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Introduction

Fermilab is building a undoped Csl calorimeter for the Mu2e-|
experiment, which is featured with 30 ns scintillation and
surviving ionization dose up to 100 krad and hadron fluence up to
101?/cm?. A radiation level exceeding 100 krad is expected by the
proposed Mu2e-ll, so BaF, is being considered.

With sub-ns fast scintillation and excellent radiation hardness
beyond 100 Mrad and hadrons, BaF, promises a very fast and
robust calorimeter.

There are several approaches to handle 600 ns slow scintillation
in BaF,: solar blind photodetector and selective doping in crystal.

Effective suppression of the slow component has been achieved
in yttrium doped BaF, crystals.

Mass production capability of BaF, exists in industry:
— BGRI (China), Incrom (Russia) and SICCAS (China);
— Hellma (Germany).
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Density (g/cm?3) 7.4
Melting point (°C) 2050
Radiation Length (cm) 1.14
Moliére Radius (cm) 2.07
Interaction Length (cm) 20.9
Z value 64.8
dE/dX (MeV/cm) 9.55
Emission Peak® (nm) 420
Refractive Index” 1.82
Relative Light Yield®*© 100

Decay Time® (ns) 40
d(LY)/dT ¢ (%/°C) -0.2

a. Top line: slow component, bottom line: fast component.
b. At the wavelength of the emission maximum.

c. Relative light yield normalized to the light yield of LSO

d. Atroom temperature (20°C)
#. Softening point
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http://pdg.Ibl.gov/2008/AtomicNuclearProperties/HTML_PAGES/216.html

The 0.6 ns fast scintillation in BaF, promises a very fast

crystal calorimeter to face the challenge of high event rate

expected by future HEP experiments at the intensity frontier
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LY. Wei, R. Y. Zhu, H. Newman, and Z£. W. Yin, "

ight Yield and Surface-Treatment of

Barium Fluoride-Crystals,” Nug! Instrum Meth B, vol. 61, pp. 61-66, Jul 1991,

Report Given in the Ad-hoc Meeting on EIC Calorimeter R&D by Ren-Yuan Zhu, Caltech 5



S P T e R e Nl i 100 P "]
—_BGRI BaF ,-pure 2] [ BGRI BaF,-Y Cylinders 1
| __BGRI BaF,-Y1.0% 951 Light Path=21 mm ]
12000 — BGRI BaF;-¥2.0% - aof o e A ——
Py | __ BGRI BaF,-Y3.0% 1 I 7 EWLT  EWLT |
: - 1 o 85 E
gmouo | __ BGRI BaF,-Y5.0% {1 = T Y (at%) 220nm 300 nm]
1.0% 1.5% [ Ry eiitad 1 8 s}/ __ 0% 888%  89.7% 1
i c ;
= uminescence - F 1
— o ® 80001 g __| . %
\ s [ Amptek Eclipse-lil &= 18P — 103 H5.0%  89.5% E
( T ool 25KV, 80pA 5 ik _20% 831%  87.1% ]
" I @ f — 30% 853% 88.3% ]
3.0% 5.0% > 4000 = & __50% 84.8%  88.3% ]
i 80 _ Emissio_g_,.__\___. Theoretical limit of transmittanc :
2000 [ E : b
1 55 F 3
?lxlllllllll 5|11 lIlIII E
00 220 240 260 280 300 320 340 360 380 400 900 225 50 275 300 325 350 876 400 425 450
Wavelength (nm) Wavelength (nm)
[ [ T 11 ¢ i
1200 __BGRI BaF,-Y Cylinders < 260 . [ Lo= A, ‘_A1(1_C--Un’ .
I g [ @& @ ® " NEE Agth, ® e
(1] H H L
‘>““1 000 |- a 240 I ._ : I Py @ - ®
v [ o o | T 2 L 5
= 7 L.O = Ag+A,(1-e%) = L
= T Y (at%) A 1 g 220 o®
© 800 0 1 =) L
Al 00 173 1020 698 8 I 0 ® i
= T 010 219 202 574 [ L4 i
e i 02.0 233 118 436 100
2 soof 030 218 82 396 20— ! ia
=] 05.0 212 46 343 - [ =
S 5 o Z = a0 ] -
o | © = 21000 = | L
= il P o L H ' i
_5)400 I & @ eof . .
- =3 | S .;
200 | 5 o O - 2 ! .
L =1 20 7]
- g | AE m f O g 2F
0 1 1 1 1 ] ] ] 1 ] 1 ] 0 [ | I
4] 1000 2000 3000 4000 -1 0 1 2 3 4 5 3] 7 i1 -1 0 1 2 3 4 B B 7 8
Time (rIS) Y concentration (mol%) Y concentration (mo|0/u)
4/6/2018 Report Given in the Ad-hoc Meeting on EIC Calorimeter R&D by Ren-Yuan Zhu, Caltech 6



BGRI-2015D SIC-11
L I SIC-12
SIC-13
SiC-14
i SIC-15
/ BGRI-2015511 _- SIC-16

S

L)
|

BGRI-2015E

e

SIC-17
SIC-18
SIC-19
SIC-20

SIC 1-20 SICCAS 30x30x250 Six faces
BGRI-2015 D, E, 511 BGRI 30x30x200 Six faces
Russo 2, 3 Incrom 30x30x200 Six faces

4/6/2018 Report Given in the Ad-hoc Meeting on EIC Calorimeter R&D by Ren-Yuan Zhu, Caltech



Dose rate dependent damage in PWO
Good radiation hardness in BaF, up to 100 Mrad
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40% fast scintillation light remains after 120 Mrad ionization dose

Fan Yang et al., IEEE TNS 64 (2017) 665-672
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Proton-Induced Radiation Damage in BaF2, LYSO and PWO Crystal Scintillators, IEEE TNS 65 (2018)

Digital Object Identifier 10.1109/TNS.2018.2808841
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With sub-ns decay time/FWHM pulse width and excellent radiation hardness BaF, is an
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Summary

1 Commercially available BaF, crystals provide sufficient fast
light with 0.6 ns decay time and excellent radiation
hardness against ionization dose and (100 Mrad) and
hadrons (2 x 10*>/cm?). They promise an ultrafast and
robust calorimeter in a severe radiation environment.

4 Yttrium doping in BaF, crystals significantly improves the
F/S ratio without using selected readout. R&D is continued
to develop BaF, crystals along this line.

[ To be investigated is photodetectors with DUV response,
e.g. Hamamatsu SiPM, diamond photodetector and solar-
blind photodetector.

It would be a joint effort with the HEP community if the
EIC group chooses to pursue this novel crystal calorimeter.
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Hamamatsu $13371-6050CQ-02

SiPM with VUV response is available: QE = 22% at 220 nm

PDE measurement data
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E. Monroy, F. Omnes and F. Calle,”Wide-bandgap E. Pace and A. De Sio, “Innovative diamond

semiconductor ultraviolet photodetectors, photo-detectors for UV astrophysics”,
IOPscience 2003 Semicond. Sci. Technol. 18 R33 Mem. S.A.It. Suppl. Vol. 14, 84 (2010)
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