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| met John right after | got out of the
Navy and entered graduate school
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Last month in the Navy 1980
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Ground broken for detector
Hall at the mine in 1979

Cavern and hall excavation
completed in 1981

LS
Some leak problems, but it
By end of summer 1982 ‘3

¥ IMB was running at full
«' size and data rate

First results on
proton decay released
iIn 1982
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IMB control room
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SU(5) model was in troubteno proton

decays seen.

T

TABLE 1. PROPERTIES OF THE IME DETECTOR

SIZE:

4 x 1033 pucleons

Between PM-tube planes:
2 x 1033 nucleons

Estimated fiducial volume:

ENERGY RESOLUTION:

500 MeY showers o = 11%
500 Me¥ v+, pt: o = 15%
1 Ge¥ shower: o = 8%

VERTEX LOCALIZATION:

Two tracks, wide opening angle: o ~ .5 m
Single track: o ~2m

ANGULAR RESOLUTION:

Showers (e, #®): o = 10°-20°
Charged tracks: o = 5°
TRIGGERING:

Noise triggers: 2 1%
Cosmic rays: 2.7 ev./sec.
Enerqy threshold: ~ 30 MeV

TR W T TR e

OPERATION OF THE DETECTOR

The detector was filled with water in July '82 and the PM tubes
were installed immediately thereafter., Serious data taking had
started by the end of August. At the time of this talk (Sept. 28,
‘82) the detector has taken 30 days of data suitable for the study
of nucleon decay. This corresponds to a duty cycle of ~ 70%. Al
but 1% of the M tubes are working. The quality of the data is
excellent, corresponding closely with our Monte Carlo simulations.

gl
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AN EXPERIMENTAL LIMIT ON PROTON DECAY: A search for the decay p + et 70 was performed in the

p+ et + a0
8000 metric ton Irvine=Michigan=Brookhaven water Cherenkov

detector which was constructed underground at a depth of

A Thesis Presented 1570 meters of water equivalent. In a 130 live day exposure

by
George William Foster (3.9 x 1032 proton years in the 3300 ton fiducial volume of

to the detector) no events consistent with the above decay were

The Department of Physics
in partial fulfillment of the requirements found. With calculated detection efficiencies of 0.92 and

for the degree of +

0.54 for p + e™ n? events occurring in hydrogen and oxygen

Doctor of Philosophy
in the subject of respectively, this thesis establishes at the 90% confidence

Physics. level that the partial lifetime for this decay mode exceeds

Harvard University 1.1 x 1032 years. This result is incompatible with

Cambridge, Massachusetts predictions from minimal SU(5), the simplest of the Grand

September 1983 i
: Unified Theories and with previously reported experimental

Disappointing, but at least some
LJIS2LX S 320 t K5

Congressman Bill Foster

R.Svoboda, SN1987A Meeting, 2017 12



Fig. 3.V.2. (olor graphics display perspective view locking down the
tructed track of a single track event in the Eiducial wolume.

Interactive 3D scanning IS &xis o s s 2 asmr w2, .,

these tubes,

new conceptin 1982 and
was used in IMB data
analysis.

Fig. 3.V.3. Color graphics projection of the PMT firings 1n the solid
argle surrounding the meconstructed wvertex of the previous event. The
T colors (firing times) have been corrected for the time—of-flight
from the fit vertex to each tube. The absence of any systematic ocolor
shifts indicates that the event has been properly fit. Hote the
atsence of any energy depcsition in the backward hemisphere of solid
angle. The interior ring in each hemisphers indicates the Cherenkov
amngle of 41°,
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Non-discoveryof Proton Decay beats
out other inconseguential stories

for the cover of Physics Today
APRIL 1983

- Y SEhae d:

LOOKING FOR PROTON DECAY

R.Svoboda, Honolulu, 2025
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pp collisions yield intermediate boson at 80 GeV, as predicted

s

In January the UAIL collaboration
working at the new CERN proton-
antiproton collider announced the dis-
covery of the charged intermediate
wvector boson, or W. The electroweak
theory unifying the weak and electro-
magnetic interactions, for which Shel-
don Glashow, Abdus Salam and Steven
Weinberg received the 1979 Nobel
prize in physics, requires the existence
of three massive intermediate bosons,
or weakons, with spin 1—the 2°, the
W* and W, to mediate the
electroweak interaction.

By the end of the 30-day run, ending
in December, the 270-GeV on 270-GeV
collider achieved a luminosity of
5x10* cm “sec™!, obtained from
beams of 310" protons and 4.8 10'"
antiprotons. The UAL1 detector in one
interaction region and the UAZ2 detec-
tor in the other interaction region each
examined 10° pp collisions during the
run, out of which they recorded about
10°

Both groups looked for a charged
intermediate vector boson decaying
into a charged lepton and a neutrino.
During the month of January in a
series of appearances—on 13 January
at the 3rd Topical Workshop on Pro-
ton-Antiproton Collider Physics in
Rome, at a CERN colloquium on 20
January, and the finale at the APS
meeting in New York on 26 January—
the UA1 collaboration announced they
had found five W events: four in which
2 W~ decayed into an electron and a
meutrino and one in which a W*
decayed into a positron and a neutrino.
The mass is reported’ (in Physics Let-
ters B in February) as (81 + 5) GeV/c?,
in excellent agreement with predic-
tions from the electroweak theory.

Meanwhile the UA2 group, also at
the Rome meeting, at a separate CERN
eolloquium the day after that of UA1,
and then at the New York APS meet-
ing, reported seeing four events that
were consistent with a W signature; at
that time they did not report a mass.
Since then, in mid-February, the group
submitted a paper® to Physics Letters B,
in which they say their four events, all
involving W* —e* + v, allow a mass
estimate for the W of 80 (4 10, -6)
GeV/c*

UA1 detector at the CERN pp collider. The hard-hatted man stands on the so-called Cs, which
are layers of iron interleaved with scintillator to form the hadron calorimeter. Across from the
hard hat is the other half of the Cs. When closed, the Cs form the iron return yoke for the magnet-
ic field of the central detector (a large-volume drift chamber) inside, but not visible in this photo.
The shiny black section inside the Cs is the front face of the electromagnetic calorimeter.

Theory predicts weakon. In the 1930s,
motivated by analogy to the photon in
electromagnetism, both Hideki Yu-
kawa and Enrico Fermi proposed a
massive particle, a meson, that would
mediate either the strong or the weak
interactions. The meson that mediates
the strong force—the pion—was in fact
found in 1947, In 1954 C. N. Yang and
Robert L. Mills developed a non-Abe-
lian gauge theory, a vector-meson the-
ory that would eventually be used for
the electroweak theory. Three years
later Julian Schwinger suggested a
vector-meson theory that might lead to
a unification of the weak and electro-
magnetic interactions; it involved the
exchange of a vector meson, the W.
Then his student Sheldon Glashow in
1961 developed a weak-interaction the-
ory using an SU(2)xU(1) group with
four generators—the photon, W*, W
and a neutral-current vector boson now
known as Z°. In 1967 Steven Weinberg
and independently in 1968 Abdus Sa-

98975228 / B3 / 0400 17-06 / 501,00 © 1963 Amarican Insitute of Physics

lam developed an electroweak theory
based on the same four generators. In
their theory the symmetry is exact but
spontaneously broken by the Higgs
mechanism, named after Peter Higgs
(University of Edinburgh). When the
symmetry is broken by this mecha-
nism, one can obtain a relation between
the masses of the weakons:
my =(37.4 GeV)/sin by
my = my /cos By

The angle 6y can be experimentally
determined from neutrino experiments
or from the scattering of polarized
electrons from protons, for example.
Using the most recently estimated
values for 6y , the predicted mass of the
charged W is (82 + 2.4) GeV/c?.

Search for weakons. Throughout the
1950s and 1960s, each time higher-
energy accelerators started up, an at-
tempt would be made to find the
intermediate vector boson. But
through much of this period the theo-

PHYSICS TODAY / APRIL 1983 17
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A The enhanced light
collection was a big

Improvement over
IMB-1

A Not only better
resolution, but
could now
reconstruct much
lower energy
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IMB DETECTOR
2048 PM TUBES
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A IMB-3 upgrade also
added better online
computing, with an
online fitter that
reduced the recorded
data rate by a factor of
ten (written to a
separate tape system)

A Also added a WWVB
clock to get absolute
time to better than 50
milliseconds

A Justin case a
supernova might go
2+ F X
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« Detection oF SNIT87a- 63 The
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A IMB detector
description and
construction

A Detection of

neutrinos from
SN1987A

A Analysis of the
neutrino events

A A search for

other bursts In
IMB-1, 11,11
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@ ESO + Provided by the NASA Astrophysics Data System

Large Magellanic Cloud.

4 six-second burst of eight neutrine events was recorded by the IME proton
decay detector roughly five hours before the SN1987A Type II supernova in the
The events have energiles inm the range 20-40 MeV and
are consistent with being inverse beta decay interactions of anti-electron

neutrines generated inm a stellar core collapse preceding the supernova.

ABSTRACT

UT 23 February"®5m 41,37 —

R.Svobodal987ESOC 26 2298

Tape# D MYR H:M il : Eii2 e
2591 17 2 87 18:52 8 @ @ 9:35 -2 -2 28 -2 -2 RCS e
2592 18 2 87 6:14 00 0 9:19 -2 -2 59 -2 -2 RCS B e ™
2593 18 2 87 17:19 0 2 0 9:04 -2 -2 96 -2 -2 RCS t
2594 19 2 87 4:19 00 0 2:58 -2 -2 33 -2 -2 RCS
2595 19 2 87 16:49 0 2 0 7:05 -2 -2 88 -2 -2 RCS
2596 20 2 87 3:00 0 0 0 7:05 -2 -2 78 -2 -2 RCS
2597 20 2 87 13:22 00 © 9:36 -2 -2 34 -2 -2 RCS
2598 21 2 87 ©:31 000 9:35 -2 -2 69 -2 -2 RCS
2599 21 2 87 21:52 00 @ 9:25 -2 -2 48 -2 -2 RCS
2600 22 2 87 9:01 00 0 9:25 -2 -2 -2 -2 -2 RCS
2601 22 2 87 20:11 0 0 4 3:30 -2 -2 -2 -2 -2 RCS <Supernova SN1987A>BAD HOWIE
2602 © 000 000 000 0:00 -2 -2 -2 -2 -2 ——— NO SUCH TAPE
2603 23 2 87 11:32 002 © 9:19 -2 -2 66 -2 —2 RCS
2604 23 2 87 22:40 0 0 0  3:42 -2 -2 -2 -2 RCS POWER FAILURE
2605 24 2 87 8:10 02 2 0:00 -2 RSwzboda, Horzolutu ~2028ALFXD
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© ESO » Provided by the NASA Astrophysics Data System

THE BURST SIGHAL

The signal from a stellar collapse is expected to be a burst of low energy
nevtrino events lasting a few seconds. To search for such a burst, the data
from a 60-hour period arcund the sighting of the optical supernova was
analyzed for such a sequence of low energy contained events. The details of
this search have been published.ﬁ Eight such events were found in a six-
second interval commencing at UT 23 February 70 35% 41,375, Since the
background rate of contained interactions in the range of this search (<100
firing PMT"s, or about 75 MeV) is only about one event every three days, the
probability of a chance occurrence is calculated to he {lﬂ'jﬂ, or a reasonably

good approximation te "never'". Experimentally, even two neutrino events have

not been recorded in such close time proximity to each other over the entire

energy range of the detector (up to 2000 MeV) since golng into operation in
1982.

From my ESO sponsored talk at NHarchingvery shortly
after the SN1987A neutrino detection announcement.

R.Svoboda, Honolulu, 2025
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21\\ \ fl 24 |4
12 I '{4
23\ \ / /3 . 2l2 t e
A
! :
WEST =T —= T B a8 —7] —35| AT >
BOTTOM
uf / \ Figure | = Position of the inoperative sectioms
of the IMB detector (marked by an "X")
f ;"‘ \ during the SN1987a neutrino burst. The
8

LMC was in the southwest at this time

SOUTH and below the horizon.

AbOUt 2 hOUI’S prIOI' tO the bUI’St One Of fOUI’ pOWEI‘ TABLE I. The estimated trigger efficiency for the detector

with the loss of one high-voltage power supply as a function of

supplies failed and was dead for 7 hours. This had ===

Visible energy

the impact of making the efficiency smaller (Mev) Trigger efficiency
. . . 20 0.14

And also required special corrections to the energy 036

estimation software. Laser calibrations for timing 30 089

60 0.92

and gain. CRuonsfor tuning an MC for energy.

(note: these are superseded
by the later PRD paper)
23
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234

Timel Vertex {m}z Direction Cosines? Energy4 #PMT AquES Fid.P

Energy of the individual events
R Svoboda Both CRnuontuned MC and alsc
an empirical method based on

Table 1 CRmuondecay data

7

IME Neutrino Burst Signal

(s) X Y z X Y Z (MeV) Dist (m)
D00 =1.7 =0.4 .9 =.71l1 097 JO8BG 33/437 38 &7 T4 7.4
0.42 7.2 5.3 0.7 -.128 992 L00B 30744737 6l 52 3.2
.63 6.8 4.9 L.l _.055 292 L0R0 &0 ,/40,/40 49 b 3.5
1.15 =7.4 =4.4 =2.4 =,480 037 876 35/35/35 &0 b3 4.1
1.57 =10.2 3.0 =8.7 =.300 LA82  .B23 3226739 52 40 1.3
2.69 -6.7 2.1 =21.9 =.420 260 B9 3440737 bl 52 b .8
5.01 =5.3 0.4 2.8 =.327 LB32 702 17723730 44 39 5.9
5.59 6.3 3.2 =0.9 384 349 -.855 18/30/24 45 102 5.0

l.
2
3.
4,

6.
dete

FEelative time Iin seconds from the first ewvent.

The origin of the detector is at its geometrical center.

East is in the +X, North the +Y¥, and straight up the +Z.

Energy by: muon decay method/Monte Carlo method/Average, Overall
error is takem as £25%.

Angle in degrees of the reconstructed track direction to the wector
pointing directly away from 5N1987a. Individual track reconstruction
uncertainty is £15 degrees,

DMstance in mecers to the nearest plane of PMT s. The mass of the

ctor excluding the outer | meter is 5 kilotonnes,

R.Svoboda, Honolulu, 2025

Feb 10, Mar 1
Timing calibration
Feb 11, Feb 24

Gain calibrations dong

A]%4

(note: the energy numbers are
superseded by the later PRD paper)
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Angular distribution of events from SN1987A

C. B. Bratton,® D. Casper,”* A. Ciocio,* R. Claus,* M. Crouch," S. T. Dye,* S. Errede,’
W. Gajewski,® M. Goldhaber,® T. J. Haines,' T. W. Jones," D. Klelczewska,’ "8 W. R. Kropp,*
J. G. Learned,® J. M. LoSecco,) J. Matthews,” R. Miller,* M. Mudan,’ L. R. Price,*

F. Reines,* J. Schultz,” S. Seidel,”* D. Sinclair,” H. W. Sobel, J. L. Stone,* L. Sulak,*
R. Svoboda,® G. Thornton,” and J. C. van der Velde®
*The University of California, Irvine, California 92717
®The University of Michigan, Ann Arbor, Michigan 48109
“Brookhaven National Laboratory, Upton, New York 11973
9dCleveland State University, Cleveland, Ohio 44115
“The University of Hawaii, Honolulu, Hawaii 96822
University College, London WCIE 6BT, United Kingdom
8 Warsaw University, Warsaw, Poland
"Case Western Reserve University, Cleveland, Ohio 44106
iThe University of Illinois, Urbana, Illinois 61801
IThe University of Notre Dame, Notre Dame, Indiana 46556
Boston University, Boston, Massachusetts 02215
'University of Maryland, College Park, Maryland 20742
(The IMB Collaboration)

(Received 21 December 1987)

Energy [MeV]

(
nergy [MeV]

[ F GSNE 1 aSNJ RNAGSY aO2
a more detailed analysis of the energy was done
with the same PMTs turned off in software

|
-
=
TABLE I. Energies and angles of the eight events from supernova SN1987A. (a) Absolute UT is ac- —
curate to =50 ms. Relative times are accurate to the nearest millisecond. (b) Additional systematic er- =
ror in energy scale estimated to be +£10%. (c) Angle with respect to direction away from SN1987A. EP
Angle errors include multiple scattering and event reconstruction. (d) assumes events are due to [
V+p-—e* +non free protons. LE'I
(a) (b) (c) (d)
Time (UT) Measured energy Polar angle Antineutrino energy

Event 23 Feb. 1987 (MeV) (deg) (MeV)

1 7:35:41.374 38+7 80+10 41+7

2 7:35:41.786 377 44+15 39+7

3 7:35:42.024 28+6 56+20 30+6

4 7:35:42.515 39+7 65120 42+7

5 7:35:42.936 36+9 33+15 38+9

6 7:35:44.058 36+6 52+10 38+6

7 7:35:46.384 1945 42120 215

8 7:35:46.956 2245 104120 24+5

R.Svoboda, Honolulu, 2025
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T The period |IM5 -2:45 UT" Feb. 87
both The MNokson and LSD (lLarge Sciakillatin
Detector) hove repor‘*ec}, Time correlabion
between reconded events

((Aglieth et al 1989 T1 Nuow G, )

A The Large
. Scintillation Detector
Grovity Unve detectors at Rome aud Marglond . claimed to see an
Are suck correlations precent:. TMB Ay  €arlier burst

(with A. Chudakov during US.A. visit)

b A A search was done
fg{’.’.«; & | — o for such a burst at
;;‘:%; e th|_s earlier time
(27 s time = \ using raw IMB data
Trom 11HS = 314§ UT There are,p’mgw.
A4 LsbD evenls and /6,237 TMR cueilx
20 10,2377

# IMB everts expected _ ( N
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o
6 J ;‘)(W‘ g 18+) 2025 26
tn Wrendiy e AN
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IMR ddka Ve Cuts
(/(A.‘-bo V\(,'LQ beth LSD amdh :LMB |Aod. radio

Adocks 2 Time ditfereuce wot o
Free P¢mm2+e»/\)

US'HMS P&Pov‘%QtX Pa.vume"v‘@\"s O; =) ,\Mh
ot = | second

g et No bursts seen at
expecte 98 o +1 0, ro e¥tec .
— the LSD time

L.acu f.ncwdn 4@@8;‘!‘\1'\ évengs L(wc Pkfis>

o= (this makes more (@veN a search of
expected & Y.L sense to me)

below threshold
trigger scalers

L—gf,;;'g.g showed nothing)

[-.l.c)‘q ghet'cyly o(e pes :"ILFO n E,VQ.KJE (? 195¢ ?MT:)

t ' T'/ ) \‘ ] *
[ -~ < - =
WNe. nove als0 usSech vakSan ain, ou

He Time shitted b"! 29,5 seconds

LWt Ta !

To a‘.fc\u 07, 35 S)aémn burs?= wi ¥ _T)"I/\j"
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Below threshold
trigger scalers

NORTH
m\ ’7 {2
213 \ A
12 I ‘/4
23‘\ \ / 3
13 6
| i ]
WEST [s—tg—= e T s—3—3| EAST
} | |
BOTTOM
/ / \
0
/ \
a/ X

\ SOUTH

I aLJ GOKE 2F
64 PMTs

R.Svoboda, Honolulu, 2025

Majority Logic Trigger:

- just add up the total number
of PMT hits in a fixed window

- when this exceeded a fixed
threshold (about 225 PMTs in

50 ns) a detector readout was
initiated

Segmented Trigger:

-SIFOK c¢cn ta¢ a&L
an individual majority logic
subtrigger generated called
I &L GOKEé¢ GNRIIS

- when two patch triggers were
in coincidence a detector readout

was generated

- Patch sukriggers were fed into

scalers to monitor below threshold
detector activity

28
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This is actually an
upwardgoing muon.

Physics Today rotated
it for to fit on the
O2@SNJ 6S30SNX

[ SGQa t221 @
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date time RA (h) RA(rad.) Dec (deg.) [Dec(rad.) ::ilﬁ
1/4/87 23:49:29 11.08 2.90073722 0.05 1.56992366 87
1/5/87 6:39:519 10.02 2.62322987 -50.58 2.45358386 36
1/14/87 0:50:32 9.18 2.40331838 -44.86 2.35375103 36
1/16/87 7:53:56 2.05 0.53668874 -35.72 2.19422794 44
1/24/87 2:37:33 17.1 4.47676953 1.26 1.54880518 112
1/29/87 1:36:45 17.13 4.48462351 -20.87 1.93504654 90
2/1/87 5:26:38 17.77 4.65217512 37.7 09128072 148
2/1/87 8:21:44 22.59 591404817 -0.93 1.58702789 94
2/1/87 17:16:14 4,09 1.0707595 -30.92 2.11045213 40
2/3/87 9:57:56 7.23 1.89280957 -8.31 1.71583319 63
2/5/87 9:35:41 4.83 1.26449104 -25.46 2.01515715 44
2/6/87 17:53:13 13.93 3.64686547 -32.26 2.13383954 71
2/8/87 22:42:09 18.02 4.71762497 -27.34 2.04796934 83
2/11/87 0:59:34 10.72 2.80648944 -14.45 1.8229964 72
2/14/87 14:43:09 9.95 2.60490391 16.13 1.28927472 97
2/24/87 5:27:54 1.58 0.41364303 11.22 1.37497038 91
2/27/87 15:14:27 21.27 5.56847298 -66.04 2.72341176 39
3/4/87 22:26:38 20.41 5.3433255 -33.15 2.14937297 73
3/11/87 16:51:42 18.77 4.91397451 -33.44 2.15443443 76
3/13/87 7:04:10 12.8 3.35103216 -58.88 2.59844619 42
3/15/87 1:57:46 21.76 5.69675468 -55.5 2.53945406 47
3/18/87 15:10:19 6.42 1.68075207 27.92 1.0835004 98
3/19/87 17:51:44 6.35 1.66242611 -38.48 2.24239902 31
3/20/87 8:31:10 23.58 6.17322956 -36.76 2.21237936 56
3/20/87 9:49:57 3.59 0.9398598 -31.91 2.12773089 41
3/27/87 8:36:49 3.37 0.88226394 40.93 0.85643306 113
3/28/87 1:52:49 23.82 6.23606142 -54.84 2.52793489 39
3/31/87 2:24:58 23.51 6.15490361 36.41 0.93532195 124

(unpublished)

R.Svoboda, Honolulu, 2025

Upward-going muon
data was also searche
for any angular
correlation with the SN
direction

Xy2yS T2
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HE 52-40

A Seam\n For S't'enwr‘ COHO».PSQ» and
o Seam\a 'For tim&, Corf“&\osrer)\

Sigrals From  SNI1RTA . A A search was also

IMB_Collehorstion done through all
R Becker - Saemdy, OB Brution, D.Casper , <. Dy¢, previous data for
O i R e oseics s any other bursts
S. Matsune , T Mathews, C. M¢Grew, M. Mudan,

':. Price, D. Sincluir, t .Qe;mer) J. Sol\ufh) H. Sabal,

Pricey D Snclin £ S LoV ASimer - A None were found

= Detection oF SNIT87a. Bn The
IMB , Kamiokande, and Baksan
detectors prove That SN cou be
detected ouf To a ro.nJQ ot 56 kpc.

~ Are otTher bursts presed" m Oouyr
dots set? e y do low onoray
neu'\“rino ?des arrive receem /&’
) +; me ? (‘1(&6{1(, SV ~ seyeral lﬁd\\'&@w){f R.Svoboda, Honolulu, 2025 o



T"f\e. Y\e,'a:hue.‘u) ‘/\\\&‘/\ —rhres!ao!é\ emer@gj

or ITMB (~40 Mev For IMB-1, 20 MeV
For TMB-3) means That The most ,'}Lo«'»)
reaction -)-a‘ observe Fmom o SN new}'h‘u;
burst is inverse beta decay. on Free

protons.

> +
e

Ee‘ * Ey -'-8 HQV

: e etal. 1929, PR.L. .
ImB-1  (Dye etal, e, 2or 2)  |MB] 427 live days
- even with ‘m‘s‘/\ T'krésLo{A.J Tr;p\%er-—
Q'Pi:;cicﬂci\ 1s “ Lngh Yor no burSt
nearby SN (g e P, V> 22y  IMB-2 also no burst

Julax3
n Peria&
16 September 1982 +o 2 7@‘3 )98
Ao Rusghe Dihucbed

4a7 live p(a,ns
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() AuTomMATED BURST SERRCHIMNG (Do)

OeT |—» ll“:}—" MVAR ‘-%:f o . .
53/;::;: A The online processing
(Possibly reduce to v'/w“k) SyStem WaS Very SOOn

T after programmed to

also look for bursts

Gog) ¥ NEW PolwER SLUPPLY I1NTRLULUED

P AR SR . and then dial out on
- DEAD Typr & REDLcYI AN )
- BUFPFERING TO 5)2 EUEATE phOne I|neS (nO
* BocxupP TimING STANDARD .
FoR WWVE underground internet)
(D Incresse SPEED oF DATA AWALKSS A Ran for the next few

&SI NAR dzydA
£ 81 1 ¢
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- Tn 524 days oF
no ‘ou_r\g'f's

IMB-S
Tound (except™ swia ?7(.:).

rocte. 3@\6&0‘&‘& SN = O.S —Obz

Wank LS /je’xr
Civelude S14874)
rote From SR ) vmz.\e,csc’nﬂfsl's)

othev galaxies 0.2 4 0.0 ‘y“

. ) : . .
note: The vrate ¥ qQ,'kc‘!xc‘ SN s e;\,oadioor‘

o be «~ JOX  histhrical vate o+
observed ;f"ica‘_ S .
IF \quere SN )ag7a.  and combiune wi i
previcus TIMB-=)  pesult
CIG% c.! P(,CILQ < \,2 'TY:,
Y ‘mr(' s doue au"awa"":(q,“t, " wi ﬂ

proton dorno‘ searck. WUe iwteud te
run Jor sevevel more yea rs.

IMB-3, no bursts

In 1991 a serious leak
forced the detector to
be shut down.

A proposal to repair IMB and
add a veto by excavating more
cavern wasiot approved

A proposal to build a long
baseline neutrino experiment
to IMB in 1990 was

alsonot approved

R.Svoboda, Honolulu, 2025 34



Abstract

We propose to study muon neutrino oscillations by detecting in the IMB detec-

A Proposal tor neatrinos produced by a proton beam from the Main Injector at Fermilab. The

for a Long Baseline Oscillation Experiment distance between the beam source and the detector is 570 km. The interactions
Using A High Intensity Neutrino Beam from span the energy range up to about 60 GeV with a mean of about 13 GeV.

the Fermilab Main Injector to the IMB Water We are able to detect the mnon neutrino disappearance of more than 2%, which

Cerenkov Detector. together with the L/E ratio of 43.8km/GeV makes the experiment sensitive to the

FNAL P805 range of mass squared difference §m?® = few x 10~*(eV)®. This range is a two order

of magnitude improvement over the existing limits from the CHARM experiment.

"W. Gajewski, P.G. Halverson, W.R. Kropp,
5. Matsuno, C. McGrew, L.R. Price, F. Reines,
J. Schultz, HW. Scbel
Univeraity of Califernia, Irvine

D. Casper, S.T. Dye, L.R. Sulak, F. Witt

Disappointing

TRy CUTCT; DURETTE
R. Miller, R. Svoboda
Louisiana State [Mniversity
T.J. Haines
The University of Maryland
R. Cady, J.M. LoSecco
The University of Notre Dame
D. Kielczewsks
Wersew University, Warsaw

Qctober 1990

six years before

start of SupeiK
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