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Proposal 0009A
May 28, 1971

Dr. Lynn Stevenson

Lawrence Radiation Laboratory
University of California
Berkeley, California 94720

Dear Lynn:

In response to your presentation to Ned and me

just prior to the Washington APS meeting, I discussed
with our Program Advisory Committee the status of your
plans for an external muon identification and your
feeling that you needed some encouragement from NAL
to proceed further with the development of a prototype
external muon identifier.

I am impressed by the enthusiasm of your group, and I
find that thexre is broad agreement obout the desirability
for an external muon identifier along the lines that you
are interested in developing and testing. I have, therefore,:
decided to commit NAL support to your effort during FY 72.
You may expect such support to be available up to approxi-
mately $30,000. By June of 1972, I expect that both you and
we will have sufficient evidence at hand to make a firm
decision with regard to the further development and
construction of a Phase I external muon identifier. If the
development goes well, you can expect support from NAL
" during FY 73 up to an amount like $90,000, It is my
understanding that funding at that level would make
it possible to mount your Phase I external muon identifier
in FY 73. Because of the complicated nature of these plans,
I feel that you should negotiate an agreement with Jim
Sanford. This will help to define your goals and our
joint responsibilities.

As Ned and I have indicated repeatedly to you in the
past weeks, we are not yet ready to take definitive
action on physics proposals for the use o0f a 1l5-foot bubble
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chamber for neutrino research. We .are, in fact, just now planning to
call for proposals to use that bubble chamber for neutrino studies.

I hope that these assurances will be sufficient to encourage your
group to continue its work towards the development of an EMI.

Sincerely,

R. R. Wilson

cc: Vincent Peterson
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ystem When Track Sensitive Tarsets (TnT) are Plarmed

For the NAL SOn Chamber?

The motivation that led us to develope the hybrid system was our avareness
of how marginal the usefulness of TST's for high energy neutrino plysics became
£ o+ T4 1 ¢4 o 3 oo 3 rm
vhen the size of the NAL chamber was roeduced from 100m~ to 30mY, The reason

fo“ the marginality is that at least two conversion lengths of NenH2 mixture

must blanket the TST. Wrhen the chamber volume is reduced; the TST volume

reduces &t a much greater rate. The solid curves of Fige 1 summarize the effective
. P < 5 o ; - . =
TST volumes®™ for 0, L, 2, and 3w vphysics as a function of bubble chanmber

diameter (in feet). The transverse distribution of neutrinos is assumed to be

uniforn. Pure Ne is uzed as {he blanket., The dzsign using a 12 foot diamster

chairber described by Roe et al in NAL proposal number b4 is used as normalization,
Cur orizinal preposzl (June 19707 for the dzvelopmant of a hybrid systen
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hybrid systen as a functiorn of thz bubble chamber diameter for two poszible

neutrino transverse disitributions. The fiducial veolune of the hybric s

sLem

deteacted, that could
be placed in a truncated spl curve of Fig, 3 iz
the estimaited bubhble c¢hs S0.2 midlion/{t §

ineremental iy op x’wl Fit
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@ Ppffective volums' is defined to be the product of TST volums and the
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propenility of converting all y's of all «“s,



We add $0.) million/ft § to take account of add=ad bubble chamber body cost.

m s

This brings the total cost differential to $0.3 million/ft . Thé pefcentage
bubble chamber-cost~increase per foot § is N 4,3%/Ft f. The percentage
increase in fiducial volume is 65%/ft § for TST's in the truncated spheres

and is 30%/ft ¢ for the hybrid éystem. The large percentage increase in TST
effective volume per foot # is the reason for our belief that the present 12' ¢
design is very mérginal for TST's,

The hybrid system with a 12' § truncated sphere has (12/4,1 = 3) times the

. o . . e . .. .
effective volume for one w physics with TST's in a complete 12' ¢ sphere and

-

(12/2.3 = 5,2) for three 7#° physics. 3.6) and

1t

'hese factors become (12/3.3

e,
v

12/1.6 = 7.5), respectively, for TST's in a truncated 12' § sphere,™ The cost

of the Quantamester is approximately $0.35 million. In summary, for modest
ingremental chamber costs (4.3%/5t §) great gain in usefulness both for TST's
(65%/ft §) and the hybrid system (30%/ft #) can be obtained., Ve urge NAL to

expand the chamber size to correspond to a truncated sphere of 14 foot diameter

~, 3
{(total volume ~ 30m~),

J1f. Determinetion of the Momzntuwn of the Neutral Svatem

The CQuantaneter

A, How can we determine the ¥'s energy when we have no information zhbout the

. . . sr s e NP . e .
showers in the first twe radiation lengths? This is a natural question for

[, o T

heavy liguid bubble chamber .physicists to ask. The quantameter operates on

s

il

“The hybwrid systen has an advantage for deing no g rhysics over the bubble

chamber without TST's, With "no 1% events theve is an amblguity where ths event

can have a 7° moving directly douwnstream or directly upstream. The quantameter
2 it tream 1 . The upstrean w? arbiguity usuallv involves low
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greater than L GeV more than 96% of its energy appears in the form of ionization

beyond the first two radiation lengths Details are given in Appendix I,
B. Is the preliminary cost estimate for the electronic readout realistic?

The proposed multi-wire P“OpOTClOPal chanb;r (WWPC, or “Charpak chamber") measures
the pésition (and ionization) of each charged particle in the Quantameter, An
area of 250 meter32 corresponds to 180° % 90° coverage. We assume an average

of 10 gaps (5 to 15 gaps, depending on position) of em each, Thus 250m2 of

area is to be digitized, Fosit

w.

OTl

ot

accuracy to *l mm in two coordinates is

[ N

desired; in addition, pulse height to #3%

raed.

e

s requi
Standard technigques (one amplifier/wire) are very expensive., However,

recent developwments in higher gain in proportional mnlti

'J-
":5

licaticn (Charpak et al,
X . . 1), .
1870) and delay=-line readout (Perez-Mendez et al., 1Q70)( )maxe possible

simplifications, The delay-line can readout 500 wires,with one amplifier, Using

the positive induced pulses on steps in the negative planes (orieated, say at

e

45 deg to tha positive wires) one can readour both x- and y-coordinates in a

odule of 1C0 om width and 300 cm height will require about 200C cente
. L0 . . .
wires (at 457) and two Hylar plans s with 2 mn wide aluminized strips to readout

%~ and y- into orthogonal celay lines. The estimated cost of delay line readout

is $5000/aoau189( ) including pulse-height; 70 molules would cost ebout $350K

the muons to pass through and be identified. Further details are

(3)

G

and Yount.

a0 i
A K e s R0 s

Hﬁw can the hvwflo syetem deal wi th masona that deecav into muons? Fast

lecay into muons vhose nomenta rence from 1722 to P

I

da ~ s 2 2 v . i N G -y N N
measurenants (+#3%) within the nzwlq bubble~chanber should
A

than 90% of w-i decays within the chamber, Docavs outsids
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the champer (in Q, or in H, cr betwzen) are more qiff icult to detect, except
that for low momenta (<2 GeV/c) w~-p decays will usually give anomalously short
ranges in the hadrometer for the measured momentum,

Thus despite the long average pion decay distance from production vertex

. . XY . . o

to “the hadrometer ceater (v 5 mgters), corresponding to 9% (at 1 GeV/ce) to
1% (9 GeV/c) dzcay fractions, range and momentum measurenents will detect
most of these w-y decays.  Full use of the H2 volume for momzsntum measurements
along a suspected muon track is essential,

The "ambiguous" region includes mainly the quantameter (35 cm) and space

. e
between guantenmcter and hadrometer (~i00 em).

Ve Trigzer Rate for OuQu-uPﬂ*ﬁ“ znd Hadrometer

nn:\rw;u— R TP RN

cswsawn

Z

B AT )

The electrcnics trigger will reguire (@) en anti egainst incident charged
from the upstream coil); (b) one or wore tracks
end (¢) a muon (penstrating particle) leaving

the Hadroaeter

rajects muens froxn the shisld, cosmic ray nvons,

neutrino interactions in the Quantamoier or Hadrometer, and neutron Interactions

The Quantameters's proportional chamber is continuously sensitive with Fast

readout which can be combinesd with szcintillation logic to decide on zpark-chamber
triggers in <1 psec. Thus the Hadrometer is fired only when the signature is

conplete,

If the trigger rate exuceeds one per burst, it is possible to refine the
gic to defineg the pencitrating nuen trajectory
nore precisely, HMultiple electronic "events' per burst can be handled if

neccssary. This would reguive more than one.vidicon camere (with electronic
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VI. Vny Don't the Quantameter and iadrometer Subtend liore Solid Ancle?

L 3

Ve have the possibility at a later date to increase the hadroneter to
o . . : , ot . .
cover 180 thercby detecting muons below 4GeV, The addition of a TST cvlinder

that runs the full length of the chamber can also he added later,

VIiI, How Does One Take Account of Hadron Interactions in the Quantamcter?

2

‘ 0 o .
Host of the vy's from a 7 are confined in a cone of full angle 2/v .,

If a charged pion has a large probability of being emitted into this cone then

it will pose some problems for us. Hovever, we wish to give some crude arsgunent

to suggest that this is not the case. Under these cilveumstances we can track
the charged hadron through the guanteneier, not being bothered by the ¥ showers,

and get a good measure of the energy it deposits in the quantameter.

wherce one assunes that

a substantial number of pi col o themal egr oriun at a temparature
KT ~ 0.18 CeV, The 1ike one.  The "overlap”
problem is best consd fireball. Supnose For

the moment that zll the

X 2
a solid angle of =/y".

2 , s s
pion reot encrgy puc, otal solid angle, g, that is
Yused up' by all the yray cones is,

e e e

> 9
2,2
Ty Fay

[ ax
r
A
e - 1
f =

s

where, XO - ORTO*

- B T
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Eveluation of the intonresls
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Usually, one third of the mesons will be neutral, in which case

et us ceonsider the worst possible case.
From Fige 1 of our original proposal (#9) one sees that for Ev = 50 GeV,

<&%;>< 15, £ < 0.18 for 50 GeV nutrinos.

The probability that all charged pions miss these

O
Q
3
o]
9]
tute
%]

“F ) Rel
(1-£ ) Pel

for‘fn \23 1% this

The prohzbility that all but cne pion miss

that allk but- two pions miss is,

i h o e | ; N WL
< ~, | : < S P Lops O VA AT
- i‘.\‘(':\ > * / ( - ‘TC \ } 'g' N -~ 5 T e 0 J,'%; {_ I’::'),,/..) (‘ }(?./
i ";f" o Q- Ve ] VA P
(Kaay-251 2| R

nevee o v,

that all but threo pions miss Is,

\
b
- L}
AN
i
~
4
(WM
\;’\(‘
)
1
A

{ " ¢ * t / G A § —
I L R Y L= 22 (Len) (i) = o 1
[/‘\_m‘w- I ’ i o -w":s:.\"""/ L = R
\\,\!J‘. Q“ F e ::"4 J : ':): f‘\ .(
hach k : fos -1 .
4 sov on. Lach cherged pilon that strikes a cone has a probability of e 7=,368

In the preposal we assuized that the entire final hadren state comes into

thermal equilibrivi, In this way we cobtain an uonper limit on the multipd

thaz no charged plom streike within

i B ‘L_'E, :,-5,{::\.

At this stazs we feel confldent of our ability to deal with this problem.
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We intend to denonstrate capability of the Quantameter to perform the Ffunction

we describe in our proposal by doing a modast ewperiment.

TABLE I

Probability that no charged

r

T TR Wt Lt A TP AL I At T

Probability that all
charged plons miss cones
G.928
0,735

0,140

‘plon interact within

Bt

cones,

0.928 + 0,0282

0,735 + .087 %

0140 + 0,110

+

0,040

t

-4

0.009

0,50
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RETERLHCE S
(1) "Electromagnetic Delay Line Readout for Proveortional Wire Chambers™, by
=] s - R
R. Grove, K. Lee, V. Perezw-lendez, and J. Sperinde, UCRL--19858, July 1970,
s s ) P ) 5 Y
ippended to this note.
(2) See LRL Engineering Hote I ET-1361 (July 1, 1970), "Digitizing Svstem for

Proportional Chambers Using Delay Line Readout'", by F.A. Kirsten for component

)

Al

costs ($0.47 per wire for 512 wire chawber), including scalers, amplifiers, and
delay line.
(3) A. Hukhin and D. Yount, "External versus Internal Muon Identification in

the 15-Foot Bubble Chambar' 1970 HAL

(&) H.,L. Stevenson "“The Role of the Planck Distributiocn in !nderstanding ths
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PROPORTIONAL QUANTAMETER FOR TEE 15-F00T BUBBLE CIAMBER

D. YQunt

University of Hawaiil
ABSTRACT

The performance of a quantameter to detect and measure
the energy of the neutral pions produced by neutrino interactions

in the’ 15~foot bubble chamber is evaluated.
INTRODUCTION

Since.the neutrino energy spectrun is broad, measurenent
of the #p and »d total cross sections requires that the full
energy oI each interaction be détermined. Esseﬁtially, there
are four components: charged hadrons, charged leptons, neutrons,
and neutral pions. The charged component can be found with
high precisidn (¥ 3%) from track curvature in the 15-foot
Hp, Dy bubble chamber, although additional egquipment is required
to identify leptons, particularly muons, with good efficiency.
The neutron component may be small for most interactions and can
probably be determined with an external hadrometer to sufficient
accuraéy that the uncertainty in the total energy 1is not dominated
by this source. The most efficient mefhéd for measuring the
photon ehergy from neutral pion decay appears to be the lead-plate
quantanoter: the purposc of this note is to estimate the resolu-

tion and precision of this type of detector, thereby emphasizing

‘
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the importance of allowing for such a device in the bubble-chamber
design.

Typically half the energy ip'a neutrino interaction appears
in the form of charged leptons. Perhaps 1/3 of the totai hadron
energy appears in the form of neutrai pions, which therefore
account for 1/6 of the total neutrino energy. The ffaction is
lérge enough so that neutral pions must be detected with good

conversion efficiency in any total-cross-section experiment;

Hh

it is small enough so that even a modest.accuracy (¥ 10% o
the neutral-pion cémponent) Would imply that the domingnt erroxr
results from track curvaﬁure, It may thefefoqe be_possible‘to
determine the total neutrino energy to T 3% in the hybrid Ho, D2
bubble chamber, while an estimate of I 5% has been given in an
NAL proposal.l Corresponding estimates for the neon bubble
chamber range as high as * 20%.°2

Parallel-plate ionization calorimeters, such as the guan-

3 widely used in monitoring photon beams, have several

tameters
intrinsic vroperties that are essential in determining the neutral-
pion energy accurately. First, the response depends only upon

&

the relative ionizaticn in the gas gaps as compared to the

®

ionization in the plates; tolcrances of 1% or less in these
parameters can be met and insure a uniform response to thé same
level. Second, since the ratio of gap to ﬁlate is independent
of track angle in a parallel-plate chamber, such a device is
intrinsically isotropic. Third, the output of an ionization

calorimeter is linear in the encrgy absorbed over a wide range.
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Fourth, an lon chamber is operated as a one-parameter.device;
there is one high-voltage se£ting and one output signal pro-
portional to the total energy deposited in the chamber as sampled
periodically via the ionization in the gas gaps. This last
feature greatly simplifies the operation of the calorimeter and
results in a highly reproduciblé instrument.

In the case of electromagnetic showers, virtualiy all
of the enexrgy appears ultimately in the form of ions, which are
sanpled éirectly in the ionization calorimeter thereby évoiding
such qguestions as the responsé of scintillation or Cerenkov

counters using phototubes. The SLAC quantameter? for example,

f

has been shown to be linear in enérgy to * 0.2% ffom,l GeV to
14 GeVv, the highest energy at ﬁhich linearity was tested. The
response for incident electrons or positron 5 was found to be
the same to about % 0.3%, and the reproducibility over long periods
of time is also on this level. The SLAC quantameter has been
calibrated with a Fdraaaf cup so that it can be used as an absolute

monitor to a few tenths of one percent, One simply £ills the

chanber with a standard gas and scts the high voltage.

The precision, linearity, and reproducibility of ionization
guantameters undex very favorable circumstances are clearly

excellent. The performance of a large onroportional guantameter

- ™

in detecting the electromagnetic energy in a single neutrino-~
induced event from the bubble chamber can be estimated by
considering those factors which causce the response to doter=

iorate, as compared with ordinary guantameters used in beam



-monitoring. The analysis bélow indicates that a statistical
uncertainty of % ﬁ% (1000 tracks for 10 Gev neutral-pion energy)
results from shower sampl}ng‘every 1/2 radiation length, while
sampling every radiation length would give * 4%. When systematic
effects are taken into accounﬁ, the overall accuracy should be
betfer than * 6% for 10 GeV neutral-pion energy or about +o1e

of the total neutrino enerxgy in a 60-GeV event. Unlike the neon
bubble chamber, which has a radius of about 3 radiation lengths,
the quantameter,improﬁes with energy, the accuracy varying roughly

as 1/AE. ...
IIO
SHOWER STATISTICS

The gain of the SLAC quantamweter with l-atm ‘argon-CO,
filling is about 4000 ions per GeV incident.% The copper plates
are 0.963 cm = 0.72 radiation lenyths thick with an average
gas gap bf 0.476 cm. An output of about 40 ions/track would
result from a single minimunm ibnizing particle passing through
suéh a gap indicating that the numberx of tracks sampled is of
order 100/GeV. TFor a total w° energy of 10 GeV, 1000 tracks would
be expected yielding a statistical uncertainty of about % 3%.
Monte Carlo.célculations for electron—-photon showers in leadb
predict about 6060 electrons above 1.5 MeV for a 6-GeV shower
sampled at intervals of 1/2 radiation length. This is equivalent

to 1000 elecirons at 10 CGeV, consistent with the first estimate.

)

(The quantameter plates are somewhat thicker than 1/2 radiation



length, but particles of less than 1.5 MeV are detected.)

SHOWER SAMPLING AFTER 2 RADIATION LENGTHS

A recent 15-foot bubble-chamber design specifies a thin
exit wall of 1/2 inch steel, equivalent to about 0.7 radiation
lengths. The front wall of the reentrant tank would be of
comparable thickness. Photons originating at the centef of the
bubble chamber wilil ?ass through about 0.3 radiation lengths
of liguid hydrogen, so that the total thickness before ente;ing
the guantameter is about 1.7 radiation_len%ths. This.may be
considered as the first plate of the quantaneter, which would
begin with a thin window followed by a sensitive gas gap. . Since
photon cascades are displaced inxthe direction of the shower
axls by about 1 radiation length with respect to electron cascades,6
photon-shower sanmpling beginning after 2 radiation lengths should
be excellent.

Quantitatively, only about 0.5% of the total ionization
in a photon shower at 6 GeV occurs in the first radiation length,

while at 1 GeV +the value is the same to 0.2%. Less than 4%

+h

of the ionization occurs in the first two radiation lengths,
the difference in 1 and 6 GeV being less than 1%. The shower
multiplicities versus thickness in lead for these two energies

6 Since the

are shown in Figure 1 to illustrate this point.
quantamcter will be calibrated, only the linearity is in gquestion:

this appecars to be of oxder 1% for photons above 1 GeV, even
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if sampling begins after 2 radiation lengths. Clearly, it makes
negligible difference if lOaGeV reachés the quantameﬁer as two
photons or a dozen.. In fact, the thickness aftér which saméling
begins can be varied from 0 to 2 radiation lengths withoﬁt

affecting the quantameter output by more than 4%.
SHOWER PENETRATION

The shower penetration in percent depends on the incident
photon enexgy and coulid aiffect the enerygy linearity if the
guantameter is too thin. About 7% of the ionization in a

photgs
6-GeV photon shower occurs afiter 15 radiation lengths; while
less then 2% appears after 20 radiation lengths.6 In ionizgtion
quantaneters,3 the spacing of the last gas gap is usually made
large enough to for shower penetration, reducing
this loss by perhapsione oréder of magnitude. Cocmpensation is
also possible in the proportional quanﬁameter: for example,
the gain of the last gap can be increased so that the signal
from this gap is proporticnal to the penetrating jonization
rather tinan simply the lonizetion of one gap at‘the particular
thickness in radiation lengths. In any case, it is straight
forward o design a quantamcier for which shower penetfation
alters thne cnergy linearity by less than l%. The back—scatﬁered
enargy Ifrom a CwGeV photon cascade in lead is about 0.12% of

.
. . G
the total.”



SHOWER DATA

Before considering other systematic effects peculiar to
the hybrid application, it is useful to cowmpare the estimates
of intrinsic guantameter performance with existing data. lAn
energy resolutign of = 19% (HWHM) has been obtained at 200 MeV
by counting sparks in a lead plate chamber with plates 0.15
radiation length thick.? Scaling to 1 radiation length and 10

GeV would give

[+

10 GeV 0.15

o r.l.
19%/ 55 wev® 0 1)

o

b

=T 7.4

as compared with the statistical limit of T 4%. The scaling is
pessimistic for two reasons: 1. -tracks observed in a photon
shower at intervals of 0.15 radiation lengths are not independent
in a statistical.sense, and 2. spark counting is less efficient-
than a direct ionization measurement.

8 . .
have measured the resolution of a

Backxenstoss et al.
lead-scintillator shower counter consisting of 20 lead plates
each 0.8 radiation lengths thick. Their result at .10 GeV is
£ 4.9%, which scales to ¥ 5.4% at 1 radiation length. This
vélue is moxe applicable to the guantameter configuration than
that.obtained by scaling track~counting fesults, but it is
still somewhat pessimistic since it involves phototube resolution,

light attenuation in plastic scintillator, etc.
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Hofstadter and Hughes have studied the resolution in a
Po-Nal array as a function of the thickness of lead.® Their

results for incident electrons at.8 GeV are shown in Figure 2.

The resolution 1s observed to vary from ¥ 1% (HWHM) with no

lead to & 6% with 0.75 inches, about 3 radiation lengths,
in front of each successive crystal. Since the NaI crystals
are 7 inches = 7 radiation lengths thick, the results are

not directly applicable to the thin gas gaps of a proportional

y co, however, illustrate that even very crude

o

quantameter. The

ectromagnetic shower at high energy can yield

}._J

sanpling of an e

excellent resolution.
MAGNETIC IfLD

from photon conversion in the

0.7-radiation-length exit wall of the bubble chamber nmust pass

.
ried K

jof

through a magnetic

')

and the reentrant

Since the Hp,Dp container is spherical
quantameter tank cylindrical, as presently envisioned, the

1d depends upon where

[
®

oy A &=
FLAeCIC L

iy

U

2 : lumm ~ 3 3 5 Y +.
distance traveled in thie na

conversion occurs. A reascnable approximation is

@

s = 5 ca + 200(1 - cosd) cm

of 30 kG before reaching the guantameter.
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are small even at quite low photon energies, and this property
could be extended to the entire quantameter by matching bubble-
chamber and quantameter geometries, either making the back of
the bubble chamber cylindrical or making‘the guantameter locally
spherical. Nine modules 1 m sguare in a 3 m x 3 m array would
approximate a spherical surface nicely if a reentrant tank of

suitable shape were made to contain them.
INCIDENT CHARGED LEPTONS

Muons penetrating the quantameter would contribute to the
total ionization about one track per gap. For 20 radiation
lengths and 40 gaps, this amounts to about 40 tracks/1000 tracks
= 4% of the signal from a 10-GeV neutral-pion shower. A correction
of this magnitude is straight”forward once the penetrating muon
has been icdentified, for exanple, by a hadrometer in the hybrid
system.

Electrons or positrons entering the quantameter will be
detected with exactly the same response as incident photons.

If the electrons arise from conversion of 70 photons in the bubble
chamber or steel vacuum tank, the resulting signal should be

combined directly with that due to WO photons, a case already

discussed. Electrons from an electron-neutrino . vertex can

¢ ~

be identified by asscciating a shower in the guantameter with
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LIS}

with a charged track in LP; bubble chamber: spatial resolution

in the quantameter is reguired. The enexrgy of the identified

electron can be determined from track curvature in the bubble

chamber and can be subtracted from the total quantameter signal,

leaving the neutral pion component intact. Dalitz decays are
rare and yield pairs of electrons which can be identified in
the qguantameter and retained in the neutral pion signal.

NEUTRONS AND INCIDENT CHARGED HADROWS

Corrections of order 4% per hadron can be made to the

W
o
o]
3
cr
’:
b
4
6]
I
4]
}J
Q
]
&
b=
11
O
by

charged hadrons that penetrate without
interacting. No correction is necessary for neutrons that do

not interact. For interacting hadrons the correction may be

comparadle with the neutral vion signal, and it can only be made

by analyzing each event In detall, taking into account the

]

—at

incident hadron energy, the penetrating hadron energy (determined,

for example, by a hedrometer), and the spatial information

provided by the wire recadout of the proportional qguantameter.
A thickness of 15 = 20 radiation lengths of lead is

eguivalent to about 1 collision length for strongly interacti

particles. Perboys : ..a.rd of the energy in each collision

goes 1into neutral pionsl0 which shower and are detected with

good efficiency by the quantameter unless the interaction

.o L e b - 2 P IR G B 4 e 5 ~ -~ FIR 3N
occurs in the last few radiation lengths. Depending upon the

[N

-,

——: e
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event coniiguration, it may be necessary to determine the neutral
pion component from the neutrino vertex by track counting
rather than by measuring the total guantameter signal. Since

the sw of the wO and interacting- haqron energles is meaoured

absolutely by the quantameter, only the relative numbers of

tracks in varicus showers is reguired. An accuracy approaching
the statistical limit might still be possible in this case,

but the analysis would beccre more complex. A modular guantameter
v A

design would substantially reduce the probability for more than

one shower signal to cccur in a single readout.
SHCWEZR POINTING ERROR

Experimental data on the accuracy with which the direction
of a photon shower can be determined are shown in Figﬁre 411
The results suggest theat the pointing error inproves slowly
after 1 GeV, while the variation with plate thickness may

~

1/2 . A a4 \ - .
be ¢ / . The result, scaled to a plate thickness of 1 radiation

3

length, is a pointing error of about £ 10°. This should be

.

sufficient to assoclate individual showers detccted in the gquantanmeter

with particular events secen In the bubble chamber when more than
one event occuxrs Guring an cexpansion. It would also exclude

photons from interactions in the coils upstrean of the bubble
chanber in most cases and would permit palrs or single electrons

H ) : ! ) PR oy ESN -, T -y O : - - y L3
and »positrons to be asscciaced with photons converting in the
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energy linearity approaching the statis
l-radiation-length plates at 10 GeVv).

DISCUSSION

15 - 20 racdiation lengths thickness and a similar number of gaps
could be uscd to determine the neutral-pion energy from individu
neutrino interactions in the 15-foot bubble chamber with' an
accuracy well under = 10%. Certain classes of events, par-
ticularly those in whiclh hadrons interact in the guantameter,
Wwould reguire detailed analysis, including shower~track counting
before thnig level could ke reached. Since on the averagae oanly
1/6 of the energy in a neucrino wnteraction is expected to go
into neutral pions, an uncertainty as large as % 10% in this
component would contribute a smaller error to the measurenent
oi total neutrino eneryy than results from track curvature in
the Hp,Dp bubble chamber, £ 3%. In this sense, it seens clear
that a lead~-plate proporiiocnal guanteneter would be highly useilu
even 1f its resolution is several tines wox than presently

seems feasible.

tical limit (£ 4

o

antaneter of
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ABSTRACT
We describe the uvse of electromagnetic delay lines to read out
the position of iconizing cvents innulti—wireproportionai chambers. The
delay line used is a ceramic core (non-megnetic) type with a delay of
80 nznosec/cm. The readoul accuracy achieved depends on the wire plane which
.is read out: <for the positive plane which forms the electron av?lanche, the
accuracy is * 1 mm. (half the wire spacing). TFor the ncgative plane, which

records the induced signal produced on a nunber of adjacent wires by the

positive ions, the interpolation property of the delay line permits &n accuracy

of + 0,15 mnm.

I. INTRODUCTION

Multi-vire proportional chambers are now coming into exitensive use

o

in nuclear and elementary particle physics. Their main advaniage over wire
spark chembers is the ability ito record events at hisgh rates whereas the sparx

chambers are limited by the rccovery vime of {the chawber. The main difficulty

vith wire proportional chambers so fer has been the readout--which in the

simplest case is done by using an srray of awmplifiers ond storage logic ele-

1)

ments conneclted to the individual wires. In a previous paper ve showved that

a readoul scheme using an electroragneiic delay iire could be made wiich vas
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considerably cheaper and simpler than the amplifier array method.. The delay
line that we used was a Territe loazded delay line to which the individual wires
of the chamber were coupled by coils: the positioning accuracy that we vere
able to achieve was approximatcly 3 mm. which was the same as the spacing of
the wires. TIn this paper ve discuss a similar readout scheme using a differ-
ent type of clectromagnetic delay line without any ferrite or magnetic material
in it. This type of delay line has a nunber of édvantagcs. The ratio of delay
to rise time of a pulse end the delay per unit length are higher than in the
Territe line. Furthermore the dispersion of the signal per vnit delay is
swaller. The combination of these properlies makes it possible to use a readout
scheme vhich achieves a position sccuracy better than & 0.15 mm. and can be

‘used in the presence of mwagnetic fields of any strengih.

I7. DELAY LINE CHARACTERISTICS

For this project we have becen using & cornercially avallable cerawic

: 2)
core delay line of a type tha? is well descrived in ihe literature, Tig. 1
3)
)
shows the construction of the delay line. The center conductor consists of
silver painted longitudiral strips on a cerawic core which is non-magretic,

The outer conductor consists of a copper winding as shown in the figure, mzde
of insulated copper wire 0,09 mmm, in diameter with 100 turns/cm. The line is
vound 1in 3 mm. sections with eazch section overlspping the previous one by
1.5 mm {sce Fig. 1 insert). All turns of the winding are in the seme dir-
ection. This type of delay lince has the Tollowing characteristics: Delay =
80 nanosec/cn., band pass = 3.6 Me/sec, ationuation = 1.5 db/micresce delay.
The readout methods deseribed below depend on the high coupling

possible through external coils (current coupling) or througn external cerducting
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straps wrapped around the line (capacitative coupling). Both of.tﬁese coupling
schemes are possible due to the Tact that the center conductor of the line is
operated as the grounded conductor.

The efficiencies of these coupling methods are shown in Fig. 2.

Fig. éa shows the amplitude of the outpul signal for different rise times of
current pulseé and various numbers cf turns in the coupling coils: Tig. 2b
shows the corrCSpondiﬁg:curves for the capacitative coupling.

An ‘important point to consider is the effect of the exlernal coupling
on the delay line characteristics, since we wanl to maintain an accuracy of
timing of the pulses to within 1-1.5 nanoseconds. Tnis loading effect is shown
in Fig. 3 for both couplings; it is scen that the capacitative coupling intro-
duces less dispersion and 'ringing' than the ceoil coupling. Since it is also

considerably easier to construct mechanically and electrically, by wrarping

L 4
a4~

plastic with conducting strips etched on it around thre delay line, it is ihe

rrethod we prefer 1o use.

JIT. PROPORTICIAL CHANBER MRASURSIENTS

Our measurements were done on chambers with three wire planes: a
central plane consisting of vires 25 microns in diameter, spaced by 2 mn. which
collected the elecirons and vhose field gradient produced the avalanches. The
‘positive ion collecting planes were made of wires 100 microns in diametler,

~ ., o . P & - . PR
spaced by 2 mm. and with the wires oriented at 90 relative to those of the
central plane. Ve collected signals from both the central ard the cutside plancs.
The arrangewent we uscd is shown schewatlically in Fig. k. TFor timing porpozcs

i)

ve used a zero-cross  method.

The positioning accuracy atltainable wilh this delay line depends on

the following: (a) the amplitude of the signals above lhe noise level of the

&)
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electronics (b) the polarity and wire spacing of the plane which is being read-
out. The zero—cfoss electronics will locate the pulse with a jitter of less than
1 nanosec for pulse amplitudes at the outpul of the delay line above 400 micro-
volt. »This corresponds to an output of 16—20 riillivolts from the chamber wire.
This amplitude is attainable with an Argon-Isobutane (70% Ar: 30% Isobubtane)

gas mixture with the total number of electrons pairs in the avalanche equal to

~ 5 x 106.

The accuracy of spatial distribution depends on the polarity of the
pilane which is being readout due to the asymmetry in the signals induced on the
electron colliecting wires or on those that reccive the displacerent current due
to the positive ions. Since the signal produced on the delay line is a com-

Pposite of the signals Irom

jor]

number of wires adjzcent to the socurce of ion-

o

ization, interpolation betwecn wires is possivle if the emplitude of these pulses

-~

falls off monotonically with distunce. ig. 5 shows the electric lincs of force.

it occurs in the region AA or AB. The positicn of the avalanche along the wire

‘has a displacemrent error which is due mainly to diffusion of the electron

Bl

trajectory due to scatiering collisions in the gzs. The displacement current
signal induced on the positive ion collecting plenes centers on the point

perpendicularly opposite Lo the center of the avalanche, since due to the shape

of lines of Torce there is no 'guantizing' effect.

Our measurements confirm “his effect, as shown in Fig. 6, in which
ve plot the position of the iconizing event measured by the delay line, as a
09

functicn of the pesition o a collimatled scurce of 5.9 KeV y-vays from Fe 7,
The width of the error bars is the full width at hall maximwn of the distribuiion

observed from the output of the P.H.A., This is due to source width distribution,
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jitter in electronic timing and diffusion of the electrons in the gas. The
difference in position accuracy and interpolation between the two plancs is
evident. A proportional chamber with this asymmetry is however quite useful
in magnetic spectrometer experiments where the position of the particle tra-
Jectories in the plane perpendicular to the magnetic Tield of the deflecting
magnet is usually required to the highest accuracy for the momentum determin-
atioﬂ. |

Ao

If symretry in positional accuracy in two coordinates is desgired from
one chamber the simplest method is to build it with the positive icn collecting
planes oriented at % hSo relative to the central plane and which arce then used
for the readout.

The width of the signal pulse on the delay line, relative to the
velocity of propagation determines the pulse pair resclution for two simulian-
eously occurring ionizing events. Tnis is sthowvn in Fig. 7. Tre results are
obtaircd by siruliancously putling two sigrals on the delay lire and ihen ob-
serving the arrivel of the signals at-one end of the line. The position of A
'is fixed and B is moved. The two dashed lines indicate the resulis which wéuld
‘be obtained for a single pulse al position A or B, Interference between the
two pulses will cause the measurements to deviate frowm the straight lines. In
the present setup the two pulse resolution is 30 mm., as can be seen from the
figure. Ve are limited here by the simple zero-cross method of finairg the

pulse center. lMeasuring the leading edge of the pulsc al each end of the delay

line and a suitable coding meihod would improve the two pulse resolution.

IV. CONCLUSIORS

A delay line readout of the type described above has the advantages
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over the individual amplifier per line scheme of greater simpliéity and less

~expense. It is also more accurate due to the ability to interpolale among wires.

The two track resolution as noted above is somewhat poorer, but can be improved.
Ve should also point out that ciectromagnetic delay lincs of this

type can be used for reading out wire spark chambers in magnetic fields. The

signals from these chambers--current coupled or capacitatively coupled are large

enough so that very little amplification is nceded.
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FIGURE TEGHRDS

Perspective view of ceramic core delay line.

Efficiency of coupling fran the chamber to the delay line as a
function of the input pulse rise tirme for (a) coils of 50, 75 and
100 turns and (b) copper straps 1 mm. and 2 mm. wide.

Loading effect of coupling on a 10 cm. delay line for (a) capscitative
coupling and (b) coil coupling. The delay lines are loaded with coils
or straps, one:every two millimeters.

Block diagram of the electronics used for timing the pulse. The delay
line is capzcitatively coupled to the chumber and zero-cross dis-
criminators are used to locate the center of the pulse.

Electric lines of force in the chamber in (a) the view normal to the
central wires showing the origin of the cuantizing ei'fcet and (b)
the view parallel to the central wires. To make the lines cf Torce
in (b} as paraellel as possible flat strips should be used for the
negalive plane. ’
Feasurerents of the position zccuracy for loceting ionizing events
as rezd cut by the delay lire. Figure €a shews the event location
as a function of position wnen the delsv line is connected Lo the
electron collecting wires. Tigure £€b shows a giwiler rmeasurement
with the event rezd out from the positive don collecting planc,

unction of the input pulse separastion.

Outlrut pulse servarali
present -the nzasured position for & single pulse

The dashed llnca re
at A or B.

B
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SUMMARY

We will have analyzed approximately 2500 neutrino interactions by the
time the 50,000 pictures test of the Phase I External Muon Identifier (EMI)
js completed (E-155). We are now requesting 300,000 pictures of the 15 foot-
hybrid*~bubb]e chamber, filled with hydrogen and exposed to a wide band
anti neutrino beam, in order to obtain a comparable number of anti neutrino
interactions. We request that at least 50,000 of these anti neutrino
pictures be taken during the April-May 1975 run sequence. By that time
we will have analyzed 200 neutrino interactions from the copied portion
of Experiment 45A film and, hopefully, 500 additional events from
the 10,000 picture portion of the above mentioned test samp]e‘that we are
requesting from the October-November 1974 run sequence. In this way we
will make an early-comparison of the hadronic final states for:
neutrinos and anti neutrinos on hydrogen using the wide band
beam. This was the original spirit of the deferred portibn of
our physics proposal 9B (9 July 71) which called for 50,000
wide band events.

Host of the physics arguments and Tiow the kinematics of anti néutrino
interactionsplace constraints on the detectors are contained in that proposal.
The first three figures of that proposal are reproduced here. The first
summarizes the kinematics, the second shows pictorial momentum vector diagrams
to give some idea of what a 20 GeV neutrino interaction might look like. The
Landau thermodynamic mode]3 was used as a "worst—case“ estimate of hadron
multiplicity. The third figure summarizes how the muons are bent by the

magnetic field and shows why we wanted to place the EMI proporticnal chambers

at 90° azimuth to the neutrino direction.

* With External Muon Identifier. (See reference 2)



Physics Justification

The main purpose of the experiment is to supplement the information
(.
that has been obtained by the two counter neutrino experiments, ' - namely
to provide detailed information about the hadronic state of anti neutrino

interactions. Muon identification is crucial to a clear understanding.

The geometrical efficiency of the EMI is greater for

anti neutrinos because more of their muons go forward.
(See Figs i & 3.) Furthermore, any neutrino contamination
in the anti neutrino beam can be more readily dealt with

if one employs the EMI.

A. Charged lepton current

1.  Althougn, the neutrino energy is low (350 GeV) we will search
for jet-1ike structure of the "dressed up" recoiling parton
and observe how the charge-momentum distribution compares with
the corresponding neutrino induced state. It is very important
in this analysis to know the direction of the momentum transfer
vector. Unless the muon is identified and neutral current
events removed from the samp]e)errors will be introduced into
the analysis. (See Fig. 2)

2. The known (1vy)2 dependence of the anti neutrino charged Tepton
current cross section makes anti neutrinos very useful for
searching for the production of rare, massive hadronic states.

From Fig. 1, which shows lines of constant hadron invariant mass

9 A-47

W, one observes that thresholds for massive hadronic states occur

at large y and small x (st'/;zM)j) where a paucity of events
occurs. Fig. 4 shows, approximately, how the 2500 events will
distribute themselves in the x, y space. Here, for simplicity,
we have used vwz « 1-x. Charmed particles, if tﬁey exist, are
expected to have Teptonic decay modes. Here, again the EMI is

useful. for detecting its muonic decay mode.
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3. Observation of the velatwe vates 6f . AS = AQ andAS =
reactions a 1la Cabibbo, where the final state baryon systems may

not be in the same SU(3) multiplet as the proton. For example,

)j_‘__P_;/b(,“.-i- [Z(l'sBS)"?AH )AS:AQ

y.,.P.——)/J. + EA (1238) N | )AS:O
Here, there is a greater chance for misidentifying the muon than
when the.baryons are in the same multiplet as the proton. The

"EMI will eliminate the ambiguity.
4. Test of Adler's relation,
. Ao (T da(vop)
Lim AT PP _ R S (us’. +25u'6, )
L, 00 AR K ™

B. Neutral lepton current.

‘1.  Although the neutral Tepton current events can be identified in
approximately 20 or 30% of the cases we have 1ittle chance of
being able to determine x and y for them because of our inability
to measure the energy—momentum of the neutral portion of the
hadronic state.  We will, however, try to extract the maximum
amount of information from the charged portion. We are submitting
a separate proposal to use the EMI with a Tight mixture of Ne in the

hydrogen bubble chaﬁber so as to be able to measure x and y.
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2. Neutron background studies are crucial to an ultimate understanding
of neutral current physics. We intend to search for anti neutrino
interactions in the surrounding super conducting coils where the
associated neutron interacts in the bubble chamber. From this we
will be able to estimate the neutron background .

C. Possible Surprising Physics

With a detector system that maximizes particle identification,one is

best able to detect unusual processes.
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Apparatus Needed

A. 15" -- Hydrogen filled bybble chamber.
B.  External Muon Identifier.
The twenty-five 1m2 - multiwire proportional chambers (MWPC)
envelope the downstream portion of the 22' diameter vacuum tank. Fig.
5 summarizes the geometrical coverage of the 22 MWPC's used during the
July-Aug 74 run of E45A. It shows the vertical and azimuthal coverage
as vieQed by an observer: at the center of the bubble chamber. The
plotted points are the predicted hit positions in the MUPC of incoming
regenerated muons (from the berm and earth shie1q)that traverse the
visible volume of the bubble chamber. Fig. & shows the deviation of the
measured position in the EMI from the predicted one? The RMS deviation
~is very nearly that expected from multiple scattering in the four inter-
action Tengths absorber between the bubb]e.chamber body and the MWPC's.
PdoﬂaéﬁQHBOpercenf*of the observed hits fall within the "96% circle"
‘centered at the preaicted point. Less than two percent of these
incoming tracks interact;consequent]y, they are mostly mvons. Details
of this. earlier run (400 GeV triplet load) are given in TM513.2

C. Neutrino Beam Monitoring Equipment.

D. We would Tike to assist Experiment 3( A (Derrick} in determining fhe
effectiveness of the plug that is 1likely to be first installed for the
April-May 75 run. We plan to 6perate the EMI during a reasonable
fraction of E-3iA's exposure in Oct-Nov 74.

E. Scan Projector suitable for monitoring the quality of the bubble chamber

pictures from the test strips.,

'TSome of the beam spill was known to be out of time with the

EMI gate during this early run.
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Scope of the Experiment

1.

50,000 of 300,000‘gg§i_neutrino pictures to be taken during the April-May
1975 run sequence.

The remaining 250,000 pictures to be acquired as the schedule permits.

At this early stage of bubble chamber operation we shall assume that
30,000 pictures can be accumulated per week. The first 50,000 pictures
will take abdut two weeks, and the remaining 250,000 another eight weeks.
Very little testing of equipment is required. We assume implicitly

that all beams that are capable of producing neutron or charged back-
ground in the bubble chamber will have their spill times not during

the bubble chamber sensitive time.
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FIGURE CAPTIONS

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

The kinematics of inelastic lepton scattering are
summarized here. The so0lid lines radiating from
Q2%=0, V(=Vpa,=E) are loci of equal final lepton
scattering angle. The parallel solid lines are loci
of equal invariant final state hadron mass. They
also show "worst case" predictions of hadron multi-
plicity. The radial line originating at Q?%=0,

v=0 are loci of constant x(=Q?/2Mv). The dashed
curves are loci of constanf Lorentz factors, &N

of the hadron system.

Typical momentum vector diagfams for various regions
in the x, y space are shown. The opening angles of
the cones are typical of those expected of the
Landau Thermodynamical model. A jet-like model
would predict opening angles and multiplicities much
smaller than these. |

Typical Muon Trajectories in the 30 kG field of the
15' chamber are shown. The two solid curves for each
(x,y) are the extremes for muons produced in the
equatorial plane. The dashed curve is that for a
muon emitted with its extreme dip value.

This figure shows approximately how the 2500 anti
neutrino events will populate the x,y space.

The azimuthal and vertical coverage of the EMI, as

viewed by an observer at the center of the bubble



Figure 6.
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chamber, is summarized here. It also shows where
regenerated muons (from the rear portion of the 1000
meter earth shield) are predicted ly the bubble chamber
measurements to strike the EMI.

Summary of the deviation of the measured position of
muons in the EMI from the predicted position using

the bubble chamber picture. x is horizontal and y is

vertical.
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We will have analyzed approximately 2500 neutrino interactions by the
time the 50,000 pictures test of the Phase I External Muon Identifier (EMI)
is completed (E-155). We are now requesting 300,000 pictures of the 15 foot-
hybrid*~bubb1e chamber, filled with hydrogen and exposed to a wide band
anti neutrino beam, in order to obtain a comparable number of anti neutrino
interactions. We request that at least 50,000 of these anti neutrino
pictures be tﬁken during the April-May 1975 run sequence. By that time
we will have analyzed 200 neutrino interactions from the copied portion
of Experiment 45A film and, hopefully, 500 additional events from
the 10,000 picture portion of the above mentioned test sample.that we are
requesting from the October-November 1974 run sequence. In this way we
will make an early-comparison of the hadronic final states for:
neutrinos and anti neutrinos on hydrogen using the wide band
beam. This was the original spirit of the deferred portibn of
our physics proposal 9B (9 July 71) which called for 50,600

wide band events.
Host of the physics arguments and how the kinematics of anti neutrino’

interactionsplace constraints on the detectors are contained in that proposal.
The first three figures of that proposal are reproduced Here. The first
summarizes the kinematics, the second shows pictorial momentum vector diagrams
to give some idea of what a 20 GeV neutrino interaction might look Tike. The
Landau thermodynamic mode]3 was used as a "worst-case" estimate of hadron
multiplicity. The third figure summarizes how the muons are bent by the
magnetic field and shows why we wanted to place the EMI proportional chambers

at 90° azimuth to the neutrino direction.

* With External Muon Identifier. (See reference 2)



Physics Justification

The main purpose of the experiment is to supplement the information
o
that has been obtained by the two counter neutrino experiments, - namely
to provide detailed information about the hadronic state of anti neutrino

interactions. Muon identification is crucial to a clear understanding.

The geometrical efficiency of the EMI is greater for

anti neutrinos because more of their muons go forward.
(See Figs 1 & 3.) Furthermore, any neutrino contamination
in the anti neutrino beam can be more readily dealt with

if one employs the EMI.

A. Charged lepton current

1. Although, the neutrino energy is low (S50 GeV) we will search
for jet-like structure of the "dressed up" recoiling parton
and observe how the charge-momentum distribution compares with
the corresponding neutrino induced state. It is very important
in this analysis to know the direction of the momentum transfer
vector. Unless the muon is identified and neutral current
events removed from the samp]e}errors will be introduced into
the analysis. (See Fig. 2)

2. The known (]:-y)2 dependence of the anti neutrino charged lepton
current cross section makes anti neutrinos very useful for
searching for the production of rare, massive hadronic states.
From Fig. 1, which shows lines of constant hadron invariant mass
W, one observes that thresholds for massive hadronic states occur
at large y and small x (EQ"/;ZMV) where a paucity of events
occurs. Fig. 4 shows, approximately, how the 2500 events'@i?]
distribute themselves in the x, y space. Here, for simplicity,
we have used uwz « 1-x. Charmed particles, if they exist, are
expected to have leptonic decay modes. Hére, again the EMI is

useful for detecting its muonic decay mode.



3. Observation of the relatwe vates of AS = AQ andAS =0
reactions a la Cabibbo, where the final state baryon systems may

not be in the same SU(3) multiplet as the proton. For example,

;+P__>/W"+ [Z"(ﬁas)-%%:‘r] L AS=48

;+P __aﬁ—r-,,_- [-AO({233>9 NTT'—] J AS= O

Here, there is a greater chance for misidentifying the muon than
when the.baryons are in the same multiplet as the proton. The
EMI will eliminate the ambiguity.
4. Test of Adler's relation,

. Ao (7 da(vp) z . -
Lim == P) . 4s i :ﬁ(@S‘éc-i-ZSw@A
: sz sz <
EV““;OO T

B. 'Neutral lepton current.

‘1. Although the neutral lepton current events can be identified in
approximately 20 or 30% of the cases we have little chance of
being able to determine x and y for them because of our inability
to measure the energy-momentum of the neutral portion of the
hadronic state. We will, however, try to extract the maximum
amount of information from the charged portion. We are submitting
a separate proposal to use the EMI with a T1ight mixture of Ne in the

hydrogen bubble chamber so as to be able to measure x and y.
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2. Neutron background studies are crucia]Ito an ultimate understanding
of neutral current physics. We intend to search for anti neutrino
interactions in the surrounding super conducting coils where the
associated neutfon interacts in the bubble chamber. From this we
will be able to estimate the neutron background .

C. Possible Surprising Physics

With a detector system that maximizes particle identification,one is

best able to detect unusual processes.



Apparatus Needed

A. 15' -- Hydrogen filled bybble chamber.

B. External Muon Identifier.

The twenty-five 1m2 - multiwire proportional chambers (MWPC)
envelope the downstream portion of the 22' diameter vacuum tank. Fig.
5 summarizes the geometrical coverage of the 22 MWPC's used during the
July-Aug 74 run of E45A. It shows the vertical and azimuthal coverage
as viewed by an observer® at the center of the bubble chamber. The
plotted points are the predicted hit positions in the MWPC of incoming
regenerated muons (from the berm and earth shieiq)that traverse the
visible volume of the bubble chamber. Fig. 6 show; the deviation of the
measured position in the EMI from the predicted one? The RMS deviation
is very nearly that expected from multiple scattering in the four inter-
action lengths absorber between the bubb]e‘chamber body and the MWPC's.
#OoﬁaJﬁauSOpercenfrof the observed hits fall within the "96% circle"
centered at the predicted point. Less than two percent of these
incoming tracks 1nteract;consequent1y, they are mostly mvons. Details
of : this  earlier run (400 GeV triplet load) are given in TM513.2

C. Neutrino Beam Monitoring Equipment.

B. We would like to assist Experiment 2 A (Derrick) in determining the
effectiveness of the plug that is likely to be first installed for the
Apri]-May 75 run. We plan to operate the EMI during a reasonable
fraction of E-3IA's exposure in Oct-Nov 74.

E. Scan Projector suitable for monitoring the quality of the bubble chamber

pictures from the test strips.

TSome of the beam spill was known to be out of time with the
EMI gate during this early run.



Scope of the Experiment

1.

50,000 of 300,000.§g§i.neutr1no pictures to be taken during the April-May
1975 run sequence.

The remaining 250,000 pictures to be acquired as the schedule permits.

At this early stage of bubble chamber operation we shall assume that
30,000 pictures can be accumulated per week. The first 50,000 pictures
will take about two weeks, and the remaining 250,000 another eight weeks.
Very little testing of equipment is required. We assume implicitly

that all beams that are capable of producing neutron or charged back-
ground in the bubble chamber will have their spill times not during

the bubble chamber sensitive time.
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FIGURE CAPTIONS

Figure 1. The kinematics of inelastic lepton scattering are
summar%zed here. The solid lines radiating from
Q%=0, V (=Vpa,=E) are loci of equal final lepton
scattering angle. The parallel solid lines are loci
of equal invariant final state hadron mass. They
also show "worst case" predictions of hadron multi-
plicity. The radial line originating at Q?=0,
v=0 are loci of constant x(=Q?/2Mv). The dashed
curves are loci of constan£ Lorentz factors, mN
of the hadron system.

Figure 2. Typical momentum vector diagfams for various regions
in the x, y space are shown. The opening angles of
the cones are typical of those expected of the
Landau Thermodynamical model. A jet-like model
Would»predict opening angles and multiplicities much
smaller than these. |

Figure 3. Typical Muon Trajectories in the 30 kG field of the
15' chamber are shown. The two solid curves for each
(x,y) are the extremes for muons produced in the
equatorial plane. The dashed curve is that for a
muon emitted with its extreme dip value.

Figure 4. This figure shows approximately how the 2500 anti
neutrino events will populate the x,y space.

Figure 5. The azimuthal and vertical coverage of the EMI, as

viewed by an observer at the center of the bubble



Figure 6.
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chamber, is summarized here. It also shows where
regenerated muons (from the rear portion of the 1000
meter earth shield) are predicted Ly the bubble chamber
measurements to strike the EMI.

Summary of the deviation of the measured position of
muons in the EMI from the predicted position using

the bubble chamber picture. x is horizontal and y is

vertical.
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