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ABSTRACT
‘We have found the refractive index of iiquid orthodéuteriurh at
' 24;2°K and 3200 A to be 1.4321 +£0.0025. .Thi‘s is in agreelfnent wit.h’the
- value calc_uléted from the Lorentz-Lorenz relaﬁdn, the Lorehtz theory
of the dielectric constant, and the measured dispersion of deuterium gas.
Our measurements also yield a rough value fof the difference in molec-
ﬁlaf polarizabilities of deuterium and hydfogen, Ac/a = (2.3 :l:f1.9)% .

Tﬁé meésurement was a coincidental result of a particle-physics
experiment in .\%zhich Cerenkov counters were used with eii:her liquid hy-
drogen or liquid deuterium as a radiating rhedium. The ratio}_ of the re-
fractive in&ices of the two sﬁbsta"nce-s was detérmined from the change

in response of the counters when the radiating medium was éhanged.
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A recent expe:riment to compare the li‘f.etimes of at and
mesons in a check of CPT invariance em‘ploy'ed two differential Ceren-
kov counterévwhich éould be used With.'eithe‘r liquid hjrdroge"nv or liquid
deuterium as a radiating mediumi). While the Cerenkov counters were
being designed, we found that no experimental measurements of the re-
fractive index of liquid ‘deuterium had Been publiéhed.  The purpose of
thils> note is to report the value ‘of thé vilv'ldex which was célcuiated from
~our dé.ta, by comparing the velocity accéptance of each counter when
filled with liquid deuterium with the velécity acceptance obse.rved using
liquid hydrogen. -

+ When a particle of velocity fc (c = velocity of lighf) traverses a
'transparen‘t mediurh of réfractive index n, “Cer.er‘).kovvlight is produced
at an angle 6 to the direct':ion. of motion, where

cos 8 = 1/np < 1. - ' (1)
Our Cerenkov counteré ré_sponded only to light within the angular range
8°< 0 < '14°I , from particles with B = 0.92>i0.01v when filled with liquid
hydrdgen,' and from particles with a somewhat lower'velocityv(corre-
sponding to the same range of 0) When filled with liquid deuterium. By -
measuring a counter's efficiency as a function of incident beam momen-
tum, a éteep-.sided momentum-response curve was obtained. This |
curve had a short flattop near a ce‘ntralz rﬁomentum, with steeply sloping
sides (30% change in efficiency for a 1% changé in momentum) at a |
higher and lower momenta. ‘By comparing the steep sicies of the curve
obtained from a counter filled with liquid deuterium with those obtained
using liquid.hydrogen, it was possible to find the ratio of the central

velocities. If Eq. (1) is evaluated for both hydrogen (H) and deuterium
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(D) as radiating media, we obtain nD/nH= 6H/[3D. Thus, the velocity
ratio gives the index of refraction of liquid deuterium relative to the
.vind'ex for liquid hydrogen, which is known rather wellz’ 3). The uncer-
tainty in the measured ratios is mainly due to the fact that momentum-
response curves obtained with liquid hydrogen and liquid deuterium
differ slightly in shape. |

Two independent measurements of nD/n were made, one using

H
each Cerenkov counter. - The counters were sensitive to somewhat dif-
ferent portions of the spectrum of Cerenkov light, .each spanning a range
of about 1000 A about central wavelengths of 2900_1&_'and 3450 A. - The
absolute refractive index np was 'found using the index of liquid para-
hydrogen4) measui'ed.by Diller3) at 54_@2 A;_

In order to extrapolate Diller's measurer‘nentvto our wavelengths,
. the fol_lowipg procedure is used. The specifi:c '.ref_ra'cti'on, ry, is defined

by the Lorentz-Lolrenz relation,

2
n -1 . _
r)\:i . __)\,2 - , v . (2)
P +2 :

and is evaluated at \ = 5462 A from the measured index _n)\.' The dis-

persion relation
| 2 4 | g
ry = r°°+A/K +B/)\v (3)
" is then applied to find r;o. The constants A and B are assumed to be \
independent of dehsity, and can be found from the dispersion'o.»f hydrogen

_ gass). Equatien (3) is now used to find ry at the desired wavelength,

and Eq. (2) is inverted to give n)\.' In this way we obtained the index of
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refraction of 1iciuid hydrogen at 2900 A and 3450 A, and used these
with our measured ratios to find tﬁe absolute refractive indices of liquid
deuterium at the two wavelengths. These were then extrapolated to

. 3200 A.ﬁsing Eqsv. -(2)’ and (3), the constants A and B being fdun& from
th‘e measured dispersion of deuterium g_a'sé). The "weighted average of

the two measurements gave finally: n_ = 1.13241+0.0025 at 3200 A and

D
p =0.1618 g/cma.. ‘The density quoi:ed ié based on the assumption of
pure 6rthodeuterium4) at a temperature of724.2°.K, which was deter-
mined by platinum resistance thermometers i"rnme‘rsed in the radiating
medium. TableI summa.rizes the constants used for the calcglation..
Nb attempt has been fnade to estimate the uncertainty in the A and B,
but they are iarobably"mu;h lfnore aécurate th'anvavailable values df_ r. -
The "e.rror gi'ven' for nb is due only to the ﬁncertainties in our own mea-
surement.

Using r = from our deuterium measurement, we can obtain the
niolecular polaringiiity of liquid deuterium, a quantity of some theoretical

7,8

interest ’ 7). The Lorentz theéiry of the dielectric cons_tantg) predicts

N, . : :
' 4 0 .
W3 M | 4)

\

0

the molecular polarizability. Comparing our results to a(HZ) calculated

where N, is Avogadro's number, M is the molecular weight, and « is

from Diller's measurements, we obtain

af(HZ) - a(D
a(HZ)

2) _

= Aa/a = (2.»33:1.9)><10’2.
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This difference is consistent with the more accurate deterl.rninations of
Aa/a for hydrogen and deuterium gasio).

Because relatively accurate measuréments have been made on
gaseous deuterium, the result of an indirect calculation of the refractive
index of liquid deuterium from Egqs. (2) and (3) may well be more precise
. than extrapolation of our direct rﬁeasurement. . This type of indirect cal- -
culatidn has been carried out for liquid hydrogen and experimentally
.\rerified to high precision in Refs. 2 and 3 The constant r, in Eq. (3)

can be found‘ either from Eq. (4)--using A_a/oz_ from Ref. 10 and

a(DZ)_: oz(Hz) + (Aoz/a)a(HZ)-;-or from the Clausius-Mo'ssdtti relation,
r = % . -:-T; , where € is the experimentailgsr detérmined dielectric

14, 12), The agreement between values of

c'onstar.it of liquid deuterium
vrw found by the two methods hés been used to estimate its unceftainty,
and the resulté are given.under on rm(calculated) " in Table I. Thevalue
of r  found in this way can be used in Eq (3). (;o' calculate 'r)\, where A
and B ére obtainéd from the dispersion of deuterium gas6). The re-
fractive index ny is then calculated from the Lorentz-Lorenz relatipn,

- Eq. (2). |

We thank Proffessor‘Burton J. Moyer a#d _Professor A. Carl

| Hehﬁholz fof 'support ;,nd encouragement throughout the experiment.. Mr.
Dwain E. Dilier kindly provided é preprint of Ref. 3,>',and suggested the
method used to calculate the expected value of the refractive indek.

Mr. Edwin F. McLaughlin assisted with our initial search for an expér-

imental measurement of the refractive index of liquid deuterium.
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Table I

Quantities used in the calculations

Parameter

Liquid deuterium Liquid hydrogen

r  (cm /g)~
(calculated)

T, (cm>/ g)

(from our measurements)

A(X 107)

{ X ‘i.n microns)'
B (X 10°)

(X in microns)
p(g/cm’)

T (°K)

n at 3200 A

nD/nH' at 2900 A

nD/nH at 3450 A

0.495 £0.003 - 1.0039
0.490940.0096 o

3.737 ~ 8.005

3.12 6.76

0.1618 0.07007
24.2 - 20.9

1.4324£0.0025 ©1.14704
Raw Data

1.0096+0.0045

1.0145+0.0024

*) The uncertainty quoted for liquid deuterium reflects the difference

in values obtained using different methods of estimation. The

number quoted for liquid hydrogen is calculated from Ref. 3.
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