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Abstract
In this paper sensitivity characteristics of a beam position monitor are described. Characteristics are obtained during the simulations in CST Studio, the results are compared with the calculated values. The results for a low-beta beam and with a wire are compared.

1. Introduction
Linear accelerator 3 (Linac 3) is the starting point for the ions used in experiments at CERN. After Linac 3 the lead ions are multi-turn injected to the Low Energy Ion Ring (LEIR), from which they get to the Proton Synchrotron (PS), Super Proton Synchrotron (SPS) and, finally, to the Large Hadron Collider (LHC). Moreover, Linac 3 provides too lead ions for fixed-target experiments. Researchers have requested that it produce other ions in the future, including argon and xenon.
In Fig. 2 the part of CERN accelerator complex is presented with LEIR injection line indicated.
[image: ]
Fig. 1. Part of CERN accelerator complex
The designed injection efficiency is 70%, however, the real efficiency is typically around 50% (the meaning varies within one cycle). Position diagnostics in the form f beam position monitors (BPMs)in thetransfer line is needed in order to improve the LEIR injection efficiency.

2. Pickup sensitivity characteristics
In this paper characteristics of a segmented ring-shaped pickup are studied. Angular width of electrodes is 75°, length of the pickup electrodes is equal to 210 mm, electrode thickness is 1.5 mm and other pickup dimensions are presented in Fig. 2.
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[bookmark: _GoBack]Fig. 2. Pickup dimensions
Let U be the upper electrode voltage signal, D is the bottom electrode voltage signal. From [1], the difference-over-sum ratio for a displacement in vertical direction y is
 (1)
A more linear (in y) approximation in cylindrical geometry is to write the ratio of U/D in decibels:
(2)
where Sy and Sy’ are the pickup sensitivity characteristics in vertical direction, b is the electrode radius. In theory, electrical responses given by (1) and (2) should be the linear functions of displacement, i.e. calculated values  Sy and Sy’ from (1) and (2) do not depend on y. The actual electrical responses of the pickup is a nonlinear function of displacement. 
In actuality, the electrodes are neither grounded nor at the same radius as the beam pipe. In practice, the best empirical results with calculated Sy and Sy’ are obtained if the radius used in Eqs. (1)and (2) is the average of the electrode radius and the beam pipe radius. 

3. Simulations results 
By means of simulations in CST Studio, electrode sensitivity characteristics were obtained. Simulations were ran with a wire as well as with particle beams of different betas: low-beta(0.1) and high-beta(0.99999). After manufacturing, the pickup will be tested with a wire. So, it is important to compare results of the present work with a wire and with a low-beta beam.
Simulations were ran in case of different beam and wire radii (from 0.1mm to 10mm) with a relevant meshing. However, for a beam/wire displacement not more than 80 mm, the electrical response were identical.
For the centred horizontal position, the electrical response  was obtained as well as . The results are presented in Figs. 3 and 4. Calculated curves for different radii (electrode radius as well as average of beam pipe radius and electrode radius) are also shown. 

Fig.3. Difference-over-sum of signals vs vertical displacement

Fig.4. Sensitivity characteristic S’ vs vertical displacement.
The amplitude ratio of U/D in decibels was also obtained, from which sensitivity characteristic Sy was obtained. The results as well as calculated curves are presented in Figs. 5 and 6.

Fig. 5. Signal amplitude ratio vs vertical displacement

Fig. 6. Sensitivity characteristic S vs vertical displacement

4. Conclusions
1. From [2], BPM position sensitivity increases al low energies. So, higher beta beam curve should be closer to the wire curve than the smaller one. This statement agrees very well with the simulations results.
2. Simulation sensitivity characteristics are closer to the calculated characteristics with a radius of the average of electrode radius and beam pipe radius than to the calculated values with the electrode radius.
3. Comparison of sensitivity characteristics in simulations with a wire and with a low-beta (0.1) beam. Sy characteristics differ for not more than 10%, Sy’ characteristics differ for not more than 7%. 
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Beta=0.1	0	2.5	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	32.5	35	37.5	40	42.5	45	47.5	50	52.5	55	57.5	60	0	3.4278000000000038E-2	7.6114000000000057E-2	0.1136360000000001	0.14679900000000023	0.18445100000000014	0.22488000000000005	0.26114600000000004	0.29231900000000027	0.327795	0.36271000000000025	0.39901700000000034	0.43180100000000032	0.461511	0.49277700000000002	0.52372399999999997	0.55133299999999918	0.57854000000000005	0.60674300000000081	0.63106600000000002	0.65433200000000002	0.67981899999999995	0.70258100000000001	0.72191899999999998	0.74264400000000086	wire	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	0	2.8206999999999999E-2	5.6699000000000006E-2	8.4985000000000047E-2	0.1132760000000001	0.14123200000000014	0.16922100000000009	0.19677100000000006	0.22430700000000006	0.25131700000000001	0.278223	0.30461600000000028	0.33061300000000032	0.35637700000000028	0.38159600000000032	0.4064880000000004	0.43077900000000002	0.45472400000000002	0.47796600000000028	0.50082000000000004	0.52299399999999996	0.54466300000000001	0.56577999999999995	0.58631299999999897	0.60618300000000003	0.62564600000000081	0.64429200000000053	0.66254299999999999	0.67997000000000085	0.69687900000000103	0.71275000000000055	Beta=0.99999	0	2.5	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	32.5	35	37.5	40	42.5	45	47.5	50	52.5	55	57.5	60	0	3.3967999999999998E-2	7.2509000000000004E-2	0.1089360000000001	0.14428199999999999	0.18000700000000014	0.22005200000000005	0.25019299999999994	0.2877900000000001	0.31713000000000002	0.35081600000000041	0.38077960000000027	0.41721800000000026	0.44321200000000016	0.474213	0.50548099999999918	0.53842000000000001	0.56742000000000004	0.58814000000000022	0.60815600000000003	0.63724000000000081	0.66123399999999999	0.68624600000000024	0.7051634	0.72156799999999932	Calc., radius 98mm	0	2.5	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	32.5	35	37.5	40	42.5	45	47.5	50	52.5	55	57.5	60	0	4.7455048452452457E-2	9.4910096904904998E-2	0.14236514535735759	0.18982019380980991	0.23727524226226254	0.2847302907147149	0.33218533916716775	0.37964038761962027	0.42709543607207234	0.47455048452452481	0.5220055329769776	0.56946058142942957	0.61691562988188264	0.66437067833433538	0.7118257267867879	0.75928077523923954	0.80673582369169294	0.85419087214414591	0.9016459205965982	0.9491009690490495	0.99655601750150213	1.0440110659539545	1.0914661144064071	1.13892116285886	Calc., radius 109.5mm	0	2.5	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	32.5	35	37.5	40	42.5	45	47.5	50	52.5	55	57.5	60	0	4.2471184916350171E-2	8.4942369832700343E-2	0.1274135547490505	0.1698847396654008	0.21235592458175084	0.254827109498101	0.29729829441445138	0.33976947933080209	0.38224066424715197	0.4247118491635018	0.46718303407985212	0.509654218996202	0.5521254039125526	0.59459658882890132	0.63706777374525247	0.67953895866160274	0.72201014357795257	0.76448132849430361	0.80695251341065322	0.8494236983270036	0.89189488324335398	0.93436606815970358	0.97683725307605362	1.0193084379924038	Vertical displacement, mm
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