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M - mass of the isotope
t - time

B - background
ΔE - resolution

For a better limit we need:
• more mass
• lower background
• better energy resolution
• measure longer ??

See talks: T 103.1, HK 43.2
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GERDA See talks: T 103.1, HK 43.2
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LAr veto - The concept

✤ Nearby 208Tl events can be easily                                                                 
vetoed with very high efficiency

✤ 214Bi is less effective

✤ Does not work well for surface ! and " events 

✤ Veto efficiency in GERDA will strongly depend on the origin of the 
background 

In the Region of Interest  
around 2040 keV γ

Th232

HPGe K42

β

LAr
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Requirements for LAr veto

✤ Instrumented volume: a radius of 1-2 radiation length from the HPGe

✤ bigger volume would increase only the dead time (Ar39)

✤ Light detector must be close enough to the HPGe detectors 
(attenuation length, solid angle)

✤ Low background: in GERDA the induced background should be 
<<10-3 cts/(keV kg Y) - at 30 cm this means a total radioactive budget 
of < 100 #Bq Th.

✤ Cryogenic compatibility
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Emitted by Ar

128 nm (VUV) →    430 nm   
TPB

Collected with WLS fiber

Inefficient (~60%), but it works

Wavelength shifter - The Idea
Detected with PMT
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TPB - emission spectrum
BCF-91A absorption 
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WLS fibers 

Square multiclad fiber under the microscope
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Plastic Scintillating
Fibers

Saint-Gobain Crystals manufactures a variety of plastic scintillating,
wavelength-shifting and light-transmitting fibers used for research and
industry.  Scintillating fibers are well-suited for such applications as:

• Neutron imaging
• Particle discrimination
• Calorimeters
• Cosmic ray telescopes

Standard Fibers, Single-clad  –

Our standard fibers consist of a polystyrene-
based core and a PMMA cladding as
diagrammed on page 3. External EMA
(optional) is often used to eliminate optical
crosstalk.

The scintillating core contains a combina-
tion of fluorescent dopants selected to
produce the desired scintillation, optical and
radiation-resistance characteristics. Often,
one property is enhanced while another is
mildly compromised. In small fibers
( < 0.5mm), the fluor concentration is
increased, usually at the expense of light
attenuation length.

Scintillation efficiency is generally kept near
maximum, which for BCF-10, BCF-12 and

Product  Development  Timeline –

1989 Introduced various formulations
of fibers to the already established
plastics product line.  Developed
clad, plastic scintillating fiber
capability.

1991 Development of plastic fiber
arrays.

1992 Development of blue-emitting
fibers with enhanced radiation
resistance and green-emitting
fibers with fast decay times.

2000 Development of new techniques
for specialized fiber arrays.

BCF-20 is 2.4% (nominal). This means that
these fibers yield about 8,000 photons per
MeV from a minimum ionizing particle. The
trapping efficiency, however, permits the
collection of less than 4% of the photons for
passage down the fiber.

• Real-time imaging systems
• Flow cells
• Tracking detectors

Multi-clad  Fibers –

This special class of fibers has a second layer
of cladding that has an even lower refrac-
tive index and, thus, permits total internal
reflection at a second boundary. The addi-
tional photons guided by multi-clad fibers
increase the output signal up to 60% over
conventional single-clad fibers. All of Saint-
Gobain Crystals'  fibers can be supplied in
either single-clad or multi-clad variations.

Single-clad Fibers Properties  –

Core material: ....................................................... Polystyrene

Core refractive index: ........................................ 1.60

Density: ................................................................... 1.05

Cladding material: .............................................. Acrylic

Cladding refractive index: .............................. 1.49

Cladding thickness, round fibers: ............... 3% of fiber diameter

Cladding thickness, square fibers: .............. 4% of fiber size

Numerical aperture: .......................................... 0.58

Trapping efficiency, round fibers: ................ 3.44% minimum

Trapping efficiency, square fibers: .............. 4.4%

No. of H atoms per cc (core): ......................... 4.82 x 1022

No. of C atoms per cc (core): .......................... 4.85 x 1022

No. of electrons per cc (core): ........................ 3.4 x 1023

Radiation length: ................................................ 42 cm

Operating temperature: .................................. -20oC to +50oC

Vacuum compatible: ......................................... Yes

Multi-clad Fibers Properties  –

Second cladding material: .............................. Fluor-acrylic

Refractive index: .................................................. 1.42

Thickness, round fibers: ................................... 1% of fiber diameter

Thickness, square fibers: ................................. 2% of fiber size

Numerical aperture: .......................................... 0.74

Trapping efficiency, round fibers: ................ 5.6% minimum

Trapping efficiency, square fibers: .............. 7.3%

EmissionAbsorption
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SiPMs
✤ candidates: Hamamatsu & Ketek SiPMs

✤ Ketek GmbH Munich based company. 
Willing to sell SiPMs in ‘die’.

✤ SiPMs work at LN temperature

✤ Good QE, negligible Dark Rate
PDE
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Efficiency

GSTR-08-M00x - 2
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Figure 1: TPBxBCF91.pdf 0.588

1.5 Attenuation length

The measured attenuation length of the BCF-91A fiber is 3.78 m
The photon can be propagated towards one end or the other. The photon is propagated

in the direction given by the random number generator from above. It will reach the detector
with the probabillity = e�x/� where x is the distance from the end of the fiber.

1.6 Optical coupling

Geometrical e⇥ciency of the optical coupling is still to be estimated (measured). As a pre-
liminary number we can take 90%.

�coupl = 0.9

1.7 PDE of the SiPM

PDE of the SiPM should be around 20%. From the plots provided by Ketek the PDE at 500
nm is above 26%. A measurement by Max Knoetig at the MPI indicates a PDE below 20%.
I think 20% is a conservative estimate.

�PDE = 0.2

2 Absolute detection e�ciency

� = �tpb · �� · �spektr · 2 · �trapp · 1
L

� L

0
e�

x
� dx · �coupl · �PDE (1)

Scintillator 
 (TPB) QE

Solid angle
coverage

WLS spectral 
efficiency

Fiber trapping eff. = 7.3%

Length of the fiber

$ Attenuation length 

Optical coupling
geometric ineff. 

SiPM QE

✤ The resulting total Photon Detection Efficiency is about 1%
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SiPM + WLS fiber design

✤ Idea was tested at small scale (<20 l)

✤ SiPMs are working at cryogenic temperatures

✤ TPB coated WLS fiber concept works
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Ref: NIM A 654 (2011), pp. 225-232
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An Option for GERDA

PMTs

WLS fiber + 
TPB

SiPMs
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New SiPM holder, coupling

✤ SiPM delivered in ‘die’, low background 
packaging is developed 

✤ 9 fiber coupled to 1 SiPM 

✤ units of 27 fibers = 38 mm,   

✤ full coverage = 40 strips, manageable 
quantity
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Induced background

Element Conc. Activity Bq/kg Background 
cts/(keV kg Year)

K 15 ppb 4.6x10-4 -

Th 14.3 ppt 5.8x10-5     3.4x10-4

U 3.4 ppt 4.2x10-5     2.3x10-5

 ICPMS results: WLS fiber measured at LNGS 

✤ The whole setup consists of about 1 kg fiber (4 m2 photon detector)
✤ Relevant activity: O(>100 #Bq)
✤ Compatible with the background goal of GERDA Phase II                

(10-3 cts/keV kg Y)
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Pro’s and Con’s

✤ Many small parts - work intensive

✤ Fiber + SiPM: 1 kg = 4 m2 with about 1% total PDE = 58 #Bq Th

✤ Acceptance angle 360o 
✤ Compatible with cryogenic environment  

✤ For the same p.e. yield with 8” PMTs with 20% PDE, 330 cm2

✤  6 pieces = 6 kg = 780 mBq Th (PMT glass Borexino                      
hep-ex/0109031)

✤ Coverage with 8” PMTs would be only 0.8 %. Small solid angle 
or mirror foil. 

✤ With low background 3” PMTs 35 pieces ~ 40 mBq Th (metal housing)

Advantages of using WLS fibers or other scintillators
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MC simulation
✤ Fibers are also sensitive on the outer side

✤ Shifted photons (green) can also hit the PMTs

✤ Light tracing simulation needed - Geant4

✤ Optical photons are traced in LAr, in the fiber until the SiPM 
or PMT
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Expected Suppression Factors

In    
Phase II 
holders

in LAr External In WLS 
fibers

214Bi 9.9 54.8 - 38
208Tl 365.8 - 112.1 >1000

Most dangerous background sources
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To be done in 2013
✤ Test and validation at TUM 

Underground Lab.

✤ Production of Gerda LAr veto

Clean bench - 
glow box

Gerda-like Lock

Cryostat for 1t 
LAr

Pb shield

5.
5 

m
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Test cryostat at TUM
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Summary - Outlook

✤ WLS fiber + SiPM is a working concept 

✤ Significant reduction of the background is possible

✤ LAr instrumentation with fibers to be implemented in GERDA

✤ Deployment - this year

✤ 1 ton test-stand ready to be used at TUM
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