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The goals and motivation

The importance of investigations is due to the need to study the physics of strong interactions at low
energies

(a) processes of meson production in electron—positron collisions (< 2 GeV)
(b) mesonic T decays (M= 1.7 GeV)

For both classes of processes, contributions from intermediate scalar, pseudoscalar, vector and axial -
vector mesons are considered.

The relevance of the processes under study is due to the fact that this area of research is included in
the program of many modern experimental centers:

SLAC National I
Accelerator Laboratory BE S The Beijing Spectrometer lll

VEPP 2000

The Belle experiment
at KEK accelerator

@3 Compass Experiment at CERN AY. Barniakov [Super Charm-Tau Factory], The Super Charm-Tau Factory
‘ in Novosibirsk, PoS LeptonPhoton2019 (2019), 062

X.R. Lyu et al. [STCF working group]. Physics program of the Super
Tau-Charm Factory. Pos BEAUTY2020 060 (2021)

J. Elam et al. [REDTOP], arXiv:2203.07651 [hep-ex]

K. Nurlan (BLTP) 18-23.10. 2026



The goals and motivation
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[S. Bethke. Prog. Part. Nucl. Phys. 58 (2007), 351-386]
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The goals and motivation

Theoretical description of several classes of processes with meson interactions at energies up to 2 GeV

= verification of the NJL model on a new class of tasks

= definition of its applicability domain

= construction of theoretical predictions

K. Nurlan (BLTP) 18-23.10. 2026



NJL quark model

» The model is based on effective four-fermion interactions. The model describes spontaneous
breaking of the chiral symmetry.

Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345-358 (1961)
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NJL quark model

» The model is based on effective four-fermion interactions. The model describes spontaneous
breaking of the chiral symmetry.

Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345-358 (1961)

T. Eguchi, Phys. Rev. D 14, 2755 (1976); K. Kikkawa, Prog. Theor. Phys. 56 (1976), 947
D. Ebert and M. K. Volkov, Z. Phys. C 16, 205 (1983); M.K. Volkov, Annals Phys. 157 (1984), 282-303
D. Ebert and H. Reinhardt, Nucl. Phys. B 271 (1986), 188-226; M.K. Volkov, Sov. J. Part. Nucl. 17 (1986), 186

» The standard NJL model successfully describes the physical properties of scalar, pseudoscalar,
vector and axial-vector meson nonets in the ground state, including the mass spectrum and their
interactions at low energies using a limited number of parameters.
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» The standard NJL model successfully describes the physical properties of scalar, pseudoscalar,
vector and axial-vector meson nonets in the ground state, including the mass spectrum and their
interactions at low energies using a limited number of parameters.

M.K. Volkov and C. Weiss, Phys. Rev. D 56 (1997), 221-229; M.K. Volkov and V. L.Yudichev, Phys. Part. Nucl.
31 (2000), 282-311; M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006), 551-561; M.K. Volkov and A.B.
Arbuzov, Phys. Usp. 7 (2017), 643-666.

fu(k?) =1+ dyk?

» In the extended NJL model, the first radial excitations of mesons are introduced using a polynomial-
type form factor of the lowest order in the transverse relative momentum of quarks in the meson.
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NJL quark model

» The model is based on effective four-fermion interactions. The model describes spontaneous
breaking of the chiral symmetry.

Y. Nambu and G. Jona-Lasinio, Phys. Rev. 122, 345-358 (1961)

T. Eguchi, Phys. Rev. D 14, 2755 (1976); K. Kikkawa, Prog. Theor. Phys. 56 (1976), 947
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D. Ebert and H. Reinhardt, Nucl. Phys. B 271 (1986), 188-226; M.K. Volkov, Sov. J. Part. Nucl. 17 (1986), 186

» The standard NJL model successfully describes the physical properties of scalar, pseudoscalar,
vector and axial-vector meson nonets in the ground state, including the mass spectrum and their
interactions at low energies using a limited number of parameters.

M.K. Volkov and C. Weiss, Phys. Rev. D 56 (1997), 221-229; M.K. Volkov and V. L.Yudichev, Phys. Part. Nucl.
31 (2000), 282-311; M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006), 551-561; M.K. Volkov and A.B.
Arbuzov, Phys. Usp. 7 (2017), 643-666.

fu(k?) =1+ dyk?
» In the extended NJL model, the first radial excitations of mesons are introduced using a polynomial-
type form factor of the lowest order in the transverse relative momentum of quarks in the meson.

» The chiral symmetry is preserved and there are no any additional parameters for interaction of the
excited mesons.
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NJL quark model

Model input parameters
!

m, = mg = 270 MeV T — Uv, (F,T:% = 92.4) MeV 1 QV\“?A<

A=1260 MeV p - (g,=6.0) MeV Vi
n
ms = 420 MeV M = 494 MeV p
r
K = 13.0 GeV > M;" = 547 MeV
Gy = 4.743-10"°MeV 2, M*P = 139 MeV

— —6 -2

M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006)
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NJL quark model

Model input parameters
!

m, = mg = 270 MeV T — Uv, (F,T:% = 92.4) MeV 1 QV\“?A<

A=1260 MeV p - (g,=6.0) MeV Vi
n
ms = 420 MeV M = 494 MeV p
r
K = 13.0 GeV > M;" = 547 MeV
Gy = 4.743-10"°MeV 2, M*P = 139 MeV

— —6 -2
Gy, =149-10°MeV ™ ~. M;xp. — 776 MeV

fuk® =1+dyk? d,, = 1.784x1072GeV "2, dy, = 1.761x1072GeV 2, d,, = 1.737x102GeV 2.

M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006)
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NJL quark model

The model masses of mesons

GR | EXC GR(Exp.) [1] EXC(Exp.) [1]
M, | 530 | 1330 400-1200 1200-1500
M;, | 1070 | 1600 98010 171245
Mg, | 830 | 1500 983.440.9 1474419
Mgz | 960 | 1500 905450 [5] 1429412
M 140 | 1300 | 139.5699540.00035 1300100
Mg | 490 | 1300 | 497.672+0.031 1460(?)
M, 520 | 1280 547.30-+0.12 1297.8+2.8
M, | 910 | 1470 957.78-+0.14 1440—1470
M, 770 | 1470 770.040.8 1465425
M, | 1019 | 1682 | 1019.413%0.008 168020
Mg~ | 887 | 1479 891.59+0.24 1412412

n, n'(958), n(1295), n(1475)

But n(1405) is missed, it is a pseudoscalar glueball candidate

M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006)
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Quark-meson Lagrangian

1 . 1 . .
.Z,-m:q[Jr—yu Y M (AMV’+BMV”)+57W5 Y AM(AyA'+ByA")

2 i==+,0 i=+,0
Y AM(AuS'+BuS ) +iys Y, AM(AyP' +ByP")
i=+,0 i=+.,0

+iyY Y A [Agn —|—qu,n’+A%n(1295)—I—A%,n(1475)]]q,

i=u,s

1 : :
—1

By = m (801 c0s(6 + 63y) + ghy fua (K*) cos(By + 63y)]

0. =59.48° 0° =50.12°, Ok = 60.2°,
09 =57.13°, 0,=81.8°,  ¢9=81.5°
O- =84.7°, 6%, =59.14°, 0, = 68.4°,
00 =57.13°, 0, =T72.0°, 60 =61.5°,
Oz =T4.0° 0% =60.0°.

M.K. Volkov and V. L. Yudichev, Phys. Part. Nucl. 31 (2000), 282-311
M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006)
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Quark-meson Lagrangian

K. Nurlan (BLTP)

n_n(1295) n' n(1475)
“071 062 032 056

Al — at / at kz aj
v = gy + ez fuu(K), @ 011 -087 -048 -0.54
Ay = gnsaiy + &ns @i fos (k7). a 062 019 056 -0.67
a5 006 -066 03 082

Table II: Mixing parameters of 17 mesons

f"(k%)

k2 ny (m

¥, =

niny

O(A?

(27!:)4 / (m2 — kK2 )m

M.K. Volkov and V. L. Yudichev, Phys. Part. Nucl. 31 (2000), 282-311
M.K. Volkov and A.E. Radzhabov, Phys. Usp. 49 (2006)
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V(V), AA)

Co

p

Mr—pv, = GrLpVud (qup2 — Pubv) €,

C * 3 *
MT—)K*VT — GFL;uVusgi,k (gw/ (p2 - §(m8 - mU)Q) _pﬂp’/) 65{

K. Nurlan (BLTP) 18-23.10. 2026



Decay NJL, MeV Data, MeV
T > pv; 4.19%10~10 —
7 - p(1450)v; 4.79x10~ 11 —
T - a,(1260)v, 2.94x10710 —
T - a,(1640)v, 6.96x10~ 11 —
T - K*(892)v, 2.07x10~11 (2.72 £ 0.15)x10~11
T - K*(1410)v, 3.67x10712 3.4 (+3.17,—2.27)x10712
T > K;(1270)v, 0.57x10~11 (1.06 + 0.24)x10~ 11
T - K;(1400)v, 2.40x10712 (3.86 +£ 5.90)x10712
7 > K;(1650)v, 3.34x10713 —
T - Kv, 1.59x10711 (1.58 + 0.02)x10~ 1
T K'v, 1.42x10713 —
Fy 110.14 110.02 + 0.12
T - TV, 2.466x10710 (2.46 + 0.01)x10°1°
Ty, 1.04x10713 < 4.31x10713
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 Three body decays t » wK v, T - @K v,, 7> K*(892)K™v,, T = K*(892)nv,

Kia = Ki(1270)sin a + K7(1400) cos «,
Kip = K;(1270) cosa — K;(1400) sin a.

[M. Suzuki. Phys. Rev. D 47 (1993), 1252-1255] a =45
[M.K. Volkov. Phys. Part. Nucl. 24 (1993), 35-58] a = 57°

K. Nurlan (BLTP) 18-23.10. 2026



TowK v, T @K v,

M = —iGpVis L {Me + Ma+ My + Mp + My + My + Mp €] (p),

M = (ms+ Trbu).ff?"g‘W +12m,, [Iﬁ“ + (mgs — mu)mulﬁ“’] "N Dk \Doss
y C
MY = TEi(qp 4om,) KK
9K,
v 3 v 3 mS + mu 2 .
X { [9“ {42 - §(ms + mu)2] —q"q !1 - 2(W) BWK1(1270) sin? o
K (1270
v 3 v 3 Mg + My, 2
+ 9" [q2 - §(ms + mu)Q] —q"q {1 - 2(]\/[2) BWk, (1400, 008204} ,
K1(1400)
v . CK* wK* wK* 3 v
M‘L{f = ?'zmu 9K [Iﬁ K + (ms - mu)mu-[:g K ] |:q2 — §(m3 — mu)ﬂ BWK*BM J\é‘pK)‘png

3 Z
MY = 2(m3+mu)g—§CKIﬂKKq“q”BWK,

C" KoK 3 3 (ms + my)?
A K1 le .UV|:2__ 2:|_“V 1— = 4 BW .
" K, (ms + my) 144 {g q 5 (ms +my,) aq { 5 M?{; K,
v . C, * w y w *! 3 14
M“jf = i2m, ;{ {Iﬁ K4 (my — mu)mulﬁ K ] {qg — §(ms — mu)Q] BW et A ke ADiws

K. Nurlan (BLTP) 18-23.10. 2026



TowK v, T @K v,

The constants Cy; and C',; appear in the quark loops of the W boson transition into the intermediate meson in the extended NJL model:

1 . 0 . 0
CK* = m [SIH(GK* -‘I— GK*) +RK* SIH(BK* — GK* )] - 0.90,

-1

— 0 0y
Cpw = M [cos(BK* + O+ + Rg+ cos(Og= — GK*)] = 0.42.

The integrals arising in quark loops with meson vertices

M.M..._ 2 2\ 44
bny” = l(27r)4 / (m2 — k2)m (m2 — k2)m O(A” —k)dk.

The intermediate mesons are described with the Breit-Wigner propagator

1
- MYy ¢~ iV

BWys
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TowK v, T @K v,

7 - w(782)Kv, T - @(1020)Kv,
a=57 a =45 a=57 a =45
W, 0.54 0.52 Wa 2207 =
A 4.73 4.47 A 7.49 8.59
W, + A 3.08 3.27 W%A oo 082
Wy, 0.66 0.64
% 0.89 0.86
v 1.99 1.94 W, +V 2.6 x1073 2.5 x1073
Wy, +V 0.37 0.36 P 0.66 0.61
P 0.57 0.53 Ground 2.57 3.34
Ground 3.83 3.96 Al 0.74 0.72
A’ 5.4 x1073 5.2 x1073 v 18.1 x10-3 17.7 x10-3
v’ 0.31 0.30 P’ 1.6 x10~* 1.2 x10™*
P’ 8.6 x10™* 6.1 x107% Excited 0.76 0.74
Excited 0.32 0.31 Total 3.15 4.04
Total 3.79 3.95 Data 44116
Data 4.1+0.9 4.0510.51 [Belle]
3.394+0.48 [BaBar]
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TowK v, T @K v,

dr’ dar
6.x ]Ogll\dj—m dlyim
- [ A Lo i
L Il \ r
5.x 107} | i .
[ ) 8.x 10716}
4.x107[ AN P : |
i \ v I ] + 1
i | PR 6.x107'%  }F.
3.x 1075} k A .,
| : AN 4.x107%1 | _—— -
2.x 107} N Y .
is} ’ 2.x1071[ | i
1.x 107} \t - L ‘
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K.E. Arms et al. [CLEO]. Phys. Rev. Lett. 94 (2005), 241802 K. Inami et al. [Belle]. Phys. Lett. B 643 (2006), 5-10
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T - K*(892)K~ v, T - K*(892)nv,

vy

Kto K“‘O

W=
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T - K*(892)K~ v, T - K*(892)nv,

vy

Kto K'O

W=
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T - K*(892)K~ v, T - K*(892)nv,

Br(t » K*(892)K~v;) (1073)
Br(t —» K*(892)nv;) (10™%)

a, 1.01
a'y 0.000018 K, 1.21
p 0.32 K* 0.002
p’ 0.24 K 0.04
n 0.09 Total 1.23
' 0.00003> Experiment 1.38 + 0.15
Total 1.99
Experiment 21+04
Br(t - K*(892)K~v,) = 3.92x1073[Li B.A. PRD. 1997. Vol. 55. P. 1436—1452] Br(t - K*(892)nv,) = 1.01x10™*
Br(t - K*(892)K~v;) = 4.93x1073 [Dai L.R. etal. EPJ A. 2019. vol. 55. P. 20] [Li B.A. PRD. 1997. Vol. 55. P. 1436—1452]

Br(t -» K*(892)K " v,) = 1.50x1073[Guo Z.H. PRD. 2008. Vol. 78. P. 033004.]
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Br(t — manvy)y = (1.84+£0.27) x 1073

Br(t — AN V;)Bagar = (1.63£0.08) x 10~ [Phys. Rev. D 97, 052007 (2018)]
Br(t — wanvs)cmup—3 = (1.68 £ 0.17) x 1073 [JHEP 01, 112 (2020)]

Br(t — nanvy)ppg = (1.39+£0.07) x 1073
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Br(t — manvy)y = (1.84+£0.27) x 1073

Br(t — AN V;)Bagar = (1.63£0.08) x 10~ [Phys. Rev. D 97, 052007 (2018)]
Br(t — wanvs)cmup—3 = (1.68 £ 0.17) x 1073 [JHEP 01, 112 (2020)]

Br(t — nanvy)ppg = (1.39+£0.07) x 1073

Br(t — nxn'v;) = (0.324£0.04) x 107>
Br(t — nan'vy)ppe < 1.2 x 107>,
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Vr n n

Br(t — annv;) = (6.0£0.9) x 1079,
Br(t — annvs:)ppg = < 7.4 x 107°,

Br(t — ann’v;) = (4.04+0.6) x 107,

K. Nurlan (BLTP) 18-23.10. 2026



T - SPv;, T > APv;

K. Nurlan (BLTP)

Decay

T > WV,

T = pNve

T - Ky,

T = fimv,

T > aQ TV,

T - Kimv;

T - KiKv;
T - fo(500)Tv;
T - [, (980)v;
T - f,(500)Kv,
7 - [,(980)Kv,
T - a,(980)nv,
T - ay(980)Kv,

NJL
1.85 x1072
1.44 x1073
1.78 x1073
3.98 x10~*
1.40 x10~*
3.59 x107°
2.80 x107°
5.06 x1072
2.53 x10™*
9.70x107°
5.42 x107°
4.30 x1075
5.0 X107

Data
(1.95 £+ 0.06) X102

(2.2 +0.5) x1073
(3.90 + 0.5) x10™*

Two meson t decay branching fractions

18-23.10. 2026



Decay NJL model PDG Belle BaBar Theor

T - n n'nlv, 9.15 + 1.37 9.26 + 0.10 — 5.77 [1]
- K'n nlv, 3.70 + 0.55 3.82 +0.13 3.86 + 0.14 = 5.77 [1]
T K ntnv, 3.27 + 0.49 3.45 + 0.07 3.30 £ 0.17 2.73 £ 0.09 5.67 [1]
T - K n’nv, 0.68 + 0.10 0.65 + 0.22 E = 1.08 [1]
1> K KK v, 0.020 + 0.003 0.022 + 0.008 — - 0.0005 [1]
T - K K°K%, 0.019 + 0.003 - — — —

T - K n'yv, 0.039 + 0.006 0.048 + 0.012 0.046 + 0.011 - 0.008 [2]
T - K'n v, 0.078 + 0.012 0.094 + 0.015 0.088 + 0.014 - —

T - K K'qv, 0.0016 + 0.0002 < 0.009 < 0.009 - -

T - K nv, (1.0 +£ 0.15)x10~° < 3.0x1073 < 3.0x1073 - -

F. Takahashi et al. (Particle Data Group), Int. J. Mod. Phys. A 41, 2630011 (2026) [1]R. Decker, E. Mirkes, R. Sauer and Z. Was, Z. Phys. C 58 (1993), 445-452
kman et al. [Particle Data Group], PTEP 2022 (2022), 083C01 [2] A. Pich, Phys. Lett. B 196 (1987), 561-565

B. Aubert et al. [BaBar], Phys. Rev. Lett. 100 (2008), 011801

M. J. Lee et al. [Belle], Phys. Rev. D 81 (2010), 113007

S. Ryu et al. [Belle], Phys. Rev. D 89 (2014) no.7, 072009

K. Inami et al. [Belle], Phys. Lett. B 672 (2009), 209-218
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ete- -t

The amplitude includes the contact Feynman diagram with direct interaction of virtual photon with quarks and
diagrams with intermediate vector meson:

AT e

M(ete” »mm) = — 1+

S

2 211 (u) — I>(d em
— S . +s_ . 9,(_;[ 2( ) 22( )] . L” (s — p_)H,
2—s—iyslp 9 [M2—s—iy/sTy| [M2—s—iy/sTu]

s = (p+ +p-)% L™ = € e js the electromagnetic lepton current.
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ete- -t

The amplitude includes the contact Feynman diagram with direct interaction of virtual photon with quarks and
diagrams with intermediate vector meson:

AT e

M(eTe” = am) = — 1+

S

2 211 (u) — I>(d em
— S . +s_ . 9,(_;[ 2( ) 22( )] . L” (s — p_)H,
2—s—iyslp 9 [M2—s—iy/sTy| [M2—s—iy/sTu]

s = (p+ +p-)% L™ = € e js the electromagnetic lepton current.

e~ T+ € nt e

I,(u) and I,(d) are the loop integrals with the masses of u and d quarks appearing in w — p transition.
my; —my, =4 MeV (v - ).
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ete- -t

The hadron current obtained in the process ete™ - n*r~ is associated with the decay 1~ —» m~ %, by the isospin
transformation within Conserved Vector Current hypothesis. The cross section can be represented through the
spectral hadron function v™™(s)

4 22
olete wntn )= ( i a"’") v (s).
s

The appropriate differential width of the decay t~ - n %y, takes the form

dU(t~ - n~n%;)  GLVLSEL

2
i = ot (M2 —?)” (M2 +24%) V™ (¢%),

where v™(s) = v™"(q2),s = q2.
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ete- -t

The hadron current obtained in the process ete™ - n*r~ is associated with the decay 1~ —» m~ %, by the isospin
transformation within Conserved Vector Current hypothesis. The cross section can be represented through the
spectral hadron function v™™(s)

4 22
olete wntn )= ( i aem) v (s).
s

The appropriate differential width of the decay t~ - n %y, takes the form

dU(t~ - n~n%;)  GLVLSEL

2
i = ot (M2 — )" (M2 +26%) V™™ (¢P),

where v™(s) = v™"(q2),s = q2.

Br(t™ = n nv;) = (26.24+1.3)%.

Br(t™ = 7°V;)ep = (25.5+0.1)%

S. Navas et al. [Particle Data Group], Phys. Rev. D 110 (2024) no.3, 030001

K. Nurlan (BLTP) 18-23.10. 2026



K. Nurlan (BLTP) 18-23.10. 2026



Events/0.05(GeVZ/c*)

K. Nurlan (BLTP)
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Br(t— = n n'v;) = (26.6+1.3)%

Br(t™ = 1%Vo)eve = (26.2+£1.3)%

Br(t = 7%;) ey = (25.540.1)%



ete- - KK~

The amplitude includes the contact Feynman diagram with direct interaction of virtual photon with quarks and diagrams
with intermediate vector meson:

- U { Bty + Blpyr) + Blurar) + €™ Blorg) | o (Pt = i),

M.N. Achasov et al. [SND collaboration], Phys. Rev. D 76 (2007), 072012

The contact diagram contribution reads By = 93",

K. Nurlan (BLTP) 18-23.10. 2026



Contributions of intermediate vector mesons

By vy =r1v [OV uvS — PuPv JIVEK Cy GuvS — PuPv I;/’KK] .
( ).uy QV MT-% — 88— Z\@FV(S) 2 gV Mgw — S — i\@l—‘vf(S)

where r,=1/2 r,=1/6,r, =1/3.

=Ty (L0 )’

where S(s, M) = \/1 — 4Mg?/s.

J.P. Lees et al.[BaBar], Phys. Rev. D 88 2013 no.3, 032013
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Comparisons of separate contributions with results of other models:

Our result [10] [32]
N, 0.44 0.598 0.598
N, 0.147 0.171 0.199
Ny 0.34 0.283 0.339
N, 0.066 0.056 0.056
Ny 0.022 0.016 0.019
Ny 0.0005 0.005 0.006

[10] S.A. Ivashyn and A.Y. Korchin, Eur.Phys. J. C 49, 697 (2007).
[32] C. Bruch, A. Khodjamirian and J.H. Kuhn, Eur.Phys.J. C 39, 41 (2005).

K. Nurlan (BLTP) 18-23.10. 2026




Br(r — K K%,) = 13.95x 107

Br(t = K K%,)eep = (14.8640.34) x 1074,

K. Nurlan (BLTP) 18-23.10. 2026



ete” - mesons

A good description of the following annihilation processes was achieved:

e~ - [m,m(1300)]y,
n,1n',m(1295),n(1475)]y,

f1(1285), a,(1260)]y,
YTT,

~ - [, 7(1300)]m,

ete” - [n,1'][¢(1020), $(1680)],
efe” > KK~

e*e” - 2m[n,n'l,

ete” - K*K~[m,7],

ete™ - a,m KK.

K. Nurlan (BLTP) 18-23.10. 2026



ete” - mesons

A good description of the following annihilation processes was achieved: Predictions were obtained for:
ete™ - [m,m(1300)]y, ete” - m(1300)y,
ete” - [n,n',1m(1295),1n(1475)]y, eTe” — [n(1295),1(1475)]y,
ete” - [f1(1285),a,(1260)]y, ete™ - [f1(1285),a,(1260)]y,
ete” - ynm, ete™ - m(1300)7,
ete” - [, m(1300)]m, ete™ » KTK*t(1410),
ete” - wm, ¢, ete” - np(1680),
ete” - pn, ete” - n'[¢(1020), $(1680)],
ete™ > K*|K*7(892), K*T(1410)], ete™ - 2mn,
eTe” = [n,1n'1[¢(1020), $(1680)], ete” - aym, KiK.
ete” - KK,
ete” - 2m[n,n'],
ete” > KYK~[m,nl,
-

e"e” - aqm, KiK.

K. Nurlan (BLTP) 18-23.10. 2026



Conclusion and future plans

Whole classes of processes are systematically considered within the same model
without changing parameter values

Theoretical predictions for future experiments were constructed

The extended NJL model successfully works for e+e- annihilation and T lepton
decays at energies up to ~2 GeV

The nearest plans concern processes with axial-vector currents

K. Nurlan (BLTP) 18-23.10. 2026
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NJL quark model

Very simple four-fermion (current x current) interactions with chiral symmetry
/d4 { @8 — mp)q(x)
ISP L [ J(2)78:(x) + b ()7, (2)
a.ft

—:ZW (@) + i@ @] |},

Gy

Currents

Fgi(k,P) = Xfi(ky), Fpi(k,P)=iy"X"f(kL),
Fyi(k, P) = AN fi kL), Faf (k, P) = A"y X fi kL),

K. Nurlan (BLTP) 18-23.10. 2026



T mesonic decays in the NJL model

Vr

pafO

y[2

/A

T — 37wV, decay contact channel : Diagram with intermediate mesons describing the decay 7 — 37 v;.
M(t— 1 1'n;) = —iFzGpVyaLy {//{alp + Mup + M, f, + L//fxfﬂ}” ;
Ml =Zrgh (8" + (4 — 6m2)ghY — g q") BW,, | BWy (pr- — plo)v + (Pf:o) © Pfo)) )
2\ 1 1 2
Mrp = g5 BWrg" (q+ pf,o)) (Pn'— - Pf,o) ) W + (Psro) © szo)) =
'ﬁ#

0 1 2
arfo — 4Z?2‘~'g}0u cos’ ¢ {g;uv + ((q2 - 6m3)guv - q,uqv) BWal] BWj, (Pr- — P;E;-O) - Pg(zO))Va

My = 16Zzm,gs cos” §g" BWzBW,.

K. Nurlan (BLTP) 18-23.10. 2026



T mesonic decays in the NJL model

1
Mr%zeson T q2 —1 V qzrmeson ,

BWmeson —

Channels of the decay B fractions (%) CLEO II [38]
pr 60.0 68.11
fo(500) 12.8 16.18 +3.85

D.M. Asner et al. [CLEO], Phys. Rev. D 61 (2000), 012002

Br(t — 1 2°7°v)ny = (9.15+1.37)%
Br(t — n °n%¢)exp = (9.26+0.10)%
S. Navas et al. [Particle Data Group], Phys. Rev. D 110, no.3, 030001 (2024)

M.K. Volkov, A.A. Pivovarov and K. Nurlan, Eur. Phys. J. A 61 (2025) no.3, 66

K. Nurlan (BLTP) 18-23.10. 2026



T mesonic decays in the NJL model

K. Nurlan (BLTP)
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and a comparison with the ALEPH data.
S. Schael et al. [ALEPH], Phys. Rept. 421 (2005), 191-284

M.K. Volkov, A.A. Pivovarov and K. Nurlan, Eur. Phys. J. A 61 (2025) no.3, 66
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  𝛕


   𝐌 𝛕


   f M  (   k 2 ) = 1 +  d M  k 2


   f M  (   k 2 ) = 1 +  d M  k 2


   m u =  m d = 270


  Λ = 1260   M e V


  𝜋 → 𝜇  𝜈 𝜈


   F 𝜋


     m u   g 𝜋 =  


  𝜌 → 𝜋 𝜋


  (  g 𝜌


   m s = 420


   M K  e x p . = 494   M e V


  K = 13 . 0   G e  V  − 5


   M 𝜂  e x p . = 547   M e V


   M 𝜋  e x p . = 139   M e V


   M 𝜌  e x p . = 776   M e V


   m u =  m d = 270


  Λ = 1260   M e V


  𝜋 → 𝜇  𝜈 𝜈


   F 𝜋


     m u   g 𝜋 =  


  𝜌 → 𝜋 𝜋


  (  g 𝜌


   m s = 420


   M K  e x p . = 494   M e V


  K = 13 . 0   G e  V  − 5


   M 𝜂  e x p . = 547   M e V


   M 𝜋  e x p . = 139   M e V


   M 𝜌  e x p . = 776   M e V


   d  u u = 1 . 784 ×   10  − 2   G e V  − 2


   d  u s = 1 . 761 ×   10  − 2   G e V  − 2


   d  s s = 1 . 737 ×   10  − 2   G e V  − 2 .


   f M  (   k 2 ) = 1 +  d M  k 2


  𝜂 ′


  𝜂


  𝜂


  𝝉 → 𝑴  𝝂 𝝉


  𝝉 → 𝑴  𝝂 𝝉


  𝝉 → 𝑴  𝝂 𝝉


  𝜏 → 𝜌  𝜈 𝜏


  4 . 19 ×   10  − 10


  −


  𝜏 → 𝜌 ( 1450 )  𝜈 𝜏


  4 . 79 ×   10  − 11


  −


  𝜏 →  a 1 ( 1260 )  𝜈 𝜏


  2 . 94 ×   10  − 10


  −


  𝜏 →  a 1 ( 1640 )  𝜈 𝜏


  6 . 96 ×   10  − 11


  −


  𝜏 →  K ∗ ( 892 )  𝜈 𝜏


  2 . 07 ×   10  − 11


  ( 2 . 72 ± 0 . 15 ) ×   10  − 11


  𝜏 →  K ∗ ( 1410 )  𝜈 𝜏


  3 . 67 ×   10  − 12


  3 . 4   ( + 3 . 17 , − 2 . 27 ) ×   10  − 12


  𝜏 →  K 1 ( 1270 )  𝜈 𝜏


  0 . 57 ×   10  − 11


  ( 1 . 06 ± 0 . 24 ) ×   10  − 11


  𝜏 →  K 1 ( 1400 )  𝜈 𝜏


  2 . 40 ×   10  − 12


  ( 3 . 86 ± 5 . 90 ) ×   10  − 12


  𝜏 →  K 1 ( 1650 )  𝜈 𝜏


  3 . 34 ×   10  − 13


  −


  𝜏 → 𝛫  𝜈 𝜏


  1 . 59 ×   10  − 11


  ( 1 . 58 ± 0 . 02 ) ×   10  − 11  


  𝜏 →  K ′  𝜈 𝜏


  1 . 42 ×   10  − 13


  −


   F K


  ±   0 . 12


  𝜏 → 𝜋  𝜈 𝜏


  2 . 466 ×   10  − 10


  ( 2 . 46 ± 0 . 01 ) ×   10  − 10


  𝜏 →  𝜋 ′  𝜈 𝜏


  1 . 04 ×   10  − 13


  < 4 . 31 ×   10  − 13


  𝝉 → 𝑷 𝑽  𝝂 𝝉


  𝝉 →   𝝎 𝑲 −  𝝂 𝝉 , 𝝉 →   𝝋 𝑲 −  𝝂 𝝉   , 𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ,


  𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏


  𝛼 =   45 °


  𝛼 =   57 °


  𝝉 →   𝝎 𝑲 −  𝝂 𝝉 , 𝝉 →   𝝋 𝑲 −  𝝂 𝝉


  𝝉 →   𝝎 𝑲 −  𝝂 𝝉 , 𝝉 →   𝝋 𝑲 −  𝝂 𝝉


   C M


    C ′ M


  𝝉 →   𝝎 𝑲 −  𝝂 𝝉 , 𝝉 →   𝝋 𝑲 −  𝝂 𝝉


    10  − 4


  𝜏 → 𝜔  (  782 ) K  𝜈 𝜏


  =   57 °


  =   45 °


       W A


     W A


   W V


   W V  


   A ′


  ×   10  − 3


  ×   10  − 3


                           V ′


                             P ′


  ×   10  − 4


  ×   10  − 4


  ± 0 . 9


    10  − 4


  𝜏 → φ  (  1020 ) K  𝜈 𝜏


    =   57 °


  =   45 °


       W A


     W A


   W V


   W V  


  ×   10  − 3


  ×   10  − 3


   A ′


   V ′


  ×   10  − 3


  ×   10  − 3


   P ′


  ×   10  − 4


  ×   10  − 4


  ± 1 . 6


  ± 0 . 51


  ± 0 . 48


  𝝉 →   𝝎 𝑲 −  𝝂 𝝉 , 𝝉 →   𝝋 𝑲 −  𝝂 𝝉


  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ,   𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏


  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ,   𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏


  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏


    10  − 3


      𝒂 𝟏


      𝒂 ′ 𝟏


   𝝆 ′


   𝝅 ′


  2 . 1 ± 0 . 4


  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ,   𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏


  B r  (  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ) = 3 . 92 ×   10  − 3  [  Li B.A. PRD. 1997. Vol. 55. P. 1436−1452 ]


  B r  (  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ) = 4 . 93 ×   10  − 3   [ Dai L.R. et al. EPJ A. 2019. vol. 55. P. 20]


  B r  (  𝜏 →  K ∗  (  892 )  K −  𝜈 𝜏 ) = 1 . 50 ×   10  − 3 [Guo Z.H. PRD. 2008. Vol. 78. P. 033004.]  


  𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏


    10  − 𝟒


      𝑲 𝟏


   𝑲 ∗


  𝑲


  1 . 38 ± 0 . 15


  B r  (  𝜏 →  K ∗  (  892 ) 𝜂  𝜈 𝜏 ) = 1 . 01 ×   10  − 4


   [  Li B.A. PRD. 1997. Vol. 55. P. 1436−1452 ]


  𝜏 → 𝜋 𝜋 𝜂  𝜈 𝜏


  𝜏 → 𝜋 𝜋 𝜂  𝜈 𝜏


  𝜏 → 𝜋 𝜋 𝜂  𝜈 𝜏


  𝜏 → 𝜋 𝜋 𝜂  𝜈 𝜏


  𝜏 → S P  𝜈 𝜏 ,   𝜏 → A P  𝜈 𝜏


  𝜏 → 𝜔 𝜋  𝜈 𝜏


  1 . 85   ×   10  − 2


  ( 1 . 95 ± 0 . 06 )   ×   10  − 2


  𝜏 → 𝜌 𝜂  𝜈 𝜏


  1 . 44   ×   10  − 3


  −


  𝜏 →  K ∗ 𝜋  𝜈 𝜏


  1 . 78   ×   10  − 3


  ( 2 . 2 ± 0 . 5 )   ×   10  − 3


  𝜏 →  f 1 𝜋  𝜈 𝜏


  3 . 98   ×   10  − 4


  ( 3 . 90 ± 0 . 5 )   ×   10  − 4


  𝜏 →  a 1 𝜋  𝜈 𝜏


  1 . 40   ×   10  − 4


  −


  𝜏 →  K 1 𝜋  𝜈 𝜏


  3 . 59   ×   10  − 6


  −


  𝜏 →  K 1 K  𝜈 𝜏


  2 . 80   ×   10  − 9


  −


  𝜏 →  f 0 ( 500 ) 𝜋  𝜈 𝜏


  5 . 06   ×   10  − 2


  −


  𝜏 →  f 0 ( 980 ) 𝜋  𝜈 𝜏


  2 . 53   ×   10  − 4


  −


  𝜏 →  f 0  (  500 ) K  𝜈 𝜏


  9 . 70 ×   10  − 5


  −


  𝜏 →  f 0  (  980 ) K  𝜈 𝜏


  5 . 42   ×   10  − 6


  −


  𝜏 →  a 0  (  980 ) 𝜂  𝜈 𝜏


  4 . 30   ×   10  − 5


  −


  𝜏 →  a 0  (  980 ) K  𝜈 𝜏


  5 . 0   ×   10  − 6


  −


    𝜏 → 3 P  𝜈 𝜏


    10  − 3


  𝝉 →  𝝅 −  𝝅 𝟎  𝝅 𝟎  𝝂 𝝉


  9 . 15 ± 1 . 37


  9 . 26 ± 0 . 10


  −


  𝝉 →    𝑲 - 𝟎  𝝅 −  𝝅 𝟎  𝝂 𝝉


  3 . 70 ± 0 . 55


  3 . 82 ± 0 . 13


  3 . 86 ± 0 . 14


  −


  𝝉 →  𝑲 −  𝝅 +  𝝅 −  𝝂 𝝉


  3 . 27 ± 0 . 49


  3 . 45 ± 0 . 07


  3 . 30 ± 0 . 17


  2 . 73 ± 0 . 09


  𝝉 →  𝑲 −  𝝅 𝟎  𝝅 𝟎  𝝂 𝝉


  0 . 68 ± 0 . 10


  0 . 65 ± 0 . 22


  −


  −


  𝝉 →  𝑲 −  𝑲 +  𝑲 −  𝝂 𝝉


  0 . 020 ± 0 . 003


  0 . 022 ± 0 . 008


  −


  −


  𝝉 →  𝑲 −  𝑲 𝟎    𝑲 - 𝟎  𝝂 𝝉


  0 . 019 ± 0 . 003


  −


  −


  −


  −


  𝝉 →  𝑲 −  𝝅 𝟎 𝜼  𝝂 𝝉


  0 . 039 ± 0 . 006


  0 . 048 ± 0 . 012


  0 . 046 ± 0 . 011


  −


  𝝉 →    𝑲 - 𝟎  𝝅 − 𝜼  𝝂 𝝉


  0 . 078 ± 0 . 012


  0 . 094 ± 0 . 015


  0 . 088 ± 0 . 014


  −


  −


  𝝉 →  𝑲 −  𝑲 𝟎 𝜼  𝝂 𝝉


  0 . 0016 ± 0 . 0002


  < 0 . 009


  < 0 . 009


  −


  −


  𝝉 →  𝑲 − 𝜼 𝜼  𝝂 𝝉


  ( 1 . 0 ± 0 . 15 ) ×   10  − 5


  < 3 . 0 ×   10  − 3


  < 3 . 0 ×   10  − 3


  −


  −


   𝒆 +  𝒆 − →  𝝅 +  𝝅 −


   𝒆 +  𝒆 − →  𝝅 +  𝝅 −


   I 2 ( u )


   I 2 ( d )


  𝜔 → 𝜌


   m d −  m u = 4


  𝜔 → 𝜋 𝜋


   𝒆 +  𝒆 − →  𝝅 +  𝝅 −


   e +  e − →  𝜋 +  𝜋 −


     𝜏 − →  𝜋 −  𝜋 0  𝜈 𝜏


   v  𝜋 𝜋  ( s )


   𝜏 − →  𝜋 −  𝜋 0  𝜈 𝜏  


   𝒆 +  𝒆 − →  𝝅 +  𝝅 −


   v  𝜋 𝜋  ( s ) =  v  𝜋  𝜋 0  (   q 2 ) ,   s =  q 2


   e +  e − →  𝜋 +  𝜋 −


     𝜏 − →  𝜋 −  𝜋 0  𝜈 𝜏


   v  𝜋 𝜋  ( s )


   𝜏 − →  𝜋 −  𝜋 0  𝜈 𝜏  


   𝒆 +  𝒆 − →  𝝅 +  𝝅 −


   v  𝜋 𝜋  ( s ) =  v  𝜋  𝜋 0  (   q 2 ) ,   s =  q 2


  𝝉 →  𝝅 𝟎  𝝅 −  𝝂 𝝉


  𝝉 →  𝝅 𝟎  𝝅 −  𝝂 𝝉


  𝝉 →  𝝅 𝟎  𝝅 −  𝝂 𝝉


   𝒆 +  𝒆 − →  𝑲 +  𝑲 −


   𝒆 +  𝒆 − →  𝑲 +  𝑲 −


   𝒆 +  𝒆 − →  𝑲 +  𝑲 −


   𝒆 +  𝒆 − →  𝑲 +  𝑲 −


   𝒆 +  𝒆 − →  𝑲 +  𝑲 −


  𝝉 →  𝑲 𝟎  𝑲 −  𝝂 𝝉


   𝒆 +  𝒆 − → 𝒎 𝒆 𝒔 𝒐 𝒏 𝒔


   e +  e − →  [  𝜋 , 𝜋  (  1300 ) ] 𝛾 ,


   e +  e − →  [  𝜂 ,  𝜂 ′ , 𝜂  (  1295 ) ,   𝜂 ( 1475 ) ] 𝛾 ,


   e +  e − →  [   f 1 ( 1285 ) ,  a 1 ( 1260 ) ] 𝛾 ,


   e +  e − → 𝛾 𝜋 𝜋 ,  


   e +  e − →  [  𝜋 , 𝜋  (  1300 ) ] 𝜋 ,


   e +  e − → 𝜔 𝜋 , 𝜙 𝜋 ,


   e +  e − → 𝜌 𝜂 ,


   e +  e − →  K ±  [   K  ∗ ∓  (  892 ) ,  K  ∗ ∓  (  1410 ) ] ,


   e +  e − →  [  𝜂 ,    𝜂 ′ ]  [  𝜙  (  1020 ) , 𝜙  (  1680 ) ] ,


   e +  e − →  K +  K − ,


   e +  e − → 2 𝜋  [  𝜂 ,  𝜂 ′ ] ,


   e +  e − →  K +  K −  [  𝜋 ,   𝜂 ] ,


   e +  e − →  a 1 𝜋 ,    K 1 K .


   𝒆 +  𝒆 − → 𝒎 𝒆 𝒔 𝒐 𝒏 𝒔


   e +  e − →  [  𝜋 , 𝜋  (  1300 ) ] 𝛾 ,


   e +  e − →  [  𝜂 ,  𝜂 ′ , 𝜂  (  1295 ) ,   𝜂 ( 1475 ) ] 𝛾 ,


   e +  e − →  [   f 1 ( 1285 ) ,  a 1 ( 1260 ) ] 𝛾 ,


   e +  e − → 𝛾 𝜋 𝜋 ,  


   e +  e − →  [  𝜋 , 𝜋  (  1300 ) ] 𝜋 ,


   e +  e − → 𝜔 𝜋 , 𝜙 𝜋 ,


   e +  e − → 𝜌 𝜂 ,


   e +  e − →  K ±  [   K  ∗ ∓  (  892 ) ,  K  ∗ ∓  (  1410 ) ] ,


   e +  e − →  [  𝜂 ,    𝜂 ′ ]  [  𝜙  (  1020 ) , 𝜙  (  1680 ) ] ,


   e +  e − →  K +  K − ,


   e +  e − → 2 𝜋  [  𝜂 ,  𝜂 ′ ] ,


   e +  e − →  K +  K −  [  𝜋 ,   𝜂 ] ,


   e +  e − →  a 1 𝜋 ,    K 1 K .


   e +  e − → 𝜋  (  1300 ) 𝛾 ,


   e +  e − →  [  𝜂  (  1295 ) ,   𝜂 ( 1475 ) ] 𝛾 ,


   e +  e − →  [   f 1 ( 1285 ) ,  a 1 ( 1260 ) ] 𝛾 ,


   e +  e − → 𝜋  (  1300 ) 𝜋 ,


   e +  e − →  K ±  K  ∗ ∓  (  1410 ) ,


   e +  e − → 𝜂 𝜙  (  1680 ) ,  


   e +  e − → 𝜂 ′  [  𝜙  (  1020 ) , 𝜙  (  1680 ) ] ,


   e +  e − → 2 𝜋 𝜂 ′ ,


   e +  e − →  a 1 𝜋 ,    K 1 K .
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