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Outlook

Introduction to the strong crystalline
fleld and electromagnetic shower
modification in oriented crystals

Experimental tests on PWO samples
with hundred-GeV electrons at CERN
SPS

Application In ultra-compact e.m.
calorimeters for high-energy physics
and astrophysics

Summary and Conclusions



May 25th, 2022 Laura Bandiera, INFN Ferrara 4

Enhancement of bremsstrahlung in aligned
crystals
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Enhancement of bremsstrahlung in aligned

crystals _
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Enhancement of bremsstrahlung in aligned

crystals
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Strong field regime of Radiation in Crystals
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lab. frame e~ - comoving frame

In the comoving frame, the Lorentz contracted Electric field can be computed as:

E* - OE Being the Axial field of high-Z crystals Ea % @/cm
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Strong field regime of Radiation in Crystals

oo
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lab. frame e~ - comoving frame

In the comoving frame, the Lorentz contracted Electric field can be computed as:

E* . OE Being the Axial field of high-Z crystals Ea 1 @/cm

At beam energies > 10 GeV, E* can reach the Critical Schwinger QED field:

Ey=m*c’/eh ~ 1.3 x 10°V/em

above which electrodynamics becomes non linear
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| lal alignment
Strong field regime of radiation

10N emission In ax
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x Radiation length reduction

E*

x X, decreases with initial energy

increase.

X Angular range:

x few mrad up to 1° of misalignment

between particle direction and crystal

axes;
x Does NOT depend on particle energy.
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Effect of axial orientation in the radiation spectrum
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120-GeV e aligned
with the <110> axis of a 2.8 mm long Ge crystal

Strong increase in the enerqgy radiated by the electrons!
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é. and al so pair -egnergyphotorntsi o n
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v B s 2 x Radiation length reduction
S L ) e ol { T x X, decrease with initial energy
= % = = I { increase.
e B ix' I - o x Angular range:
L ¥ + x few mrad up to 1° of misalignment
> - between particle direction and crystal
BT & Random orientation axes;
i T _—_———_— X Does NOT depend on particle energy.
o L 510 S ‘150- — -1;)0 x Also for pair production by a HE
photon.

Energy., CeV

Enhancement of pair production in a W crystal axially
oriented T compared to random orientation
Vs. photon energy

Strong increase of the pair production probability by
high-energy photons in an oriented crystal
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..e.m. shower acceleration

electromagnetic shower is way
more compact

or equivalently

effective radiation length X, is
much shorter

V the modern electromagnetic calorimeters are
designed for experiments at energies of hundreds of
GeV/TeV and these enhancement effects are
expected to be quite important in this energy range

V the input photon or electron/positron showers can
fully develop in a much lower thickness with respect
to the current state-of-the-art detectors
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"@" Novel idea: ultra-compact calorimeter [

-

Particle

i Using oriented scintillator crystal one
may containing e.m. showers
Initiated by particles with energies
even above 100 GeV in a reduced
volume/weight;

Oriented crystal

i1 Cost reduction!!!
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U Interesting application in particle
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Lead tungstate (PbWQO,) i a high-Z crystal scintillator

scintillator, with well-peaked
light emission in the blue

optically transparent

exploited by the CMS ECalY wel | k
high density, high Z

radiation hard

cheap fabrication into big samples and with
good crystalline quality
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0 axes properties
[100] [001]
Interatomic 5.456 v 12.020 v
pitch : ' _ _
3 sample investigated:
Uy ~700 eV ~500 eV
A A:4mm -0.45 X,
SF threshold ~30 GeV

AB:9mmi 1X,
A C:18mmi 2 X,
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Status of the Investigation

Different tests with electron and positron beams, in particular at
CERN H4/H2 lines et &e' at 120 GeV/c

PWO in full Strong Field regime

Si microstrip layers
charged multiplicity counter

Si microstrip layers
i“put tracker 7

crystal
on goniometer
bending
magnet

electromagnetic

calorimeter

- > <€ > - >
~13 m in air ~5 m with beam pipe ~12 m with beam pipe
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L. Bandiera et al., Phys. Rev. Lett. 121 (2018) 021603
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Sample AT 0.45 X,: scintillation light

The crystal was coupled to a commercially
available silicon photomultiplier (SiPM), the
ASD-NUVA4S-P by AdvanSID, whose 44 mm?
active surface matches the sample 4x2 mm2
face and whose photodetection efficiency
(PDE) is well-peaked around the PWO
emission spectrum maximum at 420 nm.

U Light output depends on crystal orientation (and on
crystal guality)

U Demonstration of electromagnetic shower acceleration
In case of axial orientation




