[bookmark: _Toc388426060]Secondary Emission Monitors
Secondary Emission Monitors (SEMs) will be used to measure beam profiles in the M2 and M3 lines, as well as the Delivery Ring. There are eight SEMs in the AP2 line, seven SEMs in the AP3 line, three SEMs in the D/A line, two in the Debuncher, one in the Accumulator and three spares from the former AP4 line to draw from. SEM tunnel hardware will require some maintenance, and locations where SEMs are moved will require new cable pulls. Beam studies showed that special high-gain preamps will be required to measure the low-intensity secondary beam during (g−2) operations [25]. Accelerator Controls has designed a new high gain preamp [23]. The design will be covered below.
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Figure 1.53: SEMs will be used to measure mixed secondary beam profiles. SEM tunnel hardware (left) is pictured. Preamp boxes are mounted next to the vacuum can. The SEM wires can be pulled out of the beam when not in use. SEMs can be used to measure beam profiles, positions and intensities (right).



SEMs will provide profile information via Fermilab generation 3 profile monitor scanner and Fermilab standard profile monitor software.  An example beam profile is shown in Figure 1.53.  Each scanner connects to one SEM and communicates to the control system via an Ethernet connection. 
SWIC Scanner
The SWIC scanner is at the center of all profile monitor installations. The SWIC scanner collects the charge from each of the detector wires and converts the values of the charges to a set of digital numbers. The data are transferred to the Accelerator Control System and used to plot a graph of the beam profile or for other purposes that a user may need.
The SWIC scanner consists of five printed circuit boards, one controller board and four analog integrator boards. It has a set of 96 integrator circuits, 48 for horizontal and 48 for vertical. The integrators collect the charge from each of the detector titanium strips and converts it to a voltage value proportional to the total charge collected. The basic integration capacitor value for most SWIC scanners is 100 picofarads. This value provides the most sensitivity. Other values commonly in use are 1000 picofarads and 10,000 picofarads for integration time constants of ten or one hundred times the basic 100 picofarad value respectively for use in higher intensity beams. Longer time constants require more charge coming in from the detector to reach the same resulting voltage output from the integrators. Larger capacitors are used in higher intensity beams to minimize the possibility of overloading the integrators.  
The integrators collect charge until they reach the end of the integration duration time that is set up in the plot application program by the user or until at least one wire reaches the preset threshold voltage. At the end of the integration period the integrators are switched from the sample mode to the hold mode. The integrated voltages on each channel are measured one by one. The voltages are converted to digital values. After conversion from analog to digital the integrators are all reset to zero and the scanner is ready to take another sample.
The 3rd generation SWIC scanner is an evolution of the previous design.  The SWIC interfaces to the scanner through integrator boards (96 channels total), which are a direct carry-over.  The control board centers around an Altera Cyclone III FPGA, which handles sequence control, ADC conversion, TCLK decoding, and timing.  Communications and data handling are performed by a Rabbit Semiconductor RCM3209 module.  The Rabbit module includes the microprocessor and Ethernet interface.  New features include Ethernet communications, advance triggering options, and background subtraction [23].


Figure 1.54:  SWIC scanner block diagram [23].
High Gain Preamps
A new high gain preamp has been designed to allow the existing SEMs to be able to measure the low intensity secondary beam. The new preamp consists of two amplification stages.  The first stage is a transimpedence amplifier with a gain of approximately 20,000,000 and an integration capacitor to slow down and widen the incoming pulse.  The second stage reduces the DC offset of the first stage by a factor of about 100, then amplifies the remaining signal by about 100, with a low-pass roll-off of about 16 kHz.
There is a DC blocking capacitor at the output of the amplifier.  This is to prevent any offset voltage of the amplifier from washing out our signal.  
The SWIC scanner uses a TI/Burr-Brown ACF2101 integrator.  The solid-state switch on its input has a resistance of 1.5 kohms (“typical”, per the datasheet).  This extra 1.5k must be accounted for in the gain equation (R_INT).
After integration in the SWIC scanner, the integrator output can be amplified by another 10x or 100x if necessary.	
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Figure 1.55:  Profile Monitor preamp design [23].



SEM beam study results
AP-2 line beam studies were completed to commission the SEM prototype high gain preamps [24].  Beam lines were configured for +8 GeV primary beam and +3.1 GeV secondary beam.  Beam intensities were varied through the range expected for (g – 2) operations.  Figure 1.56 shows SEM profiles at two locations in the AP2 line using the new high gain preamps with the (g – 2) operational design intensity of 1E12 protons on target.  The SEM at the 706 location has some bad wires which will be repaired during maintenance periods.
[image: ] [image: ]Figure 1.56:  Demonstration that AP-2 SEM wire profiles can be obtained at (g – 2) operational intensities and energies.  Above are profiles of low intensity secondary beam collected from 1E12 protons on target and 1E9 mixed secondary beam at 704.
Beam target intensities were lowered to a little over one order of magnitude less than expected (g - 2) operations to test the range of the SEM high gain preamps.  Figure 1.57 shows profiles with 1E11 protons on target.  This simulates the lowest expected intensities expected at the end of the M3 line during (g  - 2) operations. 
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Figure 1.57:  Profiles are still visible on SEM704 with 1E11 protons on target with 5E7 mixed secondary beam at the 704 location.
Pulse to pulse beam noise variation has been an issue with AP-2 line SEMs, so a third generation scanner was tested during beam studies.  This scanner implements a hardware pulse-by-pulse background noise subtraction.  For each beam cycle, the background noise is subtracted before the beam pulse arrives and that signal is subtracted from a second sample taken at beam time.  The results were very promising, giving us clean looking profiles.   
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Figure 1.58:  Proportional Wire Chamber (PWC) at the 728 location for 1E11 120GeV protons on target with 2.5E8 low intensity secondary beam at 728.  The top plot is the noise sample and the bottom plot shows the results of subtracting the noise sample from the raw beam signal.

The overall results of the beam studies show that the high gain preamps are sensitive enough to measure the low intensity secondary beam expected for (g – 2) operations, while the generation 3 scanner effectively eliminates noise from the raw signal via a pulse-to-pulse background subtraction.


SEM Locations:
We have a pool of 24 SEMs to choose from, and need a total of 21 SEMs.  Not a large excess, but we should have enough
	Name
	Device
	Beam Line
	Specific Location

	SEM804
	SEM
	M2
	Use existing SEM704 location

	Tor804
	Toroid
	M2
	Use existing Tor704 location

	IC804
	Fixed Ion Chamber
	M2
	Use existing IC704 location. In place.

	SEM810
	SEM
	M2
	Immediately downstream of Q811

	SEM702
	SEM
	M3
	Use existing SEM926 location

	SEM703
	SEM
	M3
	Immediately downstream of H703

	SEM706
	SEM
	M3
	Immediately downstream of Q706

	SEM711
	SEM
	M3
	Immediately downstream of Q711

	SEM719
	SEM
	M3
	Immediately downstream of Q719

	SEM725
	SEM
	M3
	Immediately downstream of Q725

	SEM730
	SEM
	M3
	Immediately downstream of Q730

	SEM740
	SEM
	M3
	Immediately downstream of Q740

	IC740
	Ion Chamber
	M3
	Immediately downstream of SEM740

	SEM744
	SEM
	M3
	Immediately downstream of Q744

	SEM749
	SEM
	M3
	Immediately downstream of Q749

	SEM204
	SEM
	DR
	Immediately upstream of ELAM

	SEM302
	SEM
	DR
	Immediately downstream of ISEP

	IC300
	Ion Chamber
	DR
	D30 straight  (Retractable)

	SEM607
	SEM
	DR
	Use existing SEM607 location

	SEM105
	SEM
	DR
	Near D1Q5

	IC100
	Ion Chamber
	DR
	D10 straight  (Retractable)

	SEM403
	SEM
	DR
	Use existing SEM403 location

	SEM506
	SEM
	DR
	Near D5Q6

	WCM503
	WCM
	DR
	Between D5Q3 and D5Q4. Mu2e Device

	IC500
	Ion Chamber
	DR
	D10 straight  (Retractable)

	ICABT
	Fixed Ion Chamber
	Abort Line
	Immediately upstream of abort block

	Tor000
	Toroid
	Abort Line
	Existing Tor733 as is

	TorABT
	Toroid
	Abort Line
	Existing Tor724 near abort block.

	MWA00
	SEM
	Abort Line
	Existing SEM733 at current location

	MWA05
	SEM
	Abort Line
	Existing SEM728 at current location

	MWABT
	SEM
	Abort Line
	Immediately upstream of ICABT


Toroids
· Left from Pbar operations.
· Used in beam studies only.
Ion Chambers
· Two Fixed (in air) ion chambers
· Four retractable ion chambers using bayonet cans.
SEMS
· Repurpose 21 Pbar SEMS
· Should have hardware for three spares
· Build 21 super high gain preamps
· Build 21 generation 3 scanners




Costing Generation 3 Scanner and Preamp parts.
Generation 3 scanner cost estimate from AD/Controls Engineer Dan McArthur.   Generation 3 scanner was shown necessary after analyzing beam studies data from spring 2014 studies.
Generation 3 scanners:  $4K/scanner x 21 scanners = $84K
Preamp:  $600/preamp chassis x 21 units = $12.6K  

Costing Cable Orders
Engineer Estimate:  Gianni Tassotto
2-3 week turnaround from vendor; Recent purchase from KSM electronics.  
SEM - movable:  
+2 each, Cable, Multiconductor, Shielded, 25 Pair flat to round Spectra Strip 169-2832-050 “Twist N’ Flat” for wire signals. $2.34 per foot (one cable each per axis)
+1 each, Cable RG-58C/U, RED for bias / flash tests, available from Fermi Stock $.23 per foot.       
+1 each, Cable, 2 pair twisted shielded, 22 Gauge, Belden 8723 or equivalent for limit switches. $0.290 per foot
+1 each, Cable, 4 conductor, 18 Gauge, Belden 8489 or equivalent for drive motor. $0.626 per foot
Total $5.83/FT.
+Assume: 21 devices * 200 ft/2 (average pull distance) * $5.83 = $24,486

Adapters
1 ea Deutsch AFD56-24-61SN, 61 position female cable end connector, $53.68 each
1 ea Deutsch 006-0912-20A Socket, $1.61 each
1 ea 3M 3425-6650, 50 position connector, $4.25 each
2 feet, Spectra Strip 169-2832-050, 50 conductor flat to round cable, $2.00 Ft
Total = $160.14/connector x 21 connectors = $3.363K

Grand Total = $27.849K

Costing SEM Hardware.
Assuming that we have enough spare parts to make working units without purchasing additional parts.

The Mechanical BoE covers the costs of the stands, so that cost does not need to be included here.

High Gain Preamp Labor
Engineering estimate:  Dan McArthur
High Gain Preamp:
16-24 hours tech for assembly.  20 hrs/unit * 21 units = 420 hours 
Deutsch connector dongles: 
0.5 days/connector ELTN_TECH x 21 units = 10.5 days = 84 hours
Total technician time is 504 hours or 63 days.  This work will be split between two technicians, with a total completion time of 44 days.

Generation 3 Scanner Labor
Engineering estimate:  Dan McArthur
80 hours/unit ELTN_TECH to build and test (2 days/board * 5 boards/unit *21 units) = 210 days = 1,680 hrs)
1 hours/unit ELTN_DESIGN_EN to oversee the build and deal with issues x 21 units = 21 hours.
The total 210 days of technician time is split between two technicians, for a total of 105 days. 

Install High Gain Preamps Labor
Engineering estimate:  Dan McArthur
2 hours/unit * 21 units = 42 hours
Install Generation 3 Scanners
Engineering estimate:  Dan McArthur
4 hours/unit ELTN_TECH (two person team taking two hours to mount, terminate and test)  x 21 units = 84 hours

Cable Pulls
Engineering estimate:  Mechanical Support
Crew of 4 x FY'14 TM_ELEC $124.9168/hr x 8hr/day = $500/day
Contract Electricians; Crew of 4 is $3,997/day.
5 days = $19.985K

SEM Maintenance
Engineering estimate:  Instrumentation
2 hrs/unit * 21 units = 42 hours plus 20% engineer time to oversee and address problems.

SEM Installation
Engineering estimate:  AD/MS Christine Ader, AD/Instrumentation Gianni Tassotto
· [bookmark: _GoBack]Mechanical stand installation is 1 day/devices  x 21 devices = 21 Days;  Covered in Mechanical BoE so not costed here.
· Mechanical device installation is covered in the Mechanical Installation BoE.  Covered in Mechanical BoE, so not costed here.
· Mechanical Hookup is 0.5 days/device x 21 devices = 10.5 days.  Covered in Mechanical BoE, so not covered here.
· Electrical hookup is 0.5 Days/device x 21 devcies  10.5 Days or 84 hours. Engineer Estimate from Gianni Tassotto
· Mechanical Leak check is 0.5 Days/device x 21 devices =  10.5 Days.  Covered in Mechanical BoE, so not costed here.  
· Alignment is 0.5 day/device x 21 devices =  10.5 Days.  Covered in Mechanical BoE, so not costed here. 
· Instrumentation final testing is 2 devices/day =  10.5 Days.  Technician time, plus 10% Engineer time to address problems and issues.   84 hours technician, 8 hours engineer.  Engineering estimate Gianni Tassotto.
Total Days = 84
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