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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.

What is 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’ or  ‘RHIC’ is  a  collider  operating  before  CERN's  LHC),  which  was  produced shortly 
before RHIC’s operation, that began collisons between 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.’ i [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]
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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.’ ii  [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.’  ii [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 areiii attached [5]) to CERN at the time of writing,  outnumber by at least 
twenty six to ten, those stilliii 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 groupsiv (and from the SPC, not LSAG) has, according to ‘Google Scholar’ 
[7], authored or co-authored a paper other than a LHC safety review, that refers to ‘strangelet(s)’.

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.
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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  newsletter 
article  about  CASTOR  [12],  shows  that  the 
subdetector  is  installed  at  the  far  end of  the 
main CMS detector system:

Its size is significant [13] [14]:

3



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,  several  academic 
papers be found about the theory behind the 
CASTOR  detector,  which  provide  further 
disclosures (see the listing given on pages 22-
23).   The  CASTOR  website  -  which 
presentlyiii is  not  available  from  either 
CERN’s own search facilityv or from Google - 
shows  that  the  possibility  of  negative  or 
neutral  strangelets  is  accepted  [17].   Only 
unstable,  short-lived,  positively  charged 
strangelets have been described as having no 
potentially dangerous implications in CERN’s 
official safety report quoted earlier [4].

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].
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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.
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III 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:

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’  vi [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’  vi 

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.)
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This Jaffe et al. paper, indicates that a negative strangelet lasting over one 10 millionth of a second 
(10-7s), 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  indications  for  long  lived  or  stable 
strangelets, produced by collision and passing 
through the detector.  This is given after the 
text  partly  shown  to  the  right  [Ref.  25,  p. 
190].

Again,  the  potential  for  enabling  strangelet 
detection  –  and  for  strangelets  to  meet  the 
criteria for being classified as dangerous – are 
satisfied.
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IV Seven Contradictions  between CERN’s  Safety  Claims  and  the 
Statements of the CASTOR Team and ALICE Collaboration

CERN's Official Safety Statements 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.’  ii

[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 10-25 times  
the rate of nucleon production.  Taking  
the latter rate to lie in the hundreds,  
we arrive at a probability of 10-13 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 1/1000[Note].

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  MeVii.   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(10-3)’

[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 - 15 GeV    10 - 80 GeV

[Ref. 27, tab. 1, p. 6 ► Exhibit 13]

‘The  distillation  of  very  small  
strangelets of AB ≤  10 . . . cannot be  
excluded for the midrapidity region at  
colliders.’’

[Ref. 26, p. 1779 ► Exhibit 14]

Note:  AB=A; 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  

“CENTAURO” event  
. . .
Total interaction 

energy in N-N c.m.             √SN-N≥ 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 

‘.  .  .  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  
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1980s and 1990s’ 

[Ref. 4, p. 11 ► Exhibit 15]

particles after collision:

Note:  This  is  above  the  energies  of 
RHIC collision, ie.: √sNN = 200 GeV.

colliders.’ 

[Ref. 28, p. 1055 ► Exhibit 17]

See also [Ref. 29, pp. 1709-1710]

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.’ vii

[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 
availableiii from  the  CASTOR 
information  site  [17],  from [Ref.  20, 
slide  14 ► Exhibit  20]  or  [CASTOR 
Pres, slide 5].

—

The paper  [30]  notes,   however,  that 
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 μB 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]

—

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.
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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.’viii 

[Ref. 4, p. 14 ► Exhibit 30]

Note:  A < 10 is a mass that is 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  AB =  6  and  the  
Hdibaryon with AB = 2 [ref.].’    

[Ref. 26, p. 1779 ► Exhibit 32]

Note:  AB=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  ∆S  =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]

—
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CERN's Official Safety Statements Statements from CASTOR Physicists Statements from ALICE Physicists

‘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]

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 three remaining safety 
assurance arguments and their critiques by other physicists, are given.  The first two issues concern 
astrophysical  assurance arguments  of  the LSAG report,  the last  relates  to  an argument  of only 
CERN's earlier LSSG report [32].

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.  The Dar  et al. 
paper  is  clearly  familiar  (and  referenced)  by  LSAG,  but  no  acknowledgment  of  this  or  other 
questions as to the reliability of this safety argument of Jaffe  et al. 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 distillationvii) and fails to give any reference for this claim, 
which  itself  appears  unjustified  due  to  the  lack  of  sufficiently  relevant  data  ix.   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 graphx  [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 suggestsx 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 
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. 
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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. 2 and quoted in row ‘2’ of the table) and such a prospect appears further 
implied by [29].

ii) Nuclei cosmic rays of comparable energy to LHC colliding heavy ions

At the relevant cosmic-ray energies, not only lead nuclei cosmic rays, but also iron nuclei cosmic 
rays are not yet able to be confirmed through direct observation.  CASTOR theory itself explores 
that non nuclei cosmic ray might also be an explanation for the mountain-based cosmic ray detector 
results  [18] [23].  As stated in [18] (see row ‘7’ in the table), this may indicate that correlated 
cosmic rays  aren’t  even nuclei  at  all.   From this  standpoint,  the relied upon basis  for LSAG’s 
reassurance argument is undermined.

iii) Charge of growing strangelets reaching an intermediate mass

A further argument (though not included in the LSAG report itself) was mentioned 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.

The  negligence  or  deceit  involved  in  CERN's  public  statements  and  safety  reports  given  the 
existence and nature of CERN’s own strangelet theories and search plans, becomes especially clear 
given the enormous magnitude of what it  at  stake.   Either interpretation (neglect or deception) 
implies that CERN has misled the public, such that its mandate to operate LHC with heavy ion 
collisions is undermined.

Under such circumstances, to ensure the safety of those - the public - whose money would enable 
this experiment, it is required that these collisions do not proceed.

Eric Penrose
London, UK
20 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)

i. 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.

ii. 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.

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

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

v. P. Braun-Munzinger of the SPC is listed for the ALICE collaboration within the ALICE Technical Proposal  
and is listed [dir] for ALICE at the time of writing.  LSAG’s I. Tkachev is listed for CMS.  LSAG’s chair, J. 
Ellis, appears to have presented at a conference in 1999 where another talk is a CASTOR one and the title  
refers to  strangelets from LHC, while a further one again is CASTOR theory related [43].  Presumably 
then, at least the programme details would have been available to the subsequent LSAG chair.

vi. 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]],  the net  value of  a  given charge (e.g.  electric  charge,  baryon number,  strangeness,  charm,  etc.)  
fluctuates from event to event.’

vii. 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 
(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  
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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).

viii. 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.

ix. 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.

x. 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  √sNN= 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  .99c (.99 of  light  speed)  for  cosmic  ray  caused strangelets  at  LHC 
correlated energies (√sNN= 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 √sNN= 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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