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Introduction

What is sexaquark (S): wuddss color-spin-flavor singlet

1

) =5

T T
(eaupﬁﬂl/crqmﬁjkeln - 6ozﬂpﬁ,uuaGimfjlqm) a,i de;i kdl, /5 mSo, n‘Q>

(Farrar, Wintergerst, in prep)

@ Quantum numbers: @ =0, B=2, 5= -2, P=1

@ Compact in size ~ 0.1 - 0.3 fm,
rs = Ag + 0.5)\w_¢

c.f. proton ~ 0.9 fm with pion clouds.

(Farrar 17)
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Motivation: DM candidate

DM candidate in SM: abundance ~ 5 times of baryons from QCD plasma.

m(S)/MeV

1890

1880 -

55

[ 50 A Z
1870 45
4.0 A
as S -----J A

1860

Breakup of S by mesons, need vertex g(SAA) < 107° to maintain
QDM/Qb ~ 5. (Farrar 18)
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Spatial overlap

Coupling constant g(SAA) = 3%. Spatial wavefunction overlap

r 18
Sp - <7/}5P(A1)¢sp(/\2)|d}sp(5)> <ri> .

(Farrar, Zaharijas, 03)
Take r¢ = 0.2 fm, rp = 0.9 fm,

Ogp ~ 10712,

IT\JI

DM abundance requirement

v < 6
. 0, 7 fm Osp < 107° easily satisfied.
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Mass window

Unstable for ms > 2(m, + m.) = 1877.6 MeV

S — ppeebv, npev, nn.

Absolutely stable for mg < 1877.6 MeV by B conservation. But
nuclei could decay if S is too light.

@ Narrow mass window for absolutely stable S and nuclei:
1877.6 — B.E. < ms < 1877.6 MeV,

e.g. B.E. ~ 16 MeV in oxygen, ~ 2 MeV in deuteron.
This work: for mg ~ 1382-2055 MeV, how unstable are S and nuclei.
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Untable S: S — nn

Model S — nn by an effective Yukawa interaction
L =gSan® +h.c.

Coupling constant g o< Ogp = (Vsp(n1)Ysp(n2)[10sp(S)). Take Ogp as a
free parameter.

Estimates for r¢ ~ 0.2 fm, r, ~ 0.9 fm,

_\

Ogp ~ 10712,

r«ul.jlm.VNO?
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But not enough yet: the weak interaction.
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S — nn: EFT

AS=42, doubly-weak interaction of quarks: g2 o Gfép8 sin* 6.
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Choice of p: Physical mass ~ MeV (ud) and ~ 100 MeV (s); Aqcp ~ 100
MeV; Constituent mass ~ 300 MeV; Heisenberg uncertainty ~ GeV.
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S — nn: EFT

@ Combine weak interaction and spatial overlap,

2 mn2 P 8 _44
g _OSpX(MeV) x 107",

@ Decay rate

™

2 2\ 3/2
(S — nn) = gsms (1 — 4m">

depends on ms, O, and p.
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Unstable deuteron: d — Se*r,
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Experimental limits

@ Sudbury Neutrino Observatory (SNO):

v+d—=[n]+p+v

vet+d—2p+|e]

e S trapped in Earth crust ~ 10'%/cm3 (Neufeld, Farrar, McKee 2018).
Neutrons from S — nn may be detected by SNO.

@ In SNO heavy water tank, #d~ 1032. Positrons from d — Set v,
produces identical signals as electrons.

@ SNO neutron and electron counts place upper limits on I's_,,, and
d— sew-
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SNO neutron and electron counts

SNO neutron counts SNO electron counts
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>> age of universe
(SNO 1602.02469)
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SNO electron counts

SNO neutron counts

>> age of universe


Upper limits on Og, by SNO neutron and electron counts
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Combined limits on O,

Combined upper limits on Og, with p = 300 MeV

pg=consitutent mass~300MeV
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Combined limits on O,

Combined upper limits on Og, with p = 300 MeV

pg=consitutent mass~300MeV
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“less
constrained”


Combined limits on O,

Combined upper limits on Og, with p = 100 MeV
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“less
constrained”

S→nΛ

d → KS

singly-weak


@ ms > m, + mp = 2055 MeV, singly-weak decay of S
S — nA
@ mg < my — myg = 1382 MeV, singly-weak decay of d with a gluon
d— K*S

@ Beyond there, need much smaller O, because of shorter lifetime.
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Conclusions

@ For ms ~ 1382-2055 MeV, S and deuteron are not so unstable if O,
is sufficiently small.

@ For ms not too away from 2m,,, Oy, is less constrained (above the
estimated curve).

o Future work: oxygen in SuperK might place stronger bounds for
ms < 2mp?
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Thank you!
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Back up slides

Sum over color-spin-flavor wavefunctions of S and n.
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Back up slides
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Sum over color-spin-flavor wavefunctions of d (n and p) and S.
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Back up slides
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d — Sev.: BBN limit

"4 ser NoOt too large to mess up the BBN deuteron abundance

174 = 108.4 Gyr
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Much weaker than SNO.
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