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About four hundred one meter long, 10 cm wide and 5 mm thickided scintillating strips were measured at four differen
points. The results of measurements strip responses adi@active sourcé€’Sr are provided, and details of strip choice,
preparation, and method of measurement are included. Thiswesr essential for prototyping a tail catcher and mumckér

for a future international electron positron linear cotlidetector.

1. INTRODUCTION

Hermeticity and resolution constraints of the dtetor International Liner Collider (ILC) requithe calorimeter to
be placed inside a superconductive coil [1]. Beeanfsthis constraint, the hadron calorimeter wil tompact and
limited to a depth of approximately 1 m. The relelly thin hadron calorimeter requires additionahltzimetric
sampling” behind the superconductive coil to estéav@nd correct for the hadronic leakage. Such sagplso offers
excellent muon tracking.

Northern lllinois Center for Accelerator and DetedDevelopment (NICADD) at Northern lllinois Unigéty (NIU)
has undertaken the construction of a combined Inédtail-catcher and muon tracker (TCMT) prototypedesign for
the TCMT prototype consists of 16 steel absorbggriaand 16 active medium cassettes with dimengibabout 1m x
1m. NICADD proposed using extruded scintillatingpst as the active medium for the TCMT. Each césdeds ten
extruded scintillating strips with thickness of Snpwidth of 10 cm, and length of approximately 1 m.

NICADD will explore the TCMT performance with a CACE beam test [2]. The CALICE beam test program at
Fermilab includes a wide variety of combined tegith TCMT. This test will provide the first expenee in ILCD
prototyping, muon id and reconstruction, paramesdion of the superconducting coil impact on eneggplution, and
enable development of algorithms for restoringehergy resolution within the particle flow framewor

In this note, the results of measurements of respém a’°Sr radioactive source for the strips, which wereused
in two production runs, are provided. In addititine details of strip choice, preparations, and oeihf measurements
are included. These measurements form a key basibd quality control of strips to be used for T@MT prototype.
Moreover, the experience gained will be useful dowide variety of researchers, who may want to exgeuded

scintillator for their experiments.

2. STRIP CHOICE

For the TCMT prototype, the 5 mm thick and 10 crdeviNICADD extruded scintillating strips [3] werepassible
choice. Because 10 cm strip is too wide for thecbhBEMT design (can not provide sufficient segméntg, each strip
should be cut in half, or a separation groove rhesintroduced. The choice between a co-extrudesl troh machined

groove was governed by the following considerations
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First, for the estimation of an available amountighit, a 1 m long strip with a co-extruded holeswasted with
cosmic rays. A 1.2 mm outer diameter Kuraray [41Y,-multiclad, S-type, WLS fiber was glued insitie hole using
EJ-500 [5] optical glue. With a Hamamatsu [6] R-384@T, the strip provided 14.4 photoelectrons (PE).

Second, because the optical cement lost transmigsien at a low radiation dose, strips with a maathi“key”
shape groove for the WLS fiber were also testede gioove had the following dimensions: an innemdiger of
0.053", a width of neck 0.040", and it was done tlee four different depths: 0.063", 0.078", 0.11&hd 0.156". The
respective PE yields were 12.3, 13.9, 14.3, an8 R&.

Finally, a strip with a small co-extruded hole wested in the same way. The inner diameter of thextruded hole
was about the outer diameter of the WLS fiber (Ir¥niThe extruded strip with the small co-extrudetetand non-
glued WLS fiber provided 15.2 PE. Because the mwdue of “diameter” and position of the co-extrudemle can be
adjusted during the production run, the NICADD egtd strip with the small co-extruded hole wasfitt choice for
the TCMT.

3. EXPERIMENTAL SECTION

3.1. Strip Preparation

1.05 m long, 10 cm wide, and 5 mm thick extrudedtsiating strips [3] had two co-extruded holesadout 25 mm
from the edges. The inner diameter of the co-extiluables was not less than 1.2 mm. At 50 mm frarsthip edge, a
1.01 m long and 0.9 mm wide separation groove wiledrthrough the strip with a computer-controllethchine
(THERMWOOD) at Fermi National Accelerator Laborgt@ENAL) Lab8.

Fig. 1. a) A strip after extrusion; b) The samé@strith a machined separation groove; c) The stitph blue tape;

d) The trimmed strip with the glued separation geo

Using blue tape [7], the separation groove wasliiglaped on the top and on the bottom of the sttiffaces and
then injected with a white epoxy [8] (an epoxy me§IER332, with 50% of a titanium dioxide and thedsmer
Jeffamine D230). After the epoxy hardened, allhaf tape was removed and the ends were cut offetd.il m strip
length. The white epoxy serves as a reflective nighteand is also used to reduce crosstalk betweeated strips and
improve their structural rigidity. Step-by-step rifaditions of the strip are shown in Fig. 1.
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3.2. Strip measurement method

The measurement configuration schematic shown dn Ficonsists of two reference cells (RC) [9] anfdva WLS
fibers permanently connected to a Hamamatsu [6JORBEIT via an optical crystal [10]. The crystal mixthe light
from fibers and reduced non-uniformity of responaess the PMT photocathode to less than 1%. Thg Wers
were Kuraray [4] Y-11, multiclad, S-type, 1.2 mmt@udiameter and 1.15 m length. Their ends werpatished using
a “P3” diamond cutter machine. One fiber end wasnalum mirrored using a magnetron gun sputterichrigue
[11]. The other end of fiber was glued in a 1.5 giameter hole inside a square plastic ferrule @n3 side width and
35 mm length) and then polished together with greufe using a “diamond fly” cutting technique. Tieerule helps to
orient the fiber at a right angle with respectite optical crystal surface, and provide firm cotioec It was possible to
connect up to sixteen ferrules at the same timehéo crystal. The PMT output current was measureth \ai

picoammeter [12], connected to a PC-based datasitiop system.

.RC

Fig. 2. Schematic of the set-up used for stripguesments. (All dimensions are given in cm). Thiete RC denote

the reference cells.

The strips were wrapped in a 1 m long sleeve maata bne layer of Tyvek [13]. Same Tyvek sleeve wsad for
all measurements. The strip ends were neither gghinbr wrapped. Because a co-extruded hole haswsmheval
rather than circular shape, and a specific orimmahside a strip, it was possible to define a é&mgl a bottom of the
strip, as indicated in Fig. 3. In all cases, thatatice from the WLS fibre to the strip bottom wesslthan the distance
from the fibre to the strip top. A 5-mClSr radioactive source was positioned on the tofasarat 15 mm from the
strip edge.

To ensure reproducibility of the source positionirggter than 1 mm, a template was used. The sant fillher was
used for most of the measurements. Once the stafpphlaced for measurements and the WLS fibber mggsted into
the co-extruded hole, the side of the strip closesthe experimenter was labelled “A” while thethast one was
assigned the label “B”, as indicated in Fig. 2vdts a random choice which part of a strip was natnedB.

The major steps in measuring the strip response:wer

1. The response of the first reference cell with thdioactive source placed in the center of tHeveas
measured.

2. The response of the second reference cell Wehradioactive source placed in the center of #llewas
measured.
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3. With the WLS fiber inserted consistently to #ral of the co-extruded hole and high voltage ohwhitlhout
the radioactive source, the dark current was medsiar each strip (the maximum value of the dankesu
was less than 0.5 nA for all measurements).

4. The response of the A-side of a strip with théizactive source placed at 80 cm from the PMT wad
measured (Fig. 2).

5. The response of the A-side of the strip with rddioactive source placed at 20 cm from the PMd was

measured.

6. The response of the B-side of the strip withrédmioactive source placed at 80 cm from the PMd was
measured.

7. The response of the B-side of the strip withrémioactive source placed at 20 cm from the PMd was
measured.

15

100

Fig. 3. A schematic used for a strip orientatiad a radioactive source positioning (dimensiongaren in mm).

Steps 3 to 7 were repeated for the each strip. Eeichf measurements was started and finishedstétis 1 and 2. If
at the end of each set of measurements the reéeceticesponse was similar to the response diebmning, the strip
responses were accepted for further analysis. T#enmalue of the reference cell response ratidskfito start) for 29
consistent measurements was 1.001 with a standafdtion of 0.015. Because this test did not &llistrip responses

were accepted for analysis.

3.3. Experimental Results

To estimate possible degradation over time, thporeses of a few strips were measured at the begjrofi tests
(09.16.2004), and measured again after all thpsstsiere tested (10.15.2004). The average valuatiofrof the new
responses to the old ones was 06202, which means that the degradation over tirae about 4%. Because the
NICADD extruded scintillator [14] cannot degrade fast, it means that the measurement system ddwes.viEual
inspection showed that it was the WLS fiber, esgdlcthe mirrored end (keep in mind that this filweas inserted into
the co-extruded holes up to eight hundred timé&gcause of the small degradation of the measusisgm® over the
long time interval, no corrections were appliedhte measurements. Fig. 4a and Fig. 4b show themssyof the strip
A-side. A few of them have a much lower respons&8st or A20 than average.

The response at A20 to response at A80, is andtidicof the uniformity response for all measureips, is plotted
in Fig. 5a. Fig. 5b shows ratio for A80/B80 and AZPO for each strip. Except for a few strips, the0AB80 and
A20/B20 ratios are highly uniform with about 2% awsyetry (for 382 strips the mean value of A80/B8iores 0.979,
minimum is 0.935, maximum is 1.028, and standaxdiatien is 0.018).
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Fig. 5. a) A20 response versus A80 (for all syrifasstrates the uniformity at A20 and at A80 &t strips;

b) Asymmetry across the strip (the strip numbeisassociated with production time).

The results for sides B of the strips are simitasities A results. In additional study that comsisif the same strips,
sleeve, and the measurement setup, an indicatitimedafleeve asymmetry of about 3% was detected piHuves of the
blue tape, which hold together the edges of theekym the form of a sleeve, create an asymmetiqutiir additional
absorption of scintillating light.

The following cut parameter values to select thed™bstrips were chosen:

* AB80 or B80 response less than 1.25 mA: selects strgps.
e A20 or B20 response less than 1.50 mA: selects strgs.
« A20/A80 or B20/B80 ratios more than 1.30: seleetpectively ten and four strips.

Using those cut parameter values the “bad” strimivers were recognized. “Bad” strips convert intdy dvelve
different strip numbers. It was easy to visuallg-pelect strips #148, 343, and 356 as bad bechase strips had
noticeably weaker blue color under ultraviolet (Uight source than the others. In Fig. 5a thespsstrorrespond to
the three points in the low left corner.

The strips that exhibited lower responses werdéurinvestigated to determine the cause of thel@mlSince those
strips presented a weaker blue color under UV Igghirce than the other strips, a fluorescenceatastperformed to
check the dopant concentrations. A Hitachi [15]30@ fluorescence spectrophotometer was used. $saenples (2.5
cm wide) were cut from the strips with both higlddow responses. The fluorescence spectra frone thasiples were
compared to the reference-scintillating sample Witbwn dopant concentrations. The dopants for thiesswere 1%
PPO (primary) and 0.03% POPOP (secondary). Thes@misnaxima for PPO and POPOP are at approximagsy
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nm (peak A) and 420 nm (peak B), respectively. Samples from the lower response strips showed iatdavin the
dopant concentrations and the B/A ratio of the pgaks was below the value for other strips. Thhsal™ strips were
likely collected at the end of the extrusion prathrc when the dopant feeder was nearly empty amgltoaces of PPO

were added.

4. CONCLUSIONS
The high uniformity of strip responses (brightnegtenuation length and asymmetry) provides evidénat a high
quality extrusion-scintillating product is availabDetailed measurements of the extruded stripgaaltysis of the

strip responses readily identify poor quality sriphe total number of “bad” strips is about 3%wved production runs.
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