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Beam monitors in the switch-yard and 500 EMIN hall: 

a preliminary appraisal. 

Objectives. 

- To facilitate the transport of the beam so that it reaches 

the EMIN target with the desired phase-space and energy 

resolution qualities. 

- To serve as diagnostic devices for trouble-shooting problems 

in the beam-handling system. 

- To assist the operator to set up the beam in reasonable time. 

General Approach. 

A relatively modest beam monitoring system is proposed in 

the beginning. Nevertheless, this should go part-way to meeting 

the objectives outlined above, without, perhaps, enabling the 

ultimate intended resolution or power-handling capability. In 

particular, it should readily permit a step-wise approach to 

steering the beam progressively through each section of the 

beam-handling system. On the basis of the early operational 

experience, the nonitoring system can be subsequently expanded 

to enable the ultimate objectives to be realized. 

Non-interfering monitors are to be preferred so that the beam 

can be observed on a continual basis* On the other hand, existing 

non-interfering monitors cannot provide information about the 

beam size, so a number of (retractable) interfering monitors 

will be necessary along the beam-line. In particular, the infor

mation provided by view screens can be quickly and easily inter

preted. They should therefore be especially useful in the early, 

familiarization stages of the work with the new system. As the 

confidence of the operator grows they can later be discarded, 

or replaced with non-intercepting monitors. 

A principal motive for this report is to stimulate reaction 

from other IKO personnel, especially the technical staff. 

We now proceed to discuss the desired instrumentation in 

more detail (fig. 1). 
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Toroid Current Monitors. 

He separate these into two distinct categories: 

(i) Toroids of the first class form an integral part of the beam-

protection system. These are required to measure the average 

beam-current to an accuracy of about 2 uA average. By comparing 

the responses of successive toroids we can maintain a pulse-to-

pulse surveillance that there is no unaccountable loss of 

current through the beam-handling system. These toroids must 

be tamper-proof. 

(ii) The second group of toroids are those employed to monitor the 

performance of the accelerator and beam-handling system, for 

example, to observe the beam time structure or measure (accurately) 

the beam current. 

TM 001: Directly follows the accelerator, thereby providing a 

continual monitor of the accelerator's performance. 

TM 401: Monitors the current passed by the slits and therefore 

defines a reference current for the beam-protection 

system. Serves both the EMIN and HECH lines. Comparison 

with the current measured by TM 001 gives an indication 

of the beam power deposited in the area of the slits. 

TM 501: For beam protection purposes. Checks that there is no 

significant loss of beam current between B 402 and 

Q SOS. 

TM 502: Dual purpose. Not only accurately measures the beam 

current for the purposes of experimental calibration, 

but also forms part of the beam protection system. It 

must therefore be tamper-proof. Perhaps two separate 

units would serve these functions better. 

View-Screen Monitors, 

VM 001: To give confidence, especially in the early operating 

stages, that the beam is properly set up and meets some 

of the phase-space requirements. Later, when a true kicker 

is installed at K 002/ an Interfering device may be in

convenient here. 

VM 501: To check the beam size and consequently the settings 

of the upstream quadrupoles. It might prove useful to 
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have a view-screen more upstream of this position, but 

this presents difficulties. Between B402 and BS01 

the beam envelope forms a "waist" and is exceedingly 

small; after the slits it is big and dirty. It is doubt

ful that any meaningful information could be derived. 

VM 502: Screen at target position. 

Cavity Monitors. 

Non-interfering cavity monitors maintain a continual surveillance 

over the position of the beam throughout the course of an experi

ment. In addition, they can also help to ensure that the beam 

is set up correctly. 

XY 001: Continually monitors the positional stability of the 

beam emerging from the accelerator. 

XY 401: To ensure that the beam is properly steered onto the 

optic axis of B401. Small errors in steering here can 

be magnified greatly further downstream. See appendix 1. 

XY 501: Again, the consequences of mis-steering here can be 

considerable downstream. (Appendix 2). It would 

probably be desirable to have a cavity monitor in front 

of each bending magnet, but large beam sizes prohibit 

this. The monitor XY 501 also works in conjunction with 

the steering magnet SM 501 (see later) to correct for 

misalignments earlier in the beam-handling system. 

Secundary Emission (SEH) Monitors. 

These can serve not only as beam position and profile monitors, 

but also as spectrum analyzers. In principle, the beam properties 

can be measured accurately with these devices. The SEM is, however, 

an interfering device. 

SEM 001:] A cavity monitor before B001 in the tune-up line would, 

SEM 002ijin conjunction with XY001, serve to accurately define 

the initial beam direction (provided K002 is properly 

de-gaussed). Further information, describing the beam 

dimensions and angular divergence, could be obtained by 

using SEM's instead. This information would be especially 

useful during the early operational period. 
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SEN 003: Enables measurements of the beam energy and energy 

spread. Me attach a lower priority to SEM's 001, 002 

and 003 than to the instrumentation in the ENIN beam-line. 

Nevertheless, it is emphasized that these SEN's would 

provide valuable information about the qualities of the 

beam emerging from the accelerator. 

SEM 401: Vertical SEM strips attached to the front faces of the 

energy defining slits would give continued information 

about the accelerator energy spread and stability. Because 

of the high radiation background in this vicinity 

the construction of these SEM's should be directed at 

long life. 

SEN 501: For this location we propose a design that has been 

developed at SLAC, which consists of a "mesh" of four 

independently-adjustable fine wires, two in the X-direc-

tion and two in Y. These wires could be employed during 

beam set-up to map out the intensity distribution of the 

beam. They should then be set to enclose the outer 

fringes of the beam, thereby providing a continual 

monitor of the beam position throughout the course of 

an experiment. 

SEM 501 also monitors small beam steering errors near 

the start of the beam-handling system, which can result 

in large deviations at this point (see appendix 1). 

An alternative solution would be to use a cavity monitor 

instead, however the possible large beam diameters 

(£ 2.5 cm) would seem to preclude this. 

SEM 502: An SEM monitor located one or two metres after the target 

would, together with SEM 501, provide continual sur

veillance over t*e beam direction in the final leg of 

the beam-handling system. 

Steering Magnets. 

Steering coils are required to correct for two effects: 

(i) Mis-steering caused by the earth's magnetic field (B • 0.47 G 

at an angle of 23* with the vertical)* Wherever possible, 

the beam-line should be sheathed in p-metal. Nevertheless there 

will inevitably be locations where magnetic screening is im

possible. Localized stray fields may also originate from beam-line 
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instrumentation. 

(ii) The misalignment of magnetic elements« particularly the 

bending magnets. 

The following steering coils are proposed: 

SM 001: Guarantees that the beam emerging from the accelerator 

has the proper orientation. 

SM 501: The consequences of misalignment of B401 become significant 

at this point. SM 501 ensures correct steering onto the 

axis of B501 (see appendix 2). 

SM 502:) Ensure that the beam stays close to the axis in the final 

SM 503:)leg of the system. 



Appendices. 

1. An offset of Ax * 0,3 cm, AO - 0.6 mr just before B401 has 

considerable consequences further downstream. For example, 

- in front of BS01 : Ax - 3.2 cm, A0 * 2.3 mr; 

- in front of triplet Q506-Q50:* : Ax - 3.7 cm, A6 « 5 mr 

These figures necessitate the installation of a cavity monitor 

(XY 401) just before B401. 

2. An offset of Ax • Ay • 0.3 en at BS01 produces the following 

downstream shifts: 

• in front of triplet Q506-Q508 : Ay - 0.8 cm, A* * 0.75 mr; 

- at target : Ay • 0.7 cm 



3. Be*«sit«s in the final part of th« B.H.S. as a function of 

the transmitted Ap/p. 
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