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OPTICS OF THE 4 MEV LIL-W SPECTROMETER

K. HüBNER

1. INTRODUCTION

In order to measure the energy and the energy spread at the exit of bun­

cher W, D. Warner proposed to install a temporary spectrometer. This note 

describes the spectrometer layout, the optics and the obtainable resolution.

2. LAYOUT AND COMPONENTS

Figure 1 shows the layout of the spectrometer being a temporary set-up 

downstream of converter target W and taking the place of the first acceler­

ating section of LIL-W (AC 25) which is not yet installed.

The beam leaves the buncher W with about 4 MeV kinetic energy. It enters 

the solenoid SNT25 focusing the beam in both planes with a minimum focal 

length of 0.41 m. Simultaneously, the planes of oscillation are rotated by 

57o. It is the only vertically focusing element downstream of the buncher. 

Appendix I gives more details about it.

After having passed the position and intensity monitor UMA 25) 1) (sensi­

tivity to beam position and intensity to be determined after cabling), the 

beam crosses the plane of the wire beam scanner WBS 25 ' and is collimated 

by either one of the two holes in the copper block holding the converter 

target (CEP 25). The hole radius can be chosen to be either 2.5 mm or 1.0 
mm3). The pulsed solenoid SNP 25 is not used for these measurements.
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The longitudinal charge distribution in the 10 to 25 ns long beam pulse 

after the aperture limit is measured by the wall current monitor WCM.25.S 
(Type W, sensitivity about 4 V/A; 0.22 - 1300 MHz)4).

The pure sector magnet BHZ 25.S deviates the beam by 450 and, therefore, 

introduces an energy dispersion. It focuses horizontally (f = 1.13 m) and 

slightly defocuses (f = 40 m) in the vertical plane due to the fringe field 

extending over about 0.1 m.

Figure 1 gives the magnetic length of the magnet not the mechanical 

length! The magnetic field had been measured at LAL ) where the magnet was 
used in the test station of the front-end V6).

After having passed a pumping manifold the beam traverses the SEM grid 

MSH 25.S before hitting a dump. The grid consists of 20 vertical foils with a 

horizontal pitch of 2 mm and about 0.1 mm distance between the foils. The 
length of a strip foil is 84mm7). The frame holding the strips is mounted 

such that the strip plane is 15 mm downwards of the SEM flange axis. The 

foils stay in the beam; no movement of the frame required. The box can also 

house slits preceding the SEM grid but we shall not mount them; at least not 

at the beginning.

The vacuum chambers have the standard 40 mm diameter except in the ben­

ding magnet where the old, large chamber is used.

The dump is built up from lead-blocks; one might add some Al to reduce 

backscatter.

3. OPTICS

3.1 Choice of layout

We had two choices:

i) put the SEM grid at the image*) of the hole (classical spectrometer 
solution);

ii) put the SEM grid at the image of the buncher output.

*) Image is defined as the place where a beam ellipse upright at the object 
become again upright.
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Figure 2 shows the locus of the images in real space. The locus of the 

buncher exit image is drawn for maximum and for vanishing solenoid strength. 

The distance between the longitudinal centre of the target hole, identical to 

the target arm axis, and the magnet front face is the parameter L6.

It can be seen that the SEM grid could not be placed at the hole image. 

Hence, it was placed at an image of the buncher exit where the transverse beam 

ellipse must be upright. Scrutinizing the resolution versus solenoid strength 

and versus L6, and maximizing the working space around the SEM grid, it was 

decided to put the SEM grid at the image of buncher exit for L6 = 1.75 m and 

for a solenoid field BS which is 3/4 of the maximum. The beam ellipse at 

the exit of the buncher (end face last cell) was assumed to have an aspect 

ratio:

Table 1, 2 give the geometry in terms of a MAD output. The first part 

(Table 1) goes from the cathode of gun W to the intersection of the gun axis 

with the linac axis in the a-magnet; the second part (Table 2) starts from 

this intersection and ends at the plane of MSH.25.S. The length of the gun is 

egual to the distance from the cathode to the anode exit. The solenoid 

lengths are optical lengths (cf. Appendix 1) except for SNW23 where the 

mechanical length is given. For SNG221 and SNG222, the optical length refers 

to 60 keV kinetic energy, for SNT25, to 4 MeV kinetic energy. All solenoids 

are split to give the position of the centre for the survey. Table 3 gives 

the input to MAD which may be useful because it contains comments. Question 

marks in the comments indicate that the position of the element was measured 

on the drawings.

Although the longitudinal position of these elements is not critical, we 

would like to define it precisely. Otherwise our calculations can never model 

the reality. Since no better information is available, it is proposed that 

the positions so deduced become the nominal positions.

Elements occurring only once per section have on the drawings a two-digit 

number. Since MAD does not permit blanks in the element names, we add a 0. 

The LIL-W indicator WL. becomes W for lack of space and without loss of infor­

mation. For example, the axis of the coupler at WL.PBW.22 becomes WPBW220C, 

the C indicating that this element designates a position and not a length. 

The steering coils DHZ are not given because they coincide with the steering 

coils DVT.

8 )as the most recent PARMELA calculations indicate .
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Some elements have numbers referring to a wrong section (WDVT221, 

WPBW220) but since they appear in this way on all drawings and lists of LIL it 

is preferred to make no changes.

Tables 4 and 5 give the geometry in the survey reference frame. Fig. 8 

shows the accelerator reference frames. Appendix II gives the transformation 

from the gun-W and from the LIL-W reference frame to the survey reference 

system. The transformation from the LIL-W system (z = 0 at intersection of 

axes) to the rather odd LAL reference frame (z ≡ 0 at end of LIL and z running 

against the beam) is also shown. This transformation is useful for checking 

against LAL drawings.

3.2 Momentum resolution

If βj ≠ 0.25 m and Bg ≠ 3/4 Bgmax, the SEM grid is "out of focus" 

and the ellipse at the SEM is tilted. This does not necessarily imply that 

the other settings give a larger horizontal beam size. This is illustrated 

for a beam of given emittance but different initial β∣ in Fig. 3a and 3b. 

Note, the SEM grid only measures the projection onto the ×-a×is.

Figure 4 gives the horizontal half-size Δ× of the beam versus BS with 
8 ) ∙βi as parameter. We use ε ≡ 4 π mm.mrad ) in agreement with the specifi­

cations ε ≤ 9 π mm.mrad '. The initial aspect ratio βi is varied by a 

factor 4 in both directions in order to see its influence. Obviously, the 

initially widest beam (βi = 1 m) is also wider at the image.

Up to this point we have dealt with a mono-energetic beam. Since the 

dispersion function at the SEM grid is 

indicated for ∆p∕p = 10- in Fig. 4. We define the momentum resolution 

(∆p∕p)r as the momentum difference two non-zero emittance, mono-energetic 

beams must have in order to form two separate distributions along the ×-a×is 

at the SEM grid plane as sketched in Fig. 3c. Hence

a beam with vanishing emittance but with a momentum spread covers the width
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However, in our case, it is more likely that ∆x is always smaller than the 

2 mm foil width, which becomes the effective resolution limit

Figure 4 gives the upper limits for Δ×. In reality, the beam is smaller 

because it is cut down by the target hole. This is apparent from Fig. 5 where 

the beam radius at the target hole is given.

But even if we neglect this fact it is clear from Fig. 4 that the resolu­

tion is determined by the foil width up to ε ≈ 11 π μrad.m as long as we work 

with Bs = 0, which provides the best resolution. Hence, we did not bother 

to compute the real beam width due to the collimation by the hole.

3.3 Vertical Beam Size

The vertical plane is different. The half-width of the beam without 

collimation by the hole would reach 40 mm downstream of the 45o magnet excee­

ding the available aperture in the 20 mm radius vacuum chambers. Thus, we 

need to know the effect of the collimation. Fig. 6a sketches the effect of 

the target hole in the SEM grid phase plane. Only the hatched part of the 

beam arrives at the SEM grid and the beam height is reduced to ∆yeff.

Fig. 7a, 7b gives the final result for the nominal emittance and for 

twice the nominal emittance. We have taken into account that in some cases 

the beam is small enough to pass the hole (Fig. 6b) and other possible cases 

(Fig. 6c).

Inspection of Fig. 7 shows that the beam will easily pass through the 

vacuum pipe especially if Γf1 ≡ 1 mm and small Bs are used.

4. DISCUSSION

9 ∖The momentum spread desired is < 1% >. The resolution we can very likely 

get is about 0.16%, which is adeguate. The absolute momentum measurement will 

be of the order of a few percent. The error is likely due to our ignorance of 

the true bending angle (effect of stray fields). But this precision is suf­

ficient.

However, there is one problem. If the momentum spread exceeds 3.1%, the 

beam starts to hit the upstream 40 mm diameter orifice of the SEM grid box or 

the vacuum chamber. Two solutions exist:
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i) the SEM box can house movable slits in front of the grid. This would 

allow for scanning the momentum spectrum by changing the strength of the 

bending magnet. Since the slits (SLH) are not planned to be ready in 

November, we would have to find a temporary solution by putting two fixed 

plates or a plate with a narrow window either into the SEM box or into 

the 40 mm diameter vacuum chamber just upstream of the SEM.

ii) the SEM box is moved closer to the bending magnet by shortening the pipe 

between pumping manifold and SEM box. This reduces Dχ because 

Dx = 0,707. Since the energy spectrum is then > 3%, the 

concomitant loss in resolution when Δ× (beam width due to emittance) 

starts to exceed 2 mm (foil width) will be tolerable.

Since the PARMELA runs8,10) predict momentum spreads between 5 and 

10%, it is not unlikely that we have these problems with the beam width. How­

ever, we preferred to make the layout for high resolution for a large 

emittance beam because this is more demanding in space.

Having seen that the solenoid SNT 25 does neither improve the resolution 

nor does it help with the vertical beam size, its usefulness might be 

guestioned. Nevertheless we like to have it in order to force more beam 

through the hole; also it might help to get an idea on the emittance though we 

do not yet know how to disentangle βi and ε. Although no study has been 

made, it is certain that we would have a better chance to learn something 

about the emittance if we had the pulsed solenoid SNP 25 in addition to 

SNT 25.
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APPENDIX I

If object and image are far from the solenoid its focal length is given by11)

where Bp - magnetic rigidity of the particle. The usual matrix formulation of 

the solenoid focusing used in our calculations implies

where the angle of rotation of the oscillation planes by the solenoid is

(3)

we further know

(4)

The integrals in (1) and (4) are either known from measurements or 

computations. Combining these equations gives

(8)

(1)

(2)

(5)

(6)

For θ∕2 « 1

(7)
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BS0 and θ are proportional to current.

POISSON computations12) yield for SNT25

9
at maximum current. Hence from (5) and (6) at (Bp) =1.495×10- T∙m

corresponding to 4 MeV kinetic energy

Note that Bg is not guite proportional to current and Lg weakly de­

pends on the excitation current due to the sin in (5) and (6). Since the 

effect is small (4% at 1/4 of maximum current), we neglected it in the optics 

calculations. Saturation effects are negligible as B ≤ 0.3 T in the iron.

For the geometry list (see Table 3) we use (7) to get a solenoid length 

independent of excitation

The length of the solenoids SNG is determined in the same way.
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APPENDIX II

Fig. 8 gives a plan view of the acceelerator reference systems. The 

cathode is at Zg = 0 and the intersection of the axes is at Z = 0. The LAL 

reference system is also indicated.

Any transformation into the survey system xs can be decomposed into a 
rotation described by a matrix M and a translation vector t linking the 

two origins.

1. Gun-W system ×g to survey xs

3. LIL-W system × to LAL system ×l
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