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Extraction Beamline Multiwires

« Based on the lattice design, the M4 line will contain 28 profile monitors that will
be used to measure the profile and position of the beam.

— One shared PWC

— Eight repurposed UTA multiwires
— Eighteen new NuMI-extraction style multiwires
— One repurposed BNL PWC
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Vacuum Cans

Two types of vacuum cans will be used.
*  Fermilab design — rotary motion

*  University of Texas design (UTA) — linear motion

Mechanical reliability of rotary feedthrough

» Life tests conducted during the prototyping of the NuMI
profile monitors.

* Cycled prototype 500,000 times. After the test inspected

mechanical parts i.e., switches, rotary feed through etc. No™"
functional damage was detected.
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Wire planes

Ceramic substrate

- Alumina 96 Ceramic
- Fired Ag-Pd metallization
- Surface mounted connectors

Wires

- Titanium wires or foils
- Wire pitch 0.5 and 1mm

Electrical Tests

- Continuity

- Wire to wire leakage
- Flash test

Pitch Measurements
Made at SiDet using Avant 600 made by

Optical Gaging Products. The
uncertainty in position was +/- 10 um.

-
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Charge Estimate

* The charge generated by the beam on a wire is a function of: 1. The beam intensity 2. The
dimensions of the wire/foil 3. The Full Width Half Maximum beam size assuming a Gaussian
distribution. The table below shows the estimated charge generated by a total integrated intensity
of 1E12 for two multiwires each seeing a different FWHM. Both use a wire diameter of 75 ym and
a assuming a 3% Secondary Emission Efficiency.

- MW929 - FWHM = 28.8 mm
- MW936 - FWHM = 5.4 mm

» Tests show that a simulated charge of 10 pico coloumbs at beam center is sufficient for the
scanner in order to produce a useable plot. 100 pC = full scale

* We should be able to display a few slices of the beam during spill.

MW923 75 28.8 1E12 11.7
MW936 75 5.4 1E12 6206
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Simulated Profile Sizes for 0.5mm and 1.0mm wire spacing
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SWIC Scanners Overview

« SWIC Scanners capture signals from all types of wireplane
profile detectors and provide a plot of the beam profile.

— P-Bar foil SEM Profile Monitor

— Proportional Wire Chamber (PWC)

— Texas Multiwire

— Rellly Stacked Plane Multiwire (NuMI type)
— Segmented Wire lon Chamber (SWIC)

’ "'f'"""uumll[” ‘”hfhh.%? E

SWIC Scanner Typical Plot
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PreTarget and PostTarget Multiwire

« Two profile monitors were
added to the scope of this
WBS.

— Upstream of production

solenoid will be a - N
standard Multiwire Pre-target R —

vacuum MW )
— Downstream of the air BNLSWIC
production solenoid will
be a BNL air SWIC.
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Design considerations: MW’s in magnetic field

* Need to examine the effects of magnetic field on the multiwire just upstream of the
target solenoid.

— Does the magnetic field impact the motion control (PreTarget MW only)?
— Does the magnetic field impact the signal?

PostTarget MW: 0.2Kg magnetic field

PreTarget MW: 1.2Kg magnetic field

Maximum: 4.8483 T Minjgfim: 0.0001 T Average: 0.1952 T
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~ Rick Coleman
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SWIC Scanner Internals

« Charge from particle beam is collected by a grid of detector
wires (up to 48 each H and V) and integrated onto capacitors.

« Capacitor voltages converted by 16-bit ADCs
* Results sent to control system for plotting and other analysis
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SWIC Scanner Configuration

* Integration is triggered by a
TCLK Event Or external 11 i & NuMI Line o Multnber Display and Colols

e position/plotting saved profiles display

pU|Se input #Suic (M101 HDe

Configuration

4Sete ¢Seq ON &
Type

* Programmable delay T e
between trigger and start of -
Integration |

* Programmable integration

®Reade

Display
Display

NOORAWNRE O

. Start Sample Stop M101 M105 M107 M108  M112
tl l ' Ie MTGT  MTGTL N114 N115 N117
<AD> <AS> <FE> N118  N121

« Multiple integrations can be || —————"———

re Configuratione

performed and stored in a

sssssss

programmable sequence

Plotting Application Page
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Autotune

«  We will develop a M4 beamline autotune based on the autotune system
that is already used for the NuMI and MiniBooNE beamlines.

— Reads beam positions
— Changes trim settings to keep the beamline tuned up.

Autotune Application
N 1 T

File Edit Servier Help

ﬁ_'\'l = E’ % E % |"1 O @ Name of the control file .
Enable/Disable button MiniBooMNE supercycle (117) . A u tot u n e D O C U m e n ta t I O n :
Data Event: e,0,4,0 DAQ event (FTD) Servlet Up Since: 2004-04-29 10:28:17.959-0500 l

.
SC Time: 41.4/60.0 Heartbeat from serviet Time on Serviet 2004-08-04 09:22:14.099- 0500 h tt p o //WWW-

Time in supercycle Latest Reading: (1) 2004-08-04 09:21:32.591- 0500

- bd.fnal.gov/controls/autotune/doc/#main

Autotune Correction Matrix

o =

107
bioss Right _mmph | EHTEE0D| EHTEE20 | EHTE650| EXHTA660| EXHT8680 | EHTE70D| EHTE720| EHTE730| ENT2620| EVTE65 0| EVTEE70| ENT8640| EVTET10| EVTET3D)
HPEG1S HPEGYS HPEGES HPEGES HPE70S HPE72S  HPE7SS  HPTCTS EHFBELS] -2 8550 | |
E:HPBE4S| -13.2630 -10.6910
Vertical BPM device names EHPEGES| 5.1780 19870 -65380 |
Top E:HFBEES) 146800  9.7900| -2.8850 -8.4350 | Empty cells are 0.0
14f= E:HPBF 05 LE02i 3.64810 #2310 -6 8680| -15.5780 | |

E:HPE725] -1.6.4?90: -10.3240| 7.8480 60280 -5.5340 -l1a 5600 |
E:HPBFSS] 4. 1100 17600] =5.0440 03910 64720 22510| -5.5140 -0.37a0
E:HFTCTS] 50850 | 3.6070] =2.2740] -18420| L 1830, 43320| 02360 -027a0

ol ENPEE45 [ | | | | | £.0080 | |
ENPEETS [ | | | | | 3.7440) 73130
ENPEESS | | -4.0540| 22.6840] 11.6430
ENPETLS The active matrix cannot be edited directly -4.0970| -2.1710  2.4630] 5.0620
=T - ENPETSS | | 1.0020| -4.7470 -2.1360| 0.0110| 2.3770 14810
Bottom ENPTCTS | | | | | 2.4230| -1.3250] -2.0760| -17180| 15020] 3.5020)

VPBG4S VPBGTS VPE695 VPET1S VP75 YPTGTS

Servlet status line | Display the inverted matrix Invert

Eeam too far off position
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http://www-bd.fnal.gov/controls/autotune/doc/#main

The Mu2e Autotune System

 The MuZ2e autotune system will be used primarily to keep the beam
position tuned on target.

Multiwires will be moved into the beam as needed.
Horizontal and vertical profiles will be collected from each Multiwire.

Checks will be made on the distribution to verify that we have a valid
profile.

Horizontal and vertical positions are collected if the profiles are valid.

A square matrix of trims and multiwires will be used to determine what
correction element trim corrections are needed to steer the beam back
to the desired orhbit.

A fraction of the desired correction is sent.

Repeat as necessary.
Multiwires are pulled out of the beam when not in use.
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Extraction Beamline lon Chamber Locations

1C900 lon Chamber M4  Immediately downstream of the c-magnet
1933 lon Chamber M4  Immediately downstream of VT933
1C943 lon Chamber M4  Last element in the M4 beam line

Diagnostic ,(
Absorber Y o\

M4

Shield Wall .
Initial position 4 \
M5
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lon Chambers

Internal Construction

lon Chamber Anti-Vacuum Bayonet

_ Box Drive
* |lon chamber uses tested FNAL design.

« The ion chamber fits in existing anti-vacuum box.
* The anti-vacuum boxes will be installed inside of bayonet vacuum
vessels that are being repurposed from Switchyard
 The bayonet type drive slides the ion chamber linearly into and out of the
beam with a screw drive system.
 The detector linear drive shaft is housed in a collapsible bellows that
seals it from atmosphere.
& Fermilab
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Bayonet Vacuum Can Modifications

Issues:

The new ion chamber
requires a deeper anti-
vacuum can.

Vacuum window leak
problems.

Modifications:

16

]

Increase the depth by 0.4
to accommodate the ion
chamber.

Replace O-Ring sealed
windows on anti-vacuum
can with smaller e-beam
welded windows.

Bayonet drive anti-vacuum box Replacement 4 inch E-Beam
With 9 inch O-ring sealed window Welded Window
& Fermilab
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lon Chamber Beam Test

Performed comparison beam tests between an lon chamber and a scintillation counter to determine
the lower lon chamber reading limit.
« AD Instrumentation Current Digitizer Module Readout
* M-Test beam parameters
- E =120 GeV
- Spill Length = 4 sec
- Cycle = 60 sec
It was found that the ion chamber starts integrating around 1e5 counts.

4 lon
Chamber

2% Fermilab
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AD Instrumentation - Current Digitizer Module

 NIM Module based.

* Improved version of existing time-tested design.

* Charge to pulse train converter.

* 0to 100KHz for 0 to 200 nanoampere dynamic range.
* 2% accuracy from 2 to 2000 nanocoulombs.

e 2 second time constant.

e Built in gate generator for CAMAC scaler module.

e Status display on the front panel.

Calibration Test Setup e .
3¢ Fermilab
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Conclusion

* Final design for both Multiwire and lon Chamber systems are nearing
completion and we will be ready to begin implementation by the start of
the CY 16 CD3 review.

« Alot of work has already been done to prove that the beam profiles and
Intensities are displayed accurately for the M4 beamline. This includes:

- Modifications of the bayonet anti-vacuum cans to accommodate
lon chambers which include e-beam welding the new windows,
add the new extension ring and then perform a vacuum leak
check.

- Complete the modifications of the UTA vacuum cans to accept
the new wire planes.

- Design work that needs to be completed before the CD3 review include:

- Finish assembly and vacuum testing of new Bayonet Can/Antivacuum
Box design.

- Finish any design modifications required to make the PreTarget and
Post Target MW’s work in the magnetic field of the production solenoid.
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