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Abstract

Two positions of interest are proposed in the “Nuevo Estudio Conceptual”
(NEC) of ANDES [1]. In this short note a study of the impact of the exact
location on the background muon flux is presented. Any location in between
the two considered positions of interest seems acceptable.

1 Introduction

One of the most relevant parameters for a deep underground laboratory is the rock
overburden. The Agua Negra tunnel seems able to provide a depth of about 1700 m,
very competitive with other underground laboratories and compatible with the sci-
entific programme thought for the laboratory. While the vertical depth is usually
the number quoted, other parameters are relevant. One can consider the minimum
overburden, but in fact the important parameter is the muon flux. In this short note
a simple estimation of the muon flux is computed for locations around the deepest
points of the Agua Negra tunnel in order to estimate an ideal location.

2 Depth estimation

Data from the Shuttle Radar Topography Mission of NASA [2] was used to get 3
arc-second resolution elevation data of the area of the Agua Negra tunnel. Better
accuracy maps have also been studied, but no significant differences were found.
The tunnel coordinates, including the slope, were extracted from Agua Negra doc-
uments [3].

The vertical depth and minimum omnidirectional depth were computed in an
area encompassing the two locations “Variante 1”” and “Variante 3” proposed in the
NEC. A map of these depths can be seen in figure 1. A significant difference of
about 100 m is found between the two locations.



-200

Northing [m]
i

-400

El

-600

me 1m0
me 12
2
1o 1720

730 1731

e
s
1

21

5.
s
s
2
m
715

719

Technical ANDES Note
TAN-2018-002

Vertical depth [m]

mz

-200

Northing [m]

-400

-600

1810

1614

17

gigiggpageeiiiags

-800 -600 -400 -200 0 200
Easting [m]

Minimum omnidirectional depth [m]

1512

1520

1529 1504

5% 155 1529 1825 122 1519 1516 1512

1548 52 15 153 1532 1528 1525 1821

1558 852 1545 1545 1541 1538 1533 1529

1568 1562 1555 1555 1550 1546 152 1538

1578 1571 1565 1564 1550 1555 1551 1547

1589 1581 1577 1573 1568 1564 1560 1555

150 1591 1586 182 178 1573 1569 1565

1600 1600 1596 1502 1587 1583 1579 1674

1620 1610 1606 1601 1507 150 1528

1638 160 1620 1615 1611 1606 1539 153s|
1647 1% 1629 1625 1621 1615 1548 1545|

1619 1640 1648 1648 1638 164 160 1625 1558 1954
162 1640 = 1648 1643 1639 1635 167 1582]
163 tose t6s1 1067 1657 1653 160 1645 1878 1871
162 1646 1653 662 1659 1855 1885 1580)
1628 1648 1655 1669 1665 1504 1589|
160 1650 1657 1670 1603 1528
152 1652 1659 1 re 1613 1608
1835 54 1681 1623 1618
= 657 1664 1633 1629)
1600 1659 1665 164 1639)
1604 1662 1689 1655 1650)
147 1665 1 1685
161 1660 107
1655
1850

-800 -600 -400 -200 0 200
Easting [m]

Figure 1: Vertical and minimum omnidirection overburden for possible locations of
ANDES. The two proposed “Variante 1 and “Variante 3” locations are indicated,
together with the two road tunnels and the extra ventilation tunnel. The (0,0) coor-
dinates are located at the ventilation cavern. A difference of above 100 m is found
between the two variants.



However, the relevant parameter is not the depth but the total muon flux. For
example, the left position, “Variante 3, on the border, may seem to have more
overburden, but gets significant muon flux from both sides, while the right one,
“Variante 17, has a lot of overburden on the west side and gets most of its flux from
the east. To take this into account, a uniform muon flux was integrated moving the
point of interest over the whole area (taking into account the tunnel slope), providing
normalised muon maps as seen in figure 2.

Once the integration over the full solid angle is done, the difference between the
two sites is much less. While a 100+ m difference can translate into a difference
of up to 60% in muon flux, the full integration gives a difference of only 5-10%.
The two positions, “Variante 3” and “Variante 17, delimit an area where the flux
is minimal, and any position in between is satisfactory from the scientific point of
view. This analysis also confirms the southern side of the tunnel is favoured, with
fluxes on average 30% lower than on the northern side at close distance from the
tunnel.

3 Conclusions

After integration of the muon flux, there is no strong restriction from the science
side on which option is chosen for ANDES. Any location to the south of tunnel
between the border and the ventilation cavern is roughly equivalent within 10% of
the muon flux. An independent crosscheck of the study was made and confirmed
its results [4]. If “Variante 1” is chosen, it would be better to have the exit tunnel of
the laboratory coincide with the access to the ventilation cavern.
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Figure 2: Muon flux normalised to the one at the centre of the laboratory in “Vari-
ante 3”, on the border. Any location between the two proposed variants receives a
similar muon flux within 10%.



