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Designed as Cosmic Ray Tagger (CRT) for LHEP
MicroBooNE and SBN-ND detectors
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Tracker module assembly concept

1.80m
(0.96m)

16 strips
served by
one FEB

Various L from 1.8 m to 4.5 m
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Tracker strip structure LHEP

-----

Scintillator: USMS-03 (PS+PTP+POPOP)
Reflective surface (UNIPLAST technology)
WLS fibers: Kuraray Y11(200)MS, 1mm diameter
Optical glue: ESA 7250 polysiloxane compound
SiIPM: Hamamatsu S12825-050P

2 SIPMs per strip
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Tracker module structure LH E P

UNIVERSITAT BERN

16 strips per module

Module length:
1.8m to 4.5m

Module width:
0.96m & 1.8m

Module thickness:
20 mm

Aluminum case
(2 mm thick covers)

Robust, self-supporting
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" Discriminating the shaped signal at a configurable level from 0 to 50 photo-electrons

Signal coincidence from each pair of WLS fibers => trigger

External event validation from other FEB(Ss) (allows X-Y coincidence)

Time stamp w.r.t. external reference (GPS PPS and BNB RWM), accuracy 1.3 ns RMS
Data buffer for 1024 events

Efficient Ethernet-based back-end communication

Firmware update over Ethernet



Front-End Board Rev3 LHEP
32 SiPM inputs UNIVERSITAT BERN

Ethermet

—
—

e 0 i

T1 T2 +5V, 500 mA 100 Mbit Enet

AL

All required FEBSs for existing panels are produced and tested.
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‘Front-End Module Board)y ~  LHEP
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CONTROL BUS
XILINX b W
Spartan 6
CITIROC1 FPGA LPC4370 E;gﬂ;
ASIC ARM MC
switch
ANALOG BUS By W
HV
Low voltage stabilizers e
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Ring Buffer
1024 events |
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Front-End Board
Analog readout performance UNIVERSITAT BERN

Local X-Y coincidence

LHE

Data rate can be reduced by factor of 5 with local coincidence

Ring cables, no termination, driven by 3-state buffers

SRR RNENE
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Every local trigger:

if there is input during 160 ns:
Trigger readout

else:
Reset and start over

Dead time reduced by factor >10
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Front-End Module (Board)
Analog, trigger and timers

Local coincidence of two fibers at each bar
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Tracker module
Performance summary

Muon detection efficiency

95% to 99%

Coordinate resolution

<2cm (2D)

Time tag accuracy

2.8 ns RMS
( electronics: 1.3 ns)

Trigger latency

22 uUs

Amplitude dynamic range

100 p.e. => 3 x MIP
Optional: 500 p.e. => 15 x MIP

S/N ratio for MIP

Up to 120

Practical threshold

400 keV
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Tracker module manipulation and tools required LHEP

UNIVERSITAT BERN

Vacuum suction jig: < 0.2 bar working pressure

Module weight 50 to 180 kg

1.7
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Tracker modules packing and transport LHEP

UMIVERSITAT BERN

Not too fragile, withstands standard
transport (car, ship, train)




uBooNE

L.mXxWm
1.85x1.8 8pc
2:30 18T 127pe
230 a8l 8N
30 x18 " 10pc
3.65x1.8 16pc
40 x18 3pc
41 x1.8 6pcC

Total: 73 modules

Area : 395 m2
(1-d coverage)

Manufactured modules

SBND

L.Lmx W,m

18 x 1.8 2 pe
2.8 x 0.94 34 pc
o G e o o i [
45 x 1.8 56 pc

Total: 143 modules

Area : 880 m?2
(1-d coverage)

LHE

UNIVERSITAT BERN

ProtoDUNE 3x1x1

L,mx W,m
1.8 x 1.8 4pc

Total : 4 modules

Area: 13 m2
(1-d coverage)
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Timing resolution of the 4-m long scintillating bar LHEP
Measured with 60-ps 400-nm laser pulse UNIVERSITAT BERN

FEB Rev.3 timer resolution
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Event time resolution ranges from 1.7 ns (near end) to 6 ns (far end)
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Front-End Board concept LHE
Multiple FEB readout UNIVERSITAT BERN

— Communication: L2 Ethernet (minimum overhead)

FEB 2
FEB No Collision Detection => deterministic!
A
FEB 5 Host interrogates — FEB answers every 100 ms
FEB !
o Proprietary protocol FEBDTP:
FEB
CER A Configuration
5 Health check
Data transfer
HOST
processing

STORAGE
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Example tracker wall structure: X-Y coincidence (local) LHEP
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2 x 50 Ohm coax cables, 3mm OD, connection to FEB via LEMO
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Example tracker: Signal distribution LH E P
UMIVERSITAT BERN

RACK PROTECTION UNIT

Equipment is distributed over
n (copper twisted pair)
standard 19" racks S—

Wﬁ'

DALCO server ||
DALCO server
DALCO senver ||
DALC@O sernver ||
DALCO server (|
DALCO sernver ||
_ DALCO senver |

UPS BATTERY PACK

B 0 )

44U Rack
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LHEP

Example tracker wall structure: power distribution UNIVERSITAT BERN

e | Consumption:
% a 0.5A per FEB

e IIE= 2.5 per cable

E% S—

= B L = L = L

+5V 2.5A cable to Rack
25

GND



Example tracker wall structure: Reference signals distribution UNIVERSITAT BERN

R I = = N I = - N o O = N s = -

2x 50 Ohm coax cables, 3mm OD

J—TO and T1

cables to Rack

The other half
of super-plane
IS instrumented
the same way

The signals are

- 3.3V LVCMOS

Pulse length lus

LEMO 50 Ohm terminators RiECoRdcenIe A SNTICH
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Example tracker wall structure: Data R/O distribution LHEP
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d3d

| CAT5 Ethernet Cable
(copper twisted pair)

___] Toone of host PCs
in the rack

:} RJ45

2:7
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