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BEDEERICETERMRE

TABLE III. Uncertainties in Av measurement (ppm).

1977 1983 All

Counting statistics \ 5.0 | 4.4 2.8
' Magnetic field inhomogeneities | 2.4 1.0 1.6
Magnetic field offset and reproducibility 1.4 0.8 1.0
Nuclear magnetic resonance (NMR) calibration 0.4 0.4 0.4
Microwave power and frequency uncertainty 0.5 0.5 0.5
Density uncertainty 0.3 0.3 0.3
Line-shape corrections 1 0.6 - 07

Quadrature sum o 5.9 - 4.7 3.6
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ACAR

Angular Correlation of Annihilation Radiation

, | 5840 mm '
slits l
e* source =

detectors

Fig. 1. One dimensional angular correlation apparatus having three pairs of long (800 mm) Nal(T1) scintillation
detectors. Adjacent pairs are separated by 13 milliradians.
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Figure 1. ACAR data for silica aerogel (a) in vacuum and (b) in 2.8 amagat of N,. The full and

broken curves indicate the broad component and the p-Ps component, respectively. The data are
normalized to the broad component intensity. The magnetic flux density and the mean lifetime of

o'-Ps, 7, are indicated in the figure. The mean lifetime of p-Ps, 7,ps, is also indicated for the case 70
of no magnetic field.



DBS
Doppler-Broadening Spectroscopy

To 10000
i phototube —
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FIG. 3. Typical thermalization data. The Doppler-broadened
FIG. 2. Experimental apparatus. Positrons from 2Na decay pass 511-keV photopeak is resolved into two Gaussians, a step back-

through a thin scintillator and enter a gas chamber. A magnetic field ground, and a 27 tail. The first three components are shown con-

confines the trajectories near the axis. Positrons that stop in the gas voluted with the intrinsic detector resolution; the 27 tail is also

can form Ps. Annihilation y rays are detected in a Ge crystal.

Phys. Rev. Lett. 80, 3727 (1998)
Phys. Rev. A 67, 022504 (2003)

convoluted with the narrow Gaussian.
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2 % HH iR 0D B 5 (1)

The experimental resonance line shape 1s ob-
tained using density matrix. We use the basis
for four spin eigenstates of Ps as (g, 11,199,%3) =

(10,0),]1,0),|1,1),|1,—1)). We apply a magnetic field

B(t) = Bz + Boxcos (wt) , (2)

where z, x are the unit vectors for z, x direction respec-
tively, By 1s magnetic field strength of microwaves, and

w 1s the frequency of microwaves.



= ¥ B iR D 3 ER (2)

Then the Hamiltonian

H including Ps decay becomes

( _% - %VS —Z Yy —Y \
_r 1_ 2 0 0
H = 2 2Tt 1 i hAnrs ,
Y 0 5 — 5t , OZ
\ —Y 0 0 5 — 5t /
| (3)
where Yy = 9 B Bo COS (wt) Ys = L p-ps Yy =
\/§hAHFS ! S 2mrAxrs’ t

27{3228 I'p-ps, Lo-ps are the decay rate of p-Ps, o-Ps

respectively. The most recent and precise experimen-
tal values are I'ops = 7.040 1(7) us™' [4] and T'pps =
7.9909(17)ns™ 1 [8].



Z 2 R D E R (3)

From the time-dependent Schrodinger equation, the
4 x 4 density matrix p(t) is given by

where the i, j-element of p(t) is defined as p;;(t) =

(il (t))((t)|1). If we take the initial state to be un-

polarized, p(0) = dlag( 1 4117411)°



Z B R D ER (4)

The 2+-ray annihilation probability Ss. and 3v-ray an-
nihilation probability Sz, between t =ty and ¢t = t;, are
obtained by

t1
SQW — Fp—Ps/ pOO(t)dta (5)

to

Sy = Fo-Ps/ 1 (p11(t) + pao(t) + p33(t))dt. (6)

to
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Relative light output
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RELATIVE LIGHT OUTPUT
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LEOUOFL—AD S

SUFL—E | HBE JRTE Photons | T RKFEIN | BFEH | Radiation
per MeV B Length

------

Nal (TI)  3.67
CsI(TI)  4.51
LYSO  7.25

YAP (Ce) 5.55
LaBr;(Ce) 5.08

1.85
1.79
1.81
1.93
1.9

38000
59000
32000
19700
63000

565
420
347
380

2.59

1000 1.86
40 1.15
28 2.7
16 1.88
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