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Introduction 

In order to reach a decision about the mechanical dimensions (apertures and lengths) of the 

Stretcher / Storage ring quadrupoles, some considerations are presented below. Since the 

requirements for Stretcher Mode and Storage Mode are fundamentally different, they will be 

treated separately. 

Maximum beam dimension» are smaller in the curved sections than in the long straights; for 

determination of minimal apertures, therefore, these two sections are treated separately. 

I Pulse Stretcher Mode 

In Stretcher Mode operation we have to deal with a large horizontal extent of the beam due 

to the off-axis injection (necessary to create a 'hollow' beam in the x-x' phase space). During 

extraction (that is. most of the time) the induced unstable motion will increase the horizontal 

extent of the beam even further. No off-axis injection occurs in the vertical plane, so beam 

sizes in the vertical plane ate determined only by the emittance. We consider, therefore, only 

the requirements for the horizontal plane. 

1° beam excursions due to misalignments (during commissioning; later those excursions 

will be reduced considerably by the orbit correction scheme): 

curve: x1™* = 10 mm 

straight: x™* = 15 mm 
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2° beam excursions during extraction (monochromatic extraction is assumed at energy 

5= -0.15%): 

curve: xffla)l = 15 mm 

straight: xmax = 35mm 

3° the necessary beam-stav-clear (bsc) is the linear sum of contributions 1° and 2°: 

curve: x ^ = 25 mm 

straight: xt>sc = 50mm 

4° thickness beam pipe: 5 mm 

some clearance between pipe and magnet is necessary, say 1 mm, so: 

pipe thickness+ clearance: 5 mm + 1 mm = 6 mm 

(possible alignment adjustments will be allowed by bellows) 

Putting the various contributions together, yields the following value for the aperture <J>: 

curve 

5° Y = 25 + 6 = 31 mm —> G) m = 6.2 CIÏ1 
^i T curve 

3,4 

straight 

X - 50 + 6 = 5ómm - > <|) m = 1 1 . 2 CII1 
3,4 b 

II Storage Mode 

In Storage Mode the necessary aperture is determined by the size of the damped beam: 

6° consider equilibrium emittance ex; take largest value in energy range E ,^ < E < Emax: 

E = 300MeV: e* = 0.23m-7 rad.m 

E = 900MeV: e* = 2.10I0-7 rad.m 
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due to misalignments, the presence of RF, parasitic loss effects, etc, the real value of ex 

will be larger than the theoretical value, indicated in 6°; we therefore allow for a safety 

factor of three: £x = 6.310-7 rad.m 

£y is supposed to be (much!) smaller than ex: ey = (5 / y2) ex 

300MeV:72=3.6,05 

7 = E/(m0c2): 

900MeV:y2=3.2106 
--> if no coupling, forget about Cy 

in case of coupling: ex = e„ + E^ ; to be on the safe side, we deal with ex only. 

8° in order to store a beam for a 'reasonable' time (say 0.5 -1.0 hr), the tail of the beam 

should not be intercepted by the vacuum envelope. The quantum lifetime, tq, increases 

approx. exponentially with the square of the available beam clearance W; theoretically a 

clearance Nax with N = 6 (ax is the FWHM of the beam in the hor. plane) should be sufficient 

to guarantee a life time xq > 1 day. Experience with storage rings, however, has shown that 

6ox is not sufficient for such a lifetime: a minimal requirement seems to be 10<jx (Sands W 

uses as a 'rule of thumb' 12ox; in LEP one even takes N = 20). Since our requirements 

concerning storage time are modest, we adopted the 10o\ criterion. 

The radial extent x (diameter = 2x) of the beam consists of two parts: 

-J 2 2 / i % 

x„ + x (1) 

the betatron displacement xp is given by: xp = V(3 e 

the off-energy contribution xE is a function 

of both the dispersion function rj and the 

energy deviation 5C (8e = (E - E0) / E0): xe = T] 8e 

Only in the curved sections will xe differ from zero, because only there TI # 0. 

in curve (index *c*): j}™" * 8 m see Fig. 1 
in straight (index V): pmax * 22.5 m see Fig. 2 

l'l The physics of electron storage rings - an introduction (Sect. 5.7); M. Sands, SLAC-121 (Nov, 1970) 
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x™ax = Mx63io-l = 2.25 mm 

x™" = ^22.5 x 6.310-7 = 3.8 mm ; 10a value: 38 mm 

The behaviour of the dispersion function T| in the curve is given in Fig. 1: T| is a strongly 

varying function over the 4 cells comprising one complete curved section. The maximum 
value of x\ is reached in the centre of the curve, at the location of the horizontally focussing 

quad which connects the 2nd and the 3rd curve cell - we call this region I. On either side of 
region I is a region, designated region II - see Fig. 1, where rj is smaller: 

max „ , .„-1 _max , _ ,--1 
Tjj =2.6 cm % T|n =1.3 cm % 

8e is determined by the equilibrium value oc ' 21. This quantity depends on the energy; in the 

energy interval 300 MeV < E < 900 MeV the largest value of aE occurs at E = 900 MeV: 

oÉ = 0.05 %. Taking the 2o value: 5C = ± 2aE = ± 0.1 %. 

So the maximum value of xE for region I becomes: 

x1"" = 2.6 cm % 'l x 0.1 % = 0.26 cm = 2.6 mm 
e 

Substituting the above values into eq. (1): 

x™ax = >/2.252+ 2.62 = 3.44 mm; 10a value: 34.4 mm (2a) 

The same procedure for region II yields: 

xmax = 1.3 cm % ! x 0.1 % =0.13 cm = 1.3 mm c 

x™ax = >/2.252 + 1.32 = 2.60 mm; 10a value: 26.0 mm (2b) 

l2l New layout of Amsterdam Pulse Stretcher, R. Maas and Wu Y„ NIKHEF-K / APS / 88-01, Table 2. 
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9° Beam excursions due to misalignments: 

misalignment simulations '31 indicated possible beam excursions for the uncorrected 
machine as indicated in 1°; since commissioning will start in the stretcher mode, it is 
realistic to assume these excursions, as has been done in 5°. When the machine will 
operate in storage mode, however, the machine will be corrected already partly; 
therefore it seems unrealistic to assume these large excursions still occurring. For this 
reason we take only half the values given in 1°: 

curve: xmax = 5 mm reg. I : 9° + 8°(2a) —> x b s c = 39.4 mm 

reg.ll: 9° + 8°(2b) — > 
xbsc = 31.0 mm 

straight: xma* = 7.5mm 9° + 8° ---> x b s c = 45.5 -*n 

Putting now the various contributions together, we obtain 

curve I 

I 
9,8<2a),4 

curve II 

10' lO 
curve t 
V 5 + 34.4 + 6 = 45.4 mm —> © „ „ , . , = 9 . 1 CIÏ1 
ém^ T curve 1 

£ 5 + 26.0 + 6 = 37.0 mm - > ( j ) c u r y e n = 7 . 4 Cm 
9,8(2b),4 

straight raight 

2 ^ 7.5 + 38.0 + 6 = 51.5 mm —> (Pstrai^ht " ^ ' ^ C m 

9,8,4 

Discussion 

From 5° and 10° we deduce the aperture requirements for the straight sections :({> = 11 cm. 

The storage mode determines the aperture requirements for the curved sections, as is quite 

clear from 5° and 10°. Since region I is only a small part of the total curved section (only one 

quad and one sextupole), it seems unnecessary to let the requirements for region I (9.1 cm) 

be the determining factor for the whole curve (region II: 7.4 cm). Two alternatives: 

13) Orbit correction scheme for the new ring, 88-07-05 / Y. Wu 
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i) choose for the four central quadrupoles (and the four adjacent sextupoles) of the curved 

sections a larger aperture than for the other magnets in the curve. 

ii) equip the central part of region I with an ellipsoidally-shaped vacuum chamber, thus 

accommodating the larger horizontal extent of the be;i n at that location; this allows all 

the magnets in the curve having the same aperture. 

From an optical point of view, solution ii) is preferable: each curve has two families of 

quadrupoles and two families of sextupoles. Putting the members of each family in series 

makes adjusting the curve easy. Solution i) destroys (partly) the symmetry of the cell. From 

5° and 10° we then deduce for the curve: (f) = 7.5 cm. (pipe dimensions usually increase in 

increments of 5 mm: an aperture of 7.4 cm, therefore, does not seem practical). 

(At this moment the manufacturer of the quadrupoles and sextupoles is not yet known; in 

case these magnets will be manufactured in the US, we might also consider a non-metric 

size: (j) = 3 inch = 7.62 cm). 

Magnet length 

In order to determine the yoke length of the quadrupoles (and sextupoles) we use the 

following relation E4': 

1.7 
W = 'yoke + X a P e r t u r e r a d l u s (3) 

quadrupole: n=2 

sextupole : n=3 

curve (<}) = 7.5 cm): 

quadrupole: lyolcc = 18.0 cm, so lcff = (18.0 + 0.85 x 3.75) cm 

= 2/..19 cm. The aspect.atio is 18.0 / 7.5 = 2.4. Since the tip fields 

are +2,85 kG and -2.53 kG resp. (850 MeV), this is a safe value 

which ensures that without unduly effort the multipole content of the 

quad can be kept within acceptable limits. 

The sextupoles will have identical mechanical dimensions, so 

lcff = (18.0 + 0.5667 x 3.75) cm = 20.13 cm 

W EROS Magnetic Field Measurements, E.L. Hallin, EROS/TM/PSR/MAG/03 (Dec. '86) 
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In case we choose for non-metric dimensions: 

curve (([) = 3 " = 7.62 cm): 
quadrupole: Iyukc = 7 " = 17.78 cm , so lcff = (17.78 + 0.85 x 3.81) 

cm = 21.02 cm. The aspect ratio is 17.78 / 7.62 = 2.33 (which 

seems still a safe value). 

sextupole: lclï = (17.78 + 0.5667 x 3.81) cm = 19.94 cm. 

straight (0 = 11.0 cm): 
lyokc = 25.0 cm, so lcf, = (25.0 + 0.85 x 5.5) cm = 29.7 cm. The 

aspect ratio is 25.0 / 11 = 2.27; the quadrupole fields in the straight 

section are approx. -2.0 kG, +1.8 kG, -1.4 kG and +0.63 kG resp. 

(850 MeV). 

summary 

curved section quadrupoles: 

sextupoles: 

W = 18.0 cm 

aperture = 7.5 cm 

identical to quads 

(W= 21.2 cm) 

fcrf=20.1cm) 

or (in case of non-metric dimensions) 

quadrupoles: 

sextupoles: 

lyokc = 7" (= 17.78 cm) (lcff = 21.0 crn) 

aperture = 3 " (= 7.62 cm) 

identical to quads (Icff = 19.9 cm) 

straight section quadrupoles: lyokc = 25.0 cm 

aperture = 11 cm 

0ctt = 29.7 cm) 

In Fig. 3 the aperture requirements as function of N are summarized: 
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Fig. 3 Quadrupole / sextupole aperture requirements for both curves and straight sections as 
a function of the parameter N (required aperture = 2x [CO.-offset + No]) . 

Appendix 

Effects on the beam from the Internal Target 

When a stored beam, having reached its equilibrium state, is perturbed by an internal target, 

its emittance (both transverse and longitudinal), and consequently its life time, may be 

affected. Emittance growth affectr> the beam size, and thus may influence the choice of 

aperture dimension. We make an order-of-magnhude estimate of the longitudinal effect. 

A target thickness t of approx. t = I014 at. cm'2 is assumed; suppose Atargct = 50, then 

i n14 , -2 10 
10 at.cm = 

14 

6x 10 23 
50 = 8.33 x 10"9 g.cm"2 
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For the energy loss we take AE « 1.4 MeV / g.cm"2 , so ECT traversal the energy loss AEj is 

AEj = 8.33 x 10"9 x 1.4 = 1.2 x 10"8 MeV. This is very small compared to U0, the syn

chrotron radiation loss per turn, see Table 1: 

Table 1 Synchrotron radiation loss U0 compared to energy loss AEj 

in internal target (thickness of 1014 at.cm"2, A = 50). 

E [MeV] U0 IkcV/turn] AE! / U0 

150 .019 6.3 x 10""4 

200 .060 2.0 x 10"4 

250 .15 8.2 x lO - 5 

900 24.56 4.9 x 10"7 

In order to estimate the effect of the presence of the internal target on the equilibrium value of 
the energy spread, GE, we use an approximation , given in ref. ^ ' ; the numbers in brackets 

refer to formula numbers given in ^'. 

(5.32) a - , / E U 

uc is related to the critical frequency ,G\., of the synchrotron radiation spectrum: 

(5.9, u = « » = 3 T ' C Y l 

1 P 

2̂  p is the radius of curvature of the bending magnets; 7 = (E^ny; ); 1i = h /27t 

The physical meaning of uc is: the synchrotron radiation is emitted in quanta of energy uc 

(roughly speaking). In order to test the quality of (5.32) we calculate c£ for two energies: 

ue (E0=300 MeV) = 26 eV; (5.32) --> oE / E0 = 0.030 % (0.017 %) 

uc(E0=900MeV) = 686 eV; (5.32) ~> o £ /E 0 = 0.087% (0.050%) 
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The results in brackets are calculated according to eq. (5.48) - the 'standard' expression - see 
ref. *• * ; the agreement is for our purpose good enough, so we use (5.32) to estimate the 
contribution of AE! to oe (indicated by AaE). We treat AEt as uc (after leaving the target the 

particles will, on the average, lose an amount of energy equal to AEj - even if AEj is the 

result of many collisions inside the target), so 

uc (E0=300MeV) = uc (E0=900 MeV) = 0.012 eV; using (5.32): 

AaE / EQ (E0=300 MeV) - 6.3 x 10'6 ; Aac / E0 (E0=900 MeV) = 3.7 x 10'6 

In case a much thicker target will be used, e.g. t ~ 1017 at. cm"2 -> AEt = 12 eV; then 

Aoe / E0 (E^OO MeV) = 0.02 % ; AaE / E0 (E0=900 MeV) = 0.01 % 

Only in the latter case do the AaE values come anywhere near the damped value ae. 

It seems, therefore, that the introduction of an internal target of thickness t in the range 

t =» 10 ... 10 at. cm will not increase the equilibrium value <T£ significantly. 

Transverse emittance growth may pose more of a problem: at this moment calculations are in 

progress to estimate these effects in our situation. 

August 12,1988 


