


"1. About 45 years have elapsed after the publication of the classical work of
Hanbury-Brown and Twiss [1], in which the method of determining the -angular
sizes of stars by the way of studying the intensity correlatlons at the registration
of two optical photons was elaborated. Six years later Goldhaber et al. [2] showed
that in the framework of the ‘statistical model the effect of symmetrization of wave
functions of identical pions leads to the narrowing of the distribution of angles
between their fllght dlrectlons depending on the radlus R of the generatlon
region. In the seventies, in the cycle of papers by Kopylov and Podgoretsky

' [3—38] the deep analogy between pair correlations of identical particles, produced
in nuclear-and hadron: collisions, and pair correlations of -photons;:emitted :by
optical sources,.in particular, by stars, was established for .the ﬁrst time. That
became the base for the creation of the general correlatlon method 1n hlgh energy
physics, overstepping the narrow bounds of the stationary statistical model (2] and
allowing one to measure not only the space sizes -of ' the - generatlon reglon “of
identical partlcles but also the shape of thls reglon and the duratlon of the
generatlon processes [8] I N i

‘During the last 25 years the method of correlatlons of .identical partlcles w1th
small relative velocities has got wide propagation in the practlcal act1v1ty of many
laboratories ‘of the world, and it has been formed as the new perspective trend in
nuclear  physics and particle physrcs 1nclud1ng hundreds of experlmental and
theoretical works.

Both the methods (in high energy physrcs as well as in astronomy) are based
on the correlation properties of identical particles. However, in the recent years
the very important analogy between them has obscured the difference of principle
(even opposition!) in 'the arrangement and- performance .of . the - corresponding
experiments, indicated clearly in the paper [7].

2. Really, in high' energy physrcs (heavy ion’ physrcs) we deal w1th the mo-"
mentum-energy correlations.. The model ‘of one-partlcle sources”is ‘used. It is
assumed that the emission sources have a sufflclently broad momentum spectrum.
“The sizes of sources themselves ‘and‘the d1stances betwcen them are by many
orders smaller than the uncertainties in the space ‘localization of the detectors; the
times of the source decays are very small in comparison w1th the time charac-
teristics of ‘detectors. The momenta of two ‘identical ‘pions in the final state are
measured and fixed. We will not dwell on’ details here, restricting ourselves by the
description of the structure of principle of ‘these correlations. -
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The basic formula of the pion interferometry, which should be averaged over
the space-time distribution of two sources at the calculation of the correlation
function, 1ndependently of concrete processes, has the form
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" Formula (1) describes the probability of the event that two noninteracting
,spmless 1dent1cal partlcles em1tted at the definite space po1nts x, and x, at the

deﬂnlte trme moments t, and ), are reg1stered by detectors in the states w1th the.

definite 4-momenta Py= {El, pl} and Py= {E,, p2} This: relat10n corresponds to

the Dirac’ transformatlon from the space-time representation to the momentum-
‘energy one.’In so do1ng, x; ={t},x,} and X,= {t,, x2} mean the 4 coordinates of

sources or, more exactly, their centres (taklng 1nto account the non- zero
dlmens10ns of the sources themselves)

By definition, the argument of cosine in Eq. (l) is the followmg
=) (=% =0, =Py x, - x) = (B, ~Ep ¢ = 1), @)
;Due to the equal1ty (p1 —-p,) (pl + p2) =0, the d1fference of energ1es is: |

E, E—(p1 pz)u e

(P, +P) ' '
‘ where “——ﬁ is the veloc1ty of the pa1r of the 1dent1cal plons It should be

stressed that here we use the unit’ system in wh1ch hi=c= 1

3. In the framework of the model of oné-particle sources, the double inclusive
cross-section of the production of two identical pions w1th small relative momenta
in the collls1ons of heavy. i ions has the structure:
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: Here TR R is.the :«baclgground»«cross—section of the. pion producton-
d pld P, : sl

without the quantum statistics effect (pion identity) and the final: state 1nteract10n
effect, too, W (x x,) is the dlstrlbut10n of 4- coordmates of two sources,

normalized by umty, which depends on the 4 momentum sum P= pl+p2, in

general, and does not.depend practically on the -small 4-momentum difference
q=p, - p2 [9 10]. Pair correlations-of pions, contammg the mformatlon on space-

time parameters of the multrple generatlon reglon are descr1bed by the expressmn
c (@ =R(p). py) — 1 =(cos (qtx, —x;,_))) g e ©

1t is essential that the correlatlon funct1on C (g) tends to zero at suff1c1ently
large values of the momentum differefice |ql =1p,— p2l >>1/rand the energy
difference lqol = |E E l >>:1 /71, where!r is:the characterrst1c radius of the

emission region, T is the characterlsuc duration of the partlcle productlon process
It should be noted that often one names the ratio R(pl, p2) 1tself of the true two—'

_ particle spectrum to the «background» one as the correlation functron Concernmg

the background in heavy ion collisions we can neglect k1nemat1c constramts and
most of the dynamic™ correlat1ons and ' construct the reference two- part1cle
distribution as the product of one part1cle spectra by mlxmg the partlcles from
different events.”

The final state 1nteract10n is: neglected in Eqs (l) (5) and (6) Th1s ap-
prox1mat1on is suff1c1ently good for pions. In general, the final state 1nteract1on

“also “influences the character” of pair correlations “at small ‘relative veloc1t1es Tt

should be emphasrzed that in the case of narrow pair correlatlons of non- 1dent1cal
part1cles only the final state’ 1nteract1on effect plays role [9——11] We w1ll not
discuss this question in detail here. ‘

4. In the case of the emission of unpolarized identical particles with:the non-
zero spin j the correlat1ons decrease. Neglecting the final state. 1nteract1on one
should write for the ratio R(p p,) of the true ‘two- partlcle spectrum to the

.«background» one the followmg expression [9 10,12]:

R(p,,pz)—1+5—l—<cos(q(x o @

which co1nc1des with Eq. (5) at j= 0 Let us note that the factor N(/) 2]+l in
the denominator of Eq. (7) means the number of spln states of a particle with the

spin j; the sign factor (- 1)* Y is equal to (+ 1)-for bosons and to (= 1) for fermions.



~Formula (7) is related to the identical part1cles with the non-zero mass. When

- the unpolarized photons are emitted, one should mtroduce in Eq (7) instead of the

. 2f
" factor. () i , the factor
A R o

”-—(l+cos 9) o B

in; wh|ch 0 is the angle .between the directions of photon fllghts taking into
account the transversality of the electromagnetic field of radiation [13].- Really,
the angle 6 |s very small at small values of the momentum dlfference so that

: momenta is described by the formula

C(q)——<cos(q(x - ))) S €

"drfferlng from Eq 6) by the factor 1/2 This factor corresponds to.die presence
of two.possible polarization states of .a, photon (although the photon has. .the
spln 1, the photon hellc1ty can take only-two values (+ 1) and (- 1).due to the zero
mass of photon) ' :

,'kIS "We d1scussed above the momentum energy correlatlons of plons and
ph" ons in nuclear and partlcle phys1cs (heavy ion phys1cs) In optlcs and

astronomy we deal with the space-time correlations of photons 17].. In_ thls '

sltuatlon the slzes of the em1sston reglon the dlstances between sources and the

,,,,,,,,,,,

12— lxl d 2|, the dlstance between two detectors as r34 |X3:,—.X4| and the
distance between the observatlon reglon and. the. emlsslon region as L The space-
time corfelations are observed when the condmons :

r,, <<r..<<L . ' . (10)

34 12

are satlsfled (i.e;, the emission reglon is very large, and it is s1tuated very far from
the observatron region). Then, the amplltude of the reglstratlon of two identical
partlcles (concretely, two photons w1th the same polarlzatlons) by two detectors is
proportronal to

‘T Ip,><x lp2'>+<x Ip2><x Ip,»= (1)
—\/—(CXP( ’Pl 3)CXP( ’pz 4)+CXP( ’Pl 4)CXp( lpz 3))

and it’ corresponds to the Dirac transformation from the momentum- energy repre-
sentation to the'space-time one. In accordance with this, the equation v

=|a Iz—' I'+cos 05 ((p, = pz) (=)= .-
a2
—1+cos[(p, pz)(x X,)= (B, ~E) (51 ) B o
descrlbes the probablllty of the’ event that two photons emltted 1n the states w1th
the definite 4- momenta pl = {El, pl} and p2—- E, p2} will' be reglstered by two

detectors at the definite space points x ‘and’ X, “at the definite tlme moments t3 and

4} in Eqs (l 1) and (12) are already the

4 coordinates ‘of detectors bt ‘not sources the detectors and the sources are
mutually replaced as compared w1th the situation in high energy physics [7].

4+ In so doing, x; = {1,, x }andx —{

6. When the unpolarized photons w1th close’ momenta’are* emltted it- should
be written instead of Eq. (12), passmg “to the usual unlt system

W-l+~1—cos[(k 2)(x 4) (0) 0)(t ”)],' a3

2
where 0, E /ﬁ and o, E /ﬁ are the emlssmn frequenc1es k pl/ﬁ :and
k —pz/ﬁ are the wave vectors "Let n1 and n be the unlt vectors along the

1] x

dlrectlons from two sources to the observatlon reglon wh1ch can be on51dered
here formally as a p01nt m accordance w1th the condltlon (10) Then

o : .
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" Taking into account. the small ‘values of the angular distance: between sources
and the relat1vely ‘small values of: the frequency dlfference the approx1mate
relation S : P Sl R e

k, -k, —(0) )l+—(6 9) (15)

w, +w

2
of the source group (concretely, the star centre) to the observatlon reglon 9 and

is valid. Here. @ = , Lis the unit vector along the dlrectlon from the centre

92 are the transverse vectors, wh1ch are perpendlcular to the vector L the1r modull
|92| and |92l are the angles between the vectors I and n, 1 and n, respectively

(i.e., the angular distance between the centre/of the star and the sources on its
disk). Using Eq. (15), we can rewrite the formula (13) for the probability of
coincidences ‘(double counts) inpth;e form:

()
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where 1y, =71;—71, is the difference of - ‘the timeﬁ moments of registration,

(|| )= r,,l is the longitudinal component of the vector ry, =X;—X,, and r(J') is

the transverse component of the same vector with' respect to the direction of 1
Performmg the integration of the expressron (16) over the star disk with the radius
r=1L8, and the frequency 1nterval (o, - - A® / 2, o, +A0) /2) at the fixed

parameters of the observntlon region, we find that the number of double counts is
proportional to
2J,(P) i
1] “\WPsind 1 .
. N34 1+ 2 ( ‘P 5 ’ an

where J, is the first-order Bessel function,

p—-——l (J')IG 2Am((”)/c—t34). (18)

We see that the space-time correlations of intensities in two counters of
photons are determined directly by the distance between the observation points
and by, the d1fference of the registration time moments. Just these parameters are
measured and fixed exper1mentally The information on angular sizes of the

source group (concretely, star) appears only due to the dependence of the mtensrty
/‘ correlations on the difference of transverse momenta of photons - emitted by
d1fferent regions of the star surface The frequency ®, can be measured inde-

: pendently by the methods of spectral analysrs

- - Thus, the .comparison - of - correlation methods in. high energy physics and
_astronomy. shows that the use of the:-term «HBT-interferometry» in nuclear and
* . particle physics (heavy ion physics) seems to be not quite adequate. :
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