PROCEEDINGS

OF SCIENCE

Kimberlite Pipes from Impacts of Dark Matter being
(Ordinary) Matter Compactified into Bubles before
BBN

Holger Frits Bech Nielsen *
Niels Bohr Institute, Blegdamsvej 15 -21, DK 2100 Copenhagen
E-mail: hbech@bi . dk

Mainly with: Colin D. Froggatt
Glasgow University
E-mail: c. froggat t @hysi cs. gl a. ac. uk

A certain type of extinct volcanoes called Kimberlite pif2¥§ have been suggested by Colin
Froaggatt and myself[2] as well as by Mariusz PaszkowskiJerdy W. Mietelski[1] to be the
result of the impact of some “mysterious” material of somgetynvented by high energy physi-
cists, such as strangelets [49], or our own new phase etc.estaate crudely the needed energy
to produce a kimberlite pipe volcanoe as well as the numbénerh having appeared on earth.
The density of the material in the outer space needed forrbduption of the kimberlite pipes is
in this way estimated to be not far off order-of-magnitudssvirom the density of dark matter in
the galaxy arround the solar system as estimated astroalhynic
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1. Heading

Dld Dark Matter Cause the F mlberllte
Pipes[27] (a strange type of volcanos)?

| want to be as general as possible by not committing ourselves to too specials, but rather just
consider some type of weakly interacting objects gé@eral mass, and then remark that they could
cause a slightly mysterious geological phenomenon, “kimberlite pipes”, adiindlcanos[27]
with a little round lake and in the tube such stone as Kimberlite containg diamontef 8ourse
the present talk is strongly inspired by the work by Colin Froggatt and m{&elf

2. Introduction

That the idea, that the Kimberlite pipe volcanoes[27] should have besed#&y some impact
from outer space, is not completely crazy might be evidenced from thattonly C.D.Froggatt and
me[2], who have this thought, but also Paszkowski and Mietelski[1], edrsider this possiblity
and find it viable.

Review of M. Paszkowski, J.W. Mietelski's work
on Kimberlite Pipes

Vol. 44 (2013) ACTA PHYSICA POLONICAB No 4 p 787:

“ARE KIMBERLITE PIPES A KIND OF MACROSCOPIC NUCLEAR TRACKSBGRMED
IN COLLISION WITH CUDQO?”

Mariusz Paszkowski

Institute of Geological Sciences, Polish Academy of Sciences Sena&a2 KrakAsw,
Poland and Poland Jerzy W. Mietelski

The Henryk NiewodniczaBski Institute of Nuclear Physics Polish Academy of Sciences
Radzikowskiego 152, 31-342 KrakAsw, Poland (Received Mar@®a3; revised version received
March 26, 2013) [1]

(CUDO=Cosmic Ultra-Dence Objects)

Plan for “Kimberlite Pipes from Impacts of Dark Matter being (Ordinary ) Matter
Compactified into Bubles before BBN”

e Main partMariusz Paszkowski and Jerzy W. Mietelski proposed that the ett volcanos
“Kimberlite pipes” were caused by some high energy physics stufs Dark Matter.

e Newest: We estimate the amount of energy and thus Mass needed for alkenbipe
production. And what dark matter density?

e Our ideas abouthe production of such “dark Matter” as bubles of a different phase in
the time before BBN (=Bib Bang Nuclear Synthesis)
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On the figure here you see a big hole a round a lake characteristic of arkimpipe volcanoe[27].

Maar - crater rim

— P
lake and
reworked

maar deposits

subsided pyroclastic
material that filled
diatrema

Diatreme

~ root zohe
of diatrame

- feeder dike

Model of a maar-diatreme volcano, Simplified from
Lorenz (1986)

Here above is a more symbolic drawing of a kimberlite pipe volcanoe.
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A typical diamond mine

And here one sees, that such pipe is used for diamond mining.

There is large hole in the scale of masses[47] where one tends todet to look for dark
matter particle mass:

between
e The largest mass producable by LHC, sayl0TeV ~ 10-2%g = 10-2%g, and

¢ the smallest mass visible by gravitational lensing[50] - when passing th way for the
light from behind - of the order of 1/3 moon mass~ 2x 10°%kg

hopes have been mainly black holes and interest relatively little.

We shall find by Kimberlite pipes a mass~ 3% 10Pkg ! Have in mind that the mass of
the single dark matter particle has no influence on the large scale flowehavior and gravi-
tational effects; only the dark matter density matters at the large scales of length whex the
observation astronomically take place

3. Estimate

Estimate, Dark matter Energy Matches that
Needed for Kimberlite Pipes

A lower bound for making a kimberlite pipe would seem to be that there shoudtilbast enough
energy to lift the material from the mantle/the deep(below the crust) up to meatke earth
surface. Some energy delivered must be lost by being conducteaitasuiénto the rock. But still
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we may take say 5 times the energy for just lifting the rocks from the deep tstiama¢e for what
it costs in enrgy to produce the kimberlite pipe.

The crucial question is now:

Does the energy required for making the kimberlite pipes formed duing the history of
the earth correspond to the amount of energy brought as kinetienergy of dark matter[23, ?]
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in the corresponding time?

Some Numbers from which to Calculate Dark Matter Density given flom Kimberlite Pipes

The area of Canada:
A=9.984670kn? ~ 10'3n?, (3.1)

Number of clusters kimberlite pipes found/exposed in Canada:
¢ = #clusters Canada 30, (3.2)

The by Colin Froggatt and me estimated probability for a kimberlite pipe (or a clokteem) to
be by accidennhot covered by sediments, so that it can be found - this is a very crude estimate,
which we may return-:

P = P(exposure) ~ 2.2+ 103, (3.3)

More Numbers from which to Estimate

Existence or life time of the earth - time during which the impacts of CUDOs may hlee dace:
| = “earth life time”~ 4x 10°years = 31536008+ 4« 10° ~ 1.2 10''s, (3.4)
Typical diameter of the deep part of the kimberlite pipe
d ~ “a few to a dozen m’~ 5m, (3.5)
Hight of the earth suface over “some place deep in the mantle”
h > 200km = 2% 10°msayh ~ 500km = 5% 10°m, (3.6)

Earth gravitational acceleration:
g=9.8m/s? ~ 10m/s’ (3.7)
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Yet some Numbers for Estimate

Density of the material making up the crust and mantle of earth which is to becegplyy the
kimberlite in the impact happening:

Psone ~ 3g/cm® = 300Ckg/m° (3.8)

Velocity relative to the earth of a dark matter object from the halo or, thabbes caught by the
solar system, wiehgted crudely with the relative probability of these two pbissg

v =20Ckm/s= 2% 10°m/s. (3.9)

Let us also introduce a symbdlfor the fraction of the energy of an impact CUDO being in reality
used for the very pumping up of the kimberlite-material from the mantle defth sechat at the
surface of the earth, say:

{~02=1/5 (3.10)

Estimating the Mass of Dark Matter Ball / CUDO in Two ways

First we estimate -very crudely -the mamagcalled therm|; pe) from the energy needed to lead to
the pumping up from the mantle defth - day= 500km - of the material - the kimberlite material -
forming a pipe of diameter of the order df= 5m say:

E . .
M|pipe = W(whereE is “uppumping energy”) (3.11)

o pstone>'<g>'<|']2>‘<d2

= B (3.12)

3% 10%kg/m®x 10m/s? * (5 10°m)? + (5m)? 313

N 1/5%1/2% (2% 10Pm/s)? (3.13)
375+ 104kg

~ 4/10+1010 (314

~ 10'kg = 10%on (3.15)

Estimating the Mass of Dark Matter Ball / CUDO in Two ways

Next we estimate the same dark matter ball nmagsom the density of dark matter in the solar
neighborhood taken to @y = 1GeV / cm?® as supposed from astronomy, now calg@nvdensity,

M|bMdensity = (3.16)
pomlViA
= (3.17)
Ak 21, ITIS* 017 * 05 k 013mz* LK 3
_ 17+10 *'kg/mP+10"7s+2 %o msd/4%1 2.2+10~ (3.18)
=0.6%10'%g = 6+ 10°kg (3.19)
= 6% 10°%ton (3.20)
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Slightly Better Estimate of the Corpuscle Massesny;pe and Mpydensity-

The kimberlite pipe is seen to broaden out near the top where it passesrthes@dace to a
diameter of “several hundred meters”, so we should rather use the diaiméied ~ 500m than
the diameted ~ 5, which is more relevant for the deep inside earth part of the kimberlite ik,
that would increase the estimate of the volume of material lifted by a f&608/5)? = 10000. But
then we would have to take into account that the broad part of the kimberlieopiy goes down
about 1.5km to 2 km, thus we should replace the falster5« 10°m by only 15km= 1.5 10°m,
which is 300 times smaller. By this correction we would get

Mpipe =~ 3% 10Pkg = 3+ 10°ton (3.21)

We indeed estimate with hight of the thick part of the plpex 1.5km, while material is
pumped from the defth ~ 500km and diameter of this thick part beimg~ 500m:

Mpipe (3.22)
_ Psone* g hhad?
T 1#1/2x\2 (3.23)
3% 10%kg/m® % 10m/s? (1.5 10° + 5+ 10°m) + (500m)? (3.24)
B 1/5%1/2% (2% 10Pm/s)2 .
~ 3% 10%kg = 3% 10°ton (3.25)

Nearer Thinking of Estimating the Mass Mpydensity from Astronomically Known Dark
Matter Density.

On the whole earth it were claimed tr&n = 6400 kimberlite pipes had been found(rather than
our numberc = 30 for Canada, which has an area 50 times smaller). Including a fécftnrthe
probability of the area being turned in the right direction for being hit as ip@edicularly the
quarter of the surface area }#\earin= MRZ, 4, = 1.275x 10MmP(to compare with CanadgsA =
310%n7?). If we should only expect that one found these Kimberlite pipes on laed,we replace
this number by 29% of it. In that case we would effectively hgvereplaced by:Ajang = .29
1.28x 10MmP= 3.7+ 103n? and the mass of the dark matter particle would have to be:

MpMdensity ~ 4 x 105ton, (326)

MbMdensity ~ 4+ 10°ton, (3.27)

means that matches phantastically well with the from the size and defth of Kimhepés esti-
matedmppe ~ 3+ 10°ton:

Mpipe =~ MpMdensity; (3.28)
or it means that we from studies of the Kimberlite pipes in number and requitemergy would
have been able to predict the dark matter densitpii|from Kimberlite pipes® 3/4* 1GeV /e ~

.75GeV /cm?. So we really fit well to all dark matter being the material causing the Kimberlite
pipes in the earth! The calculation of the mass of a single dark matter corpuscle maggensity
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in order to fit the astronomically needed dark matter densid = 1.7+ 10~2'kg/m® - and a
velocity v = 200km/s - with the number of kimberlite pipes gives:

M|DMdensity = (3.29)
B PDMlV%A
B 1/Pxc (3.30)
1.7%1072kg/m® 10 "% 2% 10Pm/s% 3.7 10"3nP x 2.2 1073
= (3.31)
6400
= 4% 10Pkg = 4 10°ton (3.32)

Conclusion Concerning the Posibility of the
Kimberlite Pipes found on Earth could be Dark
Matter Caused

o Within our very crude estimates the energy density astronomicallydund for dark mat-
ter fits well with the amount of energy estimated to be needed to mduce the kimberlite
pipes found geologically on eartiflassuming a typical halo velocity 200 km/s for the speed
of the objects).

e The mass of the individuel dark matter particles associated with this fiipiggensity ~
Mpipe &~ (3t04) x 10°ton.

e The average time interval between impacts of dark matter on land is

Atfimpact (3.33)

S (3.34)
PomVzAearth * .29

_ 3% 10 kg (3.35)
1.3%10 17kg/mB x 2% 10Pm/s1.28x 1014 % .29 '

= 3x10°s= 100years. (3.36)

(Just the time since the Tunguska event[3, 28, 297Bid, 1908) (3.37)

e Typical distance between neighboring dark matter balls/particles/ cdeguscthe earth

region
digDM particles (3-38)
1/3
m
=|— 3.39
<PDM> ( )
1 1/3
_ 3% 10 kg (3.40)
1.3x 10 17kg/ms
= 3%10°m=10""pc=2%10"2a.u. (3.41)
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Even if it were of the maximal size if the pipe should be only say 5 m in diameteringg&n
m, then it would be 700000 times smaller than the moon - which has -12.6th magtitiide,
10 times longer away, so it would be of of 21st magnitude most optimisticly. Bué tita
as in our more concrete model of cm-size pearls they have 28th to 29th magritutdble
could (goes to 30th magnitude[48])in the deepest field search, but sotfohd it.

4. Big Bang Time Production of Machroscopic WIMPS

What Could Such Dark Matter in Clumps of
3x10°Ton be?

e Presumably composite objects of many particles held strongly together somehow ?
e “New Physics Stuff” or made from usual baryons electrons etc.?

e If usual baryons etc., it must be packed in a form unaccessible to thg-HB{§Bang Nu-
clear Synthesis) processes;otherwise the predictions from BBN of ligioige abundances
would be disturbed.

Generally Such New Matter Phases must be
Isolated from BBN to not Disturb

Both quark nuggetts and strangeletts are made from quarks - meaningesidtioedinary matter
- so they should be already in a form before say the Universe of ther ofdl/10 to 1/100 s old
have come into a form that does not interact (normally) with the other nugliectme era of the
Big Bang Nuclear synthesis, because otherwise the production of theates of light elements
such as helium and lithium and isotopes deuterium etc. would not fit togiveeaning the ratio
of baryons to photons - matching with only the normal matter, but rather ariggalue.

Our own Model of a 6 top + 6 anti top Bound State Phase

Looking very abstractly on it there is not much difference between the&kquaggetts, the strangeletts,
and our own picture with a new type of vacuum characterized by a baswteosate of a specu-
lated very strongly bound state of 6 top + 6 anti-top quarks a buble of whitteisfilled by very

compressed ordinary matter:
All these models mean that the dark matter consists a quarkst ordinary matter) in a

very condenced phase.
Then it can

e 1. Be kept so strongly bound that it does not interfere in BBN.

e 2. and that it does neither interact much with gas in the gallaxy ( when hateigfgeclumps
the quarks or nucleons hides each other from the interactions with light attel noaly the
relatively few surface quarks may interact.

A Problem ?:
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One can presumably tune the parameters, but would it not be more likely if-thedark-matter
phase is formed to get almost all matter made into dark matter before the BBN ?

Wel2] - C. D. Froggatt and | - has it basically all got into the dark matterlpglaut then the

helium inside the pearls fusion to heavier elements and by the heat pdoiced nucleons are
expelled to become the ordinary matter.

5. Conclusion

The very thin piped volcano type called Kimberlite pipes - which are a bit of aenys can
be explained as due to dark matter impact.

The estimated density of dark matter needed to fit the Kimberlite pipes agrekdycra-
markably well with the order of magnitude of dark matter density observedrastically
by its gravitation!

The proposals such as quark nuggetts, strangeletts, or our own btaied¢ondensate with
ordinary matter filling are all basically new/speculated phases of ordinattgima

The new phase has to be “finished” before BBN, but that is possible ...

In our own model a fusion explosion predicts a very good ratio of darlotmal matter.

Picture of the Estimates

Kimberlite pipe Energy $V2 % Mpipe 6+ 108 = 6EJ
Dark Pearl Mass | Mpipe & Mpmdensity | 3* 10°kg = 3+ 10°ton
Hit earth~ every 100 years
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