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Abstract

To study an alternative to BaF2, as the crystal choice for the Mu2e calorimeter, thirteen pure CsI crystals from Opto Materials and
ISMA producers have been characterized by determining their light yield (LY) and longitudinal response uniformity (LRU), when
read with a UV extended PMT. The crystals show a LY of ∼ 100 p.e./MeV (∼ 150 p.e./MeV) when wrapped with Tyvek and coupled
to the PMT without (with) optical grease. The LRU is well represented by a linear slope that is on average δ ∼ -0.6 % /cm. The
timing performances of the Opto Materials crystal, read with a UV extended MPPC, have been evaluated with minimum ionizing
particles. A timing resolution of ∼ 330 ps (∼ 440 ps) is achieved when connecting the photosensor to the MPPC with (without)
optical grease. The crystal radiation hardness to a ionization dose has also been studied for one pure CsI crystal from SICCAS.
After exposing it to a dose of 900 Gy, a decrease of 33% in the LY is observed while the LRU remains unchanged.
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1. Introduction1

The Mu2e calorimeter is designed to achieve an energy res-2

olution of O(5%) and a time resolution of O(500 ps) for 104.973

MeV electrons coming from the muon to electron conversion4

process in Aluminum. The baseline calorimeter design consists5

of two disks of BaF2 scintillating crystals readout by a new gen-6

eration of UV extended “solar blind” APDs [1]. Since these7

APDs are still in the development phase, single crystals of pure8

CsI have been tested as a backup alternative.9

2. Experimental Setup10

Thirteen pure CsI crystals have been tested: 2 from Opto11

Materials (Italy), of dimensions 3 × 3 × 20 cm3, and 11 from12

ISMA (Ukraine), out of which 7 have the same dimension13

(short), while other 4 (long) are longer and have dimension of14

2.9× 2.9× 23 cm3. These crystals present a large improvement15

on longitudinal transmittance, with respect to a SICCAS crystal16

(China) used as reference, reaching ∼ 80% at a wavelength of17

350 nm.18

To measure the light yield (LY) and longitudinal response uni-19

formity (LRU) of each crystal, a 22Na source has been used to20

illuminate them in a few mm2 region. The source is placed be-21

tween the crystals and a small tagging system, constituted by a22

(3 × 3 × 10) mm3 LYSO crystal, read by a (3 × 3) mm2 MPPC.23
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One of the two back-to-back 511 keV annihilation photons pro-24

duced by the source, is tagged by this monitor while the second25

one is used to calibrate the crystal under test. The crystals were26

optically connected to a 2” UV extended EMI PMT.27

For each crystal, a longitudinal scan has been done in eight28

points, with 2 cm steps, with respect to the PMT. During the29

scan, the source and the tag were moved together, along the30

crystal axis.31

To study the dependence of the response on the wrapping ma-32

terial, some crystals have been tested by wrapping them with33

different reflector materials: Tyvek, Teflon or aluminum. The34

wrapping foils cover both the four longitudinal surfaces and the35

side opposite to the PMT. The effect of the Bluesil Past-7 silicon36

grease has also been studied for some crystals in this sample.
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Figure 1: Charge distribution obtained with the source in the central scan posi-
tion, when wrapping the crystals with different reflector materials. The gaussian
fits are used to extract the 511 KeV peak position.
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3. Light Yield38

Pure CsI signals are typically within 300 ns from the start of39

the the acquisition window, with a full width of 150 ns. The40

charge (Q) is obtained integrating in the range (0 ÷ 300) ns the41

amplitude of the signal. Finally the charge integral is corrected42

for calibration factors to be expressed in pC. In Fig. 1, the dis-43

tribution of the charge for one of the crystals under test in the44

central scan position is shown for different wrapping materials.45

A clear peak due to the 511 keV photon is visible, only a cut46

on the relative timing between source and tag has been used.47

An asymmetric Gaussian fit is applied to extract the peak po-48

sition (µQ) corresponding to the annihilation photon and then49

the LY is evaluated as: N p.e.
MeV =

µQ[pC]

GPMT ·Eγ[MeV]·qe− [pC] , where qe−50

is the electron charge, Eγ is the energy of the annihilation pho-51

ton and GPMT is the PMT gain, 3.8×106, measured comparing52

to a calibrated SiPM. The wrapping with Teflon or Tyvek pro-53

vides the best response: the LY increases of about 20% with54

respect to the aluminum configuration (from 80 p.e./MeV to55

90-100 p.e./MeV). Due to the fragility of Teflon, all other tests56

were performed by wrapping the crystals with two Tyvek layers57

of 100 µm each. Measurements on the other crystals confirmed58

that the LY is about 90-130 p.e./MeV when coupling the crystal59

to the PMT without grease. Coupling with grease corresponds60

to an additional LY increase of ∼ 60 %.
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Figure 2: LY obtained for the Opto Materials N.1 with the source placed in 8
different positions with respect to the PMT.
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4. Longitudinal Response Uniformity62

All crystals have been tested using just one orientation with63

respect to the PMT. To evaluate the LRU, the LY has been nor-64

malized to the LY in the central position. This ratio is plotted65

as a function of the distance of the source from the PMT and66

fit with a linear function. The LRU is represented by the slope67

of the fit and shows an average of δ[%/cm] ∼ -0.6 %/cm. The68

slopes obtained are reported in the histogram of Fig. 3. A better69

LRU is reached without using grease in the optical contact.70

5. Timing Resolxution71

To evaluate the timing performance one Opto Material crys-72

tal wrapped with Tyvek has been optically connected to a new73

UV extended MPPC array (16 3×3 mm2 cells with 50 µm pix-74

els), both with and without optical grease. The time response75

 [%/cm]δ

2.5 2 1.5 1 0.5 0 0.5

E
n

tr
ie

s

0

0.5

1

1.5

2

2.5

3

3.5

4

Grease

No Grease

Figure 3: Slopes distribution (in %/cm) provided by the linear fit on the LY
normalized as function of the distance from the PMT.

has been determined using minimum ionizing particles (MIP)76

from cosmic rays, selected by the coincidence of 2 “finger”77

scintillators (1 × 1 × 3) cm3, each readout by a fast PMT, posi-78

tioned one above and one below the crystal.79

The signal waveforms were fit by a degree-4 polinomial func-80

tion. A constant fraction method has been used to determine the81

crystal start time. To reduce the trigger time jitter, the half sum82

of the finger timing has been subtracted. A time resolution of83

∼330 ps (∼ 409 ps ), with (without) optical grease is achieved84

as shown in Fig.4. This result corresponds to an energy deposit85

of ∼ 22 MeV, that is the average energy deposited by a MIP in86

the crystal.
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Figure 4: Time distribution (in ns) of the Opto Material 01 crystal, wrapped
with Tyvek and coupled with grease to the MPPC.
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6. Radiation hardness88

The SICCAS reference crystal has also been exposed to a89

large ionization dose to test its radiation hardness. The test has90

been carried out at CALLIOPE (ENEA γ irradiation facility91

[2]) where a 60Co source has been used to irradiate crystals up92

to 900 Gy. After irradiation the LY of the crystal decreases by93

33%, as expected [3]. No changes were observed in the LRU.94
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