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": IJ-e Universality in Charged Current Neutrino Interactions 

Currently avn.Ll.ab Le h t gh-ieac rgy neutrino beams present a unf que 

in A Neon-~2 Mixture opportunity for a study of IJ-c universality over a wide range of v 1f:"'l 11":"l'': -r .--: ~_ iTD _ 
~ 'j~'j 1,- i "', {2. :~. ~,nergies. We report on a comparison of v with vlJ and v with vlJA" ...Jl~ .,,:...:, ': • I.! e e 
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charge current (CC) interactions under the same experi':Tlentaj conditions 
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for energies between 10 and 150 GeV, the first such st~<y above 10 GeV.I JUL ~ 1978

H. D. SOKOLOFF, M. L. STEVENSON and G. P. YOST 
The data w~rc taken with the Fermilab l5-ft bubble ch.~ber filled 
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wIth a heavy mixt\lre of N~ and HZ and exposed t.o a hroad-ban3 neue r InoIf lf~f)D ~ -;-~V 
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and anti-neutrino beam. The expe r Lment a l conditions resulted in com-

R. J. CE:1CE. F. A. HARRIS, M. D. JONES, S. 1. PARKER, parable numbers of v~ and v~-induced reactions~ I~portar.t fo= the pre

v. Z. PETERSON, M. W. PETERS and V. J. STENGER sent study is the short radiation.leugth (39 cm), ..hich prOVides good 
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S. YULDASllEV In 45,000 pLc t u r cs with EMI Lufor-ma r fon , we have found, af t e r app Lv

~ Visunl Tech-t i.qur.e Laboratory, University of Washington ing the acceptance criteria described below. 35 events with d sin;le 

Seattle, WA. 98105 pT.i~~ry e+ among the outgoing tracks and 60 ~~th a single prl~dry co-, 

which "..e attribute to v 
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and v 
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CC production, respectivelv. 3 
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ABSTRACT per-c these with a sample of 202 v).l and 227 v~-induccd CC event.s t r ora 

From an exposure of the Femllab I5-ft Neon (64 atomic %)-112 
6 ,000 pictures. All events satisfy the criteria: 1) the aura of IlJngi

fillcd b ubb Le chatnbe r to .;. s Lng Lc-bc r n-Eoc uaeed V beam, we have found tudinal momenta, I:PL (~Evisible) > 10 GcV, wher-e the s u-vaat Lou is o...e r 

60 e-X and 35 e+X events, ~hich we compare with 227 ~-X and 202 ~+X all meas ured charged and neutral particles; 2} Pi. )0 4 GeV (i:. r efer s to 

events. No stati~tically s Lgn Lf Lc nnt; dup ar cures from ~-e universality the outgoing lepton throughout); 3) vt s Ib l c potential length of fon.-,rd

are seen. 
going tracks> 90 em; and 4) ;, 1 charge d bad ron at the primary vertex. 

TVisitor froff. the inst. of Nuclear Physics and Tech. of the Academy of Muon t r acks were r equ Lr cd to be Lden t Lf Ied as such by the Flil. with 
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likelihood4 ! > 5. Electrons a~d positrons were identified with any 

two of the signatures described 1n ref. 2. We have removed six events 

interpreted as ~-e+ and four as ~+e-.2 

We reject e
Z 

events from the v (~) sample if any primary track 
"e e 

for which sn electron mass cannot be ruled out is consistent with being 

Z
the partn~r of the e in a Dalitz pair and we reject e- events if the e-

is consistent with being a 5-ray on aome track. Applying these criteria 

to the v~ (~~) sample (treating th~ muon as an electron) is found to re

ault in negligible losses. 

In what" follows, the v~ (v~) samples are normalized to the v (~e) e 

signal. Hence. we do not correct for losses which contribute only to 

the relative nor~alization. We also do not correct for biases expected 

to affpct the v (~e) and ~~ (~~) samples equally, such as those due to e 

the loss of undetected neutral particles; we do not as yet attempt accurate 

eSli~at~s of scaling or ot.her variable distributions. 

The v~ (v~) sa~ples are weighted by an average of 1.02 for the momen

tum and angle-dependent part of the ~11 acceptance. We estimate that the 

e- riotection efficiency is 90 ~ 10% and approximately independent of 

eoacnt cm and angle in the accep r.ed momentum range. 

Z
Each e event has been carefu~ly studied by a physicist. Following 

thi~, the pro~abjlity of misidentification of a Compton electron or an 

e- from ;1.0 a cya.ne rr f c Dol t t z pair or ClNIC y conversion as a single primary 

e.! is es t Lua t ed to be such that Leas than 0.1 such events of e:1t her sign 

are included. We estimate that c 1% of our v)J (V)J) samples are. neutral 

current events with a hadron falsely identified in the EMI as a muon. 

The e t momenta are correc~ed for bremsstrahlung by a modified Benr

Kittner method. 5 This has been supplemented by the addition of the momentu~ 

of catastrophic bremsstrahlung gammas. when detected. The meth..:id h.35 been 

calibrated from the masS of reconstructed nO,s. We obtain a peak ~~ss of 

sbout 130 MeV, with FWHM of 40 MeV. However, uncertsinties in this pro
+ 

cedure are large. and increase with electron energy. The range of e-

energies we observe extends above 50 GeV, with median values around 25 GeV. 

For some variables. resolution-smearing in the lepton momentum can change 

the apparent shape of the distribution. To simulate the effects of reso:u

. 6 
tion, we vary the momentum of muon tracks randomly according to a G.:J.l\SSiiln 

distribution. centered on the measured muon momentum. with ~'L~ chusen as 

a function of Pi to duplicate the estimated momentum resolution of elect~on 

tracks. The resultant distribution is shown where appropriate. 

Within a certain fIducial volume, neutral strange-particle de~.;ys and 

electron pairs not identified as arising from the R~crnsstrah]un& of a p~i

± mary e are included in the hodronic energy. The interactions of n~l1lrals 

emf.Lled from the event a r e omitted. The resultant Average nout r a l hnd r on Lc 

energy to the average charged hadronic energy (tPL) ratios are co~pa,2~le: 

for v we obtain 0.19 ± 0.06, compared with 0.22 ± .03 for v~; for "e we 
e
 

obtain 0.18 ± 0.06, comp<1red with 0.27 ± 0.04 for ~~. From study "f the
 

v (~p) eventa. we find that a 6mall admixture of hadronic y-rays f,l.elyp
 

identifi ed as eZ Bremsstrahlung may have reduced the v (~) ratios by ,.s
e e 

much ns "'10%; the' cf fcc r s on the Lnc Lus Lve distributions whIc h .... L' ~:;~w .... •H,-' 

negligible. The total visible l:PL for the v and V events is compa t-ed c l t h e c 

( .' ( (.' 
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± actions, or between v and ~~ interactions, consistent with ~-e 
ethat for the v~ and v~ events (normalized to the e signal) in Fig. la,b.
 

universality.

These distributions are suffi~iently similar to permit meaningful compari-
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2 Bt their careful work on this difficult experiment. This research was sup-
Fig. 2 shows the - 2( LPL) Et sin (:f)/(~(LPL-Et» distributionxvi s 

ported in part by the United States DOE and NSF. 
for v and v events again compared with v~ and ~~ normalized to the v 

e e e 

(v ) signal. An excess of events for electron neutrinos at roughly the e

t~r~e-standard deviation level 1s observed at low x However, when thev i s. 
i 

~uon spectrum 1s convoluted wlth the e resolution function described above, 

we obtain the solid curves 7 (drawn smoothly through the points). Clearly, 

excellent agreement is observed when the resolution is taken into account. 

Fig. 3 compares the Yvia ~ 1 - E~/LPL distributions. We see no dis

crc?ancies. The effects of poorer energy resolution for el~ctrons snu 

p06itrons than for ~uon5 are not serious in this variahle. 

hnd 2 /The variable u LPL sin 6 2 M ~ x(l-y) ("had" refers tovi s D had p 

"h-1dronic") does not depend upon the lepton energy. No significant dis

agree-Ge<l.t 1s observed in the comparison for this variable (Fig. 4). 

We r.ave co~?ared the~e event samples also for a number of other 

variables. which vary 1.n their dependence on lepton energy and on unde

tected neutral had r ons , We find no areas of disagreement within the avail

able statistics. 

""e c onc Lude that v J thin our s t c t t s r Ice there Is no evidence for 

diffclcnces between the behavior of CC events produced by V and v~ inter-c 

-' ( 
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FIGURE CAPTIONS 

I, Evi a' defined to be IPL (~£v), (a) for ve-induced CC eventa, with 

v~-induced results dsshed, normalized to v signal; (b) for Ve-induced 
e
 

CC events, v~ dashed.
 

2 812.	 (a) Xvi•• 2 (IPL) £1. ain (""2) I~(IPL-£1.) for v events (unbroken
e 

histogram), with v~ events dashed; (b) x for v events, v~ dashed.
vi s e
 

Solid curves:
 v~ (v~) data with "smeared" muon energy determination 

(see text). > 1 events shown in a single overflow bin.xvi s 

3.	 (a) Yvis • 1 - EI./IPL, for ve' v~ dashed; (b) Y for v v~ dashed.
vi s e' 

4. had 2 /
(a)	 uvi s - I PL sin 6had 2 M for v~ dashed; (b) u for v v~p ve' vi s e' 
dashed. 
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