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4. Summary 

➢BaF2 crystals provide ultrafast light with 0.5 ns decay time. Yttrium

doping increases the F/S ratio while maintaining the ultrafast light

intensity, promising an ultrafast calorimeter.

➢RIN:ɣ was measured for two BaF2:Y and three BaF2 samples under 2

and 23 rad/h. 0.8 MeV RIN:ɣ is observed for BaF2:Y samples as

compared to 1.6 MeV for BaF2 samples of 30×30×250 mm3 readout by

R2059 PMT in 50 ns gate.

➢RIN:ɣ is found to be highly correlated to the light output in 2.5 μs gate

or the slow component. Both Yttrium doping and solar blind

photodetector are required to further reduce the RIN:ɣ to < 0.6 MeV.

➢ɣ-ray induced damage in BaF2:Y crystals is sample dependent. R&D is

needed for improvement. Measurements are on the way for both ɣ-rays

and neutrons.

1. Introduction and Samples
Because of its ultrafast light with sub-ns decay time and suppressed slow scintillation yttrium doped barium fluoride

(BaF2:Y) crystals attract a broad interest in the HEP community pursuing ultrafast calorimetry, such as Mu2e-II. R&D

continues to optimize yttrium doping uniformity and radiation hardness for BaF2:Y crystals of large size. Fig. 1 shows

long BaF2:Y crystals with suppressed slow component grown by BGRI and SIC. Figs. 2 and 3 show respectively their

longitudinal transmittance and light output as a function of integration time, measured at Caltech HEP crystal lab. 2020

samples show no impurity or defects induced absorption band, a consistent fast scintillation component (A0) of about

100 p.e./MeV and the fast/slow ratio (A0/A1 or F/S) of 0.64 and 1.1 respectively for the samples from BGRI and SIC.

Fig. 4 A setup used to measure γ-ray induced

photocurrent before, during and after irradiation for

BaF2 and BaF2:Y samples.
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Fig. 8 Photocurrent is shown as a

function of the dose rate for 2 BaF2:Y

and 3 BaF2 samples under 2 and 23

rad/h.

Fig. 9 Gamma induced photocurrent

(top) and readout noise (bottom) are

shown as a function of the light

output in 2,500 ns gate.

Fig. 5 Photocurrent measured by the

Hamamatsu R2059 PMT for two SIC

BaF2 samples under 23 rad/h.
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Table I: A Summary of photocurrent, Fɣ factor and gamma-ray induced readout noise for 2 BaF2:Y and 3 BaF2 samples

Fig. 10 Transmittance of the SIC 2017

BaF2:Y sample after 10, 100 & 1,000

krad, and after 20 days’ recovery.

3. VUV Photodetectors for BaF2 Readout

Table II: A Summary of 4 VUV photodetectors for BaF2 and BaF2:Y readout. 

Fig. 4 shows a setup used to measure Gamma-ray induced photocurrent and readout noise (RIN) measured by an R2059

PMT via an air gap coupled to BaF2:Y samples wrapped by Tyvek under 2 and 23 rad/h by 60Co ɣ-rays. F is the radiation

induced photoelectron number per second, normalized to the dose rate or neutron flux. RIN (σ) is the fluctuation of

photoelectron number (Q) normalized to the light output (LO) in the readout gate for the BaF2 sample. Figs. 5, 6 and 7

show the photocurrent history of two SIC BaF2 samples, one BGRI BaF2 sample and two BaF2:Y samples from BGRI (top)

and SIC (bottom) respectively under 23 rad/h. Significant reduced photocurrent was observed in BaF2:Y samples.
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Fig. 1 Six long BaF2:Y crystals produced by BGRI

(left) and SIC (right) from 2017 to 2020 for the Mu2e-II

experiments.

Fig. 2 Longitudinal transmittance for

the 6 samples (solid lines) and the x-

ray excited emission (blue dots).

Fig. 3 light output is shown as a

function of integration time for 2020

BGRI (top) and SIC (bottom) samples.

Fig. 7 Photocurrent measured by the

Hamamatsu R2059 PMT for BGRI

(top) and SIC (bottom) BaF2:Y

samples under 23 rad/h.

Fig. 8 shows the average PMT photocurrent during irradiation as a function of the dose rate for two

BaF2:Y and three BaF2 samples under 2 and 23 rad/h. An excellent linearity was observed between the

γ-ray induced photocurrent and the dose rate. It is clear that yttrium doping in BaF2 reduces the γ-ray

induced photocurrent significantly. Fig. 9 shows that γ-ray induced photocurrent (top) and readout

noise (bottom) are highly correlated to the light output in 2,500 ns gate, or the slow component, but not

the fast component. Table I summarizes the F factor and the RIN (σ) values. Figs. 10 and 11 show

longitudinal transmittance (LT) before, after 10, 100 and 1,000 krad, and 20 days’ recovery for 2017

BaF2:Y samples from BGRI and SIC respectively at room temperature, confirming no recovery in

transmittance damage. Fig. 12 shows normalized light output (top) and EWLT as a function of the

integrated dose. We note that crystal quality is diverse at this stage of R&D, so needs to be improved.
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BGRI 
BaF2:Y-2020

53 127 0.64
2 0.5 24 34 14 0.05

3.1×109 1050
23 0.5 269 122 4.5 0.22

SIC 
BaF2:Y-2020

45 87 1.08
2 0.4 10 30 29 0.03

1.3×109 810
23 0.4 115 245 21 1.0

BGRI 
BaF2-1507

46 328 0.10
2 0.8 41 5.7 1.4 1.6

5.8×109 1650
23 1.8 504 43 0.9 7.5

SIC 
BaF2-2

48 326 0.10
2 6.0 45 10 2.1 0.92

5.8×109 1590
23 3.0 520 24 0.5 5.9

SIC 
BaF2-8

46 328 0.09
2 2.0 43 10 2.3 1.1

5.9×109 1670
23 11 555 63 1.1 5.3

Fig. 12 LO in 50 ns gate (top) and

EWLT (bottom) as a function of γ-ray

dose for two 2017 BaF2:Y samples.

Fig. 11 Transmittance of the BGRI

2017 BaF2:Y after 10, 100 and 1,000

krad, and after 20 days’ recovery.

RIN:ɣ is found highly correlated to the light output in 2.5 μs gate, but not 50 ns gate, indicating the

dominance of the slow scintillation component. In addition to the selective doping in BaF2, R&D has

also been carried out for solar-blind VUV photodetectors sensitive to the fast but not the slow

component. QE or PDE were measured for four Hamamatsu R2059 PMT, a Photek solar-blind

photocathode, a Hamamatsu VUV MPPC and a few FBK VUV SiPMs with integrated filter. Table II

summarizes emission weighted QE/PDE for the fast component and the corresponding F and RIN:γ

values for 4 VUV photodetectors for four BaF2 and BaF2:Y samples. The results show that both

yttrium doping and solar blind photodetector are needed to reduce the RIN:ɣ to less than 0.6 MeV.

Fig. 6 Photocurrent measured by the

Hamamatsu R2059 PMT for one BGRI

BaF2 samples under 23 rad/h.


