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The aim of our discussion is qualitative/quantitative estimation of

open charm production in ﬁp reactions with one flavor exchange
ﬁp — /_\/\(Z) and ﬁp — /_\C/\C(ZC)"'
p — KK and pp — DD... (PANDA)
pp — KK* and pp — DD*...

and reactions with two flavor exchange

pp — == and pp — =c=c
open charm production in 7tp reactions
T~ p — D N
also in PP reactions, like
pp — NeD%p and pp — AeD° X

(J-PARC)

mainly in forward production (large )
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Charmed and strange hadrons

cu (DO) (1864) or (D*0)(2007) — su (K7) (494) or (K*7)
ed (D) (1869) or (D*+)(2010)  — sd (K9) (498) or (K*°)

cc (J/v) (3096) — 55 (¢) (1020)
cu (D) (1864) or (D*0) — Fu (KT) (494) or (K*1)
cuu (7 T) (2452) — suu (1)
cud (NF) (2286) or () (2451)  — sud (A) or (£9)
cdd (Z9) (2452) — sdd (Z7)
csu (EEI_) (2467) — ssu (29) (1315)

csd (Z9) (2470) — ssd (=7) (1322)
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Challenges of some utilized models
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Open charm at high energy and pQCD models

“Intrinsic charm model”

9 g1 02 0304 05 06 @

Brodsky et al, PLB93 (1980)
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dopr, ~ xzG(x)

G (@) |z ~ (1 —x)°

M. Basile et al., Lett.

p+p— A

with . ~ 1

Nuovo Cim. 30, 487 (1981)
c —|_ ‘}(7 \/5 — 62GeV

(AN/Azp ~ (1 —2)04H
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Effective Lagrangian Models Heidenbauer, Krein et al., (1993-2015) 5p — VY

n éhyam&Lenske,(ZOlS) pp — MM
Example: pp — K K =

~10'F ’ pp->KK"
> C
0 —= :
2 —4— | A Eideetal., Nucl. Phys. B60,173 (1973)
4l T ear
° fp=5Gev i )

02~ 04 06 08 10

u (GeVz)

Definite enhancement at forward production angles encourage for t-exchange channels

P K p D
N\ Ne
p K p D
Lnyvi =—iNyw YK+ h.c., Lnyvp=—tND~s5Y.+ h.c.,
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Amplitude and cross sections

P K
‘ N\ Lnvi=—igeny Nys YK + h.c.,
P K
pp— K Eg(pY"Y_MY)U ;
f(t)— form factor
do 1 1 1
— = Tr[AAT; _ Py i
dt  16mws(s — 4M%) rAAl; Ttot = 35 f_l dcosf Tr[AA']
4 4
t
Tr[AAT] = JENY fz( ) 125, 1)
(t — Mg)?
F?(s,t) = % ((s —2MA)(ME —t) + 4AMyMy (M% + Mz +t)

—(My — M +1)% — MR (M3 +1))

“J-PARC hadron physics in 2016”



Kinematics: momentum transfers

t = 2M7 — 2EpEf + 2pppg COS 0

—tmax = | — t|max = —QM]? + 2EpE i — 2pppKi

do(DD) < do(KK)

dt dt
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lg?fNYf4(t)F2(8 ) 4 Limited region of application

orot o Tr[AAT] =

. 23\2
s (t MY) experiment
| | | I | | |
F2(s,t) = % ((s = 2MRY(ME —t) + dAMyMy (MR + ME +t) | A\ o L oo
—(MF — M% +1)? — MR(MZ +1)) , pp->KK
/ 5 pp->DD
Jtot ~ ConStant at s < M’L 7|t| =BE i Lol 9 ./l’.—l-TT.—l—._lT-l-.
1002 4 6 8 1012 14 16 18 20
_ p, (GeV)
experiment
—
S .
Tror & C (_) with v > 1 4 Wrong energy dependence
S0
o=
DD E 10—5
KK
9
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Contrary to the hadron-exchange models,Regge approaches are
work satisfactorily for strangeness production

Similarity of pp — KK and pp — DD
motivates for utilizing the Regge models for charm production

p K p D Internal lines are associated
‘ N\ ‘/\c with Regge trajectories

p K p D

NI

Thegge ~ (_%)QR@)_%

|

M= N

ar(t) ~ ar(0) + O/Rt — linear trajectories

R = /\c, ch D>l< l -
small yields of charm

Therefore, there are doubts: _

. . o
(1) trajectories O‘(t) non-linear: Chew-Frautschi plot
(2) what is a value of scale parameters s
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1n° - e
07"} N\ wp =K’
a,+(0)=0.3

o (mb)

&

mp—=D0"C,

charm -6 -7
strangeness <107"...10

R | M i
| 10 100

s (Gev?)

V. Barger, R.Phillips, PRD 12 (1975)

11
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Possible solution is an approach based on non-perturbative quark-gluon string model
discussed for the firrst time by S.Nussinov, (PRL34(1975) and F.Low ,PRD12 (1975))

Essentially, they discussed formation and decay of a gq color tube

2 Z

\
SN

with complicated intermediate (multi-particle) states

B - [

The method of evaluation of observables based on utilizing the planar diagram for two body
amplitude and it’s cutting In s-channel

b =— d b =—>X— d
1 ] — 1 ]
a — ¢ a —X— ¢

was elaborated by Kaidalov (almost 10 years later ) [Z.Phys. C 12 (1982)] and developed
by Kaidalov et al. (in 1983-2005) and other groups: A.T., Kampfer(2008), A.Khojiamirian et al.(2012),
G.Lykasov et al.(2070)... V. Grishina et al.(2005)(strangeness), Kim, Hosaka & et al., (2015) 1y

(In particularly for two-body exclusive processes!!)
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DL —. 08
A +— o C a

e

T
IMT oy —eq ~ %{3 Top—x 1.4 .y

ISEPIS: WIS

a

the use of optical theorem —y factorization:

2
Wob—ed ™ Wab—ab X Wed—ed

/ /

probabilities of elastic scattering

required b =—>=d
diagram i C looks like “Regge trajectory” with an effective “ij” Reggeon
(amplitude)? ¢

13
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The main advantage of Kaidalov’s approach based on

b > b d—-—-—:d
d «— 4 a C «— o« C

ab—>cd ~ Wab—ab X Wed—ed

(i) factorization:

(ii) Regge type of the individual and the “required amplitude’:

o\ ij() -1
Aij ~ r(l azg(t)) ( )
Sij A.Kaidalov,

Is a derivation of the consistent equations for «;;(t) and s;; : Z.Phys.C12,
62 (1982)

(1) 205,(0) = 07;,(0) 4 a5,;(0) ,
(2) 2/0&—3 — ]./Oz + 1/0‘3'3' 7 and

(3) (Sapred) 22071 = (54) 1O 71 x (5,4)%95( 01

Mg ny
_ M ~ 0.5GeV, M., ~ 0.6 GeV,
Sab = (Z Mu) (Z Mji) with % st
i j M. ~1.6GeV
14
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Example: 7™ p — D7 /A¢

u,/ | o o/ [\
d—

D* P

12

/

¢ o/ K*ﬁAC

—-dp ACH —b-——b-d

ny

\

[ p (qq) trajectory J/v (cc) trajectory ]
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Non-linear trajectory reflects behavior of QCD motivated gq potential V(p)

.............

LB

TEoh rag B f Vieg
Vir) [£] &1 Vo wnmmee
'l'l,r..u]: —
4+ |

il 2
il i ) ]
r [fm] W
'R frequency
total string length
. . — dV(p)
string tension U(P) dp

R R 2
P=09 dpo(p) . 7 — o [ dpalp)p W
({ V1-(pw)?’ ({ V1—(pw)?

string energy string spin momentum

V(p) = %amtan(ﬂﬂp) —_— J = %ﬂ(a/a) — \/(a/o) — E?
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V{r)

7

J=c1+ coE?
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Non-linear Regge trajectories for diagonal channels
In a square root form
Brisudova, Burakovsky, and Goldman PRD 61, (2000).

a(t) = a(0) + (VT — VT — t)

with T > 1GeV?

M2
non-linear

In the diffractive region with —t < T, linear

o(t) ~ a(0) 4 \’} ~ (0) + ot
o =~/2/T

where v = 3.65 GeV 1+ from a,(t)

universal value

o, MK* MK* Mj/waMD*

are taken as input .
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a,(0) = 055, /T, =2.46 GeV,
0.414, /T~ = 2.58 GeV,

o

=
*

=
|

as(0) = 028, /T, ~2.70 GeV,
ap-(0) = —1.02,  /Tp. =3.91 GeV,
asu(0) = —2.60, Ty =~ 5.36 GeV,
5.98 GeV?.

12

al, >~ 0.742 GeV~? |

e =2 0.71 GeV ™2,

al, ~ 0.676 GeV~—? |

o'pe ~ 0.467 GeV ™2 |

'y >~ 0.34 GeV™2 |

o, (0)~ =209, o, ~0557GeV 2,

i

2
Spppp = 3.59 GeV™ .

“J-PARC hadron physics in 2016”
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Reaction pp =YY, Y = A, X, A¢, >c...

— /\ )
p I_'((Lp) — UAp ((1 + H}K*N/\)’Y‘u — KEK*NA S\Zp + pj/\\ju)) Up
RK* : N+‘|' )/\
p — Pp T PA
I_l(LP) = p((l+I€K*N/\)’)(M+H}K*N/\MIZV+J/\\J:)) ’U/_\ .
p A
_ S 92 . as.(t)—1 ~
D —>/\/\ * - _)/\/\
T'gffnf;miani = C(t)ﬂ (1 - aEq(t)) - - M%fnf;mi,ni(sﬂ t)
50 Spp:AA
p— AN — quq
) 1 C(t)
Ns1) = F2(s,t) unknown residual
F2(s,t) = Tr (F(p) prip) M) Tr (r(ﬁ) v(p) v’T> (g — qugv)(gw, _ qu’glﬂ) function
q q

JKNY 9K*NY: K*Ny - Trom hyper-nucleon physics(Nijmegen potential)

SU(4) = 9pNY.(9D*NY.) = 9 Ny (OK*NY)

important note: for unpolarized case ) MMT =1
spins

“J-PARC hadron physics in 2016”
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10
o, 2
% 10
Q
i)
=
o 1
5 10
©

100 e O(t) = 0.54

0.0 01 0.2 0.3 04 0.5 (1 —1/1.15)2
-t (GeV?)
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Reactions pp =YY, Y = A, X° (A¢, Z9)

t - dependence

10° | - =
- pp—>YY p =10 GeV/c
~ 10°
=
()
2
g 10
5
S 10°
10” ' =
0.0 0.2 0.4
t _—t(GeV’)
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pp—>\;/c\(lc pL;1é GeV/c

- A

\\\\\\\ Ap T
00 02 04 06
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Reactions pp — YY, Y = A, X° (A, X2)

energy dependence

= v 2
pp—>Y_ Y, t _—t=0.2GeV

' PP—>YY  tt=02GeV?

2 4 6 8 10 12
As'? (GeV)

22
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Comparison of two realization of QGSM for pp —= AcA.

A.T., B. Kampfer A.Khodjamirian,C. Klein, T.Mannel and Y.-M. Wang
Phys. Rev. C78,025291 (2008) Eur.Phys.J.A.48,31(2012)
100 L L I B I I LI I | 5L I eyl I LR lm
P ) 0
N [ i -
3 ‘ %
=
(210 § ; E- 1k
0 : 5 8 ‘ < s
E :
—, 2| C(1) ' nl®
010 ¢ s =
o) [ i = W
° 1 pL=15 GeV) ] g
10-3lllllllllllIlllllllllllllll P S R T S S S/ S S S T T T S i S S S T S S S S S
i1 4 15 L& 1.7
111213141516 1718 .
2
1 (GeV')
the uncertainties caused the uncertainties caused
by the residual function C(t) by LCSR of strong couplings

23
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Comparison of two realization of QGSM (average values)

A.T., B. Kampfer A.Khodjamirian,C. Klein, T.Mannael and Y.-M. Wang

Physf. Rev. C78,025291 (2008) Eur.Phys.J.A.48,31(2012)
0
10 El lll | L l LI I LI I LI I | T IR l LI

Y av. (AT)

[ —

a A

—
=

av. (AK) | <]

O,
nO
LA | T T T rrrr

do/dt (ub/GeV~©)

p=15GAVe
01112/31415161718

2
1 (GeV')
the uncertainties caused

the uncertainties caused by LCSR of strong couplings
by the residual function C(t)

for the average values both predictions are consistent with each other

within a factor of 2
“J-PARC hadron physics in 2016”
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Reaction pp — KK (DD)
p U 'y p T D b K(D)
u u + |
3@ j@ - d S(C)
dz 5 dz - _
P U u KV P u u D° P K(D)

a b C

g,y 0

SR 2 NaM 1
Tpp—>KK — C,(t)gKN/\ Y\/g r(_ — g (t)) _
2 q
SppiAN

MEPCER (5 1y = N (s,t) [Bn, (By — My) um,]

1
2 —
N<(s,t) = 2050

F2(s,t) = % ((s — 2MR)(MZ — t) + 4MyMy (M3 4+ M2 + t)

—(My — Mg +1)% = 2MR (M3 + 1))

25
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ﬁp — KK (DD)
p 5 i D° D K(D)
u j@ - d S(C)
p 0% ¢ B p K(D)
b c
d-diquark /:@ @ s @ @)
R i Re(1/v)
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How to evaluate the di-quark trajectory?

20049(0) = a54(0) + a7,(0) ,
2/O/sd 1/05,53 + 1/042]11

a.q(t) = ap(t) = —0.65 + 0.94 ¢

IS taken as input  [cf. K.Storrow Phys. Rep. 103,135(1984)]

then
agq(t) = —1.58 + 1.5421¢

and allows to identify trajectory of /\¢
204.(0) = agy(0) + az(0) ,
2/ay, = 1l/ag;+1/a,
ay.(t) = a/\c(t) = —2.09 4+ 0.5571¢

“J-PARC hadron physics in 2016”
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10°
e
S 4nl
9 10
!
kS
3 10°

o | | / 0.38
10 RN i, P (I | S PRI C (t) p—
00 02 04 06 08 1.0 (1—¢/1.15)?

—t (GeV)
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Reactions pp — KK (DD)

t-dependence

- pp—>KK

do/dt (ub/GeV?)

p=10 GeV/c

“J-PARC hadron physics in 2016”

pp—>DD  p,=15 GeV/c

\ 05
(AEI_’ Zj_)\

\\\
~

(ZF+) ™-..DD"
0.2 0.4 0.6
t —t(GeV)
29



Reactions pp — KK (DD)

s-dependence

“J-PARC hadron physics in 2016”

pp->DD  t__-t=0.2 GeV’

30



Comparison of two realization of QGSM for pp — DD

A.T., B. Kimpfer
Phys. Rev. C78,025291 (2008)

A
T T
o
-
=
—
-
-
-
=
=
-
-
-
.
o
-
=
-
—
=
-
-
-
I

-
o

do/dt (ub/GeV?)

A. Khodjamirian, Ch. Klem, Th. Mannel, and Y.-M. Wang® -1 (Gevz)
Eur. Phys. J.A48, 31(2012)

31
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Reaction pp — KK*

10° e .
pp—>DD t_ -t=0.2 GeV’

r)p—>F(K* t —t=0.2 GeV’

10
107
10°°
s"” (GeV)
doBE" ~ (2 = 3) do KK
charm -~ 10—3 10—4
Strangeness 32
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Double flavor exchange: and =.=.in pp collisions

= T(Z°) " 30(:+) p Y E2(ED)
~ (E°) B0 E) P Yo  EED)
Y=/\,ZO’+ Y. =AFr, =t
a b

(1
[x]1

Cut (pole) diagrams >O< ><:><

Cutkosky cutting rule  7Pp—== ng;__

_i\/l — 4M3Z/s
167

] df2y Z Tﬁp—ﬂ_ﬂY T?’Y—)EE

T oy
spins Y'Y 33
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The vertex amplitudes: “effective region exchange”

- - A d d =- At =0 -+ d d o
A = Ay 5 5 A oF ¢ C c Zc
u S u S
— —
g 3 + 0 £ o 3
i S S — o c C
A = A ¢ d E A =c Ae d d &2
R e
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V'Y = AN, £050 s+5>+ $O0A AZO

The amplitude of pp — Y'Y — =9=° transition is a coherent sum with
Intermediate states

Jr+A=0 * Jp+y0=0 <0
coupling constant

SU(3) predicts

—=0=0 _ 2 8

TPP—="= ( -|- -I- — — 5) Iy = 597{& independent amplitude
for pp — Y'Y = ="=7, onehas 9y =AA, $050 $O0A A0
9K ep=- *ggrs0=1>0
Pp— _=-= ﬁpﬁEO:O
the ratio of cross sections o™ — —  o"" "meTe 4
O_ﬁp_>EO_O B O.’ﬁp—>éc Ej_ -

— and =¢ 35

looks as
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Cross sections

differential
- T 100
10 \ pL 6GeV/c . 3 p, =15 GeV/c :
C\JA E E ol 5‘ —_— .
> m 3 > i s--ACAC =
5 B 10 Zo%o 1
B o —— —
© . . o e Ak
T LT 7 i e
100.0 0.2 04 06 0.8 1000 02 04 06 08
2
tmax-t (GeV') tmax_t (GeV)
total
1035"""""""' ‘|0.1E T |/'_\| T
2:[\/_\/\ N of G-
107 _ 102r’
2 10} 2 10%
B 4 ~O0L ] B i _ ]
b‘g 10°¢ _ ] 0810 3 EE 3
107 : 1of(vc)— (7)'“'*-~-~-;
of . o o o e - R e e e e . 3
100004 08 12 16 2.0 00 04 08 12 T8 20
1/2 1/2 1/2 1/2
=Sy, (GeV) s -s 7y, (GeV) 36
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Exclusive #p — M*A\; M* = K%* D—* reactions

TC_d dD_*
“‘\ f‘S T c
t i
u
R {K*} Rp/\c {D*}
2(ar (t)—1)
Tp—AM™ _ S pA(AC)
T ~ go ra AR A pey () ( O)
aRpAc(t) = 0.414 4+ 0.71¢ oszAC(t) — _1.02 4+ 0.47¢
SRpA ~ 1.59 GeV2 SRp/\c ~ 4.75 GeV2
92
70 ~ 0.8, 5~ 1GeV?
47
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Differential cross sections

3 0
10— T T T T3 T T R L LT
— np->K0*A p =6 GeV/c] ,\10 g n p->D *AC+
> 2 ] >
(1)10 E [o))
O O
210" 2
5 ol 5 |
-8 ] ge; " p =15 GeV/c
Al i Ei Ris pad s s sl GGG iy $G % PG Fad por g g
1003 08 70 T8 %0 100005 1.0 15 2.0
2 t  t(GeV
tmax-t (GeV) max ( )
Total cross sections
3
TEp->M*A E [cf. K. Boresko:;i(aldalov, Sov.J. Nucl.Phys. 37 (1982)]
’
g “~102+3vys, —~10"°
° S

/

[cf. V. Barger, R.Phillips, PRD 12 (1975)]

1078 92 16 20
p (GeV/c) 38
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Reactions pp — A:Dp and pp — AeD X

A, A,
—<r s
U  TC

p—* p p X

dt

dgPP—NDp(X)

TN
For high energy cf. K. Boreskov, A.Kaidalov, Sov.J. Nucl.Phys. 37 (1982)

For J-PARC energies our work is in a progress

39
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Summary

+ We have evaluated the cross sections for
pp — YcYe, DD, D*D, ... reactions,
including double flavor exchange,

dofdt (ubiGeV’)
ol Gl

<+ and for 7p — D*A. P
reactions at Ejap < 20 GeV  go™—__ |  strangeness

1o (\ ambiguity with residual function!!
E DA, 1

_ "*_ _charm 102
<+ This result may be used for stsangeness

design of PANDA detector
and “charm” program at JPARC

<+ And for further development

of the theoretical approaches in “charmed physics”
40
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e B

Thank you very much for attention !
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Longitudinal asymmetries

_ dof—do?
A1) = oA doP?

where do? = do* dot’ = d(fzt

Polarized Antiproton EXperiment (PAX)

http://www.fz-juelich.de/ikp/pax/

“J-PARC hadron physics in 2016”
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Longitudinal asymmetry

A _ 4 =
A _ dO‘A—dO'P do’* = do R
doA+dol’ dot’ = do
0=20 -
o spin-conserving
— # — —
N — .
_ _ spin-flip
spin-conserving -

Tmfnf;mi,ni ~ A(S)(Smimffsnmf

1

_ B2(s)
A= 200 + B2

44
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Structure of spin-flip amplitude

p Y
O
D Y

2
B(s) = —fz(<1+m>< Sy Ei"My))

45
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_ B2%(s)
~ A2(s) + B2(s)

A

10° - 10°
pp->AA
10 . PP |
0. 10
2
10° A 1
3
o~ 1 0_1 T\\\\\\\ 3 E - 1 00
.- _ \\\\\ \\\\\ 2 m
g il T . W 1 -~
< L. \\\ o 10 1
1 0_3 "\\\0\ 1 .5\\\\\ \\\\ 4
\\\\ \\\ \\\ _2
10 .05 L ] 10
_5 g Ay \\
10 SR SOV ‘ -3
1 10 10
As'? (GeV)
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Asymmetry s-dependence

Reaction op — YY , Y = A AT, >0 5T

0.2

pp—>YY  t _t=0.2GeV’ i pp—>Y.Y, t_-t=0.2GeV

2 4 6 8 10 12
As'? (GeV)
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Longitudinal asymmetry

6 =20
Jfinal = 0O A — do—do?
— doA~+dot”’
G — 0 —»
dol’ =do~ 0

48
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Asymmetry t-dependence

Reactions pp — KK, DD

1.2 . . . 1.2 ——— —
pp—>KK  p,=10 GeV/c . pp—>DD  p,=15GeV/c |

0.6 1

04 L— e
00 02 04 06 08

t _—t(GeV?) t —t(GeV?)
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Asymmetry s-dependence

Reactions pp — KK, DD

1.0 ' . . , 1.0 —
pp—>KK  t__t=02GeV* pp—>DD
D'D
B | e o
08 i —KoKo 4 ¥-_..— —
o e s < 0.9 DD
KK
0.6 |
t —t=0.2 GeV*
0.4 L — T— - — . 0_8 rogrye geeg M) oge ye geep oy ' e geeg oy cge ) gy oy L
2 4 6 8 10 12 0 3 6 9 12
s"? (GeV) As'™” (GeV)
50
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Longitudinal asymmetry
ﬁp — KK* pure vector coupling!!!

D=0 sp=1,A\y = 1,0

T)\i;mi,ni ™~ (A 57’)’1,@?% + B 5_m7,n7,) 5)\Z'AV )
Aj = mj T+ n;

M
A~+/2 BE—N,
My

[ X
Lo MRoomE ~ —0.3 (KK*)

— a2 2 3

“J-PARC hadron physics in 2016”



Reaction

1.0

pp—>KK

p,=10 GeV/c

-1.0
0.0

0.2

0.4 0.6

t _—t(GeV)

“J-PARC hadron physics in 2016”

0.8

pp —

0.6

0.4 ;

KK*

pp—>KK  t _t-0.2GeV?
\

-~
.\-~

10
12

s  (GeV)

12

52



Reaction pp — DD*
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charm

J.Haindenbauer and J.Krein ~3.10 2
OBE model strangeness 310
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Fig. 2. Total reaction cross sections for pjp — AA and pp — A7 A} as a function of
the excess energy €. The results for fp — AA (upper curves) are taken from our work
[7]. The solid curves are results for the meson-exchange transition potential while
the dashed curves correspond to quark-gluon dynamics. The pp — AZ A7 results
are obtained with the pp interaction C.
95
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do 1
= C (s, MA)| T (s, MA)|?

dQ ~ 6472 -
~|1/(t — M)

—t, 0.22...0.50
—t, = 3.54...5.33

do®

do®

~ 9.8 X b4.4 ~ 530

charm
strangeness

~2.107%
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TABLE 1. Parameters of the vector meson trajectories of the form (8). The intercept of the p trajectory
was taken as an input.

p E* &
a(0) 0.55 0.414+0.006 0.27+0.01
JT. GeV 246+ 0.03 2.58+0.03 2.70+0.07

D* D* Jiih
a(0) —1.02+0.05 —1.16+0.05 —2.60+0.10
JT. GeV 391+0.02 403%0.04 5.36+0.05

B* B B Y
a(0) ~7.13+0.17 —727+0.17 —8.70+0.18 —14.81+0.35
JT. GeV 7.48+0.02 7.60+0.04 8.93+003 12.50+0.02

TABLE V. Parameters of the psendoscalar meson trajectories of the form (8). (The parameters for the K
trajectory were found using the mass of K5 from [29]. If we instead use a mass of the corresponding pure ns
state as found in Ref [46] ie, My =1762*18 GeV, the parameters change slightly: the intercept
—0.153%=0.003, and the threshold 2.93+0.07 GeV.)

w K s
ar(0) —0.0118=0.0001 —0.151=x0.001 —0291=0.003
JVT. GeV 2822005 296003 3.10x0.11

D D, e
a(0) —1.61105+0.00005 —1.751=x0.001 —3.2103=0.0001
JT. GeV 416003 429+0.06 549+002

B B, B, e
a(0) —741+x0.17 —7.54+017 9.00+017 — 1480034
JT. GeV TB9+016 B.01x0.16 024+012 1298024
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TAEBLE II. Comparison of the masses of the spin-1, spin-3 and spin-5 states given by ten vector meson
trajectories of the form (8) with data. All masses are in MeV.

J=1 J=3 J=3
This work Ref [29] This work Ref [29] Thizs work  Ref [29]
(1) 769000 769.0+x09 1688.8+1.1 15688821 2124+19
sl i) 896.1+0.3 596.1+03 17767 17767 221571
a 4(1) 101517 10194 1863 +31 1854=7 230542
tpe(t) 2006.7x0.5 2006705 2721x123 319122
k=) 2102+29 210662127 2808x28 3279+30
ay4(t) 3096.9 3096.9 375341 4240+ 39
tg=(f) 53149+1.8 5332490x13%8 581451 6217+ 46
gz} 3411+58 34163*+33 5901x353 630649
cge(f) 6356+ 80 685372 7276+ 65
ay (1) 9460.4+0.2  9460.4+0.2 9906+91 10304+ 84

TABLE VI. Comparison of the masses of the spin-0, spin-2 and spin-4 states given by ten psendoscalar
meson trajectories of the form (8) with data. (We take the emror estimate on the 77, mass as 10% of the
calcolated splitting, in agreement with Fig 2 of the second paper of Bef [45]) All masses are in MeV.

J=0 J=2 J=4
This work Ref [29] This work Ref [29] This work Ref [29]
() 135 135 1677 +8 1677+8 3237+ 26
() 493.7 4937 1773+8 1773+8 233327
i 698+ 14 1869+ 38 185420 2420+ 54
ap(t) 18641+1.0  18641+10  2602+19 3228+ 22
g (f) 197119 1969 0+14 278626 332332
ﬂﬂ;{l‘) 20798+211 29798+21 360223 421725
ag(t) 5270810 52798106 583089 628693
ag () 5369624 5360624 502089 637693
ag (1) 6283+ 79 6826+79 7287+ 80
ﬂ‘i‘h(f} 0424+3.6 0014+ 148 10353150
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