
Lawrence Berkeley National Laboratory
Recent Work

Title
EXPERIMENTS ON HADRONIC ATOM X-RAY INTENSITIES OF HYDRIDES AND DEUTERIDES

Permalink
https://escholarship.org/uc/item/58z2s5bm

Author
Wiegand, Clyde E.

Publication Date
1976-09-01

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

https://escholarship.org/uc/item/58z2s5bm
https://escholarship.org
http://www.cdlib.org/


u J 

Submitted to Physical Review A 

'"' ~; a 

"- _, ,_ 
',, ......... ' v ~-·· :._ 

~/;.: ~·:. :rt.. 
-" - , , :I i 1;•1( ', 

LBL-5389 
Preprint C. ' 

EXPERIMENTS ON HADRONIC A TOM X-RAY 
INTENSITIES OF HYDRIDES AND DEUTERIDES 

Clyde E. Wiegand, Gary K. Lum, and Gary L. Godfrey 

September 19 76 

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

For Reference 

Not to be taken from this room 

~ 
tJ:j 
~ 
I 
IJI 
w 

(\ 00 

"' -



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. 



() 0 6 0 9 

LBL-5.339 

* EXPERHJENTS ON EA.DRONIC ATON X-RAY INTENSITIES OF nrDRIDES AND DEUTERIDES 

Clyde E. Hiegand and Gary K. Lum 

La'vlrence Berkeley Laboratory 

University of California 

Berkeley, California 94720 

and 

Gary L. Godfrey 

Stanford Linear Accelerator Center 

Stanford, California 94.305 

September 1976 

ABSTRACT 

Kaonic atom x-ray intensities of elements Z = .3, 6, 8; 11, and 20 

~~ere significantly reduced -v1hen the elements -v:ere in hydride 

form. The ratios I(ZH)/I(Z) have a noticeable Z-dependence, 

Deuterides of C and 0 sbmved sligbtly less x-ray emission than 

their hydride counterparts. 
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* EXPE1Ul'-1ENTS ON P.~.ADRONIC ATOM X-RAY INTENSITIES OF i-!YDRIDES AlW DEUTERIDES 

In a series of experiments to measure intensities of 

x rays emitted by hadronic atoms we noticed that hydrides 

f 1 t h . b .. ' d t d 1 1 ' .L • • • ( 
1 ) F o e emen s ex. l l"Le unexpec e _,_y O'vl lnwenEl"Lles. ·or 

example, in graphite the intensity of the transition from 

principal quant-tm number n = 4 to n = 3 v!as 0.36 x rays per 

stopped kaon Hhereas in polyvinyltoluene (CH) the intensity 

>Jas 0.09 x rays per stopped kaon. 

From bubble chamber experiments it is knm-m that ka.ons 

are seldom absorbed by bydrogen in bydroca.rbons. Heasurements 

on negative kaons stopped in liquid propane shm-red that 0.032 

of the kaons rea.cted -vrith free protons. (2 ) Therefore, i·Je 

might expect that the hadronic atom x-ray intensity of elements 

combined with H would be reduced by only a fev.r percent. 

In e:x:peri;nents at the Bevatron vie compared the kaonic 

x-ray intensities of NaH to Na and CaH2 to Ca. \-Je had previouEly 

measured Li and LiH, C and CH, and H20. Oxygen by itself -~;as 

not measured. Instea.d, the intensity for 0 "\.jas estiinated by 

drauing a smooth curve through the intensities of C, N, Na, 

Hg, Al, and Si. The results of the measurements are given in 
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Table I and a plot of the ratios I ( ZHm) /I ( Z) is shmm 

in Fig. 1. 

In the follm.,;ing discussion we use the term 11 capture" 

to mean the entrance of hadrons into bound atomic states. 

HAbsorptiontt is reserved for the disappearance of hadrons 

by interaction with nuclear matter. 

It has been observed that only a few kaons decay in 

targets in Hhich they stop. In ~e 0.02( 3 ) and in condensed 

matter less than 0.05( 1 ) decayed prior to nuclear absorption: 

The maxLmum x-ray intensity of kaonic atoms amounts to 

about 0. 5 per negative kaon stopped. ( 4 ) In the absence of argu-

ments to the contrary we ass~me that at least half of the kaons 

-,iere lost to nuclear absorption before cascading to sufficiently 

lm.,; n orbits -hrhere dipole radiation overwhelmed Auger emission. 

Atoms of some parts of the periodic table (around Z = 25) 

shaH intensities of about 0.1. Apparently 0. 9 kaons hrere 

absorbed in early stages of the cascade - presumably from 

states of high n and lov; angular momentum J!... 
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The strong Z-dependence of kaonic x-ray intensities is 

assumed to be the result of the atoms 1 electronic configuration. 

It has been suggested that intensities depend upon the size 

of the atoms. (5 , 1 ) The authors believe that the x-ray intensities 

are related to the angular momentum distributions follouir>..g 

capture and that these distributions depend upon the electronic 

configuration. It is possible that succeeding stages of the 

cascade could be influenced ~· electronic properties but this 

seer:1s less likely. 

Considering the hydrides He see that the emission of hadronic 

x rays from atoms bound to H vias ifl..hibited. vle suppose that. 

kaons 1..rere not absorbed by H in the compow..ds studied because 

they vlere only slightly absorbed by H in C3Hg. Furthermore, Goldan-

skii et al. (6) reported the probabilities that pions 1..rere 

absorbed ~ H: 0.035 in LiH, 0.0264 in CH4, 0.004 in H2o, 

and 0.002 in NaH. Therefore, it appears that hadron absorption 

by H in hydrides is insignificant compared to the reduction 

of x-ray eillission. He presu.r:Je that the presence of free 

protons influenced the absorption process either by altering the 

initial l distributions by distortion of the regu~ar 

atoiJlic electron configuration or tbat the cascades Here 

interrupted by Stark mixing. He can speculate about hmv the 
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Sts.r}: effect Llight occur. Assume the. t '' L..ne electron 

that binds the H to the atom Z were ejected by Auger emission 

due to the mesonic cascade in Z (hydride bond broken); 

the electric field of the free proton could cause Stark 

mixing. Such events are plausible. Hydride bonds are 

shorter than the distance betw.een atoms and binding 

electrons could be emitted as well as outer atomic electrons. 

Stark mixing Yould cause transitions to low 1 states 

(n constant). Thus absorption would take place from high n 

states where transitions are dominated by Auger processes. 

These speculations led to the idea to compare the x-ray 

intensities of hydrides to those of deuterides. If the hydride 

bonds Here broken by Auger processes, perhaps tbe higher mass 

of the deuterons would tend to increase Stark mixing by slow-

ing down the ejection of the protonic cr~rge from the region 

of the cascading meson. Increased Stark mixing would further 

decrease x-ray intensities of deuterides compared to hydrides. 

Pions were used in the ex~eriment to compare the 

intensities of the 0 lines from H20 and D20 and the C lines from 

C6H6 to those of C6D6· The results are sho~m in Table II. The 
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intensities of the deuterides ~~ere about 0.95 those of the 

hydrides. If these results are significant a systematic 

program to measure the Z-dependence of the pionic x-ray 

intensities of hydrides and deuterides is in order. 

He pre .sent this note l·li th. the hope tbat it will stbnulate 

investigation of the Z-dependence of hadronic atom x-ray 

intensities and that such studies will eventually lead 

to a satisfactor~y description of mesonic atom formation. 
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TABLE I. Ratios of the kaonic x-ray intensities of elements Z 

in hydride form ZFTI to the intensities of the free elements. 

Column 4 gives the absolute I(Z) in x rays per stopped kaon( 4 ) 

for transitions indicated in col~mn 2. 

Targets Tran- I(ZHm) I(Z) ±6I(Z) 
ZHm, z sition I(Z) 

n· l nr 

-
LiH, Li 3 2 0.63 ± 0.06 0.15 ± 0.03 

CH, c 4 3 0.24 ± 0.03 0.36 ± Oo06 

H20 * 4 3 0.41 ± 0.05 

NaH, Na 5 4 0.73 ± 0.09 0.38 + o.o6 

4 3 0.58 ± 0.05 0.30 ± Oo05 

CaR2, Ca 6 5 0.52 ± 0.06 0.32 ± 0.05 

5 4 0.63 ± 0.06 0.33 + 0.06 

* The intensity of free 0 was not measured. It \·Jas estimated 

by interpolation between the intensities of neighboring z. 
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TABLE II. Ratios of the pionic x-ray intensities 

of C in C6D6 to C in C6H6 and 0 in D20 to 0 in H20. 

Targets Transition 
ni nr 

3 

4 

3 

4 

2 

2 

2 

2 

I (deuteride) 

I(hydride) 

0.97 ± 0.05 

0.99 ± 0.11 

0.96 ± 0.04 

0.94 ± 0,06 
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CAPTIONS FOR FIGURES 

Fig. 1. Ratios of the kaonic x-ray intensities of certain elements Z 

to the same elements in hydride form are pJotted versus Z. 
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