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The main purpose of the NICA Stochastic Cooling System (SCS) is to reduce the beam phase space growth during the accumulation and bunching and to prevent luminosity losses mainly caused by the process of intrabeam scattering (IBS). SCS has to provide the cooling rates exceeding the IBS rates (see fig.1) or characteristic cooling times has to be faster than times of IBS (table 1) in the beam energy range from 3 to 4.5 GeV/u. Two stages of SCS realization (start-up and project) are ratified according to NICA stages of realization.
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Figure 1. Energy dependence of IBS rates for NICA collider.

Table 1. Typical IBS times for different energies in SCS operating region.

	Energy, GeV/u
	3.0
	3.8
	4.5

	IBS time, s
	520
	1130
	1900


System design
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Figure 2.  Channels placement tical
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	Configuration
	Cooling method
	Channel
	Pickup
	Kicker
	ToF, ns
	Min. delay, ns

	Start-up
	Longitudinal

Filter
	1
	Sum
	Sum
	600 – 618
	452

	Project
	Horizontal
	1
	Horiz.
	Combined
	600 – 618
	405

	
	Vertical
	1’/2’
	Vert.
	
	500 – 618 
	491

	
	Longitudinal

Palmer
	2
	Horiz.
	Sum
	500 – 515 
	473


Table 3. System Parameters.
	Passband
	2 – 4 GHz

	Pickup Impedance
	288 Ω

	Pickup output power (peak/average)
	30/2 nW

	Kicker Impedance
	576 Ω

	Peak power feeding the kicker
	500 W

	Gain(without losses)
	110 dB


General scheme
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Figure 4. SCS scheme for the start-up configuration.
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Figure 5. SCS scheme for the project configuration

Main system components
	Pickup & signal combination
	Diagnostics
	Optical Comb filter

(if present)
	Variable delay & attenuation
	Commutation of the kicker & main amplifiers 


Pickup and signal combination

Ring-slot couplers produced in FZ Jülich were chosen as pickups and kickers because of their high longitudinal and transverse impedance. One ring contains sensors symmetrically settled in 8 azimuthal directions (fig. 4a). In terms of this document one section is defined as a structure with 16 rings (fig. 4b). Each pickup consists of 2 sections.
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	Figure 4a. One ring of the pickup
	Figure 4b. Pickup section of 16 rings

	Table 4. Pickup parameters

	Aperture
	90 mm

	Section length
	200 mm

	Number of sections
	2

	Pickup length
	500 mm 

	Ring Impedance
	9 Ω

	Pickup Impedance
	288 Ω
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Figure 5. Pickup commutation scheme
Table 5. Pickup commutation devices
	Low Noise Amplifier 34 dB (NF 0.55)
	Miteq JS-2-02000400-05-10P

	Coupler 0̊
	Lynx 111.A0232

	Hybrid 180̊
	Anaren 10016-3

	Amplifier 50 dB
	Miteq AMF-4F02000400-05-10P


Diagnostics
Table 6. Diagnostic devices

	Spectrum Analyzer
	Rohde&Schwarz FSV7
	Schottky noise measurements

	Network Analyzer
	Rohde&Schwarz ZNB4
	Beam transfer function measurements

	Power meter
	Rohde&Schwarz NRT + Z43
	Amplifier diagnostics


Optical Comb Filter
Input RF signal is modulated into optical signal (λ 1550 nm). Modulator is followed by two fine system delays (0-250 ps, 0-330 ps) and filter itself (divider, attenuators etc.). Delay in the long filter line is provided by 800 ns coil, switch delay (0.5-15.5 ns) and fine delay (0-560 ps). Power losses of the filter are compensated by 50 dB amplifier at the output.
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Figure 6. Comb filter scheme

Table 7. Comb Filter Components
	Optical platform with integrated laser (10 mW, 1550 nm), splitter and attenuators (0-70 dB)
	Viavi MAP-200

	Modulator (1550 nm, 12 GHz)
	Photline Technologies MXAN-LN-10-00

	Photodetector (1280-1620 nm, 20 GHz)
	Gooch&Housego EM169-03

	Filter Total gain
	12 dB

	Total delay
	47,1 ns


Variable delay and attenuation
Table 8. Adjustable components
	Variable attenuator 0-55 dB, step 1 dB
	Aeroflex Weinschel 3406-55

	Variable optical delay 0-15,5 ns step 0,5 ns
	Agiltron SSTD 525111303

	Variable optical delay 0-250/330/560 ns, step 1 ps
	General Photonics MDL-002

	Coaxial trombone 0-32 ns, step 10 ps
	Colby Instruments CDPL-100A-32.0NS

	Phase shifter 360̊, step 1̊
	Vaunix LPS-402


Commutation of the kicker and main amplifiers
Each two azimuthal directions of one kicker section are fed by 30 W amplifiers Rohde&Schwarz BBA-150-D30 (fig. 7a), RF power splitting is provided by Lynx 111.A0232 power dividers. Each kicker consists of 4 sections. Magnetic High order mode suppressors (HOMS) are fastened to the outside of the kicker in the directions of beam propagation (fig. 7b).
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	Figure 7a. Feeding scheme of the kicker section 
	Figure 7b. Kicker section with HOMS 

	Table 9. Kicker parameters

	Aperture
	90 mm

	Section length
	200 mm

	Number of sections
	4

	Kicker length
	1200 mm 

	Kicker Impedance
	576 Ω

	Amplifier Peak Power
	30 W

	Kicker Peak Power 
	480 W


The described system for longitudinal Palmer line provides 2 times faster cooling rates than required (Fig. 8).
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Figure 8. Comparison of IBS and cooling rates in the required beam energy range.
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