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INTRODUCTION

1 . .
In Section 2.1 of our proposal ) it was shown that the determination

of the rate of annihilation Fee for the channel
P+tprete (L)

using antiprotons at rest, could be derived from the simultaneous measure-+

ments of the rate of annihilation into two pions, Fﬁﬂ:

Pepom o+, (2)

and the branching ratio Be' In fact

ee Fﬂﬂ ee ee
3 T (3)
tot tot M n
and so Fee = Pﬂw b Be/Bn'

The uncertainty (A?ee) in the determination of Tee is then
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ABe/Be depends essentially only on the number of events which will
be collected (AB_/B_ = L/VN ).

BTr is, at present, known with a precision of ~ 10% [see Baltay et
2
al. )]. However, the measurement which we propose should allow a deter-

mination of Bﬂ at q® = —4m® with a precision of v 1%.

Fﬁﬂ requires a separate procedure. At a given ¢® < -4m? the partial

cross—section for annihilation inte two pions is given by

= 1 .
or T ¥ Lo (5)
where v is the velocity of the incoming antiproton. At v = 0, S
diverges if Fﬁﬂ is finite. We can define
F?W(némz) = lim v O
Tl v >0
lin =—f—gq (6)
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where m, p, and Ep are the mass, the momentum, and the kinetic energy of
the antiproton, respectively.

The above limit can thus be measured extrapolating to zero the

experimental curve of v Oy VETSUs Ep'

It is relevant to our problem to point out that v Uﬁﬂ is, most pro-

bably, a slowly varying function of EP in the neighbourhood of the origin,

)

. 3 '
From a vector—dominance model one gets

v o(nr|®s1,Pp) = const X |Fﬂ(—q2)[2 (N

1
-q%)
where, in terms of the kinetic energy Ep of the primary antiproton,

"q2 = 2m(2m + Ep) .

If FTr is determined by the p mass,

c
F_ = — il

In conclusion

1 1
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For E << 2m
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E
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- Ep T O E,+ 0 T 8m [1 > 2m] ) (9

Thus the accuracy in the determination of Tﬂﬂ depends essentially on
the accuracy of the determination of Ep at the point of the interaction.
The statistical error will be very small (S 17%) since we can accumulate

thousands of events at each peint in a few hours.

EXPERIMENTAL DETERMINATION OF lim Iy (q* - -4m?)

Using the apparatus described in the proposall), the determination

of Ep is based on the measurement of -dE/dx as deduced from the light out-

put of counter 3.

This counter will consist of a 1 cm thick scintillator, having a

square base. Light will be taken independently from all four sides by



four photomultipliers, and their outputs will be summed together. The
calculated Vavilov distribution has #37% width for p energy between

1080 MeV. The energy rescolution obtained from it is plotted as a
function of Ep in Fig. la: it can be seen that at Ep = 70 MeV (corre-
sponding to Py = 360 MeV/ic) AEP "V 3.6 MeV, AEP/EP v k5%, and it improves

as Ep decreases.

The energy at the point of interaction ig thus the energy measured
by counter 3, decreased by the energy loss inside the hydrogen target.
Straggling adds an error which increases with increasing the range of the
p in liquid Hy. However, this can be reduced to a negligible amount by
taking only the events in the first 5 cm of the target {or by using a

short target).

The coordinates of the point of interaction are reconstructed from the
intersection of the pion tracks {(as determined by SCl and SC2) with the
trajectory of the primary p (as determined by the wire chambers W) (see
also Ref. 1, Fig. 3). The accuracy of the angular determination of the
secondary tracks (*0.5°) induces an error on the coordinates of ~ 0.5 em
along the path of the p. This means that when an antiproton interacts
with an energy of 10 MeV or less, its energy cannot be determined with
any precision by this method. However, in such a case, it can be deduced

from the angle GW,T between the two pions. As shown in Fig. 1lb, each value

j
defines an interval for the kinetic energy of the p, and when Gﬂﬂ
approaches its limiting value 180° (i.e. the p kinetic energy approaches
zero) such an interval decreases as well. In fact, for Oﬂﬂ = 175°,

4 < E < 10 MeV and, for O = 177°, 2 < E < 4 MeV,

Contaminations due to events of the type
P*+p~—>7T+ T + neutrals (10)

%
at rest have already been shown to be negligible [Ref. 1, Fig. 9 )] when

events associated with gammas are excluded by the anticoincidence.

*) The graph reported there was computed introducing a cut-off in the
energy detection of the y's at Eop ® 200 MeV, a value related to an
early design of the detector. Using the design described in the pro-
posal®), this threshold is considerably reduced and, with it, the
contamination (see later).
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However, the extrapolation of the function Vo, . to its limit for

v + 0, involves measurement on the disintegrations:
- + - . ,
pt+tp>T + [Eq. (2)] in fiight .
These events can be simulated by disintegrations into the modes:

ptp- 7"+ 17 + neutrals [Eq. (10)] at rest or in flight

if the v's escape undetected.

To estimate this contamination, we assume that the pp cross-—section
related to individual hadronic channels exhibits the same dependence on
Ep ag that observed for the total cross-section. Then the fraction of

interactions in flight inside the target, i.e. with
@<Ep< 60 MeV ,

is about 20% of those at rest. Normalizing to 1000 events of type (2)
at rest, one expects 200 events of the same type in flight and 150,000

events of type (10) at rest and in flight.

Moreover, we remark that:

a) for Ep < 60 MeV, the angle Gﬁﬂ between the two charged pions produced

in process (2) is always inside the interval
160° £ 9__ < 180° .
T .

The fraction (see Fig. 1b) of processes (10) at rest, producing pions

with E)Wr included in these limits, is

W =77
a

and decreases as Ep increases.

b) In the proposed detector (see Ref. 1) a certain angular region is
"blind" to gammas.  For gammas emerging from the target, this corre-
sponds to a percentual loss of

Wb = 6% .



c) We assume that gammas can be detected only if EY 2 70 MeV., (For the
sake of simplicity, we assume this to be a sharp threshold. Only
direct experimentation will determine it precisely.) For EY 2 70 MeV,
the average detection efficiency of the apparatus is reckoned to be

v 97.5%, Thus the loss is

W
c

W
c

1007 for EY < 70 MeV

2.5% for EY > 70 MeV .

We distinguish the two cases:

(10s) p + p — o+ 4+

(108 p +p o o+ (22 .
The relative abundance of the twe channels is:

PuB = 0.17 .

First let us consider channel o. The fraction of events having one of the
two gammas with an energy EY < 70 MeV, averaged over the Y spectrum under

the constraint (a), has been found to bhe
P o= 20 x 1077
Y

If one vy has an energy EYl < 70 MeV, the other has necessarily EY2 > 70 MeV.,
On the other hand, both can have their energy above this threshold. Four

cases are possible:

1) EYi or EYz < 70 MeV. The energetic y hits the "blind" region. This
cagse has a relative frequency:

= L] . L] N -4
Wi =P PY W oW, ® 1.4 % 107"

2) EYI or EY2 < 70 MeV. The energetic v hits the sensitive region but
fails to be detected:

= - . - e . ~ . =k
We = Pog B oW oe (1= W) cW, % 0.6 % 10

0B



- 6 -

3) Both gammas have an energy EY > 70 MeV, but one of them hits the
"plind" region and the other is not recorded (the case of both

hitting the '"blind" region is forbidden by kinematics):

4

Wy = s (L =P )W «2 W W = 0.3 x 10
Y a ¢

PuB b

4) Both gammas have an energy EY larger than 70 MeV and both hit the

sensitive region but fail to be recorded:

=3 - — ] - — L] 2:’_, —hb
Wy = P (1 PY) W+ (1= 2w ) W2 = 0.06 x 10

af

In conclusion:
Wo=W, +Wo #+Wg + Wy » 2.4 x 107"

The contamination from channel (B) is much smaller than this value
owing to the higher number of gammas ejected from each disintegration,
and is indeed negligible. Other channels, associated with higher neutral

- + -
masses (for example, p + p » m + m + n°) are also nearly excluded.

Thus, the contamination originating from 150,000 events of type (10)

should be reduced to v 36 events, The ratio

- signai ., 200 _ 6
background 36

Finally, if the energy of the incoming p at the point of interaction
is determined as discussed above, excluding events with Ep < 10 MeV, one

reduces the background by a factor % 1/5 and obtains R & 30.

EXPECTED ACCURACY FOR T AND I'__ AT q* = —4m?

Gsing Eq. (9) and assuming AEP = 10 MeV, one has

5 2 1/2
~ 2 AR -2 ~
T, /T | = Hzm A]:p] + R } 4.2% .

Over an interval of 50 MeV where the dependence of Fﬂﬂ on Ep is still
linear, Fﬂﬂ does not vary by more than 8%. Dividing this interval into
five equal segments, each of 10 MeV, and determining the extrapolation

with these segments, one has
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Tt is then clear that the accuracy in the determination of Fee is
essentially limited only by the statistical error of Be. Assuming

ABe/Be = 0.1, from Eq. (4) one has

AT

r
ee

1
el L 1(0.1)2 + (0.035)% + (0.01)2)7% = 0.11

BEAM DESTIGN AND MODIFICATIONS

In Ref. 1 we have indicated the m:;; beam as the most convenient

candidate for our experiment,

Dra. Petrucci and Ferro-Luzzi (see Appendix) are confident that the
beam acceptance can be improved by a factor of 1.5, without any great

t 3
trouble., Thus [see Kalmus et al.‘)] one can hope to obtain

v 450 pap.p. (with 5 x 10! p.p.p. on target 1)

%)

It is worth pointing out that the above—quoted beam ° allows a momen-
tum bite Ap/p v 2%. Then the range of antiprotons brought to rest in Hp
will vary within 42 cm. Adding the spread due to straggling (8 cm), the
total width of the range distribution in the liquid hydrogen target would

then be v 50 cm. This determines the length of the target.
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Figure captions

Fig. la : The uncertainty AE in the determination of the energy (Ep)

of p at the point of interaction.
a2 . + - . - + —
Fig. 1b : Angle Gﬁﬂ between ™ and 1 f£rom the reaction p + p + T + T ,

plotted as a function of Ep
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