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Overview of the ICARUS CRT 

The Cosmic Ray Tagger system detects charged particles entering the detector from outside, whose 
tracks may interfere with the reconstruction of beam neutrino events.  The system surrounds the 
exterior of the warm vessel as much as reasonably possible.  

The CRT is made from plastic scintillator, using wavelength-shifting fibers and SiPMs to collect 
the light signal.

For the Far Detector, the CRT system has three distinct sections – Bottom, Sides, and Top.  Each is 
made from scintillator modules of slightly different design.

This Chapter provides geometrical information for the Top Cosmic Ray Tagger. 

CRT - Introduction

SBN-FD Object Locations | Chapter 82

11

The Cosmic Ray Tagging system (CRT)

● Surrounds the cryostat with two layers of plastic scintillators: 1100 m2

● Top - new construction (SiPM readout)
● Sides – repurposed MINOS veto system (new SiPM readout + electronics)
● Bottom (partial) – spare Double Chooz experiment veto modules (MAPMT)

● Tag incident cosmic or beam-induced muons with high efficiency (95%) 
● Few nanoseconds time resolution  -> direction of particle propagation via time 

of flight
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Top CRT flat plane Top CRT vertical planes

Bottom CRT planes: installed and tested  
Setting the DAQ interface

Side CRT planes



Minerba Betancourt

• Working on getting support structures installed
• Remaining side CRT is going to be installed after the cold commissioning is completed 

During filling, most of the CRT scintillator won’t be installed yet.  The fixed side CRT are positioned up against the warm vessel I-beams, 
and prevent viewing of the structure for thermal anomalies.  The top CRT cannot be installed until all of the side CRT are installed, due to 
interference with crane access. 

However the rolling portion of the side CRT is slightly farther away from the warm vessel walls, and can be rolled to allow unrestricted 
viewing access to nearly all of the long sides of the warm vessel.

The view below shows what could be in place at the start of filling - - all of the side CRT support fixed posts are in place, but none of the 
modules are installed on the fixed sections.  Only the rolling section modules are installed on their support.

There are constraints which prevent the rolling section from being moved “anywhere” in the north-south direction

Rolling posts and modules

Fixed posts, no 
modules

Fixed posts, no 
modules

Cable tray bridges – will be
present and holding cables

at the start of filling

Modules at the West and East Sides 
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Drawing courtesy of Cat

Supports
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Schematic 
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Server
FEB

CAEN A5702

SiPM board / 
Optical Readout 
Module (ORM)

10 SiPMs
Hamamatsu

S14160
Operating 

Voltage ~ 40V
10 twisted pairs in 

a bundle; one 
common cable 

shield
AWG28

3M 3644 series

GND pin

CRT DAQ rackCRT Utilities rack

Building ground Building ground

Wiener PL512

timing dist box

5V, 0.55A. 
Cable and distribution TBD

Total setup 
~ 9 servers

Several DAQ racks

Total setup 
~ 320 ORMs

RG174 or RG58
LEMO to LEMO

Total setup 
~ 107 FEBs

- 3 ORMs per FEB

Cable shield

CAT6

Tin and Tout time coincidence with 
neighboring/second plane modules

RG174 or RG58
LEMO to LEMO

White Rabbit

T0

WR provides PPS and 
beam signals 

Fiber to get PPS

T1?

Cable for the Beam signals?

SBN-doc-10438-v1

• Preparing the utility rack, several components on site Fermilab (FEB, optical readout, 
timing distribution and servers)
• Power supplied is scheduled for delivery in a couple of weeks
• Testing the power distribution 

Schematic
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We received 40 FEBs from Marzio for the side CRT  

SBN-doc-10438
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Power Distribution
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• Design criteria:
• Minimal line & circuit power drop
• Full power supply sensing compensation
• Ripple/noise reduction
• Minimal voltage spread
• To keep all the FEBs within the working voltage (5.1 V)
• Reliability 
• Long term operation
• Safety 
• Easy access and troubleshooting
• Uniform distribution
• Balanced load
• Easy replacement 
• Note: since the top CRT will have maximum load (12 FeBs/line, twice the side 

system) the layout was optimized accordingly. Using the same cabling for the side is 
straightforward, since derivations are similar for CRT pairs or single 

Power distribution box, PDB, will be prepared both for side and top CRT systems 

Umut and Mihai
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• Power distribution line and box  are designed and materials identified
• A simple simulation with SPICE has been performed.
• Voltage drop test has been performed: all the measured voltage drops found to 

be within estimated range.
• Couples of power distribution box in preparation for final test.   

Power 
Supply  
Wiener 
PL512 
5V +- 2V
sensing
corr.

S-
--

+ 
S+

x
12

1 2 ……………. 11 12

10 W  5W

10 W  5W

2x 10 W 5W sensing safety resistors
Main fuse holder + 12/16CT (12/16FC) semiconductor fuse, 6/10FC for side CRT

Powerflex RV-K 2 x 10 mm2
7/8 AWG max length: 18 m

Sensing cable STP
1pair, flexible

PS custom panel (x12)
Anderson power and sensing plug
SBS75x(CR) with post-mate aux

~13 m Bus-Bar Gesis® NRG flat cable 5G2,5+2x1,5 shielded bus. 

~1m LSP1,5HFL -
audio cable 2x 1.5mm²  

Wieland (GST18i5L+GST18i5S)
adapter + plug

CRT F
E
B

Weidemuller 1615670000
(+ ferrite filters) ?

6 DIN Rail Terminal block 1.5...16 mm² WDU 16 1028900000, Weidmüller
2 DIN Rail Fuse Terminal SAKS 1/35/G20 DB 0501620000, Weidmüller with 
G 20/0.50A/F Fuse  insert

Plastic Enclosure 222x146x75mm Light Grey 
Polycarbonate IP65, RND Components code: 455-00235
(indicative, any Polycarbonate box with the right sizes)

Single power line layout
Umut and Mihai
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Cable Mapping for the side CRT
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Details about all the cable mapping at SBN-doc-13486

• We have all the cable mapping for the side CRT ready for installation
• Cables for servers, T0 and T1
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Top CRT grouping
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• Setup a test stand at Fermilab to test the optical readouts and efficiency 
measurements

• Setup contains six FEBs

Test Stand at Fermilab

3

delay generator

server

network switch

PPS

CDF counter 
control unit

NIM crate: 
hod/FEB 
coincidence

3

delay generator

server

network switch

PPS

CDF counter 
control unit

NIM crate: 
hod/FEB 
coincidence

3

delay generator

server

network switch

PPS

CDF counter 
control unit

NIM crate: 
hod/FEB 
coincidence

Chris, Tyler, et al.
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• Test stand at Fermilab has three modules in a stack, with one ORM at each end 
(North/South) connected to its own Front-End Board (FEB)

• Two ORMs are tested at at time on the middle module, top and bottom modules have 
the same form ORMs on them for all runs

• Two tests are run: one to obtain ADC/PE conversion, as well as check for spurious 
noise, another to obtain light yield at 4 meter along the module 

Optical Readout Testing at Fermilab 
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Optical Readout Modules (ORMs)
● Modules hold PCB with MPPCs soldered on, allow 

them to be mounted to fiber snouts and have 
cables run with strain relief

● Each MPPC reads out two fibers, requires precise 
alignment to avoid loss of light (tolerance limit of 
0.15 mm deviation from nominal)

● Housings are precision molded
● No optical coupling medium, airgap of order 0.5 

mm
● CSU is producing 360 of these (3600 

photosensors!), 244 produced as of 6/10/19

1

Review of testing procedure at Wideband
● Test stand at Fermilab has three 

modules in a stack, with one ORM at 
each end (North/South) connected to its 
own Front-End Board (FEB)

● Two ORMs are tested at a time on the 
middle module, top and bottom 
modules have the same four ORMs on 
them for all runs

● Two tests are run: one to obtain 
ADC/PE conversion, as well as check 
for spurious noise, another to obtain 
light yield at 4 meters along the module 3

test

reference

reference

Chris, Tyler, et al.
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• Using daisy chain scheme for distribution of two timing signals: PPS (T0) and 
hodoscope (T1)
- Testing the setup we are going to use in the detector

Setup

�11
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Single Network Daisychain

● Mix of Cat5, 
Cat5e, Cat6e 
(require only 100 
Mbs)

● Long cables are a 
good warmup for 
the full system → 
easy to test 
longer

Chris, Tyler, et al.
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Production Numbers 
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• Produced a total of 361 ORMs at CSU
• After QC checks done on site at CSU, 344 were identified as shippable and 340 

were sent to Fermilab
• Testing at Fermilab identified a further 13 ORMs as unviable, leaving a total of 327 

viable ORMs for use in the detector 
• Need a total of 268 for full coverage of side CRT modules, (22% spares for 

installation)

Chris, Tyler, et al.

Reference Optical readout tests
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Cutting the modules 
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• Modules for the south wall have been cut at Wideband
• We have a few modules that needed to be sealed and tested
• The last layers of the modules for the north wall needed to be cut to avoid 

interference with the cryo piping 
• Modules have been cut at ICARUS building. We will need to seal and test them

Side CRT 

4

North Wall South Wall

East or West Wall

• South, East and West wall installation 
• Schedule TBD 
• We have a request from CERN to delay the installation of the side CRT until the 

cryostat is filled with LAr
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Top CRT assembly steps: (Frascati, Italy)

Placing microcoax cables

First layer of foam

First layer of scintillator bars

Placing mini PCBs and cabling

Second layer of foam

Second layer of scintillator bars

Tedlar foil for light tightness Third layer of foam

Placing the cover, performing 
Electronics functionality light 
leak test

Test stand: max 8 CRT modules, 
performing efficiency 
measurements Rack with 10 CRT modules

Transporting to CERN 
then Fermilab with 
40inch container
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Status
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• Top CRT module assembly is on going 
• Assembled modules tested for light tightness and efficiency 
• Efficiency found >=94%
• Approved modules stored on the rack
• First container is ready to be transported to CERN
• Due to custom’s clearance complexity (from Italy to Switzerland) shipping being 

delayed!
• Once custom problem resolved, couple of CRT module will be transported to 

Fermilab
• The rest of modules to be shipped to Fermilab on February 2020

• All modules will be tested again at Fermilab before installation. Space will be needed in 
the ICARUS hall, preferable a closest area to the truck door 
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CRT Database at CERN

• We set up a database (MySQL) at CERN to store the history and information of 
CRT modules.

• Barcode system used for FEBs, Scintillators and CRT modules, Id numbers for 
SiPMs.

• Will be merged to the database at Fermilab

Example SQL table
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Next Steps
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• Reseal and test the modules for the north and south wall 
• Install the FEB support 
• Install the support for the rolling side CRT 
• Install the modules at the rolling side CRT 
• Test the power distribution at the Fermilab and Frascati test stand 
• Test the DAQ at Fermilab and Frascati test stand 
• Finalize the utility and server racks for both systems
• Install the electronics
• Commissioning of the bottom, side CRT and two modules from the top CRT
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Back Slides 
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Front-end-boards

• All FEBs received from CAEN.
• Firmware upgraded with new functionalities.
• We have found a bug “stuck event/spikes” on T0 timing reference. 

Fixing the bug and testing in progress.

• After bug fix, timing resolution measurements will be performed once 
more again.
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• Double Chooz veto modules installed, including the PMT readout 
• Readout has been tested 
• Ongoing work: setting the artDAQ interface 

Bottom CRT
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The Cosmic Ray Tagging system (CRT)

● Surrounds the cryostat with two layers of plastic scintillators: 1100 m2

● Top - new construction (SiPM readout)
● Sides – repurposed MINOS veto system (new SiPM readout + electronics)
● Bottom (partial) – spare Double Chooz experiment veto modules (MAPMT)

● Tag incident cosmic or beam-induced muons with high efficiency (95%) 
● Few nanoseconds time resolution  -> direction of particle propagation via time 

of flight
8
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Setup
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Single Network Daisychain

● Mix of Cat5, 
Cat5e, Cat6e 
(require only 100 
Mbs)

● Long cables are a 
good warmup for 
the full system → 
easy to test 
longer

7

Timing Signals

● Using daisychain 
scheme also for 
distribution of 2 timing 
signals: PPS (T0) and 
hodoscope (T1)

● Checked signals on 
oscilliscope, look good, 
don't see reflections

8

Routing for Efficiency Measurement

● Route TOUT signal 
from each FEB to 
coincidence unit at the 
rack

● Makes a relative 
efficiency measurement 
(relatively ;p) easy

Route TOUT signal from  
each FEB to coincidence 
unit at the rack

Using daisychain scheme 
for distribution of 2 timing 
signals: PPS (T0) and 
hodoscope (T1)


