Status on PbWQO, Crystals

R. W. Novotny

The PANDA requirements
The properties of PWO-I1 based on BTCP production
Alternative Manufacturer

« SICCAS
« CRYTUR

Alternative Scintillators
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 the PANDA detector at FAIR
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the Target Spectrometer:
based on high-quality PWO-II

m physical goals of PANDA require further development

PWO-1 (CMS) PWO-II (PANDA)
luminescence maxi- 1490 1490
mum, nm
La, Y concentration 100 40
level, ppm
expected energy range
of EMC
light yield, phe/MeV at
room temperature
EMC operating tem-
perature, “C

energy resolution of

150MeV - 1TeV 10MeV - 10GeV
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EMC at 1GeV, % 3,4 2,0
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* how to produce crystals Czochralsky-method

Temperature
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* some general remarks on PWO
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 the quality requirements

Property Unit Limit
longitudinal transmission at 360 nm Ve > 35
longitudinal transmission at 420 nm Vs > 60
longitudinal transmission at 620 nm Vs > 70
non-uniformity of transversal transmission at T= 50% nin <3
LY at T=18°C phe/MeV| > 16.0
7 Y/ 7 :
LY (100 ns) /LY (1 ) > 0.9
induced absorption coefficient Ak at room temperature, _q <11
. m < 1.
integral dose 30 Gy
mean value of Ak distribution for each lot of delivery -1
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« guality control and performance
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the optical transmission
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(b) Additional optics by [29].
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the optical transmission
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Samples per 0.1 nm

transmission

T =50%

property condition specification
longitudinal  at 360nm > 35%
transmission  at 420nm > 60%

at 620nm > 70%
uniformity
of  transv. wavelength at AN < 3nm
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light yield measurement
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e radiation hardness

A Kygg i (1) = A expl-tiz) + A expl-tity)

¥Z1 ndf 1.376e-05/ 26
0.04986 + 0.0009697

6.307 + 0.2722

0.8134 + 0.0005257

3980 + 169.9

Time in min

Figure 2.15: Spontancous recovery for PWO at room temperature. A very fast

recovery component gets visible with a constant of 6.3 min.
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Induced absorption spectra of PWO crystal inearly days of
PWO-II
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radiation hardness
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« conseduences of cooling

» fast decay kinetics even at T=-25°C: LY (100ns)/LY (1pus) > 0.9

e constant temperature gradient:

LY (-25°C)/LY (+18°C) ~ 3.9

*,,n0* statistical recovery of radiation damage at T=-25°C
asymptotic light loss correlated with Ak (@RT)
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 radiation hardness: limitations at T=-25°C
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 stimulated recovery of radiation damage
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V. Dormenev et al., NIM A623 (2010) 1082 - patented

November 19, 2014 Jlab - R.W. Novotny 19



lonization and stimulation processes in PWO

photons:
UV to visible . CB

2 @p IR photons

5

B VB

1 ionization of FTD,, 2 radiative/non-radiative recombination,
3 intra-center absorption in FTD,, 4 non-radiative relaxation,
5 radiative/non-radiative recombination of FTD,,.
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Implications for EMC operation
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observation of severe radiation damage due to hadrons
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 similar observation for 150MeV protons
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« strong radiation damage due to protons at high fluence
severe damage due to highly ionizing secondaries
clusters of color centers due to ion displacements

» damage due to y-rays: stimulated recovery

proton damage: annealing by heating
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« optimized light output: PWO-II
 cooling: operation at T=-25°C

prototype performance

extension to energies < 50MeV @ MaxLab
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prototype performance PROTO 60

photon beam
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prototype performance PROTO 60
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readout via SADC: mmmmp further improvement
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prototype performance PROTO 60 15 GeV positrons
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former production @ SICCAS
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* recent delivery from SICCAS (1)

SICCASID| T(260 T(420 T(620 LY(T=+18 C, =100 LY(100 dk(410 nm)| comment SICCAS LY
Qo %o %o pheMeV at T=18C, % m” SICCAS
limits =35 = 60 =70 =16 = 910 < 1.1
1451 19.0 55.8 73.8 22,3 94.1 1,91
1451 25,2 61,9 74,2 22,3 24,1 0,72
1453 23,2 57.8 75,3 11.1 00,4 3.94
1454 35,0 67.2 77.8 26,9 03,7 0,69
1455 rus 10.1 51,5 73.5 15,4 031.9 1,68
1456 1) 56,5 73.8 15.6 0.6 6,36 doping 17,1
1457 16.4 42,2 61,0 131 at-25C 87.8 6,31 doping 13,4
1458 20.4 58.8 75,2 17.8 01,3 2,93 doping 22,0
1450 11.3 52.6 68,5 19,2 92,1 2,74 doping 21,1
1460 19.1 45,7 63.6 7 7 5,80  doping and raw materia] 15,4
1461 5.8 52,0 65,6 19,7 01,7 3,50  doping and raw materia] 20,5
1462 32,5 60,7 74,3 21,9 91,5 0,85 Hoping and raw materia] 17,7
1462 22,9 55,1 67,3 21,5 01,9 0,38 Hoping and raw materia] 19,7
1464 22,7 59,0 74,1 20,5 91,6 0,89 doping and raw materia] 23,9
1465 rus 1.8 40,2 66,5 12,9 20,8 1,26 9,3
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* recent delivery from SICCAS (1)

LY, phe/MeV

SICCAS #1456
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* recent delivery from SICCAS (1)

Radiation induced absorption coefficient.

==SIC1461 irr
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wavelength, nin

November 19, 2014 Jlab - R.W. Novotny



* recent delivery from SICCAS (1)

Radiation induced absorption coefficient.
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e additional new PWO manufacturer

CRYTUR - Turnov, Czech Republic

 R&D phase just started (June 2014)
* Czochralsky technology (identical to BTCP)
« know-how and raw material still available
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alternatives ?

YRR

PWO LSO LYSO
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