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EXPERIMENTAL SEARCH FOR A HEAVY ELECTRON* 

C -  Do Boley, J. E. E l i a s ,  J. I. Friedman, G. C. Hartmann, 
H. W. Kendall, M. R. Sogard, and L. P. Van Speybroeckt 

Department of Physics and Laboratory f o r  Nuclear Science 
Massachusetts Ins t i tu te  of Technology 

Cambridge, lvlassachusetts 

and 

t: J. K. de Pagter 

Cambridge Electron Accelerator 
Cambridge, Massachusetts 

A search fo r  a heavy electron of the type considered by 

Low and Blackmon has been made by studying the inelast ic  scat- 

tering of 5 BeV electrons from hydrogene The search was made 

over a range of values of the mass of the  heavy electron from 

100 t o  l3OO MeV. 

U p p e r  limits on the production cross sections w e r e  determined 

and employed t o  deduce l imits  on the values of the  electron- 

photon-heavy electron coupling constant i n  low and Blackmon's 

theory 

No evidence f o r  such a par t ic le  was observed. 
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The above reaction w o u l d  produce a shmg peals i n  the ~lormrentuan s p e t m  of 

the  recoPligg IgPotone at Q gtvere meo The peak would be S % B & ~ P  i n  ehpe 
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Recent expemPigsental fnvestieatioras of detailed predictions of quantum 

electrodynamics (W) have f a l ed  %o eertabMeh conelusively q b r e a k d m  i n  

QED theory. High energy reactions which have been st\ndied Include the photo- 

production of electron a r ~ d  -n203 W i m  at wide awes3 electron-electron 

mattering, 

ture i n  the electron, 6p7p8 In  additiora, eomp5sone between theory and expri- 

ment have been made far the ~QWOUS nagmtfc mmen%se of the electronp 9 

positron," a pp50np "pl* for the suftp '30'~ anti fop the -dine 

sp l i t t ing  %la ~ o g e n , "  poeitronfmp18 - n u d u m .  

a 
4 electron-positron scatteri81gp 5 and searches for anmalow struc- 

Posseible break- 

e + p - e o  * p  

L % + Y  0 
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t o  the e las t ic  electron-proton peako provided the l ifetime of the e *  were 

typical of particle Ufetlxms for electmmagxnetfc decay. We have made an 

experinoental search for euch a peer$ 

prQduction of the e o  is deecribed theoretically by Lowo% lgsBelo 

have enalyzed ou1" data assuming the 

Three o%br semeltaees have been =de for the e' and reported prior to 

th i s  one. Bet0Prsl.m 

suring the recoil ppoton momentum spectrum in imlasth e-p scatfe~ing. 

Behrend et  

proton6 fn cofm%denee w%th the '~~pe8tmed decay pPoduets fmfa '%he eo 

eraad Badnits e t  a3..30 looked for  the e' by mea- 

performed a coincidence expexdnaent, measu~ing tPIe recoil 
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proton was determined by measuring the point at  which the proton crossed the 

focal plane of the magnet, with the use of the wire spark chamber which con- 

sisted of 64 wires comprising 16 momentum bins. The percentage momentum 

acceptance of each momentum bin was O.5$. The recoi l  angle was determined by 

using a seven counter hadoscupe. 

mately 0.3'. 

Each counter had an acceptance of approxi- 

The l iqu id  hydrogen target consisted of a 0.5 in. diameter cylindrical 

vessel made of 0.0005 in ,  Kapton film and was located approximately 1 in. 

inside the equilibrium orbit  of the circulating electronso After the elec- 

trons were accelerated t o  5 BeV, the accelerating radio-frequency power was 

decreased so that  the electrons drifted inward and struck the target. 

incident electron flux was determined by measuring with a quantameter the 

The 

bremsstrahlung yield produced i n  the target  by the circulating beam, The 

fractional contribution from the target walls was measured t o  be O . l l +  0.013 

with a technique t o  be deecribed elsewhere. 32 

Measurements were made of the momentum spectra of recoil  protons with 

the spectrometer positioned at  50°, 55' and 60'. The yields from elas t ic  

electron-proton scattering at 55' and 60' were measured and used as a check 

of the calibration of our equipment. The inelast ic  proton yields were mea- 

sured i n  a series of momentum intervals below the momentum correeponding t o  

the e las t ic  peak. The interval spacing was about 4s so that  there was a 504% 
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overlap of adjacent measurements. Since the detector had seven angular bins, 

the data consisted of the momentum spectra measured at 21 different angles. 

The range of momenta covered at 50' was 0.76 to 1.12 BeV/c; at 5509 0.76 to 

1.16 ~e v ;  and at 60°, 0.82 to 0,96 BN/C. The corresponding ranges of e* 

masses at these angles were 900 to 1300 MeV, 100 to 1000 MeV, and 100 to 

700 MeV. 

D o  DATA ANALYSIS 

(3% The measured yields were reduced to differential cross sections - 
by correcting for the efficiencies of the spark chamber channels, dividing 

out the solid angle-momentum acceptances associated with each momentum- 

angle bin of the detector, and dividing by the product of the target thick- 

ness and the number of incident electrons. 

to the quantameter field, corrected for target wall contributions 

This product is proportional 

The efffciencies of the spark charnber channels were measured with 

the use of a Kapton target by camparing the nwliber of events detected by 

the chaniber with the number of events that satisfied proper traJectory 

and specific ionfzation requirements, 

of the momentum spectrum of the recoil proton spectrum from Kapton. 

dependence was measured during the experiment. 

was corrected for-dead time losses. 

of the bins were calculated using a ray tracing Two examples 

of the final momentum spectra of the 21 measured during the experiment are 

shown in Mgure 2. 

This procedure required a knowledge 

This 

The spark chaaiber yield 

The solid angle-momentum acceptances 
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The proton e las t ic  peak yields were evaluated by f i t t ing a resolution 

fLurction t o  the e las t ic  peak w i t h  the use of the method of leas t  squares. 

The resolution Axnction was approximately Gaussian and the fractional full 

width at  half maximum was determined t o  be 0.0223. This value was i n  good 

agreement within the uncertainty of the determination with a value of 0.0216 

calculated *am the geometry, the momentum and angle acceptance intervals 

of the equipment, and multiple scattering i n  the target.  

electron-proton scattering cross sections measured i n  this experiment were 

i n  agreement with other recent measurements. 

The e las t ic  

34 

The search technique was designed t o  detect peaks i n  the recoi l  proton 

momentum spectra arising from e' production, 

were analyzed fo r  peaks by f i t t i n g  the resolution f'unction plus a background 

Aurction a t  a sefies of values of the recoil  momentum. These values were 

separated by about 1/4 of the full width a t  half' maximum of the resolution 

function t o  insure tha t  a possible peak due t o  the e' would not be over- 

looked. The method of l ea s t  squares was used t o  make the fits. The errors 

i n  the cross sections were evaluated f iomthe error matrices resulting from 

each fit. 

A t  each angle the spectra 

The values of the experimental cross section were compared t o  the values 

of the theoretical eleetroproduction cross section computed from the Hamil- 

tonian: 

where A is the ee'r coupling constant, m' i s  the mass of the e', and f" is 
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the electromagnetic field tensor. 

detection, evaluated i n  the laboratory system, is given by: 

The theoretical  cross section for  proton 

27 

2 where t = - Q = 2M(M - E ), s = -(p + P ' ) ~  = M(M + ao). Here E , p and 0 

are the  energy, momentum and angle of the recoi l  proton (with mass M), p' 

is the  momentum of the heavy electron (with mass m'), Eo is the energy of 
2 2 the incident electron, and F1(q ) and F2(q ) are the Dirac and Pauli form 

factors which a r e  nornraaPfzed SO that F1(0) = lP F2(Q) = p - 1 Y  1.79. 

formula is  equivalent t o  another published expression. 

P P 

This 

29 

The following procedure was used f o r  obtaining limits on X2 from the 

data. The e' mass associated with each cross section measurement was cam- 

puted frm the  3dtnemtics of the  measurement, and a value of X was obtained 2 

2 from the r a t io  of the measurement and equation (2). The values of X that 

resulted were sorted into e' mass bins with a width selected t o  correspond 

t o  momentum i n t e d a ;  09 Oe5$. 

was taken as the wefgh%ed average of a l l  the measurements fa l l ing  within 

t h i s  bin. We have taken as 

2 The final value of X f o r  each mass bin 

The f i n d  d u e s  were consistent with zero. 
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2 our IimLting values of X2 the sum of twice the s t a t i s t i c a l  error  i n  and 

our estimate fo r  the systemtfc error i n  the measurements. 

error  was largely a result of variations i n  the efficiency of the spark 

The systematic 

chamber as a function of mumerrtum channel number. The structure i n  the 

measured momentum spectra introduced by these variations did not have the 

same functional form as the resolution function and thus did not lead t o  

fa l se  peaks i n  the inelast ic  spectrum. The limits on X2 derived i n  t h i s  

way are shown i n  Figure 3.  

corresponding t o  these limits ranged from 0.2 t o  3.0 

scattering angles of 55' and 60°, and fraa 0.7 t o  3.0 

50°. 

results of previous eqm-iments. 

The values of the e' production cross section 

cm2/sr a t  

cm2/sr a t  

Figure 4 shows the results of this experiment compared with the 

29 9 30 , 31 

E* REsuYrS AM> CONCLUSIONS 

I n  this experiment we found no evldence for  the existence of a heavy 

electron, e', i n  the mass range investigated, having assumed the e' would 

be electroproduced t h r o w  reaction (1) and thus produce a sharp peak i n  

the recoi l  proton momentum spectrum, 

s ize  of a possible peak by P i t t i n g  the e las t ic  peak shape t o  the measured 

spectra at a serges of values of momentum separated by an amount small  

compared t o  the width of the e las t ic  peak. 

peak hei&ts were consistent with zero within the errors of the measurements. 

We found limiting values for  the 

The values obtained for  possible 
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Limiting values for  the ee'y coupling constant i n  equation (2) were obtained 

by comparing our limits on the cross section fo r  the electroproduction of 

the e' with the wedictions of the $heoretical model. 

Compared with ear l ie r  measurements, 29930'31 th i s  experiment has se t  new 

upper limits on the values of A* i n  an extended mass range from 1000 t o  1300 

MeV and has lowered existing limits over the range from 100 t o  500 MeV. The 

results are srrmmarieed i n  Figure 4. 

The limits fo r  X2 determined i n  t h i s  experiment are about a factor of 

two smaller than the limits imposed by the measurements of the electron 

anomalous magnetic moment based on the calculations of B l a c k m ~ n . ~ ~  Figure 4 

shows this bound c o m e d  t o  our experimental limits. 
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Figure 1. Experimental site. The inset  shows a vert ical  section of the 

counters and the wire spark chamber a t  the focus of the quad- 

rupole magnet. A t r i p l e  coincidence which sat isf ied pulse 

height requirements and signified an ascending or  descending 

trajectory caused the spmk chaniber t o  be pulsed. 

Proton momentum spectra from electron-proton inelast ic  scat- 

tering. me data illustrated have been corrected for  experi- 

mental effects and are  proportional t o  - They represent 

about 105 of the data obtained i n  this experiment. 

the observed structure i n  the inelast ic  spectrum is  due t o  

variations i n  the efficiency of the spark chaniber as a func- 

t ion  of momentum channel number. 

Figure 2. 

m P  
Some of 

The systematic errors included 

i n  the limits given i n  Figure 3 were based on the observed mag- 

nitudes of these variations. 
2 Mgure 3.  Umits on X versus mass of the heavy electrons The points 

represent upper limits with 9746 confidence of values of X2 

derived from our data as described i n  Section D. 

Comparison of upper limits on the values of X 

experiments. 

2 Figure 4. from various 

The limits on X2 imposed by the anomalous 

magnetic moment of the electron are also shown. 

noted that considerably different procedures were used fo r  cal- 

culating the quoted l imits  in the  experiments shown above. We 

have calculated the limits on X2 ascribed t o  Budnitz e& so3' 
from the lfmfts quoted on the i r  c r a s  section measurements. 

It should be 
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