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1. Introduction

• Time profile of the signal in germanium detectors reveals information on the topolo-

gy of the event

• On a typical event, millions of charge carriers are generated inside the detector as 

one or multiple clusters 

• Collective effects deform each cluster and, in turn, the signal shape

• Study these effects with SigGen6 software and their impact on the event discrimina-

tion capabilities, with focus on neutrinoless double-beta decay experiments 
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6. Conclusions6. Conclusions
• Discussed collective effects in germanium detectors and impact on signal formation

• Determined that collective effects are relevant for long drift paths

• Checked impact of collective effects on IC discrimination capabilities

• Validated simulation with experimental data

• Performances of IC are suitable for search for neutrinoless double beta decay

3. Collective motion of charge carriers
• Informations on collective effects in q -> g(x(t))

• What deforms the signal shape:

• Initial cluster size

determines initialσσσσσσσσσσσσσσσσσσσσσσ g(x(0))

• Accelerations

acceleration -> enlargement

deceleration -> shrinkage

• Coulomb self repulsion

always enlarges cluster

• Stochastic diffusion

always enlarges cluster

• Interplay of effects gives deformation of cluster in time

• Describe through new parameter στ
• The bigger στ, the lower I(t) -> relevant for IC
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4. Impact on neutrinoless double-beta decay 
• Maximum of the current I(t) -> Pulse Shape Di-

scrimination (PSD) parameter (A/E4)  in neutri-

noless double-beta decay experiments

• Collective effects bring an undesired position 

dependence of A/E

• Longer drift path -> lower A/E

• Impact on dicrimination capabilities?

• Test in terms of: 

•  0νββ acceptance

• background rejection

• Investigated correction based on drift path to 

restore position independence

• Simulations validated by experimental data
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5. Outlook
• Detector volumes keep on increasing

• Impact of collective effects might get stronger

• Background composition changes with geometry

• Possibility to tune PSD cut to increase 0νββ acceptance

• Explored impact of electronics noise on PSD in IC

• Explored impact of collective effects in longer IC detectors

2. Modeling Germanium Detectors
• Signal formation described by Shockley-Ramo theorem1,2: 

I(t) = q v(r(t)) • Ew(r(t))

• Modeling in germanium -> development of three geometries used in 

present and future double-beta decay experiments:

• P-type Point-Contact (PPCPPC)3

• Broad Energy Germanium (BEGeBEGe)4

• Inverted Coaxial (ICIC)5

• All geometries developed to create high Ew close to readout electrode

• Signal degeneracy

• IC exhibits drift paths which are double the length as for BEGes and 

PPCs

www.legend-exp.org
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Fig. 4: A/E (top) and rise time (bottom) values for the three analyzed geometries. In PPC and BEGe detectors

rise times range up to 600-800 ns, while for inverted coaxials they can be twice as big, and saturate for high

z-positions, where the threshold at 0.5% is no longer a good approximation of the beginning of charge collection.

A correlation between A/E and rise time is visible for the inverted coaxial detector.

Simulations Data
IC BEGe[19, 22] IC (this work) BEGe [10, 22]

Event class Standard RT corr Standard Standard RT corr Standard

208Tl DEP 90.00 (8) 90.08 (8) 90 (1) 90.1 (8) 90.1 (8) 90 (1)
208Tl SEP 5.1 (3) 5.8 (3) 8 (1) 5.0 (3) 5.3 (3) 5.5 (6)
208Tl FEP 7.4 (1) 8.1 (1) 12 (2) 7.64 (5) 7.92 (5) 7.3 (4)

CC @Q (208Tl) 45.1 (3) 46.7 (3) 42 (3) 32.3 (2) 33.1 (2) 34 (1)
CC @Q (214Bi) 20.3 (4) 21.8 (4) – – – 21 (3)

0⌫ββ 86.07 (6) 85.47 (6) 88 (2) – – –

Table 1: Percentage of events classified as single-site for di↵erent event samples and detectors, taken from simula-

tions and experimental data. For inverted coaxial detectors, the results are given both before (Standard) and after

a correction based on the rise time (RT corr).

a correction on the A/E parameter based on the re-416

constructed collection time of the signals, in order to417

restore the position independence. In this work we re-418

construct such a quantity by taking the time between419

two arbitrary thresholds on the signal, i.e. what is called420

the rise time6. Noise conditions can prevent accurate421

determination of the start time for thresholds below422

6Normally, the thresholds are set on the signal which is ex-
perimentally accessible, which means the output of the charge
sensitive pre-amplifier. That is the charge signal V (t), which
is the integral of the current signal I(t).

0.5% at the energies of interest for double-beta decay423

search. Hence, for this work we refer to rise time as the424

time between 0.5% and 90% of signal development7. A425

map of the mean rise time as a function of the interac-426

tion position within the detector is shown in Fig. 4 for427

the three geometries considered. These rise time and428

A/E values are correlated in the inverted coaxial ge-429

7Other techniques, based on the convolution of the signal
function with a well tuned impulse response function, could
lead to the identification of lower thresholds, such as 0.1% of
the signal amplitude.
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