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A sample of 45 iU events has been obtained in studying high
energy neutrino interactions at Fetnﬂl‘ab. The analysi.s of these data
yields e prompt rate, NPTOUPE (Y )/m"m“"‘(u i), of 0.12 + 0,05 for

P,> 10 GeV/c. The Wy events are predominantly of hadronic origin.
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Tlie.’cbservation of dimnoneventa in hig'h_energy neutrino inter-
actions vaa-one of the first indications of the productidn of particiea

‘with a n'ew’ quantum numher.1 Opposite sign dimuons are now known to arise

predominantly. if not completely, from the production of charmed particles

and subsequent semileptonic decay. The origin of same sign dimuon events
(Il.l;- or .u+u+) ‘however 1is not ‘clear. The observed rat_te_ for such events

is small and therefore.decay in flign't of pions .and ‘kaons produc.ed. in
ordinary- charged current interactions is an impnrtant background. We
present here an analysis of 46 u i events observedin 'high energy neutrino

interactions at FNAL. : » jv o

II. Beams and Detector

The different beams and detector used in the experiment are
described in greater detail in another contribution to this f,:bn__fere):tce2
andin ref 3. Two features of‘ the detector are ‘particdlarly, important.
One,-.t.h_e neutrino interactions occur in three targets of different Ah'ad'ron
-absorption lengths (see Table 1). Second, the 7.3 m diameter toroids in
the muon spectrometer provide a very large acceptance that is independent
of- theaign of thef muon. |

II1. Data Sa_mple

'l‘he Q'l‘ I ~and BTSSV runs described in ref. 2, yielded 199 u+u-r

g ey S

events . and 46‘ u‘u events. A sample of events from the QT II run has

been analyzed and preliminary results for events with all momenta > 20

Gevlc will be presented.

v. 1Is There a Prompt Signal?

'l'h’ relative'ratea for R(l-l B )/R(u ) are difficult to. determine

o because of acceptance and trigger differences. he 'ratio,;N(u uv)ln(,g:g,.)_‘,”




however, does not have these problems, i.e. triggers and geometrical

acceptance are the same.
The observed numbers of events from each target are presented
in Table 1. A cut of Pu_ > 5 GeV/c (10 GeV/c) reduces the number of Ty

obs

events to 38 (18). The ratio_-N (u Q )/N (u'u"') is shown in Fig. la

and 1b for a 5 GeV/c and 10 GeV/c momentum cut, reapectivély. This ratio

may be written as

Prompt decay prompt decay
S wh = N(uu)+N W) JIn ety + 8 eh

' decay
The quantity N (u u."') has been calculated by a Monte Carlo program which

Nobs(u " )/ ‘obs

uses the known d:.st:n.buti.ons of pions and kaons produced by neutrinos and
‘which accounts for the reinteraction of the pr-imary x's and K's." For
P“ ‘> 10 Gev/c, the fra::‘i:.:; of W u. from decay is 6-22%, depending upon
. the target: (labelled N (g ) in Table 1) After this subtraction, the
.‘ rat:l.o l‘l"‘ba en )/Nprompt (W n ) should depend linearly on hadronic absorp-

"tion length () and a finite intercept at ) = @ would indicate a prompt

'source‘. This 4ratio“ is showri in Figs. 1lc and 1d and the data é.i‘-e well

. déseribed by linear fits.
R Clearly fd_;- the 5 GeV/c cut data, a significant fraction of the
observed p 1~ signal arises from n and K decay. The intercepts, »ho,wevet,
are finite at ) = 0 for both the 5 Gev/c (0.09 + 0.09) and 10 Gev/c
(0.15 + 0.10) cut data. Also, the fitted slopes are in' reasqnable agree-

ment with the values dbtaiﬁed_ from the Monte Carlo calculation for

qucay(u-u-). In particixlaf', rfor the 5 GeV/c cut, the fitted slope value‘
is 3.0 +13 x 10‘3 m-1 and tht*pred:lct_ed value. i8 4.0 + 1.0.x 10"3 cm-l.
One may then use the Monte Car'ld vtlues for Ndecay(utp-) to obtain
NPEORE (W), -

, Averagl.ng over a11 three . targets » We obta:l.n nPromp t(u 1) )/
Nprompt

(p, p.) =:0,06 + 0.05 for the 5 GeV/c cut and 0 12 1 0.05 for the




‘10 Gevle cut. This indieates’that a prompt signal may. exist. It is some-
what more statistically powerful to observe that we see, for P > 10 GeV/c, .
18 events and expect only 7.5 +1.9 events,.

} Some of the properties- of the L-lA-‘uT events are shownin!Figs. 3a,
4a, 5a, 6a and 7a. ‘Similar distributions for the_v' indu_ced u'u"' events

are shown in Figs.3b, 4b,5b, 6b_and 7b for comperison. One observes that
there is no striking difference between the properties of Wit and wp”
events. The Agp distribution (Fig.3a) suggests that the u u events arev
i)re&ominantly of hadronic origin. ] 'I‘he v:.sible energy distribution (Fig 4)
indicates a production energy dependence similzr to charm production. Of
course the substantial background from decay is included in the plots
vhieh would‘ dilute any energy dependence dissimilar fronx charm.

There are at least two conventional origins for WK events.

First, the same processes which yield tritnuon events (u..u-u+) may also
result in W U events if the u+ is lost as a result of detection ineffi-
ciency. Second, the production of charm-anticharm pairs and sub’sequ__ent-
decay could also result in same ¢ign dimuons. It is presently believed
that the majority of trimion events ( » 807%) come from radiative or direct
wmuon pair produc_tion.z- If these virtual pho_ton proces_ses were entirely .
respons_ible for the prompt u u signal', ‘one would expect R(k K )/
R(u."u-uf) <1, particu]‘.ar'.l..y for Ev > 100 GeV where the triinuon acceptance
18 good. At-'present, the data do not support this hypothesis as R(;'.i;)
is8 ~ 6 tinnes the trimuon rate. Current theo_retical e_stimates, for the
production of charm—anticharm predict rates lower than the measured vfalue;s
It :l.s»u'nlikel’y that the ms'jorit_y of the promi)t, s ejrents come from the
production of hadronic flavors beydnd charm. We do not:%'r"ob'ser’ve a rate

B ineresse as E increases as one would snticipate for. hesvy new quark 7

produetion. Also the P (out of- the V- u. plane) distribution shown in

jF:ls. 7 is. consistent with the decay of psrticles with mass < ‘charm.




v. relimina Results from QT II

At present we have analyzed a small fract.ion of the dimuon data
obtained_ during ‘the QT I1 run. In particular we have selected events in
which both jumonn traverse the entire spectron_neter. This‘yield_s'i.a": sample
containin_g 12 4" events with P, > 20 Gev/ec. Since this .sanqiie is noti
free of acceptance blases as was the earlier, we have attenpted to correct
for the relative acceptance of u'u'/u'u"-' by using a charm-11ke model,

{.e. assume u-u- has the -same -kinemat-ical-charaeteristics-as u.‘u+ from - -

ﬂprompt prompt

charm. With this aszumption, we obtain an (W u)/N (l-'-l-'-+) of
0.10 + 0.05, in agreement with our earlier conclusion. Stated anothe_r

way, ve see 12 events and expect only 3.5 from 7 or K decay.

vI. Conclusion

We have presented evidence for the production of prompt T
events by neutrinos at a rate 10 + 57 of the prompt u-'u+ rate, Using our
measured opposite sign production rate would yield R(u-u-)/h(l-l-) -
4 +2x 1074 for all Evand 6.5 +3.5x 10.4 for E, > 100 GeV.6 The
observed W | events are predominantly of hadronic origin. New heavy
quarks or heavy :le.pton,s_ do..not appear to be a s,ignificant source of the
“ev‘ents. Further data are .1eeded to determine what fraction of the Ty
signal arises from charm-anticharm and radiative process. _

The. data presented here were obtained by members of the E-310 |
collaboration ‘£rom Fermilab, Harvard, Ohio State, Pennsylvania, Rutgers'-
and Wisconsin. 'ifhe,mbers are: A Benvenuti, F. Bobisut, D. Cline;

P. Cooper, S. M. Heagy, R. Imlay, T. Y. Ling, A: K. Mann, S. Moti, D. D.

Reeder, J. Rich, R. Stefanski, and D. R. ‘W_inn; |




1.

2.

3.

4.

S.

6.

‘References and Footnotes

Ho:k supported by thg u.S. Depat_tment,jof’l-:nergy._ _

A. Benvenuti et al; Phys. Rev. Lett. 34, 419 (1975); A. Benvenuti

: _et- al, Fhys. Rev. Lett. 35, 1199 (1975); ﬂsm 35, 1203 (1975).

.'l‘ri.mvup'n Production by'Neut‘rinos..'vM._G.D. Gilchriese submitted to this

conference.

A. Benvenuti et al, Phys. Rev. Lett. 40, 432 (1977).

The decay calculation has an estimated error of + 25% and is described

" in greater deté:ll_ in an E-310 internal memo, Muons from = and K Decay,

by R. Imlay.

H. Goldberg, Phys. Rev. lett. 39, 1598 (1977); B. L. Young.-:’l‘. F.

Walsh and T. C. Yang, Phys. lett. 748, 111 (1978).

The u','ufrates‘may be found in A. Benvenuf:l et a'1v preprint C00-1545-233,
to be published.




are the caélculated numbers
nts from p:l.on,;an ; kaon_-decays.




1L

2 LR
G

3.

&

6.

7.

Y,

I-‘]i‘ ure Ce : t‘:f.lb_ns

::I.os of like sign to oppoaitev ':"":I.gn events before correcting p. p.

_?r'for decay ;.(a) and ® and aftet. (e) and (d)

.f.

Sf'-',fa!ater P.1°.'=Jr°f. rt.he ,faSt' ve slow K.

Azfmuthal difference, Ap; (a) Wi and (b) wi" events.

X, distribution for; (a) W and (v) u'u* events. .

vis_,d‘yi_s‘tribntionﬂfér; (a) © Tty and (b) u u events.

. 'rhe”tt'afneye:ge momentum out of the y= scetteriﬁg plane; -

and: (b) 'll-,h+ events.

"V_is’ible energy -distribution; (ay Wl and® (b) WoH events. - -

@) Wi




06 — -

_o_
i

(@)
s
I
'(:
L

o[- 4

4 a2

a7y
(o]
N
' ]
O
-0
—0—
' |
O~
—O—i
—0—
| )

-

()
8

” 50 o |oo nso 'Oo | 50 "~ 100 |5o L
' | Absorpﬂon Length (cm) o
OG T

+ (d) p >106ev |

) /NPromel
L

N (s
o
5
L-

% 50 100 | l50 05— 50 ‘|oo l50
o Absorpinon Lengﬂ-. (cm) .

Fig. 1




Ps (GeV/c )
3
I

® 0.0
u(9.'[ o

> ;_,l}j‘.. 7 ‘J : [,: ' ‘l :
O 10 20 30 40 50 60

Ps (GeV/c)

L

Flg. 2




EVENTS

15

| | l | | ) ] ! | |
(@) pwp” B
10 | ~
pS>IOGeV/c |
5
06 120
60 | 1 | ¥ T I ¥ !
(b) ppt r
40+ -
20 -
—
S ] |
O » ] 5 | ] 1
(@) 60 120 180

A¢ (Degrees)

Fig. 3 _



1.0

EVENTS /10 GeV

Fig. 4.

osk+ .. -
L 1 4 IJJ —
50 100 150 200 250
| | T ]}
(b) pwut (a>-0.3)

1.0 _
0.5 | ™ _
S —— W en T
06— 80 100 150 200 250
Evis (GeV)



EVENTS

10

IHM

pt (a>-0.3)

il




EVENTS

10

20

10

Y

(b) put (a>-03)




20 1 1 J T I | 1 1
(a) pp”
—
' i

10k mps>OGeV/c _
w O . 1.0 2 0

E P_L (GeV/C)

*; LIJ ] ' 1 Y I -y I 7
‘ L>u 60& (b) y.'/.l."' (@a>-0.3) -
40 _
_ L )
20 - -
I T 20



