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MEASUREMENT OF THE PANOFSKY RATIO IN 3He+

Peter Trudl¥*

Physik~Institut der Universitidt Ziirich

Ziirich, Switzerland
and

‘Helmut W, Baer, James A. Bisterlich, Kenneth M. Crowe,
Nico de Botton,+ and Jerome A. Helland§

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720 .

ABSTRACT
The photon spectrum from radiative and charge-exchange capture of

pions in 3He was measured in a high-resolution pair-spectrometer yield-

ing the new value of the Panofsky ratio P3 = (n + 3He > 3H + no)/

3 3

(n + "He > "H+ vy) = 2.68 ¢ 0.13. An impulée approximation analysis

is presented which gives a value P3 = 2.5. 1In addition, the branching
ratios for the 3He + no, 3H + vy, and (2H +n+yand p+n+n+y)

channels are measured to be 17.8 + 2,3, 6.6 + 0.8, and 7.4 + 1,0%,

respectively.
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The absorption of negative pioné from atomic orbits around free

protons proceeds almost exclusively via the charge-ekchange reaction

- .0 . . - .
m +p->n+ 7 and the radiative capture reaction m + p -+ y + n. The ratio

of the tranéition rates for these two processes, the éo-called Panofsky
ratio,1 links pion-photoproduction at threshold to pion-nucleon scattering
and provides a determination of the pion-nucleon coupling strength. The
equivalent ratio for protons bound in nuclei has been observed only

in 3He, where an earlier measurement by Zaimidoroga et aZ.,2 yielded

0 3 3

+ 3H)/(w_ + “He - y + "H = 2.28 + 0.18. Some authors>*"

P3 = (1 + 3He -
have regérded this quantity as a test case in the application of the.
PCAC hypothesis to soft-pion problems involving compiex nuclei. Other

authors‘employ the impulse approximation (TA) directly and relate the

Panofsky ratio for 3He to 1H. By making this assumption it has been

3,6 depends primarily on one parameter, vi3., the 3He-3H

2 1/2
> 3He
P, = 2.28 + 0.18 disagrees with the value 1.88 + 0.05F determined’ by

shown that P

3

rms transition radius. The value {r = 1.4 + 0,2F extracted from
electron scattering. In view of the importance of this quantity both to
the study of the elementary particle approach to nuclei as well as the
structure of the mass-3 system and possible 3-body fofces it was thought
desirable to remeasure this quantity and to study directly the radiative
breakup reactions T + 3He'+ d+n+vyvyand p+n+ ﬁ + v.

The experiment was performed in the stopped-m beam_of the Ladrence
Befkeley Laboratory 184-inch cyciotron. Details of thé experimental
setup are given in Ref. 8.. A 7 beam is brought to rest in a 9.5-cm-
diameter, 12.7-cm-long Mylar flask (0.02 cm wall thickness) filled with

liquid 3He at 1.9°K. A typical rate was 3 x104 m/sec stopping in the
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. §
helium content of the target. The photons were detected in 180° pair

spectrometer employing three wire spark chambers. In a calibration
experiment with a hydrogen target we determine the energy resolution of
the spectrometer to be‘2 MeV (FWHM) at 129.4 MeV (Fig. la); the acceptance
(conversion efficierncy x detection efficienency ><AQ/4#) is given in
Fig. la and Vas determined in a Monte Carlo calcqiation.8 The detection
efficiency includes the efficiency of our off-line pattern recognition
programs for finding the 10-20% good events among all'triggers as
described in Ref. 8. It was determined by visﬁal inspection of a total
of 50 000 triggers.

The 3He (n", v) spectrum (Fig. 1b) exhibits the expected four
photon channels; ty with EY = 135.8 MeV; dny and pnny with end-point
energies of 129.8 and 127.7 MeV'respectively; and tno; wo + 2y with a uni-
form distribution between 53.1 and 85.7 MeV. There is a suggestion of a
broad peak corresﬁonding to 10-15 MeV excitation in the 3H system'
(Fig. lc), although the statistical evidence for the state proposed By
Chang et aZ.9 is inconclusive. The two breakup channels cannot be
separated from each other, but their separation froﬁ the ty réaction
can be achiéved reliably by shifting the hydrogen line by 6.35 MeV and
normalizing to 3He events above 130 MeV., Separation of the small con-
tribution (v4%) which the breakup reactions make to the charge-exchange

10 calculation (Fig. lc).

peak (EY < 90 MeV) was performed with a pole model 8,
This procedure yields the number of events for each process in the
spectrum given in Table I. We divide by the acceptance and the number

of pions stopped in the target to obtain the absolute rates, after a

correction for photon conversion between the target and the converter.
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The 152 errors in the absolute rates reflect the uncertainties of the
spectrometer acceptance as well as of the beam divergencé and the effec-
tive target thickness needed to determine the stop rate. For calibration,
the hydr&gen results are also given in Table I. Here the mesonic aﬁd
radiative capture rates independently (i.e., their sum is not constrained
to 100%, but agrees with it) and their ratio P1 agree with previous
measuremepts.1 P, is determined from:

3

P = 3,0 3 C 0

=P, (1.533 £ 0.021) x [N_(CHr )/N_(CHy) ] x [N_(ay)/N_(nn ) Ix(1 - f).
371 Y Y Y Y
where N_ are the numbers of events in the spectra for the respective
channels, and f = (5.3 + 2.0)% is a small correction for the difference
in relative efficiency for 3He and 3H, since the phpton energies differ
slightly. The uncertainties in the acceptance cancel out and the pion

normalization does not enter. The errors for NY and the small error of

Pl'from previous experiments yield an error for P3 of 4.8%. We bracketed
) .

the 3He runs with 15 "H runs11 (both targets were mounted interchangeable

on rails)'since it was found that the acceptanée for lower energies
was sensitive.to spark-chamber performance. P3 detérminéd for each
sequence of runs agrees with the value takén from tﬁe total spectrum
quoted in‘Table I. Comparing our results with ones obtained in Ref. 2,
we find that the difference in the Panofsky ratio stems mainly from

difference in the charge-exchange yields, since the radiative yields

agree very well. This seems understandable, since the small kinetic

energy of the recoil triton (190 keV) may cause difficulties in observ-

-ing them in diffusion chambers. This point is discussed by the authors

in Ref. 2.
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Analyses of radiative T capture in light nuclei are in general
complicated by the fact that a large fraction of piohs gets captured
from the 2p Bohr orbit. The Panofsky ratio in 3He, however, appears
to be very nearly independent of 2p-state capture. Estimates3 fdr thé
fractioﬁ (pions captured)/(pions making 2p - ls x—fay transition) range
up to 55%;’ However Ericson and Figureau3 estimate that only 0.1% and
0.03% of pions captured from the 2p orbit undergo charge exchange (CEX)
and fadiative (REX) capture, respectively. Thus the measured Panofsky
ratio should be given quite accurately by the relativejls-capture

CEX/REX matrix elements.

The transition rates in the IA are given for radiative m capture12

by
2
2 2
1 k .2 k ™o N
A (18) = — —C“[1-———) { 1+ — ¢ (0)] |M
00 = () () el el
with 40 3 . :
’ Y ’ -.K?’ 2
2 1 k L ooy () T
M| AN zi .Y ppe ,<Jf”%|2i (&y-o5) 757 " e 19:M; ) |
m.m .\ j=1
if C
and for charge-éxchange3 by
A (4s) = - Lo,z “ < m'rr>2| ’2 2
8) = g-—— A - {1+ =] |$_(0) M
P ,4" mn_ m3+m“_ m_ T I ol
with
(2)
2 dQA 3 e >
1 \ _ (-) -iqyr 2
Sp— 4 J
[ | AR Z S. T (Mg Z T e 7, |

[h=c=1;m = mass (CHe) ; m = mass (1) ; (wo,ao) - my four momentum;

f, ¢ = photon momentum, polarization]. It is assumed that the plon wave
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function may be taken out of the matrix elemént and replaced by its value
at the origin with a small correction3 for the extended charge distribu-
tion I¢n(0)|2 = (0.97/&)(2 amﬂ)B(l + mn/m3)-3, whe;e o = 1/137. The
value of C'is determined by pion photoproduction cross sections at
threshold and has the valuelB‘C = 4n|E0+(ﬂ-)| = 47 (3;15i0.06)x 10—2/mw.
A is.rélated to the TN isospin singlet and triplet séattering lengt:hs13
by A = (41r/2/3)la1—a3l. |

With (1) and (2) the Panofsky ratio for 3He expressed in terms of
the samé quantity for hydrogen becomes
k m3+mn— wg3 m_+ mv-kiv ,MOIZ

903 1 . 3
m3+m_‘r.- k3 I‘):ln+1‘n."_—(;.b1 |M,2

P, = 2P
3 1 k3 q01

For radiative capture, lM[z is related14 to the axial form factors of the

mass-3 system and the nucleon and the Gamow-Teller matrix element

3 ) > "~ 15
_,3 (-) 3 The charge-exchange matrix element
MGT_<H|J.Z__)17'. 0j|He) ge- g -

IMOI2 is related14 to the vector-form factors and Fermi matrix element.
2. 2 :

Inserting IMOI- /M| = 0.73 (Ref. 16) and P, = 1.531, we obtain

P3 = 2.49, in good agreement with our measured value. The radiative

15 -117
c .

rate from this calculations is 3.60 x 10"~ se Since P1 appears

. in the evaluation of the experimental value of P3 as well as 1in the

theoretical expression, our result 1s independent of the particuiar value
for P1 chosen, and can thereforé be considered a direct test of the IA
in s-wave pion-nucleus interactions. The agreement of our experimental

value with recent values for P3 obtained by current-algebra methods is

‘not quite as satisfactory. Ericson and Figureau3 obtain values between

1.9 and 2.1, depending on whether the CEX cross section is calculated
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in TA or in the soft-pion technique. In this calculation the electric-
dipole_amplitude 'E(g;>| in the nucleon case gets replaced by the
soft-pion value ¢7EZ?F—(1/fﬂ) (gA/gV). When the elementary amplitﬁde is
appliéd to the nuclear éase_,4 a 22% correction for.p—meson exchange,
incoherent rescattering, and nuclear intermediate states is included.

The correction has the effect of increasing the radiative rate to

15 15

4.43 x10 sec”! (4.1 x10 sec-l, Ref. 4) and thereby reduces P It

- 3 )
would appear therefore that these corrections are smaller than estimated.

Other calculations along these lines, where, however, terms first order

in mW/mn are neglected, give values for the radiative rate around

2.3 ><1015 sec—l.lg’20

N

We wish to thank Professor N. Straumann and Dr. G. Nixon for

clarifying discussions of previous theoretical work.




-7~

'Footnotes and References

tWork done under the auspices of the U. S. Atomic Energy Commission.

*Part of the work was done while at the Lawrence Berkeley Laboratory.

$Permanent address: DPHN/HE, C.E.N. Saclay, BP n°2, 91-Gif sur Yvette,

A}

France.

§Present address: Los Alamos Scientific Laboratory, University of

California, Los Alamos, New Mexico.

1.

11.

W. Panofsky et al., Phys. Rev. 81, 565 (1951); V. Cocconi gg‘gk.,
Nuovo Cimento 22, 494 (1961).

0. Zaimi&oroga gs_gi., Sov. Phys. JETP 21, 848 (1965) and 24,
1111 (1967)« | | .

M. Ericson and A. Figureau, Nucl. Phys. B3, 609 (1967) and Bll,
621 (1969). |

M. Ericson, M. Rho, Phys. Rep. 5C, 59 (1972). "

A. Fujii, D. Hall, Nucl. Phys. 32, 102 (1962).

 B. Sfruminsky, Int. Conf. High-Energy Phys., CERN (1962), p. 17.

J. M. McCarthy, Phys. Rev. Lett. 25, 884 (1970); H. Collard et al.,-
Phys. Rev. B138, 57 (1965).

H. Baer et al., Phys. Rev. C 8, 2028 (1973).

This procedure was not followed in the early part of the run.
" This 1s the reason that our preliminary analysis based on 257 of

our data was influenced by a 15-207 variation in relative efficiency

and yielded the higher value P, = 3.5:0.4 [H. Baer et al., Int.
Cdnf. Few Part. Prob. in Nucl. Interaction, Los Angeles, 1972

(North-Holland, Amsterdam, 1973), p. 877].



-8-

10. L. Dakhno and Yu. Prokoshkin, Sov. J. Nucl. Phys. 7, 351
(1968).

9. C. Chang et al., Phys. Rev. Lett. 29, 307 (1972),»

12, J. Delorme and T. Ericson, Phys. Lett. 21, 98 (1566).

13. G. Ebel et al., Nucl. Phys. B33, 317 (1971).

14. C. Kim and H. Primakoff, Phys. Rev. 140B, 566 (1965).

3

15. IMGle = 3, if “He and 3H are exact mirror states; B-~decay R. Salgo

and H. Staub, Nucl. Phys. Al38, 417 (1969) vyields IMGTIZ = 2.84 + 0.06.

- 2
2 = 2 g F, (a2 fF, (0) \? R (a%)
16. [M|" = | GI| X : N2 x == | x0.95
3 DRAR A F, (0)
= 1.9 x(0.78 + 0.02) , q> = 0.474 F 2 (Ref. 7,14),
2 , [FR@Y (7@ ¥ 2 -2
M 1* = Mel® - sy ) - 5} v 1 x0.97, q° = 0.027 F7,
v Fv(q

F(f) = (3He;3H) Pp;ni] - form factors.

17. Previous calculations yielded values 8;32 X 1015 sec -1 (Ref. 5)

and 0.97 ><11015 se..c-1 (Ref. 17). Differences with our value are
due to missing factors of mﬂ/Zk in Ref. 5, 4 in Ref. 18, and the
older valug rrms(aﬂe) = 1,55 F.

18. P. Divakaran, Phys. Rev. 139, B387 (1965). |

| 19. D, Griffiths and C. Kim, Phys. Rev. 173, 1584 (1968);

L. Fulcher and J. Eisenberg, Nucl. Phys. BlS, 271 (1970).

_Y20. P. Pascual and A. Fujii, Nuovo Cimento 65, 411 (1970);

these authors obtain A (1s) = 3.37 x 10! sec™! and P, = 2.2.

After introducing a missing factor of 2/3 in the expression

for XY(ls), one obtains AY(ls) = 2,25 x 1015 sec-1 and P, = 3.3.

3




N

-9-

TABLE I. Results for stopped—n-absorption on 3He and 1H.

Final N2 ' RP o R®

state LA (%) (%)
34 no T 6273 + 82 17.8 + 2.3 . 15.8 + 0.8°
By 5580 + 157 6.6 + 0.8 6.9 + 0.52
dnytpuny 5331 + 137 7.6+ 1.0 . [ 3.6 + 1.,2]9:2
a0 (w2355 % 49 65.6 + 11.1  60.5 + 0.3

ny ) 3860 * 62 42.4 + 4.4 39,5 ¢ 0.3

“ o . 68.2 + 2.6 15.9 + 2.3°
pnn v | ' 57.8 # 5.42
P3(3He)e 2.68 + 0.13 2.28 + 0.18°
p,('m® | 1.54 + 0.26 1.533 + 0.021"
B8 | | 1.12 + 0.05
c,” | 10.3 £ 1.3 10,7 ¢ 1.22

%Raw number of events in spectrum. bThis experiment
CPrevious experiments. ddny only. ePanofsky ratio fSee text.

3

Bs[n™ + 3He + (dny + pnny)l/o[n” + “He » 3H+Y]. hRatio of nucleon

ejection modes to radiative absorption.
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FIGURE CAPTION
Fig. 1. (a) Hydrogen spectrum and pair spectrometer acceptance.
(b) 3He spectrum, 50-150 MeV.
(c). 3He spectrum in region where the breakup channels
8,10

dominate. The curve is a pole model calculation

(A = 6.8 MeV) with complete kimematics incorporated.
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