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Barrel Timing Layer crystals quality control plots
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Abstract

The note presents the latest results on the LY SO crystal quality controls, as uniformity of the light out-
put and decay time, planarity of the crystal arrays and additionally, light transmittance and absorbance
towards the production of the Barrel Timing Layer sensors.
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From “Barrel Timing Layer crystals quality control plots”

Ingot quality measurements reproducibility

» 4 crystals are used as reference and measured at the begin and end of each measurement session

» Residuals with respect to the average measurement of each reference crystal are shown for the
absolute light output measurement and the decay time

» Reproducibility of 5.5% and 0.22ns are established from gaussian fits to the distributions
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LYSO Production uniformity

CMS Preliminary Phase Il _
8240_—"'I""|""I"" TS « About 1/3 of the total production has
‘= 290 & * Data = been delivered and measured so far
[= 5 E . - (total production is divided in 9
L 200 |- - Gaussian fit . monthly batches)

180 ©=35% . : o :

- : « The normalized distributions of light
160 E output for all crystals inside arrays is
140 = E shown
120 |- E » Standard deviation of 3.5% is found
100 & = after gaussian fit to the distribution

80 - :

60 - -

40 =

o0 = Normalized light output of
O - ] | | I W | l | Ll B | | | K e | | | W | I: CryStaIS InSIde arrays

09 095 1 105 1.1
Normalized light output


https://cds.cern.ch/record/2901315

From “Barrel Timing Layer crystals quality control plots”

Decay time uniformity

45
40
35
30
25
20
15
10
5
0

Entries / 0.25 ns

-5 4 3 -2 -1 0 1 2 3 4 5

CMS Preliminary Phase II

1111.1—‘ tested for quality control

II\|IIII|I\II|IIII‘IIII IIII|IIII|IIII|IIII|III

= Data

/f\\ — Gaussian fit

/ c=1.2ns

» About 1/3 of the total production
has been delivered and
measured so far (total production
Is divided in 9 monthly batches)

« A standard deviation of 1.2 ns on
the decay distribution is found
after a gaussian fit

Decay time distribution of about 1/3 of
the crystals produced so far and
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Time resolution correlation with the
light output/decay time figure of merit

From “Barrel Timing Layer crystals quality control plots”

CMS Preliminary Phase I

D O D D B B L * The plot represents the correlation between the
’ 04__ o &~ Data 7l normalised LYSO figure of merit (light

— Stocastic model+ 26 _ output/decay time) and the normalised time
resolution

Norm. o,
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Array planarity checks

* The position of the face of each crystal on the unwrapped side of the array is measured with a
Coordinate Measuring Machine with a precision of few pm. The difference between the
position of the crystal that protrudes the most and the one that protrudes the least is taken as
the measurement of the Non-Planarity of the array
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Array light output loss after irradiation
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Spectrophotometer

* Measurements of transmittance as a function of wavelength of crystal bars done using a double-beam UV-Vis
spectrophotometer
* Complementaryto LO, study of crystal transparency loss after irradiation
* LYSO crystals are doped with cerium - instrument is also used in dopant concentration studies
« Sample support for two different crystal positions with respect to the incident beam - longitudinal (~ 5.5 cm) &
transversal (~3 mm)
* Wavelength scans done in 300 nm to 600 nm spectral range with 5 nm steps

photodetectors

Transversal Longitudinal



Transmittance & absorbance

* Transmittance spectrum of a crystal barin UV-VISrange,as ¢ Correspondingabsorbanceforthe same crystalas a

a function of wavelength function of the energy (E)
1 hc
T_E E=7, Abs = —InT
1, (I) = intensity of incident (outgoing) beam * Areaofthe Gaussianpeak (which correspondsto cerium’s

absorption peak wavelength, around 360 nm) is
approximately proportionalto concentration of cerium
dopantin LYSO crystal

* Adipintransmittance around 360 nm occurs due to the
absorption of cerium for smaller optical paths
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Reproducibility measurement of reference crystal

One LYSO:Ce reference crystal has been repeatedly measured every several days for few months

»  This procedure is performed to study the reproducibility of the measurement assuming no change in the sample.
Area of weighted emission spectrum: integral of the LYSO:Ce emission spectrum multiplied by the photo-multiplier tube (PMT) quantum efficiency
and by measured longitudinal transmittance spectrum

. Distribution normalized to its average shows measurementreproducibility of 1.4%
Cerium concentration distribution normalized to its average from repeated measurements on a reference gives a reproducibility of 5.8%
The measured spread reflects the reproducibility of the crystal positioning at each measurement. Small changes in the crystal position produce
sizeable variations in the measured transmittance due to the relatively small size of crystal samples compared to the light beam section.
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Longitudinal transmittance measurement of
production crystals

1/3 of total production has been delivered and measured so far (total productionis divided in 9 monthly batches)

Transmittance is measured for half of the ingots per batch
Scatter plot of normalized light output (LO) vs the normalized area of the weighted emission spectrum (A)

* LOis measuredwith photons from Na?? radioactive source coupling the LYSO:Ce crystal with PMT
Normalized area of the weighted emission spectrum of the crystal fitted with a gaussian function that gives a width of 3.6%
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Transversal transmittance measurement of
production crystals

1/3 of total production has been delivered and measured so far (total productionis divided in 9 monthly batches)
Transmittance is measured for half of the ingots per batch

Normalized cerium concentration in production crystals fitted with a gaussianfunction

The fit gives a spread of 20%
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Irradiation effects on production crystals -
transparency

1/3 of total production has been delivered and measured so far (total
productionis divided in 9 monthly batches)

Transmittance is measured for half of the ingots per batch

Production crystals were irradiated with 50 kGy of photons from a Co®°

radioactive source
Ratio of weighted emission spectrum of production crystals before (A,,)

and after (A,.) irradiation

Fromthe plot, there’s~ 8% loss in transparency of the crystals
From the fit, mean of the distributionis 0.92, with a spread of 1.7%
(comparable with the reproducibility of the measurement)
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