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Motivation

* The neutron lifetime is measured in bottle
experiments and beam experiments.

+ Bottle: total lifetime is measured by counting the
number of neutrons in a container.

* Beam: count the number of protons from neutron
decay.
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Motivation

* From SM prediction, bottle and beam experiments
are almost equal.

»* However, there is 4-sigma tension between bottle and
beam:
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Motivation

* From SM prediction, bottle and beam experiments
are almost equal.

* However, there is tension between bottle and
beam:
* To explain the discrepancy, of neutron decay Into

channel without proton.

ATI'(n — no proton) ~ 7.1 x 107°Y GeV
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Models

* The colored scalar should be heavier than TeV:

B.Fornal, B.Grinstein, PRL 120, 19, 191801 (2018),
1801.01124,1810.00862.
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Models

* |t can couple to photon and pion:

B.Fornal, B.Grinstein, PRL 120, 19, 191801 (2018),
1801.01124,1810.00862.
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Models

> Requirement of ?Be stability, and prevent X decay
Into proton. It becomes good DM candidate.

Model 1 Model 11
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037.900 MeV < m, < 938.783 MeV | 937.900 MeV < my +my < 939.565 MeV
937.900 MeV < my,

my, — mg| < my, +me = 938.783081 MeV
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Signatures

* What sighatures are expected from Model | and II:
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Signatures

* What sighatures are expected from Model | and II:
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Signatures

* GeV DM annihilate with neutron, produce GeV photon
and pions.

» SuperK, HyperK, and DUNE can detect these
signals.

DEEP UNDERGROUND
NEUTRINO EXPERIMENT




Model II

P2
937.900 938.783 937.900 937.900 939.174
0 0 0.391
937.900 2my, 940.000
0.04 0.04
5.64 x 10711 1.75 x 10719/4.09 x 10712 4.10 x 1012 4.03 x 10~11
GeV]| 7.1 x 10739 7.1 x 10739 | 3.7 x 10732 0 0

Lnsxy (or v [
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Lo [em?] 5.76 x 10792 5.53 x 107°14.74 x 107°7 1.27 x 10757 3.02 x 107°°
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DUNE events 9.29 89.4 7.7 x107° 2.0 x 107° 4.9 x 1073
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Signatures

* The predominating channel is multi-pions.

* The signal Is similar to the antineutron-neutron

oscillation searched at SuperK.
The Super-Kamiokande Collaboration: 1109.4227.

nematic cute (in Me T T T3 73 73
Kinematic cuts (in MeV) Nobs  Nbkgd  Nitperk| Niyperk| NDUNE

N
Guti) Pyt C [0,450] Mo C [750,1800] [17] | 24 241 [0,225]| [0,75] | [0,27]
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cut-3| Py C [100,250], Moy C [800,1050] [I6]| 0 054  [0,6.5] 0,7 | [0,5.8
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Signatures

* The predominating channel is multi-pions.

* The signal is similar to the antineutron-neutron

oscillation searches at SuperK.
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Signatures

* The predominating channel is multi-pions.

* The signal is similar to the antineutron-neutron

oscillation searches at SuperK.
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Table 3. Percentage of events that pass the kinematic cuts.

Model I: m, = 937.992 MeV Model II: P1

n — ¢3m°
79.7 %

78.3 %
20x107°% 11x10°% 57x107Y % 24x1077 %
27x107109% 57x10710% 1.0x10710 %

23%x107° %
Model II: P2

n — ¢ymP
15.4 %
2.4 x107% %
3.8 x107% %

31.2 % 41.0 %

Model I1: P3
n — ¢3m°
57.5 %
1.0x107% %
1.0x 1074 %

n — ¢ym®
14.6 %
3.2x107% %
50x 1074 %

93.5 %
4.6 x 1076 %
1.1 x 1073 %

57.6 %
78 x 1076 %
1.1 x 1073 %

1.76 %
1.3x10°%%
28 x 1071 %
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Table 3. Percentage of events that pass the kinematic cuts.
Model II: Pi
X yn— oy xn— o370 xn — ¢5m°
15.4 % (78.3 %) 71.8 %
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14.6 % @ 87.3 %
1.3x10°%% 7. 32x107%% 10XI0°% 36x107"%
28 x 1071 % 1. ‘ 50x1074% 1.0x107*% 58x107°%

NCTS annul 2019, P.Y. Tseng, p.12



Model II

P3

937.900 938.783 937.900 937.900 939.174
0 0 0.391
937.900 2m, 940.000
0.04 0.04 0.04
5.64 x 10711 1.75 x 10719/4.09 x 10712 4.10 x 10~ 12 4.03 x 1011

r GeV]| 7.1 x 1073% 7.1 x 10739 | 3.7 x 10732 0 0

n—xy (or Xv) [

Lhyo [GeV] - - 7.06 x 10739 7.10 x 10730 7.10 x 10730
xn — @370 (y = 0.542) & yn — ¢57° (y = 0.337)
Lo [em?] 1.40 x 10716 1.35 x 10745 2.37 x 10~°! 5.14 x 104 7.04 x 10750
Super-K events 1.38 x 106 1.33 x 107 23.3 5.1 x 1072 693
Hyper-K events 3.35 x 107 3.22 x 108 567 1.23 16824
DUNE events 2.26 x 10 2,18 x 107 38.4 8.3 x 1072 1137

NCTS annul 2019, P.Y. Tseng,



Model II

P3
937.900 938.783 937.900 937.900 939.174

0 0 0.391
937.900 2m,, 940.000
0.04 0.04 0.04
5.64 x 1071 1.75 x 10710/4.09 x 10712 4.10 x 1012 4.03 x 10~
Ly (or 5y [GEV]| T.1x 10730 7.1 %1073 | 3.7 x 107°2 0 0

Lhyo [GeV] = 7.06 x 10739 7.10 x 10730 7.10 x 10730

‘ xn — multi-pions xn — @370 (y = 0.542) & yn — ¢57° (y = 0.337)
Lo [em?] 1.40 x 10716 1.35 x 10745 2.37 x 10~°! 5.14 x 104 7.04 x 10750

Super-K events 1.38 x 106 1.33 x 107 23.3 5.1 x 1072 693
Hyper-K events 3.35 x 107 3.22 x 108 567 1.23 16824
DUNE events 2.26 x 106  2.18 x 107 38.4 8.3 x 102 1137

NCTS annul 2019, P.Y. Tseng,




Model II

P3

937.900 938.783 937.900 937.900 939.174
0 0 0.391
937.900 2m, 940.000
0.04 0.04
5.64 x 10711 1.75 x 10719/4.09 x 10712 4.10 x 10~ 12 4.03 x 1011

r GeV]| 7.1 x 1073% 7.1 x 1073

n—xy (or Xv) [

Lhosyo [GeV] - : ; _' X '
4570 (0 = 0542) & xn s 0370 =
Lo [em?] 1.40 x 10716 1.35 x 10745 2.37 x 10~°! 5.14 x 104 7.04 x 10750
Super-K events 1.38 x 106 1.33 x 107 23.3 5.1 x 1072 693
Hyper-K events 3.35 x 107 3.22 x 108 567 1.23 16824
DUNE events 2.26 x 10  2.18 x 107 38.4 8.3 x 102 1137

NCTS annul 2019, P.Y. Tseng,



Summary

We studied the possible signatures from neutron dark
decay models at SuperK, HyperK and DUNE.

Photon+pion, or multi-pion are the signals.

Model I is ruled out by the current antineutron-
nheutron oscillation search at Superk.

Model Il is difficult to completely explore the
parameter space, and difficult to rule out. It will be
explore by HyperK and DUNE.
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Lo=(Age?"uS, drjPr + A\ @™ X dRri + As X X ¢ + h.c.)

+ Mg |®> + m3|o]° + my X x +mg X X - (38)
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