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In earlier measurements of momentum distribu tio n of annihi lati ng e+ e À

pairs the intensity of o -Ps comp onent seemed to be much higher than that
exp ected from the lif etime data. In this pap er w e show that such a deviatio n
disapp ears if one assumes that the pick- o˜ comp onent of angular correlation
of annihil ati on radiation is narrow er by 10% than the comp onent related to
free annihil ati on.

PACS numb ers: 78.70.Bj , 31.70.K s

1. I n t rod uct io n

I n m any cry sta ll ine organi c sol ids positro ni um is not form ed, but intro duc-
ti on of guest molecules crysta l l izing to gether wi th the m ain component (host)
creates the centers of Ps form ati on [1]. Mo m entum distri buti on of e + eÀ pai rs an-
ni hi lati ng vi a two -quantum decay in thi s case is composed of three parts, related
to anni hi lati on of free positro ns, para-Ps and pi ck- o˜ anni hi lati on of or t ho-Ps. D e-
cay of p a r a -Ps pro duces a so-cal led narro w com ponent ; i ts wi dth is determ ined
by the uncerta inty pri nci ple. Two rem aining parts of mom entum distri buti on are
characteri zed by larger m om enta contri buted m ainly by invol ved molecular elec-
tro ns. In pri ncipl e, thei r di stri buti on for \ free" annihi lati on and pick-o˜ pro cess
needs not be identi cal . Usual ly the pick-o˜ com ponent is slightl y narro wer, e.g. in
l iqui d benzene the free anni hi la ti on gives the distri buti on wi dth : À 3 m 0 c

(F W HM) and pick-o˜ anni hi lati on : À 3 m 0 c [2]. However, in our earl y ex-
perim ents [1] we found tha t in the case of doped p - terphenyl these two components
are of the same shape. On thi s assumpti on, well conÙrmed for larger momenta,
ful l consi stency of data about Ps form atio n intensi ty was obta ined: the intensi ty
of long-l ived com ponent I 3 in the positro nium anni hi lati on l i feti m e spectro scopy
(PA LS) spectra was 3 ti m es larger tha n the intensi ty of narro w com ponent I in
angular correl ati on of Û anni hi lati on. There was one excepti on f rom thi s pro por-
ti on, p - terphenyl doped wi th benzoÛuorene, where the I value devi ated evi dentl y
from the l i feti me data . Thi s case seems wo rth a m ore deta i led study .
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2. E x per i m en t a l

Sampl es in a form of policrysta l l ine pellets were obta ined by m elti ng
p - terphenyl wi th an appro pri ate am ount of benzoÛuorene. Ang ular correl ati ons of
anni hi lati on radiati on (A CA R ) were determ ined using a standard long-sli t devi ce
wi th resoluti on 1.1 m rad; the to ta l numb er of col lected coincidences wa s 1 : 1 È 1 0 6

per spectrum . ACAR di stri buti on was measured for a p -terphenyl sampl e conta in-
ing 0.25% of benzoÛuorene. At thi s level of doping the long-l ived com ponent in
the li feti m e spectrum was 18.3%. The respective li feti me wa s 1.1 ns, thus I 3 i s
pra cti cal ly equal to to ta l o -Ps intensi ty; the share of three- gam ma decay can be
neglected. As a ref erence the ACAR f or pure p -terphenyl was also registered. The
l i feti m e data were ta ken from Ref. [1].

3 . R esul t s an d d iscu ssio n

The shape of distri buti on curves cannot be appro xi m ated by single (or two )
Gaussians, thus to avo id systemati c errors no curves were Ùtted to the experim ental

Fig. 1. Momentum distributi on of e
+

e
À pairs annihil ati ng via p ositroni um formation

in p -terphenyl dop ed with benzoÛuorene (the di˜erence of normalized distributi ons for

dop ed and pure samples ). Dashed curve separates the o r t ho - f rom p ar a - part.
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data and all operati ons were perf orm ed on num erical data di rectl y from the ex-
perim ent. If the long-l ived component intensi ty is I 3 ; (1 À 4 I 3 =3 ) of to tal area S d

under the ACAR curve belongs to anni hi lati on of free positro ns. At the adm ixture
content of 0.25 m olar percent i ts inÛuence on the m omentum spectrum is negl i-
gibl e, and the di scussed part of the spectrum should be identi cal wi th tha t for
pure p -terphenyl . Thus, S p area of pure p -terphenyl distri buti on wa s norm al ized
to (1 À 4 I 3 =3 ) S d and subtra cted from the di stri buti on for the doped sam ple. The
di ˜erence represents thus the m omentum distri buti on for p -Ps and pick-o˜ of o -Ps.
Thi s di ˜erence is shown in Fi g. 1. The narro w com ponent does not extend farther
tha n j ˚ j mrad, thus the region above 4 m rad represents a high momentum
fragm ent of pi ck-o˜ distri buti on. It was found tha t thi s fragm ent is not identi cal
wi th the respective fragm ent for pure p - terphenyl (a larger slope at the sam e area
of fragments). The m omentum distri buti on is narro wer tha n in a pure sampl e,
however, i t becom es identi cal when the angle ˚ i s scaled down by 10% (na rrowi ng
the di stri buti on by 10%). Assum ing tha t thi s narro wi ng concerns the who le distri -
buti on we extra polated i t down to ˚ (dashed curve in Fi g. 1). The area above
the dashed curve represents the m omentum distri buti on for p -Ps. The rati o of the
areas for o -Ps and p -Ps is : : , thus as expected from the stati sti cal weights
of par a and or t ho states. The wi dth À of narro w com ponent is 4.45 mrad, well
correl ated wi th the existi ng data on À and l i feti m e §3 for other m ixed crysta ls.

The anom alous rati o of par a and or tho intensi ti es, observed earl ier for
p - terphenyl doped wi th benzoÛuorene can be avo ided if one assumes tha t the
m omentum distri buti on for pi ck-o˜ anni hi lati on is narrower by 10% as com pared
to tha t for anni hi lati on of free positro ns.


