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1)New results on tests of muon response of IFR
scintillator bar using different assemblies

2)Simulation of scintillator bar with FLUKA and
comparison with experimental data

3)Preliminary results from Gelina neutron irradiation
tests
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Part 1:
Prototype tests



Assembly different IFR bar prototypes and study the

effect on muon response of: \ \
. . M. Boldini, colé
« WLS fiber glueing V. Cafaro ¥g§?‘°
« WLS fiber aluminizing V. Giordano
e bar length
CAVEAT:

» the absolute figures depend on the type of SiPM used
and on the quality of its optical coupling to the fiber

* relatives figures are more relevant
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» Versatile system for 8 channels:
Vbias

E{ LED pulser G.Balbi,
Analog FE A.M.,
Comparators G.Torromeo,
ADC N.Tosi
Trigger

b, D/

Trigger on cosmic muons

o —
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Hamamatsu 1x1 mm?
50 um pixel

SiPM

Caveat:
not optimized
optical coupling
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Bar i
SIPM Triax cable
WS 7 S > to DAQ board

e Fermilab scintillator bar:

e transverse size: 4.5x1.0 cm’

e length: 25 cm

» one straight groove on top
 WLS: Kuraray 1 mm diameter:

Not Glued Glued
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* Fired pixels per MIP:
+ 57%

>

Not Glued Glued

240/ i NOt Aluminized --
+ 0

Notes:
- MIP response include contributions from cross talk and afterpulse

Krakow, 07 September 2012 Alessandro Montanari 9



2 m bar, WLS Kuraray Y11, T~25° C

/muon D = distance from SiPM

SiPM

B

DAQ
board

Scintillator
Muon
Trigger
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iR
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Light [raw pixels/mip]
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Prototype IFR bar, 200 cm, WLS Kuraray Y11-300, T ~ 25°C

B Hamamatsu #4 @ 71.4V, NO GLUE

10
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 Modeled by 2 exponentials :

 long attenuation length (10 m)

« short atten. length (0.8 m) due to self-absorbtion
- lower part of the spectrum is more affected

« Hamamatsu is more sensitive in blue region:

e more sensitive to attenuation !
100 Y-11 KU raray

NIM A 463 (2001) 194 5, Ll f
: Absorption spectrum

350 400 450 500 550 600 650 700

[nm]

athode)
ity

yield (bialkali photoc

1]
)
450 500 550 600 850
. g Wavelength (nm)

Relative light
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 How much the light attenuation affects the
behavior of EFFICIENY vs POSITION 7

* The effect can be partly reduced by aluminizing the
fiber..

 How much?
* Worthwhile?
* Test on a long fiber aluminized...(not available now)
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* Glueing the fiber improves light collection by +57%

* Aluminizing improves by only +24% in short bar

» Attenuation is an issue on long bar

* more relevant in the blue region of light spectrum

« Hamamatsu very sensitive to this effect
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Part 2:
Simulation

Alessandro Montanari
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Tiziano
 setup a detailed simulation of light production, Rovell
propagation and detection in a prototype of a

scintillator bar (FLUKA)

e cross check expected results from simulation with
data collected from a real prototype: tune
simulation free/unknown parameters

» use simulation setup to study different geometries
and optical couplings

o still preliminary results..
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» use FLUKA (version 2011.2.13)

» simulation of bar prototype used to test MIP
response (25x4.5x1 cm®)

(figures in cm)
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0.094 core

0:094-0.097 inner cl| g |
§.O97-0.1 outer CI.
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side view — Aluminium

Kuraray wls fiber Y11 (200)

outer cladding
florinated polymer

Polyvinylidene fluoride

(C2_H2_F2)

polymethylmethacrylate (PMMA
core

polystyrene (PS) -
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» Simulate same geometry as real prototype:

|

+ 22%
Not Glued Glued In DATA was:

Notauminized [NSBSSNNSOREN v =
auminzed [

+ 31%

* Good agreement with data (SiPM xtalk not simulated)
» Effect of glueing is underestimated..
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* 2 m bar, WLS Kuraray Y11 NOT GLUED

45
- m Data (Hamamatsu)
40 + Simulation

Ca
o

=

Light [rawpx/mip]
i

o
——

0 20 40 60 80 100 120 140 160 180 200

Trigger area centre distance [cm]

e Behavior is well reproduced
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» Ratio =(y @ SiPM)/( y @ Fiber) (air in between)

« SiPM in plastic package (300 um)  Msatonmen A siPm

Distance

o
©

v in. SiPM-fiber disalignment: 0

v in. SiPM-fiber disalignment: 100 nm

LI

v in. SiPM-fiber disalignment: 200 nm

v SiPM / v outside fiber
©O o © o o o
N W R U o N

=
-

| | L1 | IIIIIII | L1 | IIIIIII | | - | |
0 100 200 300 400 500 600 700 800 900 1000
SiPM-fiber distance (um)

o

Krakow, 07 September 2012 Alessandro Montanari 22



Air/Plastic

e SIPM perfectly aligned T sipM
‘Distance

v to SiPM in air & plastics at a fiber distance of 10,200,300,500 um
8 1 [y in SiPM (air)
S v in SiPM (pl.)
n
S 0.8
o
.
=
2 0.6
(77
==

0.4

0.2

0 | | | | | | | | | | | | | | | | | | | 1 | | |
100 200 300 400 500
SiPM-fiber distance (um)
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 More photons from the center of the fiber z; ) :
 Less sensitivity to SIPM misalignment -

' 300 um

File Edit

l\{Urpber of photons

Ip File Edit Yiew OQptions Tools

-------

107 photons

84 photons

1 mm

¥y cmi Y :i:mi

z {:m}
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W=10 cm

nonnflnnnn
o5 o001 5.03

h l:mi

R L PR T T BT L PR T AU T T T N T S N (N S S SR B W
B. .71 0.85 0.86 0.87 0.88 0.89 0.9 0.91 0.92 0.93 0.94
Z (cm)

1 L | 1 L ! | 1 L
ﬂ 0.B5 0.88 B9 .53

0.54
Z {cm)

» - 43% of collected light at fiber output in 10 cm
wide bar
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Fiber (side view)

(tegral §0.05] : ) [Trtegral—50.05 | [fiber R. | Underfiow 0 fiber R Gnderfiow @
AnELe f.R. U] 0] O C! AR U] 0 ] - |0Me|'lluw [] lLI Cverflow (]
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Total =80y + 79 vy =159 vy = +49% wrt 1 fiber
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7
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Coordinates f. UP

0.86

076

0.74

v+93y=180y = +68% wrt 1 fiber
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* First version of simulation was setup

* First tuning done by comparison with real prototype
« data reproduced at 10-20% level
* behavior well reproduced

» Effect of glueing not well reproduced...
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Part 3:
Neutron irradiation test



* Low energy neutrons (peak at ~40 meV) A M
* Total fluence ~2 x 10 n/cm? s

* Measure dark rates and charge sggtr

/ ///// =
’ bR

DAQ
board
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* Threshold on integrated signal (>1.5 pixel)

. Hamamatsu
(rad hard)
3Xx3 mm2

2.0
N
T
E == Hama 1x1-50um
~ == FBK 1x1-50um
O 15 SensL 1x1-35um
"(_U' FBK == Hama RH 3x3-50um
| -
v 1x1 mm2 FBK2012 1x1-50um
[ -
o
o ,, SensL

FBK
1 year @ SuperB:
05 ~3 x 10" n/cm?
Hamamatsu (with x5 safety factor,
Replaced ! no shielding,
0.0 1 MeV equivalent)
3.00E+008 3.00E+009 3.00E+010

Fluence (n/cm2)
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« Hamamatsu 1x1 mmz2, 50 um pixel

| Peak value of channel 0 |
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« FBK 2012 1x1 mm2, 50 um pixel

Peak value of channel 7
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Entries 100000
= Mean 1120
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F X1 MM, um pixe
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Lo

‘t . .g';‘_'... ' i

>
» 2 prototype bars (WLS w/ and w/o glue)
e Irradiated with ~2 x 10" n/cm?( ~6x10° 1Mev eq.)
 NO measurable effect (preliminary)
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* Very preliminary results

» Single photon capability (calibration) lost after few
10° n/cm?

« Scintillator, fiber and glue not affected
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Long bar - DATA

D= D= D=
10cm 100cm 190 cm

—
S

Long bar - SIMULATION

SIPM

D= D= D=
10cm 100cm 190 cm

SIPM
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Slow shaper

Voltage (mV )

A)

Threshold (fw) on integrated signal
Peaking time ~70 ns

Trigger counters

Threshold calibrated with LED runs

Triaxial

cable @
e .:a!'np[ed
] signal Gigabit
. ADC 12 bit [~
SiPM Curr;nt 5|I0\tN Sh?per 8 channel FPGA “
amplifier | (Integrator) 50 Mps Spartan 6

L—

Fast Shaper
x8 pe

Comparator
Trigger / \
’—' signal
Programmable

Data

Threshold

User

Programmable
Vbias = 20-90 V

Analog boards

Fast shaper

B)
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Interface

storage

Mezzanine Motherboard

Threshold on comparators
Deadtime ~40 ns (fw limit,
can be reduced to ~10 ns)
Trigger counters
Threshold not calibrated
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EJ-200 EMISSION SPECTRUM
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Scintillator: EJ 200
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o |If scintillator and WLS fiber decay times are NOT
simulated:

AN/At"

Lifa time (ns)

UUUUUU ow L]
Overflow
Integral

AN/AL ™

[
2]

-
= i oM

=
n

AL (cm)

120 140
Tot. distance {em)

=]

o
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
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* Adding decay times simulation:

e scintillator: T=2ns
e WLS fiber: T=7.5ns

Optical photons distance & time to arrive on SiPM

Eile Edit ¥iew Options Tools Help

AN/ At

AN /AL
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