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Introduction

f1(1285) meson: 1¢(J7Y) =0 (17+)
my =1282.0 £ 0.5 MeV, I'; = 24.1 £ 1.0 MeV [PDG'16]

C-even meson — e"e~ decay proceeds via two virtual photons and
therefore I is suppressed by a factor of a*

Experimental limits:

(7' (958) — ete™) < 0.002 eV (90% CL)
[(f2(1270) — ete™) < 0.11 &V (90% CL)
['(az(1320) — eTe™) < 0.56 eV (90% CL)

Limit on T'(f1(1285) — eTe™) is still not obtained

The process e e~ — f1 — mesons is planned to be studied at
VEPP-2000 eTe™ collider in Novosibirsk
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Simple estimate of f; — eTe™ decay width
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There is only one P- and C-even invariant amplitude (if m. = 0)
M(f1 — ete™) = Faa®e,uy"y v (1)
where F'4 is the dimensionless coupling constant.
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It is natural to assume that |[Fy| ~ 1= T(f; = efe”) ~0.1eV

The decay width: T'(f; — eTe™) =
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Model-independent description of f; — e*e™ amplitude

To calculate T'(f; — eTe™) we should know f; — y*y* amplitude.

f1 = v*v* amplitude is parameterized in general by two
dimensionless form factors, Fi(q?,¢5) and Fy(q?,¢3), e.g.
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e1, e and ¢ are the polarization vectors of photons and f; meson.

F; corresponds to transversal photons (7'7),

Iy describes a combination of 7T and LT polarization states.
The polarization state LL (when both virtual photons are
longitudinal) does not exist.
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Model-independent description of f; — e*e™ amplitude
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Due to Bose symmetry form factor F(q?, ¢3) must be
antisymmetric, F1(¢?,q¢3) = —F1(q3, ).

f1 — v decay is forbidden by Landau-Yang theorem = the
amplitude vanishes when both photons are on-shell.

The first term vanishes because F3(0,0) = 0, while all other terms
vanish because ¢°> = 0 and ¢*¢, = 0 for real photons.
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Model-independent description of f; — e*e™ amplitude

After substitution of this f; — 7*~* amplitude into the one-loop

diagram:
16mia? dk Kk,
+ .-\ — S pv
M(fl-)@ € )__ m?{ e'p /(27T)4 ]{2 (Q17q2)

8ria? N d'k kyky 2
et ury’y / 20 B2da {Fa(qf, 6365 + Fald3, 7 )ai } +

—I—M;?eﬂu, 7 v /d4k1><
m} (2m)* k2q3q3
x { (a3, 33) [K*(p1p2 + pr1k — pok) — 245 (p1k) + 2¢5K°] +
+F5(q3, 1) [K*(p1p2 + prk — pok) + 241 (p2k) + 2¢7K] ) (4)

mf

where ¢y = p1 — k and ¢ = po + k.
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Constants of f; — py decay from experimental data

One can not calculate T'(f; — eTe™) in model-independent way,
because explicit form of Fy(q¢?,¢3) and Fy(q?,q3) is unknown.
So, we have to choose some reasonable model.

We assume that the main contribution to the amplitude
M (f, — ete™) comes from the diagram, where both virtual
photons are coupled with f; meson via intermediate p° mesons.

e (p1)

S —
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Constants of f; — py decay from experimental data

Arguments for this model — dimensional analysis shows that form
factors F} and Fy should decrease rapidly with increasing
momentum k in order to avoid divergences in (4).

This is the hint that both virtual photons couple with f; meson via
some massive vector mesons.

In such case form factors F; and I behave as 1/k* and the
amplitude (4) does not diverge.

Experimental data show that one of the main f; decay channels,
f1 = 47 [B(f1 — 47) ~ 33%)], proceeds mainly via the
intermediate pp state.

Other evidence of this mechanism is a large (5.5%) branching ratio
of radiative f; — p"~ decay.
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Constants of f; — py decay from experimental data

Some parameters of the model can be constrained from
experimental data on f; — p’v decay

o .
M(fl — pOPY) = ngz/e/uq)o‘puf q C*U?T(P - (I)
f
am% o
- gQLE/Wp(Tf He* q € (5)
mj

This amplitude contains two complex coupling constants, g1 and go.
g1 corresponds to T polarization state of p° in the f; rest frame,
and g, corresponds to a combination of L and T polarization states.
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Constants of f; — py decay from experimental data

The width of f; — p%y decay

062
L(fi = p’y) = oo (1 - £)%x

X [(1= €)1 + &1 + &)[gal” + 26(1 = &)|gallg2]cos 6] (6)
where £ = m?/m} ~ 0.37

Since the parameters g; and g2 do not correspond to different
polarization states, the interference term does not vanish after
summation over polarizations, and expression (6) contains

0 = ¢1 — @9, which is the relative phase of the complex constants
g1 and go.

A.S. Rudenko F1(1285) — ete™ decay ..



Constants of f; — py decay from experimental data

In addition to I'(f; — p"7) one more relation was derived from the
polarization experiment. The ratio of the contributions of two p°
helicity states, r = prr/prr = 3.9 £ 0.9 £ 1.0, was determined in
the VES experiment from the analysis of angular distributions in
the reaction f1 — p%y — ntn—:

IM(fi — p°y = 7777 )[* ~ prrcos® 0 + pprsin®6  (7)

where prr and prr are density matrix elements corresponding to
longitudinal and transverse p° mesons, respectively; 6 is the angle
between 7+ and v momenta in the p" rest frame.

Calculation of [M(f; — p°y — mt7=~)|? with our amplitude (5)
leads to the following ratio of the coefficients at cos? # and sin? 6:

2€|g2|?
(1= €)% g1|*> + &2[g2]> + 26(1 = €)|g1]|g2|cos &

(8)

T =
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Constants of f; — py decay from experimental data

It is possible to find from (6) and (8) the magnitude of coupling
constant go,
alga =1.5+£0.2 (9)

However, it is impossible to extract the magnitude of the constant
g1 and/or the phase d from the experimental data.

Taking into account that —1 < cosd < 1, we obtain
0.16 < algi| < 1.9 (10)
It is seen that there is a large uncertainty in the value of |g1].

In what follows we treat ¢ as a free parameter!
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Calculation of f; — ete™ decay width

Now let us consider fi — nTm 77~ decay. Experimental data
indicate that the main contribution to it is given by the
intermediate state with two virtual p mesons.

Certainly, the form factors of our model should meet the
requirement that the result of calculation of fi — ntr 77~
decay width should be in a good agreement with the experiment.

™ (p1) ™ (p1)
7 (k1) 7 (k2)
7t (p2) 7" (p2)
7 (k2) 7 (k1)
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Calculation of f; — ete™ decay width

Taking into account all the requirements we write the form factors
Fy and I as

g1 - gm(m% - impr)(qg - Q%)

o o 11
(a1, 43) (q%_m%+imprp)(q§—m%+impr) (11)
9 . 2
) g2-g (m —1m F )(77’”)
F2(Q%7Q§) ) Sk — ; (12)

(g7 —m2 +1im,L,) (g5 — m2 4 im,T,)

m, = 775.26 MeV, I', = 147.8 MeV are po—meson mass and width,

gy is the coupling constant of the transition p° — ~v*,

30(P0—ete—
M(PO =) = gp'y(nguu - ‘I/LQV)EMG*V = 9oy = (p#c;e) ~

0.06.
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Calculation of f; — ete™ decay width

B(fi = mtn ntn™)
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B(fi — ntn~ntn™) in our model

The solid line — B(f1 — ntn~ 777~ calculated using the central
values: 7 = 3.9 and B(f; — p%y) = 5.5%. Dashed and dotted lines
indicate 1o deviations. The shaded horizontal band denotes value

allowed experimentally, B(f; — n#tn 77~
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Calculation of f; — ete™ decay width

T
10
.8
T L
=] L
= L
L6
+ r
T L
< AT
«Q L
2r 4
ol v v v v e
0.0 0.5 1.0 1.5 2.0
8/

B(f1 — ete™) in our model

The solid line — B(fi1 — e*e™) calculated for the central values:
r = 3.9 and B(f1 — p°y) = 5.5%. The dashed and dotted lines
indicate 1o deviations.
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Calculation of f; — ete™ decay width

It is seen from the Figures above that in our model the branching
ratio B(f1 — eTe™) should be taken in the range from 3- 1079 for
§~mto8-1079 for § =0,

B(fi »ete’)~(3+8)-107° (13)
and the corresponding decay width is
L(fi —ete) ~0.07+0.19 eV (14)

The naive estimate I' ~ 0.1 €V is in good agreement with (14).
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Estimate of efe™ — fi — nmm cross section

The process ee™ — f; — nmm can be used for study of direct f;
production in eTe™ collisions.

f1 — nmr decay proceeds approximately with 70% probability
through the intermediate a(980) meson.

e~ (p1)

7 (p-)

n(k)

7f0((12)
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Estimate of efe™ — fi — nmm cross section

Using the experimental value for the branching ratio
B(f1 — agm) = 0.36 & 0.07 and the result of our calculations for
B(f1 — eTe™), we obtain

olete” — fi = apm) ~ 7.8 =30 pb (15)
Isospin symmetry:
olete” = f »aZnT = nnfr7) ~52+20pb  (16)

olete™ = f1 = adn® = nr7%) ~ 2.6 = 10 pb (17)
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ete” — fi — nu'n process

+ 0

ete™ — 970 reaction proceeds only through two-photon
annihilation, since C parity of n¥7 final state is positive.

Therefore there is no background from one-photon annihilation,
and ete™ — f1 — nnO7Y cross section can be measured directly.

According to our estimate (17), the lower bound on this cross
section is quite small (=~ 3pb), nevertheless it can be measured at
the VEPP-2000 collider in Novosibirsk.
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e~ — nmT T process

Charge asymmetry in e

On the contrary, et e~ — nm 7~ reaction proceeds mainly through
one-photon annihilation, which is described quite well by the VMD
model with intermediate p'(1450) and p"(770) mesons.

7 (p-) 7 (p-)

7 (p4) 7t (p+)
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e~ — nmT T process

Charge asymmetry in e

The measured eTe™ — nm ™7~ Born cross section is about 500 pb
at /s = my. According to our estimate (16),

ete” = f1 — a%ﬁ — nm T~ cross section constitutes

~ 5.2 =+ 20 pb, so its measurement is rather complicated task.

One possibility to overcome this difficulty is to investigate the
two-photon annihilation channel ete™ — f; — nr ™7~ through
C-odd effects, which arise from interference of C-odd one-photon
and C-even two-photon amplitudes.
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e~ — nmT T process

Charge asymmetry in e

This interference is P- and C-odd, therefore it does not contribute
to the total cross section, but it can lead to the charge asymmetry
in the differential cross section.

Let us define the charge asymmetry in ete™ — nmTm~ process as

Otot(cos O > 0) — oo (cos b < 0)

A —
Otot(cos O > 0) + oot (cos 0 < 0)

(18)

cos 0, >0

Here 6, is the angle between 7 meson 3-momentum and e beam
axis in the eTe™ center-of-mass frame, 0 is the angle between 7
meson and 77 meson 3-momenta in the 777~ center-of-mass
system.

Charge asymmetry — different numbers of 7 and 7~ mesons
propagating in some direction.
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Charge asymmetry in eTe™ — nm ™ process

The interference term contains one additional free parameter ¢ —
relative phase arising from the complex coupling constants,

FAgfﬂagafrnfpww = |FAgf7raga7r77fp7r7r|e (19)
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Charge asymmetry in ete™ — nmtn~ process may be up to £10%
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Conclusions

@ The width of f1(1285) — eTe™ decay is calculated in the
vector meson dominance model. The result depends on the
relative phase § between two coupling constants describing
fi — pUy decay,

['(fi »ete)~0.07+0.19 eV
[B(fi —efe™ )~ (3+8)-1077]

@ In our model
olete” = fi = aFnT — nrtr~) ~ 5.2+ 20 pb, and
olete” = f1 — (187r0 — nr97%) ~ 2.6 + 10 pb

o etem — fi — nm'nY cross section can be measured directly.

@ Measurement of eTe™ — f; — nm 7~ cross section is rather
complicated task, because of background from the one-photon
annihilation = to investigate the charge asymmetry.

It may be quite large, up to £10%
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Fa~ —agi (0.22 4 0.25i) — ags (0.75+ 0.57)  (24)

. 2
|Fa|? ~ [€? - algi] - (0.22 4 0.250) + alga| - (0.75 4+ 0.574) | (25)
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