The Mu2e calorimeter laser system
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Outline

» Primary distribution system
» Secondary distribution system

> Test with SiPMs

> Test on Monitors
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Mu2e Laser System Scheme
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Primary distribution system

= New lens
= New cube splitter
= Room for a spare laser

2& Fermilab

4 C. Ferrari— NEWS General Meeting



Primary distribution system — spare laser
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Secondary Light distribution system

deal monitor
2% Fermilab
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SiPM + Crystal
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Neutral filters
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Energy budget

The estimated overall
transmissionis T = 10"/

We need 3000
photoelectrons/photosensor

=> The laser must provide
3*1019 photons/pulse

@ 500 nm 1 photon=0.4 aJ

=> The laser must provide 12
nJ/pulse
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Laser
Neutral filter = 1.3
Mirror + cube 50:50

Mirror+Lens+Splitting+
Collimator+1m Fiber

70 m fiber
Optical feedthrough
10 m fiber
Integrating sphere
Neutral filter = 1.3
Fibers bundle
Crystal
SiPM collection area
SiPM PDE
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Filter wheel scan
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SiPM waveforms
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Persistency plot 600 waveforms
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Pk-to-pk amplitude

12

Amplitude

-0.020-

| 1 ] [ 1 1 1
-1.28117€-7 0.00000E+0  1.00000E-7  2.00000E-7  3.00000E-7 3.83863E
Time

Baseline is the average
of the first 200 points

C. Ferrari— NEWS General Meeting

Vout (mV)

Vout {mV)
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Distributions
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Mean and the standard deviation
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Graphs
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Laser stability

0.5 %/hour drift: laser + Ph + electronics
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SiPMs bias scan

Vout (V)
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Setup for fibers length measurements

Connect the fiber to the collimator and to the SM sphere
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To do list

= Test the optical feedthrough (just delivered at FNAL)
= Test again photodiodes stability

= Select photodiode (Hamamtsu, mod. s1226 or s12698); waiting for
gamma irradiation test

= DAQ & TDAQ integration

2& Fermilab
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SPARE
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Fiber bundle transmission
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End point of the light distribution chain

REG_Board

Fiber optic connector

—

Faraday cage
(copper+AlISI316L)

SiPM

.

SiPM and FEE

The SIPM Holder
are glued Copper + Au
on the case

’ REG_Board
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Distribution in the Disk

Figure 6: (Left) Positioning of spheres in the outer disk and (right) disk transversal view.

There will be 8 60 meters (400 um diameter) fused silica lqunching fibers going from the
DAQ room to the IFB. Through Optical Feed-throughs other 8 “10” m fibers will arrive to the
Disks to 8 Diffusing Spheres. They will be routed in the same path of LV/HV services

Option to move the sphere at higher height down to lower position is being studied (with
the CAD) in order not to interfere with Tracker alignment.

Routing of the fiber bundles in the Back disk is also under study. It will be completed
once the routing of FEE cables will be frozen.
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TDAQ integration
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Figure 2. The anticipated supercycle timeline is ~1.4 s and consists of 8 spills each spaced by 5 ms. The phase of proto:

Figure 1. A spill consists of ~25,000 proton pulses (250ns wide) spaced by 1695ns. arrival may change for each spill

We will receive from the TDAQ one copy of the encoded clock and a Control Optical
Link. Our plan is to drive the laser system at very low frequency (0.1-0.2 Hz) and

synchronize the arrival time of the calibration signals in a beam off period. Specific

markers can be sent by the T-DAQ in the beam-off period and will be used for this
synchronization. Special runs in the beam-ON period are foreseen to study the effect of
the beam flash on the gain.

In order to acquire the data from the monitoring box (4 Photodiodes) in the T-DAQ room

we will use 1 calorimeter like ROC so that we will receive here in input: (1) one system
Clock Fiber and (2) one Control Optical Fiber. In output, we will provide 1 data fiber for
readout. During calibration runs, we will acquire also another “special” calorimeter like
ROC to read-out the 8 monitoring Pin Diodes inside the DS.
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Safety consideration

- The combination of rate and power makes the Laser a CLASS 3B
-2 It has to be enclosed (Laser, Wheel, Primary Distribution)
- Fiber end on the SiPM will have a peak power of few pJ ..

so no problem here

— The only problem will be in the IFB region (feed-throughs)
Here the output light of the 8 launching fibers will be very high.
Appropriate signage is needed here.
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25 C. Ferrari — MUSE General Meeting 24 Sept 2019



Primary Distribution system
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