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Relativistic effects on estimation of the tire-hall radius on Rose-Einstein
correlations

R, Villanucva and t\,.1. Sosa
Im'/itu/o de F':'iica, Ul1irer,üd(/d de GI/mll/jumo

A/mr/ado /JO.\"/al E-I.n, 370()() l.eúII, (;/0 .. ¡\fexico

Recihido el22 de septiembre de 1998: :lCt:PI~l¡jOel () de noviembre de 1998

Tlle sllape {Jf lhe bosonic emilting region in high energy reaclions is anali/cd. It is postulalcd that the rcla(ivistic effcc(s are non-ncgligiblc
in the sllldy 01"Bose-Einstein correlations nnd henec disturb the shape 01' (he sourcc rcgion in a way that shrinks lhe cmitting region in lhe
longitudinal direction. rcsulting in a longitudinal radills to he signilicantly smaller Ihan the trall.'i\"crse one. In aadition, a new particulnr wny
for rneasllring this ctfect is proposcd in terms of (he Doppler el"fect.

Keywfml\.: Base-Einstein correlalions: source region

1.:. forma de la región de emisión de hosoncs en rC<ln:iones de altas cncrgías es ¡lnalizada. Se postula que los efectos relativistas no son
desprl'cíahles en el estudio de las correlaciones de Bose-Einstein. por lo que distorsionan la forma de la fucnte. de tal manera que la región
de emisión se•.contrae en la dirección longitudinal, resultando cn un radio longillldinal significativamcnte menor que el radio twnsversal.
Adcrn;í". se propone una nueva forma para medir este efecto. en términos del efecto Doppler.

{)f'.\'Cri¡J(Ort'.\': Correlaciones de Bose-Einstein: región fllente

I'ACS: I).75G,: 1).75.11: 1).90.+i

1. Introduction 2. Parametrization 01' Hose-Einstein correla-
tions

Hose-Einslcin corrcla[ions are usually dcscribed in lerms 01'
l!le ralio

(I)

(3)(2" = -(/ = - (1', - 1'2)'.

RilE (Q2) = 1,••, (Q2) (2)
fsample (Q2)'

whcrc In'al (Q2) and Isalllple (Q2) are the (i~distributions
ror a correlatcd pair of identical bosons and an uncorrelated
pair, respectively, This means Ihal Ihe producl ol' Ihe single
pruhabilitics in Eq, (1) is expcrimcnlally equivalent to consi-
dcring a rcfercllcc samplc with dynamical propcrties similar
lo lhat 01' real data. cxccpt ror the correlatiun effecl. Herc, Q2
is dellned as

1(/'11'2)
1 (/,d 1 (1'2) ,

\Vhere 1 (/111'2) is Ihe joinl prob3bililY for a pair of idenlic31
bosllns lo be produeed, 1(/'1) and 1(1'2) are Ihe single boson
probabilitics, and I't and I'"l are the four momenta 01' the two
particles. Expcrilllclllally, it has hecll observed Ihallhc Bose-
Einslein cllcCI is a funclioll of lhe four mOlllcnlum differcnce
(1 == ]JI -1)1. Hencc, Eq. (1) is evaluated through the funclion

HosC'-Einslein cOITclalions ~re a prohahilily enhancelllcnl
Ihal idclllical hosons he produccd with slIIall relativc four-
Illolllcnllllll as cOlllpared lo non-identical hosons. This crrccl,
due to Ihc s)'llllllclric nalure of the 1ll11ltihoson wavc runc-
(ioll. was llrsl ohserved hy Goldhaher rt (/i. in 1959 [11. Hy
slud:.ing lhe p mcson production in ¡}p annihilations, lhcy
ohserve a dilTercllce in lhe angular dislrihulions hctwccn li-
ke sign pions and unlikc sign pions which was attrihutcd lo
Ihc hosonic intcrferencc of Ihe pions. It has becn postulalcd
by Kopylov and Podgorelskii [21 [hat lhe size and shape 01'
Ihis cnhanccmcnl can he corrclaled to lhe spatial and Icm.
poral e.\lcnsion nI' the hosonic source (I1re-ball), and also lo
the cohcrence dcgrce al which Ihe bosons are Clllillcd. DilTe-
rcnt parallletrizalions have heen proposcd ror Bose-Einslein
correlalions alllllhe ctTecl has heen observed in diffcrcnl rc-
aCliolls, sllch as. hadron-hadron collisions [31, Icpton-hadron
collisions 1-1]. amI c+e- annihilalions [5]. In mast sludics as-
sUllling a sphcrical source rcgion. results are consistent wilh a
jire-hall radius :::: I fm. Howcvcr, when dala suggcst the sha-
pe 01' the soun.:e regiun. jI is uoservcd (hal lhe longitudinal
J"adius is signifkanlly:smallcr than Ihe transverse one.

In this paper (he shape of the hosonic-emitting region in
high energy rcactions is analized. An inlcrprelalion ror the
possihlc non-spherical shape and a new Illethod ror Illeasu.
ring il is proposcd.
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3. Relativistic effects on sOllrce radills estima-
!ion

wherc .\112 is lhe invarianl mass of Ihe pair of idcntical 00-
sons antl mlJ is lhe hason mass. Eq. (4) can he gencralizcd for
an)' numhcr 1I of idcntical basans as

Diffcrent pararnctrizations have becn proposcd for Ihe co-
rrclalion function RilE (Q2). In particular. lwO are \Videly
used: a) Ihe Goldhaher SHE(G) [G] and h) Ihe Kopylov.
Podgorctskii SBE(K-I'} [2], paralllctrizalions. Thc SBE(G}
paramctrization assulllcs a gaussian distribution for lhe SOUf-

ce region ami is givcn by Ihe corrclation function

wherc f:J is rclatcd 10 lhe radius R nI' lhe cmitting rcgioll hy
R = f,cví3 and n, Ihe so-ealled eaolicíly parameter, gives lhe
dcgrcc o" cohcrcncc ol" rhe cmiucd oosons. In olhcr words, (\
is a measure al' the slrength al' the carrelalion. On (he olher
hand. in lhe 5BE(h:-P) parametrization Ihe source region is
assumed lo he a raJiating spherc of radius R where the ho-
son s are emitted indcpendently. This correlnlion l'unclion has
lhe ronn

the source radius. sincc the meson size is al' the same arder
as the source sizc. However. <lpan from all of those possible
elTcets. of particular intcrest is the raet that the source lon-
gitudinal radius RL Illeasurcd in diffcrcnt rcaetians is faund
lo be significanlly slllallcr than Ihe source transverse radius
RT [D]. lhis phenol11enon heing independenl 01' lhe effeels
Iísled ahove, where R 1. and liT refer lo lhe assigned radíi
to Ihe hosonie source in bolh lhe same and the perpendicular
Jircctions lo thal 01' lile oulgoing bosons. respectively. This
observation elcarly eOlltradicls lhe basic assumption in the
Kopylov-Podgoretskii moJel. in which a radiating sphere is
postulaled for Ihe emilting region. Moreo\'cr. it is al so rele-
vant thal (he Illcasurcd longitudinal radius is obscrved to he a
slrong funetion ol' the hoson momenla. A deereasc in sourec
size with incrcasing hoson momcnta has becn reported [lO].
In Ihis papcr it is proposed that a simple inlerpretation lo this
rhenolllenon is Ihal it is duc lo the special relativity eonlrae-
[ion effee!. Speeilically, if lhe Jire-hall is supposed lo he a
moving radiating sphcre. relati\'istie effeets contraet lhe sp-
here in Ihe longitudinal direclion giving rise lo nn ellipsoid
with RI. smaller than RT.

The model proposed has somc relevant eonsequenecs that
must he emphasizeJ. In parlicular. in such a model the basie
assumption that hosons are emiued simullaneouly wíthin the
souree region could no longer be eonect. On the other hand.
experimcntal dala reveal that the ¡¡relime during which the
lire-ball is emitling is ofthe orderof ~ 10-24 seg. [11], ¡.e.,
onlya fraction nfthe time during \vhich the tlrc-ball is within
the rcaction target. Therefore. these events lake place during
a signilicantly liny pcriod 01' lime, hUI long enough to produ-
ced a measurable elfect.

Finally. the shrinking elTcct is well known in relativity
and eould also he inlerprelcd in a way similar to lhe Dopplcr
effect in thal Ihe frcqucncy 01' lhe elcctromagnetic field des-
crihillg a chargc dislrihution l1loving at relativistic velocitics
suffcrs a measurable shift. Thereforc. any evidcnee of shif-
ling nI' Ihe elcetromagnetic lield frcquency associated wilh
Ihe emilted hosons could be related lo relalivistic effeets and
Ihe size of Ihis shift could he an inJiealion 01' Ihe magnitude
01' lhe differel1ce R']' - R L.

(6)

(4)

(7)

(5)

" 2 ")Q¡, = M12 - 4mb'

") . :l 2 2Qi2 ...n = AI12... tI - n ,n/¡_

SBE[G) = 1 + n exp (-{JQ') ,

[
2JI (IITR) '] [ 1 ]

SIlE(I<-I') = 1 + A R ' '
lIT 1+(IfLTC)

Experimentally, Q' is defined as

where JI is Ihe fIrst order Bessel funetion, f/1' and lJI. are the
componenls al' ¡Ji -]i2 transverse al1ll longitudinal lo ¡Ji + ¡i2.
). is the eoherenee parameter. and Te is lhe depth of Ihe hoso-
nie cmitting region.

BOlh 5BE(G) and 5UE(h:-p) parametril,alions are relaled
in a slIeh a way thal lhe size obtained for the cmitling rc.
gion scems to depend strongly on lhe parametrization lIscd.
Ihe souree sizc obtained from 5BE(I';:-P) being ahout t\Vice as
large as lha! ohtained from SUE(G) [71.

Using the 50E(I..::-p) pararnelrization it is possihle to ohtain
dClailcd informatíon of the source region. In particular. the
longitudinal and transverse radii can be estimated indepen-
denlly, nllowing one nol only to measure lhe size hut also the
shape of the emitting region. This paramelrization has heen
used in a wide variely al' proeesscs.

The size of the crnitling regioo has been observed lo de-
pend on dilTerent parameters, sueh as: a) Ihe pararnctrization
used, h) lhe haekground sample and e) the final slale mulli-
plieily, Jt has heen also poinled out hy Hernández and He-
rrera [8] lhat the meson size could arreel the lllcasuremcnt 01'

4. Summary

In eonclusion. il is postulatcd Ihallhc relativistic cffecls in the
study of Bose-Einslein corrclalions are non-negligible and
disturh lhe shape of the so urce region such as to eontraet
lhe region in the longitudinal Jircction. rcsulling in a lon-
gitudinal radius signiticantly smaller than {he transverse one.
In addilion. a new particular way foe measuring this effecl
is proposed in terms of the Doppler effee!. Henee, a simple
Illoving radiating sphere mollel it is postulated lo explain the
cxperiment:¡1 rl'sullS.

ReI'. Met. Fis. 45 (2) (1999) 122-124



12~ H. VILLANUEVA ANO M, SOSA

1. U. GolJhahcr el al.. Phys. Re\'. U'U. J (1959) 1Hl.

2. (j.!' Kopylov anJ ~1.1. Podgorclskii, So\'. 1. NI/el. Phys. 15
(1972) 219

3. N. Angclov l'f al .. SOl'. 1. NI/el. Phys. 26 (1977) 419; r..l Atla-
mus ('/ l/I., Z. PhYJ. c.'1 (1988) 347; C. Alhajar l't al.. Phys.
'-{'(l. 126H ( 19R9) 410.

4. M. Arncodo {'1 al., Z. Phys. e 32 (J986) 1.

;j. P. Avery ('/ af.. l'ln's. R{'I~D 32 (1985) 2294: 1. Juricic ('{al.,
Plty.\'. Rel'. IJ 39 (1989) 1; H. Aihara el al.. Phys. Rn'. /J JI
(1985) 996.

G. G. Goldhahcr. S. GolJhahcr. W. Lec. and A. Pais, Phys. Rev.
1211( 19(0) 3(Xl

7. G. lIerrera, Ph.D. Thcsis. Univcrsity of [)ortmuml. Gcrmany
(1991).

8. R. IIcrnándcl. amI G. Herrera. Phy.\".l£lt.1l 332 (1994) 448.

9. C. ElclIl,t al.. Phy.\. R('I'. U'U. 38 (1977) 873.

10. M. Agui lar Bcnítcz l'r al.. Z. PlEy .••.e 504 (1992) 21.

11. ~1. GOOS\CIl\ ('1 (/1.. IL. Nl/lJI'o Cimt'fitO ~KA (1978) 469; [>,1.
Dcu!schrnanlll't (/1.. NI/el. I'hYJ. BIO.3 (1976) 198; F. Grard l'l

(/1.. Nuel. I'hy.\'. BlO2 (1976) 221.

Hn. Mt'x. ¡:'\-. 45 (2) (1999) 122-12.1


