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g-factor

e Definition of g-factor: the strength of coupling to magnetic field

e -
o M E
H g‘12m1

in 1928, Dirac got g=2 by using his equation.

e Anomalous magnetic moment: the deviation of g-factor from 2

=g1—2
2

in 1948, Schwinger got a; = = by using QED.

aj

e Experimental value!:

(g —2)u = 0.00233184110 £ 0.00000000043 =+ 0.00000000019

LarXiv:2402.15410 [hep-ex]
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HLDbL contribution to muon (g-2)

b) <)

e Projection formula of aj:2

or, (k?)
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e Pole contribution a,I}LbL;PO:
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U(3) RChPT(1) |

e Resonance Chiral Lagrangian3 e
(EG + Lwaw) + Liin + L + Ly + L ©)
Where: , A )
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e In order to make the analysis more complete, this work follow the literature® by including the mixing
of goldstone meson and pseudoscalar resonance, and their contributions could be treated as
corrections of VJP and VVP LECS:

dmMveyY = = B N oA

63—)63263"‘ M%, 7d2_)d;:d2+T%/ (11)

3arXiv:1201.2135[hep-ph]
4JHEP 0306 (2003) 012
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U(3) RChPT(2)

e The gold-stone fields in the two-angle mixing scheme is

n'Cq’+nCq+mo L L
) A" o -
(b = = n n —7o A 12
T = 75 4 Ko (12)
K~ Ko n'Cs’ — nCs

where

C F cos 00 \/5 sin 08
L V3 cos (98 —0p)

o 2 cos 08 sin 90
T VBcos( 08 —6p)
(13)
C \/§ cos 00 sin 08
* V3cos( 08 —6p) Fg
o 0S 03 \/5 sin 00
® V3cos( (98 —6o) FO
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U(3) RChPT

e p° —w mixing® 7:
. M,I'
(lﬁo>> g co;{gr sméﬁg__qm <|PO>>
|w) Slném cos o 'w)

i cosd — sin dw(q?) |p°>
=\ sindp(q?) cos lw) |
where § is p — w mixing angle, and

M,T,

. 2\ _ g A e-p
sin dw(q”) = —sin(d) ME— + M, T,

. 2 . Mpr
Sin Jp(q ) = Sln(é)m
® w — ¢ mixing:
1 .o, V2 cos(6v) i V2 sin(Ov)
Vi = 7 (p~ + _\/ﬁ( 7 sin(0v))é + _\/5( 7 + cos(fv)w)
_ I, 5 V2, cos(6v) e V2 sin(0v) -
Voo = 2( \/g( \/5 S (9 )) \/g( \/5 + COS(9 ))UJ)
Vs — (cos(v) — V2sin(6v))w  (sin(v) + V2cos(dv)) ¢
= V3 3 V3

6DOI:10.1016/0370-1573(82)90035-7
7arXiv:2302.08859 [hep-ph]
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U(3) RChPT(4)

e High-energy constraints:

PV
& —z —0 2 e — NcMV &t . 8devfi3
125 = C1235 = 125 6E S s —iio= C1235 e a0 S
’ 32V2n2Fy M2,

where

- - - - - - 4 ~ - - - - -
Ci25 = C1 —C2 +C5 , CT235=01+C2+8C3—C5 , C1956 = C1 — Co — Cg + 2Cg.

F— F? # 4deVnPW < NeMP
123 §F2, M2, 0T T 64n?FR
where ~ ~ B ~
dI23 = d]_ + 8d§ == d3,
and

yw =0, Av =0.
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P% — v+ amplitude

i 0
P R P "
PO
0
V ~ :
Y Vy 4

o PO — 4*~4* amplitude:
the amplitude is given by doubly-virtual Transition Form Factor(TFF)

| Mpoysnys| = e2|e’“’”"q1uq2,,61p620| * | Fpoquys (q%,q§)|

e TFF:
Fptyye = Fisboa e + Fptres + Froote.
e Local term part:
0 . Nc
Miocar = le%"”””qmqg,,ef,,e;a(—m)
Mlocal - lezspquluQ2u€Ip€;U(—(5c \/_C ) 2 )
36 F,
N
2 / / C
Mlocal = je“e!” pa(llquufipe;a(—(5Cq + \/§CS) 367T2F7r)
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70 Transition Form Factor(1)

M = MPo + Mo + Mfo (30)
2¢?
M:-O = _iBFMV E”y’wauqzye;pe;a[((':;235m?r + Elgsqf - 51256‘1%) (Fp(qg)BW(pO, qg) (\/§cos(6) - \/§Sin6p(q§) (\/Esin(ﬂv) + 2cos(9v))))
+ (a1 = 92,92 = q1)]
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+ (a1 = a2,q2 = q1)]

where

Fp(qz) = % (9 cos(4) (Fv - SAVmi) — \/§Sin6p(q2) (3Fv sin(6v) — 16)\Vm¥< (\/§cos(0v) = 2sin(9v)) - 8)\\/m72r (2\/§cos(9v) — sin(Bv))))

(34)
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(35)
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F¢(q®) = (36)

3V3
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70 Transition Form Factor(2)

MEG = MPG + MPG + MPE + MG + MEE 37
and
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© Yi-Hao Zhang, in collaboration with Ling-Yun Dai and Shao-Zhou Jiang ikl



Improvements on TFFs

e Including higher resonances:

In order to extend the above analysis to higher energy region, one could add heavier
vector resonance multiplets, V/ and V”. This work follows pervious method®, by
applying the extension to the Breit-Wigner(BW) propagators

S 1 Bpo po
B A . ) G B (43)

e Off-shell widths of V, V' and V”:

M 2
I () = googs |78 ()0 (0? — 4m2) + 5ok (&) 0 (2 — dni)

N | =

(44)

8arXiv:2302.08859 [hep-ph]
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Space-like region(1)

e The space-like data are mostly measured by ete™ — ety*ye™ — et Ple™

one of the photons is nearly on-shell.
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Space-like region(2):TFFs
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Single-Dalitz decay(1)

e Normalized invariant mass spectrum:

dPPO—)H'l“’y - 2_ai 4m: 211’112

dq2FP0—}'y'y 3 q2 q

2
2 Fe@)f o

where |Fpo(q?)| is the Normalized Form Factor

|FP0 (q2)| = |]:P°'y*'y* (q270)/]:P0'y*'7* (an)l' (47)
e Single-pole form factor:
i 1
Fsmgle—pole 2\ _
Be (@) 1= q2/ A1230

the pole parameter is

_ dFpo(q?)

-2
bpo = Ap = =5 leeo. (49)
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Single-Dalitz decay(2): Normalized Form Factors
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ete™ — P%y cross section

e The total cross-section is

21203 Fpo.yers (0,5)|? (2mf + s)

O1+1- POy = (50)
3s2,/s — 4m?
Since s > m%, >> m2, one has
3
2 m20
Oete— POy = §TI'2O[3|]:PO,Y*7* (0,5)? <1 - TP> (51)
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ete™ — 1y cross section
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Summary o T

e Pole contributions
O _ —10 B —10 r_ —10
az = Bl ¢ 107 aZ =BG < 10 8 aZ =1.49 x 10 (52)

e Futher improvements:
(1)Allow the break of the Brodsky Lepage (BL) limit of the singly-virtual form factor;
(2)Add data of doubly-virtual form factor;
(3)Replace Fpoyxys by Fposysy;
(4)More systematic treatment of vector meson excited states
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Thank you for your patience!



