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Overview of the ICARUS CRT

¥ Top CRT vertical planes
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Side CRT planes
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Bottom CRT planes: installed and tested
Setting the DAQ interface >
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Modules at the West and East Sides

* Working on getting support structures installed

* Remaining side CRT is going to be installed after the cold commissioning is completed

Supports

Cable tray bridges — will be
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Rolling posts and modules

Drawing courtesy of Cat
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. SBN-doc-10438
Schematic

* 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

CRT Utilities rack
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CRT DAQ rack

~

Total setup
~ 107 FEBs
SiPM board / - 3 ORMs per FEB
Optical Readout
Module (ORM) GND pin

Cable shield I

10 SiPMs
Hamamate Total setup
514160 5V, 0.55A. ~ 9 servers
Opera'ﬂng 10 twisted pairs in 1?Cable and distribution TBD Several DAQ racks
Voltage ~ 40V a bundle; one
common cable
Total setup shield
~ 320 ORMs AWG28

3M 3644 series timing dist box

RG174 or RG58
LEMO to LEMO

IJ\ | J

Building ground Building ground

Fiber to get PPS

Cable for the Beam signals?

White Rabbit WR provides PPS and
beam signals

We recein 40 FEBs from Marzio for the side CRT
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Power Distribution Umut and Miha

* 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 (5.1V)
* 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
2= Fermilab
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Umut and Mihai
Single power line layout

2x 10 Q 5W sensing safety resistors
S H100 sw Main fuse holder + 12/16CT (12/16FC) semiconductor fuse, 6/10FC for side CRT
G 1
b ﬂlDQ 5w [
S|+ PS custom panel (x12)
POWG rox:! 4 ? Anderson power and sensing plug Sensing cable STP N
12 SBS75x(CR) with post-mate aux 1pair, flexible |7
Supply !
1
Wiener |
1
1
PLS 12 : 6 DIN Rail Terminal block 1.5...16 mm? WDU 16 1028900000, Weidmiiller Powerflex RV-K 2 x 10 mm2
1 2 DIN Rail Fuse Terminal SAKS 1/35/G20 DB 0501620000, Weidmiiller with
5V +- 2V ! 20/0.50A/F Fuse insert 7/8 AWG max length: 18 m
. 1 Plastic Enclosure 222x146x75mm Light Grey
sensing ' Polycarbonate IP65, RND Components code: 455-00235
! indicative, any Polycarbonate box with the right sizes
corr. | ( v Poly ght sizes)
. . . .
1 Wieland (GST18i5L+GST18i55) ~13 m Bus-Bar Gesis® NRG flat cable 5G2,5+2x1,5 shielded bus.
! adapter + plug ¢
N
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A n L s Neo P o audio cable 2x 1.5mm?
N ! ; L no ' | [
- ; ' o o :
? wma ! 1
o d Weidemuller 1615670000 o—¢
(+ ferrite filters) ? ?
CRT : o
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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. e ]
= Fermilab
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Cable Mapping for the side CRT

* We have all the cable mapping for the side CRT ready for installation
* Cables for servers,TOand T |

50 Q e ™\
terminator Connections to racks run from
WEST TO/T1 Timing Cables pit level (~3E/W) up to center of
mezzanine level before jumping

to CRT near to
N i y,

o ; rﬂ

i

Between vertical FEBs: 13' x 48 Between horizontal FEBs: 30' x 12
Initial signal from GPS/BEAM: North 80', Central 87°, South 90’ (x 4 each)

Details about all the cable mapping at SBN-doc-13486
2& Fermilab

7 Minerba Betancourt



Top CRT grouping
Power distribution box m
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* 11 lines (+ 1 spare)

* max 12 CRT/line

* shortest cables for the chainsof 12

» smallloadspread (9 x11 + 2x 12), compensated by the cables
* relativelystraight cable paths

2% Fermilab
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Test Stand at Fermilab Chris, Tyler, et al.

* Setup a test stand at Fermilab to test the optical readouts and efficiency
measurements
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Optical Readout Testing at Fermilab Chris, Tyler, et al.

e 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)

reference

test I
/ reference

* 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

2% Fermilab
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Chris, Tyler, et al.

Setup

* 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

Network Cabling

15.1 m CAT-5

2.2 m CAT-6 1.5 m CAT-5e

1.8 m CAT-5 6.1 m CAT-5e

Server/NIM
crate/PPS

18 m CAT-6e

2% Fermilab



Production Numbers Chris, Tyler, et al.

* 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 |3 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)
North Bottom Reference ORM Light Yield Stability

North Mid ORM Light Yield Stability

26

thiCaIreadouttests ................ ................ ................

Light Yield (PE)

Light Yield (PE)
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Cutting the modules

e 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

13
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Top CRT assembly steps: (Frascati, Italy)

- \|||| a n“_ 18 77‘:-','«‘ =
1 e _—. b Second I%Ver of scm,t a

\\{Q’,ﬁ. .
Thigd [ayeroff6am

. , , , | i e Transporting to CERN
=t u N B N = i i — o~ then Fermilab with
Placing the cOVUNARSSTmi Test stand:‘mamuleé, ] g— | 40inch container
Electronics functlonallty light performing effiiency A
leak testh: measurémentss Rack v!!th 10 CRT modules
3£ Fermilab
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Status

e 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 ltaly 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

2% Fermilab
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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, |d humbers for

SiPMs.
(1N

10001scin FEBOO0O0O1 CRT00001

* Will be merged to the database at Fermilab

File Edit View Favorites Tools Help
{ £)ICARUSTOP COSMIC RA... @] CERN people CERN &) CERN Phonebook &) i ~ v (% d v Pagev Safetyv Toolsv @v ICARUS Cosmic Ray Tagger - Modules a
ICARUS TOP COSMIC RAY TAGGER PRODUCTIONS ~

We are plazning to put Barcode stick oa the module in order 10 trace the history, and lizk the scintillators (producer, batch number, quality check results), fibers, SIPMs (Batch number, Breaking Voltage, Dark
Count), Front-ead-Board (SIPM connected channels) etc.

e mont et o B, et e e s e et e Return to the main menu Example SQL table

Scintillator productions and quality checks [obsolute 1
100 V|| Submit
Fibers polishing and alumization

ADD NEW ENTRIES....

SiPM Database Connected to MySQL DATABASE

Front-end-Board Datab: i H H i ibrati i it
Frontend-Board Database | muhp PHP interfaces for Database communications I::RT CRT Assembly date ;EB Eafu?dcof arcode of |FEB Channel |[Electronics. edestal |Calibration | i ame ||DB Update gam
Scintillator Database (New!!) arcode -MM-DD] cintillator iPMs Lo nfig
2 5827 || 1583
CRT Module Construction %’ % 1;22 ? ;
. . . 212Scin b} 2
crocsc syl | === CITIROC configuration files ~ooissee TssorTssel 11—
Goto ELOG 10226Scin [ 16591 |[165%0][ 6 7
We set up Slack worl for ication: topcrtteam.slack.com please register if you have not done it yet. 10171Scin 15842 || 15803 8 9
Useful documents: 10188Scin 15813 || 15857 | 10 11
All the Front-end-Board have to be configured before attaching to the CRT module. High voltage (58 Volts) with help of trimmers, 10164Scin 16572 || 16568 12 13
MAC Address (serial number -100), and barcode. Please follow the steps given in the instruction document. 10165Scin 16584 || 16583 14 15 Update
1| CRT00001 2019-03-21 FEB00001 = — YES NO NO NO 94 Laura Citiroc SC
For each single CRT module, check list document has to be printed and the steps followed carefuly. 11270Scin 13840 J| 13815 16 17 Modoule
. 11272Scin 14053 || 14052 18 19
Copies of CRT b d bered as: CRTxxxx
Conies of FEB barcod, bered FEB 11256Scin 14121 || 14136 20 21
opies o arcodes mumbered as: SRS 11264Scin | 13834 |[13833] 22 || 23
How to access datab and elog:DB and ELOG ChECinSt document 11271Scin 13801 |[ 13805 24 25
How to prepare CITIROC confi ion files: CITIROC SC SNxxx 11275Scin 14064 || 14058 26 27
CRT DAQ Activities 11101Scin 13747 || 13742 29 29
In caze of any prodlem or help, pleaze consact Umut Koce 11117Scin 13767 || 13766 30 31
10018Scin 14075 || 14074 0 1
10020Scin 13754 || 14101 2 3
10003Scin 14088 || 14092 4 5
10004Scin 14085 || 14082 6 7

2% Fermilab
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Next Steps

* 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

2% Fermilab
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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 TO timing reference.
Fixing the bug and testing in progress.

TO timing reference [FEB::185]

e

P | |

6%00 7000 7500 8000 8500 9000
Event number

 After bug fix, timing resolution measurements will be performed once
more again.
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600

400
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Bottom CRT

* Double Chooz veto modules installed, including the PMT readout
* Readout has been tested
* Ongoing work: setting the artDAQ interface

2% Fermilab
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Setup

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

Network Cabling

15.1 m CAT-5

2.2 m CAT-6 1.5 m CAT-5e

° 8
B

1.8 m CAT-5 6.1 m CAT-5e
18 m CAT-6e

Server/NIM
crate/PPS

Layout for TO/T1 (PPS)

32ns+5ns

5ns

RG174 5ns

RG58 32 ns

KRR

5ns

5ns

[3)]
o
(o)

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

Layout for Tou

H RG58 32 ns RG58 32 ns + RG174 8 ns
Hazns—

Hmu N




