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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.
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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.

But how can we parametrize it analytically to compute the n° pole contribution to a,?
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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.
But how can we parametrize it analytically to compute the nt° pole contribution to a,?

We first tried using LMD+V (Knecht & Nyffeler’02, Jegerlehner & Nyffeler’09) but it was not good
enough to fit the data
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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.
But how can we parametrize it analytically to compute the nt° pole contribution to a,?

We first tried using LMD+V (Knecht & Nyffeler’02, Jegerlehner & Nyffeler’09) but it was not good
enough to fit the data

We decided to include an additional multiplet of resonances (LMD+V+V’) and it worked.

(K. Raya, A. Bashir & P. Roig)
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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.
But how can we parametrize it analytically to compute the nt° pole contribution to a,?

We first tried using LMD+V (Knecht & Nyffeler’02, Jegerlehner & Nyffeler’09) but it was not good
enough to fit the data

We decided to include an additional multiplet of resonances (LMD+V+V’) and it worked.

(K. Raya, A. Bashir & P. Roig)

It also gave us a chance to improve the BL limit when the non-asymptotic photon is not real.
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As a result of solving DSE, we end up with a numerical solution for the 7° TFF.
But how can we parametrize it analytically to compute the nt° pole contribution to a,?

We first tried using LMD+V (Knecht & Nyffeler’02, Jegerlehner & Nyffeler’09) but it was not good
enough to fit the data

We decided to include an additional multiplet of resonances (LMD+V+V’) and it worked.

(K. Raya, A. Bashir & P. Roig)

It also gave us a chance to improve the BL limit when the non-asymptotic photon is not real.

LMD+V+V’ can be of interest for lattice Colls. in order to parametrize their data.
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i~ 0 m’ TFF & LMD+V+V’
_ f= P(Q1,Q3) v

2 2
P(Q%, Q%) — Z 604,5(@% + Q%)O‘(Q%)B(Q%)B (LMD+V corresponds to N=2)
a,
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i~ 0 m’ TFF & LMD+V+V’
_ f= P(Q1,Q3) v

Frnrn (Q7,Q3) = N. D(QL.Q2) D(Q%Q3) = [[(@% + MZ)(Q3 + M)
C y 1=1
P(Q%, Q%) = Z Ca,ﬁ(Q% + Q%)O‘(Q%)B(Q%)B (LMD+V corresponds to N=2)
,
P(Q1.Q3) c11(Q1Q2)(Q1 + Q32) + c20(Q1 + Q3)° + co1(Q1Q3) + c10(Q7T + Q3) + coo

+

co2(Q1Q3)° + c21(Q7Q3)(Q7 + Q3)° + c12(Q7Q3)*(Q7 + Q3)
+ e30(QF +Q3)° + ¢31(Q3Q3)(QF + Q3)° .

It corresponds to N=3, LMID+V+V’
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i~ 0 m’ TFF & LMD+V+V’
_ f= P(Q1,Q3) v

Frrn (Q7,Q3) = o D(Q2Q2) = TT(Q% + M2)(Q% + M2)
Yy 1 2 Nc D( %,Q%) 1 2) 7,1_[1( 1 v)( 2 V;
P(Q3,Q3) =) cas(@? +QH(QDP(Q?) (LMD+V corresponds to N=2)

o, 8

P(Q7,Q3) = c1(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c02(Q1Q3)% + c21(Q1Q3)(Q7 + Q3)° + c12(Q7Q3)° (QF + Q3)
+ e30(QF +Q3)° + ¢31(Q3Q3)(QF + Q3)° .

It corresponds to N=3, LMD+V+V First row corresponds to LMD+V
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i~ 0 m’ TFF & LMD+V+V’

2 M2
T 7Q o
f E % Qé% - D@ Q) = | ](@+ My)(Q5 + M)

1=1

P(Q%a Q%) — Z Coz,ﬁ(@% + Q%)Q(Q%)B(Q%)B (LMD+V corresponds to N=2)
,

7T’Y’Y(Q17 QZ)

P(Q7,Q35) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c02(Q1Q3)% + c21(Q1Q3)(Q7 + Q3)° + c12(Q7Q3)° (QF + Q3)
+ c30(QF + @Q3)° +c31(Q7Q3)(QF + Q3)°

It corresponds to N=3, LMID+V+V’

™ 1
]J:IC F(@1) + Z Q2 + Mz IMy, (@D)]| (Knecht & Nyffeler’02)

First row corresponds to LMD+V

It can be rewritten as F(Q%,Q3) =
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) c11(Q7Q3)(Q7 + Q3) + c20(Q7 + Q3)° + c01(QTQ3) + c10(Q7 + Q3) + coo
c02(Q1Q3)% + 21(Q7Q3)(Q7 + Q3)° + c12(Q7Q3)*(QT + Q3)
g0(QF + Q3)” + e (QTQE)(QF + @5)*

(?o fulfil QCD asymptotic(:)

o
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My,)*
472 f2

ABJ anomaly: coo = Ne
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My,)*
472 f2

ABJ anomaly: coo = Ne Allows for (seeming) small violations due to data non being asymptotic

Fully asymmetric BL: C20 = 2N (My, My, My, )*(1 + dp1)
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My,)*
472 f2

ABJ anomaly: coo = Ne Allows for (seeming) small violations due to data non being asymptotic

Fully asymmetric BL: C20 = 2N (My, MVQMvg)Q(l +9dBL)

Symmetric asymptotic limit (Novikov et. al.): ¢12 = N./3 — 4c31 = N./3
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

My My, My, )4
ABJ anomaly: Coo = NC( V147T‘2/}2 %) Allows for (seeming) small violations due to data non being asymptotic

Fully asymmetric BL: C20 = 2NC(MV1 MVQMvg)Q(l + 5BL)
Symmetric asymptotic limit (Novikov et. al.): ¢12 = N./3 — 4c31 = N./3

If subleading corrections are taken into account:

er’Y’Y(Q2aQ2)_8 22{1 85%_|_}
F,0) 3 7

s g = — Gcm | 42]\;053) 52 = (0.2 £ 0.02) GeV?

We obtain a larger (and opposite in sign) value
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My, )* . _ 2
ABJ anomaly: coo = Nc 12 2 Fully asymmetric BL: €20 = 2N (My, My, My,)*(1 + dBL)

1 4N,
Symmetric asymptotic limit (Novikov et. al.);: €12 = Nc/3 —degp = Nc/3 C21 = — (1602 - 57 5?9)
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

M lM 2M 3 4
ABJ anomaly: Coo = Nc( V4W¥f2 v) Fully asymmetric BL: €20 = QNC(MV1MV2MV3)2(]‘ +9B1L)
1 4N,
Symmetric asymptotic limit (Novikov et. al.);: €12 = Nc/3 —degp = Nc/3 C21 = — (1602 - 57 5?9)

The BL limit must not change when the non-asymptotic photon is virtual: €21 —|—612Q(2) ~ () VQ%, which is not possible.
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i~ 0 m’ TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

M lM 2M 3 4
ABJ anomaly: Coo = Nc( V4W¥f2 v) Fully asymmetric BL: €20 = QNC(MV1MV2MV3)2(]‘ +9B1L)
1 4N,
Symmetric asymptotic limit (Novikov et. al.);: €12 = Nc/3 —degp = Nc/3 C21 = — (1602 - 57 5?9)

The BL limit must not change when the non-asymptotic photon is virtual: €21 —|—612Q(2) ~ () VQ%, which is not possible.
However, c21 ¢ [-1.1¢c,, lez,-0.9 Cyy lez] works remarkably well, since the dominant region is around Q> ~ lez“ M2,
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P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My, )*

ABJ anomaly: coo = Nc 12 2 Fully asymmetric BL: €20 = 2N (My, My, MV3)2(1 +9B1L)
1 4N,
Symmetric asymptotic limit (Novikov et. al.);: €12 = Nc/3 —degp = Nc/3 C21 = — (1602 - 57 5?9)

The BL limit must not change when the non-asymptotic photon is virtual: €21 —|—612Q(2) ~ () VQ%, which is not possible.

However, c21 ¢ [-1.1¢c,, lez,-0.9 Cyy lez] works remarkably well, since the dominant region is around Q> ~ lez“ M2,
From the subleading terms, we get

Co0 + c11Q + c02Qy = 6(M¢, + Q7)) (My, + Qf) (My, + Q3)(1+65.)  Approximately satisfied (within 9%) for Q2 ~ M ?
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i~ 0 m° TFF & LMD+V+V’

P(Q7,Q3) = c11(QiQ3)(QF + Q3) + c20(Q7 + Q3)° + c01(Q7Q3) + c10(Q7 + Q3) + coo
+  c2(Q7Q3)% + 21(Q1Q3)(QT + Q3)° + c12(Q1Q3)*(QF + Q3)

(My, My, My, )*

ABJ anomaly: coo = Nc 12 2 Fully asymmetric BL: €20 = 2N (My, My, MV3)2(1 +9B1L)
1 4N,
Symmetric asymptotic limit (Novikov et. al.);: €12 = Nc/3 —degp = Nc/3 C21 = — (1602 - 57 5?9)

The BL limit must not change when the non-asymptotic photon is virtual: 21 +c12Q3 ~ 0 V(Q3, which is not possible.

However, c21 ¢ [-1.1¢c,, lez,-0.9 Cyy lez] works remarkably well, since the dominant region is around Q> ~ lez“ M2,
From the subleading terms, we get

Co0 + c11Q + c02Qy = 6(M¢, + Q7)) (My, + Qf) (My, + Q3)(1+65.)  Approximately satisfied (within 9%) for Q2 ~ M ?

It is seen, a posteriori, that MV23 can be identified with Mp,, Mp,,
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i < 0 o TFF & LMD+V+V’

L L (1—A) - g = N (My, My, My, )*

i3

»
»

47T2f7r 47T2f7r

(1-A4)
No other corrections enter P(Q,2,Q,2) because we are dealing with % pole contributions

A = 0.008 + 0.010 matches the PDG wvalue of F[WO — Y]
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m2 < 0 10 TFF & LMD+V+V’, fit results

10 20 30 40 50 60 70
Q32

2"d Plenary Workshop of the Muon g-2 Theory Initiative DSE approach to P poles in au"'”“‘L



https://indico.fnal.gov/conferenceDisplay.py?confId=13795

(K. Raya, A. Bashir & P. Roig)

g~ 0 n0 TFF & LMD+V+V’, fit results
0.20 From top to bottom: Q3% = 0, 0.5, 1, 5, 10 [GeV?]

N

Ng 0.15
S

¢y 0.10
O 0.05

0.00

0 5 10 15 20
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~ 0 7tV TFF & LMD+V+V’, fit results
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m2 ~ 0 0 TFF & LMD+V+V’, fit results

Case C10 Co1 C11 C02

A= 94.833 | 68.885 | 62.941 | 17.245 ;sedtfset o
A =0.008 | 94.517 | 71.082 | 62.760 | 17.238 e e
A =0.018 | 94.360 | 73.590 | 62.466 | 17.266 21 = ~0.660 £0.060 ~ =1.1m,
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2 / .
m2z2 <0 0 4
X 0 TFF & LMD+V+V’, fit results
Case C10 Co1 C11 C02
A=0_194833 | 68.885 | 62.941 | 17.245 gsed to Sgtogg oo
A = 0.008 | 94.517 | 71.082 | 62.760 | 17.238 e 0060 1 12
Co1 — —U. . ~ —1.1m
A =0.018 | 94.360 | 73.590 | 62.466 | 17.266 g
With correlations:
Case A=0| cio Co1 C11 C21 Co2 OBL
10 1.00 | -0.48 | 0.10 | -0.02 | 0.07 | -0.18 Case A #0 | cio o1 c11 02
Co1 -0.48 | 1.00 | -0.76 | 0.16 | 0.26 | 0.07 C10 1.00 | -0.48 | 0.09 | 0.07
11 0.10 | -0.76 | 1.00 | -0.30 | -0.61 | -0.10 Con ~0.48 | 1.00 | -0.76 | 0.28
Co1 20.02 | 0.16 | -0.30 | 1.00 | -0.13 | 0.00 11 0.09 | -0.76 | 1.00 | -0.69
Coo 0.07 | 0.26 | -0.61 | -0.13 | 1.00 | 0.04 Coo 0.07 | 0.28 | -0.69 | 1.00
SBI 20.18 | 0.07 | -0.10 | 0.00 | 0.04 | 1.00
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n® TFF & LMD+V+V’, P pole contributions to a "

A aZO,Hlbl (Xlol())

0 5.947 02,

0 HIbl +0.34 —10
0.008 584705 ) a = (5.84777) - 10
0.018 5.71+0-22
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n® TFF & LMD+V+V’, P pole contributions to auHLbL
A aEO,szz (XlolO)
0 5947054 70, HIbl 10.34 —10
0008 | 5847019 mmmmh a7 = (5.847577) - 10
0.018 5.7175 22

We proceeded similarly for the n, n, contributions (still some work needs to be done with 1, n’) to obtain

Meson aZc’b’Hlbl (x1019)
We used a slight variation of LMD for th Ne 0.087 = 0.005
(We used a slight variation o or them) o 0.00026 £ 0.00001

M. contribution is negligible until 1% precisidn is reached on aMH“f’L

This does not need to be the case for the n(1295), n(1405), n(1475),...
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Update on ‘Pseudoscalar pole light-by-light contributions
to the muon (g-2) in Resonance Chiral Theory'. e-Print:
arXiv: 1803.08099 [hep-ph], A. Guevara, P. Roig & J. J. Sanz-

Cl | |e I’O, tO be pU bl |Shed | N J H E P Systematic theory errors
(overlooked before)
0
a ,LbL (5 K] + 009) - 10 10 Error due to subleading
H 1/Nc corrections:
Individual contributions a'l’ ,LbL (1 51 + 006) .10~ 10 £0.09x10°
H Error due to falling as 1/Q*
77 LbL L . —10 in the doubly asymptotic
u (1 15 007) 10 limit (instead of as 1/Q?):
+0.5x1010

PLbL L —10
ol IPL = (8.47 4 0.16) - 10



BACKUP



From top to bottom: Q5 =0, 1, 5, 10 [GeV?]




From top to bottom: Q3 =0, 1, 5, 10 [GeV?]




Some caveats on Fischer, Goecke & Williams Eur.Phys.J. A47 (2011) 28; Phys.Rev. D83 (2011) 094006,
Erratum: Phys.Rev. D86 (2012) 099901 & Phys.Rev. D87 (2013) no.3, 034013

* Their off-shell prescription is based on an axial-vector WTI which holds only for the leading
amplitude (Si-Xue Qin, Craig D. Roberts, S. M. Schmidt Phys.Lett. B733 (2014) 202-208)

e Use of PTIRs or extrapolations?

* Consistency with axial anomaly in the study of n/n’ TFFs?

* Use of phenomenology to constrain dressing functions?

* Double-counting?
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