How CERN’s Documents Contradict
its Safety Assurances:

Plans for ‘Strangelet’ Detection at the LHC

Eric Penrose®

‘Negatively charged strange matter, either as strangelets or in bulk, does not exist on
earth. If it is stable and could be created it could react exothermically with ordinary
matter, converting everything it touched into more of itself.’

E. Farhi and R.L. Jaffe, Phys. Rev. D30 (1984) p. 2390
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This report is a third revised version of 'How CERN Documents Contradict the Bases of Its Own Safety Assurances'.



I Strangelets and the LHC

What is a strangelet?

So first, what exactly is a strangelet? A single ‘bag-like’ sphere can be said to surround a proton or
neutron. The term strangelet was coined [1] in 1984, for the case of such a ‘bag’ that would
surround a greater number than so far known, of the fundamental subnuclear particles called
‘quarks’ and which further includes an additional of type of quark. This larger bag then, would
include a mixture of the more normal ‘up’ quarks and ‘down’ quarks along with the heavier
“strange” quarks. It has been shown that strange quarks are included in many of the particles are
produced in high-energy particle collisions.

... a dangerous strangelet?

The following quotes set the criteria for what would be a ‘dangerous strangelet’ and elaborate upon
the potential catastrophic implications for the transforming of surrounding matter. This is from a
paper that is repeatedly referred to — and relied upon — within CERN's own safety analysis. This
paper, ‘Review of Speculative “Disaster Scenarios” at RHIC’ [2] (the ‘Relativistic Heavy Ion
Collider’ - ‘RHIC’, operated before CERN's LHC), was produced shortly before RHIC’s operation,
which began with colliding gold ions in 2000. On pages 11 and 20 of [2] by Jaffe et al. (1130 and
1136 of physics journal version) it states:

‘In light of the possible consequences of production of a stable negatively
charged strangelet, we shall refer to such an object as a “dangerous”
strangelet.”’ ! [Ref. 2, p. 11 » Exhibit 2]

‘A strangelet growing by absorbing ordinary matter would have an electric
charge very close to zero. If its electric charge were negative, it would
quickly absorb (positively charged) ordinary matter until the electric charge
became positive. At that point absorption would cease until electron capture
again made the quark charge negative. As soon as the quark charge became
negative the strangelet would absorb a nucleus. Thus the growing
strangelet’s electric charge would fluctuate about zero as it alternately
absorbed nuclei and captured electrons. Even though the typical time for a
single quark to capture an electron might be quite long, the number of
participating quarks grows linearly with A, so the baryon number of the
strangelet would grow exponentially with time, at least until the energy
released in the process began to vaporize surrounding material and drive it
away from the growing strangelet. This process would continue until all
available material had been converted to strange matter. We know of no
absolute barrier to the rapid growth of a dangerous strangelet, were such
an object hypothetically to exist and be produced.’ [Emphasis added.]
[Ref. 2, p. 20 » Exhibit 3]


http://arxiv.org/pdf/hep-ph/9910333v3#page=20
http://arxiv.org/pdf/hep-ph/9910333v3#page=11

This coming November, the first heavy ion (lead-lead) collisions are scheduled to take place at the
LHC. Within this context — the question of strangelet production has been raised. What does
CERN tell the public about the prospect of strangelets being produced at the LHC?

According to CERN's safety page: ‘Strangelet production at the LHC is therefore less likely than at
RHIC, and experience there [at RHIC] has already validated the arguments that strangelets cannot
be produced.’l [3 » Exhibit 4]

Strangelets at the LHC?

In 2008, the LHC Safety Assessment Group (LSAG) produced a report [4] claiming that: ‘The
previous arguments about the impossibility to produce strangelets at the LHC are confirmed and
reinforced by the analysis of the RHIC data.’ ! [Ref. 4, p. 13 » Exhibit 5]

But it can now be shown that claims in the safety report about the non-production of strangelets —
are in clear contradiction with two experimental research projects for the LHC. Theoretical papers,
documents and online material relating to LHC detector work have been recently unearthed, stating
that the production of strangelets is either a serious possibility or a likely prospect at the LHC.
Those of the latter who arell! attached [5]) to CERN at the time of writing, outnumber by at least
twenty six to ten, those stillil attached ([5]) to CERN, who had made up the entirety of both LSAG
and the CERN Scientific Policy Committee (SPC) (the SPC essentially validated [4] — see [6]).
Only one of the latter groups™ (and from the SPC, not LSAG) has, according to ‘Google Scholar’
[Z], authored or co-authored a paper other than a LHC safety review, that refers to ‘strangelet(s)’.
But two LSAG members — including its chair — have been involved™ with the 'Large Hadron
Collider Committee' (LHCC), and the minutes from that committee's meetings indicate their
familiarity with CERN's strangelet detection projects. In 1996 its chair was a 'referee' assigned™ to
the ALICE detector that was associated at that time with both these proposals.

One of these projects is in fact, a self-contained subdetector that is presently installed and
operational as part of one of the LHC's four main detector systems — the Compact Muon Solenoid
(CMS). This detector is called CASTOR, short for ‘Centauro And STrange Object Research’.
Another strangelet search project is associated with the ALICE detector.

... fulfilling the above criteria of dangerous?

Moreover, these projects indicate that the criteria given above for a catastrophic process can be met
by strangelets produced at the LHC. This report shows that many official statements and arguments
from CERN, about the possibility for the production of strangelets at the LHC, are contradicted by
CERN's own researchers who are directly involved in this field. It is not claimed here that these
researchers state that there are dangers, nevertheless, CERN's remaining safety assurances are also
shown to be disputed by the published statements of other physicists.


http://arxiv.org/pdf/0806.3414v2#page=13

II  Strangelet Searches with the CASTOR Detector of CMS

The CASTOR detector

Under the tab ‘Detector’ of the CMS website
[8], there is no information displayed about the
CASTOR subdetector. It is here not shown at
the end of the most extended CMS detector
diagram available [9] (diagram shown on the
right). Like the CMS site, the ALICE detector
site [10] is associated with CERN’s main site.
However, the ALICE site does include far-end
subdetectors in its diagram, yet has its own
subdetector tab and only the ALICE detector
has a comparable amount of end subdetectors.
Also absent from the diagram on the right is
the ‘TOTEM’ detector (‘T1’ in the diagram
below), but, unlike CASTOR, the TOTEM
detector has its own tab even in CERN’s main
detector page [11].

This image though (left), from a CMS
newsletter article about CASTOR [12], shows
that the subdetector is installed at the far end
of the main CMS detector system:




Without prior knowledge of this detector, information about it can only be traced with difficulty,
from deep within the extended resources of the ‘CERN Document Server’ [15] or from the CERN
CMS website (the latter specifically from either within the newsletter archives of CMS Times [16] -
or from a website [17] that is only given in a reference from [18]). For casually expressed evidence
of its installation and operation from 2009 see [19 » Exhibit 6].

Aside from those sources, various CERN
documents and other scientific papers have
Conclusions been found concerning the theory behind the
CASTOR detector, which provide further
disclosures (see the listing given on pages 22-
« Strangelet detection through measurement of: 23). The CASTOR website — which
- extreme imbal.ance between the halldr.cn.lic and presenﬂyﬁ is not available from either
electromagnetic component (multiplicity & energy) CERN’s own search facilityY or from GOOgle
- penetrating objects beyond the range of normal — shows that the POSSlblhty of negative or
hadrons, abnormal longitudinal energy deposition neutral strangelets is accepted [ﬂ] Only
pattem unstable, short-lived, positively charged
strangelets have been described as having no
potentially dangerous implications in CERN’s
official safety report quoted earlier [4].

. CASTOR is the experimental tool for strangelets

- non-uniform azimuthal energy deposition

As shown from this CASTOR presentation slide [Ref. 20, slide 32], the main purpose of the
CASTOR detector is the detection of strangelets.

Strangelets ‘are likely to be produced’

The 3rd December 2007 issue of the CMS Times reveals the aspirations of a representative of the
CASTOR Team:

‘I work as an experimental physicist for the CASTOR forward calorimeter
of CMS and my main area of interest is the study of exotic events in heavy
ion collisions, especially the identification of strangelets, which are likely to
be produced.’[21 » Exhibit 7]

For the podcast associated with this newsletter, the last three minutes appear to have been edited, so
that the speaker is neither moving nor audible.

Shown on the following page is a CASTOR theory estimate of the likelihood per collision for
strangelet production of around one in three hundred (with the likelihood of detection by CASTOR
estimated further below) [Ref. 22, slide 30].


http://cmsdoc.cern.ch/cms/castor/html/files/strangelet_cmsweek230906.ppt#page=30
http://cmsdoc.cern.ch/cms/castor/html/files/Strangelets_hunt_v3.ppt#page=32

» In about 10% of these hadron-rich events, strongly penetrating cascades,
clusters, or “halo” were observed. We assume the total probability for
“Long Flying Component” (Strangelet?) production in central nucleus-
nucleus collisions to be approximately: 0.03 x 0.1 ~ O(1073).

The CASTOR theory of strangelet production is based on the view that there are good indications
that strangelets emerging from cosmic ray collision have actually been observed, though only at
above energies correlated to that of the RHIC collider (the most similar collider to LHC). In fact it
is argued [23] and [24] that present collider results do not so far reproduce aspects of these cosmic
ray detections. These were from mountain-based cosmic ray detectors from back in the 70's.

These views concerning detected strangelets, themselves contradict two claims of the LSAG report
[4]: that there is no evidence for the existence of strangelets and that strangelet production
likelihoods decrease with collision energy (see rows ‘6’ and ‘2’ respectively in the table). For this
naturally occurring — cosmic ray — case at least, CASTOR theory argues that the strangelets would
eventually become destroyed [23] by subsequent collisions with nuclei.

CASTOR theorists have also indicated that both stable and negative or neutrally charged strangelets
are feasible (as shown in the table below), thus fulfilling the criteria of dangerous above for
dangerous strangelets.

It is furthermore suggested (see row ‘7’ of the table) by several CASTOR theorists [18], that the
generally accepted model of nuclei cosmic rays at energies comparable to the LHC’s may need to
be reconsidered. In these cases also, a main CASTOR theoretical model — would in itself still
enable strangelets to be produced at the LHC from heavy ion collisions, whilst secondary arguments
within CASTOR theory arguments explore how the mountain-based cosmic ray detections could
have resulted from non-nuclei cosmic rays.



IIT Strangelet Searches with the ALICE Detector

This chart below from the ‘ALICE Technical Proposal’ [Ref. 25, p. 224] shows the Strangelets
Physics Performance Working Group at ALICE, led by J.P. Coffin:

Physics Performance Working Groups
e ~
Event Generators ( Tracking (general) TPC Tracking & performance HBT
N. van Eijndhoven K. Safatik M. Kowalsk D. Ferenc
PID ([ Event-by-event Strangelets A Photons
G. Pait L M. Gazdzicki IF. Coffin ) V. Manko
( Lepton Pairs Hyperons, Charm
C. Lourengo F. Antinoni, K. Safatik
\ s
Figure 13.3: ATICE Organization.

Chapter 11 of this document considers the
physics that will apply for the ALICE detector.
Strangelets are analysed for how they would be
detected [Ref. 25, pp. 189-192: see image on the
right]. This relies upon the theoretical arguments
enabling strangelet production for this context,
described as involving ‘fluctuations in net baryon
number’ ¥ [Ref. 26, p. 1776]. These issues —
entirely neglected by the LSAG report [4] — have
been put forward to explain how strangelets could
emerge so as to be detected by the central parts of
the ALICE detector.

For this scenario of so called ‘midrapidity’ Y-
production, it is clear that the strangelets

produced could be moving slowly enough not to

be fully destroyed by subsequent collisions with

surrounding matter, as the given location of their

detection range in ALICE would correlate to this

prospect. In this regard, Jaffe et al. state: ‘Since

strangelets produced at high rapidity are likely to

be destroyed by subsequent collisions, . . .’ . [Ref.

2, p. 20 » Exhibit 8]

So strangelets could survive at such lower
rapidities. (‘Rapidity’ is an alternative measure
for the component of velocity along the beam
direction.)

11.10 Strangelets
11.10.1 Strangelet production at the LHC

QGP formation should result in an enhanced production
of strange quarks and it has been speculated that droplets
of strange matter (i.e. strangelets) could be formed in
heavy-ion collisions (for a review see Ref. 95 and refer-
ences quoted in Ref. 96). Strange matter may also ap-

Recent theoretical developments [97] suggest, however,
that strangelets could be produced also at the LHC as a
result of local fluctuations in the net baryon number '2,
Strangelets and MEMOs could be stable or metastable
objects, and their stability, lifetime, and decay modes are
strongly parameter dependent [96].
Strangelets (S) may be

i) unstable (1< 1072 s), in which case they decay
via hyperon emission (A, £, Z) and meso-nucleonic
strong interaction processes [96]:

S—8+N+n
S — S8 +N

ii) metastable (T < 10~ s), in which case they decay

via weak interaction processes:
S—§+N
o S" +n
S—8+e+v

i) stable (1= 10~ 5).

12 A5 the average baryon and stmngeness density at midrapidity
is zero, strungelets and ans-strangelets would be produced in equal
nurnbers.



http://arxiv.org/pdf/hep-ph/9910333v3#page=20
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chapter13/org-pb.eps

This Jaffe et al. paper, indicates that a negative strangelet lasting over one 10 millionth of a second
(107s), so as to traverse the detector [Ref. 2, p. 20 » Exhibit 9], could be potentially dangerous.
But durations well beyond this are seriously considered (see last image on previous page) [Ref. 25,
p. 189], while negative or neutral strangelets are allowed (see row ‘4’ in the table).

Included under section 11.10.2 [Ref. 25, pp. 190-

192] is a detailed study of the ALICE detector 11.10.2  Strangelet detection in ALICE

indications for long lived or stable strangelets, The search for sirangelets within ALICE will depend on

produced by collision and passing through the lifetime and decay modes.

detector. This is given after the text partly shown i) If these objects are stable or long-lived metastable

to the I‘ight [Ref_ 25 p. 190]. (= 1077 &), they will pass through the complete de-
= tector (assuming P 22 0.1) and can be seen as tracks

with unusual charge-to-mass ratio.
Again, the potential for enabling strangelet

detection — and for strangelets to meet the criteria
for being classified as dangerous — are satisfied.


http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://arxiv.org/pdf/hep-ph/9910333v3#page=20

IV Seven Contradictions between CERN’s Safety Report and the
Statements of the CASTOR Team and ALICE Collaboration

CERN's Safety Report

Statements from CASTOR Physicists

Statements from ALICE Physicists

1. Likelihood of strangelet production at the LHC

‘The previous arguments about the
impossibility to produce strangelets at
the LHC are confirmed and reinforced
by the analysis of the RHIC data.’ i

[Ref. 4, p. 13 » Exhibit 5]

‘Our conservative estimate for the
thermal production of a normal A = 10
nucleus at the LHC was 3 x 10°% times
the rate of nucleon production. Taking
the latter rate to lie in the hundreds,
we arrive at a probability of 10~ that
a single normal nucleus of size A = 10
[10 proton masses] is produced during
the entire LHC program as a result of
the essentially thermal dynamics in a
heavy ion collision. So, if LHC would
run for the entire lifetime of the
universe, the probability of producing
such a single nucleus via thermal
production would be 1/1000N°!,

We note that the above is an estimate
for the thermal production of a normal
A = 10 nucleus from a hadron gas of
temperature T = 165 MeVi. The
production of normal nuclear matter
provides an extremely conservative
upper bound on the production of
strange quark matter.’

[Ref. 4, p. 19 » Exhibit 10]

Note: MeV is one million 'electron
volt' units of energy.

‘We assume the total probability for
“Long Flying Component”
(Strangelet?) production in central
nucleus-nucleus collisions to be
approximately: 0.03 x 0.1 ~ O(103)’

[Ref. 22 slide 30 » Exhibit 11]

Note: For each collision, a chance of
over one in a thousand. The LHC
expects to have up to 10 billion central
heavy ion collisions. [Ref. 4, p. 19 »
Exhibit 12]. This number of collisions
would be expected to produce about 10
million strangelets.

“Strangelet” Cosmic Rays LHC
Mass 7-15GeV 10-80 GeV
[Ref. 27, tab. 1, p. 6 » Exhibit 13]

‘The distillation of very small
strangelets of Ag < 10 . . . cannot be
excluded for the midrapidity region at
colliders.”

[Ref. 26, p. 1779 » Exhibit 14]

Note: Ag=A and A = 10 is equivalent to
the masses of 10 protons. The
‘midrapidity region’ enables slow
moving strangelets to be produced

2. Likelihood of strangelet production at LHC compared to previous accelerators or colliders

‘We conclude on general physical
grounds that heavy-ion collisions at
the LHC are less likely to produce
strangelets than the lower-energy
heavy-ion collisions already carried
out in recent years at RHIC, just as
strangelet production at RHIC was
less likely than in previous lower-
energy experiments carried out in the
1980s and 1990s’

[Ref. 4, p. 11 » Exhibit 15]

“CENTAURQ” event _

Total interaction energy
in N-N c.m.  VSy.x> 233 GeV

[Ref. 23, tab. 4.1, p. 84 » Exhibit 16]

Note: The prerequisite for CASTOR
theory strangelet production is known
as a 'CENTAURO' type shower of
particles after collision; this is above
the energies of RHIC collision, ie.:
VsNN = 200 GeV.

‘.. . we have to consider that the
overall conditions for QGP [quark
gluon plasma] formation and existence
should be better at RHIC and even
more at LHC than at all other
accelerators.  Consequently, if a
strangelet really needs a QGP to be
created, its production probability
could be enhanced at the new
colliders.’

[Ref. 28, p. 1055 » Exhibit 17]; also
[Ref. 29, pp. 1709-1710]



http://arxiv.org/pdf/hep-ph/0111163v1#page=85
http://arxiv.org/pdf/0806.3414v2#page=11
http://arxiv.org/pdf/hep-ex/0209008v2#page=6
http://arxiv.org/pdf/0806.3414v2#page=19
http://cmsdoc.cern.ch/cms/castor/html/files/strangelet_cmsweek230906.ppt#page=30
http://arxiv.org/pdf/0806.3414v2#page=19
http://arxiv.org/pdf/0806.3414v2#page=13

CERN's Safety Report

Statements from CASTOR Physicists

Statements from ALICE Physicists

3. Production of strangelets through ‘strangeness distillation’

‘So, there is no evidence for a
distillation mechanism capable of
strangelet production at RHIC, and
this suggestion for strange particle
production has been abandoned for
the LHC.” v

[Ref. 4, p. 19 » Exhibit 18]

‘Strangelet formation via a mechanism
of strangeness distillation is possible...’

[Ref. 18 p. 2 » Exhibit 19]

The details of this mechanisms are still
availableil  from the CASTOR
information site [17], from [Ref. 20,

slide 14 » Exhibit 20] or [CASTOR

Pres, slide 5].

Note: According to paper [30],
however, this particular mechanism is
not necessarily the only one needed by
CASTOR theory to enable strangelet
production.

[Ref. 30, p. 10 » Exhibit 21]

‘Moreover some calculations [ref.]
indicate that, even at LHC where uB is
expected to be almost zero, there might
be non-negligible fluctuations of
different rapidity bins in the central
region. Hence distillation could take
place locally.’

[Ref. 28, p. 1055 » Exhibit 22]

‘The formation of exotic multistrange
objects may proceed as strangelet
distillation out of a QGP droplet or as
clustering of (anti)hyperons.’

[Ref. 26, p. 1779 » Exhibit 23]

Note: 'Clustering' here refers to the
alternative 'coalescence' mechanism.

See also the entry for this column in
row ‘1°.

4. Negatively charged or neutral strangelets

‘It is generally expected that any
stable strangelet would have a positive
charge, in which case it would be
repelled by ordinary nuclear matter,
and hence unable to convert it into
strange matter|[ref.].’

[Ref. 4, p. 9 » Exhibit 24]

‘Unreasonably low values of the bag
constant [with lower energy density
around the quarks] are necessary to
compensate for a large repulsive
gluonic interaction energy, which is
why negatively charged strangelets are
regarded as extremely unlikely.’

[Ref. 4, p. 15 » Exhibit 25]

“Strangelet”  Cosmic Rays =~ LHC

Z [charge] <0 <0
[Ref. 23, tab. 6.3, p. 112 » Exhibit 26]

See also: [Ref. 31, tab. 1, p. 3 »
Exhibit 27]

‘Generally, for higher bag parameter
values [higher energy density around
the quarks] there  are less
long—lived strangelets and they are
shifted towards higher values of
baryon number A, strangeness factor
fs and towards higher negative
charges.’

[Ref. 23, pp. 76-77 » Exhibit 28]

‘In heavy-ion reactions strangelets
and MEMOs might be found in the
final state as objects with baryon
number A ~ 2-40 [between 2-40
proton masses], Z/A ratio ranging from
~-0.5 up to +0.5’

[Ref. 25, p. 189 » Exhibit 29]

Note: A Z/A ratio ranging from -0.5 up
to +0.5 implies a charge that is
negative, neutral, or positive.



http://consult.cern.ch/alice/Documents/1995/01/TECH_PROPOSAL/chap11/node12.html#SECTION0011100000000000000000
http://arxiv.org/pdf/hep-ph/0111163v1#page=78
http://arxiv.org/pdf/hep-ph/0111163v1#page=77
http://arxiv.org/pdf/hep-ex/9901038v1#page=3
http://arxiv.org/pdf/hep-ph/0111163v1#page=113
http://arxiv.org/pdf/0806.3414v2#page=15
http://arxiv.org/pdf/0806.3414v2#page=9
http://www.ias.ac.in/pramana/v60/p1055/fulltext.pdf
http://arxiv.org/pdf/hep-ph/0405115v3#page=11
http://cmsdoc.cern.ch/cms/castor/html/files/strangelet_cmsweek230906.ppt#page=5
http://cmsdoc.cern.ch/cms/castor/html/files/Strangelets_hunt_v3.ppt#page=14
http://cms.cern.ch/iCMS/jsp/openfile.jsp?type=CR&year=2007&files=CR2007_013.pdf#page=2
http://arxiv.org/pdf/0806.3414v2#page=19

CERN's Safety Report

Statements from CASTOR Physicists

Statements from ALICE Physicists

5. Stability of strangelets with masses below that of 10 protons

‘Finite size effects make it very
unlikely that small strangelets (A <
10) can be stable or long-lived. ¥

[Ref. 4, p. 14 » Exhibit 30]

Note: A < 10 is a mass less than that
of 10 protons.

‘There are also predictions that quite
small strangelets might gain stability
due to shell effects [refs.]. They are
called “magic strangelets”. However,
due to the lack of theoretical
constraints on bag model parameters
and difficulties in calculating colour
magnetic interactions and finite size
effects, experiments are necessary to
help answer the question of the
stability of strangelets.’

[Ref. 23, p. 77 » Exhibit 31]

‘Special (meta)stable candidates for
experimental searches are the quark
alpha [ref.] with Ag = 6 and the
Hdibaryon with Ag = 2 [ref.].’

[Ref. 26, p. 1779 » Exhibit 32]

Note: A=A (mass number)

‘There is a mass range, below 2055
MeV (the mass of a lambda and a
neutron), where it [Hdibaryon] could
only decay by a doubly weak decay
into two neutrons. This is a AS =2
reaction and leads to a predicted
lifetime of the order of days.’

[Ref. 29 p. 1708 » Exhibit 33]
‘Strangelets and MEMOs could be
stable or metastable objects and their
stability, lifetime, and decay modes are
strongly parameter dependent [ref.]’

[Ref. 25, p. 189 » Exhibit 34]

under 'Stable or long-lived strangelets'":
‘As an example, we consider
strangelets with Z = 1 and Z = 2 and a
mass between 6 and 15 GeV (i.e. | Z/A
| <0.3)

[Ref. 25, p. 190 » Exhibit 35]

See also the entry for this column in
row ‘1’.

6. Existing observational data and the existence of strangelets

‘More recently, additional direct upper
limits on strangelet production have
been provided by experimental
searches at RHIC [ref] and among
cosmic rays [ref], which have not
yielded any evidence for the existence
of strangelets.’

[Ref. 4, p. 9 » Exhibit 36]

‘The simulations show that transition
curves, produced by strangelets during
their passage through the [cosmic ray
detector] chamber, resemble the
experimentally detected long many-
maxima.’

[Ref. 18, p. 3 » Exhibit 37]

‘The old [comic ray detection]
experimental results are also worth to
recalling. Anomalous massive
(A=75...1000) and relatively low
charged objects (Z=14...46), which
could be interpreted as strangelets,
have been observed.’

[Ref. 23 p. 79 » Exhibit 38]

10
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CERN's Safety Report

Statements from CASTOR Physicists

Statements from ALICE Physicists

7. Comparison of LHC with cosmic-ray collisions

¢

. This is because cosmic rays have
a significant component of heavy ions,
as does the surface of the Moon.’

[Ref. 4, p. 12 » Exhibit 39]

‘It is assumed that cosmic ray showers
are caused by nuclei, protons through
iron, hitting the atmosphere. If
CASTOR does not find events that can
be identified with the anomalous
cosmic-ray events, this assumption
may need to be reconsidered. Pb-Pb
collisions with the LHC will have an
energy 28 times that of Au-Au
collisions studied at RHIC. With this
huge increase in energy a wealth of
new phenomena is almost assured.
Because of the much larger mass
number, Pb-Pb events can be expected
to show exotic phenomena that is
beyond the reach of cosmic rays.’

[Ref. 18, p. 1 » Exhibit 40]
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V  Published Physicists’ Doubts about CERN’s Remaining Safety
Arguments

Where the question of safety is twice referred to in CASTOR papers, it is claimed that cosmic ray
collisions can provide assurance for safety. Such arguments are presented in the LSAG report [4] as
further reasons for LSAG to claim LHC collision safety. Below, CERN's two remaining safety
assurance arguments and their critiques by other physicists, are given. The first issues concern
astrophysical assurance arguments of the LSAG report, the last relates to an argument of only
CERN's earlier LSSG report [32]. It should be recognised that regarding case i) below, it was
shown above in Sect. II and the table, that even the underlying assumption of heavy ion cosmic rays
at comparable energies, had been suggested as potentially open to doubt by members of the
CASTOR team.

i)  Survival of the Moon.

The LSAG report relies here upon the analysis of Jaffe et al. (2000) [2] quoted near the start of this
report. In this argument, enough emerging strangelets from cosmic ray to lunar collision, would be
slow moving enough to survive collisions with subsequent nuclei, yet no catastrophe has occurred
there. Therefore the survival of the Moon is presented as a reassurance argument against risks from
LHC. However this argument is itself disputed by theoretical physicist Adrian Kent [33] and to the
nuclear physicist Calogero it is questionable [34]. In fact, it had even been interpreted as not
completely reliable in an earlier paper [35] - from CERN's Theory Department. This Dar et al.
paper ([35]) is referenced by LSAG, but no acknowledgment of this uncertainty - or of other
questions as to the reliability of Jaffe et al.'s astrophysical safety argument - are given. The LSAG
report claims that this argument is strengthened by existing data from RHIC (here appearing to rely
on the assumed inapplicability of strangeness distillation¥l) and fails to give any reference for this
claim, which itself appears unjustified due to the lack of sufficiently relevant data X. The doubts,
elaborated in most detail by Kent, are due to a) the uncertainties around Jaffe et al.’s [2]
assumptions of the possible (or likely) range of speeds of strangelets emerging from lunar
collisions, b) the strangelet speed at which it is at least partly destroyed by collisions with
subsequent nuclei, c) the extent of the collision-slowing effect upon any surviving strangelet
fragments after earlier collisions with nuclei and d) the comparability of the much heavier gold or
lead ions of high energy colliders, to the iron nuclei which are expected frequently to occur in
cosmic rays. A further doubt e) (not challenged by Kent) that is implied elsewhere [23] [35] [29],
concerns the comparability of lower than RHIC or LHC correlated cosmic ray energies for enabling
strangelet production, which pertains to the diminished number of cosmic rays at these higher
energies.

Two indications from a graph* [Ref. 36, fig. 9, p. 13 » Exhibit 41] from CASTOR theory, either
reinforce or make relevant the risk implied doubts a) - c) (though not stated in such a way by the
CASTOR theorists). One is associated with doubt a), as the graph suggests that no such
dangerously slow moving strangelets would occurX, when considered for the Moon case. The
second suggests* that some of the CASTOR theory proposed strangelets from LHC may inevitably
emerge more slowly than the slowest strangelets from the correlated lunar cosmic ray collisions (the
latter also according to the main CASTOR theory). From this latter implication of this graph, the
arguments in b) and c¢) of Kent [33], then appear to potentially enable the prospect of catastrophe
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from LHC, because of the differing configuration of LHC’s head to head collisions to one way
collisions at the Moon. It is more clear that emerging strangelets which could be found by the main
ALICE detector, can be slow moving enough to survive and so potentially grow catastrophically.
The further safety doubts of astrophysical assurance implied by d), refer to the comparability of the
unusually high atomic mass of RHIC or LHC’s heavy ions with the much less frequently expected
lead cosmic ray nuclei (too infrequent for reassurance in the Moon collision case). This suggestion
of incomparability of iron cosmic rays, is itself effectively relied on in Dar et al.’s [35] construction
of a safety argument, which involves predictions not of iron nuclei, but of much lower frequencies
of lead nuclei cosmic ray (the safety argument itself is disputed by the LSAG report, [2], [33] and
[34] for only considering fully stable strangelets, not ‘metastable’ ones). The doubt is further
reinforced by the similar doubts of CASTOR theorists (as quoted in row ‘7’ of the table). Doubt e)
is supported by another feature within the basis of Dar et al.’s safety argument, where it
conservatively assumes a minimum of either RHIC or LHC correlated energies, to enable strangelet
production from cosmic ray collision. The CASTOR theory interpretation of cosmic ray data also
assumes that higher than RHIC related energies are required to produce strangelets from cosmic
rays (as discussed in Sect. II and quoted in row ‘2’ of the table) and such a prospect appears further
implied by [29].

ii) Charge of growing strangelets reaching an intermediate mass

A further argument (though not in fact included in the LSAG report itself) was emphasised in the
earlier 2003 CERN safety paper [32]. This entails that intermediate mass strangelets — such as
initially negative strangelets after their growth — must end up as positively charged due to strangelet
surface effects upon strange quarks near the edge. But the paper this relies on is undermined by this
subsequent paper by Wen et al. [37] — which is neglected by the LSAG report — despite that [4]
refers to another recent strangelet paper by the same authors which is based on differing
assumptions. Wen et al. [37] indicates that fully stable negative to neutral strangelets states can
feasibly extend along the range of mass.
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VI Overview

It is has been shown that with respect to strangelet production at the LHC, CERN presents us with
two faces. The private one looks inward, fulfilling CERN's functional scientific role. For this side,
free of a concern to reassure the public, the viability of producing long-lived strangelets that can be
negatively charged or neutral, is accepted. The other looks outward, apparently bearing the
responsibility for continuing LHC’s heavy ion project, assures us that this could not occur and,
largely as a result, that LSAG’s most emphasised and direct criteria for danger don’t apply.

For the remaining safety reassurances that CERN have discussed, various published works of
physicists demonstrate the insufficient and unsatisfactory nature of these last remaining safety
arguments.

CERN's withholding of relevant information and negligence in its safety assessments is particularly
significant given the magnitude of what is at stake. CERN has misled the public to the extent that
its mandate to conduct heavy ion collisions is called into question.

Under such circumstances, the safety of the public needs to be ensured. It is recommended that no
heavy ion collisions be permitted at the LHC prior to a multi-disciplinary safety review panel —
fully independent of CERN — conducting a thorough and transparent review involving the neglected
issues associated with such collisions.

Eric Penrose
London, UK
31 October 2010

on behalf of the
Heavy Ion Alert network
info@heavyionalert.org
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Notes

Going Back: Readers viewing this document in Acrobat Reader can return to their previous page by using the ‘Previous View’
button. (See: Tools — Customize Toolbars — Page Navigation Toolbar — Previous View)

ii.

1.

iv.

vi.

vii.

The use of quotes here appears to relate to the uncertainties expressed in the paper [ 2] about whether or not
the results of these strangelets would necessarily be catastrophic, and upon the astrophysical assurance
argument given in that paper. However, given that the word is used in the paper elsewhere for this context
without quotes and that the reassurance argument itself is criticised or questioned by other physicists, I
refer to dangerous strangelets without quotes.

Concerning likelihood of strangelet production:

These likelihood estimates disregard calculation for producing smaller strangelets, on the basis that these
wouldn’t be stable enough to be hazardous - a claim itself disputed (see row ‘5’ of the table) by CASTOR
or ALICE related theories. For smaller mass strangelets, likelihoods would then become significant over
LHC’s operational lifetime (see above), even with LSAG’s supported production models. This is much
more greatly the case for the particular possibility of long lived A=2 Hdibaryon mentioned in row ‘5’ of the
table and below. The two models accepted by CERN in relation to likelihood of strangelet production at
LHC, are the coalescence and thermal models. Nevertheless, the thermal model relies on overall unlike
particle correlation data itself, to reconstruct what those same results would be for specific particle ratios.
But it is acknowledged by papers promoting the thermal model, that it still involves problems reproducing
the range of results at certain energy levels [38]. So it is shown to not clearly to be reliable. Such a
thermal model as disputed as needed for explaining various results by Schaffner-Bielich et al.[39] when the
differing model of his group used was also successful for the other set of data. The latter model itself
involved a notion for which further validation have been shown [40] and [41]. The coalescence model
yields are for a much greater range for possible strangelet production and are based only on data in the
‘midrapidity range’, though it has been shown in [42] how the rapidity range selection effects the likelihood
significantly. Also neglected is CERN’s previous LSSG report [32] claim that strangelet production
prospects increase if a mechanism known as ‘colour-flavour-locking’ is applicable.

By this is meant ‘at the time of writing this report’. Proof can be supplied by contacting the author.

P. Braun-Munzinger of the SPC is listed for the ALICE collaboration within the ALICE Technical Proposal
and is listed [5] for ALICE at the time of writing. LSAG’s I. Tkachev is listed for CMS. The two LSAG
members are M. Mangano and J. Ellis. See [43] and note that some of the CERN documents from 1996 in
the 'List of CASTOR Papers' (p.22 of this report), were made available during the time that J. Ellis was an
ALICE referee (as shown by the first document given in [43]). Subsequent LSAG chair, J. Ellis, also
appears to have presented at a conference in 1999 where another talk was a CASTOR one with its title
referring to strangelets from LHC, while a further one again was CASTOR theory related [43].
Presumably then, at least the programme details would have been available to J. Ellis.

Also, CMS’ own search function hasn't been functioning up to the time of writing.

Net baryon number refers to the net surplus of matter above antimatter. The context for this argument is
‘midrapidity’ which is the circumstance for emitted particles within the slowest category, for their
component of velocity along the beam direction. The LSAG report several times refers to the paper [44],
which details the thermal model that CERN accepts. On p.23 it is stated: ‘In this description [used by
[44]]1, the net value of a given charge (e.g. electric charge, baryon number, strangeness, charm, etc.)
fluctuates from event to event.’

Concerning doubts over ‘strangeness distillation’:

The cosmic ray data suggesting collision induced strangelets above RHIC energy is, irrespective to RHIC
results, a central issue to what could be different features of collision at energies above previous heavy ion
colliders. More generally though, near the end of sect 3.1 [45] it is indicated that particle yield ratio results
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viil.

ix.

(like those relied on by LSAG to support the thermal model) could yet be explained by strangeness
distillation models, once ‘lattice gauge’ theory is taken into account. LSAG refers to RHIC data to claim
that the QGP is too short lived to enable strangeness distillation. However the collision detectors are
unable to directly measure the duration of this assumed QGP state so a ‘blast wave’ model is relied on for
the estimates LSAG cites for the ‘too short-lived’ claim. The LSAG referenced paper for this estimate [ 46],
refers to [47] for the relevant calculations. On pages 2-3, this states the following about its own model
‘With eight freely tunable parameters, it is a toy model with little predictive power’ [47]. The paper [48],
dismisses the concept relied on - ‘boost invariance’ - for this estimate, as demonstrably inapplicable.
According to [39], this model (along with thermalised model above) is further disputed as needed to
explain results, as for some data at least, this can be alternatively achieved. The ‘nucleon density is small’
claim at RHIC neglects the potential for ‘net baryon fluctuation’ as discussed in [26] for the relevant
midrapidity. Three papers [49] [50] [51] of 2000-2005 consider strangeness distillation as a way to explain
an anomaly of thermal model data present at the time — one of those authors (Redlich) had previously co-
authored the main thermal model paper [44]. As stated by in [52] of 2008 and [53] of 2009, strangelet
distillation is still an accepted mechanism. Even so, though distillation is highlighted by CASTOR theory
and ALICE, it is not relied upon entirely for their suggestions of strangelet production — perhaps because
they both allow for strangelets at below 10 proton mass equivalent (A=10).

Strangelet mass less than that of 10 protons (A<10):

As shown by Jaffe et al. [2] the papers that this ultimately relies upon are [1] or [54]. [1] only disputes
strangelet stability for <=6, but then with the noted potential exception of A=2. [54] is referenced within
the relevant table CASTOR quote (above) because this paper even refers to the potential stability (or
metastability) of A=6 strangelets. Furthermore, the paper of [55] elaborates on the potential for a
(meta)stable neutral strangelet of A=6.

High rapidity data:

Evidence at RHIC of non-negligible values at the relevant extreme rapidity range for both the relevant
strange baryons and net baryon density are not demonstrated, as follows. This paper [56] of 2009, which,
for strange baryon yields at the higher rapidities in particular, only includes predictions and not also the
data, suggesting that no actual relevant data is available. For net baryon number at rapidity, the data plots
at extreme rapidities are missing from figs. 3 and 4, pages 3 and 4, from [57] while the ‘mongaus’
projection of fig. 4 inset, indicates negligible net baryon number at the extreme RHIC rapidity range. For
the predictions of fig.1, p.1776 of [26] or fig. 6 p.7 of [58] for LHC, the net baryon number can be
negligible at the relevant highest rapidity range, again in contradiction to the claim of the LSAG report.

Graph of strangelets’ rapidity distribution [Ref. 36, fig. 9, p. 13 » Exhibit 41]:

In relation to negligible strangelet production likelihood in relation to rapidity, for the theoretical case of (3)
for example, the 2.5 rapidity difference for negligible strangelet production between 6.4 and 8.9 (the latter
is maximum possible rapidity for emitted particles) implies that in the CASTOR model applied for the
cosmic ray context, the minimum speed of cosmic ray produced strangelets would be over .92 of the speed
of light, at VsNN= 233GeV (energy per nucleon-nucleon in centre of mass of collision system) - the
minimum cosmic ray collision energy to enable strangelet production according to CASTOR theory.
Otherwise this would correlate to .99¢ (.99 of light speed) for cosmic ray caused strangelets at LHC
correlated energies (VsNN= 5.5TeV). (The ‘multiplicity’ or likelihood units in the figure are arbitrary).
Either of these values is well above the value (.1c) expected by [2] [35] for non-strangelet disruption by
subsequent collsion with nuclei. Furthermore, for the limit case given in p.5 of [59] and in [60], when
applied to the graph, the minimum strangelet speed from LHC appears to be .98c, which is less than the .
99c given in the above case for LHC correlated collision energy. The latter would be most relevant for risk
if the cause of the cosmic ray collision detections (at VsSNN= 233GeV) was related to non-nuclei cosmic
rays. On the other hand, if ALICE strangelet theories were also to apply alongside CASTOR theories, then
these models would together imply that LHC strangelets survive whilst analogous ones from cosmic rays
would be too fast to survive disruption.
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Acronyms

ALICE A Large Ion Collider Experiment
CASTOR Centauro And STrange Object Research
CERN European Organization for Nuclear Research

(originally: Conseil Européen pour la Recherche Nucléaire)

CMS Compact Muon Solenoid

LHC Large Hadron Collider

LSAG LHC Safety Assessment Group

LSSG LHC Safety Study Group

MEMO Metastable Exotic Multi-hypernuclei Objects
SPC (CERN?’s) Scientific Policy Committee
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2007-013, Geneva, CERN, (2007), 5 p.
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List of ALICE Strangelet Papers

The first is a CERN document and the five published papers involve CERN’s Coffin and Kuhn and up to 8 other
CERN-attached physicists at this time 1 ([5]).
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Exhibits

Exhibit 1

strange matter exists or can be made in quantity. Nega-
tively charged strange matter, either as strangelets or in
bulk, does not exist on earth. If it is stable and could be

created it would react exothermically with ordinary
matter, converting everything it touched into more of it-
self. Positively charged strange matter would have no

[Farhi84] E. Farhi and R.L. Jaffe, ‘Strange matter’, Phys. Rev. D30(11) (1 Dec 1984)
2379-2390, doi: 10.1103/PhysRevD.30.2379. » p. 2390 (no link) [Back to the text]

Exhibit 2

charged strangelet could be produced at RHIC. In light of the possible consequences
of production of a stable negatively charged strangelet, we shall refer to such an object
as a “dangerous” strangelet.

[2] R.L. Jaffe, W. Busza, F. Wilczek and J. Sandweiss, ‘Review of speculative “disaster
scenarios” at RHIC’, Rev. Mod. Phys. 72(4) (2000) 1125-1140, doi:
10.1103/RevModPhys.72.1125; arXiv: hep-ph/9910333v3 14 Jul 2000. » p. 11 [Back]
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Exhibit 3

A strangelet growing by absorbing ordinary matter would have an electric charge
very close to zero. If its electric charge were negative, it would quickly absorb (pos-
itively charged) ordinary matter until the electric charge became positive. At that
point absorption would cease until electron capture again made the quark charge
negative. As soon as the quark charge became negative the strangelet would absorb a
nucleus. Thus the growing strangelet’s electric charge would fluctuate about zero as

it alternately absorbed nuclei and captured electrons. Even though the typical time
for a single quark to capture an electron might be quite long, the number of partic-
ipating quarks grows linearly with A, so the baryon number of the strangelet would
grow exponentially with time, at least until the energy released in the process began
to vaporize surrounding material and drive it away from the growing strangelet. This
process would continue until all available material had been converted to strange mat-
ter. We know of no absolute barrier to the rapid growth of a dangerous strangelet,
were such an object hypothetically to exist and be produced. This is why we have

[2] R.L. Jaffe, W. Busza, F. Wilczek and J. Sandweiss, ‘Review of speculative “disaster
scenarios” at RHIC’, Rev. Mod. Phys. 72(4) (2000) 1125-1140, doi:
10.1103/RevModPhys.72.1125; arXiv: hep-ph/9910333v3 14 Jul 2000. » p. 20
[Back]

Exhibit 4

;‘rl’ﬁ::ult to assemble strange matter. Strangelet production at the LHC is
herefore less likely than at RHIC, and experience there has already
ated the arguments that strangelets cannot be produced.

[CERN Safety] <http://public.web.cern.ch/public/en/lhc/safety-en.html> [Back]
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Exhibit 5

timescales much longer than the natural lifetime of the solar system. The previous

arguments about the impossibility to produce strangelets at the LHC are contirmed
and reintorced by the analysis of the RHIC data.

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 13 [Back to text] [Back to table]

Exhibit 6

0F MOV, 21:25 CASTOR SEES PARTICLES FOR FIRST TIME!
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The new forward calorimeter Castor sees eneragy deposits.

[e-comm] <http://cms.web.cern.ch/cms/News/e-commentary/cms-e-commentary09a.htm> [Back]
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Exhibit 7

bachelor and MSc degree. I work as an
experimental physicist for the CASTOR forward
calorimeter of CMS and my main area of interest
is the study of exotic events in heavy ion
collisions,  especially the identification of
strangelets, which are likely to be produced. I am

[Newslet07] D. Barney and M. Lapka, Eds., “The University of Athens (Greece) in
CMS’, CMS Times 3 Dec 2007),
<http://cms.web.cern.ch/cms/Media/Publications/CMStimes/2007/12 03/index.html>,

<http://cms.web.cern.ch/cms/Media/Publications/CMStimes/2007/12 _03/pdf/CMS
%20Times.pdf> [Back]

Exhibit 8

the detector, slow down and stop in the shielding. Since strangelets produced at high
rapidity are likely to be destroyed by subsequent collisions, we assume a production
velocity below v = 0.1¢ [2]. Hence it requires a lifetime greater than ~ 1077 sec in

[2] R.L. Jaffe, W. Busza, F. Wilczek and J. Sandweiss, ‘Review of speculative “disaster
scenarios” at RHIC’, Rev. Mod. Phys. 72(4) (2000) 1125-1140, doi:

10.1103/RevModPhys.72.1125; arXiv: hep-ph/9910333v3 14 Jul 2000. » p. 20_
[Back]
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Exhibit 9

velocity below veie = 0.1¢ [2]. Hence it requires a lifetime greater than ~ 1077 sec in
order to satisfy our definition of “metastable”.

[2] R.L. Jaffe, W. Busza, F. Wilczek and J. Sandweiss, ‘Review of speculative “disaster
scenarios” at RHIC’, Rev. Mod. Phys. 72(4) (2000) 1125-1140, doi:

10.1103/RevModPhys.72.1125; arXiv: hep-ph/9910333v3 14 Jul 2000. » p. 20_
[Back]

Exhibit 10

Our conservative estimate for the thermal production of a normal A = 10 nucleus at
the LHC was 3 x 10 times the rate of nucleon production. Taking the latter rate to
lie in the hundreds, we arrive at a probability of 10% that a single normal nucleus
of size A = 10 is produced during the entire LHC program as a result of the
essentially thermal dynamics in a heavy ion collision. So, if LHC would run for the
entire lifetime of the Universe, the probability of producing such a single nucleus
via thermal production would be 1/1000".

We note that the above is an estimate for the thermal production ot a normal A =10

nucleus from a hadron gas ot temperature T' = 165 MeV. The production of normal
nuclear matter provides an extremely conservative upper bound on the production
of strange quark matter. For this reason, we ftind that the signiticant empirical

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 19 [Back]
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Exhibit 11

« In about 10% of these hadron-rich events, strongly penetrating cascades,
clusters, or “halo” were observed. We assume the total probability for
“Long Flying Component” (Strangelet?) production in central nucleus-
nucleus collisions to be approximately: 0.03 x 0.1 ~ O(1073).

[CASTOR Pres] P. Katsas, A.D. Panagiotou and E. Gladysz-Dziadu$ for the
CMS/CASTOR Group, ‘Searching for Strange Quark Matter with the CMS/CASTOR
Detector at the LHC’, CMS-HI meeting, (23 Sep 2006)

<http://cmsdoc.cern.ch/cms/castor/html/files/strangelet_cmsweek230906.ppt>.
» slide 30 [Back]

Exhibit 12

Pb+Pb collisions per second. With a foreseen running time of 1 month per year (10°
seconds) times a duration of the program of, say, 10 years, we arrive at a

conservative upper bound on the total number of ion-ion collisions at the LHC of
O(10"). However, a large fraction of the hadronic Pb+Pb cross section is diffractive
or very peripheral. Only 10 percent of the entire rate can be considered as being
sufficiently central for creating a collision system characteristic of a heavy-ion
collision with a number of participants N, > 20. As a consequence, a conservative
bound on the number of heavy ion collisions relevant for production of an A = 10
nucleus is O(10%).

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 19 [Back]
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Exhibit 13

“Strangelet” Cosmic Rays LHC
Mass ~ 7-15 GeV 10 - 80 GeV

[27] E. Gladysz-Dziadu$ for the CASTOR group, ‘CASTOR: Centauro and Strange
Object Research in nucleus-nucleus collisions at LHC’, talk given at the Int. Workshop
on Nuclear Theory, 10-15 Jun 2002, Rila Mountains, Bulgaria, arXiv: hep-
€x/0209008v2 (2002). » tab. 1, p. 6 [Back]

Exhibit 14

500 and A" ~30. The distillation of very small
strangelets of Az = 10 (see Table I) cannot be excluded
for the midrapidity region at colliders. However. finite

[26] C. Spieles, L. Gerland, H. Stocker, C. Greiner, C. Kuhn and J.P. Coffin, ‘Creation
of Strange Matter at Low Initial p/T’, Phys. Rev. Lett. 76(11) (1996) 17761779, doi:
10.1103/PhysRevlett.76.1776. » p. 1779 (no link) [Back]
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Exhibit 15

We conclude on general physical grounds that heavy-ion collisions at the LHC are
less likely to produce strangelets than the lower-energy heavy-ion collisions already
carried out in recent years at RHIC, just as strangelet production at RHIC was less
likely than in previous lower-energy experiments carried out in the 1980s and 1990s

[8].

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 11 [Back]

Exhibit 16

Total interaction energy in N-N c.m. JVEN_N = 233 GeV ‘

[23] E. Gladysz-Dziadus, ‘Are Centauros exotic signals of the QGP?’, Phys. Part.
Nucl. 34 (2001) 285-347; arXiv: hep-ph/0111163v1 (2001). » tab. 4.1, p. 84 [Back]
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Exhibit 17

Beside this possible hindrance. we have to consider that the overall conditions for QGP
formation and existence should be better at RHIC and even more at LHC than at all other
accelerators. Consequently. if a strangelet really needs a QGP to be created, its production
probability could be enhanced at the new colliders.

[28] J.P. Coffin, C. Kuhn, B. Hippolyte, J. Baudot and I. Belikov, ‘Multi-strange-quark
states at ultra-relativistic heavy-ion collisions’, Pramana 60(5) (2003) 1055-1058,
<http://www.ias.ac.in/pramana/v60/p1055/fulltext.pdf>, doi: 10.1007/BF02707030. »
p. 1055 [Back]

Exhibit 18

to favor bulk emission rather than surface emission [26]. So, there is no evidence for
a distillation mechanism capable of strangelet production at RHIC, and this
suggestion for strange particle production has been abandoned for the LHC.

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 19 [Back]
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Exhibit 19

duced in the forward direction in nucleus-nucleus collisions. Strangelet formation via a mechanism of strangeness
distillation is possible and the hypothesis that strangelets can be identified as the strongly penetrating particles

[18] E. Norbeck, Y. Onel, E. Gladysz-Dziadus, A.D. Panagiotou and P. Katsas, ‘Exotic
Physics at the LHC with CASTOR in CMS’, CMS Conference Report 2007/013, Int. J.
Mod. Phys. E16(7-8) (2007) 2451-2456, doi: 10.1142/S0218301307008082

<http://cms.cern.ch/iCMS/jsp/openfile.jsp?
type=CR&year=2007&files=CR2007 013.pdf>. » pp. 2-3 [Back]
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i
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Phys. Rev. D38
(198812797

[20] P. Katsas, ‘Strangelet hunt at CMS’ [slides], QCD at Cosmic Energies II
Workshop, Skopelos, Greece, 25 Sep - 1 Oct 2005,
<http://cmsdoc.cern.ch/cms/castor/html/files/Strangelets hunt v3.ppt> or 2nd to last
transparency from: <http://indico.cern.ch/event/a056703>. » slide 14 [Back]
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1t does not matter, if the strangelet is produced via strangeness distillation, coalescence

mechanism, or in other quite different process. The single strangelets born by any

[30] E. Gladysz-Dziadus, ‘Black Holes versus Strange Quark Matter’, arXiv: hep-
ph/0405115v3 (2005). » p. 10 [Back]

Exhibit 22

baryon regime is still not reached. Moreover. some calculations [6] indicate that, even at
LHC where pg is expected to be almost zero. there might be non-neghgible fluctuations of
Up between different rapidity bins in the central region. Hence distillation could take place
locally.

[28] J.P. Coffin, C. Kuhn, B. Hippolyte, J. Baudot and I. Belikov, ‘Multi-strange-quark
states at ultra-relativistic heavy-ion collisions’, Pramana 60(5) (2003) 1055-1058,
<http://www.ias.ac.in/pramana/v60/p1055/fulltext.pdf>, doi: 10.1007/BF02707030. »
p. 1055 [Back]
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the strange matter formation probability. The formation
of exotic multistrange objects may proceed as strangelet
distillation out of a QGP droplet or as clustering of
(anti)hyperons.

[26] C. Spieles, L. Gerland, H. Stocker, C. Greiner, C. Kuhn and J.P. Coffin, ‘Creation
of Strange Matter at Low Initial p/T’, Phys. Rev. Lett. 76(11) (1996) 1776-1779, doi:
10.1103/PhysRevLett.76.1776. » p. 1779 (no link) [Back]
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It is generally expected that any stable strangelet would have a positive charge, in

which case it would be repelled by ordinary nuclear matter, and hence unable to
convert it into strange matter [8], see [12], however. In some model studies, one

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p.9 [Back]
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Unreasonably low values of the bag constant are necessary to compensate tor
a large repulsive gluonic interaction energy, which is why negatively-
charged strangelets are regarded as extremely unlikely [8].

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 15 [Back]
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“Strangelet” Cosmic Rays

Mass =~ 7-15 GeV 10-80 GeV
Z <0 <0

[23] E. Gladysz-Dziadus, ‘Are Centauros exotic signals of the QGP?’, Phys. Part.
Nucl. 34 (2001) 285-347; see also Fiz. Elem. Chast. Atom. Yadra 34 (2003) 565-678;
arXiv: hep-ph/0111163v1 (2001). » tab. 6.3, p. 112 [Back]
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“Strangelet” Cosmic Rays LHOC
Mass ~ 7 -15 GeV 10 - 80 GeV
Z =0 <0

[31] A.L.S. Angelis, J. Bartke, M.Yu. Bogolyubsky, S.N. Filippov, E. Gladysz-
Dziadu$, Yu.V. Kharlov, A.B. Kurepin, A.Il. Maevskaya, G. Mavromanolakis, A.D.
Panagiotou, S.A. Sadovsky, P. Stefanski and Z. Wiodarczyk, ‘CASTOR: A Forward
Detector for the Identification of Centauros and Strangelets in Nucleus-Nucleus
Collisions at the LHC’, arXiv: hep-ex/9901038v1 (1999). Also: A.L.S. Angelis et al.,
‘Formation and identification of centauro and strangelets in nucleus-nucleus collisions
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values (Bl/ 1~ 150-170 MeV). Generally, for higher bag parameter values there are less

long-lived strangelets and they are shifted towards higher values of baryon number A,
strangeness factor f, and towards higher negative charges. There are also predictions that

[23] E. Gladysz-Dziadus, ‘Are Centauros exotic signals of the QGP?’, Phys. Part.
Nucl. 34 (2001) 285-347; arXiv: hep-ph/0111163v1 (2001). » pp. 76-77 [Back]
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In heavy-ion reactions strangelets and MEMOs might
be found in the final state as objects with baryon num-
ber A 222-40, Z/A ratio ranging from ~ —0.5 up to
+0.5, and fraction of strangeness within f; &~ 0.5-1.5.

[25] ALICE Technical Proposal for A Large Ion Collider Experiment at the CERN
LHC Document code: CERN /LHCC / 95-71 LHCC / P3, (1995),. Chapter 11 ‘Physics
performance’, Chapter 13 ‘Planning and organization’: 13.4 ‘Organization’. » p. 189
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3. Finite size effects make it very unlikely that small strangelets (A < 10) can be stable
or long-lived. Even if bulk strange quark matter is stable, finite-size eftects

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 14 [Back]
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strangeness factor f; and towards higher negative charges. There are also predictions that
quite small strangelets might gain stability due to shell effects [116, 117]. They are called
“magic strangelets”. However, due to the lack of theoretical constraints on bag model pa-
rameters and difficulties in calculating colour magnetic interactions and finite size effects,

experiments are necessary to help answer the question of the stability of strangelets. The

[23] E. Gladysz-Dziadu$, ‘Are Centauros exotic signals of the QGP?’, Phys. Part.
Nucl. 34 (2001) 285-347; arXiv: hep-ph/0111163v1 (2001). » p. 77 [Back]
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Letter. Special (meta)stable candidates for experimental
searches are the quark alpha [21] with Ap = 6 and the H
dibaryon with Ag = 2 [22].

[26] C. Spieles, L. Gerland, H. Stocker, C. Greiner, C. Kuhn and J.P. Coffin, ‘Creation
of Strange Matter at Low Initial p/T’, Phys. Rev. Lett. 76(11) (1996) 1776-1779, doi:
10.1103/PhysRevLett.76.1776. » p. 1779 (no link) [Back]

42


http://dx.doi.org/10.1103/PhysRevLett.76.1776
http://arxiv.org/pdf/hep-ph/0111163v1#page=78
http://arxiv.org/abs/hep-ph/0111163v1

Exhibit 33

was also predicted that it should not be stable against weak hadronic decay. There is a mass
range, below 2055 MeV (the mass of a A and a neutron), where it could only decay by a
doubly weak decay into two neutrons. This is a AS§ = 2 reaction and leads to a predicted
lifetime of the order of days. But these small masses are considered as unrealistic. The most

[29] C. Kuhn, B. Hippolyte, J.P. Coffin, J. Baudot, I. Belikov, D. Dietrich, M. Germain
and C. Suire, ‘Search for strange dibaryons in STAR and ALICE’, J. Phys. G28(7)
(2002) 1707-1714, doi: 10.1088/0954-3899/28/7/323. » p. 1708 (no link) [Back]
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Strangelets and MEMOs could be stable or metastable
objects, and their stability, lifetime, and decay modes are
strongly parameter dependent [96].

[25] ALICE Technical Proposal for A Large Ion Collider Experiment at the CERN
LHC Document code: CERN /LHCC / 95-71 LHCC / P3, (1995),. Chapter 11 ‘Physics
performance’, Chapter 13 ‘Planning and organization’: 13.4 ‘Organization’. » p. 189
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mentum per charge (p/Z). As an example, we consider

strangelets with Z=1 and Z=2 and a mass between 6 and
15 GeV (i.e. |Z/A| < 0.3). This mass range is of par-

[25] ALICE Technical Proposal for A Large Ion Collider Experiment at the CERN
LHC Document code: CERN /LHCC / 95-71 LHCC / P3, (1995),. Chapter 11 ‘Physics
performance’, Chapter 13 ‘Planning and organization’: 13.4 ‘Organization’. » p. 190
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More recently, additional direct upper limits on strangelet production have been
provided by experimental searches at RHIC [15] and among cosmic rays [16], which
have not yielded any evidence for the existence of strangelets. In the near tuture,

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
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has been checked by simulations [11]. The smulations show that transition curves. produced by strangelets dur-
g their passage through the chamber. resemble the experimentally detected long many-maxima cascades. The

[18] E. Norbeck, Y. Onel, E. Gladysz-Dziadus, A.D. Panagiotou and P. Katsas, ‘Exotic
Physics at the LHC with CASTOR in CMS’, CMS Conference Report 2007/013, Int. J.
Mod. Phys. E16(7-8) (2007) 2451-2456, doi: 10.1142/S0218301307008082,
<http://cms.cern.ch/iCMS/jsp/openfile.jsp?

type=CR&year=2007&files=CR2007 013.pdf>. » p. 3 [Back]
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The old experimental results are also worth to recalling. Anomalous massive (A=75...1000)
and relatively low charged objects (Z=14...46), which could be interpreted as strangelets,
have been observed. These are :

[23] E. Gladysz-Dziadus, ‘Are Centauros exotic signals of the QGP?’, Phys. Part.
Nucl. 34 (2001) 285-347; arXiv: hep-ph/0111163v1 (2001). » p. 79 [Back 38]
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via strangelet production [8]. This is because cosmic rays have a significant

component of heavy ions, as does the surtace of the Moon. Since the Moon, unlike

[4] J. Ellis, G. Giudice, M.L. Mangano, I. Tkachev and U. Wiedemann (LHC Safety
Assessment Group), ‘Review of the safety of LHC Collisions’, J. Phys. G35(11)
(2008) id. 115004 (18pp.), doi: 10.1088/0954-3899/35/11/115004; arXiv: 0806.3414v2
[hep-ph] 18 Sep 2008. » p. 12 [Back]
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I CASTOR doe: not find events that can be identified with the anomalous cosmic-tay events, this
azzumption may need to be reconsidered. Ph-Pb collisions with the LHC will have an energy 28
fmes thet of Au-Auw collisions smdied at BHIC . With this lmge increase in energy a wealth of new
phenomens is almost assured. Because of the much larger mas: munber, Ph-Fb events can be expected
o show exotic phenomens that 15 beyond the reach of coamic rays.
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Mod. Phys. E16(7-8) (2007) 2451-2456, doi: 10.1142/S0218301307008082,
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FIG. 9: Rapidity distribution of strangelets
formed in the decay of Centauro fireballs pro-
duced in /s =5.5 x A TeV Pb+ Pb collisions

for Ayg, = 2.0 (1), 2.5 (2) and 3.0 (3).
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production of Centauro events and strangelets in heavy-ion collisions’, Phys. At. Nucl.
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