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Abstract

pp annihilations at rest occur from initial states with JPC = Q-+, 1--, 1+-, 0+, 1++, 2++,
These initial states are S- and P-wave atomic levels of protonium atoms that are populated by
the atomic cascade which follows the atomic capture of the antiproton. Each of the six

fractions F .. of annihilations from initial states of protonium with quantum numbers JPC

depends from the density of the target where antiprotons are brought to rest, and is not known
individually at present at any target density.

In this paper we show that the values of the 6 annihilation fractions F .. can be
determined by measuring at four target densities the values fje™ of the fractions of
annihilations for six exclusive annihilation channels. The same measurements would provide,
for the channels exploited for the F ,. determination, the values Bf',li"“d of the branching
ratios of annihilation from each JPC type of initial states from which the channels are allowed.
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1. INTRODUCTION
pp annihilations at rest occur from the singlet 0+ and the triplet 17~ S-wave atomic
states of protonium with principal quantum number n higher or equal to 1, and from the
singlet 11~ and triplet O**, 1++ and 2++ P-wave hyperfine states with n higher or equal to 2.
Annihilations do not occur from D-wave and higher orbital angular momentum states because
of the negligible overlap of the pand P wave functions.
The populations of the levels of protonium and in particular of those from which

annihilation takes place depend from the density p of the H; target where antiprotons are
brought to rest. The distribution of the initial states of annihilation according to their JPC
value depends then from the target density.

Experimental data from LEAR show indeed that variations of the density of the target
are accompanied by variations of the fractions of some exclusive channels of annihilation, as

e.g. KK, KK KsKs, ntn- [1-3] by variations of the ratio between some of these fractions
[1-4], and by variations of the absolute and relative yields of radiative transitions between
protonium levels [5-11].

These fenomena are usually discussed within a symplified framework where only two
types of annihilation are considererd: S-wave and P-wave annihilations. The ASTERIX
experiment deduced within this framework the fraction of S-wave and of P-wave
annihilations in a H, target at NTP and in a liquid H, target and the values of the branching
ratios of some exclusive final states for what was called pure S-wave annihilation and pure P-
wave annihilation [1,2]. The experimental inputs were:

i) the branching fractions Pfchannel measured by ASTERIX in a H, gas target at NTP

for the two body final states m+n-, K+K-, KSKs and KSKL,
ii) the branching fractions xfchannel measured by ASTERIX for the two body final

states wtn> KTK-, KK and KK , produced in coincidence with a X-ray in the 1-
4 keV energy window in the same H, gas target at NTP,

iii) the ratio between the yield of protonium L X-rays and the yield of background X-
rays due to internal bremstrahlung and fluorescence caused by the charged mesons
produced by the pp annihilation or by decays of neutral mesons,

iv) the branching fractions Lfehannel measured in liquid H, targets for the channels
w+n-, KTK-, KK and n0n0.

The ASTERIX analysis was based on the simpificatory schematization of annihilation
in terms of only two components and relied on tacitly assumed hypothesis [12] of which the
most critical one was the assumption that the fractions of annihilations from the four P-wave
sublevels with principal quantum number n=2 were proportional to the four F , fractions of
annihilation for P-wave annihilations at the same target density. Within the context of the
symplifications mentioned above the ASTERIX analysis permitted to determine a
significant value for the ratio between S-wave and P-wave annihilations in H, gas at NTP
and a value of that ratio in liquid H, that was much more uncertain, because it depended

critically from the magnitude of the fraction Liquidf %’ whose experimental values varied
from (4.8 to 1.4 to 2.06 to 2.5) 104 [13-16] and has grown recently to 6.9 x 104 [17]. The
derivation of the fraction of P-wave annihilation in H, gas at 15 atm was obtained by
CPLEAR [4] following the track of the ASTERIX analysis. The values derived for the ratio
between S- and P-wave annihilations in gas and in liquid are exploited in quantitative
analyses of pp annihilations at rest with three and more mesons produced in the final state
and with conventional and exotic mesons in the intermediate states [18-23] and in the
determination of the electromagnetic form factor of the proton at threshold in the timelike
region [24,25].



In this paper we express the structure of the JPC distribution of the initial states of pp
annihilaton at rest in terms of atomic states of protonium. We show that the six annihilation
fractions F ., which are defined in Section 2.4, can be determined by measuring the

fractions of some exclusive annihilation channels and the angular distributions of the particles
measured in the final state. This task requires measurements at several target densities and
will simultaneously yild the branching ratios for annihilation from each allowed JPC initial
state for the channels exploited. The method that we suggest to derive the annihilation
fractions and the branching ratios can be completely independent from any hypotesis about
the atomic cascade and the effects of strong interactions on the atomic levels of protonium. It
can be simplified by using explicitely one dynamical hypotesis about the evolution of the
atomic cascade. We show also that the main hypotesis exploited implicitly in the derivation
of the S-versus P-wave annihilation ratios by ASTERIX is not justified.

This work elaborates on points anticipated in ref [26] and discussed [27] at the
Nucleon-Antinucleon conference NAN '91. The additional physics information that can be
extracted by performing a similar program in coincidence with detection of L and K X-rays
of protonium is discussed elsewhere [28].

The determination of the annihilation fractions is necessary for a precise measurement
of the electromagnetic form factor of the proton at the threshold of the timelike region [29]
and for quantitative differential measurements in the spectroscopy of light mesons and
exotics [30,31]. The determination of the branching ratios of annihilation channels
from the different JPC initial state from which they are allowed is a crucial experimental
input for the study of the dynamics of nucleon antinucleon annihilations.
Refs. [26,32-34] give experimental and theoretical reviews about this topic. The approach
outlined in the present paper does not require to enter deeply into the details of the atomic
cascade of protonium. The interested reader is therefore referred to the papers where the main
mechanisms which make the atomic cascade of protonium density dependent were discussed
[35-37], to recent reviews of protonium physics [38—40] and cascade calculations [41].

2. PROTONIUM LEVELS, CASCADE and ANNIHILATION
2.1 General points

Each antiproton brought at rest in a H, target forms a pp atom in a highly exited state.
The pp atom undergoes its atomic cascade, wich finishes with annihilation in a S- or P-
wave level of protonium. Protonium is analogous to positronium, but has a much larger
reduced mass, leading to a Rydberg energy of 12.5 keV, and strong interactions perturbing
considerably its S- and P-vave levels. In the ground state, that has a lifetime of about
10-18 sec, the separation between p and P is about 50 fm and grows as n? with increasing
principal quantum number n. Annihilations occur only from S and P-states because for states
with higher orbital angular momentum the overlap of the p and p wave functions is
negligible.

For the same reason annihilation is much more strong in S-waves than in P-waves. The
values of the shift AE and broadening I" caused by strong interactions to the protonium levels
are expected to vary with the principal quantum number n according to the overlap of the
wave functions and to depend from the spin and the angular momentum (see Ref. 34 and
references quoted therin):

[ e =f) Dy
AE .. =fm) AE (1)



where for S-states f(n) =n> with I, =T
with I'jpe =T, e
None of the 12 independent quantities AE,. and T, that caracterize the global

effects of strong interactions on the two n=1 S-levels and the four n=2 P-levels of protonium
has been measured directly so far. This implies that there are 12 parameters, that require
experimental deermination, which are a necessary input to a complete calculation of the
cascade of protonium. Figure 2 and Table 1 in Ref. [38] show the scheme of the lower levels
of protonium and the expected perturbations to their coulomb binding energies. The values
reported there are those calculated in the model of Ref. [42] and are used just to illustrate the
orders of magnitude and to stress that the values of AE and of I are expected to depend from

the nJPC quantum numbers of the S- and P-levels. From experiments measuring X-rays of
protonium [6-11], are available average values for AE and I" of the ground state (which
correspond to different experimental conditions in which the averages have been made), and
an average width I" for the n=2 P states.

S and P-wave levels of protonium that annihilate are completely identifed by the nJPC
quantum numbers. The population of the levels of protonium from which annihilation may

occur is indicated here as °P_..

yec, and for P-states  f(n) = 32/3(n3 - n5)

n=1

anJ”C represents the probability that the level be reached in the course of the atomic

cascade. The population of a level depends from the atomic cascade and from the distribution
of initial states of protonium at capture. For any level this population depends on the density

p of the target, to which is proportional the number of collisions per unit time of protonium

atoms with the molecules of the surrounding medium. The precise calculation of ? P e is not

possible at present because the 12 strong interaction values that caracterize the strong
interaction effects on the levels of protonium are not individually known. For the purpose of

this paper it is however sufficient to indicate explicitly the fact that the values of °P _jrc are

density dependent.
Any nJPC level is depopulated by two types of transitions.The first type of transitions
are:

i) radiative transitions to lower lying levels of protonium with a decay width I‘r‘;",,c
and
ii) annihilations with a decay width I L“‘,}C .

The widths associated to these transitions are controlled only by the internal dynamics

of protonium.

The second type of transitions include:

i) Chemical transitions (in the highly exited states of protonium) where the
antiproton can change of proton partner during a collision,

ii) Auger transitions, where protonium makes transitions to lower lying levels
transferring energy to electrons of molecules crossed during collisions,

iii) Stark transitions induced by mixing with nearby levels of equal n; the stark mixing
is caused by the non-central electric field experienced by protonium when
crossing Hydrogen molecules in the target.

The second type of transitions have rates proportional to the density of the target.

The total width of a protonium level is then density dependent and can be written as

prtot rad ann pystark P auger pychem
e = I'he + I'he + I75 + T+ T )

nJPC



2.2 Definition of branching ratio of an annihilation channel from a level of given JPC
We indicate with F;*J‘,c the width for annihilation into the specific channel ch of the

nJPC level. I‘:‘J‘,,c obeys the same scaling law (1) as the total annihilation width F:‘J";C of the
level nJPC;

e =f(n) I 3)

For a given exclusive annihilation channel ch we call B;‘,Ic the ratio between the
probability of annihilation of a level nJPC in a channel ch T'®),. and the total probability of
annihilation "7, of the level nJPC:

ch - ch
B% =T

nJPC

J 2% = T/ LR )

B;‘;C is the branching ratio for annihilations into the channel ch. This quantity is the

same for all levels with the same JFC, since it is independent of n and of the atomic cascade.
It tells how much strong interactions favour annihilation into the channel ch for a protonium
level of quantum numbers JFC .

2.3 Fractions of annihilation from individual atomic levels

The contribution “f .. of the nJPC level to annihilation is proportional to its

population and to the fraction of its disappearance by annihilation over its total disappearance
rate:

pfﬂjyc = anJpc F:T;C /pr:;[vc (5)
The contribution °f% of the nJPC level to annihilation in a specific channel ch is

proportional to its population and to the fraction of its disappearance by annihilation into that
channel ch over its total disappearence rate:

e = P T/ ©

2.4 Annihilation fractions
We can reexpress (6) by using (4) in the following way:

Pfch

nJ?¢

— ch ann ot
B BJ"‘-‘ anJ"C rnJPC / pr;J"C )
which says that the contribution of level nJPC in a target of density p to annihilation into the
channel ch is proportional to the branching ratio of the channel ch from the JPC level times

the probability of populating the level nJPC times the probability that the level nJPC undergoes
annihilation.

We can then reexpress (7),by using (5) as:



P = Bhe °f @)

nJ

The fraction °F e of all annihilations from all the initial states of protonium of a

given JPC is given by the sum over n of the contributions °f ,. to annihilation of all the
states nJPC:

PFpe = L "Ly = 2 PP e T / T ©
Each annihilation fraction depends on the density of the target and on the 12 strong
interaction parameters AE ,. and [, via the dependence of the terms Pp e I‘:’J“,‘,c and

’T"% . Even if the dependence from the 12 strong interaction terms via the above first and

third terms would be only mild, the dependence on the annihilation width I'j;¢ is strong, as it
can be seen rewriting (9) as:

PE . = T8 Xy () PPy /T (10)

The sum of the contributions of all the n levels of the same JPC to annihilations in a
given channel ch gives the fraction °f :'J‘PC of annihilations for that channel from all protonium

levels with that JPC,
We can then write using (8),

pgech pgch _ ch p -
£, = iy P = g B PR =

nJPc
_ ch
= BE PP (11)

2.5 Experimental determination of fractions of annihilation and of partial fractions of
annihilation into exclusive channels

In a target of density p the fraction f* of annihilations into an exclusive channel ch

is given by the ratio between the number "N of annihilations into the channel ch and the
number N of antiprotons annihilating into the target:

PEh = PN / N (12)

If the channel ch can be produced from more than one JPC, we can write PN¢h as

chh = X pN;}l:c (13)

J

If the analysis of the decay angular distributions permits to determine the individual
contributions ”N;*;c to PN it is than possible to determine experimentally the partial

fractions, that are given by the ratio between the number ? Nj’;c of annihilations into the



channel ch from all the states with quantum number JPC and the number N; of antiprotons
annihilating into the target:

Pk = PN, | N (14)

3. DETERMINATION OF ANNIHILATION FRACTIONS AND OF BRANCHING
RATIOS
3.1 General points
Equations 14 and 12 express in terms of experimental observables the same quantities
described in terms of sums of the contributions of the individual atomic levels respectively
by equations 8 and 11. We have then

Zx Bk PFp =°f" = NT/N; (15)

J J

ch Pech
BS “Fn = f;

JPC

PN /N | (16)

Equation 16 tells us that, if the annihilation fraction °F . ata given target density p is

known for the levels with discrete quantum numbers JPC, then the branching ratio B;‘;c for
annihilation into a channel ch from the levels with discrete quantum numbers JPC is derivable

directly from the measurement of the partial fraction of annihilation ’f&% of that channel.
The same measurement at a second target density permits to check the value of the branching
ratio, if the annihilation fraction at this second density is already known, or conversely to
determine the annihilation fraction, by using the branching ratio value given by the first
measurement.

Table 1 explicitates conditions 15 and 16 for a number of pp annihilations into simple
channels, that can be identified unambiguously and reconstructed with little background.
Selection rules limit, sometimes drastically, the pp initial states that can contribute to
annihilations into the channels listed (see Ref. 3 and references therein). Each of the channels
listed in the table has already been observed experimentally at a target density or another in at
least one exclusive final state [43]. For each JPC it is possible to find one or more channels

that are not forbidden by selection rules and whose °f % be sizeable so that equation 16 can
be exploited sensibly.

Since each antiproton brought to rest annihilates, the following relation links the values
of the six annihilation fractions :

VB AE A #F PV E AR e =1 17

Since in the course of the atomic cascade none of the effects that contribute to the
cascade acts directly on the total spin of protonium [44], atoms formed in singlet state will
annihilate sooner or later in a singlet state, and analogously for atoms formed in triplet states.
For a unpolarized P beam stopped in a unpolarized Hy target, atomic capture will populate
statistically the spin levels and equation 17 breaks down into the two separate equations:

PF+F. =1/4 (18)

0t

PE_+°F +”Fl+++”F2“=3/4 (19)

. ot



We have written equations 18 and 19 under the explicit assumption about the dynamics
of the protonium cascade that no effect acts directly on the total spin of the pp atom. Should
this hypothesis be not justified, one can make only use of Eq. (17), which is quite general
since the antiproton is a stable particle, and we consider a pure H, target (hence no atomic
transfers to nuclei different from the proton). For the time being we assume the validity of
equation 18 and 19, and we will discuss later on how to check experimentally a posteriory
this assumption. Another implication of conditions 18 and 19 is that, if we consider S-wave
annihilations only in a target of given density, the ratio between S-wave spin singlet and S-
wave spin triplet annihilations needs not to be 1/3. If that ratio would be 1/3 at that given
target density it will very likely not be 1/3 at a different density. The same holds if one would
consider P-wave annihilations only.

3.2 Determination of ’F . and of °F .
Let us select within table 1 two final states that can be produced from pp 0*and 1+

initial states, and whose *f j‘;c can be measured separately at two target densities exploiting
the decay angular distributions. We will have, for example, at the two densities 1 and 2

Bﬂ¢ IF - 1f7t¢
+ 0t

( 0~

B? ’F. = *f*.

BY 'F._ = 't%

B? ’F. = T (20)
from which we can express the four unknown annihilation fractions 1Fo~” 1Fl,__ 2F0,+ and
2F1+- in terms of the four measured fractions of annihilations and of the two branching ratios
B(’)’i and B .

If we relabel B}?. = 1/x and B =1/y, the annihilation fractions can be expressed,
using Eq. (20) in the following way:

1 _ lenmd
Fo_+ =X fo_+
2 — y 2cmp
F0_+ =X f0_¢
'F. =y'f?
2R, =y "™ (21)

1 o

We can now write down Eq. (18) at the two densities 1 and 2, and we get

x '™  + y'f® -1/4

0" 1"
201 20mp
X ¥+ y (T =1/4 (22)
By solving this system of two linear equations with the two unknown x and y, one gets
the two branching ratios



2emp lemp _lomd 20mp
U 5 S 7y
x o gm0 2

2emp lemp _lemp 20mh
1 Bn°¢ =4 fl*‘ f0‘+ fl*‘ fo-

1% _1f1r¢ +2f7t¢
y 0 o

(23)

By using the values of the two branching ratios in the expression 23 above, the two spin
singlet annihilation fractions can be derived for each of the densities 1 and 2.

Cross check of these values can be obtained by using other annihilation channels at the

same densities 1 and 2. The procedure not only allows the cross check, but gives the B;‘;C for
the new channels used.

3.3 Determination of °F _, °F .., °F ..and °F .
Let us select within table 1 final states that can be produced from pp 17, 0*+, 1++

and 2% initial states, and whose °f j‘,ic can be measured conveniently at four target densities.

We will have, for example, the following set of 16 measured fractions at the densities 1,2,3
and 4:

BSS 'F o= 'S
B® ’F . =
B ’F. = ’fu
L = 4fKsKy

0++ 0 0++
B F,. = %
B °F,. = f“
wp 4 _ 4paw
B0++ F0++ f0++

B E,. = M2
B ’F,. = )l
wp 3 _ 3rw¢
B2++ F2++ - f2++

wp 4 _ 4cwd
B2++ F2++ '_' f2++ (24)



from which we can express the 16 unknown annihilation fractions in terms of the 16
measured fractions of annihilations and of the four branching ratios B***, B2, B and
B

If we relabel BI**- =1/a, Bj’=1/b, Bf=1/c, B’ =1/d and we write down
equation 19 at the four densities exploited, we get the following system of four linear
equations in the four unknowns a,b,c and d:

a 5+ b

+ M o+ d Y =34

a 2+ bV 4+ c M+ d MY =34
a’ i+ b A%+ c N+ dOfY = 3/4
a ‘e + b+ c R+ A =3/4 (25)

By solving this system of four linear equations with the four unknowns a, b, ¢ and d one
gets the values of the four branching ratios Bf** B2, B2’ and B’ in terms of the 16

g 2+
frequencies measured.

By inserting the values of the branching ratios in the Eq. (24) above, the four spin
triplet annihilation fractions can be derived for each of the densities 1, 2, 3 and 4.

Again, cross checks of these values can be obtained by using other annihilation
channels at the same four densities . The procedure not only allows the cross check, but gives
the BR for the new channels used. :

If the cross checks were not to be satisfactory, then one should question the dynamical
assumption that has permitted to break down Eq. (17) into Eq. (18) and (19). Determining
branching ratios and annihilation fractions would then require to express the 6 annihilation

fractions ’F .. in terms of 6 different branching ratios B%, to measure at 6 different

densities identified by a label d = 1 6, the 6 fractions of annihilations “f$,” associated to

the 6 chosen branching ratios, to write equation 17 at the 6 different densities d, to get a
system of 6 linear equations in the 6 unknowns corresponding to the inverse of the 6
branching ratios exploited, to solve that system in order to get the 6 values of the branching
ratios selected, and finally to use these values of the branching ratios in order to get the 6
annihilation fractions for each of the 6 target densities employed.

4. COMMENTS
4.1 S-wave and P-wave annihilation

Given a target at a density p, the fractions ’Fg and °F, of S-wave and P-wave

annihilations and the fractions *f{" and °f$' of S-wave and P-wave annihilations into a given
channel ch are given respectively by

PF; = ’F .. +F. (26)
°fg =B °F . +BL°F . 27)
’F, = ”Fl+_ +PF o +”F1++ +”F2++ (28)

h h h
PES =B1°E_ PR, +B;++pF0++ B, g +Bf;++”F2++ (29)



Comparison of expressions 26 and 27 and of expressions 28 an 29 shows immediately
that in general ?Fy is not proportional to *f§" and °F, is not proportional to °f < This could
only occur for a channel allowed from all S or P-wave quantum numbers and with the same
branching ratio from all quantum numbers.

4.2 Annihilations from the n=2 levels of protonium

The n=2 levels of protonium are populated dominantly by radiative transitions from
levels with higher n. These radiative transitions can be detected in coincidence with the
products of annihilation from the n=2 levels ( or of annihilation from n=1 levels populated by
a radiative transition from n=2 to n=1).

The fractions of annihilation from the n=2 levels of protonium can be expressed by
specialising equation 5 :

Pfowe = PP Donc/’Ty) (30)

2J 2J 2JF¢

Let us reorder the terms in Eq. 30 and rewrite it together with Eq. 10

e = e {9410 AP L] el (30)
PP = T Zn f(n)PP e /7T o (10)

Equations 10 and 30 and their comparison permits to extract a number of conclusions
which are of general nature and not dependent from any assumptions about the evolution of
the atomic cascade.

1)  The fractions of annihilation in P-wave from levels n=2 of protonium depend from the
target density.

2) The ratios between the four fractions of annihilation in P-wave from levels n=2 of
protonium depend from the target density.

3) theratios f,./"F . depend from JEC,

4) theratios °f ./ "FJPC depend from the target density.

5)  Annihilations at NTP in coincidence with X-rays of protonium, which is characterised
by the fractions of annihilation NTPf ,yec» correspond to a specific distribution of JFC P-
wave initial states, that is in general different from the distribution of P-wave initial
states at NTP, which in turn is characterised by the annihilation fractions """ F -

6) The assumption made in the ASTERIX analysis that annihilation with L X-rays of
protonium in coincidence provides a sample of "pure" P-wave annihilation is arbitrary.
There is no ideal target where one can have "pure" P-wave or "pure" S-wave
annihilation. In the conditions of the ASTERIX experiment the request of X-rays in
coincidence was surely providing a sample of events were annihilations occurred
dominantly from the four P-wave sublevels of the n=2 state of protonium. However the
ratios between the fractions of annihilations of n=2, 1+-, O*+, 1*+ and 2+* levels in a
target at NTP are not known and need not be proportional to the annihilation fractions
at NTP for JPC =1+-, O*++. 1*++ and 2++.

5. CONCLUSIONS
We have shown that the annihilation fractions and the branching ratios for annihilations
into exclusive channels can be determined by measurements of fractions of annihilations at



several target densities with a method that is independent from hypothesis about the effects of
strong interactions on the levels of protonium.

Six target pressures are required to fulfil this program without making any assumptions
about the dynamics of the atomic cascade of protonium.

Under the hypothesis that the collisional effects, that make the cascade density
dependent, do not induce transitions between spin triplet and spin singlet states, two target
densities are necessary and sufficient to measure the annihilation fractions of the two types
of singlet states and branching ratios of annihilations from singlet states. Under the same
hypothesis four target densities are necessary and sufficient to measure the four annihilation
fractions of the triplet states and branching ratios of annihilations from triplet states.
Measurements at four densities of more than six branching ratios will provide checks of the
validity of the above mentioned hypothesis of conservation of the total spin of protonium
until the end of the atomic cascade.

We have also shown that assumptions made implicitly in the available derivations of
the relative fractions of S- and P-wave annihilation are not justified and may have caused
errors, which cannot be estimated at present specially because the total annihilation widths of
the four n=2 P-wave levels are not known. ‘

We have used the term branching ratio to indicate quantities that are not dependent
from the target density, and we have used the term fraction for quantities that do depend from
the target density. . _

We have defined branching ratios so that the sum of the branching ratios of all
annihilation channels open to a state of quantum numbers JPC adds up to one. Also the sum of
all annihilation fractions adds up. to one. The fraction of annihilations into a channel
determined experimentally using a specific target is called channel branching ratio in some
papers. This way of calling is confusing, because the quantity indicated is density dependent.
It is important that the target conditions (and the conditions of selection of initial states, if
there are any) in association to any measurement of a fraction of annihilation channel are
spelled out explicitly in order to make the experimental data usable to deduce branching
ratios and annihilation fractions.

A number of measurements of the fractions of annihilations for exclusive channels
with charged particles in the final state are available from bubble chamber measurements for
a liquid H, target. ASTERIX has measured a set of branching fractions in H, gas at NTP for
exclusive final states containing charged particles. Currently three experiments are taking
data at LEAR [45] on pp annihilations at rest using H, targets of three different densities:
Crystal Barrel uses a liquid H, target and has in the analysis pipeline several branching
fractions of exclusive channels with neutrals in the final state; CP LEAR uses a gas H, target
at normal temperature and 15 atm. pressure; OBELIX uses a H, gas target at NTP, and can
exploit efficiently also a target of lower density. The three experiments are all equipped with
detection systems capable of measuring fractions of annihilations of fully reconstructed final
states. The detectors have different specialisation, but a number of final states can be
measured by each of them at the same target density for cross check of systematic effects.
The conditions exist therefore in order that the necessary good statistics data be collected, so
that the annihilation fractions can be determined at the densities for which they are more
urgently needed. Angular distributions of the detected particles are needed in order to
measure the JPC fractions of annihilations.
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