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(1) What is the Nuclearites 3

Strange Quark Matter (SQM):

v SQM is a hypothetical strongly interacting matter composed
of roughly equal numbers of u, d, s quarks and a small
amount of electrons.

v 1971, A. Bodmer firstly discussed the SQM, and indicated
that SQM is possibly the true ground state of QCD and
absolutely stable.

v 1984, E. Witten argued that SQM is absolutely stable in a
large parameter space of QCD theory, and SQM objects
have baryon number A from a few to 10757 (neutron stars).

v 1984, E. Farhi and R. Jaffe got the similar conclusions
through the careful calculation in MIT bag and Fermi gas
models, and SQM density is about py = 3.6 x 101*g/cm3



Nuclearites 4

SQM classification:
> A<107 Strangelet (¥ %F)

> A>107 Nuclearites (4 #4% %) Rujula, Glashow, Nature 1984
> A~10°7 Strange Star (¥r % £)

Nuclearites can be created by:
€ hadronization process in the early universe, as Dark Matter

@ collision of binary compact stars

& type Il supernovae driven by deconfinement phase transition

Nuclearites mass, radius and velocity:
1012 GeV < M < 10%* GeV — 0.1A < R < 1000A
py = 3.6 x 10*g/cm3 Atomic radius unit :1 A=10"1m

1075 < B < 1071, typical B~1073 (galaxy velocity) very slow



Nuclearite interaction

Interaction picture: Core and electron atmosphere:
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Elastic or quasielastic collisions M=8.4 >§ 10 Ge';\/
and electromagnetic interactions - R=10"fm= 1

Energy loss rate:

aR2 = n(3M[4zpy)?3; M > 8.4 x 10 GeV

|
— = —opplo=1 .
Y PP 7A? = 7 x 10710 ecm?: M < 8.4 x 1014 GeV




(2) How to detect Nuclearites ¢

Energy loss rate:
dE { AR = n(3M [dmpy)?3; M > 8.4 x 10" GeV

|
— = —opflo=9 . .
dx pP tA? = 7x 1071 cm?: M < 8.4 x 10" GeV

Three parameters: _ '™®f — -1

1. Velocity B:
Initial velocity on ground B¢ g 4,0
Local velocity in JUNO 4

2. Mass M
1012 GeV < M < 10%% GeV

3. Medium density
Earth—» PREM model
LS — 0.859 g/cm”3
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Light yield of Nuclearite in JUNO 7

: Sthack Wave

¢ 4 Collisions with the ambient atoms

atitety
...........
! .

: High
t temperafure
lasma

v__® Further collisions = plasma

€ Expanding cylindrical shockwave

> Black-body .
radiation 4 photons from black-body radiation

Emit photon numbers or energy dE,/dx (w* - w?):
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Temperature evolution

Power spectrum JUNO LAB: CgHsCyHopet 1
w = 2ntc/A k=12 - m = 246,n = 48

Radius evolution



Visible energy of Nuclearites 8
Absorption, reemlssmn Rayleigh scattering>dE ;. /dx
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(3) JUNO sensitivities to Nuclearites g
Assume trigger threshold is 0.5MeV within 300ns window:
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JUNO sensitivities 10

Expected Nuclearite numbers:

_ 2
Ng=2n(1 —c0S O ) PT in TR L>5m - Ry =17.52m

JUNO Sensitivities (20 years and N, = 0):
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Summary 11

» Nuclearites is a hypothetical strongly interacting matter with a
slow velocity and can produce a large visible energy in JUNO
through black-body radiation.

» JUNO can detect Nuclearites and give the most stringent limits
for1.6 x 1013 GeV< M <4.0x 10 GeVand g = 1073,

» If a Nuclearite is really detected, we can’t correctly reconstruct
the nuclearite mass because of the incomplete €(1)(A < 250nm),
and JUNO can only give the mass lower bound for very large
dE ,;;/dx because of the PMT saturation problem.
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Central detector
- Acrylic sphere with liquid scintillator
- PMTs in water buffer
- 78% PMT coverage

Water Cherenkov muon veto
- 2000 20” PMTs
- 35 ktons ultra-pure water
- Efficiency > 95%
- Radon control — less than 0.2 Bg/m?
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