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* Precision e/y enhance physics discovery potential.

* Performance of total absorption ECAL is well understood
for e/y and jets:

* Energy resolution achieved: 2% /VE & 1%

* Position resolution: sub-mm can be achieved;

* Good identification and reconstruction efficiency;

 Excellent jet mass resolution with dual readout: C/S light or S/L gate.

* On-going Development in Caltech Crystal Lab:

e Rad-hard LYSO:Ce crystals and LUAG:Ce ceramics (RADiICAL) for HL-LHC and FCC-hh;
* Ultrafast BaF,:Y and Lu,0;:Yb for future ultrafast calorimetry and time of flight;
* Cost-effective ABS and DSB glasses for Higgs factory (Calvision) and HHCAL.
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Crystals Used in HEP Calorimeters

Crystal Nal: Tl Csl:TI Csl BaF, BGO LYSO:Ce PWO PbF,
Density (g/cm?3) 3.67 4.51 4.51 4.89 7.13 7.40 8.3 7.77
Melting Point (°C) 651 621 621 1280 1050 2050 1123 824
Radiation Length (cm) 2.59 1.86 1.86 2.03 1.12 1.14 0.89 0.93
Moliére Radius (cm) 4.13 3.57 3.57 3.10 2.23 2.07 2.00 2.21
Interaction Length (cm) 42.9 39.3 39.3 30.7 22.8 20.9 20.7 21.0
Refractive Index? 1.85 1.79 1.95 1.50 2.15 1.82 2.20 1.82
Hygroscopicity Yes Slight Slight No No No No No
Luminescence® (nm) (at peak) 410 550 420 300 480 402 425 -
310 220 420
Decay TimeP (ns) 245 1220 30 650 300 40 30 -
6 0.9 10
Light Yieldbc (photons/MeV) 38,000 63,000 1,400 13,680 8,000 32,000 114 -
420 1,560 40
d(LY)/dT® (%/ °C) -0.2 0.4 -1.4 -1.9 -0.9 -0.2 2.5 -
0.1
Experiment Crystal Ball BaBar KTeV TAPS L3 COMET CMS A4
BELLE Mu2e Mu2e-11? BELLE CMS BTL ALICE G-2
BES Il S. BELLE PIONEER PANDA

EIC

a. at emission peak; b. up/low row: slow/fast component; c. with QE of readout device taken out.
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Transmittance and Absorption
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HITACHI U3210 UV/VIS and
PerkinElmer Lambda 950
UV/VIS/NIR
spectrophotometer with
large sample compartment
to measure transmittance
and absorption

Typical Precision:
0.2 t0 0.3%

Watch out:
Birefringence, sample
surface and scattering

centers
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Light attenuation length (LAL), or inverse of its light

absorption coefficient, extracted from transmittance
LAL (M)

[

In {[T (W) (1 =T, 0?2/ [\/47},4 M) +T>0) (117 (,\))2 —2T? (,\)“
(2)

where T()) is the longitudinal transmittance measured along crystal length /, and
T (A) is the theoretical transmittance assuming multiple bouncings between two
crystal ends and without internal absorption:

TN =0—-ROWZ*+R MDA =R+ =0=RM)/(1+RH))
(3)

and NIM A333 (1993) 422

2
(”crystal (A) — Ny (A))

R =
(Merysial (1) + nair )

4)

where n¢ryseal (A) and nyie (A) are the refractive indices for crystal and air, respec-
tively.
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10

T (%) at 486 and 510 nm

Presented by Ren-Yuan Zhu, Caltech, in the Nuclear Physics Seminar, BNL

20 30 40 50

60




11/28/2023

<D
o
T ‘ T T T T T T

Transmittance (%)

N
o
T T | T T T T T T

| PWO-Cubic 22cm  (albLlc)

— along a (or b) axis
— along a (or b) axis
— along ¢ axis

IEEE TNS 51 (2004) 1777

Calculated transmittance

O [/ ¢ axis,
® | c axis, unpolarized light
¢ 1 caxis, e-polarized light

! l

| ] L L | | L L L L | L
%OO 400 500 600

Wavelength (nm)

700

60 |- PWO withalblc
50 2.2 cm in cubic
40| — Along a axis
30| — Along ¢ axis

Ii\Ilil\\I‘III\Ii\\\lil\\\i\\\\i\\\1‘\\

|

300 350 400 450 500 550 600 650 700

Wavelength (nm)

Presented by Ren-Yuan Zhu, Caltech, in the Nuclear Physics Seminar, BNL

750 800




Crystal light yield (LY) in photons/MeV energy deposition: LCE is sample dependent

BE, Is the energy required for an e-h pair, S is energy transferred
to the luminescence center and Q is its quantum efficiency. LY =10° S - Q/ (3 - Eg)

Measured light output (LO) in photoelectrons/MeV depends on LO =LY -LCE-QFE

crystal LY, light collection efficiency (LCE) and the quantum
efficiency of the photodetector used for the measurement.

Light Response Uniformity (LRU)

CMS Specification

' Y — I
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NIM A413 (1998) 297, https://doi.org/10.1007/978-3-319-47999-6_22-2

e Scintillation mechanism damage: reduced LY and LO and maybe also LRU;

e Radiation-induced phosphorescence (afterglow): increase dark current, dark
counting rate and readout noise;

* Radiation-induced absorption (color centers): reduced light attenuation length,
LO and maybe also LRU.

I P 3 T T

Scintillation mechanism

Phosphorescence (afterglow) Yes Yes Yes Yes Yes Yes
Absorption (color centers) Yes Yes Yes Yes Yes Yes
Recovery slow No No Yes Yes No

Dose rate dependence No No No Yes Yes No
Thermal Annealing No No Yes Yes Yes Yes
Optical Bleaching No No Yes Yes Yes Yes
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https://doi.org/10.1007/978-3-319-47999-6_22-2

Crystal’s scintillation mechanism is not damaged by y -rays, neutrons and charged hadrons,
as shown in no variation in the emission spectra measured before and after irradiations.
Radiation-induced phosphorescence is measured as the photo-current after radiation,
which is at a level of 10~ for BGO and PWO and 3 x 10~ for LYSO, and 2 x 1073 for LSO.
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Radiation-Induced Color Centers
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PWO light reached an equilibrium under a dose rate, showing a dose rate dependent damage

Damage/recovery requires continuous light monitoring to maintain PWO energy resolution

Damage/recovery observed in early lab investigation:

IEEE Trans. Nucl. Sci., Vol. 44 (1997) 458-476

dD =Y {—a;Didt + (D" — D;) b;Rdt}
i=1

bRD
b= Z{ z+bR

i=1

e D;: color center density in units of m~1

. DE: initial color center density;

e D9l s the total density of trap related to the color center in

the crystal;
e a;: recovery costant in units of hr—1;
e b;: damage contant in units of kRad!:

R: the radiation dose rate in units of kRad/hr.

" b;RDY

Do, =
“d z; a; + bzR
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Transmittance @ 440 nm (%)
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SIMS analysis revealed that damage in alkali halides was caused by

the oxygen and/or hydroxyl contamination. Localized stoichiometry
analysis by TEM/EDS revealed that damage in oxides was caused
by stoichiometry-related defects, e.g. oxygen vacancies.

—
=

-
=

[~

=

~ CsI(TINSIC-T1)

L .
Ly - 1{:.‘, Nr'["ﬁrl-"“'f'l‘ ﬂr.J-'w & J.-"‘f"..,‘:

L CsI(TINSIC-T3)

c

n

Concentrations [atnms!cmj}
=

 CsI(TINSIC-2)

o ;;.k*&ﬁ-.fh‘ruj.‘rr.]

{
i

| CsI(TI)Khar'kov)

Mk

1]

11/28/2023

I 4 ]

B

0

F 4 L b

Depth (micron)

( \wdd)suoneayuasuo)

NIM A413 (1998) 297

Presented by Ren-Yuan Zhu, Caltech, in the Nuclear Physics Seminar, BNL

As grown sample

Element | Black spot | Peripheral | Matrix; | Matrixa
(0] 1.5 15.8 60.8 63.2

W 50.8 443 19.6 18.4

Pb 47.7 39.9 19.6 18.4
The same sample after oxygen compensation

Element | Point; Point, Point; Pointy
(0] 59.0 66.4 57.4 66.7

W 21.0 16.5 213 16.8
Pb 20.0 17.1 21.3 16.5

16



Emission weighted RIAC. (m™")
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CMS Laser Monitoring Hardware
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v-ray and hadron induced absorption explains CMS PWO monitoring data
http://www.its.caltech.edu/~rzhu/talks/r
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http://www.its.caltech.edu/~rzhu/talks/ryz_161028_PWO_mon.pdf

Comparison: ePIC and BTL at HL-LHC

The ionization dose rate and neutron flux of the ePIC PWO ECAL are two to three
orders of magnitude lower than that of the CMS BTL (LYSO:Ce+SiPM) at the HL-LHC
The expected RIAC values are small. QC is needed for mass-produced PWO crystals

CMS BTL** "
Radiation / 4000 fb-1 fl\fsoil' ;5)
(n= 0-1.45) =52
lonization Dose 3 Krad 1.3 rad/h 2.7-4.8 Mrad 110-190 rad/h
1.2x103 (2.5~2.9)x10%4 (2.8~3.2)x10°
10 2
1 MeV eq. Neutrons 109 /em Jem?/s Jem? Jem?/s

(2.2~2.5)x1013 (2.4~2.8)x10°

Charged Hadrons Jem? Jem?/s

*Estimated by assuming 100 days operation per year.
** |EEE Trans. Nucl. Sci. NS-68 (2021) 1244-1250
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2019 DOE Basic Research Needs Study
Priority Research Directions for Calorimetry

Enhance calorimetry energy resolution for precision
electroweak mass and missing-energy measurements;
Advance calorimetry with spatial and timing resolution
and radiation hardness to master high-rate environments;

Develop ultrafast media to improve background rejection
in calorimeters and particle identication detectors.

DOE 2019: https://www.osti.gov/servlets/purl/1659761
ECFA 2021: https://cds.cern.ch/record/2784893
Snowmass 2021: https://arxiv.org/abs/2209.14111
Fast/ultrafast, radiation hard and cost-effective inorganic scintillators
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https://www.osti.gov/servlets/purl/1659761
https://cds.cern.ch/record/2784893

LYSO:Ce Radiation Hardness

Experiment 6990, 7324-& 8057+ GG = 0:95 / 55 L BOUT BT Th e e
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g~ [ROTILS0 L ] 0 825&?@225@%%00”%!} - I SIC-EY- 8010103 == 20 |- ® OETLES 14x14x1.5 mny
L ol 3 52 B ‘mm P SR 1011 i T TR ! s
'c gft OET-LFS-L 20 cm lon 1 < [Askarivssssdsoomm. oy o~ @:5SICLYSO 10x10x5 mm CC =01
E g ! 1 } 3
~ :A SG-LYSO-L | E - & Trante tY-SO25x25x206-mm™ e . E @ Tianle LYSO 10x10x3 mm
_O ] 1 i ~— — o RN S NNION L S DISPINS | DRNUON (ESSEREMINCILL S S ]
2 B | = |l < A,=(1.4 0.5)x10""® Fluence
E i . o BWSICLYSO 14x14%1.5 mm’® ) 10 | i i il A
gl 1 &, L B @ s i
8 c A. /Al O st - g I
=] Q , il =1 g o Ll
.g) € TA& o 1 B ) o’
g ugJ A W E j " ©
g © $ | A l RIAC 45,=(1.3C 0.01)x10™"* Fluence w X __ /_ e
== O 1 Eees o o o= IS 7an
(2} pa |
@ il e e < /o/
= hd I IS ——— x 2
L B 4
'1 / " 5 F T | ¢ g & v : . z o s i / i
o B VG 10 =3 14 15 16 1 15 16
10 10 1o 10 10 10 10 10 5 10 10 2 10
Integrated Dose (rad) Proton Fluence (cm™) 1 MeV n,, Fluence (cm™~)

Damage induced by protons is larger than that from neutrons

Due to ionization energy loss in addition to displacement and nuclear breakup
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LYSO:Ce for CMS MIP Timing Detector

MTD performance goal: 30-40 ps at the start degrading to < 60 ps at 3000 fb-?
Barrel Timing Layer: arrays of LYSO crystal bars connected to SiPMs at both ends and readout by TOFHIR

Ultrafast inorganic scintillators would help to break the pico-second time barrier

BTL: LYSO bars + SiPM read-out

> TK / ECAL interface ~ 45 mm thick
= |n|< 1.45 and p;> 0.7 GeV

= Active area ~ 38 m? ; 332k channels
= Fluence at 3 ab: 2x10% n,,/cm?

ETL: Si with internal gain (LGAD)

= On the HGC nose ~ 65 mm thick

= 1.6<|n|<3.0

= Active area ~ 14 m?%; ~ 8.5M channels
> Fluence at 3 ab!: up to 2x10% n.,/cm?

ISl I~ Tetlw- 1 imiie) 111 L 1L 4 “ERA AR AR RARR AR RRRARENANANY

Lot il deg e o
ek
b

/| ‘|4 { B — O i"-} mz_{a""‘-; -’. ‘ '_‘ - A
SiPM array prototypes from FBK - SiPM arravs mockup for TECs testina
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LUAG:Ce Ceramics Radiation Hardness

LUAG:Ce ceramics show a factor of two smaller RIAC values than LYSO:Ce
up to 6.7 X10% ng,/cm?and 1.2X10% p/cm2 promlsmg for FCC-hh

103 . y il T 1600 T T T

xperiment: 638 RIACSAG x Ehjenc oo EXperients @ (":RN L LUAG:Ce C.eramlc plates
e 3 = i 102 irradiated.by..24.GeV..proton hn:rn at.CERN : P
@Y o of {01 0%3 i, A, 22 28 03 e i + ; ‘
i A - e o B 7 ¥4
- A BaF, of 10x10x2 mm™ A =(0.9£ 0.1)%10" ¥ -S| LYS Q- 3451455 mm- e > S s
= haamas 5 ¢ €  ['VSICLUAG &4 4T iifii° ; ; S *
é ¥ LuAG of ®14.4x1 mm Ap=(1.1% 0.4)%10 ; irradiated by 860 MeV proton bean;zg\f\l}/ O
& 552 © ASTON TUAG ™ &175 iy
© 10 = () 2 ; g [:] a
00_) ......... o 10 * ...... | Q) - o v
......... - At - S
= S [ 7 £ 1200 L ;
S o ) iy
= - % N é o - ,EE] 4 ‘ .& @ SIC LYAG:Ce-pure
L ,( Ll b s % @ SiCLiAGCe M
— / A g N r? "l K 'é ¥ ,Nga
S 10 I ’ @ ; £ 1000 raayd *‘ @ SIC LA Ce;Ca
< ] | O A I, ¥ BN W ¥ VO I L O B "' /' :"' "' ‘ SIC LAG:Ce,Li
— “» 1 1 < ! MU YER= (T TTUw T )Ty T TUer|oc | gjp/o 4 :" " :
o o RIAC :5=(0:6+ 0:4)x10"* Fruence TRy, O SIC LuAG:Ce,Mg,Ca -
e ] : H : : : / "’ ,'800/00" % H 2
LSy P i 4 ',Q @ SIC LGAG:Ce, Lii, Mg
: / 800 ._....','.'..,.,.,.,;;7,.3.%:'" . SIOMEuAG:Ce.Ca
1 Pl ,"’60°° [1'] SIOM LuAG:Cé,Mg,Ca-
! i i — W L G G A | i
P 10 10 10 10 " 10 1000 1200 1400 1600 1800 2000 2200 2400 2600
1 MeV n,, Fluence (cm™) Proton Fluence (cm™) LO in 3000 ns (p.e./MeV)

R&D on slow component suppression by Ca co-doping, and radiation hardness by y/p/n
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RADICAL: LYSO/LUAG Shashlik ECAL

1 0.06 ——
SRR —— = o e s e S
R RADiation hard CALorimetry [ i) am ]
Reducing light path length to 2
mitigate radiation damage effect [l
Using radiation hard materials: [
LUAG:Ce ceramics excitation [ESEEERE
10 10 matches LYSO:Ce emission A /LA W = |
Epeam [GEV] Wavelength (nm)

40 mm x ©0.6 mm

W (2.5 mm)
LYSO:Ce (1.5 mm)

LuAG:Ce fiber
60 mm x ©0.6 mm 1

e

————— e =
avi
/) to remote photosensors 3
SiPM readout or

8l
I |I|::|:S|£B1 plasl!!li%lﬁlﬂlﬁﬁﬁﬁrl!

T 1 w7 ‘/’//,r»‘ ~ [ - P
120 mm x 0.7 mm | 7

LuAG:Ce, and |
QD glass or polysiloxane)

. LUAG:Ce ceramic LHPG fibers
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10.1109/NSS/MIC44867.2021.9875908

Light Output and Response Uniformity

Excellent longitudinal uniformity observed for a ©®0.6 x120 mm3 LUAG:Ce ceramic excited by a 420 nm
LED at different location, with a solid coupling to a quartz fiber, mimicking its application in RADICAL

4 @ 1500
Optical fiber
Collimator
15 mm 3
I | I | I (4]
e T B Hitachi F4500 ~—1000-
1 | [ I 1 E
Spectrophotometer O]
% 7 pectiop Q
7 £
! ] =
LuAG:Ce fiber Quartz fiber zZ
SMA Connector =
\ O 500t
@)
\ 420 nm &
LED o
Thorlabs
M420F2
950
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o 1 L L L
SIC LUAG:Ce 120x00.6 mm®, #2, B end coupling

Ex. 420 nm LED, Em. F4500 Spectrophotometer

[ 1]

Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex. at 105 mm, Int.PN=34100
Avg Int.PN=33900

at 15 mm, Int.PN=35400
at 30 mm, Int.PN=36200
at 45 mm, Int.PN=34400
at 60 mm, Int.PN=32800
at 75 mm, Int.PN=32100
at 90 mm, Int.PN=32200

| e e S

500
Wavel

PR R S S T o ———
550 600 650

ength (nm)

~ 700
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Energy resolution o <5% (FWHM/2.36) @ 100 MeV

Time resolution c <500 ps

Position resolution c<10mm

Crystals 1 kGy/yrand a total of 102 n_1 MeV equivalent/cm?total

i
i
i
i
i
i
* Radiation hardness
Photosensors 3x 1011 »_1 MeV equivalent/cm? total
[ —]

N\ Mu2e-II: 1,940 BaF,:Y
il -
MuZ2e-II: arXiv:2203.07596

: PIP-11/Mu2e-II: higher rates (~x3) and duty factor from and correspondingly I
: higherionizing radiation (10 kGy/yr) and neutron levels (102 n_1 MeV equiv/cm? :
1 total), which are particularly important at the inner radius of disk 1 -
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1200 BGRI BaF.:Y Cylinders ®18x21 mm
%‘1 000 |-
s L.O = Ag*A,(1-e"7)
= Y @t%) A, A, T
D00 00 173 1020 698
o 01.0 219 292 574
= 02.0 233 118 436
R 030 218 82 396
8 %0 050 212 46 343
> & fa
O
T 400
o)
- © ©
6% 2
200 F
0 g 1 1
0 1000 2000 3000 4000
Time (ns)

X-ray bunches with 2.83 ns
spacing in septuplet are
clearly resolved by ultrafast

BaF,:Y and BaF, crystals:
for GHz Hard X-ray Imaging
NIMA 240 (2019) 223-239
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PDE of UV SiPM for BaF, and BaF,:Y
y-ray induced

EWPDEfast EWPDE5|OW REIative Relative readout noise iS
(%) (%) F/Sgar F/Sgar:v

Hamamatsu MPPC 10.5 9.8 1/4.8 1/1.5 reduced by BaF,:Y

FBK SiPM 2021 17.8 12.7 1/3.6 1/1.1 slow suppression

FBK SiPM 2023-1 14.8 4.6 1/1.6 1/0.5 :
FBK SiPM 2023-2 14.8 5.0 1/1.7 1/0.5 & solar-blind PDE

Photodetector

25 . r ] B —————— Y — 5
| = Hamamatsu VUV MPPC 513371-6621-1 PDE [ FBK SiPM sn:612, V=305 V [ FBK SiPM sn:W13-4,V,,=29.5 V ] i FBK SiPM sn:W13-6, V,,,=29.5 V
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11/28/2023 Presented by Ren-Yuan Zhu, Caltech, in the Nuclear Physics Seminar, BNL 32



] B s L : 500 1 - - . . . . .
- a-particles y-rays 11 "RMD Lu,0,:Yb Ceramics SN2681 (@9x1.5 mm?) = |
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I 2537 ] [ . i R f Mrad, =4
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i P i R H \ . .
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100 Ay A Ty LY (200): 284 ph/MeV Recovery after 50 Mrad, Gate=3000 ns
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e 1] olt i i | 09 . ] . I . I . I . I -
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Lu,O5:Yb ceramic of 9.4 g/cc shows an ultrafast decay time of 1.1 ns by Am-241

with negligible slow component observed in integrated light output measurement
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CalVision: Segmented Crystal ECAL

arXiv: 2203.04312

eantd simulfation

4 N E o e
5, - —i— Total energy resclution
Dual readout HCAL i i e
“; - --4-- Photostatistics
Scintillating fibers L - --4-- Shower fluctuations
@ = 1.05 mm SHRUS
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@ =1.05mm

|7| TTT]
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T I\‘Illll
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/ 1 10 107

Electron energy [GeV]
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The HHCAL Concept

Corrected jet response and energy resoluticon, energy dependence

A. Para, H. Wenzel and S. McGill in
Callor2012 Proceedings and
A. Benaglia et al., IEEE TNS 63 (2016)
5 574-579: a jet energy resolution at a
wows w o= m @ ww level of 20%/~E by HHCAL with dual
e e readout of S/C or dual gate.
M. Demarteau, 2021 CPAD Workshop

-8 EBHEES

R.-Y. Zhu, ILCWS-8, Chicago: a HHCAL cell with pointing geometry | Can we afford?
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Cost-effectiveness scaled with X,: PWO, BGO, Csl, BSO, BaF,:Y, LYSO

Item Size (R, xR\;x25 X,) 1m3 10 m3 100 m®* | Scaled to X,
BGO 22.3x22.3x280 mm S8/cc S7/cc S6/cc 1.23
BaF,:Y |31.0x31.0x507.5cm| $12/cc S11/cc $10/cc 2.28
LYSO:Ce | 20.7x20.7x285 mm | S36/cc S34/cc $32/cc 1.28
PWO 20x20x223 mm S9/cc S8/cc $7.5/cc 1.00
BSO 22x22x274 mm $8.5/cc $7.5/cc $7.0/cc 1.29
Csl 35.7x35.7x465 mm | $4.6/cc $4.3/cc $4.0/cc 2.09

11/28/2023
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T T .
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L
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LO = Ag+A, (1)
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Inorganic Scintillators for HHCAL

Presented in the 9/14/2023 CalVision meeting all samples measured at Caltech

Density (g/cm3)
Melting point (°C)
X, (Cm)

Ry (cm)

A, (cm)

Z value

dE/dX (MeV/cm)
Emission Peak? (nm)

Refractive Index?
LY (ph/MeV)e

Decay Time? (ns)

d(LY)/dT (%/°C)c
Cost ($/cc)

8.3
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Summary

The HL-LHC and FCC-hh require fast and radiation hard inorganic scintillator.
RADICAL proposes an ultra-compact, fast timing and longitudinally segmented
shashlik calorimeter with LUAG:Ce ceramics as wavelength shifter for LYSO:Ce
crystals. R&D is on-going to suppress slow components in LUAG:Ce.

Mu2e-Il considers ultrafast BaF,:Y calorimeter. R&D is on radiation hardness of
BaF,:Y and solar-blind SiPM. Industry is developing ultrafast Lu,05:Yb ceramics.
CalVision proposes a dual readout longitudinally segmented crystal ECAL
combined with the IDEA HCAL promising excellent EM and Hadronic resolutions
for the proposed lepton Higgs factory.

Homogeneous HCAL (HHCAL) promises the best jet mass resolution by total
absorption. Novel cost-effective heavy scintillating glass is under development.

Acknowledgements: DOE HEP Award DE-SC0011925
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Fast/ultrafast, radiation hard and cost-effective heavy scintillators

Bright, fast and radiation hard inorganic scintillators for the severe radiation
environment expected by the proposed FCC,,. YAG, LUAG, GGAG, GYAG and
GLUAG suffer from slow scintillation component.

Ultrafast inorganic scintillators: Cross-luminescence. Wide gap semiconductor-
based scintillators with sub-ns decay time and guantum confinement-based
inorganic CsPbX; (X = CI, Br, I, mixed CI/Br and Br/l), halide perovskite
guantum dots may help to break the ps timing barrier for future HEP TOF.

Dense, UV-transparent, cost-effective heavy inorganic scintillators for the
homogeneous hadron calorimeter (HHCAL) concept for the Higgs factory.

Compact UV sensitive photodetectors with sufficient dynamic range for ultrafast
calorimeters.

Presented in the DRC9 round table discussion in 2023 CPAD Workshop, SLAC

11/28/2023 Presented by Ren-Yuan Zhu, Caltech, in the Nuclear Physics Seminar, BNL
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