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Measuring Response of Extruded Scintillator to
UV LED in Magnetic Field
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Abstract—The experimental results on the performance of the
extruded scintillator and WLS fiber, and various LEDs in the
magnetic fields of 1.8T and 2.3T respectively, are reported.he
methodic used is being described

I. INTRODUCTION
Future detectors (like Digital Hadron Calorimetef [2]

for a future ée linear collider) may require the use of

scintillating cells with embedded photodetectaranersed in a
strong magnetic field, and the LEDs for the caliora
purposes. This imposes constraints on the perfarenah the
scintillator, fibers, LEDs and photodetectors ire timagnetic
field.

However, it is not always obvious how to measuagous
properties of these elements in the strong fietssence. In
this paper we have concentrated on the methodiceafsuring
the scintillator response to UV LED light in theepence of
magnetic field, i.e., the dependence of output'pldaode and
area on the field was studied. In addition, thdquarance of
various LEDs in the magnetic field was measuredels

Il. EXPERIMENTAL SECTION- LEDs

A. Photodetector Description

To measure the LED response dependence on fieldgstr,
the MRS [3] photosensor was used. The MRS photedi®c
multi-pixel solid-state device with every pixel @péng in the
limited Geiger multiplication mode. A resistive &yon the
sensor surface achieves avalanche quenching. Dtree tfact
that the thickness of the active layer of this sens about 7
microns, MRS is shown to be non-sensitive to thgmatc
field [4].
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B. Magnet Description

A GMW Helmholtz Dipole Magnet, model 3474, by GMW
Associates [5], was used. The diameter of the psl@s0mm,
with maximum current of 140 Amps at 76 Volts (10M8k
while water-cooled. The field strength is dependent the
distance between the poles. Due to this limitattbe, highest
field achieved was 2.3T.

C. LED List

The following LEDs were measured:

1. Bivar [6] LED5-UV-400-30 T1 3/4 5mm UV LED
with peak emission at 400nm;

2. Lumex [7] SSL-DSP5093USBC Ultra Blue with
peak emission at 475nm, and SSL-LX5093UPGC/C
Ultra Pure Green with peak emission at 525 nm;

3. Radioshack [8] 276-351 T-1-3/4 (5mm) Yellow LED
with peak emission at 587mm, 276-320 5mm White
LED with peak emission not listed, and 276-041
5mm Red LED with peak emission at 700nm.

D. LED Assembly Description

For this test, MRS sensor was used, arranged batlhte
light from the LED was incident directly onto the
photosensitive area via small aperture. The semasibiased
at 30.0V that is well within its operating range.

Fig. 1a shows the photograph of the assembly, Hig.
shows its schematic and Fig. 1c is the detaileénalsly
photograph.

Fig. 1a. LED assembly.



E. LED Experimental Results

| Pulse Generat The data for all LEDs listed in section C were ofed.

LED Because of the similarity of the results, data dotyBivar UV
tIJ LED will be presented for illustrative purposesva&i LED is
of special interest since it doesn’t change thectsple

MRS Gate characteristics of its light output with changesurrent [10].
sensor ) Input Here, the field is perpendicular to the LED. Thephmde
Oscilloscope and the area of the output were measured. Measntemere
carried out at OT, maximum field, OT, maximum figldain,

0T, etc. The repeated measurements at OT are caodirc
Fig. 1b. LED assembly schematic. order to eliminate unknown factors like the possibl
temperature or time changes during the experinemiddition,
the field was increased and decreased as fastsaibf®o Fig. 2
is the superposition of the MRS output for Bivar WED at
0T and successive measurement at 2.3T. The fulbubut

.w@ & @ amplitude is ~124mV in both measurements, with area
R ' 4.7nVs.

LED being

tested

&! & B ﬁ Fig. 2. Superposition of the outputs at the field strengfh8T (white) and
2.3T (yellow). The scale is 50mV per cell on vertical aisl 50ns per cell on
horizontal

- : - From Fig. 2 there are no immediate indicationsifiéences
|| @e Y @ in the output that could be easily seen by the Eige.3 shows
" : the values of the area of MRS output for Bivar U¥DL

different magnetic field strengths.
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Fig. 1c. LED assembly in details.

Fig. 3. Area of the MRS output for Bivar UV LED.



The area is a measure of total charge of the owtitht a
50Q load that is dependent on the total amount ofderti
light. Each point is an average of at least few dnad

Ill. EXPERIMENTAL SECTION - SCINTILLATOR

With UV LED and the MRS photosensor both being

measurements. The errors are given directly by thgsensitive of the B field presence, one can camy the

oscilloscope. The biggest difference between p@nt8T and
2.3T is ~1% that is within the measurement error.

Fig. 4 shows the values of the amplitude of MRSatifor
Bivar UV LED different magnetic field strengths. &h
amplitude is a measure of the peak current of thput with a
50Q load that is dependent on the peak light outparnfthe

measurements for the scintillator in the magndgtdf Even
though the thorough measurements of various deitatit was
done earlier [11], we have carried out the measemésrfor the
newly available and not yet tested in the B fieldrieded
scintillator [12] with the Kuraray [13] Y11 1mm digeter
WLS fiber embedded in the co-extruded hole.

LED. The maximum of ~1% change in output amplitude

between field strength values 0T and 2.3T is olexkrv
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Fig. 4. Amplitude of the MRS output for Bivar UV LED.

Similar results are observed for the field beingapeal to the
UV LED (here, due to assembly dimensions (Fig. 1bag
maximum achievable field was 1.8T). Analogous fss{ilable

1) are observed for Lumex and Radioshack LEDs i th

perpendicular field (2.3T) as well. Note that samet the
maximum value of output will be at OT and sometiae2.3T.

TABLE 1
LED RESPONSECHANGE IN THE MAGNETIC FIELD

LED TESTED CHANGE IN COLOR
OUTPUT (%)
SSL-DSP5093USBC 14 Blue
Superbright|
SSL-LX5093UPGC/C 0.7 Green
Suberbright|
276-351 T-1-3/4 1.6 Yellow
Bright
276-320 T-1-3/4 15 White
Bright
276-041 T-1-3/4 1.2 Red
Regular

A. <intillator Assembly Description

For this test, 10cm x 2cm x 1cm scintillator bavered by
reflective material and with WLS fiber insertedanthe co-
extruded hole, Bivar [6] UV LED and the MRS sensg@re
used, arranged such that the light from the LED ima&lent
directly onto the scintillator only. This way the \& fiber
would pick up the light only from the scintillatdaself and not
from the UV LED. The MRS sensor was placed in ccintgth
the free end of the fiber, and was biased at 3QtRY is well
within its operating range.

Fig. 5a shows the photograph of the assembly wittSW
fiber not inserted. Note that the fiber terminalsiion was
above the LED and is indicated by the red line fun figure.
Fig. 5b shows its schematic of the assembly. FigHows the
assembly between the magnet poles.

Scintillator with
co-extruded hole

UV LED

Terminal ower, route
position of the : ]P , 10
WLS fiber | from behinc

Fig. 5a. Scintillator assembly. Red line indicates tdreninal position of the
WLS fiber when inserted, so that it doesn’t pick up lighecily from the UV
LED.



stabilize inside the assembly (~20 minutes), butneso
temperature shift is still observed, probably du¢he fact that

| Pulse Generat the temperature of magnet is not constant whileingr Fig. 6
is the superposition of the MRS output for extrudeihtillator
at OT and successive measurement at 1.8T. Theofiut
amplitude here is ~129mV in both measurements, wida ~
8.4nVs.

LED MRS
sensor

=

Scintillator
bar

WLS Oscilloscope
Fiber

Fig. 5b. Scintillator assembly schematic.

Fig. 6. Superposition of the outputs at the field strengfh8T (white) and
1.8T (yellow). The scale is 50mV per cell on vertical asl 50ns per cell on
horizontal. Due to technical reasons not all the celignibe visible.

From Fig. 6 there are no immediate indicationsifiéences
in the output that could be easily seen by the Eige.7 shows
the values of the area of MRS output for extrudsadtilator at
different magnetic field strengths.
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Fig. 5¢c. Scintillator Assembly between the magnet poles. 815
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The pulse to the LED from the pulse generator wa@ns Measurement #
wide. The output of the MRS sensors was measured ar
recorded by Agilent [9] Infiniium54832D MSO osciicope
without additional preamplifier. Fig. 7. Area of the MRS output for extruded scintillator.

The area is a measure of total charge of the owtjitht a
50Q load that is dependent on the total amount oflen light

Here, the field is parallel to the LED (i.e. pergeular to that depends on any changes in scintillator prigserEach
the fiber). The amplitude and the area of the dutpare point in every figure is an average of at least fewndred
measured. Measurements again were carried out at @deasurements at each field strength value. Theseare given
maximum field, OT, maximum field again, OT, etc. €Th directly by the oscilloscope. The biggest differerimetween
repeated measurements at OT are conducted in dederpoints at OT and 1.8T is <1% counting in the faett bhetween
eliminate unknown factors like the possible tempa®a first two point and the remaining three the tempeeaof the

changes during the experiment, since no thermometsrused assembly was changed as indicated by the measutsetaken
to check the temperature. Time was given for teatpeg to

B. Experimental Results



at OT, and the difference should be calculatedgusints from
each group only.

Fig. 8 shows the values of the amplitude of MRSaufor
extruded scintillator at different magnetic fieldengths. The
amplitude is a measure of the peak current of thput with a
50Q load that is dependent on the peak light outparinfthe
scintillator. The maximum of <1% change in outpoipditude
between field strength values OT and 1.8T is oleskr®nce
again, the temperature of the assembly was chabgedeen
first two point and the remaining three measuremenid
difference should be calculated using points frachegroup
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Fig.8. Amplitude of the MRS output for extruded scintillator

IV. CONCLUSIONS

(1]

(2]

(3]

(4

(5]
(6]
[7]
8]
Bl

(20]

(11]

(12]

(13]

Measurements performed using various LEDs in the

magnetic field point to the insensitivity of the DE light
output on the field strength of up to 2.3T with#1This result
allows using UV LED in conjunction with MRS sensdms
measure the properties of the extruded scintillatorthe
magnetic field. The results of this measuremenicatd the
insensitivity of the light output levels of extrutiscintillator to
the magnetic fields up to 1.8T within 1% when eadiby the
UV LED.
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