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atomic physics timelineatomic physics timeline

CHEMISTRY
1808 Dalton: chemistry is atomic

TAXONOMY
1869 Mendeleyev: periodic table

ENERGY LEVELS
1885 Balmer: spectral rules
1890 Rydberg: extended spectral rules

CONSTITUENTS
1987 Thomson: electron

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

THEORY
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 timelineparticle physics timeline

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

TAXONOMY
1961 SU(X) multiplets: plausible but incomplete

ENERGY LEVELS (MASSES)
lots of data, but no rules:
1962-64 GMO and 1962 Chew-Frauschi plot,
m2 rules (?), no longer quoted by the PDG

CONSTITUENTS
1969 partons  (.. = quarks, undeconfinable)

MODEL
1964 quark "model" evolved from taxonomy, clunky

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

?
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how: systematics of particle propertieshow: systematics of particle properties



B = 5.3, Bc = 6.5

1973-75 (unpublished)

why me?why me?



two kinds of linear plotstwo kinds of linear plots

•• mass quantum:mass quantum:

    mass vs integer: linear-linear    mass vs integer: linear-linear

   (also mass unit vs integer)   (also mass unit vs integer)

•• shells:shells:

    X    X1/31/3 vs integer: cuberoot-linear vs integer: cuberoot-linear

m = P*u, eta mesons
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recap on mesonsrecap on mesons

•• mass rules: mass rules: are hadrons massesare hadrons masses

                          linearly quantized?                          linearly quantized?

                                                    (old story)(old story)
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70 MeV/c70 MeV/c22 mass unit timeline mass unit timeline

1952 Y. Nambu

1970 -> 2006 M. H. Mac Gregor

1973 -> 2006 PP

1980 E. Jensen, no physics but good statistics

1980 A. O. Barut (mention)

1995 -> 2004  D. Akers

2000 -> 2006 E. L. Koschmieder

2003 B. G. Sidharth

2004 S. Giani

statistical analysis often missing or incorrect !



  mass  saga28u / 16u = 7 / 4

S.GianiS.Giani

20042004
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Patterns in the Meson
Mass Spectrum

Paolo Palazzi

Abstract

The conjecture that particle masses are multiples of a unit u of about 35 MeV has
been proposed in various forms by several authors: mesons are even multiples
of u, leptons and baryons odd multiples. Here this mass quantization is
reassessed for all particles with mass below 1 GeV (stable leptons and f0(600)
excluded), and found to be statistically significant. Subsequently all the mesons
listed by the PDG are grouped in families defined by quark composition and JPC,
and analyzed for even mass multiplicity with a unit close to 35 MeV separately for
each group. For all the the families that can be analyzed unambiguously this
multiplicity hypothesis is found to be statistically significant. Most scalar and
vector families show a dependence of u from the spin, while for pseudoscalars
the effect is not present. Only 5 states out of 120 are rejected due to abnormally
large fit residuals. The mass units of the various families are quantized on a grid
of 12 intervals of about 0.25 MeV, ranging from 33.88 up to 36.86 MeV. The
location of the values on the u-grid shows an intriguing pattern of correlation with
the quantum numbers.

Address correspondence to: pp@particlez.org
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m = P*u, eta mesons
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mass unit:mass unit: u = 35 MeV/c2 to avoid half-integers

hypothesis:hypothesis: 
mi = u  Pi  : P  E for mesons
                     (P  O for baryons and leptons)

procedure:procedure:

FOREACH group of mesons / (q-qbar, JPC)  DO:

1. discard states with errm > 30 MeV/c2

2. maximize R2(m,P) varying u around 35 MeV/c2

3. fit u with the least squares
4. remove outliers with Chauvenet's criterion
5. check for spin dependence du / dJ
6. compute statistical relevance as p(H0) by MC

ENDDO



R 2  vs u, pi mesons
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mi = u Pi

given the mi values, vary u, compute Pi  and
maximize the (m,P ) correlation R2

P  = number of partons,
like

Z  for electrons
N  for neutrons
A  for nucleons

example:example: the pions

2

1 remove states with large errors

maximize R2 varying u



m = P*u, pions
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pi(4)(2250), rejected

3

summary pi mesons
u 34.69 ± 0.051
p-value 0.997
spin dependence no
omitted 3 = 1 averaged + 1 large errm + 1 Chauvenet

meson type = pi
name * q J x P m errm u=m/P dm dm/m
pi(avg 0/+) 4 0,+ 0 4 137.3 6.0E-04 34.318 -1.8 1.33%
pi(1300) 4 0,+ 0 1 38 1300.0 100.0 34.211 -18.4 1.42%
pi(1)(1400) 3 0,+ 1  40 1376.0 17.0 34.400 -14.9 1.09%
pi(1)(1600) 3 0,+ 1  46 1596.0 20.0 34.696 -3.6 0.22%
pi(2)(1670) 4 0,+ 2  48 1670.0 20.0 34.792 0.9 0.05%
pi(1800) 4 0,+ 0  52 1801.0 13.0 34.635 -7.2 0.40%
pi(2)(1880) 2 0,+ 2  54 1880.0 20.0 34.815 2.2 0.12%
pi(2)(2005) 2 0,+ 2  58 2005.0 15.0 34.569 -11.9 0.59%
pi(2)(2100) 3 0,+ 2  60 2090.0 29.0 34.833 3.6 0.17%
pi(4)(2250) 2 0,+ 4 3 64 2250.0 15.0 35.156 24.5 1.09%

--> p(H0) = 0.003

residuals,
compare with
[-34.7, 34.7]

uniform

1

5

4



6

MC simulation
105 events
200 bins

99.7%

R 2  distribution, 8 random masses in the range of the pions

0
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0.996 0.9965 0.997 0.9975 0.998 0.9985 0.999 0.9995 1

express the statistical significance by the p-value of
the null hypothesis H0 computed by Montecarlo
simulation:

for the pions, p(H0) = 0.003

R2 = 0.99988

99.7%

statistical relevance



m = P*u, eta mesons
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summary eta mesons
u 33.86  ± 0.053
p-value 0.999
spin dependence no
omitted 4 large errm

meson type = eta
name * q J x P m errm u=m/P dm dm/m
eta 4 0 0  16 547.3 0.1 34.206 5.5 1.01%
eta'(958) 4 0 0  28 957.8 0.1 34.206 9.7 1.01%
eta(1295) 4 0 0  38 1293.0 5.0 34.026 6.3 0.49%
eta(1440) 4 0 0 1 42 1435.0 35.0 34.167 12.9 0.90%
eta(2)(1645) 3 0 2  48 1617.0 5.0 33.688 -8.3 -0.51%
eta(1760) 3 0 0  52 1756.0 11.0 33.769 -4.7 -0.27%
eta(2)(1870) 3 0 2  54 1842.0 8.0 34.111 13.6 0.74%
eta(2)(2030) 2 0 2  60 2030.0 20.0 33.833 -1.6 -0.08%
eta(2190) 2 0 0 1 64 2190.0 50.0 34.219 23.0 1.05%
eta(2)(2250) 2 0 2  66 2225.8 13.0 33.723 -9.0 -0.40%
eta(2225) 3 0 0 1 66 2227.0 35.0 33.742 -7.8 -0.35%
eta(2280) 3 0 0  68 2302.5 12.0 33.860 0.0 0.00%
eta(4)(2320) 2 0 4 1 68 2328.0 38.0 34.235 25.5 1.10%

R 2 vs u, eta mesons
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--> p(H0) = 0.001

residuals
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m = P*u, Y mesons
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Y(3S), omitted

Y meson type = Y
name * q J x P m errm u=m/P dm dm/m
Y(1S) 4 0 1  268 9460.3 0.26 35.300 5.5 0.06%
Y(2S) 4 0 1  284 10023.3 0.31 35.293 4.0 0.04%
Y(3S) 4 0 1 3 294 10355.2 0.50 35.222 -16.8 -0.16%
Y(4S) 4 0 1  300 10580.0 3.50 35.267 -3.7 -0.04%
Y(10860) 4 0 1  308 10865.0 8.00 35.276 -0.9 -0.01%
Y(11020) 4 0 1  312 11019.0 8.00 35.317 11.9 0.11%

summary Y mesons
u 35.29  ± 0.009
p-value 0.985
spin dependence not assessed, all states are J=1
omitted 1 Chauvenet

R 2 vs u, Y mesons, Y(3S) omitted
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--> p(H0) = 0.015high masshigh mass



m = P*u, omega mesons
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meson type = omega
name * q J x P m errm u=m/P dm dm/m
omega(782) 4 0 1  22 782.6 0.1 35.571 -5.0 -0.64%
omega(1420) 4 0 1 1 40 1419.0 31.0 35.475 -12.9 -0.91%
omega(1650) 4 0 1  46 1649.0 24.0 35.848 2.3 0.14%
omega(3)(1670) 4 0 3  46 1667.0 4.0 36.239 -0.5 -0.03%
omega(3)(1995) 2 0 3  54 1955.0 30.0 36.204 -2.5 -0.13%
omega(2145) 2 0 1  60 2148.0 15.0 35.800 0.1 0.00%
omega(3)(2250) 2 0 3  62 2250.0 20.0 36.290 2.5 0.11%

summary omega mesons
omitted 1 large errm
spin dependence yes, Z=13.9
u, J=1 35.80  ± 0.049
p-value > 0.934 (all states), 0.942 for J=1, 0.947 for J=3

du/dJdu/dJ



Summary of mass unit analysis, mesons
states used

type k u erru uw p-value du/dJ PDG (1) (2) (3) (4) tot rating
pi 3 34.69 0.051 34.68 0.997 N 11 1 1 1 3 8
b 9 36.16 0.050 36.16 0.990 N 3 3
rho 6 35.19 0.071 35.31 0.973 N 11 2 1 3 8
a 0.995 Y 13 2 2 11
a(0) 5 35.00 0.073 35.17 0.941
K 6 35.34 0.073 35.39 0.943 N 11 1 1 10
K* 0.882 Y 12 1 1 2 4 8
K*(1) 2 34.35 0.016 34.35
eta 0 33.86 0.053 33.86 0.999 N 13 4 4 9
h 2 34.42 0.056 34.43 0.975 N 6 2 2 4
omega 0.934 Y 7 1 1 6
omega(1) 8 35.80 0.049 35.81 0.943
phi 0.732 Y 3 3
phi(1) 10 36.51 0.050 36.41
f 7 35.78 0.070 35.60 0.998 ? 33 5 18 23 10
D+

3 34.67 0.016 34.66 0.997 N 5 5
D0 34.58 0.023 34.60 0.960 N 4 4
D(s) 5 35.16 0.021 35.15 0.997 N 6 6
eta(c) 0 33.89 0.022 33.87 2 2
psi 12 36.84 0.034 36.87 0.959 7 1 1 6
chi(c) 7 35.57 0.006 35.56 Y 3 3
B 3 34.74 0.005 34.73 3 1 1 2
B(s) 2 34.42 0.004 34.42 2 2
Y 6 35.29 0.009 35.30 0.985 6 1 1 5

avg-> 0.044 0.949 161 18 18 5 5 46 115 <-tot

leptons 4 34.84 0.022 34.84 2 2

omitted
summarysummary



u vs k 
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mi = Pi u
uk = u0+k du, k = 0,12

q-qbar symmetric states

• JPC = 0–+,  2– + .. k even and < 6 : eta and eta_c at k=0
• JPC = 1+ – , 3+ – .. k even and < 6 : h at k=2;
• JPC = 1– – , 2– – .. k even and  6 : Y, omega, phi, psi at k=6, 8, 10, 12;
• JPC = 0+ + , 1+ + .. k odd and > 6   : f and chi_c at k=7

q-qbar asymmetric states

if two assignments are modified, by moving the K from 6 to 5 and neglecting the
B(s), then the following rules apply:

• JPC = 0–+ , 2– + .. k odd and < 6 : pi, D, B at k=3
• JPC = 1+ – , 3+ – .. k odd and  > 6 : b at k=9
• JPC = 1– – , 2– – .. k even and  6: K*at k=2, rho at k=6
• JPC = 0+ + , 1+ + .. k odd and < 6 : a(0) at k=5;

p(H0)= 0.000...

p(H0)=0.05

du/dJ  0.25

V and S, but not PS

2nd2nd

quantizationquantization

du/dkdu/dk



m = P*u, D_s mesons

Ds(1)(2536)

Ds(J)(2460)

Ds*(J)(2317)
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meson type = D_s and D_s*
ID q J x P m errm u dm dm/m
D_s 4 + 0  56 1968.5 0.6 35.152 -1.1 -0.05%
D_s* 4 + n  60 2112.4 0.7 35.207 2.2 0.10%
D_s*(J)(2317) 4 0 n 66 2319.0 0.4 35.136 -2.3 -0.10%
D_s(J)(2460) 4 0 ? 70 2460.0 0.6 35.143 -2.0 -0.08%
D_s(1)(2536) 4 + 1?  72 2535.3 0.6 35.213 3.0 0.12%
D_s(2)(2573) 4 + n 74 2572.4 1.5 34.762 4.7 0.18%
D_s(J)(2632) slx + 76 2632.6 1.6 34.639 -4.5 -0.17%

D-D* and DD-D* and Dss-D-Dss**

u-mixingu-mixing

?



predictionspredictions



new statesnew states



quantum numbers determinationquantum numbers determination

m = P*u, c-cbar mesons
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m = P*u, psi mesons
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meson type = psi
name * q J x P m errm u dm dm/m
psi(1S) 4 0 1  84 3096.9 4.0E-02 36.868 2.2 0.07%
psi(2S) 4 0 1  100 3686.0 9.0E-02 36.860 1.9 0.05%
psi(3770) 4 0 1  102 3769.9 2.5 36.960 12.1 0.32%
psi(3836) 3 0 2? 104 3836.0 13.0 36.885 4.5 0.12%
psi(4040) 4 0 1  110 4040.0 10.0 36.727 -12.5 -0.31%
psi(4415) 4 0 1 120 4415.0 6.0 36.792 -5.9 -0.13%
psi(4160) 4? 0 1 3 112 4159.0 20.0 37.134 32.8 0.79%

Reject: psi(4160)

The psi(4160) with a residual of 33, rejected by
Chauvenet s criterion. Its mass quoted by the PDG
is based on a single measurement by DASP, and in
the DASP paper the result of their analysis is
compared with MARK1 data showing a more
complex peak structure.

Above the psi(4040) the MARK1 data show a peak
at around 4110 and possibly more. The psi(4415) is
seen unambiguously by both experiments. The
DASP view of the discrepancy is: “..our data are in
closer agreement with those of SLAC-LBL but show
some differences in the finer details of the energy
dependence. For instance the 4.16 structure is not
resolved in the SLAC-LBL data”.

For sure there are differences, but the DASP
interpretation is questionable. Apparently some
MARK1 peaks were never identified or never made
it to the PDG. A possible interpretation of their
spectrum around 4100 is: psi(4040), P=110;
psi(4125), P=112; possibly a psi(4200) , P=114; no
psi(4160).

2007: new BES value = 4191.6 ± 6.0

114

outliersoutliers



recap on mesonsrecap on mesons

•• mass rulesmass rules

•• shells : shells : are hadronsare hadrons

                 shell-structured ?                 shell-structured ?



V = 4/3  r3

dN/ dV = 

Zi = 2i (i+1)(2i+1)/6

tag = inert gases

atomicatomic

shellsshells

ZZ1/31/3



nuclearnuclear

shellsshells

AA1/31/3

Nuclear shells 
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Ni = 2, 8, 20, 28, 50, 82, 126: magic
Zi from Segrè plot, max. stability 

Ai= Ni+Zi

plot Ai
1/3  vs  i, tag = Ni

line #1

line #2

50

38

Segrè plotZ

N

14

6

N

  2 shell lines with interesting properties:

• cross at the first shell, He-4 ( y<3%);

• in shells 2 and 3, line #2 corresponds to values of A of 12=6+6
and 28=14+14; 14 recognized long ago as quasi-magic; the
“magicity” of 6 is a more recent result;

• the ratio of the cubes of the slopes of the two lines is 1.99,
very close to 2: the number of nucleons in series #2 grows from
one shell to the next at a rate = 1/2 the one of series #1;

• in line #1 the "packing fraction" is maximal:

(0.916)3 = 0.768

A1(n) = 2*[ (i+1)*i,  i=n,1,1] = 2*[(n+1)*n + n*(n-1) +..+2*1] 

          = 4, 16, 40, 80, ....

A2(n) = 2*[ (i+1)*i,  i=n,1,2] = 2*[(n+1)*n + (n-1)*(n-2)+..]

          = 4, 12, 28, 52, 88, 136, 200, 280



Meson stability vs mass
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Meson shells
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combine meson mass shell plotcombine meson mass shell plot

with with mass units:mass units:

35 MeV/35 MeV/cc2 2 = 1 parton= 1 parton

M(i): (4, 14, 28, 54, 84, 152, * , 294) [i =1,8],   y = 0.712  x + 0.894,  R2 =   0.9981

very similar to the corresponding values for the second nuclear line

N(i): (4, 12, 28, 52, 88, 140, 208) [i =1,7],          y = 0.729  x + 0.824,  R2 =  0.9999



Meson stability, light unflavored, and strange mesons
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meson stability up to 2 GeV/c2 with mass scale in steps of 70 MeV/c2:

• the  at P=16, analogous of the doubly-magic O-16

• three clusters around 1260 MeV/c2 (P=36), 1420 MeV/c2 (P=40), and 1680
MeV/c2 (P=48).

• three further clusters with fewer states, ~ 1820 MeV/c2 (P=52), 2030  MeV/c2

(P=58), and 2310  MeV/c2 (P=66).

P=40 corresponds to shell 3 in the nuclear line #1, the doubly-magic Ca-40.

the P distribution for all (a,a), (s,a) and (s,s) states confirms the three clusters
around 36, 40 and 48, as well as at 52, 58 and 66. In the shell interpretation the
peaks at P=36, 48, 52, 58 and 56 would correspond to sub-shells (to be
developed).

P=80 is the doubly-magic shell 4 ~ 2800 MeV/c2; the histogram is empty from
P=72 to 84: as in nuclei, the doubly-magic-equivalent shell series stops at 3.

P distribution: light unflavored, and strange mesons
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• meson shells 1 to 8 corresponds to nuclear shell line #2,
and also doubly-magic shells can be identified:

1)  at P = 4 ~ He-4

2)  at P =16 ~ O-16

3) states at P = 40 ~ Ca-40
      but no states are known near the extrapolated mass values

for the following shells in that series, P=80, ...;

• on the main meson shell line, the quark composition
progression from shell 1 to 8 is:

aa, sa, ss, ca+cs, cc, ba+bs, bc, bb ;

– intriguing role of the s quark,

– explanation of the mysterious values of quark
masses (for whatever it is worth);

• t quark: expect 4 more shells at specific mass values in the
range 14 - 31 GeV/c2, none observed;

– is shell 8 the structural limit for this kind of bound
states, like 6 for atoms and 7 or 8 for nuclei?

– what are the top events from FNAL?

                 m(t) = m(W) + m(Z0)

Meson Shells
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u vs k 
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• constant mass contribution for each parton:                                             suggests
solid-phase aggregates, possibly a 3D lattice organization;

• quantization of the mass unit on a grid of 13=12+1 values:                            may be
related to the coordination number of the lattice;

• mesons spins and charges equal or close to 0, with a large number of partons:
aggregation with alternating up/down spins and +/- charges.

• on a periodic lattice with coordination number = 12 (such as the FCC), with spin-1/2
partons of charge 0, -1 and +1, arranged as a partially charged "ionic" lattice, several
configurations are possible. For a given node of the lattice, the number of charged
neighbors k can vary from 0 (all neutral) to 12 (all charged), a total of 13 values.
Depending on the charge balancing constraints on these lattice variants, some values
of k may not be realized, while other may correspond to more than one configuration;
charge balancing constraints might be the reason for the deviation of the value of P of
the shell states from series S2.

• assume that the contribution to the total mass is larger for a charged parton than for a
neutral one:

– u(0)  = 33.88 MeV/c2, neutral parton,

– u(12) = 36.84 MeV/c2 charged parton;

  this assumption agrees with the charges of the final products of the decays of the µ (1
charged out of 3 = 4/12, k=4) and of the ±(1 charged out of 4 = 3/12, k=3) as verified
by the position of the corresponding points on the u-grid. This would not be true with
the neutral parton heavier than the charged one.

interpretationinterpretation

•• solid-phasesolid-phase

•• coordnum = 12coordnum = 12

•• chargescharges



Eta shells
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•  and c is at k=0 on the u-grid, with all constituents neutral;
the specific mass unit of the 0 is 33.74, close to u(0)=33.88, so
that 4 neutral constituents can be assumed; the pion is at shell 1
with P=4, while the ' is at shell 3 with P=28, and the c at shell
5 with P=88, right at the nominal values of P in the series A2(n)
= 4, 12, 28, 52, 88, ....

• with no charged constituents, the  and c do not need to obey
any charge balancing constraints and can sit right at the
geometrical shell closure; this should also apply to the b,
therefore it is expected that the mass shell line with:

0, ', c, b   in shells   1, 3, 5, 8

  would show a sharper alignment, as verified by the chart;

•mesons are similar to nuclei and at the same time show
indications of a solid-phase FCC structure, and  this may be
more than a coincidence: FCC nuclei are not new, see the work
of N. D. Cook, and his recent book: Models of the Atomic
Nucleus (Springer).

!

 shells shells



µ

Ca-40O-16He-4

A1(n) = 2*[ (i+1)*i,  i=n,1,1] = 2*[(n+1)*n + n*(n-1) +..+2*1] 

A2(n) = 2*[ (i+1)*i,  i=n,1,2] = 2*[(n+1)*n + (n-1)*(n-2)+..]

2006

 [ tetrahedrically-truncated tetrahedrons ]



11 22 33 44 6655 77 88

  HADRON 07 logo with 8 tetrahedrical meson shells, 4 partons in the first shell and the hexagonal mesh of the fcc lattice



recap on mesonsrecap on mesons

•• mass rulesmass rules

•• shellsshells

•• constituentsconstituents



Looking for neutral and charged
partons and antipartons with spin
1/2 and mass less than 30
MeV/c2, and with more than one
type of neutrals, among the
known particles there is only one
possible choice:

the stable leptons  -->

1980

SU(3) from permutations
constituents:constituents:

stablestable

leptons?leptons?



the baryonsthe baryons

•• mass rulesmass rules

PRELIM
INARY

PRELIM
INARY



regsregs



du/dJdu/dJ



mixmix

1/21/2

3/23/2

3/23/2

1/21/2



unflavored,
charmed strange

u vs ku vs k



special baryonsspecial baryons



(1540)+
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P. AslanyanP. Aslanyan



unflavored,
charmed strange

u vs ku vs k

        
        ++

+



the baryonsthe baryons

•• mass rulesmass rules

•• shellsshells

PRELIM
INARY

PRELIM
INARY



 Baryon stability vs mass 
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Baryon shells
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Particle shells
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baryon shells organization, clues:baryon shells organization, clues:

•• shells 1 and 2 not cohesivesshells 1 and 2 not cohesives

•• 1 node in the center1 node in the center

•• "density" = 1/3 of the full fcc"density" = 1/3 of the full fcc

•• more than 4 nodes at shell 1more than 4 nodes at shell 1

•• P sequence: 27, 47, 71 ....P sequence: 27, 47, 71 ....

•• compatible with nuclear forcecompatible with nuclear force

we are not yet there...we are not yet there...



further indications further indications 

of the shell structure of the shell structure 

of the nucleonof the nucleon



Charge distribution in nucleons
Littauer et al., 1961



LHC

M. M. Islam et al.



interactioninteraction



Q uantum   sure !
C hromo   no need  autoPauli
D ynamics   none

Q uantum
M agneto
S tatic

Barut 1980
magnetic

m/  = 70 MeV Coulomb
2m

m/ 2

positive binding energy!

hadrons are
"elastic solids"



magicSM

CKMCKMchemistry

SU(X)++SU(X)taxonomy

multi-linear--mass rules

shells ( M, B )quarkmodel

stable leptonsquarksconstituents

QMS (e.m.)QCDinteraction

?

!?

summary and roadmapsummary and roadmap



• quarks are valence properties, so their masses are
not defined  (-6)

• the W-quark couplings are derived from  the
expression of the quarks in terms of the constituents (-
4)

• the muon and the tau leptons are composite, their
mass is computed (-2)

• strong interactions are a collective manifestation of
electromagnetism, and the strong coupling constant
can be computed (-1)

TOT= -13

Fewer parameters: SMFewer parameters: SM   26 26
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