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Abstract. The MPIfR 100 m telescope, the NRAO 12 m telescope, and the IRAM 30 m telescope were used to search for
low lying rotational transitions of the water dimer, (H2 O)2 , toward the Galactic cloud cores Orion-KL, W51 d, W51e1e2,
NGC 7538, Sgr B2(M) and L134N, and toward comet HaleBopp. The comet was observed on December 20, 1996 and
March 25/26, 1997 (i.e. near perihelion on April 1) at 24 GHz.
No lines of (H2 O)2 were found. Our limit for the abundance of
(H2 O)2 relative to that of water (from H18
2 O data) is typically
< 10−4 toward dense cloud cores. Toward Orion-KL an even
more stringent limit of <8 10−6 is derived. The abundance of
(H2 O)2 relative to H2 is typically < 10−10 . Our data show that
at perihelion the production rate of the water dimer of comet
C/1995 O1 (Hale-Bopp) was < 5.7 1029 s−1 . This is less than
6% the production rate of H2 O.
Key words: ISM: abundances – ISM: molecules – radio lines:
ISM – line: identification – molecular processes – comets: individual: C/1995 O1 (Hale-Bopp)

1. Introduction
Between any molecules one can find a weak attractive interaction. This so called van der Waals interaction is due to electrostatic forces, induction and dispersion, the first two depending
strongly on the relative position of the partners. If this attraction
is stronger than the repulsion between the two molecules, stable
complexes, which are also known as “dimers”, can form. These
bonds are usually weak compared to chemical bonds.
Emission from dimers has been detected in planetary atmospheres (Frommhold et al. 1984). It is unknown how much of
the mass of the interstellar medium (ISM) is tied up in such
dimers. It has even been suggested that some of the dark matter in the outer part of disk galaxies may consist of H2 dimers
(see the discussion in Combes & Pfenniger 1997). Dimers have
been proposed to be a major constituent of cometary matter
(Krasnopolsky et al. 1988). Interstellar grain mantles, which
are thought to be similar in composition to cometary ices may
be a reservoir for dimers.
Send offprint requests to: M. Havenith

The few previous searches (e.g. Liszt 1978, Vanden Bout et
al. 1979, CO-CO; Schenewerk et al. 1985, HCN-HCN) were unsuccessful, partly because no reliable laboratory measurements
were available. Within the last years there has been significant
progress in this field. New experimental techniques were developed which give access to precise transition frequencies.
After H2 , the next most abundant molecule is believed to be
CO, which has a dipole moment of only 0.1 Debye. The H2 -CO
dimer is only weakly bound. Although the large abundances of
CO and H2 may be favorable for the production of H2 -CO, the
bond of this complex is easily destroyed by shock waves. The
limits recently obtained for this dimer (Allen et al. 1997) show
that this complex is not very abundant in the ISM.
We have searched for the (H2 O)2 complex toward Galactic
sources and toward comet C/1995 O1 (Hale-Bopp). The dimer
is composed of two rare molecules, and therefore requires very
high densities to be produced in the gas phase. Our decision to
search for (H2 O)2 was based on four reasons: First, the transition
frequencies are well known. Second, water is rather abundant in
ices in interstellar cores and cometary nuclei. Therefore dimers
have a chance to form. Third, from the observations of deuterated water, grain mantle evaporation is a common phenomenon
in hot molecular cores (Gensheimer et al. 1996). Finally, the
relatively strong bond suggests that water dimer might survive
the evaporation process and has a comparably long lifetime in
the interstellar and interplanetary gas.
2. The water dimer
2.1. The structure of (H2 O)2
The water dimer is a simple type of a hydrogen bonded complex. The binding energy of this kind of intermolecular bond is
between the pure van der Waals bonds, which are typically in the
range of 10—20 meV and chemical bonds (e.g. CO: 11.2 eV).
The binding energy for (H2 O)2 is 0.22 eV (2500 K), and it corresponds to half the binding energy of the weakest chemical bond
(i.e. that of the Cs2 molecule). The structure of the water dimer
has been deduced from measurements by Dyke et al. (1977) and
Odutola et al. (1988). The structural information was obtained
from microwave and radiofrequency measurements using isotopic substitution effects, Stark effect measurements and mea-

M. Scherer et al.: A search for (H2 O)2 in the Galaxy and toward comet Hale-Bopp

1071

Fig. 1. The structure of the water dimer, and its energy level diagram. The (J, K) asymmetric top levels are shown for each of the six tunneling
states (A1,2 , B1,2 , E1,2 ). For the K = 1 and K = 2 levels, the asymmetry doubling is neglected.
Table 1. Observed (H2 O)2 lines
J 0 , K 0 , Γ0 — J 00 , K 00 , Γ00

ν ∆E b µ2ij f (5 K)a
GHz.
K
D2
10−3
2,0E − — 1,0E +
24.28432
10.2 4.6
14.5
6,0E + —5,0E −
73.88403
9.4 3.8
17.1
+
8,0A−
—
7,0A
78.75559
26.6
3.7
0.54
2
2
7,0E − — 6,0E +
86.17950
12.9 3.7
8.4
6,1B2− — 5,1B2+
91.08690
20.8 3.7
3.4
9,0B2+ — 8,0B2−
91.09928
31.3 3.7
0.42
6,0B2− — 5,0B2+
92.33456
17.9 3.8
6.1
a) fraction of molecules which are in the lower state, see Sect. 2.3
b) energy of the lower level above the ground state

surements of the hyperfine structure. The resultant structure,
which is shown in Fig. 1 together with an energy level diagram,
has an oxygen-oxygen distance, r, of 2.98 Å. The proton accepting and donating water axes have an angle of φ1 = 58(6) and
φ2 = 51(6) degrees with respect to the intermolecular axis connecting the two oxygen molecules and the proton donating axis,
respectively. The structure deduced from the measurements is in
excellent agreement with that predicted by ab initio calculations
(Matsuoka et al. 1976, Odutola et al. 1988, Amos 1986).

f (10 K)a
10−3
5.2
20.7
5.0
17.2
13.2
7.1
17.6

f (100 K)a
10−3
0.16
0.60
0.68
0.68
1.1
1.5
1.1

This structure is consistent with a linear hydrogen bond and
the proton acceptor tetrahedrally oriented to the hydrogen bond.
Stark effect measurements on different rotational line yielded
the dipole moment of (H2 O)2 (Dyke 1977). A least-squares fit
of the second order stark coefficient C2 led to µa = 2.633(4) D
and µb ∼
= µc ∼
= 0 D (Coudert et al. 1987), which is in good
agreement with that determined by Dyke et al. (1977).
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2.2. Tunneling modes and level pattern of (H2 O)2
Although one might think of the water dimer as a molecule
which has a definite structure, e.g. binding length and angles,
the spectrum is greatly complicated by the effect of tunneling
motions of the constituent H2 O molecules. The observed spectrum could only be interpreted in terms of a theoretical model
which includes all feasible proton-exchange tunneling motions
in the dimer (Dyke et al. 1977). It is assumed that all tunneling splittings are small compared to the vibrational frequencies
of the dimer. As a consequence each rotational level of the Cs
symmetry of the water dimer is split into six sublevels (Fig. 1).
Each of these six vibrational tunneling levels has its own statistical weight and rotational structure, and only a small number
of them are following a near rigid-rotor type pattern.
It was possible to fit all measured data using a model as
developed by Hougen (1985), Coudert et al. (1987) and Coudert & Hougen (1988, 1990), which shows the existence of four
large amplitude motions. The tunneling with the lowest barrier
corresponds to a 180o rotation of the hydrogen accepting H2 O
monomer about its two-fold axis of symmetry during which the
hydrogen bond in the axis is not changed. This motion leads
to a splitting into two states, separated by approximately 200
GHz. The next most likely motion is an interconversion tunneling motion, in which the hydrogen donor/acceptor roles of the
two water monomers are interchanged. Formally, this motion
corresponds to a 90o geared rotation of each monomer about
its two-fold axis of symmetry, accompanied by simultaneous
readjustment of the wagging angles. This motion splits each of
the levels into three states, one of them being doubly degenerate. The magnitude of the splitting between the upper and lower
level in the pattern amounts to 19 GHz. The other two tunneling
motions are the following: A geared rotation of both monomers
about axes perpendicular to the plane of symmetry of the dimer
by which the hydrogen in the hydrogen bond is changed and a
90o anti-geared rotation of the two monomer units about their
two-fold axis of symmetry accompanied by wagging readjustments. These further tunneling motions had to be proposed as a
consequence of measurements (Hougen 1985).
The high resolution data set (see Coudert et al. 1987 for
an overview) include microwave measurements as obtained by
Dyke (1977), Coudert et al. (1987), Martinache et al. (1988),
and Fraser et al. (1989 a, b) as well as FIR data of Busarow et
al. (1989). We searched for water dimer lines in the interstellar
medium at transitions around 24 and 74—92 GHz as listed in
Coudert & Hougen (1990).
2.3. The partition function
Since only a small number of transitions have been measured
so far, most of the levels had to be predicted toPobtain the
gi (2Ji +
partition function. This is given by p(Tex ) =
1) exp (−Ei /kTex ) (gi statistical weight, see Fig. 1, E: energy
above the ground, Tex : excitation temperature). We followed
the model developed in Dyke (1977) and Coudert & Hougen
(1988, 1990) neglecting the K asymmetry doubling. This cor-

responds to an extrapolation of the measured energy pattern
toward higher energies. In addition, we considered all low lying
van der Waals modes of (H2 O)2 . These are expected to be at
125 cm−1 , 142 cm−1 , 149 cm−1 , 174.5 cm−1 , 365.5 cm−1 and
597 cm−1 following the calculation of Amos (1986). In Table 1,
we list f (Tex ), the fraction of all water dimer molecules which
are in the lower state of the observed transition for typical values of Tex . At high excitation, many levels are populated. This
tends to decrease f for a given state. The 3 mm transitions chosen for our search are typically 20 or 30 K above the ground
state. Therefore they are quite well matched to be observed toward hot cores. We chose not to search for lines with a higher J
because their frequencies are less well determined and because
excitation conditions are less clear.
2.4. Dipole matrix elements
The dipole matrix elements µ2ij = µ2 S/(2Jl + 1) are required
to estimate the column density from the observed line intensities
(see Eq. 1). Jl is the rotational quantum number of the lower
level involved and µ is the dipole moment. We assumed µ ∼
µa ∼ 2.6 D. S is the line strength, which is tabulated in the
Appendix V of Townes & Schawlow (1975).
Since (H2 O)2 is far from being a rigid asymmetric top
molecule, the rotational constants A, B, and C lose their meaning as structural parameters. The E-type symmetry is the symmetry which follows most closely a rigid rotor type pattern. We
have therefore fitted A, B and C values for E-type transitions
and have calculated µij for all symmetries using these constants.
However, these values are only rough estimates since for transitions of the A and B symmetries, a tunneling motion is involved.
For a rigorous calculation of the line strength, the tunneling path
would have also to be taken into account. Since (H2 O)2 is close
to being a prolate molecule, we assumed that the value κ (see
Townes & Schawlow 1975) is about −1. Therefore, the quantum number K in our nomenclature equals approximately K−1
in Townes & Schawlow (1975). The derived estimates for µ2ij
based on this structure are given in Table 1.
3. Observations
The transitions which we observed were taken from the list of
Coudert & Hougen (1990). These are listed in Table 1 together
with their quantum numbers are their tunneling state Γ.
The observations have been made using the NRAO 12 m
telescope1 on Kitt Peak (beam width ∼ 6000 at the search frequencies), the IRAM 30 m telescope on Pico Veleta (beam: 3000 ),
and the MPIfR 100 m telescope in Effelsberg (beam: 3800 ). For
all measurements we employed the position switching mode.
The focus and pointing corrections were based on continuum
scans through nearby continuum sources. The 100 m data were
calibrated using continuum measurements of 3C 48, assuming
a flux density of 1.1 Jy (Ott et al. 1994). The data observed with
1

The National Radio Astronomy Observatory is a facility of the
National Science Foundation operated under cooperative agreement
by Associated Universities Inc.
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Table 2. H2 O Dimer line search results
h
ν
Date
RMSb
Nlg
Ntot
GHz.
dd/mm/yy
mK
1010 cm−2 1013 cm−2
Ori-KL
100 m
24.284
22/12/96
3c
<10
<63
100 m
24.284
26/3/97
4
<13
<81
12 m
78.756
3/6+22/996
6
<8
<12
12 m
86.180 2/6 +22/9/96
20f
<23
<34
30 m
86.180
27/8/96
20f
<23
<34
12 m
91.087
2/6/96
6
<7
<7
30 m
91.087
26/8/96
20e
<22
<21
12 m
91.099
2/6/96
6
<7
<5
30 m
91.099
26/8/96
7
<8
<5
30 m
92.335
25-26/8/96
9d
<9
<8
L134N
12 m
86.179
2/6/96
6
<2.5
<0.3
SgrB2(M) 100 m
24.284
20/12/96
18
<89
<560
W51d
100 m
24.284
21/12/96
3
<15
<94
12 m
73.884 30/6+22/9/96
10
<20
<33
12 m
78.756
3-4/6/96
6
<11
<16
12 m
86.180
2/6/96
3f
<5
<7
30 m
86.180
25-31/8/96
10f
<17
<25
12 m
91.087
4/6+22/9/96
3
<5
<5
30 m
91.087
24-27/8/96
9
<15
<14
12 m
91.099
4/6+22/9/96
3
<5
<3
30 m
91.099
24-27/8/96
9
<15
<10
30 m
92.335
24/8/96
12
<19
<17
W51e1/e2 30 m
86.180
25/8/96
20f
<42
<62
30 m
91.087
24/8/97
15
<30
<28
30 m
91.099
24/8/97
15
<30
<20
30 m
92.335
24/8/97
11
<21
<19
NGC7538 12 m
86.180
2/6/96
4f
<5
<7
Hale-Bopp 100 m
24.284
21/12/96
9c
<7
<44
100 m
24.284
25-26/3/97
10c
<8
<50
a) Source positions (α1950 , δ1950 ) and assumed LSR velocities are: Orion KL: 5h 32m 46.s 7, −05o 240 2400 , 8.0 km s−1 ; L134N: 15h 51m 32.s 7,
−02o 420 5100 , 2.5 km s−1 ; Sgr B2(M): 17h 44m 10.s 6, −28o 220 0000 , 60.0 km s−1 ; W51d: 19h 21m 22.s 0, +14o 250 1700 , 60.0 km s−1 ; W51e1e2:
19h 21m 26.s 3, +14o 240 3600 , 60.0 km s−1 ; NGC 7538: 23h 11m 36.s 5, +61o 110 4900 , −56.5 km s−1
b) The RMS refer to a channel width of 3.6 km s−1 , except for L134 and Hale-Bopp, where they refer to 1.2 km s−1 wide channels.
c) In Orion, the 202 − 101 E and 202 − 101 A lines of CH3 OHCO (methyl formate, rest frequencies 24.29652 and 24.29847, Lovas 1991) were
observed in the same band with an intensity of 113 and 133 mK. The rest velocity is 7.9 km s−1 and the line width 2.3 km s−1 . These lines were
not detected toward comet Hale-Bopp.
d) this limit is determined by line confusion
e) this limit is estimated taking into account a blend with a line at 91.0896 GHz (assuming vLSR =6 km s−1 ). A Gaussian fit to that line yields
TMB =78 mK and ∆v1/2 = 10(1) km s−1 .
f) this limit is taking into account a blend with the 67 − 56 line of CCS (rest frequency: 86.1814 GHz, Lovas 1991). A Gaussian fit of the 30 m
data to the CCS line in Orion yields TMB = 54 mK and ∆v1/2 = 3.4 km s−1 , and toward W51d: TMB = 31 mK and ∆v1/2 = 12 km s−1 ,
W51e1/e2: TMB = 87 mK and ∆v1/2 = 7 km s−1 . From the 12 m data for NGC 7538, the CCS line has TMB = 20 mK and ∆v1/2 = 4 km s−1
g) Nl was estimated using 3 times the RMS and the linewidth expected for thermal water lines: 7.3 km s−1 for Ori-KL, 11 km s−1 for Sgr B2(M)
and W51d, 13.5 km s−1 for W51e1e2, 8.5 km s−1 for NGC 7538 (Gensheimer et al. 1996), 1.8 km s−1 for Hale-Bopp (e.g. Bird et al. 1997),
and 1.1 km s−1 for L134N (Swade & Schloerb 1992).
h) Computed from Nl and a partition function based on a common Tex of 5 K for L134N and 100 K for all other sources.

Sourcea

Telesc.

the 30 m and 12 m telescopes were calibrated using a chopper wheel method. All temperatures are given on a main-beam
brightness temperature scale.

1.2 km s−1 . For the perihelion observations of Hale-Bopp, we
used the same ephemeris and observing procedures as described
in Bird et al. (1997).

At the MPIfR 100 m telescope, a K-band maser was used.
The system noise corrected for absorption in the earth’s atmosphere and telescope efficiency is ∼ 300 K. The spectrometer
was a 1024 channel autocorrelator with a channel separation of
50 or 100 kHz, corresponding to a velocity resolution of 0.6 or

At the NRAO 12 m telescope, a dual channel, single sideband, SIS receiver with typical system temperatures of 250 K
was used. As spectrometers we placed either half of a 1024
channel hybrid spectrometer on each of the two receiver channels. The channel separation was 97 kHz (i.e ∼1.2 km s−1 ).
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Only for the dark cloud L134N, we used a higher resolution of
24 kHz (0.3 km s−1 ).
At the IRAM 30 m telescope two single channel SIS receivers were used. As backends we used filterbanks with a channel separation of 1 MHz (3.6 km s−1 ).
4. Results and discussion
The results of our search are summarized in Table 2. In all cases,
only upper limits to the emission of the water dimer can be given.

We summarize that water dimers apparently make up only a
small fraction of the water in the dense interstellar medium, even
in hot cores where complex molecules have recently evaporated
from grains and where chemical equilibrium still has not been
reached. It is not clear whether this is due to a lack of such
complexes in evaporating interstellar ice, whether the bonds are
destroyed in the process of evaporation or whether the chemical
timescales in which water dimers react and recondense into
larger clusters are just too short.
4.2. Water dimers toward comet Hale-Bopp

4.1. The interstellar abundance of water dimers
We computed limits to the beam averaged column densities in
the lower levels, Nl , of the observed transitions given in Table 2
using
R
TMB dv
,
(1)
Nl = η 1.67 1014 cm−2
νµ2ij
with
1
1
Tex
−
)−1
(
(2)
T0 exp(T0 /Tex ) − 1 exp(T0 /2.7 K) − 1
R
Here, TMB dv is the integrated line intensity in K km s−1 ,
T0 = hν/k, ν is the line frequency in GHz and the dipole
matrix element (see Sect. 2.4) µ2ij = µ2 S/(2Jl + 1) is in D2 .
This equation is valid for optically thin emission (see Rohlfs
& Wilson 1996). The values of Nl given in Table 2 correspond to three times the measured RMS and to the expected
line width in each source. Using the function f (Tex ) and the
individual Nl given in Table 1, we estimate limits to the total
column density, Ntot ; these are typically 5 1013 cm−2 . We assumed Tex = 100 K for Hale-Bopp (Bird et al. 1997) and also
for the Galactic hot cores. Although the kinetic temperatures in
these hot cores may in some cases exceed 200 K (Mauersberger
et al. 1996), our beam probably also picks up emission from
a more extended, cooler component. Only for the dark cloud
L134 N, we assumed a value of 5 K (Swade 1989). For each of
the sources, we compile the most stringent limits obtained from
the individual observations in Table 3. These are compared to
the column densities of H2 O and H2 obtained with beamsizes
similar to that of our water dimer measurements. The abundance
of (H2 O)2 relative to that of water is typically < 10−4 toward
the dense cloud cores; toward Orion-KL an even more stringent
limit of 8 10−6 is derived. The abundance of (H2 O)2 relative to
H2 is typically < 10−10 .
It is interesting that the 91.087 GHz line frequency used
in our search happens to be in the spectrometer band used by
Allen et al. (1997) to search for CO-H2 . In none of their sources
(TMC 1, L 1157, 2013+370 and L 134 at a position different than
ours) did they detect a signal. The typical noise they quota for a
1 MHz channel was 5 mK for the dark clouds. This is similar to
the limit we report for L134 N, although our velocity resolution
is much finer to search for narrow lines, which are characteristic
for such cold clouds, and we conclude that the column densities
12
−2
of (H2 O)2 are <
∼ 10 cm , as in L 134N.
η=

Molecules are destroyed by the solar UV field within typically
several 1000 s after they have evaporated from the surface of a
comet. Murad & Bochsler (1987) estimated that the lifetime of
the water dimer in the solar radiation field is 104 s at a distance of
1 AU, which is an order of magnitude smaller than the lifetime
of water.
For an unresolved source, the molecular production rate Q
is related to the beam averaged column density N by
Q(mol) = N (mol)

π∆2 θ2
2
4τ rAU

(3)

(Snyder 1982). Here, ∆ is the geocentric distance (in cm), rAU
is the heliocentric distance of the comet in AU, θ is the beam
width of the telescope in radian. This can be written in more
convenient units:
Q(mol) = 4.1 1015 N (mol)

(θ00 )2 ∆2AU
,
2
τ rAU

(4)

where θ00 is the beamwidth in arcseconds, Q is in s−1 and N
in cm−2 . From our March 1997 observation, the upper limit
of the production rate of the water dimer in Comet Hale-Bopp
was 5.7 1029 s−1 (with τ = 104 s, ∆=1.35 AU, r=0.97 AU, θ =
3800 ). The water production rate at that time is still debated.
Schleicher et al. (1997) and Dello Russo et al. (1997) estimate
a value of 4—5 1030 s−1 , while a value of 1 1031 s−1 has been
proposed from radio observations of OH (Colom et al. 1998).
Assuming that the radio data give a more reliable estimate of
Q(H2 O), an upper limit for the relative production rate of the
water dimer is therefore <6%.
This does not necessarily reflect the conditions at the
cometary surface, since (H2 O)2 can be chemically produced and
destroyed in the coma after the evaporation process, and water
dimers will partly recondense into large clusters as pointed out
by Crifo & Slanina (1991). Our limit casts doubt on the suggestion by Krasnopolsky et al. (1988) that water dimers make
up 25% of cometary parent molecules; it is consistent with the
models by Crifo & Slanina (1991), which predict an abundance
of 10−5 .
Note that for excitation temperatures around 100 K the lines
in the 3 mm range are much more sensitive indicators of the
column density of water dimers than the 24 Ghz line we observed. Unfortunately we had not been granted time at a mmwave telescope around Hale-Bopp’s perihelion. It is, however,
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Table 3. 3 σ limits of column densities and relative abundances of (H2 O)2
Source

beam
00

N ((H2 O)2 )a
1013 cm−2
<5
<0.3
<560
<10d
<19
<7
<50e

N (H2 O)
1017 cm−2
61
4.3
7.9
0.35c
-

N (H2 )
1023 cm−2
10
0.065
22
5
10
0.6
-

(H2 O)2
H2 O
−4

(H2 O)2
H2
−10

Ref.b

10
10
Ori-KL
30
<0.08
<0.5
1,2
L134N
60
<4.6
3
SgrB2(M)
36
<25
4
W51d
30
<2.3
<2.0
1, 5
W51e1/e2
30
<2.4
<1.9
1, 5
NGC 7538
60
<20
<12
6, 7
Hale-Bopp
38
<600
8
a) 3 σ limits
b) Refs.: 1: Jacq et al. (1990), 2: Keene et al. (1982), 3: Swade (1989), 4: Goldsmith et al. (1987), 5: Jaffe et al. (1984), 6: Gensheimer et al.
(1996), 7: Werner et al. (1979), 8: Colom et al. 1998
c) Scaling the 1200 data to a 10 beam assuming an unresolved H2 O source.
d) the most stringent limit for a 3000 beam
e) at perihelion

worthwhile to investigate other line observations for a serendipitous detection of one of the numerous mm-wave transitions of
(H2 O)2 . For this, we suggest to use the compilation of transition
frequencies by Coudert & Hougen (1990). Even a non-detection
could yield much lower limits for the relative abundance of the
water dimer than we were able to obtain.
We detected the 202 − 101 E and 202 − 101 A lines of
CH3 OHCO (methyl formate) toward Orion-KL but not toward
comet Hale-Bopp. From this non-detection, the limit to the production rate of this molecule is consistent with the production
rate estimated from a mm-wave detection of CH3 OHCO by
Colom et al. (1997).

5. Conclusions
We have searched for several lines of the water dimer, (H2 O)2 ,
toward Galactic hot cores and for one line toward one Galactic
dark cloud and toward comet Hale-Bopp. Our main conclusions
are:
– No emission of water dimer lines was detected. This leads
to upper limits of the (H2 O)2 /H2 O abundance of typically
10−4 and in the case of Orion of 8 10−6 . Together with the
limits for the CO-H2 given by Allen et al. (1997) these are
the most stringent limits given for van der Waals complexes
in the ISM.
– Our nondetection of the water dimer toward comet HaleBopp limits the production rate to < 5.7 1029 s−1 at perihelion, and the (H2 O)2 /H2 O abundance to < 6%. We suggest
to look for serendipitous detections of (H2 O)2 in archived
observations of Hale-Bopp.
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