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DISCLAIMER
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Government. While this document is believed to contain correct information, neither the

United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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AN ATTEMPT TO DETECT;p«MESQN PAIRS fROM 522,N$V BREMMSSTRAHLUNG
Jo Wo Mather, E. A. Martinelli, and‘W. No Jarmie
Yarch 8, 1951 |
- Radiation Leboratory
University of California
Berkeley, California
It has_been suggested that high ensrgy photons should create pairs
of p-mesons, either by an eiectfomagnetic process (since it is thought
probable that the j-meson is a Dirac particle), or by virtue of recent
considerafiqns of Wentzell. Jo Steinberger suggested one might look for
the effect using the Berkeley Sychrotron. .

The total yield of such pairs is given bys

n‘§3%w33<g) ‘Egégl dE-

5
o}
where n is the number of nuclear centers per unit area, By is the threse
hold, 22 AF(E)
o Emav is 322 Mev, T is the total photon spectrum, and 5(E) is

the cross section for pair productlono In our computations we have assumed

the cross section to be of the forms G(E) = (;:§Q> For electro-
‘magnetlc pair productlon_,2 as an example,tja is O 085 4>where ¢ is 1

. 137
( (using’the'p mass instead of the electron mass) Using this value

‘for a 1 inch CHp target gives 4.6 x 101l pairs per e.q. and for 1/4 1nch
leads 2.3 x 107° pairs per e.q., where the number of equlvalent quanta
(eoq;) is the total energy in the beam divided By the maximum photon energy

(322 Mev). The beam used for this experiment was on the order of 2 x 109

! VYentzel, Phys. Rev. 79, 710 (1950).
2. Heitler, The Q.M. Theory of Radiation (0Oxford).
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€0qe per minute,

Th?»experimental apparatus, consisting of ﬁwo scintillafiqn‘ counter
teiescopes and associated electronics, is shown in Figs. 1 and 2. The
liquid“s¢intiilator is b.5 percent of terphenyl in xylene enclosed in'glgss
cyiindergié“ dié. x 1025ﬁ and S“HJia.vx 0;5" (fof fhe énticbincidéﬁce) o
With_thin windows for a pair of 1PZ21 photomulfiplér tubes. The use of two
photo tubes per scintillator greatly flattened thé éeometrio pulse height
dis%ribution and raised the electron signal rate by a factor of five
without raising the noise appreciablys

Each meson channel was adjusted to count -"i.mgsons (vy me;ns of the
f=electron decay)_with maximum efficiency, aﬁd the result of this was
found to be in good agreement with the work of Steinberger and Biéh0p3.;

CH2 and Cu targets were uged for 90° obser%ations—and CHz for 135°.

The numbér of pairé one would expect to count can be calculated as

follows:

vo. =n (0F 0 op [a@m) otm) () g5

where,fl, the SOlld angle subtended by each counter;telescope at the target,
1s squared if we assume the angular'dlstrlbutlon of the u's to be random

- and sPheriéally symmetric; D is the fraction of the décay eiegfréns..
aécepted bykthe deiayed electron gates; C is .the fraction of the‘¢ﬂ.m580ns
which give a decay électron in cérbon;j? is the countefvefficiency.for
seeing the p=electron decéy; and Q(E) accounts for the sméll part of the

- total energy spéctrom“of the W pairs which'willlbe accépted by the counters.

5 Steinberger and Bishop, Phys Rev 78, 993 (1850).
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This includes two effects, since the energy acceptance of the crystaisf
limits the Eotal eqergy.of the pair and also, @hewmgnQe; ih whigh"the
total energy is splite The last factor greatly reduceé the number of
pairs detected, , i _ . : .
For the eiectromagnetic theory, for example, where the enefgy split-
ting distribution (for smalljpcz) is fairly flat, reasonable values for
these quantities give the follbwiné'resultsg
1x lC'ls.pairs per €sQ. iﬁ Chz at 90°
5 x 10~15 pairs per e.q; in Pb at 90°
These rates are impossibly small, and the angular distribution for
this process is probably somewhaf forward, S?.i£ was decided to look for
other mbdes ef p_pair production at 90° agd 1350 where the background
conditions are decidedly better. It is assumed that these processes
would haﬁe a reasonably spherically symmetric angqlar_distribution;
The results of several bombardments are as followss .

Target Angle (lab) Total counts Calculated accidentals

Cu 900 1 per 199 €eQe «lo4 per logce.q.
CHy = 900 1 per 5.6 x 1010 e.q. 0,17 per 5,6 x 1010 e.q.
CHg 135° 1 per 2,5 x_loll eoqef 202 per 2.5 x 1011 e.qs

To oBserv? a real counting rate of this ofder of megnitude would mean that -
a process, similar to electromagnetic pféduction,'would have to have a éross
section 2 x 10° largér:than'the électromagnetic cross secfion.‘ Both of
the CHp results give an upper limit on the tétal'pmpair yield wh?gh is 3
pefcent of the (equrimeptgl) w* yield. A previous value of 2 percent

"has been given by Peterson, Gilbert, and White,4 as a byproduct of their

4 Peterson, Gilbert, and White, Phys Rev (in Press) and UCRL=703 Rev.
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iﬂvestigations of phbtofmeson prodgction gsigg_phéﬁqgraphic p}étesov”The
background with a Cu target was too high to make\aﬁ estimate possible.

The relatively high accidental rate isinherently due to the electron
singles rate flooding the wide gates necessary to receive the decay eleétron.
Any possible improvement should tﬁgrefore include a means of drastically
reducing the électronbsinglesvratga‘ A pqssiblgwmggns of deing this would
be te shield the electron counters from the target. A fasﬁér coincidence
for the‘pomesong would only be ofﬂpgyﬁigl help as it was found that
approxim&tely 1/4 of the coincidence§ formed"@erg reglo"_Iﬁwshguld‘bennoted~
that the_accidental ratevwill go theoretically as'the_4th“pqwerbof the
beam iﬁtensityo Experimentally this'vgyiation was verified.

Another major problem is that of how to make a practical increase
in the energy adceptangg of the counters Withquﬁ_det?imen@al}y_increas-
ing the accidental rate. Other'improvemen@s‘shquldbbe noted; such as
& higher beam energy (although multiple‘ﬁ'produpt;on_might hipder'this);
an improved § gate; and general;y‘refined:élecﬁronicso It canvbe seen;
using reasonable factors for these improvements, that while the u_pair/%r*‘ h
ratio could be improved, the elecfromagnetic pair production yield would
be far from reachédo |

It is a‘pleasﬁfe to acknowledge the guidancerof4Dr?_Eo;MpMillan ohw
this project, and some helpful discuésiqné with J, Stgi@perggr and A, S;
Bishope We élso thank Geo. MCFarland and théVSyngh?gtrqp Crew for their
assistance; John Barale, Al Stripeika, and VernVQgren for their invgluable.
‘help with the cqmplex electronicsy and Harry Powell who did the glasswork

for the counters.
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