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Motivation: anomalous magnetic moment of muon

R & —2),

Magnetic moment of the muon & = —g S Anomalous part: @, =
2m 2

Ultra-precise measurements % = 116592061(41) x 10~"!

Standard Model calculations " = 116591810(43) x 10~

4.2 o difference!
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To reduce HLbL contribution to the uncertainty one needs
data-driven model-independent approach




Scalar resonances contribution to (g-2)

Ingredients for HLbL: y*y* — zr, 7y, KK.. .for spacelike y*:qg = — 0% < 0



Scalar resonances contribution to (g-2)

Ingredients for HLbL: y*y* — zr, 7y, KK.. .for spacelike y*:qg = — 0% < 0

Contribution Value x 10!
7V, n, n'-poles 93.8(4.0)
7, K-loops/boxes —16.4(2)
S-wave 77 rescattering —8(1)
subtotal 69.4(4.1)
scalars
tensors —16)
axial vectors 6(6)

u, d, s-loops/short-distance  15(10)
c-loop 3(1)
total 92(19)

T. Aoyama et al. [g-2 White Paper] (2020)
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Contribution Value x 101!
7V, n, n'-poles 93.8(4.0)
7, K-loops/boxes —16.4(2)
S-wave T rescattering —8(1)
subtotal 69.4(4.1)
scalars
tensors —16)
axial vectors 6(6)

u, d, s-loops/short-distance  15(10)
c-loop 3(1)
total 92(19)

T. Aoyama et al. [g-2 White Paper] (2020)
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Scalar resonances contribution to (g-2)
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Very precise data for the {7z, KK} system allowed to calculate the contribution from the
f0(980) resonance

a/';“—bl-[ 5(980)] = — 0.2(2) X 1011 Danilkin, Hoferichter, Stoffer (2021)
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Very precise data for the {7z, KK} system allowed to calculate the contribution from the
f0(980) resonance

a/';“—bl-[ 5(980)] = — 0.2(2) X 1011 Danilkin, Hoferichter, Stoffer (2021)

Problem: for precise determination of the ay(980) resonance the experimental input for
the {7n, KK} is needed, but there is no hadronic information in 77 channel



Approach: partial wave dispersion relations

Resonance with definite J: need partial wave (p.w.) decomposition

T, = ), (2] + 1t!(s)P,(cos 0)

J=0 -
L—coupled-channel indices

Unitarity relation: p.w.amplitude behaves asymptotically no
worse than a constant

Disc £,,(8) = ) £, ()P ()% (5)
¢ N phase-space factor
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Approach: N/D method

Once-subtracted p.w. dispersion relation

J’ 2 ds’ 1,(S)p ()1, (s7)
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£,(s) = U, (s) + ~ 2
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Can be solved by means of N/D ansatz
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Using the known analytical structure of lhc one can approximate hadronic
i i . . Gasparyan, Lutz (2010)
U_,(s) as an expansion in a conformal mapping variable £(s)

physical region

Us) = ), Ci(&())" ietelelelteteleltetateletet} .

——————————————— L Sth SE.
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Dispersion relation: {yy, ax, KK} system
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Dispersion relation: {yy, ax, KK} system

vy — 72'071'0
—Total 0 Marsiske ct al. | T [£(500)] = 1.37 £ 0.13709 eV
40-—S ?’VE‘VG | Ueheslrsa zteal. . y}/[f()( )] ;882 «
: ' Danilkin, Deineka,Vanderhaeghen (2020)
30¢
z | consistent with
% ; Y[ fo(500)] = 1.7 + 0.4 keV
S

o % % TPl am [ £5(980)] = 0.32 % 0.05 keV
' Hoferichter et al. (2021)
;

Moussallam (2011)
. . . . , , , Dai et al. (2014)
03 04 05 06 07 08 09 10
Vs [GeV]

"y
| / TYO[f5(980)] = 0.29 + 0.21+)7 keV

vy = {nn, KK}, [1=0,2

h§) . (s) h§ry™(s) ° ds' Im Qg l(s") [ A2 (s)
= + 5 Q) | — — + hea ter lhc
L) \ ki w7 S =9 \K)

0,4+

Ktake into account only Born lhc



W
2

N
-

o (yy-n’n)[nb]
N W
.-

A (5) 0
’ - orn + \) Q (S)
<kl<?g+<s> <kf?l’f <s>> 1

Dispersion relation: {yy, an, KK} system

[ m Belle

[
= -

Crystal Ball
BESIII

“°° ds' Im Q7l(s")

n S(s'—9)

Sth

o (yy—K;K;)[nb]

-
)

S
o

0

k(O),Born

1++

—_ N
n o ¢

[
-

ﬁ Hﬁ

ﬂ% H

%%{}{EE{ Eiiiiiié

o 11 \/g[lciv] 13 14

~ | +heavor Ihe
(s )) ]



Dispersion relation: {yy, an, KK} system
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PRELIMINARY results: yy — 2’ and yy — K K, processes
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ay(980) is located on the 11 Riemann sheet:

A/ S og9) = 1064 — i59 MeV



Extension to the double-virtual case
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Extension to the double-virtual case

Left-hand cut require knowledge from y*KK
form factor

Disc

p-w. helicity amplitudes suffer from kinematic
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Contribution to HLbL in (g-2)

Important ingredients
v¥y* — am an, KK...
g = — 0? < 0 spacelike y*
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[1#40 = 2 Tl.””’l"Hi I1. linear combination of I1,
i=1
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Contribution to HLbL in (g-2)
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PRELIMINARY: a,(980) contribution to HLbL in (g-2)

For I = 0, the contributions from f;,(500) + f,(980) was calculated previously:

al""[S-wave,I = 0], = —9.8(1) x 107" Colangelo et al. (2014-2017)
abeL[ﬁ)(98O)]resc — _ 0.2(1) X 10—11 Danilkin, Hofferichter, Stoffer (201 1)
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Summary and outlook

e Using the partial-wave dispersive approach we described the yy — 7% and yy — KK cross
sections simultaneously

* We found a pole corresponding to the ay(980) resonance on the Il Riemann sheet with

A/ 52 ogo) = 1064 — i59 MeV (PRELIMINARY)

* We estimated the contribution from the a,(980) resonance to HLbL part of muon g-2 to be
a"""ap(980)],45., = —0.46(2) x 10~'" (PRELIMINARY)

resc.
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* The hadronic 77 part can be further constrained by including the data from ¢ — yzn,
n — ranandn — JZ'O}/}/

e It is crucial to have the precise data in the yy = KTK~ channel from BESIII

e The yy — 7 Adler zero can be only included by introducing one more subtraction and
including heavier left-hand cuts

* Using the once-subtracted dispersion relation for the single-virtual case relies on the availability
of the yy* — 7' data from BESIII



