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Table 3

Summary of Predicted Nucleon Decay Modes and Branching Rates for Su(5)

Theories (from Refs. 16 and 41).

b+ efn® - 9% - 387 n+ et 23% - 73%
b > etp° ' 6% - 21% - ' n+etp” 12% - 55%
P+ e;*'w " :_ ' 24.Zi"'.' 562 S ..-- ' ——
D+ ;,e,,+ 3% - 15% . . n ¥V’ 22 - 7%
p* Voo 3% - 8% n+ Vp° 1% - 5%
— _--. n-+ ﬁen ~ 17
— I o+ Bem 5% - 147
p » uiK° 0 - 11% D+ VK 0 - 2%
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~" _Soudan 2 Detector
\ Key Features for Proton Decay
! IR

1. Check of Kamiokande limits

2. Lower backgrounds for candidates in
some modes

3. Low backgrounds for multi-track events
4. Jonization gives track direction

5. Recoil protons and neutrons from v
interactions, not p decay
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Soudan 2 Proton Decay Limits
Exclusive channels

mode exposure 7/BQ90%CL
(kt-yr) (yr)
n—ete s (1.0)  5.0x103
n — v (1.0)  1.6x103
n — 797 (1.0)  32x10%
D — K77 (0.5 ) 4.5 % 103
n—e KT (0.5)  7.5x10%
n—u KT (0.5) 6.5 x 1030
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Results on p — e* v v

Selection criteria:

1) One isolated electron shower.
2) Reconstructed energy 150MeV < Etot <450MeV

Resulis:

Generated 2500 events
519 p — et v v proton decays
1981 atmospheric v,'s (CC only)

Selected 444 events
399 proton decays
45 Atmospheric neutrinos

Detection efficiency = 0.769 1 0.019 on non reinteracting p.d.
Expected background = 5.7 1 0.02 1 1.7 ev. / module / year
Expected signal from atmosphoeric v dala = 25 ev. / module / year
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ICARUS 600 ton limits for Exotic Decay Modes
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Phy sica. Pacameters

oL Ccu{j'z, O ate émnkov c!t.’?‘tc."l"ovg

KAMIOKANDE IMB-3 SUPER
PARAMETERS 111 ' KAMIOKANDE
TOTAL MASS 4500 tonnes 8000 tonnes 50,000 tonnes
FIDUCIAL MASS
p-decay’ 1040 tonnes 3300 tonnes 22,000 tonnes
Solar v 680 tonnes None 22,000 tonnes
Supernova 2140 tonnes 6800 tonnes 32,000 tonnes
DEPTH 2700 mwe 1570 mwe 2700 mwe
TOTAL SIZE 16 mh X 19m¢ |22 x 17 x 18 m* | 41 mh x 39 m¢
# PMTs 948 @ 50 cm 2048 @20 cm 11,200 @ 50 cm
+ WLS + 2,200 @ 20 cm
PHOTO-CATHODE 20% 4% 40%
COVERAGE ~5 pe/MeV ~1 pe/MeV ~T pe/MeV
PMT TIMING dns @ 1 pe 11ns @ 1 pe 2.5ns @1 pe
RESOLUTION
ANTI-COUNTER ~1.5m None 2.5 m

All Sides
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Table 2. Comparison of neutron-antineutron search experiments. The upgraded HFIR
configuration shown in this table corresponds to the option of row 7 in Table 1.

Neutron source ILL' 94 ORR' 82 ANS HFIR (upgraded)
Status Completed Rejected Discontinued New
experiment proposal project proposal
Power (MW) 57 30 330 100
Max. megdnglngzx;uon flux 1.5-10!3 (7-1013) 7.1015 2.1015
Moderator Liq D-@25K | D,0@300K | Lig.D-@25K | Lig D@ 25K
Source area 6x12 cm? D42 cm &40 cm &40 cm
Dger (m) L.lm 1.0m 2.0m 2.0m
Lgee (m) 76 20 ~300 ~150
n/s @ target 1.25-1011 21083 4.4-1013 5.1-1013
J<i?> (s) 0.109 0.01 0.672 0.384
Detector efficiency 0.43 ~0.5 ~03 ~0.3
Run time (s) 2.4-107 3-107 3-107 9-107
Discovery potential 2109 109 1013 s 1013
N A2 (s) 1.5-10 2-10 2-10 0.75-10
T, limit, s (90% CL) 8.6-107 1.1-108 1.1-1010 1.0-1010
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Range of neutron - antineutron transition search
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AMS: Solid State Tracker

6 (X, Y, z) coordinates (10 y1) and
6 dE/dX measurements

AP/P = ~ 7% at 10 GeV/N

y95431Ting



AMS Detector

Physics |

1.To search for Antimatter (ﬁe, 6)
in Space with a sensitivity of 104
to 105 better than current limits.

». To search for Dark matter. (90% of
the missing matter in the universe)

High statistics precision measurements
of et, v, and p spectrum.

3+ To study Astrophysics.
High statistics precision measurements
of D, 3He, 4He, B, C, Be?9, Be10? spectrum.

B/C: to understand Cosmic Ray propagation in the Galaxy
(parameters of galactic wind).

Be9/Be10: to determine Cosmic Ray confinement time in
the Galaxy.

y95165b



AMS: Design principles
Carbon: mass m, charge +Q

Anti carbon: mass m , charge -Q

i Measurements
1. Charge |Ql: by energy loss dE/dX in tracker and counters

2 Momentum and sign of charge (P/Q): by trajectory in tracker

5. Velocity (V): by Time of Flights t1 and t2

P
m=-—
v s1,st1 dE
- X = |Ql
] = 1Ql
:
t4 -V
t2-—>V
= |Ql
30 cm
1 = |Ql

’
11111

,,,,,,,,,
,,,,,,,,,
,,,,,,,,,

.
,,,,,

1) Minimum amount of material in the Detector
2) Many repetitive measurements

3) Many redundancy elements

y95334a



AMS Potential

This detector will improve the existing sensitivity by 104 to 105
in searching for antimatter.

Antihelium/helium

1x1073 g —
= Current Limits
1x10-4 = 4 — ’ 4 Z>9
E . R (o) 1X10- = J Z>2
- Current limit 2 = * 1
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= 5L
- 0 : 10%
1x10°6 & O B
= S 1x106 &
— < =
R —
1x10'7% 3 Al
: 2 X107 & z>2|
" 3 o This expeljiment
1x10°8 = = -8 L A Z>2
= < 1x10 =
ol _This experiment < —
X107 ¢ 1x10°9 -
1x10'101 — ”””_l| L '”“;'0 S ”“1'00 1x10-10 AR RN R BN AR NET
Energy (GeV/amu) 0.1 1 10 100

Kinetic Energy (GeV/amu)
Sensitivity of AMS (3 years on ISSA) in a search for He and Z > 2 antinuclei. (95% C.L.)
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Conclusions

+ The stability or instability of
baryons is fundamental to our
understanding of particle physics

¢ Experimental Probes

— proton decay :
SUPERKAMIOKANDE

— neutron-antineutron oscillations
ORNL PROPOSAL ?7?

¢ New ldeas



