
Lawrence Berkeley National Laboratory
Recent Work

Title
PHOTON SPECTRUM IN PION CAPTURE ON TRITIUM

Permalink
https://escholarship.org/uc/item/3xj7p1v1

Author
Bistirlich, J.A.

Publication Date
1975-09-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3xj7p1v1
https://escholarship.org
http://www.cdlib.org/


Submitted to Physical Review Letters 

PHOTON SPECIRUM IN PION CAPTIJRE ON TRITIUM 

LBL-4268 Rev. 
Preprint (I 

J. A. Bistirlich, S. Cooper, K. M. Crowe, F. T. Shively, 
E. R. Grilly, J. P. Perroud, R. H. Sherman, 

H. W. Baer, and P. Truol 

September 1975 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W-7405-ENG-48 0 

For Reference 
I 
I 

Not to be taken from this room 
I 

I" 

t"' J 
~. . r n 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
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 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
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. 



PHOTON SPECTRUM IN PION CAPTURE ON TRITIUM* 

J. A. Bistir1ich, S. Cooper, K. M. Crowe, and F. T. Shivelyt 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

E. R. Crilly, J. P. Perroud,f and R. H. Sherman 
Los Alamos Scientific Laboratory 

Los Alamos, New Mexico 87545 

§ 
H. W. Baer 

Case Western Reserve University 
Cleveland, Ohio 44106 

P. Truo1 
Physik-Institut der Universitat 

Zurich, Switzerland 

ABSTRACT 

LBL-4268 

The photon spectrum from the pion capture reaction 'IT + t -+ 3n + y 

was measured with a high-resolution pair-spectrometer. The measured 

branching ratio ('IT - t -+ nnny) / ('IT - t -+ nnny, or nnn) is 4.5 ± 0.8%. The shape 

of the photon spectrum is in satisfactory agreement with theoretical 

calculations which include final state interactions among the three 

neutrons. No evidence for a bound trineutron is found. 

* Work done under the auspices of the U. S. Energy Research and Development 
Administration. 

tPart of this work was done while at Los Alamos Scientific Laboratory. 

TVisitor from Institut de Physique Nuc1eaire, Universite de Lausanne, 
Lausanne, Switzerland. 

§Part of this work was done while at Lawrence Berkeley Laboratory. 
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In only a few reactions can one investigate the A = 3 system in a 

pure T = 3/2 state. Bound and unbound states of the (3p) and (3n) systems 

have been searched for in various reactions involving pion,l nucleon,2 

and rnass-3 (Ref. 2) projectiles on 3H, 3 He, and heavier targets. Never-

theless, the available data on the existence of T = 3/2 resonances and 

possible bound 3n states are scarce, inconclusive, and sometimes 

conflicting. All reactions previously studied are plagued by the fact 

that although a (3p) or (3n) system is produced, at least one additional 

strongly interacting particle is in the final st&te. The reaction on 

which we report here, TT + t -+ 3n + y, has only an extra photon in the 

final state. 3 - 3 Our previous experiment, TT +. He -+ dny and pnny, demonstrated 

that radiative capture of stopped pions produces final states in which three 

nucleons are preferentially found with low relative momenta - a favorable 

situation for the search of resonant states. None were found, but since 

T = 1/2 channel contributed most of the rate (82%),4 possible structures 

of the weaker T = 3/2 channel could be obscured. 

Additional interest in this reaction is in the 3H- TT atomic physics. 

The hydrogen isotopes are unique in the field of TT- capture studies, since 

the pions are exclusively absorbed from ls-orbits. 5 Since the s-state 

4 radiative TT-capture transition rates can be calculated quite accurately 

in the impulse approximation (IA) as well as with the PCAC-plus-soft-pion 

6 approach, the measured branching ratios can be used together with the 

theoretical radiative rates to predict "experimental" strong absorption 

s-level widths. These then are used to test assumptions of the 2-nuclear 

absorption model,4 the evaluation of which is particularly significant 

for the 3-nucleon system. 
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The experiment was performed in the low-energy pion (LEP) channel 

of the Clinton P. Anderson Meson Physics Facility (LJ~F). Figure 1 

shows the experimental set-up. A beam spot size of '\, 3 x 4 cm (rms) focused 

22.2 m from the pion production target was achieved for a n momentum of 

200 MeV/c with~p/p = ±1%, and LEP channel solid angle.of 17.6 msr. 

5 -Typical rates were 2.4 x 10 n / sec in the firs t two elements of our beam 

3 - 3 telescope, and 2 x 10 n /sec stopping in the H target. The tritium 

7 
target cell rna de of a stainless steel (type 304) cylinder (Fig. 1, insert) 

was oriented with its axis perpendicular to the beam. For calibration 

purposes, an identical cell filled with liquid hydrogen was mounted on 

the same mobile boom. The operating temperatures (densities) for the IH z 

and 3Hz targets respectively were 19.53 ± 0.03°K (0.07188 ± 0.0001 g/cm 3
) 

and 23.76 ± 0.03°K (0.261 ± 0.001 g/cm3
). A temperature difference of 

3.24°K existed between the 3H cell and the liquid hydrogen coolant due z 

to the 1.95 W/mole liberated in 3H S-decay. The 3H target mass was 5.88 g 

with a radioacti~ity of 5.7 x 10 4 Ci. 

The photon spectrum was measured with the pair-spectrometer employed 

. . k3 ,8 h 184' hI' B k 1 ln our prevlous wor at t e -lnc cyc otron lner e ey. The 

absolute efficiency of the spectrometer and its dependence on the photon 

energy was calculated with a Monte Carlo program described previous1y.8 

The efficiency of our pattern recognition and momentum analysis. programs 

was verified by measuring the branch ratios for n-p -+ ny and n-p -+ nno; 

nO -+ 2y. For hydrogen data taken throughout the run we obtain 44 ± 4% and 

65 ± 6%, respectively (the sum was not constrained to 100%). For the 

Panofsky ratio we get 1.46 ± .16. The best experimental values for these 

quantities 9 are 39.5 ± 0.3%; 60.5 ± 0.3%, and 1. 533 ± 0.021, respectively. 

n D o o 
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The raw spectrum obtained with the tritium target is shown in Fig. 

2a. The absolute normalization for this spectrum is based on the hydrogen 

runs which were interspersed with the tritium runs. We normalize to the 

same number of incoming pions, correcting for 21% difference in the pion 

stopping densities of the two targets. The true tritium spectrum is 

obtained from the raw data by subtracting the following contributions: 

1) The tritium cell contains 1.00 atom-percent of IH
2

• This 

corresponds to l39± 7 events with the spectral shape taken 

from the hydrogen data. 

2) The contribution from the 2.79% 2Hz was subtracted using. 

10 -the theoretical shape of Bander for the TI d ~ nny 

reaction with a = -17F ·folded with the experimental 
nn 

line shape and acceptance. This theory fits well the 

angular correlation data of Haddock et al. 11 With the 

measured branching ratio of 24. 7 ± 0.7%12 this yields a 

subtraction of 158 ± 13 events. 

n-y 

3) Pions stopping in the stainless steel target cell and in 

the scintillator in front of the target produce our most 

important background. Time limitations permitted only one 

run with an empty cell with low statistics. From it we 

deduce a total of 669 ± 133 events to be subtracted. The 

shape of the stainless steel spectrum and the branching 

ratio were measured in a separate experiment using the 

13 SIN-pair spectrometer; the scintillator (CH) spectrum 

is known since the carbon spectrum and the fraction of 

14 
pions stopping in the hydrogen content of CH is known. 

Using the branching ratios we find that 342 ± 62 events 
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originate in the steel, the rest in the scintillator. The 

different background contributions which were subtracted 

are shown in Fig. 2b. The remaining 1064 ± 170 events yield 

a radiative branching ratio Ry = 4.5 ± 0.8%. The tritium 

spectrum is shown in Fig. 2c. 

As for the n- 3He ~ dny andpnny reaction,3 one sees that the distribution 

is peaked towards low relativi: energies of the (3n) system. The kinematical 

threshold for three free neutrons is Ey = 126.96 MeV. No indication of a 

bound trineutron is observed. However, the branching ratio to such a 

state must exceed 0.3% in order to be distinguished from the background 

induced in the region between 127 and 132 MeV by the hydrogen and deuterium 

content'of our target. As can be seen from Fig. 2b, we may have over-

estimated this contribution by normalizing the rate to the atomic fractions 

of these isotopes. The formation of HT and HD molecules with consequent 

transfer of the bound pions to the tritium would decrease these contribu-

tions. The upper limit of 0.3%, on the other hand, is in strong contrast 

to the 6.6 ± 0.8% 3 branching ratio for forming the triton in the 

- 3 n He ~ ty reaction. 

The measured tritium spectrum and branching ratio arise from a 

5 distribution of s-state captures similar to that of liquid hydrogen. To 

compare the radiative (A ) and total absorption (A ) transition rates to y , a 

the measured branching ratio Ry ' most theoretical treatments take A fA y a 

to be independent of n. For the hydrogen isotopes, this should be an 

excellent approximation for s-orbits with n < 10 since these wave functions 

are essentially constant through the nuclear volume and can be factored 

out of the radial integrals for both A and A , cancelling in the ratio. 
y a 

The individual rates are proportional to l¢ns(0)1 2
, which for hydrogenic 

L S ~ 5' 0 ~ to,. (} 0 r·' (. 
" 0 
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wave functions scale as l¢ls(0)1
2
/n 3

• Theoretical radiative capture 

widths and "experimental" total widths obtained from \ (Is) = \ (Is, 
a y 

theory)/Ry(experiment) are listed in Table I for IH, 2 H, 3H, and 3He . 

The \y(ls) were calculated in the lA, considered
4

,15 accurate to better 

than 12%. The value \ (Is) . Y 7 x 10 13
/ sec for 3H was obtained by Phillips 

and Roig16 in a calculation which treats final state interactions in the 

outgoing neutrons in the Amado model (as in the calculation4 for 3He). 

The nonradiative rate is calculated with the 2-N absorption model, giving 

\ (7T-t -+ 3n) = (1.0±0.3) xlOIS/sec. The resultant Is state branching 
n 

ratio \ /(\ +\) = 6.5±2.0% is in fair agreement with our measurement - y y n 

of 4.5 ± 0.8%. The extracted Is level width of 1.02 eV is seen to be much 

smaller than the 37 eV for 3He and the 3.67 eV for 3H obtained17 from the 

phenomenological extrapolation of data on heavier nuclei. 

The data and the theoretical spectrum d\ (ls)/dE of Phillips and y y 

R " 16 d" F" 2 01g are compare 1n 19 •. c. The overall fit to the'data is satisfactory, 

although small excesses of events in the low mass region 7 < E (3n) < 16 MeV 
x 

are observed. Considering the low statistics and uncertainty in background 

subtraction, it would be premature to regard this as evidence for a T = 3/2 

resonance in the A = 3 system. 

We wish to express our gratitude to the excellent staff of the 

Clinton P. Anderson Meson Facility under the direction of L. P. Rosen and 

to L. E. Agnew and D. C. Hagerman for support during set-up and running. 

We further thank the members of the Lausanne-Munich-Zurich Group at SIN 

for measuring the steel spectrum with their spectrometer. Also thanks 

to A. C. Phillips and F. Roig for permission to quote their results 

prior to publication. 
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TABLE 1. Radiative pion capture branching ratios and Is-level widths 
for the isotopes of hydrogen and 3He • 

Isotope Reac'tion 

lH -'IT P -+ ny 

2H 'IT-d -+ nn)' 

3H -'IT t -+ nnny 

3He - 3He-+ ty 'IT 

Radiative Capture 
Branching Ratio 

(%) 

b 
39.5 + 0.3 

24.7 + 0.7 d 

4.5 + 0.8 f 

, h 
6.6 + 0.8 

Radiative Capture 
Is Width (theory) 

(eV) 

0.324 + 0.008<' 

.251 + .025
e 

.046g 

2.44£ 

Total Is 
Level 

Width(eV)a 

0.82 + 0.02 

1.02 + .11 

1.02 + 0.18 

37.0 + 4.5 

aObtained from the theoretical radiative capture rate and the experi­
mental branching ratios. The error reflects the experimental uncertainty. 

b Reference 9. 

<'Using IE'IT+-I = (3.26 + 0.04) X 10-2/m and o . - 'IT 

ry(ls)= h81 E'IT+-1 2 (kIm) (am) 3 (l+m Imp)-2 
o 'IT 'IT 'IT 

d Reference 12. 

eObtained from A('IT-d -+ nnY)/A('IT-p -+ ny) = 0.775 + 0.078 (Ref. 15) and 
hydrogen rate given above. 

f This experiment. 

gReference 16. 

hReference 3 

£ 
Reference 4. 
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FIGURE CAPTIONs 

Fig. 1. The eXperimental set-up at LAMPF showing the pair-spectrometer 

and liquid tritium target. The insert shows a cross section 

of the target cell obtained from an x-ray radiograph. 

Fig. 2. a) Raw photon spectrum obtained (rom the tritium target. The 

insert shows our resolution obtained at 129.4 MeV. 

b) Background spectra for hydrogen, deuterium, steel and CH. 

c) Spectrum from reaction rr-t + nnny after subtraction of lH, 

2H, and steel and scintillator contribution. Solid curve is 

the theoretical spectrum of Phillips and Roig16 (see text), 

folded with acceptance and instrumental line shape and 

normalized to the total number of photons. 

6 c t? .~ n • r:' ""r.. .. .,f,. (',. V f~! 0 a -.. ",,' , 1 
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