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Csl and CslI:Tl scintillators
of the Institute for Scintillation Materials NAS of Ukraine (ISMA)
in experiments on high-energy physics and astrophysics

Volodymyr Tarasov (ISMA)
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H SMA The Place of Csl Crystals in High-Energy Physics Experiments
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HEP experiments study the products of
collisions accelerated particles

Multilayer detector (MLD) is used for
capture and characterize the products

Electromagnetic calorimeter EMC (a
component of the MLD) - measure
the energy of electrons and photons
as they interact with EMC matter.

Crossection of MLD around the

Heavy materials are used in EMC for effective accelerator vacuum tube:
1 - vacuum tube,

braking
2 - track detectors (pixel and
. . : strip detectors),
Csl-bgsed scintillators are in demand in many 3 - solenoid magnet,
experiments due to: 4 - electromagnetic calorimeter,
- high stopping power (Zeff = 54, d = 4.51 g/cm3) 5 — hadronic calorimeter,
- high light yield 6 — muonium detector

- availability (technology, price)

UHPP Workshop 26-29.01.2026 2



HS

Institute fo

eeeee
cintillation Materlals
eeQ Qe

MA Possibilities of Csl-based scintillator production in ISMA
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Extensive experience in creating alkali halide crystals (AHC) :
1959 - production of Nal(Tl) monocrystals established

1964 - production of CsI(Tl) single crystals and creation of a
Csl(Na) scintillator

1978 - non-activated Csl obtained

1989 - CsI(CO3) single crystals obtained

Large AHC production technology
developed:

1975 - technology for automated
growth of large AHC developed;
1987 — AHC of 500 kg weight was
grown

These results allowed ISMA (then it was the AHC Department of the Institute of Single
Crystals) to participate in a number of HEP experiments, such as BaBar and Belle.
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| SMA Support for the PiBeta experiment
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Objective:

measuring the pion+ beta decay rate into a neutral pion,

positron, and neutrino with an accuracy better than 0.5%

to asseses its compliance with the Standard Mode™ ‘ £
[

predictions

The experiment used a multilayer
detector with an EMC based on pure Csl
crystals

EMC detect the gamma's from the piO
decay, as well as the e+.

The choice of pure Csl is based on:
-short lighting time (5-10 ns)
-stability

-availability (technology, price)
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H SMA ISMA's objectives in the PiBeta experiment T“"‘j——:
.nsmutef'ogécgmg..gtg,.gn-nate,ia.s - to fabricate pure Csl crystals of a certain shape with g Sxiire
a high part of response time of ~10 ns l
s

The main problem for Csl :
- impurities of Na, Tl, and CO, at a level of 10-4%

Csl CsI(Tl) | Csl(Na) | Csl(CO,)

transform a fast Csl (pure) scintillator into slow Csl LY,Mev* | 6000 | 55000 | 40000 | 40000
(Na), Csl (Tl), and Csl (CO,). t,ns 10 900 630 1000
l, nm 310 | 550 420 405
k, cm 0.015 | 0.01 | 0.015 | 0.02
1
= f Csl(Na) . L
£ Material quality improvement:
. 0.8 Csl Csl(TI) - - . .
g - additional purification of the raw material by
£0° directional crystallization method
£ z: - control using radioluminescence (RL) spectra
100 200 ::?EF::gom E&nﬂn?] 600 700 800 T\;P = ;
— o
¥
- melt purification before growth (reagents and filtration) T ~
-large crystals obtaining (were grown by a modified = ;
Kyropoulos method) coce e & —
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o Detectors were cut and shaped from the
Csl boules of dia. 500mm x 200mm
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st(F) | Detectors quality control — according
Lotanl) to to the F/T- parameter
T=F+ S
F/T = F/F+5)

Slowi(S)

1 2 3 t,us - F/T parameter were obtained using
pulse shape measurements

HS
N Setup for puls shape measurements using the single
~3 photon method:

ﬂ 1 - scintillator under study,
HS ﬁ @ 2 and 6 - light-tight housing, 3 - Na-22 source,

4 - organic scintillator, 5 - start PMT, 7 - aperture,

FTS _| ) By e 8 - stop PMT, FTS - threshold tracking shaper,
| DLT - delay line, T-A - time-to-amplitude converter,
comp |_[ADC ADC - analog-to-digital converter,

HS - high-voltage stabilizer

There was a problem due to the low transparency of Csl (pure) to its own 300 nm light.

The light from the different points on the crystal affects the photodetector differently,
degrading resolution. UHPP Workshop 26-29.01.2026 6



H S : A Improving the Resolution of Csl (Pure) Crystals

Institute f.or Scintillation n’laterials
secce s 100 -1.00
Proposal: Shifting the UV wavelength of Csl (Pure) - 1 to = :
a region of higher scintillator transparency — 2 g 751 1075 E
E 50 - 0.50 %
Implementation: a T8
Applying a polymer film with a shifter to the side surface S 5 025
of the scintillators
0 T S S T
) 2) improved light 200 300 400 500 600 700
Results: ) p.O ed ; g ; wavelength (nm)
: : : collection uniformity along
1) slight change in decay time h tal lenath
(from 10 ns -1 to 15 ns - 2) € crystal leng 4) improved resolution in the
|, rel. un. s A Csl (pure) crystal assembly
103 1 ﬁx“‘“‘nﬁ_ﬁ /U_,_.o
3l 2 A Tt =1 3000
3 101 o ' 1 - FWHM=52 MeV(7 4%)
31, | Ouar=1.8 MeV(2.6%)
2 0.99 1 SCTUY S i S0 > 2 - FWHM=4.2 MeV(6 0%)
a T E 2000 4 Twsr=1.5 MeV(2.1%)
1F 0.97 e ks
= o 9
0 095 , : , , o
0 10 20 30 40 50tns 50 100 150 200 250 E_i
Z (mm) © 1000 1
o
3) increased F/T ratio | F/T without Shifter 0.60 0.68 0.72 0.80 0 b= %
F/T with Shifter 0.65 0.72 0.77 0.84 50 %5 60 65 70 75

energy (Mev)
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240 Csl (Pure) crystals in the form of hexagonal pyramids were
manufactured and delivered to Paul Scherrer Institute, Switzerland

Crystals were installed in
the EMC setup - 1997

PiBeta experiment launch — 1998

Data collection - up to 2004

The pion decay time was confirmed with an accuracy better than 1%,
consistent with the Standard Model prediction.
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The BaBar detector was located at the collision point of the
asymmetric-energy e+ e_ collider, SLAC PEP-II — Stanford University

gé%)r experiment was motivated by the search for charge-parity (CP)-vialation

In experiment 9 GeV electrons collide with 3.1 GeV positrons
and produce thel0.58 GeV resonance.This resonance decays
immediately into a pair of B mesons — half the time B+ B— and half
the time BO BO

If CP symmetry holds, the decay rate of B mesons and their
antiparticles should be equal.

The experiment used a multilayer detector with Csl(Tl)-based
EMC to identify electrons and positrons, which allows for the
reconstruction of the particle tracks of electrical neutral particles
(in particular photons,0) — products of B-mesons decay

Csi(Tl) The choice of CsI(TI) is based on:
LY,MeV- | 55000 - high stopping power (Zef =54, d=4.51 g/cm3)
' - high light yield (LY)
t, ns 900 - good matching with silicon photodetectors
l, nm 550 - stability _
K em® | 0.01 - availability (technology, price)
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i3, ISMA's objectives in the BaBar experir oo
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The ‘main task is to provide the EMC with CsI(TI) crystals

For CsI(TI) crystals:
-free from Na and CO3 impurities (which alter scintillator

characteristics)
-high light output and resolution of scintillators

Procedures for CsI(Tl) manufacturing:
raw material purification, melt purification
large crystal growth, crystal cutting and surface pretreatment,

scintillator parameter control (light yield, resolution, light yield
non-uniformity along the crystal length)

The boules were grown from a melt of Csl salt doped with
0.1% thallium. The crystals were cut from the boules,
machined into tapered trapezoids and then polished.

II- 1127

Csl{Tl} crystals
of EMC

}_ 6046 1)mm |

“Interaction Point

296 - 324mm

Csl(Th

22
Na  ppicollimator)

The uniformity of light output was measured
along the crystal at 20 points.

Nonuniformity must be within +-2% in the front
half of the crystal and less then +-5% at the rear

- Movable
EF =[ motor
1.2 MeV yray é A:; 9ap
rear Csl(TD front
f— g

face.
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H S MA Alignment of Light Ouput along CsI(TI) Crystal Length
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Problem: light output non-uniformity for different point of o o
the crystals with low transparency “ ———
Light from different points on the crystal CsI(TI) 7 0.02
s e podetecor M. |t aor0cz | ||
0 110 2‘0

L, cm

ISMA'’s research:

C/C0 rel.un experiment-1

_experiment- t/t0 rel.un LO - modelling-2
) 1.2
in long Nal(TI) crystals selective treatment of the s
side surface reduces light output non-uniformity 1.1 )//f\
-computer modeling: =
roughing a section of the side surface increases its -
light output 2
0.8

0 5 10 15 20 25 L,cm

Adjustments of the non-uniformity were made on individual crystals
by selectively roughing or polishing the crystal surface to reduce or
increase its reflectivity.
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H S MA Delivery, Assembly, and Launch of the BaBar Experiment
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In addition to ISMA, CslI(TI) crystals were supplied by Crismatic Co (France),
Shanghai Institute of Ceramics (China), Beijing Glass Research Institute "
(China), Hilger Analytical (UK)

Foil
(FA.F. Shield)

Mylar

Insulation

6580 crystals were used
(5760 for the cylinder and 820

for the end-cups) for
installation in BaBar EMC

The experiment was

launched in 1998 _
Data collection continued until

2008

Large data sets (over 250 million B B-events) were accumulated
during experiment

The main result was: observation of large CP-violation in the
neutral B-meson system and confirmation Kobayashi - Maskawa
mechanism (Nobel Prize in Physics 2008)

Large datasets also allowed for highly accurate tests of the
Standard Model UHPP Workshop 26-29.01.2026 12



] SMA Support for the Belle experiment

: The Belle detector was located at
the collision point of the asymmetric-energy e+ e_
collider, KEKB — Tsukuba (Japan)
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The Belle experiment was motivated by the search for CP-vialation
(like the BaBar experiment)

SC : L
- 4

resonance, which decays immediately into a pair of B solenoid Seat

In experiment e- collide with e+ and produce some i
mesons — half the time B+ B- and half the time BO BO. e .

The experiment used a multilayer detector with Csl(TI)-
based EMC to detect some products of collisions

EMC identifies electrons and positrons, which allows for the
reconstruction of the particle tracks of electrical neutral N
particles (photons,0) — products of B-mesons decay

n/K; detection

CsI(TI) The choice of CsI(Tl) is based on:
LY,MeV- | 55000 - high stopping power (Zef =54, d=4.51 g/cm3)
1 - high light yield (LY)
t, ns 900 - good matching with silicon photodetectors
| nm 550 - stapility | |
kom | 0.01 uHpB\Roaahay SESa9gYsPrice) 13
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se0ss00s  |SMA's Objectives in the Belle experiment
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The ‘main task is to provide the EMC with CsI(TI) crystals

Csl(TI)

For CsI(TIl) crystals:

-free from Na and CO3 impurities (which alter scintillator
characteristics)

-high light yield and resolution of scintillators

Backward Endeap Colorsmeler yForgovg Endoon :La.'nr.me-'e-f|

Procedures for CsI(Tl) manufacturing:

raw material purification, melt purification

large crystal growth, crystal cutting and surface pretreatment,
scintillator parameter control (light yield, resolution, light yield
non-uniformity along the crystal length)

NSS!

The boules were grown from a melt of Csl salt doped with
0.1% thallium. The crystals were cut from the boules,
machined into tapered trapezoids and then polished.

#Na  ppcollimator)
Movable i
The uniformity of light output was measured B ™
along the crystal at 20 points. 12Meviray  § PO o
The nonuniformity was required to be less than o - o ed
9% for all crystals and less than 7% for 90% of ~
total crystals.

UHPP Workshop 26-29.01.2026 14



H S MA Alignment of Light Output along CsI(Tl) Crystal Length
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SR Problem: light output non-uniformity for different point of the crystals with low
transparency (like the BaBar experiment)

The same procedere (like the BaBar experiment) was suitable to reduce light yield non-
uniformity, which degrades resolution

ISMA research:

- the statistical study of several hundred of long length
Csl(TI) scintillators showed

that not only the surface treatment but also the Tl
concentration gradient allow for the aligment of the

bLY a.u
— @y

light output along the CsI(TI) bar c /ﬁ/
ot
However, obtaining the required gradient is more 0.0 0.4 0.8 1.2 1.6
difficult then selective surface treatment Ve, mol %/mm

That’s why the selective matting or polishing was used to induce light output in
CslI(TI) crystals for the Belle experiment

UHPP Workshop 26-29.01.2026 15



H SMA Delivery, Assembly, and Launch of the Belle Experiment
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In addition to ISMA, CsI(Tl) crystals were supplied by
Crismatic Co (France) and Shanghai Institute of Ceramics
(China)

8736 CsI(Tl) crystals were installed in the Belle’s EMC in total

The experiment was launched in 1999

Data collection was continued until 2010

Over 770 million B B- pairs were recorded
during the Belle experiment

The experiment Belle was motivated by the search for
CP-violation

The main result was observation of large CP-violation in the neutral B-meson system and
confirmation Kobayashi - Maskawa mechanism (Nobel Prize in Physics 2008)

The experiment Belle also performed studies of rare decays, searches for exotic particles
and precision measurements of the properties of number of new particles.

UHPP Workshop 26-29.01.2026 16


https://en.wikipedia.org/wiki/File:The_BELLE_Detector.jpg

H SMA Support for the Fermi Telescope
netiute fof Splizibnimenas11E LArge Area Telescope (FermilLAT or LAT) is high-energi
y -ray telescope, covering the energy range from below 20

MeV to more than 300 GeV

oo o @

Fermi telescope objective is to identify high energy sources in the
sky: blazars, pulsars, delayed emission from y - ray bursts (GRBSs),
high-energy solar flares, diffuse radiation from our Galaxy

The LAT is a pair-conversion telescope with a precision ¥ incoming gamma ray
tracker and calorimeter. !

The incoming gamma-ray generates a pair of high-

energy particles e+ e- in the tungsten layers of the
tracker, which maintain the direction of the gamma-ray.

The direction of the pair is determined by their tracks
in Si-stripes (between layers of tungsten).

The total gamma energy and structure of electromagnetic
showers are determined using Csl(Tl)- based EMC

csi(t) | The choice of CsI(Tl) is based on:
] - high stopping power (Zef =54, d=4.51 g/cm3)

LY,MeV" | 550001 pigh light yield (LY)

- good matching with silicon photodetectors

- stability and availability (technology, price)

electron-positron pair

t, ns 900
l, nm 550
k, cm? 0.01
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ISMA's tasks for the Fermi Telescope
H S A The main task was to provide the EMC with CsI(TI) crystals
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-4 measuring 27x20x326 mm

Tasks for CslI(Tl) crystals are similar to those for the BaBar and Belle.
Additional task was the positional sensitivity

Procedures for Csl(Tl) manufacturing are similar to those for ’
the BaBar and Belle experiments m 2Na, E,=511, 1275 keV

500

CslI(TI) crystal's positional 700
ISMA’s research: sengiti)vityywith ofle photodiode =T 222
2000F |R 100
nr 0
ool Positional sensitivity with 1500 o
1 one photodiode for different 1000 | \
2000 surface treatment: cool. 5
1500 1-polish, 2-rough,3-rough+
2 far end is darkened "0 00 200 300 dmm
T ? nr P, mm
o0 0] 1(I)0 2(I)0 3(I)0 d, mrr: 250 F | 50
200} .
Positional sensitivity for:
-one left photofiode PD1 150 1%
-one right phoodiode PD2 ool T
-sum signal from two 420
photodiodes S0 N0
UHPPW 0 - - - 18
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i SMA Delivery, Assembly, and Launch of the Fermi Telescope ‘ '

for Seinizton taterials 1536 CsI(TI) crystals were installed in the EMC LN
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Each of the 16 calorimeter’'s modules has 96 CsI(Tl) crystals, arranged in an

eight-layer hodoscopic configuration
CDE: Csl Detectors +PIN diodes (both ends) Carbon Cell Array Al Cell Closeout

The telescope’s dimensions are
1.8 mx 1.8 mx0.72 m. The mass
is 2789 kg

The telescope was launched in 2008 .

b
"'*!Ir‘
|

|
P - o | s - |*
o ’ A *‘\. % I "’*-L._‘ ! : N Readout Electronics /
elescope remains operationa AL EAN Sl

even after more then 15 years

Results:
Mapping the gamma ray sky with high sensetivity.
Fermi has identified thousends of gamma-ray sourses
Discovering hundred of new pulsars, gamma from
supermassive black holes, fixing gamma-ray bursts,
finding potential evidence of dark matter in Galactic
Centre
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Thank you for attention!
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