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Alberto Arzenton Università degli Studi di Siena 2 / 27



Introduction The TRACER device Experimental campaign Results Conclusions References

Overview

1 Introduction
Transition Radiation Detectors

2 The TRACER device

3 Experimental campaign

4 Results

5 Conclusions
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Transition Radiation Detectors

Transition Radiation Detector (TRD)

Particle IDentification (PID) detector based on the Transition Radiation (TR) emitted
by charged particles with high Lorentz factor γ at the interface between materials with
different dielectric constants.

Let us define ξ2i ≡ ω2
Pi/ω

2 = 1− εi (ω), where ωPi is the plasma frequency of the i-th medium.
Then, the double differential energy spectrum for a single interface is:

d2W

dωdΩ
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interface

=
α

π2

(
θ

γ−2 + θ2 + ξ21
− θ

γ−2 + θ2 + ξ22

)2

(1)

in the γ ≫ 1, θ ≪ 1 and ξ2i ≪ 1 limit.
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Transition Radiation Detectors

A single foil of material will have two interfaces, implying the
presence of an interference factor:

d2W

dωdΩ

∣∣∣∣
foil

=
d2W

dωdΩ
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interface

× 4 sin2
ϕ1

2
(2)

The phase ϕi ≃ (γ−2 + θ2 + ξ2i )ωli/(2βc) depends on the
medium thickness li . It is common to use a stack of Nf foils
l1 thick separated by gas layers l2 thick, obtaining:

d2W

dωdΩ

∣∣∣∣
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d2W

dωdΩ
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×e
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2 σ×
sin2 Nf ϕ

2 + sinh2 Nf σ
4

sin2 ϕ
2 + sinh2 σ

4

(3)

where σ ≡ σ1 + σ2 is the absorption cross-section for the radi-
ator materials and ϕ ≡ ϕ1 + ϕ2. [Andronic and Wessels (2012)]
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Transition Radiation Detectors

Some qualitative features:

1. The formation zone zi = 1
γ−2+ξ2i

2βc
ω is the distance beyond which the electromagnetic

field readjusts; the photon yield is suppressed at li ≪ zi .

2. The spectrum has its maximum at ωmax =
l1ω

2
P1

2πβc .

3. For l2/l1 ≫ 1, the spectrum is mainly determined by single foil interference.

4. If γ > γs ≡ 1
4πβc

[
(l1 + l2)ωP1 + 1

ωP1
(l1ω

2
P1 + l2ω

2
P2)
]
, multiple foil interference causes

saturation.

Alberto Arzenton Università degli Studi di Siena 6 / 27



Introduction The TRACER device Experimental campaign Results Conclusions References

Transition Radiation Detectors

▶ For a given particle energy, the γ dependence of the
spectrum makes it possible to discriminate the mass:
TRDs usually combine TR and dE

dx measurements.

▶ The TR yield saturates quickly with l1 and slowly with l2,
since here z2 ≫ z1.

▶ TR and dE
dx signals scale like Z 2, so the fluctuations de-

crease for higher Z .
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General features

TRACER (TR Array for Cosmic Energetic Ra-
diation): balloon-borne detector meant for the
PID of cosmic-ray nuclei.

▶ Two pairs of scintillation and acrylic
Cherenkov counters for E below
10GeV/amu and Z .

▶ Z measured top and bottom to control
possible charge-changing nuclear reactions
with the detector.

▶ dE
dx array and TRD for E at 10–
400GeV/amu and above.

▶ Saturation at 3×104 Gev/amu (γs ∼ 104).
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General features

▶ The device was built to float at 36–40 km of
altitude in the polar regions (Long Duration
Balloon flights, LDB).

▶ Electric power granted by photovoltaic
solar arrays.

▶ Thermal protection ensured by foam in-
sulation and Mylar sun shields.

▶ Z ≤ 2 nuclei were not studied due to sta-
tistical fluctuations.
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General features

After a short test flight in 1999 (T99), two LDBs were performed at Antarctic and Arctic
latitudes: LDB1 in 2003 and LDB2 in 2006.
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Detector subsystems

Scintillator and Cherenkov active area: 2m × 2m, split
into 4 quadrants.

▶ 24 PMTs, 12 waveshifter bars.

▶ In T99 and LDB1 the coupled system was only in the
bottom; in LDB2, a replica was added on top.
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Detector subsystems

dE
dx array and TRD belong to a single proportional
tube array, made by 8 double layers of single-wire
cylinders.

▶ Each layer contains 99 tubes and a manifold for
the signal collection.

▶ Manifolds oriented in alternate x and y direc-
tions to reconstruct the particle’s trajectory.

▶ Smaller manifolds containing the gas are con-
nected via flexible hoses, to get around the
tubes’ thermal expansion.

[Ave et al. (2011)]
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Detector subsystems

The upper half of the layers measure dE
dx , while

the lower dE
dx + TR (X-rays).

▶ In the lower half, radiators are located
above each double layer to produce TR.

▶ The top radiator (17.80 cm) is thicker than
the others (11.25 cm) to compensate for
the lower yield of X-rays.

▶ Radiators are made of blankets of thick and
thin fibers.
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LDB1

[Ave et al. (2008)]

LDB1 flew over Antarctica for 14 d, starting on
12/12/03.

▶ A counting rate of 60 events/s allowed to mea-
sure 5× 107 events.

▶ The gas mixture used was Xe:CH4 50%:50%
by volume at 0.5 atm (as in T99).

▶ Elements from O to Fe were studied.
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LDB2

[Obermeier et al. (2011)]

LDB2 was launched from Kiruna, Sweden on 8/7/06
and lasted only 4.5 d due to the lack of permission to
fly over Russia.

▶ The counts were increased to 120 events/s, ob-
taining 3× 107 data points.

▶ To reduce intrinsic signal fluctuations and im-
prove the energy resolution, Xe was increased
by a factor of 4 (95%:5% at 1 atm).

▶ This improvement was fundamental for the in-
clusion of B, C and N.
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Data analysis

The trajectory is determined fit-
ting the crossed tube centres and
considering that the signal is pro-
portional to the path. ∆x ,∆y ≈
2mm was reached.

Z is studied with the correlation
of scintillation and Cherenkov,
scaling as ∼ Z 1.65 (due to satu-
ration) and Z 2.

Geant4 MC simulations were
used to quantify the influence of
δ-rays on the signal.
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Data analysis

LDB1 had a resolution of 0.3–0.6 charge units;
LDB2 improved to 0.23–0.55 thanks to the 2nd

scintillator/Cherenkov installation.
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Data analysis

Regarding E , in the i-th tube layer:〈
dE

dx

〉
=

∑i=8
i=1 ∆Ei∑i=8
i=1 ∆xi

,

〈
dE

dx
+ TR

〉
=

∑i=16
i=9 ∆Ei∑i=16
i=9 ∆xi

The correlation of these signals can be investigated for
each element.

▶ Fluctuations decrease as 1/Z .

▶ TR appears in the rare events above 400GeV/amu
(bold scatter).

MIP: minimum ionization level (γ ∼ 3).
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Data analysis

The LDB2 gas mixture significantly improved the dE
dx resolution up to 33-40%, at the cost of a

higher TR threshold (from γ = 440 to γ = 785).
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Scientific results

The experiments produced a set of new data on cosmic-ray nuclei, extending also to the region
above 105 GeV, previously unexplored for certain elements.
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Summary and future prospects

The main achievements of the TRACER campaigns are probably two.

✓ The production of a scientifically relevant dataset for cosmic-ray nuclei from C (Z = 5)
to Fe (Z = 26).

✓ The proof that the novel instrumental configuration chosen can provide clean results
even at unexplored energies.

Finally, some possible upgrades were pointed out for future experiments.

▶ MC simulations suggested that aerogel Cherenkov radiators would produce higher signals
than the acrylic ones.

▶ Longer exposure times would allow to investigate even higher energies.
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Thank you for your kind attention!
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