arXiv:astro-ph/0211079 v2 20 Oct 2003

Measurements of group velocity of light in the lakeBaikal water

Lubsandorzhiev B.K*., Pokhil P.G., Vasiliev R.V., V yatchin Y.E.

Institute for Nuclear Research of RAS pr-t 60th Anniversary of October, 7A, 117312 Moscow, Russia.

* Corresponding author: postal address: pr-t 60 th Anniversary of October, 7a, 117312 Moscow, Russia; phone: +7-095-

1353161; fax: +7-095-1352268;

E-mail:

lubsand@pcbai10.inr.ruhep.ru

Abstract

The results of direct measurements of group velocityof light in the lake Baikal water at the depth of 1100 mare

presented. The lake Baikal water dispersion has been measured at three wavelengths: 370 nm, 470 nmand 525 nm.

The results are in a rather good agreement with theoretical predictions.

P ACS 95.85.Ry; 29.40.Ka; 78.20.Ci

Keywords: Neutrino telescopes; Cherenkov light, dispersion, phase and group velocities, refractive index

For the last few years the importance to

distinguish group and phase velocityof light in

high energy neutrino telescopes has been

realized [1,2]. One can write well kno wn

equations cited in innumerable books, e.g.

[3,4]. Phase velocityof light is defined as:

V

ph

= / k,

(1)

whereas group velocityis given b ythe

follo wing expression:

V

gr

= / k,

(2)

where and k

˘ wave frequency and wave

vector of light correspondingly. T aking into

account the trivial relations:

k= n/c,

(3)

= 2 c/ ,

(4)

where c ˘ velocityo f light in vacuum, n ˘

refractive index of mediumand ˘ wavelength of light; one can get expressio ns

for phase and gro up velocities as follo ws:

V

ph

= c/n,

(5)

V

gr

= c/(n- n/ ).

(6)

Co mparing the expressions (5) and (6)

group refractive index n

gr can be introduced

byan analo gywith p hase refractive index n

:

n

gr

= n - n/ ,

(7)

and the expression (6) can be rewritten as:

V

gr

= c/ n

gr

,

(8)

T hus phase and group velocities of light

don´t coincide in a mediumwith dispersion.

Since the value of n/

is a negative for

water in the wavelength range o f 300 ¸ 600 nm

the propagation time of Cherenkov light pulse

in water in accordance with (5) - (8) will be

larger in co mpariso n with the expected time

calculated basing on p hase velocity.

2

During the last two expeditions at the lake

Baikal we have carried out direct measurements of gro up velocityo f light in the lake Baikal water at the depth 1100mjust in the site o f neutrino telescope NT -200 [5]. T he measurements have been done with the experimental string developed to test new deep under water techniq ues and detection methods for next generation neutrino telescopes at the lake Baikal. T he scheme of the experimental string is sho wn in fig.1.

Figure 1. Scheme of experimental string. SM ˘ frontend electronics module; SEM ˘ string electronics module;

DEM ˘ detector electronics module.

T his string consists of five optical channels

˘ four standard optical channels of neutrino telescope NT -200 (channels #1, #2, #4, #5 in

fig.1) and one pilot sample of ne woptical channel (channel #3). T he optical channel of

NT -200 is two optical modules [6] put in a pair and switched in coincidence. Each optical mod ule is based on a hybrid phototube Quasar-

370 [7]. T he newexperimental optical channel which is currently under develop ment is based on a new two-channel versio n of Quasar -370 phototube [8]. T he channel #5 was set to measure fully backscattered photons arrival time to estimate water scattering and absorption lengths and was not used in the dispersion measurements. T he electronics system(Detector Electronics Module - DEM,

String Electronics Module ˘ SEM, front-end electronics mod ule ˘ SM) and the data acquisitio n (DAQ) system used in the measurements were analogo us to the electronics and DAQ systems o f NT -200 [5,6].

Light Beacons [9] developed for time and amplitude calibrations in NT -200 are used as light sources in these measurements. Light

Beacon incorporates LEDs, LE D drivers, pulse generator, controller, power supplyetc encapsulated into glass pressure vessel. UV

(NSHU590E), blue (NSPB300A) and green

(NSPG300A) LEDs made b yNICHI A

CHEMICAL Ltd were used in Light Beacon.

E mission spectra of these LEDs are presented in fig.2.

Figure 2. Emission spectra of NICHIA LEDs: 1 ˘

NSHU590E; 2- NSPB300A; 3 ˘ NSPG300A.

LED drivers [10] have been designed especiallyfor the Baikal neutrino experiment.

T heyexploit avalanche transistors FMMT 415 produced byZET EX and provide ~1ns width light pulses with up to 10 9 photons per pulse.

We measured time inter vals between trigger signals o f LE D drivers and time responses of optical channels with corrections to time delays in electronics and cables measured in the laboratoryat the shore station of the lake Baikal neutrino experiment. T he precision of the time measurements with described string was better than ± 0.2 ns. T he distances between light sources and optical channels were defined with precision o f ~10 cm. T he water dispersion is inferred fro m measurements of light pulses propagation times along the string and deter minatio n of group refractive index and group velocityof light and b ytaking into account the expressions (6)-(8).

T he experimental results of

V gr and

n gr measurements for three wavelengths are collected in table 1.

T able 1.

l , nm V gr

* 10 8 , m/ s n gr = n- l dn/d l

370 ± 6 2.148 ± 0.010 1.396 ± 0.007

470 ± 11 2.193 ± 0.009 1.367 ± 0.006

520 ± 17 2.206 ± 0.009 1.359 ± 0.006

T he propagation time o f light pulses along the string for LED with l = 470 nmver sus distance between the Light Beacon and optical channels at the string is presented in fig.3.

Figure 3. Dependence of propagation time of light pulses on distance along the string for l = 470nm: · - experimental data; full line ˘ approximation line.

T he line is an approximation line of the experimental results ( filled circles).

Fig.4 demonstrates the wavelength dependence of phase refractive index

n for distilled water at a temperature of +20 0 C and a pressure of 1 atm(curve 1), the wavelength dependence of group refractive index

n gr

(curve 2) and the values of

n gr (filled rectangles) experimentallymeasured for 370 nm, 470 nmand 525 nmwavelengths in the present work. Curve 1 was derived by

Figure 4. Wavelength dependences of n ( curve 1) and n gr (curve 2) for distilled water.

v

�

� 02-

02-17365, 02-02-31005, 02-02-17031, 00-15-

96794 )

References.

[1] L. A. Kuzmichev, Nucl. Instr. and Meth. A482, (2002)

304.

[2] P.B.Price, K.Woschnagg, Astropart. Phys. 15 (2001)

97.

[3] A.Sommerfeld, OPTIK, Wiesbaden, 1950.

[4] L. D. Landau, E.M.Lifshiz, Electrodynamics of

Continuous Media, Nauka, Moscow, 1991.

[5] I. A.Belolaptikov et al., Astropart. Phys. 7 (1997) 263.

[6] R.I.Bagduev et al., Nucl. Instr. and Meth., A420,

(1999)138.

[7] R.I.Bagduev et al., Proceedings if the International

Conference on ^Trends in Astropart. Phys.~, 1994, p.

132.

[8] B.K. Lubsandorzhiev et al., Proceedings of the27 th

ICRC, V3, p. 1294.

[9] B.K. Lubsandorzhiev et al., Proceedings of the27 th

ICRC, V3, p.1291.

[10] R.V.Vasiliev et al., Instr. and Experim. Tech. 43

(2000)No. 4, p.570.

[11] I.S. Grigoriev, E.Z.Meilikhov (Eds.), Physical

Quantities, Handbook, Energoatomizdat,Moscow,

1991, p. 790.

[12] B.A.Tarashansky. PhDThesis. INR Moscow. 1999.

[13] V.A.Balkanov et al., Proceedings of the27 th ICRC,

V3, p.1096.

[14] V.A.Balkanov et al., Proceedings of the20 th

International Conference on Neutrino Physics and

Astrophysics, Neutrino 2002, Munich, Germany,

May25-31, 2002

[15] P.Amram et al., Proceedings of the27 t h ICRC,

Hamburg, Germany, August 2001, V.3, P.1233.

[16] E.Anastosis et al., Proceedings of the 25 th ICRC,

Durban, South Africa, 1997, V.7, P.49.

[17] C.De Marzo et al., Proceedings of the 6 th Intern.

Workshop on Topics in Astroparticle and

Underground Physics. Paris, France, 6-10 September

1999, P.433.