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Why to go underground, why are we concern the background? 

Consider	detected	10	events/day	

Background	count	rate		
(event	/	hour)	

Time	needed	to	reach	
10%	precision	(days)	

Time	ra=o	of	extra	=me	needed	respect	
to	the	no	background	situa=on	
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What contributes to the laboratory background? 

Detector	

Radioisotopes	in	
the	laboratory:	
238U	-	daughters	
232Th	-	daughters	
40K	

Energe=c	muons	

Red:					Eγ	<	3	MeV	

Green:	Eγ	<	3	MeV	and	Eγ	>	3	MeV	

Neutrons	from	outside:		
-	cosmic	ray	
-	(α,n)	in	rock	
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Laboratory background at the Earth’s surface 

Natural	radioisotopes	 Cosmic-rays,	mainly	muons	
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What contributes to the laboratory background? 

Detector	

Passive	shield	

Radioisotopes	in	
the	laboratory:	
238U	-	daughters	
232Th	-	daughters	
40K	

Radioisotopes	in	
detector	and	shield:	
238U	-	daughters	
232Th	-	daughters	
60Co	

Energe=c	muons	

Neutrons	created	in	the	
passive	shield	or	
laboratory	walls	by	
muons	(µ,n)		

Red:					Eγ	<	3	MeV	

Green:	Eγ	<	3	MeV	and	Eγ	>	3	MeV	

Neutrons	from	outside:		
-	cosmic	ray	
-	(α,n)	in	rock	

Secondary	radia=on:	
electron-positrons;		
bremsstrahlung	
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HPGe spectra recorded at the 
surface of the Earth: 

Black, no shield 

Red, commercial lead shield 

Factor of 20 – 80 reduction at Eγ < 3 MeV 

Lead does not do much at Eγ> 3 MeV. 

Laboratory background at the Earth’s surface using passive shield 
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What contributes to the laboratory background? 

Detector	

Passive	shield	

Neutrons	created	in	the	
passive	shield	or	
laboratory	walls	by	
muons	(µ,n)		

Neutrons	from	outside:		
-	cosmic	ray	
-	(α,n)	in	rock	

Secondary	radia=on:	
electron-positrons;		
bremsstrahlung	
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What contributes to the laboratory background? 

Detector	

Ac=ve	shield	

Neutrons	created	in	the	
passive	shield	or	
laboratory	walls	by	
muons	(µ,n)		

Neutrons	from	outside:		
-	cosmic	ray	
-	(α,n)	in	rock	

Secondary	radia=on:	
electron-positrons;		
bremsstrahlung	
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Laboratory background at the Earth’s surface using active shielding 
Is it not enough? 

Factor of 3 – 4 reduction at Eγ < 3 MeV 

Factor of 10 – 1000 reduction at Eγ> 3 MeV 
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Is it enough? 

Scenario Reaction EG[keV] σ [barn] Detected events/
hour 

AGB stars (80 MK) 14N(p,γ)15O 81 10-12 10-4 

1	barn=	10-24	cm2;	assume	1016	h-1	beam,	1018	at/cm2	target,	10-2	detec=on	efficiency	

Without	background,	for	10%	precision	one	need	100	counts.	With	this	count	rare	it	
would	take	115	years.	This	is	prac=cally	impossible.	
	
BUT	approach	as	close	as	possible:	Consider	100	=mes	higher	rate.	(10-2	event/h)	

Background	
count	rate		
(event	/	hour)	

Time	needed	to	
reach	10%	precision	
(years)	

Without	background	 0	 1.1	

Typical	overground	se_ngs	with	ac=ve	shield	 2*10-2	 5.7	
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Eγ = 1.5 MeV 

Earth’s surface: 
4 counts/hour 

Shallow,  
~110 mwe: 
0.13 counts/hour 

Deep underground, 
~3800 mwe: 
0.007 counts/hour 

Laboratory	background for Eγ < 3 MeV 
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Laboratory background at deep underground 

Factor of 100 – 1000 reduction at Eγ < 3 MeV 

Factor of 10000 – 100000 reduction at Eγ> 3 MeV  

Above 10 MeV practically empty background! 

A.	Best	et	al,	EPJA	52,	72	(2016)	
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Why to go underground, an example 

Scenario Reaction EG[keV] σ [barn] Detected events/
hour 

AGB stars (80 MK) 14N(p,γ)15O 81 10-12 10-4 

1	barn=	10-24	cm2;	assume	1016	h-1	beam,	1018	at/cm2	target,	10-2	detec=on	efficiency	

Without	background,	for	10%	precision	one	need	100	counts.	With	this	count	rare	it	
would	take	115	years.	This	is	prac=cally	impossible.	
	
BUT	approach	as	close	as	possible:	Consider	100	=mes	higher	rate.	(10-2	event/h)	

Background	
count	rate		
(event	/	hour)	

Time	needed	to	
reach	10%	precision	
(years)	

Without	background	 0	 1.1	

Typical	overground	se_ngs	with	ac=ve	shield	 2*10-2	 5.7	

Deep	underground	 4*10-4	 1.2	
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Attenuation of the laboratory background underground	

Surface Felsenkeller Deep underground 
Signals	in	a	gamma	detector	
u  Direct	ionisa=on:	
u  con=nuous	energy	deposit		
u  up	to	100MeV	
u  Inelas=c	scadering;	con=nuous	

energy	deposit	of	several	tens	
of	MeV	

u  Inelas=c	scadering;	con=nuous	
energy	deposit	of	several	tens	
of	MeV	

u  Neutrons	up	to	max	5-8MeV	
but	mainly	thermalized	
neutrons	

u  Elas=c,	inelas=c	scadering,	and	
nuclear	reac=ons	producing	
max.	~10MeV	γ-rays	
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Attenuation of the laboratory background underground	

Surface Felsenkeller Deep underground 

The issues are: 
§  Energy loss of passing muons 

in the detector 
 → Active shield 

§  Interaction of cosmic-ray 
nucleons in the detector 

 → 10m rock 

§  (α,n) neutrons from natural 
radioactivity in the walls 

 → Passive shield 

§  Neutrons generated by muons 
→ 500m rock 
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GEANT4	simula=on	of	the	signal	of	the	cosmic-ray	components	in	HPGe	detectors	

u  Overground	the	soi	component	dominates	below	10	MeV	
u  This	component	becomes	negligible	if	a	15	cm	thick	lead	shield	is	applied	

T.	Szücs	et	al,	EPJA	51,	33	(2015)	
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What	if	ac=ve	shielding	is	applied?	

Surface Felsenkeller Deep underground 

Veto	factors	
	
u  200-300	

u  50-80	

u  50-80	

u  No	effect	
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Background,	in	a	typical	HPGe	detector		
in	the	Felsenkeller	(45	m)	
u  Combina=on	of	ac=ve	veto	and	45m	of	rock	shielding	gives		

a	factor	of	500	background	reduc=on	

u  Final	value	close	to	deep-underground	background	
T.	Szücs	et	al,	EPJA	48,	8	(2012)	

14N(p,γ)15O, 12C(α,γ)16O 

Factor	of	2.3	
difference	
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Reiche	Zeche	mine	/	Freiberg	/	Germany	(Measurement	at	150	m	depth)	

Freiberg	

u  Silver	mine	founded	in	1168	
u  Recently	a	Teaching,	Research	and	Visitor	Mine		
u  TU	Bergakademie	Freiberg	
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Background,	in	the	same	HPGe	detector	in	Reiche	Zeche	(150	m)	

u  One	and	the	same	HPGe	detector													
(Eurisys	Clover	with	ac=ve	veto)	

u  At	a	depth	of	150	m,	the	background	rate	
at	6-8	MeV	γ-ray	energy	is	consistent	with	
the	deep	underground	one	

Eur. Phys. J. A (2015) 51: 33 Page 7 of 9

Fig. 4. Comparison of all the spectra recorded. Upper left: Clover, no veto. Upper right: Clover, active veto. Lower left:
60% HPGe, no veto. Lower right: 60% HPGe, active veto. Black dotted lines: surface. Blue dashed lines: Felsenkeller (110mw. e.).
Red solid lines: Reiche Zeche (400 m w. e.). Green dash-dotted line: LNGS (3800m w. e.) [15]. Numerical values of count rates
are presented in table 3.

Table 3. Comparison of the recorded count rates in different energy regions, in the two detectors, at the investigated sites.
The shown numbers are in 10−3 counts / (keV hour). When less than 20 counts was observed in an energy bin, Poisson error is
quoted and shown instead of the square root of the counts. If no count was observed in a given region “0.000” and also Poisson
error of zero count is quoted. The energy regions where no data are available is indicated by “–”.

No active shield Veto detector active

Detector Site 6–8 MeV 8–10 MeV 10–15MeV 15–20MeV 6–8 MeV 8–10MeV 10–15MeV 15–20 MeV

HZDR 219± 1 154.7± 1.0 122.1± 0.5 97.8± 0.5 20.6± 0.4 9.0± 0.2 3.89± 0.10 1.53± 0.06

122% Felsenkeller 5.74± 0.11 4.44± 0.09 3.47± 0.05 3.01± 0.05 0.46± 0.03 0.180± 0.019 0.044± 0.006 0.008± 0.003

Clover Reiche Zeche 0.83± 0.08 0.45± 0.06 0.33± 0.03 0.32± 0.03 0.21± 0.04 0.11 +
−

0.04
0.03 0.028 +

−
0.012
0.009 0.028 +

−
0.012
0.009

LNGS 0.15± 0.03 – – – 0.18 +
−

0.05
0.04 – – –

60%

HPGe

HZDR 85.8± 0.3 62.9± 0.3 50.86± 0.17 45.79± 0.16 3.08± 0.07 1.12± 0.04 0.479± 0.016 0.248± 0.012

Felsenkeller 3.19± 0.07 2.35± 0.06 1.90± 0.04 1.72± 0.03 0.098± 0.013 0.041± 0.008 0.020± 0.004 0.011± 0.003

Reiche Zeche 0.40± 0.03 0.24± 0.02 0.151± 0.011 0.146± 0.011 0.008 +
−

0.006
0.004 0.002 +

−
0.004
0.002 0.000 +

−
0.001
0.000 0.000 +

−
0.001
0.000

The non-vetoed count rate in the Clover detector is about
a factor of two higher, as expected from the larger crys-
tal size. Beside the higher efficiency, the collimator of the
Clover contains tungsten. This material has a much higher
radiative neutron capture cross section than lead [31], en-
hancing the (α,n) signal in the detector. Below 10MeV,
the signal from (α,n) neutrons is also slightly higher in the
Clover compared to the 60% HPGe, because the thinner

Clover BGO is less efficient as a passive neutron shield,
and the BGO of the 60% HPGe is surrounded by addi-
tional 2 cm of lead.

Also the Clover has lower veto efficiency against the
muon-induced neutrons, due to its thinner BGO. The
number of veto signals created by these neutrons in the
BGO scales with the active volume of the veto detec-
tor.

110	m	w.e.	

0	m	w.e.	

450	m	w.e.	

3800	m	w.e.	

T.	Szücs	et	al,	EPJA	51,	33	(2015)	
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60% HPGe 
•  60% relative efficiency 
•  ~3 cm thick cylindrical BGO 

Clover: 
•  122% relative efficiency  
•  ~1.1 cm thick pyramidal BGO 

HPGe	γ	spectra	recorded	with	ac=ve	shielding	
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Neutron	flux	(Marcel	Grieger,	MSc	work)	

u  3He	counters	inside		
polyethylene	moderator	blocks	
of	various	sizes	

u  Same	setup	previously	used	at		
Canfranc	underground	lab,	Spain		
D.	Jordan	et	al.,		
Astropart.	Phys.	42,	1	(2013)	

Chapter 4. Analysis 44

FLUKA provides fluence information as di↵erential in energy, hence (4.3) should be

written as:

dR(E)

dE

=
1

'0

Z
d'(E)

dE

· �3He(E) · dE (4.6)

(4.5)
=

1

'0

Z
dl(E)

dE

· ⇢3He ·NA

M3He
· �3He(E) · dE (4.7)

l � neutron track length inside the counter gas

⇢ � density of the counter gas

NA � Avogadro constant

M3He � atomic weight of 3He

�3He � microscopic cross section 3He(n, p)3H

The only quantity that is determined by FLUKA is the track length l, every other

parameter is provided beforehand. For the BELEN-detectors using He-3 counters with

10 bar pressure (97% He-3, 3% CO2), responses are shown in Figure 4.7.
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Figure 4.7: Detector responses for P0 through P6

The responses show that the detectors cover di↵erent energy ranges. P0, the bare detec-

tor, has its peak at 10�8 MeV, just around the energy of thermal neutrons (2.5 · 10�8 MeV).
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Neutron	flux	(Marcel	Grieger,	MSc	work)	

u  Three	different	campaigns	show	
consistent	results	

u  Very	different	fluxes	at	three	
nearby	sites	(all	in	tunnel	IV)	with	
similar	muon	flux	

Site	 Intergated	flux		
[10-4	cm-2	s-1]	
	

Workshop	 2.1	

MK2	(Pb+Fe)	 4.6	

MK1	(rock)	 0.7	
Chapter 3. Neutron Background Measurement 31

Figure 3.3: Close-up view on tunnel IV. The neutron flux measurement has been
carried out in MK2, WSh and MK1.

3.2.1 Messkammer 2 - MK2

Figure 3.4: Detector placement in Messkammer 2.

Messkammer 2 is the newest measuring chamber in the VKTA laboratory. For this reason

it was suspected to have the lowest neutron count rate beforehand, thus being allocated

the longest measuring time. The walls consist mostly of lead and steel (Figure 3.5). Due

to place restrictions inside the chamber, the detectors have been placed alongside the

wall, using tables of equal height (see also Figure 3.4). The measurement in MK2 took

place from 15.12.2014 to 16.01.2015.
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Felsenkeller, muon flux measurement 

Figure 2. The measured 2π cosmic background in m−2sr−1s−1 units from the detector point
of view at the place of the proposed accelerator-based experiment. The detector was oriented
to 350◦ to the magnetic North. The measurement error is typically 3-10% statistical and 5%
systematic.

5. Summary and Conclusions
The cosmic background have been measured in the full 2π solid angle of the upper hemisphere
by the newly developed portable tracking detector at an underground laboratory in Felsenkeller,
Dresden, Germany. As we expected, the maximum muon flux value is found to be below 2.5
m−2sr−1s−1. The results quantify the shielding of Felsenkeller tunnel system for the proposed
radioactive ion beam experiments. The portability, reliable tracking performance, low power
consumption and the good angular resolution make the presented Muontomograph to be a
useful tool to perform reference measurements of cosmic background.
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acceptance, time of measurement, trigger efficiency and angular-dependent tracking efficiency
as well. See more details in Refs. [5, 6].

4. Results
The muon telescope reliably operated during the 44 days meanwhile, about 477k events were
collected all together. This statistics were satisfactory for our analysis. The first step was to
compare the measured vertical flux to earlier data in the units of m−2sr−1s−1. As shown in
Fig. 1 data are in good agreement with the earlier measurements and empirically parametrized
curve [7].

In Fig. 1, the blue circles are for data and green dashed lines both taken from Ref. [7]. Red
and black dots are taken by the Muontomograph from earlier and this measurement respectively.
As black triangle denotes, the vertical flux is 1.78± 0.23 in the tunnel of Felsenkeller under 50
meter-rock-equivalent depth with the rock density of 2.40± 0.2 g cm−3.
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Figure 1. The vertical absolute cosmic muon flux (m−2sr−1s−1) versus density depth (hg cm−2).
Our measurements are compared to the empirical formula, which based on an earlier work [7].

Using the 6 data sets listed in Table. 1 all overlapping zenith and azimuth directions were
merged and binned using the SURFER 9.0 [8] software. The obtained flux-map of the cosmic
muon background is shown in Fig. 2, where the flux of cosmic muons appears with color-scale
contours in units, m−2sr−1s−1 as a function of zenith and azimuth angles. The red contour lines
show the overburden rock thickness above the detector in meter-rock-equivalent, which has been
calculated based on our laser scanning total station shots — in parallel with the data taking.

As expected, the measured muon flux correlates well with the overburden rock thickness: the
colour scaling and the red contours are mainly parallel to each other in Fig. 2. The maximum
muon flux is found to be below 2.5 m−2sr−1s−1. The highest flux were measured in the direction
of the zenith and the entrance of the tunnel to West.

The obtained vertical absolute flux in Fig. 1 and the flux map in Fig. 2 provide well defined
baselines for the design of the proposed accelerator-based experiments in the Felsenkeller site.
However, we note, other natural background sources might also exist, which should be targets
of forthcoming checks.

u  Rock	overburden	130	m.w.e.,	slightly	
higher	than	in	the	nearby	exis=ng	low-
ac=vity	lab	(110	m.w.e.)	

L.	Oláh	et	al,	J.	Phys.:	Conf.	Ser.	665,	012032	(2016)	
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Muon	flux	measurements	(Felix	Ludwig,	MSc	work)	
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60%	HPGe	@	Felsenkeller	

A.	Best	et	al,	EPJA	52,	72	(2016)	
scaled	for	same	Ge	mass	
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Thank	you	for	your	aden=on!	


