. By 
maklns a ser ies of runs with the wlggler program (Re f . 3) I t was 
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found that the ef fect ive pole length (£„) and the ef fect ive peak 
f i e ld ( 3 D ) can be adjusted so that the squared-off representation 
f i t s the above functions accurately. The effect ive parameters as 
compared to the actual peak f i e ld and In tec rated pot* length are 

B 0 - iB.O kG B w - Hi.1336 kG 

*o - 0.091**88 m l w - 0.104429 fll 

where K - ~l^ ds 
pole 

The wiggle period and number of poles were fixed at the actual 
values. While the above numbers are based on the design fields, 
they are not expected to be much different for the measured fields. 

WJIfi Results-
Since there Is no longer any symmetry In the ring. It was 

necessary to use a special version of MAGIC Mich expanded dimen­
sions to accomodate the complete SPEAR ring* 

case: 
Five cases were run and compered to the unperturbed reference 

• 

(1) No special matching for the wtggter, 
(2> e v matched by varying the pair of QF*s. nearest the wiggler (designated as QFM). 
(3) By natched by varying the nearest pair of QD*s (desig­
nated es QDW). 
(4) By and n x matched by varying the nearest pairs of Q0*s 
and QF's (designated as QOW and QFWK 
(5) B^ and M matched by Independent trimming of all the 
q3rs and Q2 Ks south of the IP's (designated as Q3SE, Q2SE, 
Q35W, arc1 Q2SW). 
Table I shows the unperturbed values for the configuration 

used In the calculations.' Table II summarizes results before tune 
corrections. Additional runs were made to correct the tunes, but 
the parameters other than the Aw'i changed only marginally. 

Conclusions. 
Regarding the five cases summarized In Table II: 
tl) No matching. The differences In Sy* of *3.S X at the two 
IP's may bo tolerable. 



- 3 -

' (2) &y notched by QFW. This case Is a disaster because of 
t h * t i r e * difference* tn B^and n,* a t the two IP's C1.S71 m 
•ltd 1,180 m for &x*and «0.203 m, -0.360 m for n^)« This 
la especially worrisome because TJ * is believed to be Impli­
cated In the " f l i p - f l o p " effect (R t f . » ) . Moreover, the 
ehangu of 2* t required for QFW la f a r out of rant* of the 
tr im windings. 

(5) S_ matched by 0J)W, Better than Case 2* but the n̂ * rats-
match (-0.022 n , •O.Qnn m a t the IP 's ) Is arobabty s t i l t 
too l e r i e . 

{») ft, and n, matched by QDW and fjFW. Quite good o p t i c a l l y . 
The match could b« made exact by vary Ins one more sat of 
quadrupoles, but th is seems unnecessary. The changes required 
In QDW and OF* (2.5 t and 1,2 X respectively) are probably 
within the ran«e of the trims, at least « t low energies. 

(5) &,*and £ * » t c h a d by trimming 0,3** and 0*2'* In soutli arc. 
Exact metch s t the I P ' s . The ef fect of the +lt 1 0, mismatch 
(which occurs only In the south arc) would have to-be consid­
ered. Quadrupole t r i o requirements ere minimal. 

tn summary. I t appears worthwhile to t ry running the ring 
with the Higgler with no special matching (Case 1 , above), t f 
the B,*d!fferenc» appears unacceptable* e i ther Case ik) or (5 ) 
could be t r i e d . 

Some other possibly adverse effects a r e : 

(a) Unequal betatron phase advances (n the south and north 
• r e s . This could In pr inciple be corrected by making a l l the 
quadrupole famlltes Independent In the two arcs. 

(b) Local energy loss at the wlggler, which might re lets to 
the " f l i p - f l o p " ef fect ( f t e f . t ) . This could be par t i a l l y Qt tipen-
seted by dephaslng cavit ies In the north arc . 
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Tibia I, Configuration SoaclfleatIons. (E - l.S Q«V). 
Hot*i tha tuna* u*«4 h«ra •r« cons?d«rably ctosar to th< 
Intagar than tunas WMch now are commonly usad In SPEAR • 
1.*., v x • 5.37, v., • 5.H. Thus tha prasant axampla Is 
•oaawhat of a "worst eas«" as racards mismatch affacts. 

TjJQfJ. V. S.lkk 

Vy S*09872 

*s 1*20 en 

V 0*10 m 

"V 0.0 in 

Ealttinno c 0 0.1229 Nn-inrad 

3.6 x 1 0 2 9 cm"2 s a c - 1 

P M f t l i ^ t | j j a t 

mw mf ^ P mJ\ V ^m ImVWMQ *m 'mM %mW 

n 0.067 sac 
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Table I L E f fec t * of Wi t t ier with Varlout Hatch lot setiaraa*. 

C«ie l Case 2 Caia 3 Cti« f) Ci$« 5 

Hatchins Nona h *r 0y»n, *«* . 6,* 
liUUU.* Av̂  0.0 0.0679 -o.oosi -0.0010 -0.0002 

y 

<WP) 
(EP) 

0.0119 -0.0131 0-0371 0.0361 0.6171 

IP Funefcjflp 

X 

y 

<WP) 
(EP) 

1.20 
1.20 

1.071 
1.110 

1.19* 
1.203 

1.217 
1.193 

1.20 
1.20 

•s (UP) 
CEP) 

0.101 
0 ,09 ; 

0,100 
0.100 

0.100 
0.100 

o.ioo 
0.100 

0.100 
4.100 

* * 
(WP> 
(EP) 

0.P 
0.0 

0.203 
-0.S6D 

•0.022 
0.0*0 

0.0 
0.0 

0.0 
0.0 

Mismatch In Arcat 

4S x/6, 0.0 

WT/$y *0.11 

i V ^ o.o 
fcfiT«v Lp^y U / U 0 1.103 

Emit tanct e /c t f 1.31 

Lumlfwvtltv. tf/^ 1.31 

Pamolnai T

x / T * o 0.907 

iqw/qo 
AQFW/QF 
AQ3SE/09 
AQ2&E/Q2 
Aq3SH/Q? 
MtfSW/QS 

xQ.J6 ±0.01 10.02 *Q.00* 

0.0 0.0 0.0 10.12 

tO, 53 ±0.06 0.0 0.0 

1.103 1.103 1.103 1.103 

2.2d 1.36 3.9* 1.31 

1.61 1.37 1.31 1.31 

0.907 0.907 0.907 0.907 

• 0.2li36 
•0.02S7 •0.0251 

•0.0116 
-6.0027 
-0.0008 
•0,00*3 
•O.OQIQ 


