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I. Introduction

The NuMI Target Hall has sensors designed to measure, among other quantities, signals proportional to beam-on-target intensity (Budal Monitor), signals from pickup coils in the focusing horns (Bdot), signals proportional to horn current (Stripline) and signals proportional to the relative time between the moment the beam strikes the target and the moment the horn or stripline current is maximum (Timing).  The purpose of this note is to provide conceptual guidelines to transform the raw signals from sensors to usable inputs to the Fermilab ACNET data acquisition system.  
II. ACNET Interface
The outputs from the custom electronics will be input to a Fermilab multiplexed A/D (MADC) via an Analog Entry Box (AEB) with twinax differential inputs.  The input range to the MADC high impedance amplifier is +/- 10V; MADC output is 14 bits.  Note: Although the input is high impedance, because the MADC switches through 64 inputs it is recommended that the source impedance should be small, around 100 ohms.  The output of the MADC is transferred to a C290 Fermilab CAMAC module and then to the ACNET system.
For readout of NuMI Target Hall Instruments the MADC will be operated in one of two modes.  In one mode, a particular channel (one of the 64 inputs) is digitized at a frequency of 10 kHz, providing a time profile with 100 usec resolution.  This type of sampling can be repeated about once per second.  In another mode, all channels are digitized serially (10-20 usec is the digitization time per channel) and the action is repeated on a regular basis, once per beam spill (1.8 sec period).  The latter mode of operation will be the norm for NuMI, with 10 kHz sampling an occasional option.
Since the output signals are digitized once per spill over a period of approximately 1 msec (total MADC digitization time) the signals must be valid throughout that time interval.  Therefore, for this mode of operation, it is necessary that all custom electronics outputs are stable at digitization time.  Since most of the signals take different amounts of time to become valid, a Track and Hold technique will be used to guarantee all signals are valid at the same time.  
III. Description of the devices and electronics to be built for the Target Hall.

Note: Timing signals produced by the ACNET C377 timing module will provide the TRACK, HOLD and ACCT timing markers (3V, terminated in 50 Ohms;1 usec pulse with timing on leading edge) for the track & hold circuits.
A) Budal: Integrate the current from delta rays knocked out of the target.

Budal Monitor currents: BMx and BMy.  According to prototype tests, the charge 
will be 
2E-5 C in the y channel and 4E-7 C in the x channel.  During beam tuning the collected 
charge will be down by a factor of about 100.   Two outputs per input, one for beam 
tuning (low intensity) and one for normal NuMI production runs are provided to the 
MADC.  Output from these channels will differ by a factor of 100.  Also, a jumper to 
vary the overall gain up or down by an order of magnitude is needed due to the rough 
level of scaling from prototype tests (ref: Jim Hylen’s memo at the end of this document).
.  


Note:  BMx & BMy inputs should be able to deliver a bias voltage up to + or - 100V 
to the target.


The input is decoupled from DC bias and split for use by two circuits.  In circuit 1 
the current is integrated, tracked and held at time = [HOLD] for output at two gains 
differing by a factor of 100. 



Output = [Qxlo,Qxhi, Qylo,Qyhi]
(It is assumed that time constants >> 2ms)

Circuit 2 provides a logic pulse that indicates “beam on target” to be used in 
application D).





       

Output = [BeamT]

External Inputs: (BMx, BMy) on Twinax; [TRACK, HOLD] on Lemo/RG58

Outputs to MADC: [Qxlo, Qxhi, Qylo, Qyhi] on Twinax 

Other External Output: [BeamT]

B) Bdot: Sample the magnetic field in a horn with pickup coil  (Voltage Source)

Note:  There are six Bdot coils in the system.  This description is for one coil

The input signal is split and used by three independent circuits.  Baseline subtraction is imperative for circuits 1 and 3. 

Circuit1 integrates the input signal twice, tracks and holds at time = HOLD.   









Output = [DInt]. 
Circuit 2 utilizes the Bdot signal to generate the timing marker [ZeroT], which corresponds to the timing of the peak of the horn current.   

Output = [ZeroT]
Note: [ZeroT] is used in this application and in sections C and D, below.
The current into circuit 3 is integrated once and the resulting waveform is processed in two parallel ways: (a) it is tracked and held either at time = [ZeroT] or time =  [ACCT], selected by the user.






Output = [PeakInt]
(b) The waveform is routed to the MADC for 10kHz sampling. 
Output = [IntWave]
External Inputs: Bdot on Twinax; [TRACK, HOLD, ACCT] on Lemo/RG58
Outputs to MADC: [DInt, PeakInt, IntWave] on Twinax
Other External Output: [ZeroT] Lemo/RG58
C) Stripline: Voltage analog of the stripline current

Note: There are four striplines.  This description is for one stripline analog 
voltage.

The signal voltage Si is split to three parallel circuits.  Max amplitude = 4.1V

Circuit1:  The signal is Tracked and Held at time =  [ZeroT] or time = [ACCT], 
selected by the user; 





Output = [PeakStrip]   


Circuit 2:  The signal is integrated, Tracked and Held at time = [HOLD];             








Output = [IntStrip]  

Circuit 3:  The signal is transmitted as a waveform.              Output = [WaveStrip]


External Inputs: Si, [TRACK, ZeroT, ACCT, HOLD]Lemo/RG58

Output to MADC: [PeakStrip, IntStrip, WaveStrip] on Twinax 
.
D) Timing: Horn Current Maximum and Proton Beam Arrival on Target

This module determines timing of beam arrival and horn max current with respect to an accelerator event marker [STOP] as well as the relative time difference between beam arrival and horn max.  The resulting analog voltages are transmitted to an MADC.  In the event there is no beam or no horn current, the timing is ended by [STOP] and the output signal is +10V.
Timing windows are 400 us wide.

(1) The beam arrival time** ([BeamT] or [BPMT]) and [STOP]:
[BeamA]
          The nominal beam arrival time is in the center of the timing window, 200 us before [STOP]
    Note: If [BeamT] or [BPMT] is “in time”, [BeamA] = + 5V

(2) Horn max time* [ZeroT] and [STOP]:   



[ZeroA]

  The nominal horn max time is in the center of the timing window, 200 us before [STOP]

 Note: If [BeamT] or [BPMT] is “in time”, [ZeroA] = + 5V

(3) [ZeroT ] and [BeamT]:




     [BeamZero]
 
  If [ZeroT] is 200 us before [BeamT],  [BeamZero] = -10V

  If [ZeroT] is 200 us after [BeamT],  [BeamZero] = +10V


  [BeamZero] = 0V is the nominal value when horn current max and beam are coincident

*If there is no beam [BeamA] = +10V; If there is no horn current  [ZeroA] = +10V

**Note: the beam arrival time signal is derived either from a BUDAL monitor, [BeamT],    or from a BPM near the NuMI target, [BPMT].


External Inputs: [TRACK, BeamT, BPMT, STOP, ZeroT] on Lemo/RG58

Outputs to MADC: [BeamA, ZeroA, BeamZero] on Twinax

Jim Hylen
 4/14/03

NuMI target Budal signal estimate- rough scaling from prototype target test

I. Projected signal levels and specifications

	
	During beam tuning
	During running

	Main vertical fin
	1.4x10^-7 coulomb
	2x10^-5 coulomb

	Monitor horizontal fin
	3x10^-9 coulomb
	4x10^-7 coulomb


To make the system usable for both low intensity scans and high intensity monitoring without having to change a switch, it is desirable to feed two copies of each signal to the MADC, with gain differing by x100.  Since spare MADC channels are available, this should be a very cheap to implement.

Given the rough level of the scaling exercise, it would be prudent to have the gain jumper selectable by an order of magnitude in both directions.

Bias for the target test was set at -30 Volts, but was designed to handle up to +/- 100 volts bias.  It seems reasonable to duplicate this capability in the final module.

II. Documentation of scaling exercise

As a rather naive scaling from prototype measurement to the real target design, we multiply by the ratio of target lengths and the ratio of beam protons per spill.

There are two Budal target segments, plus prototype:

(i) Main Vertical fin 95 cm long

(ii) Monitor Horizontal fin 2 cm long

(iii) (Graphite for prototype test was 5 cm long)

The beam intensity range is:

(i)  3x10^11 protons / 1.6 microsecond spill during commissioning scans, which is when Budal is required to be in operation for alignment of beamline

(ii) 4x10^13 protons / 8.6 microsecond spill maximum design intensity for running, where the Budal is a desirable monitor, but not strictly required

(iii) 2.4x10^12 protons / 1.6 microsecond spill at the prototype measured point used as the basis for scaling

The signal for the test beam point was about 60 mV at the MADC, which was after a 1:10 signal split and a 10:1 amplifier, so 0.06 V at the charge integrating capacitor.  (Note the amplifier has jumper selectable ranges 1:1, 2:1, 5:1, 10:1; if we are somehow confused about the jumper position during the test, there could have been an order of magnitude higher voltage and thus charge).  The capacitor was 1 microfarad, so charge Q = CV = 6x10^-8 coulomb.  That is 4x10^11 electrons, or 0.04 Amp during the 1.6 microsecond spill.  Given the 2.4x10^12 incident protons, the signal was about 0.16 delta rays per proton.

