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What is the Muon g-2?

One of the most compelling results in modern particle physics.

— 63:
H = g2m

» According to the Dirac equation, g¢ = 2 for fundamental leptons, with
any discrepancy due to quantum corrections.

a,= (g —2)/2 = a,(QED) + ¢, (EW) +




What is the Muon g-2?

One of the most compelling results in modern particle physics.
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Pseudoscalar-pole contribution to the g-2

And its main and light character

* Dispersive approaches apply different cuts to the amplitude.

e Systematic way to avoid double counting.

 Pion-pole contribution

G. Colangelo et al ., JHEP 1509 (2015) 074

Transition form

factor
SR ey Describe the interaction between a
*‘ — p — g2 _ 42) .
| M,.(q1> @) = €,,0p9) @ Fropey(=aq1> — q pseudoscalar meson (e.g., the pion) and two

(virtual) photons
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Transition form factor of the pion (7" TFF)

Bridging the gap between theory and experiment.

. How the 7 TFF is obtained?

o Experimental data for the single-virtual Z#TFF
from CELLO, CLEO, BABAR, Belle and recently

from BESIII /
.. | |

C. Redmer. 8th plenary Workshop of the muon g-2 Theo. Initiative

 New BES-IIl data: 20 data points in
the region of 0.2 to 3.5 GeVA2

o Lattice QCD data.



Lattice QCD (LQCD)

And how to be left with squared eyes.
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* Non-perturbative method for solving
QCD

* Finite lattice spacing “a”.

e Different masses for the pion. Not the
physical real mass.



Transition form factor of the pion (7" TFF)

Lattice QCD vs everyone else?
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A Unified Approach: Combining Data Sets

What works better in each region?

e Our motivation

« Combine LQCD and experimental data to reduce the systematic and
extrapolation uncertainty.

e Lattice gives smaller uncertainty in a double-virtual region.

 Experimental data works great in the single-virtual region.

Asymptotic constraints on the TFF: :




Constraints from the TFF

From virtual to real photons.

Asymptotic constraints on the TFF:

» Chiral anomaly: F0,(0,0) —

Ar’,

» Double-virtual form factor from operator product . 2 o2 - ¥ [ 1 ]
expansion (OPE): e "1 ALY 3 |02

* The single-virtual form factor exhibits the Brodsky-— .
Lepage behavior: 0o "7 02



Ansatz to the nTFF in Lattice QCD

From lattice simulations to phenomenological insights.

The LMD+V model refines the LMD model by adding an extra vector resonance.

It fulfils the Brodsky-Lepage constraint when ill = () and the OPE constraint.

T TR00H0 + 0 + (0 + 03 + In0303 — M2 MZ(F + 0D +aMi My,
_ 1 — ‘

7 - (M5, + OD(Mp, + OD(MG, + (M}, + 03) |
Al can be fitted considering h, = — F_/3.

In the single-virtual the parameters to fit are A5, a, My,

» For extrapolate to the physical point one uses a iy, a) model.
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Fit methodology and results: MethodsAA and B

And how to go from a model to measurement.

* Fit individual ensembles and all of them togellllmr

ﬂoy y*

CT'LMD-I—V _
(Ql 0) = (MR + 0D, + O )(M2 +0; ><M2 +03)

Knech and Nyffeler PRD 65 (2002) 073034

. hy, h,, hs, a, My, o« My (y,a) = My (y,a) + 1.465 GeV — 0.775 GeV

1. Fit each ensemble separately — h,(a,y), a(a,y), My (a,y)

2. Fit experimental data separately — /h5(0,y,,,5), @(0,,,,5)s My (0,y,,,,0)



Fit methodology and results: Method A.

And how to go from a model to measurement.

* Fit individual ensembles and all of them together

IR LQCD Extrapolation
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Fit methodology and results: Method A.

And how to go from a model to measurement.
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* Fit individual ensembles and all of them together
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Fit methodology and results: Method B

And how to go from a model to measurement.

* Fit individual ensembles and all of them together

. ) NGOG+ 0D+ Qi IV MG+ O a |
' TR (M + 0D (M, + Q)M + 03 ><M2 +03)

Ty
A. Nyffeler 0203243

—

* Fit all ensembles (and experimental data) together. — 5(0.y,,,,). C, . C,

o Extrapolation to the physical - — :
pointif) ]_7)(5’9 a) = ﬁ(oa 0) + Cy(ya yphys) + C, (a - )
£$=5.3

e 15 -2 parameters = 13 left as free parameters.”
\_—-\,_~J

1\4‘/1 and hO * Could not subtract the parameters, it is a choice
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Fit methodology and results: Method B.

And how to go from a model to measurement.

* Fit individual ensembles and all of them together

= BaBar
* Belle

» CELLO
4 CLEO
v BESIII
— LQCD

o Lattice QCD and experimental

data agree, so this approach is

feasible.
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Fit methodology and results: Uncertainties

And how to go from a model to measurement.

* Fit individual ensembles and all of them together.

* One has statistical and systematic uncertainty.

DSE/BSE WP20
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1. of exchange "oL6(19) |  938%s  Having LQCD and experimental data one can
7 box J15703)  ~15902) fit them simultaneously and reduce the
K box A systematical and extrapolation uncertainty
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S -wave 7 rescattering — —-8.0(1.0) frO m th e d,,.

higher scalar exchange —1.6(5) -2.0(2.0) H
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Pseudoscalar-pole contribution to a,

And how mesons influence high-precision tests of the SM.

o,k
Y
S
q3 g,
)
>
U

* Pion-pole contribution to HLbL.

3
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a, —
T

)\, qs My q1

P MaSJuan P Sanchez Puertas 1701 05829

RS

- o

Dlsperswe [37 56, 550, 552] CA [35] R)(T [50] hQCD [47] DSE/BSE [38] "

B Te07 e6e7) 61375 63427) 62613 ]
7 14709) 163(14) 15. 257 17.6(1.7) 15.8(1.1)
1 13 5(7) ) 14.5(1.9)  14.2716 14.9(2.0) 13.3(8)
94.4(3.6)  91.3%32 95. 9(3 8) 91 6(1 9)

White paper on the a, 2505.21476
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What’s next?

How might this research be taken further?

Combined fit of lattice and experimental data (Method B)

Study impact of TFF improvements on a,

Consider ansatz with more parameters in singly-virtual kinematics: conformal fit
or Canterbury approximants.

NNLO ChPT fit (Bickert et al, PhysRevD.102.074019)

Extension to 7, " with existing experimental data for doubly-virtual kinematics

18



Thank you!

Questions are happily received(:
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The Jackknife Standard Error is defined

) =1 =2 ) /
SE(0)jack = {n - 1 > (0 - 9(.))2}1 |

1=1

where é(.) is the empirical average of the Jackknife replicates:

) 1 e &
Oy =2 %
=1
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| reach

Ica

L

INnéma

K

Lattice QCD

And how to be left with squared eyes.

H102

o Kinematical reach is definite.
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Lattice QCD: correlation functions

How the operator is discretised on the lattice?

 Ensembles |l (local local): needs a renormalization constant.

o Straightforward discretisation of the continuum operator at a lattice site.

 Ensembles Ic (local conserved): No renormalization needed since is
conserved on the lattice.

* |nvolves links connecting neighbouring sites.

23



Uncertainties everywhere

Nothing is certain in life.
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SV Jackknife
- -—- DV Jacknife
~ >
[5) O
o) ©}
__0.10+ __0.10+
) S)
N N
S S
.. "~
g
< o
(@] (@]
A A
0.05+ e T T T T | 005+
; SV Jackknife C101
SV Central values C101
0.00 : : ' 1 ! . . : . . : : : : l . . s s 0.00
0 1 2 3 4 0 1 2 3
0% [GeV?] 0% [GeV?]

24



PSEUDOSCALAR-POLE CONTRIBUTION

o,k
NE N = o
“(}LLB )\,q3 My g1
3
af ™ = (=) [d0,dQsdz |wi(Q), 00 7) Fipyep(=0F, = OD)Fpye(~03.0)
u T 1 2 I\X] 2> Py*y* 1° 3% Py*y 27
, . , on-shell
+wy (01, Or, 7) Fpys (= Q7 — O)F P}/*y(_Q3’O)] pseudoscalar

transition form

kernel functions factors (TFFs)

are peaked at
low energies

w1 ( Ql ) QZ ) 0) //%

f
Illl

Figure 58: Weight function w1 (Q1, 0>, 0) for 70 (left) and n’ (right); cf. Eq. (4.19). Reprinted from Ref. [19].

SLIDE COURTESY OF F HAGELSTEIN.



ETA & ETA’ TFF
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Figure 73: The n TFF from the ETM collaboration in the single-virtual (left) and double-virtual (right) kinematics [570]. The result, obtained at a
single lattice spacing, is compared with experimental results and the Canterbury estimate (cyan bands).

Q2 F’)’Y"‘f* (_Q27 O)

0.2 ]

Q2 Fn’7‘7‘ (_Q2a 0)

This work 025 - Thiswork
CLEQ +——+— L3 —a— _—
CELLO +—=— e 092 - CLEO —=— [
0.15 - . =
' DSE s CELLO —=— pr =

,,,,,,

....

| | |

1.5 2

1 1.5 1
Q? [GeV?| Q? [GeV?
Figure 74: The n (left) and n’ (right) single-virtual TFFs from the BMW collaboration at the physical point and in the continuum limit. The Can-

terbury approximant (CA) result is extracted from Ref. [34] and the Dyson—Schwinger equation (DSE) result comes from Ref. [37]. Measurements
from CELLO [559], CLEO [560], and L3 [561] are shown for comparison. Figure from Ref. [571].
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