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[bookmark: _Toc10799846]Scope

This technical concept shall provide information about the envisaged setup of the data acquisition hardware in combination with the detector and all required accessories such as pre-amplifiers, converters and adapter boxes of the described beam instrumentation device. In addition, it shall provide information about integration details such as location, trigger and timing issues, dependencies to other systems and open issues.
[bookmark: _Toc10799847]Introduction and Instrument Purpose

At FAIR and GSI several scintillating screens are used. Those types of detectors are intercepting diagnostic devices for the determination of the beam profile. 
The relevant specification can be accessed here: F-DS-BD-16e_OptProfile_SCR_T [1].


[bookmark: _Toc10799848]Schematic System Overview and Locations
[image: ]
Figure 1: Scintillating screen system schematic.
Table 1: FAIR List
	Accelerator
	Form-Factor
	Device Name
	Beam line / Location
	Electronic Room / Rack No.

	HEBT
	
	
	
	

	
	µTCA
	T1S1DF2
T1S1DF3
T1S1DF5
T1S1DF6
	T1S1
T1S1
T1S1
T1S1
	G004a 
G0704A.E20.010

	
	µTCA
	T1S4DF2
T1X1DF1(Radhard)
T1C1DF1
T1D1DF1
TSX1DF2
TSX2DF1 
TXL1DF1 
TXL2DF2
SIS18 Dump (Radhard)
SIS100 Dump (Radhard)
	T1S4
T1X1
T1C1
T1D1
TSX1
TSX2 
TXL1 
          TXL2
T8DU
T1D1
	G017.1 
H0719A.E30.123

	
	µTCA
	TXL2DF4 
TSN1DF1
TSN1DF3
	TXL2
TSN1
TSN1
	G018 
L0516A.E10.130

	
	µTCA
	THS1DF2
THS1DF4
THS1DF5
TFC1DF1 
	THS1
THS1
THS1
TFC1
	G007 
H0209A.E10.044 

	SIS100
	
	
	
	

	
	IPC
	1S61DF1
	Section 6
	K923A.U30.160

	
	IPC
	1S53MP1L
	Section 5
	K923A.U30.134

	CR
	
	
	
	

	
	µTCA
	CR01DF1S 
CR02DF1S 
CR02DF2S 
CR04DF1S
CR04DF2S
	
Im Zuständigkeit von Budker Institut
	
G007 
H0209A.E10.044 

	CR Injection
	
	FREXDF2
TFC1DF
TCR1DF
TCR1DF
TCR1DF
	FREX
TFC1
TCR1
TCR1
TCR1
	
G007 
H0209A.E10.044 

	pBar
	
	PT01DF1 (Radhard)
PS01DF7
PS01DF8
	PT01 (Target)
PS01 (Separator)
PS01 (Separator)
	G006c K0321A.E30.016
G007 H0209A.E10.044 
G007 H0209A.E10.044 

	HESR
	
	HR01DF1
HR07DF1
HR17DF1
THS1DF6
HR14DF1
	Im Zuständigkeit von FZJ Institut 

	HESR Süd
HESR Nord
HESR Süd
HESR Süd
HESR Nord


[bookmark: _Toc10799849]Instrument Hardware
[bookmark: _Toc10799850]Detector Hardware

The scintillating screen is inserted into the beam under an angle of 45°. Through a viewport, located at 90° with respect to the beam, a camera observes the screen.

[image: ]
Figure 2: The drawing of the scintillating screen setup on a flange with a target under 45° in respect to the beam. 
The mechanical constituents of one Scintillating Screen Setup are the following parts:

· Detector consisting of scintillating screen and target holder.
· Pneumatic driven linear actuator.
· Diagnostic chamber for installation of linear actuators.
· Additional parts for detector installation on linear actuator.
[bookmark: _Toc10799851]Pneumatic Driven Linear Actuator

The linear actuator moves the detector (scintillating screen and holder) into the beam center and out of the beam. The four different detectors are foreseen correspond to four different linear actuators

	Detector
	Distance Flange-
Beam 
center 
[mm]
	Stroke
[mm]
	Bake-out
	BD-type 
number
	Drawing number

	FT-DF 2010
	270
	150
	No
	FT-DL 2210
	BD-1018821-A-000

	FT-DF 2011
	270
	150
	Yes
	FT-DL 2220
	BD-1018881-A-000

	FT-DF 2020
	370
	200
	No
	FT-DL 2230
	BD-1014852-A-000

	FT-DF 2021
	370
	200
	Yes
	FT-DL 2240
	BD-1018450-A-000


[image: D:\FAIR_Specs\Spezifikation_SCR\SCR_Schemes&Images_new\Bild Assembly FT-DZ 2232.jpg]
Figure 3: Technical drawing of linear actuator with camera setup.
[bookmark: _Toc418681283][bookmark: _Toc10799852]Optical Setup 

The optical constituents of one Scintillating Screen are the following parts:
[bookmark: _Toc10799853]Screen material 

The detector consists of the scintillating screen (target) and the target holder. The scintillating screen is a round disk of scintillating material (solid or coated material), fixed in a holder with permanent alignment marks outside the active area. 

[image: ][image: ]
Figure 4: The technical drawing (left) and photo (right) of the scintillating screen on target holder.
	SCR Material
	Type
	Application

	Al2O3:Cr (Chromox)
	Solid target material
	Standard light applications

	Gd2O2S:Tb (P43)
	Coated on a plate
	Low light applications

	YAG:Ce 
	Solid target material
	Low light applications



In the HEBT lines, two different detector sizes are used with an active area of Ø 100 mm and Ø 120 mm, mainly Chromox.



	Detector size (active area)
	Bake-out
	BD-type number
	Drawing number

	D100
	No
	FT-DF 2010
	BD-1018552-A-000

	D100
	Yes
	FT-DF 2011
	BD-1018926-A-000

	D120
	No
	FT-DF 2020
	BD-1017884-A-000

	D120
	Yes
	FT-DF 2021
	BD-1018471-A-000


[bookmark: _Toc10799854]Viewports of sufficient optical quality

For standard location CF viewport with firmly connected borosilicate window VPCF16B-L (for LED Unit) and VPCF40B-L (Camera system) from VACOM will be used.  Flange from SS 1.4307 (304L) and spinning material: Kovar are used. Please keep in mind that that only annealed copper gaskets can be use.

[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_3801.JPG]
Figure 5: Photo of viewports for scintillating screen system.
For bakeout location CF viewport with connected borosilicate window Zero Light Glass HOVPZ16-LN for LED and HOVPZ38-LN for camera system from company Hositrad can be used. Only flange from material 316L can be use. Please keep in mind that that only annealed copper gaskets can be use.
[bookmark: _Toc10799855]Lens system with remote-controlled iris

The standard lens installed is the PENTAX C1614ER with fixed focal length (16mm) or PENTAX C814ER with fixed focal length (8mm), low distortion and good optical quality. A lens system with remote-controlled iris is required in order to adjust the amount of light that impinges onto the digital camera sensor. Note that the iris setting affects the depth of field. 
The remote control is done by setting a defined analogue input voltage as a set value for the iris opening. 
[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_3799.JPG]
Figure 6: Photo of remote-controlled iris Pentax C1614ER.
Pentax -ER Series
· iris control by DC voltage (1.5 – 5.5V)
· iris closes when power is cut off
· manual focus
[bookmark: _Toc10799856]Camera system

The standard camera installed is the IDS uEye UI-5240SE-M-GL, which is a digital GigE camera equipped with the radiation tested e2v CMOS sensor with 1280 by 1024 pixels. A camera internal area-of-interest limits the image to the size of the scintillating screen and reduces the amount of data transferred already in the camera. Grouped according to their location, the cameras are connected via 1 GbE Ethernet switch to DAQ System. The DAQ System provides a private network for the camera readout. The DAQ System also runs the FESA classes and provides the link via the accelerator network to the GUI.
The performance of the system reached more than 15 frames per second at full resolution with one active camera and a single connected client.

[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_3798.JPG]
Figure 7: Photo of CMOS Camera IDS uEye UI-5240SE-M-GL.
For  installations, where a high radiation level is observed, a radiation-hardened solid-state CID (Charge Injection Device) based camera from Thermo Fischer Scientific, the CCIR MegaRad3 (8726DX7), will be installed. According to the manufacturer this device is tolerant to gammas, neutrons, high energy electrons and proton radiation to at least 3 MRad. Only in tests up to 14 MRad a noticeable degradation in the image quality has been reported by the manufacturer. Tests at GSI SIS18 extraction with the MegaRad3 camera have shown, that within few years of operation, no significant change in camera performance was observed.

[image: ]
Figure 8: Photo of radiation-hardened CID Camera MegaRad3 (8726DX7).

Dedicated FESA class was development to acquire images from a frame grabber card Pleora (Model PT01-AN1IP01-32EG) to be used with the radiation hardened camera.

Grouped according to their location, the radiation hardened cameras from Thermo Fischer Scientific are connected via frame grabber card Pleora (Model PT01-AN1IP01-32EG) to the GbE Ethernet switch inserted in the DAQ System. The DAQ System provides a private network for the camera readout. 
[image: C:\Users\bwalasek\Desktop\PORT-Analog-Pro_x42260.jpg]
Figure 9: Photo of frame grabber card Pleora (Model PT01-AN1IP01-32EG).
Pleora iPort Analog-Pro External Frame Grabber
· Gbit ethernet based
· GigE Vision and GenICam compatible

Analog cameras run continuously
· rate reduction in software to 10Hz
· trigger by software
· all frames are discarded but next frame after trigger
[bookmark: _Toc10799857]Optical shielding for the camera-system to avoid incidence of ambient light  and LED unit for target illumination during calibration

The following drawings show the parts and material to assemble the camera shielding and LED unit on the linear actuator.
[image: ]
Figure 10: The technical drawing of camera shielding and LED unit assemble.

	
	Drawing number

	LED Unit
	BD-1015625-A-000

	Camera Unit
	BD-1015564-A-000




	BD-type number
	Detector
	Linear actuator
	Drawing number

	FT-DZ 2211
	FT-DF 2010
	FT-DL 2210
	BD-1018825-A-000

	FT-DZ 2221
	FT-DF 2011
	FT-DL 2220
	BD-1018966-A-000

	FT-DZ 2231
	FT-DF 2020
	FT-DL 2230
	BD-1015663-A-000

	FT-DZ 2241
	FT-DF 2021
	FT-DL 2240
	BD-1018484-A-000



[image: ]
Figure 11: Photo of linear actuator with mounted camera, lens and optical shielding.
[bookmark: _Toc10799858]Additional Parts / Assembly
Additional parts for the beam diagnostic assembly is connector box with fixing options.

[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_3800.JPG]
Figure 12: Photo of adapter box.

[image: ]
Figure 13: Photo of complete mechanical and optical system for scintillating screen.
[bookmark: _Toc10799859]Components at the beam line:

Besides the detector mechanics and scintillating screen, a camera with lens system and connector box is installed at the beam line. Long cables (copper) lead to the DAQ and PLC systems.

[bookmark: _Toc10799860]Components in the tunnel:

If unavoidable, the PLC system for control of the lens system and LED can be mounted in a 19” rack system in the tunnel in radiation protected/reduced areas.

[bookmark: _Toc10799861]Components in the electronics room:

All components of the SCR DAQ system as well as the required PLC infrastructure should be installed in electronics rooms. They are mounted in 19” rack systems. 

[bookmark: _Toc10799862]Cabling:

GbE Version

Long cables:
1x halogen free UNITRONIC S/FTP CAT7 LSZH 4x2xAWG23 network cable for camera data signals
1x halogen free DATAFLAMM-C 5x0.14mm2 between PLC and Adapter box
1x halogen free DATAFLAMM-C PAAR 5x2x0.14mm2 between CPS8 and Adapter box
Short cables:
1x halogen free DATAFLAMM-C 5x0.14mm2 between Adapter box and lens
1x halogen free DATAFLAMM-C 2x0.14mm2 between Adapter box and LED
Radiation-hardened Version

Long cables:
1x remote head cable, LS0H for camera data signals
1x halogen free DATAFLAMM-C 5x0.14mm2 between PLC and Adapter box
Short cables:
1x halogen free DATAFLAMM-C 5x0.14mm2 between Adapter box and lens
1x halogen free DATAFLAMM-C 2x0.14mm2 between Adapter box and LED



[bookmark: _Toc10799863]Data Acquisition Hardware

At FAIR the decision for a DAQ system is based on availability on the market, costs, synergy effects, and performance.
Two possible solutions for SCR DAQ are envisaged. For installations with up to two GbE camera systems the IPC as DAQ host may be used. With higher amount of channels a µTCA solution, 6 slots, is proposed. Those systems will contain an 8 channel GbE switch.
 
[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_3844.JPG]
Figure 14: Typical CUPID DAQ installation.
[bookmark: _Toc10799864]CMOS and radiation-hardened cameras

	CMOS Camera requirements 

	Type
	
	IDS uEye UI-5240SE-M-GL
CMOS digital camera, monochrome

	Data interface
	
	Gigabit Ethernet 

	Chip size
	inch
	1/8’’

	Chip resolution
	pixel
	1280x1024

	Refresh rate
	fps
	60

	Dynamic range (ADC)
	
	10 bit

	Gain (ADC)
	
	min. 0 - 12 dB

	Integration time
	
	90 µs – 20 sec



	Radiation-hardened Camera requirements 

	Type
	
	  
CID video cameras (monochrome) for special installations, where high radiation hardness is necessary

	Data interface
	
	Video output

	Chip resolution
	pixel
	786 x 603

	Refresh rate
	fps
	25

	Gain 
	
	2


[bookmark: _Toc10799865]µTCA

Table 2: MTCA.4  form factor 19” rack mount
	HW Component
	Type
	
	Remarks

	µTCA System
	GSI-NATIVE-R2-G64-AC
Or RackPak/M5-1with Concurrent Technologies AM G64/471-51 CPU or better
	Intel CPU
600W Power Supply
6-Slot MTCA.4 Chassis 2U NAT MCH
	NAT and Powerbridge

	Timing
	AMC FTRN
	
	Cosylab

	Switch
	AMC217
	8-port Switch AMC
	Vadatech


[image: ]
Figure 15: Top: Proposed MTCA.4 chassis incl. MCH, 600W PS, CCT Core i7 or later CPU (NAT-Native-R2). Bottom: CPS 8 unit.


[bookmark: _Toc10799866]Industry PC (IPC)

In case only few channels have to be read out (up to 2), a standard IPC can be used to host the GbE LAN adapter (e.g. dual port) and the FTRN. The IPC operates as standard FEC and will boot via PXEboot its OS.

	HW Component
	Type
	
	Remarks

	Dual Port LAN Adapter
	PCIe
	
	Intel

	Timing
	Pexaria FTRN
	
	GSI

	IPC
	Sysgen, Kontron
	
	Core I7 or better


[bookmark: _Toc10799867]Remote Control

For maintenance purposes the MTCA system can be controlled via LAN or IPMI protocol. It provides access to status, temperature, fan speed and powercycle. The system can be surveyed by the REMBRANDT system.
The same type of remote operation is valid for the IPC.
A remote power cycle for the cameras is feasible using the Profinet based Remote Power Control (RPC) system providing a reset pulse to the CPS8 unit.
[bookmark: _Toc10799868]CPS8

Power supply and remote reset for up to eight digital cameras are realized by the in-house developed Camera Power Supply controller CPS8. The CPS8 is based on an Arduino single-board microcontroller and controlled via Ethernet. By sending simple ASCII commands the controlling FESA class sets the power of any attached camera. It can also obtain the power status of each connected camera. In addition, the CPS8 distributes hardware triggers to the cameras either from an external input or self-generated.

[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_4759.JPG]
Figure 16: Photo CPS8 system.
CPS8:
· build in-house
· Atmel Microcontroller (Arduino) based
· simple ethernet based access
· camera power control
· camera power status
· camera trigger
· software trigger
· hardware trigger distribution
· one camera = one trigger
· options like burst mode can be easily implemented
· front panel indicators
· camera power
· camera exposure (camera strobe output)
[bookmark: _Toc10799869]PLC System
A Siemens PLC PROFINET IO System (IO controller and devices) controls the aperture of each lens and LEDs to illuminate the target for calibration issues.
A dedicated FESA class using the CERN SILECS library provides access to the PLC from the CUPID GUI via the ACC-Network.

The system will be set up on a 19” DIN-rail holder either close to the SCR DAQ system or in radiation-protected locations inside the tunnel. It is part of the campus PROFINET infrastructure. Plan is, to install a separate stand-alone PLC system for remote power control for all devices.

The bill of material and a schematic overview of the IO System are listed below.

	Description
	Order number
	Info

	SITOP PSU8200, DC 24V/5 A
	6EP3333-8SB00-0AY0
	Power supply

	CPU 1512SP-1 PN
	6ES7512-1DK01-0AB0
	IO Controller (CPU)

	CP 1542SP-1
	6GK7542-6UX00-0XE0
	CP (ACC-Network)

	BusAdapter 2xRJ45
	6ES7193-6AR00-0AA0
	Bus Adapter

	DQ 8x24VDC/0,5A HF
	6ES7132-6BF00-0CA0
	Digital Out - LED 

	AQ 4xU/I ST
	6ES7135-6HD00-0BA1
	Analog Out - Apertur

	Extras
	
	

	Miniature Circuit Breaker
	5SJ4111-7HG40
	MCB




[image: ]
Figure 17: Scheme of PLC system for remote-control iris and LED control.

[image: C:\Users\bwalasek\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\662C1FPR\IMG_4502.JPG]
Figure 18: Photo of PLC system for remote-control iris and LED control.
[bookmark: _Toc10799870]Supported Infrastructure (HV, Pressurized Air, Detector Gas)

The SCR detectors do require additional infrastructure. Almost all screens are mounted on movable pneumatic drives. The lens system in addition requires PLC control, so all those systems belong to the Profinet environment and must be addressed there.
[bookmark: _Toc10799871]Interfaces

[bookmark: _Toc10799872]Interface to Accelerator Control System

A dedicated FESA class [2,3,4,6] running on the Front-End Controller (FEC) acts as a server for all required properties. Any client such as a GUI may subscribe to these properties to GET and SET data. This client-server architecture requires a network middleware, here RDA (Remote Data Access).
The Profinet infrastructure requires the SILECS [10] gateway, a software interface between FESA and PLC systems.
[bookmark: _Toc10799873]White Rabbit Timing

Any of the SCR DAQ systems require connection to the White Rabbit timing system [7]. Depending on the chosen DAQ form factor, a suitable Fair Timing Receiver Node (FTRN [8]) has to be integrated. The cameras are triggered via the CPS8 directly from the FTRN. The FTRN settings for the trigger are handled via the SCR FESA class.
[bookmark: _Toc10799874]Beam Transmission Monitoring

The system will not be included into the beam transmission monitoring system. 
[bookmark: _Toc10799875]Machine Protection

The system will not be part of the machine protection system. 
[bookmark: _Toc10799876]Accelerator and Beam Modes

It is anticipated, that the system will handle the proposed Accelerator and Beam Modes. More details can be found in [9]. The implementation of these modes has to be discussed with CSCO.
[bookmark: _Toc471910798][bookmark: _Toc10799877]Archiving

It is anticipated that the SCR system will be included into the archiving system.
[bookmark: _Toc10799878]Alarming

The SCR system will not be part of the alarming system.
[bookmark: _Toc471910799][bookmark: _Toc10799879] Expected Data Supply from LSA

The system can be connected to the LSA settings management [5], if necessary.
So far settings management is not applicable for the scintillating screens.

[bookmark: _Toc10799880]Miscellaneous (Interlock etc.)

---
[bookmark: _Toc10799881]Instrument Front-End Software
[bookmark: _Toc10799882]High-Level Design

A FESA class for IPC and MTCA based camera readout is available and can be used.
[bookmark: _Toc10799883]Device Drivers and Firmware

· Implementation of the CCD into the FESA class requires the vendor CCD library. 
· CPS8 unit is based on individual firmware/software, SCR FESA class will communicate with the CPS8 via LAN. 
· Pexaria, AMC FTRN and the Dual Port LAN adapter require compatible drivers.
[bookmark: _Toc10799884]Operating System

The FEC (AMC or IPC) will load its OS via PXEboot over the network. As OS an up to date CentOS version with RT patch (kernel.org) is foreseen.
[bookmark: _Toc10799885]Expected Performance
[bookmark: _Toc10799886]Important Performance Parameters
Data Acquisition on the Frontend: Server for Multiple clients.

Image Acquisition and Processing
· image acquisition
· software crop
· rotation (90°, 180°, 270°)
· mirror
· simple image scaling
· projections
· simple analysis neglecting
further perspective distortion
· histogram
· position of brigthest pixel
· center-of-brightness
· FWHM

Camera / Software Settings (if supported)
· acquisition mode (free running / triggered)
· exposure time
· binning
· gain boost
· contrast
· brigthness
· rotation / mirror
· area-of-interest (fixed during runtime)
[bookmark: _Toc10799887]Expert-GUI

An expert GUI is ready and operational.

[image: ]
Figure 19: CUPID GUI.















[bookmark: _Toc10799888]Bill of Material

[bookmark: _Toc10799889]Following CUPID DAQ components are required:
[bookmark: _Toc10799890]Following CUPID µTCA DAQ components are required:

	 Electronic room
	Units
	System
	Crate
	CPU
	MCH
	Power Supply
	Timing
	Switch

	G004a 
G0704A.E20.010
	4
	8
	1
	1
	1
	1
	1
	1

	G017.1 
H0719A.E30.123
	10
	16
	2
	2
	2
	2
	2
	2

	G018 
L0516A.E10.130
	3
	8
	1
	1
	1
	1
	1
	1

	G007 (CR)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	1
	1

	G007 (Injection)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	1
	1

	G007 (Extraction)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	1
	1

	HESR (Süd)
	1
	8
	1
	1
	1
	1
	1
	1

	K923A.U30.160
	1
	8
	1
	1
	1
	1
	1
	1

	K923A.U30.134
	1
	8
	1
	1
	1
	1
	1
	1

	Total
	35
	80
	10
	10
	10
	10
	10
	10


**CR Order should be clarified
***HESR order should be done FZJ and it is not included in this table
****spare parts: 

Shopping Card for CUPID µTCA DAQ (Status 06.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	CPU
	10
	CCT  AM G64/471-51
	
	

	Crate
	10
	6-Slot MTCA.4
	
	

	MCH
	10
	Nat-Phys-80
	
	

	Power Supply
	10
	NAT600D
	
	

	Timing
	10
	FTRN (AMC)
	
	

	Switch
	 10
	 Vadatech AMC217
	 
	                 -   € 

	 
	 
	 
	 Total
	 € 



[bookmark: _Toc10799891]Following CUPID IPC DAQ components are required:

	 Electronic room
	Units
	System
	IPC
	2-port LAN Adapter
	Timing

	G006c 
K0321A.E30.016
	1
	1
	1
	1
	1

	K923A.U30.160
	1
	8
	1
	1
	2

	K923A.U30.134
	1
	8
	1
	1
	2

	Total
	35
	80
	3
	3
	3





Shopping Card for CUPID µTCA DAQ (Status 06.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	IPC
	3
	Intel X86 
(Xeon,Core I7 or better)
	
	

	8-channel GbE Switch
	3
	
	
	

	Timing
	3
	FTRN (PCIe)
	
	

	 
	 
	 
	 Total
	 € 


[bookmark: _Toc10799892]Following PLC Slow Controls components are required for each electronic room

	 Electronic room
	Units
	System
	Power Supply
	CPU
	CP
	Digital Out
	Analog Out
	Base Unit black

	G004a 
G0704A.E20.010
	4
	8
	1
	1
	1
	1
	2
	1

	G017.1 
H0719A.E30.123
	10
	16
	1
	1
	1
	2
	4
	4

	G018 
L0516A.E10.130
	3
	8
	1
	1
	1
	1
	2
	1

	G007 (CR)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	2
	1

	G007 (Injection)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	2
	1

	G007 (Extraction)
H0209A.E10.044 
	5
	8
	1
	1
	1
	1
	2
	1

	HESR (Süd)
	1
	8
	1
	1
	1
	1
	2
	1

	K923A.U30.160
	1
	8
	1
	1
	1
	1
	2
	1

	K923A.U30.134
	1
	8
	1
	1
	1
	1
	2
	1

	Total
	35
	80
	9
	9
	9
	10
	20
	12


*for RadHard Camera (PT01DF1) no PLC slow controls will be required.
**CR Order should be clarified
*** HESR order should be done FZJ and it is not included in this table
**** spare parts included

Shopping Card for CUPID PLC Slow Controls (Status 06.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	Trainer Packet SCE (including 1xCPU, 2xDigital Out
	9
	6ES7512-1SK00-4AB2
	     677,00 € 
	    6.093,00 € 

	Power Supply
	9
	6EP3333-8SB00-0AY0
	     129,00 € 
	    1.161,00 € 

	CP (ACC- Network)
	9
	6GK7542-6UX00-0XE0
	     470,00 € 
	    4.230,00 € 

	Analog Out
	20
	6ES7135-6HD00-0BA1
	     194,00 € 
	    3.880,00 € 

	Base Unit-Type A0, black
	12
	6ES7193-6BP00-0BA0
	       13,36 € 
	        160,32 € 

	Extras
	 
	 
	 
	                 -   € 

	Miniature Circuit Breaker
	18
	5SJ4111-7HG40
	       20,30 € 
	        365,40 € 

	 
	 
	 
	 Total
	 15.889,72 € 





[bookmark: _Toc10799893]Following CUPID CPS8 components are required for each electronic room

	 Electronic room
	Units
	System
	Pcs. required

	G004a 
G0704A.E20.010
	4
	8
	1

	G017.1 
H0719A.E30.123
	7
	16
	2

	G018 
L0516A.E10.130
	3
	8
	1

	G007 (CR)
H0209A.E10.044 
	5
	8
	1

	G007 (Injection)
H0209A.E10.044 
	5
	8
	1

	G007 (Extraction)
H0209A.E10.044 
	5
	8
	1

	HESR (Süd)
	1
	8
	1

	Total
	30
	80
	8


*for RadHard Camera (PT01DF1, T1X1DF1, SIS18 Dump, SIS100 Dump) and SIS100 no CPS8 will be required.
**CR Order should be clarified
*** HESR order should be done FZJ and it is not included in this table
**** min. 2 spare CPS8 will be build, additionally CPS8 request for BIF/IPM should be clarified

Shopping Card for CUPID CPS 8 (Status 06.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	CPS8
	8
	
	
	

























[bookmark: _Toc10799894]Following CUPID IDS digital cameras are required for each electronic room

	 Electronic room
	Units
	System
	Pcs. required

	G004a 
G0704A.E20.010
	4
	4
	8

	G017.1 
H0719A.E30.123
	7
	7
	7

	G018 
L0516A.E10.130
	3
	3
	3

	G007 (CR)
H0209A.E10.044 
	5
	5
	5

	G007 (Injection)
H0209A.E10.044 
	5
	5
	5

	G007 (Extraction)
H0209A.E10.044 
	5
	5
	5

	HESR (Süd)
	1
	5
	5

	Total
	30
	30
	30



*we order already 20 IDS camera for HEBT (green), including spare parts
**CR Order should be clarified
*** HESR order should be done FZJ and it is not included in this table

Shopping Card for CUPID IDS digital cameras (Status 06.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	UI-5240SE-M-GL Rev.2
	20 (HEBT)
	4500178303 
	     579,50 € 
	    11590,00 € 

	UI-5240SE-M-GL Rev.2
	5 (CR)
	
	
	

	UI-5240SE-M-GL Rev.2
	5 (pbar+CR Injecton)
	
	
	

	 
	 
	 
	 Total
	 





















[bookmark: _Toc10799895]Following CUPID MRad3 Cameras and Pleora frame grabber are required for each electronic room:
	 Electronic room
	Units
	System
	Pcs. required MegaRad3
	Pcs. required Pleora

	G017.1 
H0719A.E30.123
	3
	3
	3
	3

	G006c 
K0321A.E30.016
	1
	1
	1
	1

	K923A.U30.160
	1
	1
	1
	1

	K923A.U30.134
	1
	1
	1
	1

	Total
	6
	6
	6
	6




	 Electronic room
	Units
	System
	Pcs. required MRad3
	Pcs. required Pleora

	G017.1 
H0719A.E30.123
	3
	3
	3
	
3

	G006c 
K0321A.E30.016
	1
	1
	1
	1

	K923A.U30.160
	1
	1
	1
	1

	K923A.U30.134
	1
	5
	5
	1

	Total
	6
	6
	6
	6



*we order already 1 MRad3 for HEBT T1X1DF1 and 1x for pBar Target  PT01DF1 cameras (green)
** we already purchase Pleoras inkl. spare parts  

Shopping Card for CUPID MRad3 Cameras (Status 25.06.2019)
	Name
	Pcs. required
	Order number 
	 Price / pcs 
	Price / total

	8726DX7 Camera MRAD3 CCIR + 200m Assembly cable and power supply
	1 (T1X1DF1)
1 SIS18 Dump
1 SIS100 Dump
	4500158869
4500
4500
	9800,00  €
10980, 00  €
10980, 00  €
	   9800,00 € 
10980, 00  €
10980, 00  €

	8726DX7 Camera MRAD3 CCIR + 200m Assembly cable and power supply
	1 (pBar Target)
	4500158869
	9800,00  €
	9800,00  €

	8726DX7 Camera MRAD3 CCIR + 200m Assembly cable and power supply
	2 SIS100
	4500
	10480, 00  €
	20960, 00  €

	 
	 
	 
	
	


[bookmark: _Toc10799896]References

1. F-DS-BD-16e “Detailed Specification for Scintillating Screens for HEBT”
2. F-DS-BD-40e “Detailed Specification of the FAIR Beam Diagnostic Data Acquisition System”
3. F-DG-C-01e “FAIR Control System Development Guideline “FESA Development Guideline”
4. F-TG-C-02e “ACS Equipment Interfaces”
5. F-DS-C-03e “Setting Generation Framework LSA”
6. F-DG-C-04e “FAIR Control System Development Guideline “Equipment Integration Guideline”
7. F-DS-C-05e “Timing-System”
8. F-DS-C-06e ”Timing-Receivers”
9. F-TC-C-07 ”Accelerator and Beam Modes”, Technical Concept, R. Bär, R. Steinhagen
10. F-TN-C-13e “Interfacing of PLC Systems with FESA Based Front-End Systems”

[bookmark: _Toc10799897]Open Issues

· the form factor per device is not yet decided.
· CR names mismatch with BEL Nomenlist


[bookmark: _Toc10799898]List of Abbreviations

ACS			Accelerator control system
ADC			Analog to Digital Converter
AMC			Advanced Mezzanine Card
AMT			Active Management System
API			application programming interface
BD/BI			Beam Diagnostics, Beam Instrumentation
BLM			Beam Loss Monitor
COTS			Commercially off-the-shelf
CR			Collector Ring
Cu			Copper
DAQ			Data acquisition
DCT/DCCT		DC Current Transformer
nDCCT		Novel DCCT
FAIR			Facility for antiproton and ion research
FCT			Fast Current Transformer
FEC			Front-end Computer
FESA			Front-end software architecture
FMC			FPGA mezzanine card
FPGA			Field Programmable Gate Array
FTRN 			FAIR Timing Receiver Node
GbE			Gigabit Ethernet
GSI			Helmholtz Centre for Heavy Ion Research
GUI			Graphical user interface
HEBT			High energy beam transfer lines (at FAIR)
HESR			High Energy Storage Ring
HEST			Hochenergiestrahlführung (existing GSI)
HPC			High Pin Count (FMC Bus)
HV			High Voltage
I/O			Input Output (Register)
IPC			Industrial Personal Computer, 19" Rack mount housing
IPMI			Intelligent Platform Management Interface
IT			Information Technology
JAPC			Java API for parameter control
LPC			Low Pin Count (FMC Bus)
LSA			LHC software architecture 
MTCA/µTCA		Micro Telecommunications Computing Architecture
NIM Bin		Crate for pulse shaping electronics
NIM			Nuclear Instrumentation Standard, Pulse level
PCI			Peripheral Component Interconnect
PCIe			Peripheral Component Interconnect Express
PICMG		PCI Industrial Computer Manufacturers Group
PLC			Programmable Logic Controller
PMC			PCI mezzanine card
Profinet		Process Field Network
PXE			Preboot eXecution Environment
REMBRANDT		Remote Beam Instrumentation And Network Diagnosis Tool
RPC			Remote Power Control
RT			Resonant Transformer
SIS18/100		Schwerionensynchrotron
SW			SoftWare
TMR			Tunnel Magneto Resistance
TTL			Transistor Transistor Level, Pulse level
UHV			Ultra High Vaccum 
UPS			Uninterruptable Power Supply
VME			VERSA module Eurocard
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