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Résumé

The present work collects data from experiments to
support the existence of narrow mesons. A selected part
of the scatterplot from pp annihilation at rest into two
~'s 1 M(v3,74) = f (M(v1,~2)) is reported for the first
time. We suggest that they are produced by two quark
clusters and propose a simple one-parameter mass
formula.
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Bgle Tomasi. > Experimental works have been dedicated to the search of
narrow, weakly excited, low mass unflavoured mesons.
Introduction Besides these works, a large number of data, studied for
different purposes, exhibit also small structures in their
spectra.

» These structures are observed in leptonic, as well as in
hadronic reactions, but they were not discussed by the
authors in detail. They hardly pass the 50 criterium but
appear in different high resolution, high statistics
experiments, with different probes.

» The present work collects data from dedicated - or not -
experiments, and shows also old data never used to support
the existence of narrow mesons. The nice concordance of all
various masses, strengthen the opinion that they are genuine.

» We suggest to associate these exotic masses to two quark
clusters using a one parameter mass formula.
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Crystal Barrel

pp annihilation at rest : LEAR

» Truncated spectrum read on

scatterplot : no statistical
information.

M(73,~4) = f (M(~1,72))

Two ranges A and B,
selected, and scanned, giving
rise to the two blue areas.

The blobs are wider when
the peaks correponding to
the particles are larger.

The peaks are "simulated"
by the correponding number
of dark bits.

Crystal Barrel C. Amsler, Reviews of Modern Physics, 70, 1293
(1998)
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Crystal Ball/ TAPS , Mainz Microtron, rare decay n — 7%7.

Not well defined structures, 'right” masses.

Crystal Ball

Full range of m?(yy)

Same, except a cut on the
cluster effective radius.

Entries

Entries

100

(o) s 482
| |
{
£ |
- i
Beera®) v T
350 400 450 500 600 650
m(r°yy) (MeV, c;?j
(b) 415 %27
IR ! ﬁmﬁ‘h»
350 500 600 650

Previously extracted narrow low

() iev/eS

mass exotic mesons are marked.




N0, owbe Other Reactions with Crystal Ball

6-7

B et an 0 |
Gustafsson™ [
1400 [
9] L
pp — 70 at p,=1940 MeV/c (LEAR) g 1200 [
A.Abele et al., EPJC12, 429 (2000). 5 |
Mo, =587[585] MeV i
Crystal Ball 800 [
600 v
;‘\ 1 vl le |
I 200 400 600 800 1000
2250 - 7° v invar- mass (MeV/c?)
2000 £
1750 £
2 1500 £ AGS Crystal Ball
g 120 b S. Prakhov et al. PRC78 015206 (2008).
L 1000 £ - 0 0y
ok Tp = vy (n = 7°77)
oo | M.,,,=84[81.3], 190[194], 255[251], and
0 b 343[349] MeV
E Structures not commented by the

0 E . . . )
0 100, 200 300
m(yy) (Mev/égo authors



o, ocwner M in high energy heavy ion reactions

6-7

B. Tatischeff and

Egle Tomasi- [ | 10000—
Gustafsson™ 0.059 |- + (a) o (b)
L 2 b
61,5 15121525}771%07 353 497 ; ;
AINRNIN R
H' H, +H+ ++H + H * 1 F2s 45 61 81 100 .‘57151”“215
LA R
L C:/Q’('\. s ()
Crystal Ball 0,058 lr Lo il Bror e
100 200 Mf,m(Me‘W ] 50 100 M;Ljo (Me@?
[ | s00q-"
= r [
g400[1 a a0l
> r L
z F [
3000 - 4600—
2000 [ 4400
@ 0 8 10 10 T0 1 20 20
M,, (MeV) L, (MeV)

(a) Pb-Pb events (Alice) Physics Performance Report, Volume II,
Phys. G. :Nucl. Part. Phys. 32, 1295 (2006).

(b) Pb-Pb events Alice/PHOS M. Ippolitov and A. Vasil'ev,
CALOR2004, www.pg.infn.it/calor2004 /program/... /ippolitov.pdf.
(c) and (d) 32S 4+ Au CERN(SPS) (Saphir), F. Berger et al.,

Nucl.Instr.Meth.Phys.Res. A321, 152 (1992).
Data taken for detector calibration.



GDR-PH-QCD,
IPNO, October
6-7

B. Tatischeff and

Egle Tomasi-
Gustafsson™

Crystal Ball
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pp — ppX
measured at Uppsala

A. Johansson and C. Wilkin,

PLB673 (2009) 5.

dC interaction at the JINR

Nuclotron

Kh.U. Abraamyan et al., PRC 80,

034001 (2009).
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Cross section of the ete™ — 77w~ reaction : precise data, small

binning. B. Aubert et al., (BABAR Collaboration) Phys. Rev. Lett.
103, 231801 (2009)
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Mx from pp — ppX reaction SPES3 (Saturne)
B. Tatischeff et al. Phys. Rev. C62, 054001 (2000)
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Other reactions

Molecular states, from low mass exotic mesonic
structures and pion ?

Exotic meson masses (MeV)
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» Above the pion mass
the mass sequence is
repeated.

» After subtraction of
the pion mass
impressive matching
of the levels.

Mhigh = Mz + Miow

» Multi(quark-
antiquark) balls (or
clusters) with
intermediate
lifetimes.

» Molecular states?

Significant coupling to other low mass stable hadrons
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» Many data from different labs, experiments...
> main results from SPES3 (Saturne)
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Assumption : ¢ — g, g°> — >, or

M = Mo+ M [ir(ih+1)+i2(i+1)+

—

Parameters : My and My,
1sospin i1 2, Spin si 2

q— g — m (M=137 MeV)
51:52:i1:i2:1/2

— M = My + 2M,

q*> — g% — 25 MeV (lowest mass)
S1=S=ih=b=0—> M= M,
hence M; = 56 MeV

arrow exotic meson mass (MeV)

Large degeneracy
9 masses within g — g> assumption z

§

8

8

w
3

8

8

0

. configurations :

1/3)s1(s1+1)+(1/3)s2(s2+1)]

C Experlment Calcul(s).(1y

[ 5847 -
[ 549.7 esssace— — walddoo 5477 (0.2),(1..3)
77452 aaasass
415 ossassa —
[ 3667 sammasa — -
[ 347 ocassssa — -
F 5000 | s 3237 (0,,2),(0.2)
[ 27a9 _ wsaaas 286,3 (1),(0,1,2)
C ggf esassas— — caasss 249 (0..3),(0.1.2)
7215 ossnnca— — vassss 2117 (0,1,2),(1)
r 18? R PPy 174,3 (1)‘(1)
- 137 D
,é?cs crsassa — wsssss 99,7 (0,1,2),(0)
[ 615 comsoee — tttins 62,3 (1),(0
[ 453 ocsssssa - .o
L 25 P T o] (0).(?)

G e b AT

One assumption(relation) and one adjusted parameter

Assumption : the simplest configuration is preferred, otherwise allowed spin and isospin will

increase — Additional qg configurations with the different parity and same energy.
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Interpretation

Interpretation

Assumption : ¢ — G, g°> — °, added ¢° — §° configurations :

M = Mo+My[iy (i +1)+ia(ia+1)+

/\

1/3)s1(s1+1)+(1/3)s2(s2+1)]

= [ Experiment Calcul(s),()

g 600 [ 5847 — ssssee 585(0..3).(0..3)

~ ,5497M7¢Me-o 547.7 (0,.2),(1,.3)
Parameters : My and My, 0 o EEIRR R
isospin iy 2, spin s » z B2 s e 473(00)40.3)

g 400 iMs casassa _ seeeses 417(0..3),(1,2)

[ L

8 r §§4§'7 sassaa— e 361(1,2),(1,2)
q—q—T (M=137 MeV) [ 300 [-3090 — T gggZo(?ﬁ%(zo)z)
S{1 =S5 =1I{ = I :1/2 € [ 2749 T e
1 2 1 2 o :g% easss— — stanns 249(0.3),(0,1.2)
= M = Mo +2M, 2w [ T e

Q r 18t e~ aaaus 1723 1251)
q°> — G* — 25 MeV (lowest mass) O [ 137 s - s 13700000

. . [100 eassace  — asssus 99,7 (0,1,2),

ss=8=h=ih=0—=>M=M g 10 CE oo :Z:E?;;:(O)

“ [ 453 ossmase — - c
hence My = 56 MeV S o LB RO,

=z

q® — @ clusters allow good fit up to M=585 MeV where
i1:i2251:52:3/2
One assumption(relation) and one adjusted parameter
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exp. mass quark cont. s1 s2 i1 iz calc [ (AM) |[/M J [l
[MeV] [MeV]
137 (7 ) 9—a /2 1/2  1/2 1/2 137 0 0,1 0.1
25 q® — g? 0 0 0 0 25 0 0 0
453
61.5 q? — g 1 0 0 0 62.3 13102 0 1
81.3
100 q® — g 1 1 0 0 99.7 31073 0 0,1,2
137 q® — g 0 0 1 0 137 0 0 1
81 q® — g 1 0 1 0 174.3 3.7 1072 1 1

Interpretation 194 > -3 /2 3/2  1/2  1/2 193 52103 0,1 1,2
215 q? — g? 1 1 1 0 2117 1.6 102 1 0,12
231
252 q? — g? 0 0 1 1 249 12102 0,1,2 0
252 > -3 3/2  3/2 1/2  1/2 249 121072 0,1,2,3 0,1
274.9 q® — g 1 0 1 1 286.3 42 1072 0,1,2 1
309.9 > -3 1/2  1/2  3/2  1/2 305 16 1072 1,2 0,1
347 q® — g 1 1 1 1 323.7 6.7 1072 0,1,2 0,12
366.7 > -3 3/2  1/2  3/2  1/2 361 16102 1,2 1,2
482 ¢ -3 1/2  1/2  3/2 32 473 191072 0,1,2,3 0,1
549.7 (93)% — (q9) 1 1 2 1 547.7 37103 0,1,2 1,2,3
584.7 > - 3 3/2 3/2 3/2 3/2 585 5110 % 0,123 0123

M = 45.3, 81.3 and 231 MeV : not reproduced.
M= 181, 274.9, and 347 MeV : not well reproduced
(AM/M >2-1072)



GDR-PH-QCD,
IPNO, October
6-7

B. Tatischeff and

Egle Tomasi-
Gustafsson™

Interpretation

Partial summary

Precise spectra (statistics, resolution, and binning) exhibit
weakly excited narrow structures.

Rather stable masses observed from different reactions,
studied in different laboratories, with different detections and
different physicists.

Above limited to mesons, but similar observation for narrow
weakly excited baryonic, or dibaryonic structures.

Observations suggest new physics in low mass hadrons.

A mass formula with two quark clusters, reproduce most of
the observed masses with only one parameter — unique
"explanation" up to now.

Does the mass formula describe PDG meson masses ?
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Unflavoured PDG meson masses

Meson Mass 1G(JPT) quark content calc AM/M
[MeV] [MeV]

n 547.9 of(0—1) (93)% — (q3) 600 9.5 102
n 547.9 of(~71) (88) — (q3) 500 8.7 102
p 7755 117 7) (93)q — (q3)d 750 321072
p 775.5 1t(1— ) (93) — (q9) 800 321072
w 7827 0~ (177) (93) — (q9) 800 221072
n 957.8 of(~71) (98)S — (99)S 975 1.8 102
n' 957.8 0t(0~*) (43)q — (q3)a 900 6102
ap 280 17(0*F) (93) — (q§)2 1000 2.01072
fo 290 ot(ott) (93) — (q§)2 1000 1.0 1072
@ 10195 0 (17 7) (45) — (59) 1025 5.4 103
hy 1170 0~ (1t7) (93)? — (q9)? 1200 241072
by 12205  1t@t— (93)? — (q9)? 1200 241072
ay 1230 1~ (1) (93)% — (q9)3 1200 241072
f 1275.1 ottt (93) — (q§)3 1300 2.01072
f 1282.1 of(th) (93)q — (93)g 1300 201072
n 1294 ot ) (93)S — (93)S 1275 15102
n 1204 ot(0=*) (93)95 — (9§)3S 1350 43102
™ 1300 17(0~F")  (q3)g — (q3)%a 1300 0
as 13183 17 (2*H) (93) — (q)3 1300 1.4 1072
1 1354 1 (171) (93)%q — (93)3 1350 3.01073
n 1408.9 of(0o~*) (93)95 — (9§)3S 1425 1.1102
w 1425 0~ (177) (93)S — (93)33 1425 0
f1 1426.4 ottt (93)S — (93)33 1425 10103
ag 1474 17(0Fh) (93)9 — (99)@ 1500 1.8 102
P 1465 1717 7) (93)q — (q93)d 1500 2.4 1072
n 1476 ot(0=*) (93)§ — (93)q 1500 1.6 102
n 1476 of(0—1) (93) — (q§)(SS) 1500 1.6 102
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Unflavoured PDG meson masses

M =

Myli(h + 1)+ (i + 1) +

(1/3)s1(s1 + 1)

+(1/3)s2(s2 + 1) + S1(S1 + 1) + S2(S2 + 1))

Two quark clusters :
- q : uor d quark.
- S : strange quark.

Only one parameter
M1=150 MeV
fitted on the ¢ mass

Relatlons

- I1 + I2 = I

-si+5 =75

s+ 0=1,

- J : particle spin.

- P=(-1)"- N(a) : parity

- N(a) is the number of g

- £ : orbital momentum
between clusters

T, 1944 0% (2')
m, 1895 17 (27
5 1854 07 (37~

w1812 17 (0

15,1720 0° (0**)

-
21617 0° (27

11528 ()80
LA :5 )
meaa wu >

ZH
?u “>
5 1229 S0

h, 1170 0" (1*7)

i

76480" (07") ———=2117

{
——— 18004 a
1758 gg% 9 aisa
{

(99,

1868 995 %y
e
1425 (q9)qS-(qa)
R

1200 (a9~ (a9’

— [

800 (q9—(q9)
750 (q3)9—(q93

600 (q9)*~(q0)
500 (59)-(ad)

fulfills charge conjugaison, and G parity.
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Interpretation

Two quark clusters :
-q : uordquark.

- S : strange quark.
No new parameter
M;=150 MeV

adjusted on the ¢ mass
(M = 1020 MeV)

Relations :

i+ h=1T
-Sit S =5
s+ 0=,

Strange PDG meson masses

M

J : particle spin.
- P=(-1)"- N(a) : parity £ 682 1/2(0")
- N(a) is the number of g K494 1/2 (@)

Ml[il(il + 1) + i2(i2 + 1) + (1/3)51(51 + 1)
+(1/3)s2(s2 + 1) + S1(S1 + 1) + S2(S2 + 1))

K 3100 —_—

K, 2500 1/2 (47)

K'22380 1/2 (5)
Ks2320 1/2 (5%
Kz 2250 1/2 (2"

S

K’, 2045 1/2 —_——
- 1358/1‘/5(27'5 i
1830 1

E1§:ﬁg’1/ p— >

E 1%20011/2(2) J— :
R

K 1270 1/2 (1 e

K892 1/2(17) =T

3137.5 (@’ 3~ (@S

R
2162.5 (q8)° - S(q@)3

2037.5 (q9)* g - (q9)°S

1762.5 (q3)* — 4(qd) S
1263275 (99’ g q( (qq) S
1857:2 (38 o— G
1362.5 (93) — S(q0)3
1262.5 (q3) ~ S(qa)g
9375 - (g9 S
7125 (q) - S 3

4875 g-S

- ¢ : orbital momentum between clusters




GDR-PH-QCD,

Pno. oswber | EXperimental and calculated charmed meson

6-7
B. Tatischeff and Masses
Egle Tomasi-
Gustafsson™
Experiment I°(J%) Caleul 1(J)
D(2750) 2761 1/2(2%) ——_ __
it 27145 1/2,.5/2(1,..3) (q@ca - (qd)
Deo0) 3612 173457 26145 1/2,.5/2.2) (e (@
D(2550)° 25394 1/2(0 ““_‘;,% 2514.5 1/2,.5/2(0,..2) (q@ca- (qd)
Dut60) 24620 1/'282ﬁ—— -7
D,(2430)° 2427 1/2(1*) . _ . _
Charen R S T e TR 24145 1/2..5/2 (1) (a@dca - (a3

D'%(2400) 2318 1/2(0%) ——— ===~ -~ — 23145 1/2,.5/2 (0) (q@)cq - (qd

D'2007 1/2(17)  ———.
~——— 19645 1/2,3/2 (1) (g8 — <&

D™ 1869.4 1/2(07) ———=------ ——— 1864.5 1/2,3/2(0) (qd) - cg
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mass 1(JP) quark content i1 i s1 s calc. |[AM|/M
DT 1869.4 1/2 (07) (q3) — cg 1 1/2 0 0 18645 2.6 10 3
D* 2007 1/2 (17) (q3) — g 1 12 0 1 19645 21102
D (2400) 2318 1/2 (0Y)  (qq)cq — (qq) 3/2 1 0 0 23145 16103
D;(2420)° 24213  1/2 (17)  (q3)cq — (qq)  3/2 1 1 0 24145 28103
D (2430)° 2427 1/2 (1) (qq)cq — (qq) 3/2 1 1 0 24145 521073
D% (2460)° 24626  1/2 (2%)  (q§)c§ — (qd)  3/2 1 1 1 25145 21102
D(2550)° 25394 1/2 (07) (g§)cg — (q3) 3/2 1 1 1 25145 98103
Charm D(2600) 2612 172 (?°)  (q@)cg —(qq) 3/2 1 2 0 26145 96104
D(2640) 2637 1/2 (?')  (g§)cq — (q3) 3/2 1 2 0 26145 85103
D(2750) 2761 172 (") (q@)cg —(qq) 3/2 1 2 1 27145 171072
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Charm

Experimental and calculated charmonium masses

Mc = 726 MeV

Experiment I°(J7)

Caleul I(S)

X(4660) 4664 27 (1-)————

X(4430)"" 4443 2(27
¥(4415) 443105
X(4360] 4351 27
X(4350) 4351 0"

$(A5R195134 ‘%g

zzm=-

4729 0,1(1...6) (qd)’c - (q)%c

4379 0,1(0...5) (q@’c - (q@%
4304 1(0,1,2) (q8)* - (qd)ce

X(4160) 4156

¥[4160) 4153 O

XEAHO 41430’{"1 % 2.

xEAosoi 4051_°g3_))

X(4040) 4039 O

agism ézg
391

91
X(3899)" 3899 (7

T=zsaaa.

4129 0,1(1,..4) (qo)c — (qg)c

3879 0,1(0,..3) (qd)c — (qd)T

X(3872) 38720°

%(3770) 3773 0°(177) ———

¥(25) 3686 0°(17)

7.(25) 3639 0°(07") ———
3556 03

"((115)35259 T s
Xl 1P) 3511 0% :

3729 0,1(0,1) (ad)c — (qa)c

35790, 1 ,1,2) gq)c - (q9)2
3505 0 0 4) (gg)ce
3505 0,7(0) %

Xe(1P) 3416 0°(0**)

J/¥(1S) 3097 07(17) ———===="""""

n.(1S) 2981 0*(0™*)

31290(1,2) (q@c-¢

29790(0,1) c¢-¢
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Charm

Experimental and calculated charmonium =1

masses
Mc = 726 MeV M; = 150 MeV
mass I(JP) quark content i1 iz s1 s2 c1 c2 calc. |[AM|/M
3899 (7)) (qa)(9e)-(qq)(ca) 1/2 3/2 0O 2 1 1 3879 5110 3
4051 7(7-7) (9§)(q¢)-(q9§)(cg) 3/2  3/2 0 0 1 1 4029 5.410°3
4248 2(?°)  (q3)(qe)-(qg)(cg) 3/2 3/2 1 1 1 1 4229 45103
4443 2(?77) (93)(q2)-(q3)(cq) 3/2  3/2 1 2 1 1 4429 32103
Experiment I*(J") 4 Caleul I(S)
©
. B )
X430)" 443 2(2") —— 8- e —— 4429 (0.3)(1.) ((a0) - (6cd
X p )
20 A
RO 28 ) e 29(0.5)0.2) 0 - A
2
X030 4051 (7)o —— 4029 (0.3)0) (e - (4(cd
X(3899)" 3899 2(2) ——— < <o — 3905(0.2)(1.3) (g9 - (ed)(cd)
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Conclusions

Summary

>

Precise spectra (statistics, resolution, and binning) exhibit
weakly excited narrow structures.

Structures are observed from different reactions, studied in
different laboratories, with different detections and different
physicists.

Similar observation for narrow weakly excited baryonic, or
dibaryonic structures.

» Observations suggest new physics in low mass hadrons.

» A mass formula with two quark clusters, reproduce most of

the observed masses with only one parameter — unique
"explanation" up to now.

Low mass(multiquark) clusters are significantly coupled to
stable hadrons (nucleons — exotic baryons or deuterons —
exotic dibaryons).

The experimental masses of exotic narrow meson are
evidently less precise than the PDG masses. Future precise,
high statistics experiments should improve their
determination.
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