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CHALLENGES FOR MUZ2E TRACKER DESIGN
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- To reach target sensitivity, need momentum resolution <200
KeV/c
- Must precisely reconstruct helix
- Detector needs to be low mass + in vacuum
- Design needs to provide enough information to reconstruct
signal starting with minimal external constraints
- Don't know to (1 us event window)
- Don't known starting vertex
- Signal is single track
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LOW MASS STRAW TRACKER DESIGN

- ~21,000 low mass straw tubes in vacuum

- 5 mm diameter, 0.5-1.2m long, held at tension

-+ 15 um thick mylar walls, 25um tungsten wire

- 17 atm of 80/20 Ar:CO,

- Assembled in ‘panels’ of 96 straws in two staggered layers
- 3-D printed plastic curved gas manifold
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LOW MASS STRAW TRACKER DESIGN

- 36 planes, each containing 6x 120° panels for
stereo measurement
- Blind to decay-in-orbit background momentum
peak and beam flash
- Reduces radiation load, hit rate

panels plane
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MEASUREMENTS FROM EACH HIT STRAW
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- Drift time — radial resolution ~250 um
- Time division — longitudinal resolution ~4 cm

- Time-over-threshold — Measure of path length / radius
independent of tg

- Digitize waveform to reject highly ionizing backgrounds
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HELIX RECONSTRUCTED USING KALMAN FILTER FIT
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Initial time clustering and circle finding

- Iterative Kalman Filter fit for helix
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HELIX RECONSTRUCTED USING KALMAN FILTER FIT
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- Initial time clustering and circle finding
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- Iterative Kalman Filter fit for helix

Hits selected by track finder within £50 ns
selection window

6/24



FRONT END ELECTRONICS POSITIONED DIRECTLY NEXT TO STRAWS |

SIDE VACUUM

DRAC: Digitizer, Readout,
Assembler and Controller

\_ e

&

Preamps §4

- Preamps on both ends of each straw

- Single digitization and readout board for each panel Lo



FRONT END ELECT

ONICS: PREAMPS

- Compact vertical installation
- Custom connectors to straws
- Charge injection for calibration

‘baci

e Cu

8/24



FRONT END ELECTRONICS: DRAC

+ 3x Microsemi PolarFire
FPGAs

- Two digitizers and one
readout controller
- Two firmware TDCs with
<70 ps resolution per
channel
- 50 MHz commercial ADCs to
digitize waveform
- DDR3 memory for buffering
- Takes advantage of ~30%
beam dutyfactor

- VTRx optical transceivers to L

FPGA
A DRAC board

DRAC
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PCB transmission line

Readout Controller
%

Output Control & Buffer
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: P Discrete Commercial Analog ICs FPGA FPGA
and time synchronization

Signal flow chart
from TDAQ over fiber
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TRACKER CONSTRUCTION STARTS WITH ASSEMBLY AND TESTING OF THE
STRAWS

Paper Removal Conductivity Test

P Length Verification
Laser Cut to length Insert Terminations g
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THEN ABOUT THREE WEEKS TO BUILD AND TEST EACH PANEL

Process 3

Inner Rlng Building (2 days) Straw Installation (1 day) Wire Installatioﬁ (3ays)

Pin Protector & Manifold Alcohol Leak Check

Ground Clip Installation and Flooding (2 days)
Installation (1 day) (1 day)

Resistance Check &
Leak Test (3 days)
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FINALLY PANELS ARE COMBINED INTO PLANES AND INSTALLED INTO THE
DETECTOR FRAME

Planes Constructed
6 panels make a plane

36 planes make the tracker
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TRACKER FRAME PROVIDES STRUCTURAL SUPPORT AND HOLDS THE
PLANES IN ALIGNMENT

End disks x 2

Absorber disks x 15
Support rings x 2

Tracker planes x 36

Tracker frame dry fit test

- Tracker assembled on frame and then can be inserted into
magnet as single unit

- Bronze absorber disks to reduce radiation and dissipate heat
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EACH PANEL X-RAY SCANNED TO MEASURE STRAW AND WIRE POSITIONS
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CONSTRUCTION OF TRACKER ELEMENTS IS WELL UNDERWAY

- All straws produced

PANELS PRODUCED
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COMPLETED ‘VERTICAL SLICE TEST (VST) USING FIRST ASSEMBLED

PLANE

- ‘Vertical slice”: Testing full
chain from straws to readout
to processed data on disk

Gas system

Loggl/remote

P

- Six fully instrumented
pre-production panels in plane
configuration with associated
HV/gas/cooling infrastructure

- Read out by TDAQ over optical
fiber

- Source and cosmic ray data
taken in several configurations

Gas line DC~DC y
convertor -

- Demonstrates performance
under realistic conditions
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VERY LOW NOISE SEEN AT REQUIRED CHANNEL THRESHOLDS

- Physics simulation and analysis studies assume 12-mV threshold

- At thresholds of ~10 mV, demonstrated close-to-zero noise level
in all channels (requirement is < 5 kHz at 90% efficiency

threshold)
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COINCIDENT HITS FROM COSMIC RAYS USED TO DEMONSTRATE TIME

SYNCHRONIZATION BETWEEN FRONT END BOARDS

- Mean gives absolute time offset
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- Consistent over runs and power _ . . o
Time difference between coincidence hits in pairs

cycles of panels (VST data)
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FES5 SOURCE MEASUREMENTS SHOW CONSISTENT PERFORMANCE

ACROSS CHANNELS
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COSMIC RAY DATA TAKEN IN VERTICAL CONFIGURATION ALLOW TRACK

RECONSTRUCTION AND MEASURING STRAW HIT RESOLUTION

- Simplified track reconstruction
- Assumes straight line track
- Minuit based likelihood fit
- Includes both drift time and
time division measurements

- Uses detailed drift response
model including non-linear
velocity and cluster statistics
effects

- Uses x-ray scan alignment
information
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EXAMPLE STRAIGHT LINE TRACK FIT (VST DATA)
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CALIBRATED TIME OFFSETS, HIT RECONSTRUCTION USING FIT RESIDUALS
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HIT LEVEL PERFORMANCE DEMONSTRATED ACROSS ENTIRE VST PLANE
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SUMMARY

- The Mu2e tracker has been designed to measure the conversion
electron momentum with a resolution of <200 MeV/c
- Vertical slice tests have demonstrated that the performance of

pre-production panels in a realistic configuration meets
requirements

- Construction of the tracker is well underway

- Panel production complete by end of 2022
- Plane and station production completed by end of 2023

- Cosmic ray tests of full tracker in detector hall expected to be
completed by end of 2024
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BACKUP
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DRIFT RESPONSE MODEL
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DRIFT RESPONSE MODEL
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- Simulation includes full radius dependence
of drift resolution

- gaussian smearing x exponential encoding
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DRIFT RESPONSE MODEL
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- Simulation includes full radius dependence
of drift resolution

- gaussian smearing x exponential encoding
average spacing between ionizations
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DRIFT RESPONSE MODEL
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- Simulation includes full radius dependence

- gaussian smearing x exponential encoding
average spacing between ionizations
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8 STRAW TRACKER PROTOTYPE USED TO TUNE SIMULATION AND VERIFY
EXPECTED RESOLUTION
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