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SUMMARY OF THE RESEARCH PROGRESS MEETING 

of August 3, 1950 

Henry P. Kramer 

. Deflected Beam Energy by Cerenkov Radiation. R. Mather • 

. Cerenkov radiation, electromagnetic radiation in the range of visible 

light that is associated with the passage of a fast moving charged particle 

·through matter, was first observed in 1934 and later explained as an 

electromagnetic shock: wave formed'·whenever the speed of light in the 

medium is, less ~h~ the speed of the charged particle. A velocity vector· 

diagram, Fig. 1, yie14s the direction of motion of the.shock front with 

respect to.the direction of the charged particle~ cosQ = 1/~, where n is 

the index of refraction of the medium, and ~ is the speed of the charged 

particle relative to light. . . , . 
. \' 

· The first observation of Cerenkov radiation produced by high energy 

protons was made at this laboratory about. a year ago by.means of a thin 

strip of film. The apparatus was then refined by the inclusion of a 

spherical mirror. The present apparatus, shown schematically in Fig~ 2, 
. . 

consists of a sheet of glass inclined to.the beam direction at an angle 

trj2 ·• Q whos~ al~ized rear surface reflects the Cerenkov radiation 

produced in it· through a prism into a . camera onto a film. The film is 

calibrated by me~ns of markings originating from an illwninated scale. 

The optical system was carefully aligned by using the green mercury line 
~ 

as a standa~d and superimposing cross hairs on their twice reflected image 

in tha plane of the photo plate. The index of refraction n of the glass 

was measured by observing the angle of minimum deviation. The prism was 
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ground· from the same batch·of.glass as the reflecting shee-t. 

. The directic>n of the deflected proton beam was· determined by the method 
. ' 

·o-f: flexible P conducting wires. . Af'i.·. expo5U.re indicating a beam energy of . . 
' . . . . 

. .. --
' 345-1.0 Mev 'is shown -in Fig. ).- The u.rrcertainty in 0 which brings .about 

. 
the uncertaintY' -of 1 Mev~ in th.e measurement is analyzed . as follows~ 

' . 

Energy :rAvels ·o! ·'pl:)207-~ 
,..........__.., . - -

' 

·Type of Uncertainty 
chromatic 

-.scattering • · 
. attenuation 
divergence of beam 

. .diffraction 

· Beam Energy Spread 

. ' 
H. Neu.marm·. 

6Q 
.:t.31 
!19 1 

! 3' 
!-7'1 
! 3' 

+ , -21 t._ 1 Mev • 

:.Soma informa.tion has . be-en obt.ained regarding the nuclear ·excitation 

levels _of Pb2o7 by observing ·the electron radiation' from a -m.irl.ure of Bi?0-7 

and Bi 208 proau:ced by deuteron boinbardm:nt of lead. 
~ 

The follow~ng 

';::onsidera.tions lead to the con~lusion that electron radiation from Bi208 

- ' 
doe~ not contr:i.bute to the epectrum of the mixture·and that-~ therefore9 

.. ~ .. , 

E:lectron r-~diation'from'the mixture can be exclusively attributed to 

transitions between."nuclear energy lf?vels of. Pb207. ~he ener_,gy m.a.de av:ailable 

· in tlie tran'sition -from· Bi 208- to Pb2.08. w~s ~_stimated from other clecay ~hergies . 
-. . ~ .. 

· and ~eutron. bindi~g- energies- to be .2~ 5 .!. . 3 Mev 4 • The ~ow est known ~xcit~d 

level !I a.itd p·robably the lovtest ~ · of .the Pb208. nual~us is 2. 62 ·Me~. The ,. . . 

·' 
energy rE;>leased irt ·the decsy may- therefore. be suff~ci~nt at mo~t -to leave 

the pp208 nucleus ·in its lowest -excited- state. 
·' 

Hence 9 the onlj 1-ray 

:which ma.y po~sibly. come fro~ Pb208 is one·- at 2.62 Mev4 corresponding to 
-. 

the iso~Mric transition to ·the groupd state. This hypothesis was tested by 

compar·ing the t:-lectrcn spectrum fr--em the Bi~"7-Bi206 mixture with that of 
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a sample of Bi207 grown by•«-decay from At21~. The spectra were fourid to be 

practically id.entical thus supporti~ the notion that the only radiation 

emitted by . the Pb208 ·pres~nt in the mixture con~ists of soft x-rays ?.'hose 

. ' 
conversion electrons· are easily distinguished fl"Om those produced by· Y-rays, 

and .possibly of much harder r-rays than those with which the measurements 
'+ 1t. • 

were concerned. The results of the:~-spectroscopy are shown in Table 1 .. 
togethe,r :with. th~ corresponding Y*'ray energies and re;Lative intensities. 

Further·evidence ab6ut the energy. levels of·Pb207 was obtained by 

analyzi~ the a-radiation emitt~d· i:>~ Po211 ln decay to p~2o~. Four 

a-groups were. obsf;lrveCi: ·· 

a-energy (J.1"ev) 

'7.43 

6.90 

6.57 

6.34 
~ 

.. 

Rel. . Intensity {%) Corresponding Pb207 Levels {Mev) . ' ~ 

98.8 

0.6 0.54 

0.5 0.88 

0.08 1.11 

The co~espo~ding Pb207 levels above were calculated.from the cycle shown 

in Fig. 4 wherA the d.ecay_energy At2ll_po211 was estimated by empirical 

correlation to be 0.8 Mev. Taking 5.9 Mev. for the energy of the At211 
• > I ' .' 

a-ra_y a~d 7 .'5 Mev .. for the Po211 ~ray one arr~ves ·a~ 3:n estimate of 

2~4 Mev. for the energy of the tr~m_sitiOI;l Bi207_:pb207. Thus it ~ppears 

that 'the highest state. observF!d. in these experiments corresponds to the 

highest st.a.te in which th~; Pb207 _nucl~s may. be left by the decay of Bi207. 

A tentat.ive level diagram cons~ructed on the present evidence is shown in Fig. 

5. Workers at MIT have found two levels at .9 and 2.7 Mev. 
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Theory. of · TT .. Absorptiop .tn. H,ydi:og~n.. K. <Brue~kner. , 
~- • '· ~, • _of.. • •• ;;.~ • ' ' • ' ' ~ • ... - •• ~ 

. , . . '; 1 ..• __ :_; ')~- . ·;-. 

. ' 
. ~- - . . - l -.:;· '- . 

· Oq ~he basis. p~ a,n .exp,~riment, b,Y''W.· Panofsky in· whiGh'. h~. observed· 
. . ' -· . ' :. ~ . . ':' . .. -. ... . . 

-· J' 

,\..,·-~ 

'I '...:( 

and ·:wa$.· ab!~ 'tq~ atriv~ at the ratio· of ;the' ,relC~-tiye 'prop~bilities of these · 
' ... ·.. . .. ~ . 

. ~· 

. , p~ocesses~ the spea:k~r h,as co.rrstructel:i: th~ tt'an·siti9~ mat·rix that specifies 
' . . . . 

~t .. :)- .. · .. ' ·j • • 

.the ·fi~l. stat~s· ·of h.ucleons and ·mesons,; .. The theory ha~ yielded this· ra:tio 
. •\ ' . :. .I "' . . • '• • • 

. in ·better. app~6XD.nai.iot1 than . ~t·her' existing theories •.. It will. be subjected· . . . . ~- .· . . . . : ; ' . .. . .. ··• . . . ~: . . ;,. . . .. ·. 

to a fur·thettest QY. an expeJ;'i.mehtc ·Qn the capture .of ,.Jl" mesons j,n .deuterium • 
... 

:.A complete discussion o.f the calc~lations i~ ~e't· f~rth ip tJGRL-856, 1;The 

and)C. A··· Brueckner • 
. ,\'_ 

. , .. ,_ 

.. 
-·· 

·_,; 

~d. 

information Division· 
·bab/10 ... 23-50 

II , . ,.. 

.. ; 

( ' 

.• 
'· 

'· 

i'·. 

\ . 

. ' 

.· . '·-

.. · 
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e ""E nergy (M ) ev c d" y orrespon l.ng -ray c di orrespon ng l•ray 
-Ener~y I.Mey) Rel. Inten~i~y ·_ . 

0~_049· 0.137 or 0.064 o-.106 : 

0.062 Auger electrons 0·.050 
. U-.4'/'( _Q.~ I K .•.·' o~o? ~-

o·. 5:51 o·.5o5 L 0-.0084 
o-.975 1:.()~3 K ·0.37 
1·.050 l·.Oo3 L 0·.084 
1·.37 1·.~ KJ 0-.0114 
L4o l·.L,..O L} 0·.0044 
l·.9b ' 2·.05 ~KJ 0~0014' 

. 2·.11 2·.-20(K 0·.0005 
2·.24 2·.33 (K) O~Q_Ol4 
2.40 ' 2.91 K) 0.0016 

Table 1 
(Rel. Intensities Normalized with Auger. electron Intensit~=0.05). 

~.·' 

;. 
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Vector. Diagram for Cerenkov Radiation 
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At 211. 

~ 0.8 llev. 

Po 211 

. · Fig.· 4 
Closed Energy Cycle 
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2.49 :t 0.05 

2.:33! 0.05 

2.20 :t 0.05 
2.05'± 0.05 

1.063 i 0.005 

o·.ss .t o.o4 
0.54 .:!: ~.04 
0 

. . ·. Fig. 5 
Tentative Energy Level Diagram for the Pb207 _Nucleus 

UCRL-864 




