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An Idea for a Large Imaging Water
Cherenkov Detector

IMB DETECTOR
‘ 2048 PM TUBES

"'/ 7 e o v

L
7 ,
.' Ef }I! 2 SOH
i
I
QRIHEHHI
Nt bepsebieegiets
tidtite
iy
NIt
| o Qi
MAX. DIMENSIONS ‘

R.Svoboda, SN1987A Meeting, 2017 3



Morth Alrway

Frash Air

Fon/Filter o 40" e 90" e 20" e 80—
o]

E’;:;‘i:““ T R.C. Water
. System :
Exhaust Electrical 4ﬂ' _H .-ﬂ"r#h'ﬁrc:““ .5
Fan Sub-Sta tiunT— Pawer 2

s |

¥
Wtility O Electronics
Room [ Lab

Securiry Air Caaditioning
wall
e 320 ]
Plan
i I - I 1
b Sump Pipes
5 Backfil! Datectar 78"
- Cansiruction
-l Remg_ Buikhead Liner
- . ot

Section

Sump

PROTON DECAY LABORATORY



| met John right after | got out of the
Navy and entered graduate school




| went into the Navy since they offered
FREE COLLEGE instead of Vietham
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..but | knew my real love
was science and engineering!

Which one is me?
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discover Proton
Decay!

Sure!... (what's
proton decay?)

Last month in the Navy 1980

R.Svoboda, Honolulu, 2025 8



Morton Fairport
Salt Mine

physics todk

JANUARY 1980 JAN23 1980

Lifetime of the proton Fo e
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Ground broken for detector
Hall at the mine in 1979

Cavern and hall excavation
completed in 1981

Some leak problems, but
By end of summer 1982
¥ IMB was running at full
* size and data rate

First results on
proton decay released
in 1982

IMB control room
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TABLE 1. PROPERTIES OF THE IME DETECTOR

Sept. 1982

SIZE:

Between PM-tube planes: 4 x 1033 pucleons
Estimated fiducial volume: 2 x 1033 nucleons

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

..by early 1983 it was clear that the
SU(5) model was in trouble — no proton

decays seen.

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.

R.Svoboda, Honolulu, 2025
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AM EXPERIMENTAL LIMIT ON PROTON DECAY:

p+ et + a0

A Thesis Presented
by
George William Foster
to

The Department of Physics

in partial fulfillment of the reguirements

for the degree of
Doctor of Philosophy
in the subject of

Physics.

Harvard University
Cambridge, Massachusetts

September 1983

Congressman Bill Foster

A search for the decay p + et 10 was performed in the
8000 metric ton Irvine=Michigan=Brookhaven water Cherenkov
detector wﬁich was constructed underground at a depth of
1570 meters of water equivalent. 1In a 130 live day exposure
(3.9 x 1032 proton years in the 3300 ton fiducial volume of
the detector) no events consistent with the above decay were
found. With calculated detection efficiencies of 0.92 and

0.54 for p + et

70 events occurring in hydrogen and oxygen
respectively, this thesis establishes at the 90% confidence
level that the partial lifetime for this decay mode exceeds
1.1 x 1032 years. This result is incompatible with
predictions from minimal SU(5), the simplest of the Grand

Unified Theories and with previously reported experimental

Disappointing, but at least some
people got Ph.D.’s...

R.Svoboda, SN1987A Meeting, 2017 12




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

[ ] [ ] [ ]
Interactive 3D scannINg IS @ o= rim ae ot oy geomtry is cleacly visinle, mbes

these tubes,

new concept in 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-discovery of Proton Decay beats
out other inconsequential stories
for the cover of Physics Today

APRIL 1983

LOOKING FOR PROTON DECAY

R.Svoboda, Honolulu, 2025
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Same issue...
Searel & dSEovery

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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Upgrades

IMB-1: 5 inc PMT
coverage (1.3%)

IMB-2: added WLS
plates for a factor of
~1.5 Iincrease

IMB-3: In 1986 shut
down to add 8-inch
PMTs to bring
coverage to

effectively about 5%
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IMB-a

12.7em PMT's replaced b‘ﬁ
-20 em PMTs  and waveshiPrer plates, e The enhanced ||ght

collection was a big
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R.5x105 S »1,2 R10" iy lower energy
= tody’ :J;Mz dag” events...

com puter
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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)

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

Just in case a
supernova might go
off...
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HE 5.2-10
A Seam\n For S‘\“e.\\o.r Conaﬁ)se and

o Search Fer Tise. Corm\oﬁ’e)\

S'\gm\s ‘From SNH%-]A
;MB Co“ojoorod‘foh

R. Becker- Szendu , C.B. Bratton, D.Casper | S. Dye,
w. Ge;)';,rwsk'» . ?43&10[ haber, T. i-}a.'mesLT'. )To nes?
D. Kielczewska, w. Kropp) T. Learned , /. LoSecco )

S, Matsune , J. Mathews, C. M¢Grew M. Mudan,
L pm‘c: %:) Sinc'u;r, it .Qé?ne:) J. So'nu.fﬁ) H. SDLG'J
L. Su.\a.)\:) B.Svo!:oda) T, Ven der Velde ) F whtte’)

= Detection oF SNIT87a: by The
IMB , Kamiokande, and Baksan
cle'fzc.'("or’s prove ThaT SN con be

J.ei’e.d‘ed ouf To a re nJQ o 5¢ kpc.

-~ Are other bursts presau.‘f" in our
dots. set? e, do low eneray

neu.’\"rino ?\i'?di‘s arrive recdem .’v.,
in Time ? Galachic SM ~ several 100s eveuls

IMB detector
description and
construction

Detection of
neutrinos from
SN1987A

Analysis of the
neutrino events

A search for
other bursts in
IMB-1,11, 11

R.Svoboda, Honolulu, 2025 20



@ ESO + Provided by the NASA Astrophysics Data System

Large Magellanic Cloud.

The events have energiles inm the range 20-40 MeV and

ABSTRACT

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

are consistent with being inverse beta decay interactions of anti-electron

neutrines generated inm a stellar core collapse preceding the supernova.

UT 23 February 7 35 41,375 ——

R.Svoboda, 1987ESOC 26 2298

Tape# D MYR H:M _ 1 i1 EH BN
2501 17 2 87 18:52 @ @ @  9:35 -2 —2 28 -2 -2 RCS L e e
2592 18 2 87 6:14 0 @ @ 9:19 -2 -2 59 -2 -2 RCS L ot st
2593 18 2 87 17:19 0 @ @  9:04 -2 -2 96 -2 -2 RCS i
2504 19 2 87 4:19 0 0 @ 2:58 -2 -2 33 -2 -2 RCS
2595 19 2 87 16:49 0 @ @  7:05 -2 -2 88 -2 -2 RCS
2506 20 2 87 3:00 0 @ @ 7:05 -2 -2 78 -2 -2 RCS
2597 20 2 87 13:22 0 @ @  9:36 -2 -2 34 -2 -2 RCS
2508 21 2 87 ©:3100 @ 9:35 -2 -2 69 -2 -2 RCS
2599 21 2 87 21:52 0 @ @  9:25 -2 —2 48 -2 -2 RCS
2600 22 2 87 9:010 @0 @ 9:25 -2 -2 -2 -2 -2 RCS
2601 22 2 87 20:11 0 @ 4  3:30 -2 -2 -2 -2 -2 RCS <Supernova SN1987A>BAD HOWIE
2602 @ 000 000000 0:00 -2 -2 -2 -2 -2 —— NO SUCH TAPE
2603 23 2 87 11:32 0 @ @  9:19 -2 -2 66 -2 -2 RCS
2604 23 2 87 22:40 0 @ 0  3:42 -2 -2 52 -2 -2 RCS POWER FAILURE
2605 24 2 87 8:10 0 22 0:00 -2 R.SvobodapHonolilu 22025 CALFXD
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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 MPI Garching very shortly
after the SN1987A neutrino detection announcement.

R.Svoboda, Honolulu, 2025
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About 2 hours prior to the burst one of four power
supplies failed and was dead for 7 hours. This had
the impact of making the efficiency smaller

And also required special corrections to the energy-
estimation software. Laser calibrations for timing
and gain. CR muons for tuning an MC for energy.

R.Svoboda, Honolulu, 2025
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Figure | = Position of the inoperative sectioms

of the IMB detector (marked by an "X")
during the SN1987a neutrino burst. The

LMC was in the southwest at this time

and below the horizon.

TABLE I. The estimated trigger efficiency for the detector
with the loss of one high-voltage power supply as a function of

visible energy.

Visible energy

(MeV)

Trigger efficiency

20
30
40
50
60

0.14
0.56
0.76
0.89
0.92

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

23



234

© ESO + Provided by the NASA Astrophysics Data Svst . e .
) rovi yine Siropiysics Tala System Energy of the individual events
R. Svoboda Both CR muon tuned MC and also
an empirical method based on
Table 1 CR muon decay data

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

IME Neutrino Burst Signal

(s) X Y z X Y Z (MeV) Dist (m)
D00 =1.7 =0.4 .9 =.71l1 097 JO8BG 33/43/) 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 1.1 _.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 =.420 260 869 34740737 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 wethod/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

Gain calibrations done
Feb 10, Mar 1

Timing calibration

Feb 11, Feb 24

(note: the energy numbers are
superseded by the later PRD paper)
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THIRD SERIES, VOLUME 37, NUMBER 12
13 JUNE 1988 S RN RN RRRERRRERRRER=
Angular distribution of events from SN1987A .- - . 3
® > 40 Kamiokande —J
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. Kielczewska,*# W. R. Kropp,* — 30 — —
J. G. Learned,® J. M. LoSecco,) J. Matthews,” R. Miller,* M. Mudan,’ L. R. Price,* S - =
F. Reines,” J. Schultz,” S. Seidel,”* D. Sinclair,” H. W. Sobel,* J. L. Stone,* L. Sulak,* a 20 F =
R. Svoboda,® G. Thornton,” and J. C. van der Velde® — - -
*The University of California, Irvine, California 92717 o — + -
®The University of Michigan, Ann Arbor, Michigan 48109 = 10 — ’ —
“Brookhaven National Laboratory, Upton, New York 11973 K — | | | | | | | | 3
9dCleveland State University, Cleveland, Ohio 44115 - —
“The University of Hawaii, Honolulu, Hawaii 96822 0 . b el e e e . e -
University College, London WCIE 6BT, United Kingdom 50
£ Warsaw University, Warsaw, Poland - |||]||‘|||||'|||||||||||||||‘:
"Case Western Reserve University, Cleveland, Ohio 44106 — = =1
iThe University of Illinois, Urbana, Illinois 61801 > 40 — IMB —
IThe University of Notre Dame, Notre Dame, Indiana 46556 O — —
¥Boston University, Boston, Massachusetts 02215 2 3 0 - -
'University of Maryland, College Park, Maryland 20742 — = -
(The IMB Collaboration) B — =1
(Received 21 December 1987) aﬂ 20 — + ]
o - =
=) 10 B —
. “« ” - =
Later, laser driven “cone generator” runs and = - =
. . 0'_||IIIIIII|Il||]|||||||||l||l||l_
a more detailed analysis of the energy was done 50 £
with the same PMTs turned off in software = 40FE Baksan —3
§ - =
TABLE I. Energies and angles of the eight events from supernova SN1987A. (a) Absolute UT is ac- — 30 :_" ‘—:
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 20 :— + + -
Angle errors include multiple scattering and event reconstruction. (d) assumes events are due to [ - + 3
V+p—e* +non free protons. LE'I 10 L‘ —
(a) b) (c) @ = =
Time (UT) Measured energy Polar angle Antineutrino energy o4 | LI l 1L l — | — I L I L I L I =
Event 23 Feb. 1987 (MeV) (deg) (MeV) 0 2 4 6 8 10 12 14
1 7:35:41.374 38+7 80+10 41+7 Time after first event [s]
2 7:35:41.786 377 44+15 3947
3 7:35:42.024 28+6 56420 30+6
4 7:35:42.515 39+7 65+20 4247 Baksan time shifted
5 7:35:42.936 3619 33+15 38+9 ~
6 7:35:44.058 3646 52+10 3846 By ~30 seconds
7 7:35:46.384 1945 42+20 215
8 7:35:46.956 2245 104120 24+5
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In The period |1MS -2:495 UT Feb. 87
both The Tokson and LSD (lerge Sciakillatim
Detechr) hove re ported Time correlation
behween recorded events

(Aglichs et ol 1987 T1 Nuow Cim. )

( Megeyev, et al. 1999 preprict )

LSD has also repor‘l‘e& correlations with
Grovity Wave Jdetectors at Rome aud Mug)ana{.

Arc 5uc,L c_or/‘e{ +lous Pm£9u+9m JB J&{u\(
( with A, Chudakov durmc) u.s. A vm‘)'\
| St
LSD e — —>
events ; ( J
"{ het) ‘ ! : :
w0 NN D il

events !
<-‘ el 2ilg
(2.7 s") 28k rime =—>

\
muoks |

Trom 1145 - 3148 UT There are /
A4 Lsh) eveuhy and /¢, 237 IMB eveitc

#IMB evorfs expected _ ( )(m 13{)

o “’“"J"" p 9
('ﬁ"rvt overiep) NZ.'ﬁov.-r Se /(' “JOW

The Large
Scintillation Detector
claimed to see an
earlier burst

A search was done
for such a burst at
this earlier time
using raw IMB data
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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'wus P&Pov‘%gd\ Pa.mme'vLétS o; Tz | hewr

8—% = | S((cm\

ﬂ°+ 214 eveuts In window No bursts Seen at
erod—eJ‘lfiﬁ ~ @) 0, ro eHect .
the LSD time

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

e (this makesmore  (@ven a search of
expected & Y.L sense to me) (

below threshold

u‘;“)‘q ";"“"‘.“7 o(epos;.,!.;or\ eventx (> 1250 ?Ws} trigger Scalers

3___01' 2. .
oxpoded 3.8 showed nothlng)
we hove alse wused! Baksan ’.Q/\‘q, bat

“He T'me shitred bfq 29,5 seconds

Lt T !

To a‘.fc\u 07, 35 S)aémn burs?= wi ¥ _T)"I/\j"
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BEIOW thrEShOId Majority Logic Trigger:
trigger Sca|erS - just add up the total number

of PMT hits in a fixed window
- when this exceeded a fixed
threshold (about 2-25 PMTs in

5 50 ns) a detector readout was
10 2 .

/ Y, initiated

NN Y

Segmented Trigger:

- each 64 PMT “patch” also had
an individual majority logic
sub-trigger generated called
a “patch” trigger

- when two patch triggers were

o in coincidence a detector readout

Z / \ was generated

Patch sub-triggers were fed into

SOUTH scalers to monitor below threshold
detector activity

-
-

WEST

T— |ls— I3 3 gl —7] —35| %7
'

@
LV
1

a “patch” of
64 PMTs
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Were there events in the “regular” IMB
atmospheric neutrino data?
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R.Svoboda, Honolulu, 2025

This is actually an
upward-going muon.

Physics Today rotated
it for to fit on the

cover better...

Let’s look at these first...
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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 searched
for any angular
correlation with the SN
direction

...none found
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HE 5.2-10

A Seam\n For S‘\'e_\\o.r Couo.?se, and
o Seam\n 'For time, Corm\o»')fec)\

Sigrals from  SNIZT7A . « Asearch was also

J-MB Co“a.LsoroCl"{on done through all
R. B&k'"-éu?ddﬂgo(l:al% Emﬂ%nig.&sp? ,_rg. Dye previous data for
] sky, M, aker) 1. n . Jonesg
e ke (N et T LoSeach ) any other bursts
S. Matsune , J. Mathews, C. M¢Grew, M. Mudan,

: M
L Perce, D) Simelair, F. Reines, 3. Schults, H. Sobél,

L. Sulede, R.Svobeda, J: Vau der Velde ) F. withe) e None were found

= Detection oF SNIT87a. b-d The
IMB , Kamiokande, and Baksan
detectors prove That SN cau be
detected ouf To a ronge ot 5S¢ kpc.

~ Are otTher bursts presed“ i our
Ja""c- set ? ;-Q-, do low Ohﬁ‘»’gj
neuﬂ“r{no vads Grrive nuoluu .’&.
in Time ? Galactic SV ~ several 100" evouts R.Svoboda, Honolulu, 2025 .



The Y‘é,'a,‘lﬁ*?ue.\&j ‘/\\\@‘/\ Thereshold eneh@gj
o TMB (~HoMeV for TMB-1, -20 MeV
For ’LMB':S\‘ means That The most ,'3.&4«:'3
reaction Jo» observe From o SN neutrinve
burst s iwverse beta decay. on Free

protons.
7e 1—? 2 h + e.*’

——

Ee# = Ey LR '.8 MQV

e etal. 1929, PR.L. .
k-1 (Dye etal,isen, Pee €2)  |MB-1 427 live days
- even with \M‘S‘/\ T')\ras!ap’.c&j Trrg\ger—

e‘F\:;cienc3 1s “ lm‘alq Yor no burSt

V\éar'oﬂ SN (—‘N;S e(®) p_ Ve 50?,} ”VIB_Z aISO no burSt

3““3

n pericd
16 SepTember 1982 +o 2 71.,\;3 198

Ne Bursts Detected

"D.’] [3VQ puvs
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(Possibly reduce to ~ | fweek.)

(2 New EQUIPMENT TV INCREHSE
o -TImeE

dowé) ¥ NEW PoOlwER SulPPLYF INTBLLED
¥ NElw DATA (olLLECTIioA) FLEC .
- DEAD TT A& REDLcYI oAl
- BUFFERING TO 5)2 CUEATE
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FoR WWVR

(3) Incredass sSPEED oF DATRA AwALKSS

1, 2025

The online processing
system was very soon
after programmed to
also look for bursts
and then dial out on
phone lines (no
underground internet)

Ran for the next few
years until the “big
leak”
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R £24 4«\3¢. e+ IMR-3 dcd‘o\

no bursts Tound (except sLIALTD.

recte 3&\6«%@ SN = Qé_i(jo-_’igf‘“_’-?)/j’“'

Girelude SL14874)
rote From SR ) vmdecSc’nﬂ?SiSJ

6‘“\&\( ﬁmla)(\\ts —0ed = 0,0\ j;\

’ # . ~
note: The vrate ¥ qq,'ac!xc‘ SN s e;\i)edbor‘

3 | - e ~ %
‘o be ~ JOX m.s'larnca' 9w+6 oF

observed ¢ F‘Lf(:&\ SD .

¥ \anere SN )GE7a  awd combiue wi Y
previous TMB-=)  pesult

0% el rate <12 y|

N 3&.1‘(«'& s dome “cw.'!owm‘.'"ic@((:’ " oM
protom decay search. We iwteud te
run Jor seveval more years.

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 was not approved.

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

also not approved.
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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,
8. Matsuno, C. McGrew, L.R. Price, F. Reines,
J. Schultz, HW. Scbel
Univeraity of Califernia, Irvine

D. Casper, 5.T. Dye, L.R. Sulak, F. Witt e ——

Disappointing! =

ﬁ‘m R bgr

-9 sec ofGetime
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

October 1990 Figure 1: Schematic of neutrino beam traveling from FNAL to the IMB
detector.

six years before

start of Super-K
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(_Deone at LSL ove~ \ast Uea"\

B é’ner«yﬁ-An'\ sotee py
Eneryy Feom T\ collected pel's

—-correckons for vertex Pos;\'iu,
dead PM“":, water absorfhion )
Mmuon de cay Track dicechkion
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Aniu*ﬂfj
o wezqhted ovenge
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e Twnvariat Mass
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« Particle I D ()A,T),c)

DPF 1992

Unfortunately, the
contained atmospheric
neutrino data | only
have on magnetic tape
which | cannot read

...but would be fun to

look at this in more
detail again.
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Old Data, New Forensics: The First Second of SN 1987A Neutrino Emission

Shirley Weishi Li

%% John F. Beacom

FERMILAB-PUB-23-087-PPD, UCI-HEP-TR-2023-02, LA-UR-23-22079

345, 1 Luke F. Roberts
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4 Center for Cosmology and AstroParticle Physics (CCAPP), Ohio State University, Columbus, OH {3210

) *Department of Physics, Ohio State University, Columbus, OH 43210
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8 Istituto Nazionale di Fisica Nucleare (INFN), Laboratori Nazionali del Gran Sasso, 67100 Assergi (AQ), Italy

The next Milky Way supernova will be an epochal event in multi-messenger astronomy, critical to
tests of supernovae, neutrinos, and new physics. Realizing this potential depends on having realistic
simulations of core collapse. We investigate the neutrino predictions of nearly all modern models
(1-, 2-, and 3-d) over the first ~1 s, making the first detailed comparisons of these models to each
other and to the SN 1987A neutrino data. Even with different methods and inputs, the models

generally

agree with each other.

However, even considering the low neutrino counts, the models

generally disagree with data. What can cause this? We show that neither neutrino oscillations nor
different progenitor masses appear to be a sufficient solution. We outline urgently needed work.
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FIG. 1. Neutrino (7.; others shown in S.M.) luminosity and
RMS energy profiles from supernova simulations [18-28].
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Conclusions

The single burst detected.in the 1IMB detector
was unique in'the entire 9 year data set

Evenwith the relatively high threshold of 20
MeV, events were reconstructed in direction to
about 15 degrees and energy.toabout 25%

Timing'was accurate to better than 50
milliseconds as it came from an oscillator locked
to a timing radio signal (WWYVB)

Couldthe‘analysis be improved? How.to.do this
techinically?
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Thanks!
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13 MHz
CIOCX —~ ¢ 256
CLOCK,
GLOBAIL GATE
TRIGGER
DIGITIZATION
INPUT > 15 us ONTROL L[OGIC
T2 DELAY CAMAC
QUTPUT
START DATA IN
DIGITIZE DIGITIZATION
cMPUTER | o°F I 15
BUSY RESET
RESET . 15 BIT
CPU BISY CLOCK  IATCH / COUNTER C
SPT ADDRESS | LOAD
ZE
TEST DIGITI
QNTROL >— INSTRUCTION L L
SIGNALS DECODER WRITE DATA _ Iom SR
READ DATA BUFFER
RD
CAMAC n~ 1
DATA 1,0 < DATA I/0 DIGITTZE TUBE DATA REFRESH
' NMBER TYPE DISCRIMINATOR
THRESHOLDS
. ~ g
DAISY-CHAIN CABLE TO DIGITIZERS
Fig. A.4. Simplified block diagram of custom electronics

supervisor/CAMAC interface module.

R.Svoboda, Honolulu, 2025
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Fig.2,I1.6. Summary of IMB Detector Properties

Detector Size:

Total mass: 8000 metric tons
Fiduecial Mass: 3300 metric tons
= 2,0 x 1033 pucleons

Energy Resolution:

500 MeV shower: o = 13%
300-500 MeV/c nf: o = 15%
p+ etal; g = 10%

Systematic error in
absolute energy calibration: < 15%

Trigger Threshold:

Hardware: ~ 30 MeV
Software: ~ 160 MeV

Vertex Localization:

85 cm
75 cm
135 cm

Nucleon decay g
~ 500 MeV v, a
Cosmic Ray v g

[ I |

Angular Resolution:

[+]

Showering,trackg:
300-500 MeV/c u~:
Straight-through muons:

4]

aa q
AU
= b O
o

Track Direction:

No sign ambiguity
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FIG. 1. Trigger efficiency vs electron (or positron) energy
averaged over an isotropic distribution in the full 6800-m’
volume of the detector. Error bars represent systematic uncer-
tainty in efficiency (see text).
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