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Rumsfeld Hadrons

F.E.Close
Rudolf Peierls Centre for Theoretical Physics; University of Ozford; Ozford OX1 3NP; England

Donald Rumsfeld, in attempting to excuse the inexcusable, once (in)famously said that “there
are things that we know we know; there are things that we know we don’t know; and then there
are things that we don’t know that we don’t know”. Recent discoveries about hadrons with heavy
flavours fall into those categories. It is of course the third category that is the most tantalising, but
lessons from the first two may help resolve the third.

I. THINGS THAT WE KNOW WE KNOW

We have heard reported observation of the B, with
mass m(B,) = 6276.5+ 4.0+ 2.7MeV and comparison
of its mass with predictions from various models and
lattice QCD[1]. Not everything is mysterious. Com-
pare this lightest b€ with (m(¢) +m(Y))/2 = 6278.6.
They agree to better than a part per mille. This il-
lustrates how apparent agreements with the mass are
driven by the large intrinsic mass scales of the b and
c and that yet again the mass scales of hadrons are
phenomenologically rather straightforward. The in-
teresting dynamics will come when excitations of the
bc are found.

A more profound testing of QCD effects has come
from the discovery of ¥; and ¥j at CDF[2]. The
chromomagnetic splittings between baryons were pre-
dicted thirty vears ago[3]. The A — N splitting of

M(D,;(2860)) = 2856.6 + 1.5 + 5.0 Mev (1)
and the width is

Rumsfeld hadrons:
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and
['(Ds;(2690)) = 112+ 7 + 36 MeV. (4)

The state D,(2690) has the characteristics of a vec-
tor and is consistent with being the 25 (*S1) or pos-
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" and each year we discover

a few more of those...”
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Operations Directorate

For Users Physicist Antimo Palano fepresenting the BABAR experiment presented the evidence for the identification of a new subatomic

For Staff article named Ds (2317)) to a packed auditorium on Monday 28th April at the Department of Energy's Stanford Linear
Accelerator Center (SLAC). Initial studies indicate that the particle is an unusual configuration of a 'charm' quark and a 'strange'

For Students anti-quark. A scientific paper was sent for publication in Physical Review Letters on April 11th 2003.

For Educators

"Congratulations to BaBar!" said SLAC Director, Jonathan Dorfan. "The discovery of this new particle underlines the vigor of our
high energy physics research program, and is a concrete justification for the Department of Energy's support of fundamental
physics research. The existence of the particle is not a surprise, but its mass is lower than expected. This result will send

For Media and Press

About SLAC - . :

i theorists back to their drawing boards."”
Safety
Research Resources "The BaBar experiment continues to produce important new knowledge adding to our fundamental understanding of the

o structure of matter,"” said Dr. Raymond L. Orbach, Director of the Energy Department's Office of Science. "This impressive
Visit SLAC 3 A g S

accomplishment reflects the success of a strong team of professionals at SLAC---accelerator physicists, computer specialists,

Events engineers, administrators and many others---whose efforts were essential for the result. I would like to congratulate them all
Jobs on their combined achievement."”

Six types of quarks are present in nature. The up and down quarks are the lightest, and are found within the nuclei of atoms of
ordinary matter. Heavier quarks were present in the early universe and are created today in particle accelerators and in
collisions of cosmic rays with atoms in the earth's atmosphere. SLAC has a long tradition of discovery in the physics of charm
quarks, beginning with the Nobel-prize-winning discovery of the first such particle, a charm-anticharm system, in 1974, The
new particle called the Ds (2317), which combines a charm quark with another heavy quark - an anti strange, has unexpected
properties that will provide insight into the force that binds the quarks together. This force, unlike most others in nature,
becomes stronger as the distance between the two quarks increases.

7 /\:‘- Office of Sciencef
— u.S. D.O.E.




hadron spectroscopy 2003 ->

new states in PDG RPP
[count in January, published in June]:

e 2004: +10 (in summary table)

e 2006: +9
e 2008: + ?
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04-AUG:
23-JUL:
22-JUL:
27-JUL:

27-JUL:
22-JUN:

16-JUN:
29-APR:
25-MAR:
20-FEB:

2,, 4 states, CDF
B.(1)(5829), CDF

RE

confirm B.,*(2)(5840), CDF [confirmation}
ete -> mtn W (2S) broad structure (4320) BaBar

1--(2175) meson, BaBar
Q.*, BaBar

J? of A_(2880)=5/2*, Belle
D.(J)(2700), Belle
precise
m, W, J of =0(1690), BaBar

confirm £.(2980) and E.(3077), BaBar
precise mass of D.(1)(2536), BaBar
D.(2856) and also (2688), BaBar
E.(2980) and =.(3077), Belle

Q-, J=3/2, BaBar

k(730), JINR bubble chamber

7. (2940), BaBar

confirm Y(4260) found by BaBar, CLEO

masses of E.(2654) and =.(2815), Belle



m=u*P, ©"* candidates

m

<072 m=235.89*P 5
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1900

1828 - 51

1756 49

1685 - 47

1613 - 45

1541 | @(1540) 43 PDG RPP: Sk sk sk > ok >k

1470

1398 T T T T T T T T

39 41 43 45 47 49 51 53 55 p
No.| Mexp + AMexp, | T'exp +Al'exp '+ Al significance
MeV/c2 MeV/c2 MeV/c2 S.D.

1 1487 = 10 2.9
2 1540 + 8 182 £2.1 92+1.8 55
3 1613 =10 23.6 6.0 16.1 =4.1 4.8
4 1690 = 10 3.6
5 1750 £ 10 2.3
6 1821 =11 359+12.0 289094 5.0
7 1980 = 10 3.0

1, 3-7 not in PDG RPP

Preprint: p3a-2005-005
11-AUG-2005

Seven at one blow:
the mass system of the 6+ baryons

Paolo Palazzi

Abstract

Several ©+ exotic baryon candidates have recently been identified using data from
the JINR propane bubble chamber. The pK? invariant mass spectrum shows seven
resonant structures ranging from 1487 to 1980 MeV/c?, including the already
established ©(1540)+. In the present work the masses of the seven resonances are
found to be equally spaced by about 70 MeV/c2. This regularity is statistically
relevant, and is compatible with an overall particle mass quantization scheme.

Address correspondence to: pp @particlez.org

Download from: http://particlez.org/p3a/
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1 347 £ 12 3635 105 | 29 0
2 418 + 06 39+13 26+7 | 5.2 0
3 511+ 12 40 +23 15+6 | 35 0
4 610+ 5 24 13 5+5 | 1.4 0
5 678 +17 16 + 14 64 | 20 0
6 757+ 5 51 +15 38+7 | 85 |0] 0
7 880 + 12 45 + 24 145 | 48 0
8 987 +12 49 + 36 11+4 | 38 0
9 1133+ 15 80 +30 103 5.1 0
10 1285 + 22 94 + 30 102 | 6.0 0

several not in PDG RPP

distribution of n+x- combinations
V/c, selected under the condition of

cos0*(p) > 0, in the form of 10 Breit-Wigner resonance curves, minus a background
in the form of a superposition of Legendre polynomials up to the 9-th degree
inclusive; 2b, table with the properties of the 10 states (graph and table adapted
from [4], courtesy of the authors).

2. The 10 low-mass Dubna mesons

In 2002 physicists from a Dubna group reported evidence of 10
resonances seen in the st mass spectrum , in the reaction np --> np wttm
at a neutron incident momentum of 5.2 GeV/c in the 1-m HBC of LHE JINR
[4]. Such effects were not found in  x® combinations from the reaction np -
->pp w ni%, and from that the authors deduce that the 10 resonances are all
I=0. The spin could be estimated only for 3 states, m = 418, 511 and 757,
and was found to be = 0.

On the basis of these results, the authors deduce that at least the 3
resonances listed above have quantum numbers 16(J°C) = 0*(0**) and may
be identified as o, (sigma(0)) mesons. They then offer evidence that the
width of these three states is not in contradiction with a possible glueball
interpretation, and compare their results with other sigma(0) searches.

The entry of thel PDG RPP !5 meson listings devoted the fgozgﬁoozla.k.a.
sigma(0), with its note on the scalar mesons, is for sure one of the most
intriguing of the whole book. Scalar resonances are experimentally difficult
to resolve and also to interpret, with the 1=0, J?°=0** being the most
complex sector, and the sigma(0) masses based on partial wave analysis
spanning a large interval from 400 to 1200 MeV/c?. At the La Thuile 2005
meeting BES reported a sigma(0) meson at 541 + 39 MeV/c?, together with
a k meson (another problematic state) at 760 + 20 + 40.

The Dubna measurements discussed here promise to shed some light in
this obscure corner of the meson spectrum, based as they are on the
observed direct signals from resonances in the effective mass spectra of
the corresponding particle combinations, rather than through PWA. The
Dubna widths are however much smaller in comparison with those
extracted from PWA.

For convenience in what follows we will refer to the 10 Dubna mesons with
the short notation X1, X2, .. X10 ordered according to increasing mass
values.

3. Analysis procedure

In what follows, relevant steps of the procedure already applied
successfully in [3] to each meson family to produce the results of figure 1b
will be used:

compute mass numbers P;: m =P;*u with a u-scan, varying u in the range
(33,38) to find the value of u corresponding to the best alignment on the
basis of the R? correlation parameter, fit to compute u and its error;

perform a weighted fit with the measurement errors, check the chi-squared;

evaluate the goodness-of-fit (p-value) by comparing the R? of the fit with
the R? distribution of random samples of the same count in the same mass
range.

Please refer to [3] for more details about the original analysis procedure,
and the definition of relevant statistical variables.



the HyperCP boson at 214.13 MeV/c?

10 S=1 baryonic resonances seen at JINR

17 narrow baryons seen at SPES3 and SPES4
(SATURNE)

and more




cumulative number of particles
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the logistic curve




logistic curve: describes growth

| Exponential

Logistic

S-curve

exponential: logistic: (Verhulst 1838)
dP(t) / dt = o.P(t) dP(t) / dt = a.P(t).(1 - P(t)/x)

P(t) = B.exp(a t) P(t) = x / (1+ exp(-0.(t-B))




logistic curve: parametrization

P(t) = x / (1+ exp(-a..(t-B)) :a, B, K

Saturation: K
Midpoint: t. =P (growth=50%)
Growth Time: At=In(81)/ o

[10% -> 90%]

N(t) =« / (1+ exp(-(In(81)/At).(t-tm))

.
1
1
1
1
1
1
1
1
1
1

/ f

/1
1
1
1
1
1
I
1
1
I
1
I
I

FIGURE 2. Growth of a bacteria colony fitted to a logistic curve.
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Biography of Cesare Marchetti

th e g u r u see also My CV as a Personal Story

1927 Born in Lucca, Italy
1949 [ Degree In Physics at the University of Pisa and Scucla Normale in Pisa ]

1950-55 Researcher at CISE (Centro Informazioni Stugl Esperienze), Milano
Domain: Nuclear energy.
Subject: methods of production for heavy water

1956-58 Researcher at Battelle Institute, Geneva
Domain: Applied physical chemistry to mechanical systems.
Subjects: Long life lubricants for watches and friction enhancing systems for
rallways.

1958-59 Heada of Physical Chemistry Division, Agip Nucleare
Domain: Materials and processes in support of gas-ccoled reactor technology.
Subjects: Graphite radiation stability, Spent fuel dry storage systems, Xenon
reactivity control with automatic dummy fuel elements.

1959-73 Head of Materials Department, CCR (Ispra (1) and Petten (NL) centers)
Domain: Materials ang processes in support of nuclear technolegy.
Subjects: extremely varied as the Departement was a large organization with
about 200 academics. In the period 1971-1982, consultant for forecasting of a
number of Vice Presidents of General Electric USA.

1974~ Senior Scientist at IIASA (International Institute for Applied Systems Analysis),

ria

Domain: Energy from 1974 to 1984, then extending system analysis application
with guantitative and predictive modeling to technological innovation, secial and
economic systems, population dynamics, transport systems, historical processes,
war events, banking systems, personal life eguations. Also research in long term
memory mechanisms and limits to knowledge.

1979 Honeorary Degree in Science at the Polytechnic of Strathclyde, Glasgow, Scotland

Cesare Marchetti Is the author of about 150 publications in the domain of systems analysis for
energy, society and economics.




logistic curve software: Loglet Lab
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Loglet Lab
Staff

Jesse Ausubel,
Logistic Analysis Perrin Meyer
et al.

Gallery - Loglet Lab 2 - Loglet Lab 1 - Papers and Documentation

Related Links We are happy to announce the posting of the Loglet Lab 2 source code. Written
in Java, you can run It on any platform; with the source code, you can modify
and extend its functions.

What is Loglet Lab?

Loglet Lab is a software package for analyzing logistic behavior in time-series data.

Processes of growth and diffusion important for environment often follow a logistic course. In some
cases they behave as a series of logistic wavelets, or "loglets." In the easiest cases to recognize, a
loglet appears as an S-shaped curve or a succession of many S-shaped curves. When loglets
overlap in time, the overall logistic behavior of a system can be hard to discern and analyze.

In niches or markets in which several populations or technologies compete, the growth and decline
of each entry also often exhibit logistic behavior. This behavior depends on interactions among the
competitors. Namely, if a technology's market share grows, it comes at the cost of shares of
others. This process is well-described by the so-called "logistic substitution model." Again,
discerning and quantifying the pattern can be hard.

To advance and ease analyses of logistic behavior in time-series data, we have developed the
"Loglet Lab" software package. Loglet Lab users can fit logistic curves to a single time-series and
apply the logistic substitution model to multiple time-series.
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discovery of

chemical elements

C. Marchetti (1985), T. Modis (1992)
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cumulative number of particles
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accelerators
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cumulative number of particles

Mesons + baryons + leptons + bosons in RFP

120 T T T T T
(1) Saturation: 9.9
Midpoint: 1936
Growth Time: 62.5
(2) Saturation. 435
100 k Midpoint: 1965 =1958 + 7y B
Growth Time: 5.8
(37 Saturation: 1166
Midpoint: 1983 =1965 + 8y
Growth Time: 21.8
a0 F -
particles(2) = accelerators(1) + 7y
particles(3) = accelerators(2) + 8y
B0 |- (3) -
40 -
20 F B
M ’
0 - - - -
1890 1910 1830 1950 2010




cumulative number of particles

Mesons + baryons + leptons + bosons in RPP
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to the 4th wave
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are the new hadrons ?

e expected

- mass values much more precise than predictions

* unexpected

- very many: hybrids, molecules,..? >>taxonomy is incomplete




will the new states

be discovered
7
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USA, Japan, Russian Federation; not much in W. Europe
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precise masses of E.(2654) and E.(2815),
m, W, J of 29(1690),

confirm £.(2980) and =.(3077),
precise mass of D.(1)(2536),
D.(2856) and also (2688),
E.(2980) and =.(3077),

Q-, J=3/2,

k(730),

7. (2940),

confirm Y(4260) found by BaBar,
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The European strategy forparticle physics

Particle Phgsics stands on the threshold of a new and exciting era of discovcrg.
The next g;:ncration of cxPcrimcnts will cxP|orc new domains and Probc the &céP
structure of space-time. Thcq will measure the pro erties of the elementary con-
stituents of matter and their interactions with unPrcccd‘cntcC: accuracy, ané tl’wcq
will uncover new Plncnomcna such asthe Higgs boson or new forms of matter. Longl
stand'ing Pu;/_zic:s such as the origin of mass, the matter-antimatter asymmetry o

the Universe and the ijstcrious dark matter and energy that Pc:rmc:z:ftc: the cos-
mos will soon benefit from the insiz)vts that new measurements will bn’ng. Togc:thcn
the results will have a profound ithact on the way we see our Univcrsgg European
l,r_aarty'c/c P/{zjs,ts sfzou}:/ t/zorougf;{z/ C)su/o/t its current exciting and diverse research
programme. It should [r)oslbk)n itself to stand rcac{z/ to address the c/;a//cngcs that
v.*//fémc;gc from exploration of the new ﬁ“c)nf/c'n and it should Parﬁcipa te zf[)//zj inan
/hcrca\smg{g g/oba[ adventure. )

4. In order to be in the position to push the energy and

General issues

lumi rontier even further it is vital to strengthen
=it =

mme; R coordinated
\)

‘Jnl.sdv.:nu\l accelerator R&D pro

1. European particle physics is founded on strong national

, f0 2 the CLIC techmology

institutes, universities and laboratories and the CERN and ragh performance magnets for future accelerators, and fo play

rificant role in the study and development of @ high-intensity

Organization; Ewrope should mammtan and strengthen s

central position 1n particle phrysics.

5. Itisfundamental to complement the results of the LHC with

[

Increased globalization, concentration and scale of particle

measurements g ar collider. In the energy range of
5to1 TeV, thp IL

will provide a umique scientific opportunity at the precision

sh % make we 000 Lo tralegy @ »
physics make a well ccordinated strategy in Europe hased on superconducting technology,

paramount; this strategy will be defined and updated by CERN

Council as outlined helotw. frontier; there should be a strong well-coordinated Euwropean
activity, including CERN, through the Global Design Effort, for
1 gn and fechnical preparation towards the construction

aon, to be ready for @ new assessment by Council around

2010,

Scientific activities
3. 'ill be the energy frontier machine for the "

» future, maintaining European leadership in the

Studies of the scentific case l't.[ future neutrino :ucx'.l‘.m:s]

foreseeab
and the R&D into associated technologies are reguired o

field: the kichest sriority i to fulls loit the phusics notentis ) . :
field; the fughest prirnity &5 fo fully explost the physics potential be in a position to define the optimal neutrino programme

of the LHC, resources for completion of the initaal programme based on the information available in around 2012; Council
have b0 be secured such that machine experime n operate will play an active role in promoting a coordinated Euwropean

, . aviirinatin olodsal newtring proorammie.
optimally at their design performance. A subsequent major pariicipation in @ gloal neulrinog programmie

[lun'.i:-.u.sx:y upgrade [SLHL‘ZI,}nu::\ ated by physics results

7. A range of very i:npur‘..n{ non-accelerator experiments ]

and operation experience, will be enabled by focussed R&D;

take place at the overlap between paricle and astroparhicie

o this end, RED for machine and detectors has o be vigorouwsl : )
to this end, R&D for machine and detectors has to be vigorously physics exploring  otherwise inaccessible phenomena;

)

pursued now and centrally orgamzed fowards a luminosity Council will seek to work with ApPEC fo de

op 4 coordinated

upgrade by around 2015 strategy in these areas of mutual miterest.

frontier; &

and the participation of Europ

should be promoted.

9. A variety of important research lines are at the interface

betweerd particle and nuclear physics ]cquiri:'._s; dedicated

experiments; Councal well seek 1o work with NuPECC 1 areas

esf, and maintan the capability fo perform fixed

of mutual in

farget experiments at CERN.,

European [theoretical physics)t

in shaping and consolidating the Standard Model and

10. as played a crucial role

in formulating possible scenarios for future discoveries.

Strong theoretical research and close collaboration with

experimentalists are essential to the advancement of particle
: oy . :

physics and to take full advantage of experimental progress;
the forthcoming LHC results will open new opportunities for

theoretical

theoretical developments, and create new

calewlations, whach should be widely supported.

European labs did not
contribute much to
the 4th wave, and do
not consider hadron
spectroscopy for the
future, apart from...

wse of resources while mamtaming Exropean capabili

European Union establishes

13. Through its programmes, the
ina broad sense the European Research Area with European
particle physics having its own established structures and
organizations; there 15 a need fo strengthen this relationshep for

communcafing 1ssues related fo the strategy.
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Program Advisory Committee (PAC) for Nuclear and Particle Physics Experiments at the
J-PARC 50GeV Proton Synchrotron, 4th meeting, Mon 07 - Wed 09 January, 2008

New proposals should be submitted by November 30, 2007.

P Overview

Q@ Overview: | -PARC Nuclear and Particle Physics
Facility

- Nuclear Physics and Particle Physics are the scientific research
to investigate the origin of matter in the extremely small
scale.

- The 50CeV Proton Synchrotron is the accelerator that opens
great opportunities for the research.




IS hadron spectroscopy

relevant
?




particle physics is
schizophrenic*

?

[*] as suggested in a previous talk
by Mohammed El Naschie




atomic physics timeline

1808 Dalton: chemistry is atomic )

1869 Mendeleyev: periodic table

1885 Balmer: spectral rules <
1890 Rydberg: extended spectral rules

1987 Thomson: electron

1907 Lenard: model with (+,-) charges
1904 Nagaoka: planetary model
1913 Bohr: model of the H atom @

1925 Heisenberg: matrix (QM)
1926 Schroedinger: equation (QM)
1926 Schroedinger: H atom - -
1927: Heitler and London, quantum theory explains chemical bonding
1928 Dirac: equation




particle physics timeline

<

1963 quark-based CKM: accurate, but mixed-up

1961 SU(X) multiplets: plausible but incomplete

<

lots of data, but no rules:
1962-64 GMO and 1962 Chew-Frauschi plot,
m? rules (?), no longer quoted by the PDG

1969 partons (.. = quarks, undeconfinable)

1964 quark "model" evolved from taxonomy, clunky

197x, blessed in 2004: perfect, but ...



big projects late or in trouble
signs of saturation
cognitive timeline is paradoxical

many new unexpected hadrons




invest in hadron spectroscopy
measure masses and lifetimes

precisely

study hadron systematics

try out new models
understand Cabibbo K M




very little!




Thank You
and

Good Luck
!






