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1. Introduction 

A significant gain in luminosity has ten achieved by use of "mini beta in­

sertions" implemented in several electron-positron storage rings (CESH, DORIS 

II, PEP, PETRA) during the last year. This concept consists of strong vertical 

focusing quadrupoles mounted as close as possible to the interaction point. Such 

an arrangement avoids ttie acceptance and chromatic/iy problems caused by an 

extreme focusing with the normal magnet structure. On the other hand these 

"mini beta quads" interfere with the particle detectors and in particular if the 

detector has a magnetic Held one has to use additional measures to protect the 

quadrupole from .this field. For the ARGUS detector at DORIS II with a longitu­

dinal field of B = -8 T this problem has been successfully solved hy means of 

compensating coils surrounding the quadrupoles. 

In this paper a mbi beta insertion for SPEAR is suggested which is rather 

similar to that developed for DORIS II.1 The essential element is a conventional 
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iroB magnet with moderate design values up to an energy of B = 4 GeV. The 

resulting optica allow vertical amplitude functions down to /?* = 3 cm at the 

intiTaction points. Compared to the present SPEAR optics, the mini beta optics ia 

only different in the interaction regions but unchanged in the whole arcs. Thia is 

of great importance to the injection system which dces'nt need nny modification 

The resulting gain in luminnsily is calculated to be approximately a factor of four. 

2. Luminosity 

The luminosity of an electron .storage ring at the apace charge limit is given 

by the following expression for one bunch per beam: 

/,=*3.1 X ID1 * * 

with 

/ = 608.5 ^ 1LJU. AQ 
y/Ptt 

and the omittance coupling: 

The notation and units arc: 

L = luminosity in [nn~~ sec-"1] 

/ = beam current in (mAj 

E = beam energy in [GeV] 
t. 

ix = horizontal cmiUance at t GeV in [IT mradl S P 3 

/u = revolution frequency in [rlz] 

Px.v =hcta function at the interaction point in [m| ^• aS S SB 

AQ — beam-beam tune shift 

, 0 0 ? ^ 
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Without the use of wigglers, the present measured luminosity of SPEAR b 

SIGeV] /[mA] h [cm -2 sec~lJ 
1,547 

1.842 

5.0 

0.5 

4.5 X 10 W 

1.1 X 10 3 0 

With the optical data 

# s * 1,19 m, 01 =0.103 m, kt = 4.04 X W~8 r mrad 

one can derive the following average values for k and AQ: 

* = 0.11, £<? = 0.0261 

Taking these numbers one gets the luminosity versus energy as shown in Fig. 1, 

which fits very well with the best average values achieved so far. ID the new mini 

beta optics the omittance ix fa unchanged and the coupling k = (x/cy and the 

tune shift AQ are assumed to be the Bame as well. Only the amplitude functions 

in the interaction points have the following different values: 

SPEAR Mini Beta Optica ; 0* = 0.B0 m , £j = 0.03 m . 

The resulting luminosity is also shows in Fig. 1. It Includes a correction fac­

tor due to the variation of the beta function along the bunch as figured out by 

G. Fischer.2 Thus the mini beta insertion will increase the luminosity of SPEAR 

by a factor of Sve. This value may be somewhat too high; it is possible that 

the maximum tune shift AQ due to beam-beam interaction will be decrca&LJ 

3 



: r 
SPEAR Mini Beta Opl i c s / / 

01 = 0.90 m 
- £J = 0.30m / / + 

- / 

-
+ / 

- / +/ 7 present SPEAR Optics -
/?;= 1. I 9 0 m 

- ^ ; = 0 . ) 0 3 m 
-/ -

- / + AverogeVoluer> Measured 1978 
/ ORecenf Values 

/ i 1 i 1 

2 
GeV) 

Figure 1. Luminosity (if SPEAR with mini heta insertion 

compared to present vnJuty (without wiggler). 
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because of the non-negligible variation of the beta function along the bunch 

mentioned above. But in any case one can expect a gain factor of about four. 

3. Lattice and Optica 
la order to implement the new mini beta insertion in the SPEAR lattice, the 

Brsl vertical focusing quadrnpole Q3 is removed and replaced by a new magnet 

with a significantly higher gradient. The front face of this "mini beta qitadrupole" 

MDQ3 is only 1.34 m away from the interaction paint. The first horizontal 

focusing magnet Q2 has to be moved one meter closer to the interaction point, 

whereas all other magnets are unchanged (see Fig. 2). 

The strengths of the standard quads QF and QD are exactly the same 

as in the present SPEAR optica, The matching of the new mini beta inser­

tion to the unchanged lattice of the area is done by varying the first six quads 

MBQ3, Q2, Ql, QFl, QDl, and QF2. Since all quadrupotes between the kicker 

magnets arc unchanged, the betatron phase in this region is not changed either, 

and the matching of the kicker beam bump is not affected. Therefore the new 

mini beta optics don't require any modifications of the injection system. 

The mini beta optics for SPEAR have been calculated using the computer 

codes "COMFORT"3 and "PATRICIA".4 The optics design provides a vertical 

beta function of /?£ = 0.03 m in_thc interaction point nnd-the twasCnlctnilcd 

investigations have been done with this value. But several other optics with 

/^-values between 0,025 and 0,05 m have also been calculated. 

The following list contains the most important parameters of tbe 3 cm mini 

beta optics: 
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Parameters 3 em Optics Present Optica 

Beta functions at interaction point: /9£ [m] 0.000 1.100 

«M 0.030 0.103 

Tune: vt 5.2057 5.273 

va 5.1633 5.161 

Chromalicity: f, -12.102 - 8.95 

Sit •26.485 -15.36 

Momentum compaction: a 0.04115 0.0418 

Emit tan ce (at 1 GeV): £ x (mrnd] 4.872 X 1 0 - 8 4.04 X 1 0 - 8 

The plots of tbe beta- and dispersion-functions are shown in Pie. 3; the lattice 

parameters] the beam-dynamics parameters and the most important integrals 

are listed in Tables 1-2. 

4. Chromaticity Compensation 

The chromaticity of the 3 cm optics is—especially in the vertical plane— 

relatively large (£ x «= —12.1, fy = —20.5) Tor a machine of the size of SPEAR. 

Therefore a very effective sextupote arrangement is required, which sets the chro­

maticity to & = £ v = + 3 without significant reduction of the dynamic aperture. 

The present chromaticity compensation consists of two sextupole families, one 

for each plane. Using only these two families for the 3 cm mini beta optics, the oft" 

momentum particles show a strong nonlinear behavior. As plotted in Figs. 5 and 

6, the vertical tune as well as the vertical beta function in the interaction point 

vary strongly with momentum and for values of Ap/p < —0.7*39 the program 

can't even find a periodic solution. In the horizontal plane, however, there are no 
7 



SPKAR 3 CM M1MBKTA OPTtCS (FKFI fi, I OEM) 

c 4* 

- i — — — f — — » • -

i\ 
1 

en r 

Ul ,-JIL, . . . . _ l l w i _ ^ = : _ l l - - U , - - . _ — - ,11 j i B 

f 'l 

IT 

B i -

j 

A/ 
3 i — * • 

~*17' ii . ' : ' . - . [ . 

4 8 4 47f7A3 
Figure 3. Amplitude and dispersion function of the 3 cm mini Wla optica. 
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such problems. Therefore it seems to be reasonable to keep the one hor.'»onUl 

sextupole family Bnd to split the vertical sextupolc circuit into two families. 

Under ideal conditions one can compensate the undesired kick of a scxtupole 

on an on-momenlum particle witb large bcLatroa amplitudes witb another sex­

tupole of the same strength. The beta functions at the sextupoles are supposed 

to be equal and the bcttttion phase between the sextupoles has to be A0 = 180°. 

Fortunately in the present magnet arrangement of SPBAH one can cosily Bnd two 

vertical Bextupnle groups, which almost satisfy these conditions, as sketched in 

Fig. 4. Because or the periodicity in the arcs, corresponding beta functions are 

equal and the phase advances of V] = 106.7° and V"j = 160.1°, respectively, are 

very close to the ideal value. 

With these three scxtupole families {SF, SD SDl) a much better solution was 

found, The scxtupole strength and other important parameters are given in the 

following tabic: 

iPttJ' t cx nt'tjmii snrici tun i , I W I 
»«•• niinPQLf-siPuc'Lfaf (H u<( imr-aurtanuiixi ---• 

J WLTIPOH M T I I N I l E i u n i m i l PUT !T»«in i t l l l l f M ' i i l 

IB I I I (.111 SI«lJrilBl 
1 . n u i f l f O l l • ! • j > ID i r i . i ' t I . 4 H t . w t 9 f k l 1.1*0 • s . « t u t 

^ m t t i r o i r i t - J * I f » '.vu 1 1 1 - ) • . t i i B t U i . * ; J t 10111 
i. m i T i p a i f *<• J * l i w I f t I t fln.| 4 <4* ff *0« i l»» * I M I * 

*, miumt *!• •M * I t V I I . i t ) * > . ) l . ' l t l . t i l f - > -1 .111(1 
1 . K I L I I M l t * ! • J * IB M l t . o * t JB.V.4 q A M O.ft l l 1 4Q' a U M I 

*. n i l l t l l i u l i t . J * M W l i *:i ;a i s * • r t . i A M I 1 - . 1 * 1 .1M1B 
T. n j u i r o i r Hi J * « V I I • ; * i. I I r S I I I a .a ts r . ' ; » • a a i m 
ft. r u i n r o i r " • J • T1 W * »71 lh n » 1 tit i . M I 1 I M • * » . ' n 
9. iwtnmt J t - J * t." ;» b s u IA-L4 1 ', l.-l 1 O H 1 t . '^ i l:.*»T 

»» rt«lll>ill I t - J - 1 - 11 , i *•*/ l- !-. ' 1 > * * n a I " M • 1 M i n 
I I , • n j l l l l a i l • ! • J * III M l t »»i JJ llfc 1 I . " 1 . '8 / • it i *Mtt 

m i u IUUII ar NJIIIKKIS tn siumci 1110 «. , ; , ;' 

As drawn in Figs- 5 and fi, the resulting vurinlion of tune and vertiral beta 

function 01 is significantly smaller than in the fiuc of <inly twn snxliijiole famtltfi 

over thi? whole range uf Ap/p = ±!''«'-
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SPH/VR: 3 CM MINIDETA OPTICS (FED, 6, 1(354) 
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Figure 4. Three-family sextupole arrangement for mini beta optics. 
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1.0 

Figure 5. T\ine versus momentum of the 3 cm mini bet: 

uptica with compensated chromatirily. 
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Figure 6. Veiiical beta function ia the interaction point versus momentum. 
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It is important to mention that this result hns been achieved without any ad-

ditionftl scxtupole. The plot of tracked particles over 500 revolutions (Fig. 7) 

also shows a mart1 stable vertical phase ellipse for thy three family solution 

rather than for the two families. The tracking has been performed for particle* 

with eight transverse standard deviations in both planes and nix standard energy 

deviations including synchrotron oscillations. 

6. Mini Beta Qu&drupole and Compensation of the Detector Field 

The mini beta concept requires a distance as small as prwibh- between the 

interaction point and the lint vcrtirally focusing quadrupole. On the other hand, 

one lirw to consider the limitations given hy the partirle detector. For flu* SPKA ft 

mint beta insertion a distance nf 1.3-1 m between first quad and interaction point 

is chosen which seems to be tlie best compromise between detector and machine 

requirements. The magnetic length of this first vertically focusing quadrupole. 

the "mini beta Muadrupole," in set tu 1 m, which given a quarirupole. strength id 

k = 0.02 m~~. In order to achieve this high value, the magnet aperture should 

be us small as possible. 

On the other hand a sufficient aperture for the beam is necessary; it should 

hi! at least 1*2 a under all condition* The maximum energy of •tf'i'AR Ls ap­

proximately E sas I C'eV. At this eniTRy the horizontal emitlanre is tx .--. 

7.80 X 1 0 - ' mrad and the emitfancc coupling is n<iMitm>d l<» be k, — »y/tx •= 0 2 

The optics calculation deliver the maximum beta futi'.:<oti in the mini bet* 

quadrupole as fizmtu =*=* 13.2 m and flyman = W*0 m reaper" ively. Thus *h» 

minimum required apertures in this vertically focusing magm-l are: 

1(1 
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Ar as is y/tz fi.milz == 38.5 mm 

As = 12 y/bi ft flfnutt = t m mm [A, -= til!) 

Therefore it seems to be reasonable to choose a pole radtu.i of H = M) mm 

(or R = 3.037 in) With these values, thp maximum pnletip field becrhies 

WjW(D = 0.611 T which is rather moderate and possiMc with a conventional 

iron rnngnct, 

Sincu this magnet has tn he built into the MARK in detector there are alno 

restrictions concerning the outer dimensions. Here the limit, is given by I he 

maximum tolerable flux density in the iron yoke which is supposed not to exceed 

B = 1.5 T in order to avoid saturation effects. 

The final magnet design has been done by use of the computer code 

"POISSON,"11 which also was used to find the best pole contour with the lowest 

possible higher multipobi fields. The iron yoke of the mini beta quadruple U 

shown in Fig. 8. The magnet coils consist or conventional copper conductor wilh 

the following data (one quadrupole coil): 

Number of turns : ri •=» 7 

Current: I = 1718.2 A (at t iie\) 

Current density : df/dF « 12.4 A/mm 2 

Resistance : Ue — 2,1 fl mfl 

Power consumption : N -= B.60 kW 

The field lines of one ortant are displayed in Fig. fl. The relative field error with 

respect to an ideal linear qimdrupole [Utin = gj) is shown in Fig. 10. These 

values are derived from roiSSON calculations. 
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figure 8. Iron yoke of the SPEAR mioi beta qusdrupofe MBQS. 
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Figure 0, Yield linra nf nn« octant of the mini Itrta quadnipolp. 
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The proportions of higher multipole finldi for the î hoHofi polt: contour nro 

(four pole = im%)>. 

12 pole: 0.1M% 

20 pole ; 0.2l'?Zi 

28po1c:<Ul?o 

3D pole : 0.01% 

A particular problem is due to the longitudinal magnetic fold of the MARK in 

detector with a Htrcngth of BQ = 0-4 T. Since nearly half of the mini beta 

quadrupolc reaches into the detector, one has to surround this part by n special 

magnet coil which produrcs a longitudinal field of the same (lux density, but with 

opposite direction, as the main detector field. An additional shielding is provided 

by a ID mm thick mirror plnte mounted at the front face of the quadruple insidn 

the detector. The entire arrangement of the mini beta quadrupole with mirror 

oltitp and surrounding "burking" coil it sketched in Pig. II. 

The bucking coil is a conventional design with water coaled copper conduc­

tors. In order to avoid unnecessary ibtcrference with parls of the detector, the 

outer diameter of the coil is made iti< smal1 a& possible. The following list shown 

the most important cot) data: 

Number of turns : n = 101 

Current: / = 1782.2 A 

Current density % dlfdF — 12.5 A/mm 2 

Rcsiaf ance ; RBe = 17.88 mil 

Power consumption : IV = 50.8 kW 
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MKT Et DETECTORS 

Figure 11. Mini betft quadrupole mounted in the region of the 

MARK HI detector with a longitudinal magnetic field. 
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That such a compensating scheme really works has been demonstrated /itb the 

mini beta quadruples of DORIS II mounted in the ABGUS detector.7 Because of 

the weaker detector field the suggested design for SPEAR U in fact even more 

conservative thai) that which worked in DORIS II. The bucking coil described 

in Fig. 11 is only used to keep the quadrupolc iron as free as possible from the 

detector field, but there is still the influence of the detector field on the beam 

which increases the omittance coupling considerably. Unfortunately there is no 

space available inside the detector t(> install another compensating coil for this 

purpose. Therefore, one has to compensate the emittance coupling outside the 

detector by use of rotated quadrupoles.8 

6. Optics for Dedicated Synchrotron Radiation Runs 

Elalf of the running time of SPEAR is used as dedicated time for synchrotron-

radiation experiments with only one beam stored. Therefore it is necessary to 

demonstrate the compatibility of the new mini beta insertions with the syn­

chrotron radiation requirements. In order to achieve a high brightness of the 

synchrotron light beam, the emittance has to he as small as possible. As men­

tioned above, the optics in the arcs is unchanged compared to the present situa­

tion and consequently the emittancc is not changed cither. 

Another important parameter is the beam lifetime, which is supposed lo be 

at least twenty hours. The lifetime is essentially determined by tbe vacuum pres­

sure and the dynamic aperture. Since the vacuum conditions will be tbe same 

as before, the dynamic aperture is the main item to play with. As observed 

in SI'EAR as well as in other storage rings, the lifetime can be improved by 

reducing the chromaticity and consequently tbe soxtupole strength. This offer!. 

is well understood and demonstrated ia various tracking calculations. The reason 
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is that the nonlinear magnetic fields, produced by strong sextupole magnets may 

reduce the dynamic aperture significantly. 

Because of the beam waists in the interaction points, and the resulting large 

beta functions in the first quadrupoles, the main portion of the cbromaticity 

is produced in this region. Therefore an increase of the beta functions in the 

interaction regions, especially in the vertical plane, will easily reduce the chro-

maticity. For instance, a value or 0J = 5 cm will cause a vertical chromaticity 

of ly = -18.7 instead of & = -28.5 for the 3 cm optics. 

Unfortunately there are matching problems, if /7y > 6 cm which leads to 

unreasonable amplitude functions in the arcs or even & lack of periodic solutions. 

Dut for the new mini beta lattice of SPEAR one can find another stable region 

in the #Jv-diagram (Fig. 12) which gives proper matching conditions. In this 

region values of y?J s= 20 m and fly — 35 m have befin chosen to calculate a 

particular "synchrotron radiation optics" with low cbromaticity. The beta and 

dispersion functions of this optics are plotted in Fig. 13. As in the 3 cm mini 

beta optics, the quadruple strengths in the arcs (QF and QD) are not changed. 

One horizontal matching quadrupole (QF1) which also acts on the dispersion is 

reduced by 25% compared to the luminosity optics. This results in a nonzero 

dispersion in the interaction point (t£ = 1.6 m) A dispersion in this region is 

tolerable, since this optics will never be used for colliding beam runs. 

The high beta synchrotron radiation optics has no waists in the interaction 

paints and consequently the betatron phase advance in this region is very small 

compared to A^ F« 180° of the luminosity optics. Therefore the integer number 

of the tune is reduced by one in both planes. The quadrupolc strengths and some 

important optics data of the synchrotron rndiation optics, as well as the 3 cm 

luminosity optics are listed below: 
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SPEAR: SYNCHR. OPTICS (VERSION 3 , FEB, 16, 1984) s l m ) 
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Figure 13. Amplitude and dispersion functions of the synchrotron radiation optics. 
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Quads 

Quadrupole strength: k [m~ 2 | 

Quads Mini Beta Optics SychrctroQ Radiation Optica 

MBQ3 

Q2 

Qi 
QFi 
QDl 

QF2 

QD 

QF 

0.02048 

-0.37121 

0.17061 
-0.00053 
0.05148 

-0.30880 
0.48853 

-0.27800 

0.17097 

-0.17123 

0.15011 
-0.40140 
0.58090 

-0.31745 
0.48853 

-0.27809 

Parameters 

Synchrotron 

Radiation Optics 

Luminosity 

Optics 

Tune: vx 

Cliromnticity: fx 

Scxtupole families: 

Sextupole strength: [m~2] 

4.279 

4.165 

-4.65 

-6.31 

2 

SF=-0.35281 

SD=0.256S7 

5.20B 

5.103 

-12.10 

-20.40 

3 

SF =-0.83321 

SD=0.50209 

SD1=0.05000 

This high beta optics has the expected low rhromaticity values and therefor? 

a sufficient compensation is possible with only two sextupole families and very 
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low sextupote strengths. The variation of the tune with momentum is also very 

small and extremely linear over the whole range of Ap/p = ±1%. Therefore 

this optics should havit no aperture restrictions due to sextupole fields. 
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