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The current (g, — 2) status

— (116 501 826(57)) x 10-11 Future (g, — 2) experiments
pr = (116 592 091(63)) x 10~ Fermilab & J-PARC: precision
aP — a8M = (265(85)) x 107 ba, =16 x 1071

O]:dver Res:ltx)lon Improve on the QCD side

aHvP-LO 6 923

a?vp.NLo —08.4(7)

agVP-NzLO 12.4(1)

a}—LILprL() 116(39)

a:}LwaNLO 3(2)

29D 6 956(57)

Davier et al ('12), Hagiwara et al ('11), Kurz
et al ('14) Jegerlehnner Nyffeler ('09, '14)
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Hadronic contributions |: Vacuum polarization

,\/\/\W Hadrons

Quark loop receives QCD corrections

The loop integral receives contributions at Q2
where QCD is non-perturbative

Look for other approaches

Ask the lattice community

M(g?) obeys once-subst. dispersion relation
ImM(g?) related to o(e*e~ — Hadrons)

Measure cross sections as precise as required
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At low energies insert lowest-lying intermediate states (close to pole):

I|FP’Y v* (p17p2)| €po’y5

P1yP2s + crossed + ...
(p1+ p2)? — mp

nul/pa(ph P2, P3, p4) = iﬁmjaﬂplum

Related to physical process! Graphically, it looks like

kop .k

a3, A q2. v

P,V
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e Plug previous result into HLbL (g — 2) contribution
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oo +1

e = 220 (2)" [ duden [ dry/1-E01GE
0

3 . Ja
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HLbL: the pseudoscalar-pole contribution

e Plug previous result into HLbL (g — 2) contribution

e After some fun with loops and algebra [JN Phys.Rept., 477 (2009)]
e~ 25 (2) [7 daude / dtv/1- 20} Q3

x[ o (QF, @) Fpy=1(Q3,0 )/1(Q17Q2‘7f)Jr Fp, —V(Qf-QS)FP—v—(Qg«O)h(Ql,stt)]
Q+m: QG+ m

e Without the transition form factors Fr«+(Q%, @3) integrands look like

We reduced everything to an |ntegra| |nv0|vmg physical input
Deég:{iptlon for space-like Fp. -~ (Q?, Q3), speclally below 2 GeV-
Incorvborate high-energy description (otherwise 11((?17 @2, 1) dlverges)

See prewous talk from A. Nyffeler (hep-ph:1602. 03737)
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Describing the TFF I: First principles

—High Energies: pQCD Q2 = 0o
. 2F;
oim. P (0,99 = 7
. 2F;
QL'L“OO me*(Q%Qz): 3Q2

Guarantee convergence!

—Low Energies: xPT @

AT

—Lattice
Ongoing progress

»
o Q*—=0

Fry~(0,0)=(47%Fr) "t
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Describing the TFF Il: Model approaches

—Lagrangian-based

Often provide an appropriate overall picture and ballparks

To reach precision extremely complicated

May be hard to consistently describe QCD properties and data

Ok, they are models (not full QCD), problem is uncertainty estimate
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2
large-Ne = Fpy-(Q?,0) = Fpyy (0,0) Xy v gzt
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VMD approximationFp.«(Q?,0) = Fp,-(0,0) M2+Qz
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Describing the TFF Il: Model approaches

—Phenomenological Data-based
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Describing the TFF Il: Model approaches

—Phenomenological Data-based

e Experiment is full QCD!

e Use a well motivated model to describe data

Beyond VMD Fp.,-,(Q?,0) = Fp.(0,0) (cl Tt +Qz>

e How reliable extrapolation is?

e Large-N,-corrections?
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A transition form factor description for the HLbL

Describing the TFF Il: Model approaches

—Phenomenological Data-based

e Experiment is full QCD!

e Use a well motivated model to describe data

M3 M3
Beyond VMD Fp.-,(Q?,0) = Fp,(0,0) (Cl WE iR T s T )

e How reliable extrapolation is?

e large-N.-corrections? Systematization?

—Data-based

e Data based, in principle full QCD

e In practice most of QCD contributions = Not full Q2 reconstruction
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Padé Approximants: Introduction to the method

Given a function with known series expansion
Fpyry<(Q%) = Fpyp(0)(1 + bp Q% + cpQ* +...) e
Its Padé approximant is defined as

2
Pu(@%) = m = Fpyye(0)(1+ bp Q%+ cpQ* + ... + O(Q*)VHMHY)

Convergence th. = Model-independency

Increase {N, M} = Systematic error estimation

_ FP’Y’Y*(O)

0 —_—
A= 1-bpQ?

= Fpy (0)(1+bp Q2 +O( Q%)) WML —

’ Correct implementation!
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Padé Approximants: Results
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A transition form factor description for the HLbL

What about the double-virtual Fp.«(QF, Q3) ?

o Generalization of Padé apps. — Canterbury apps. (Chisholm 1973)

For a symmetric function with Taylor expansion
2 2y _ 2 2 4 4 2 "2
Fpyenys(Q1, @) = Fpyy(0,0)(1 + c10(Qf + Q3) + c20(Q + @) + 11 Q1 Q5 +...)

Its Canterbury appproximant is defined as

Tn(Q2,Q2) I ai;QY QY
N2 02) = M\ ¥2) J
M(Q1> Q2) QM(Q127 Q22) Z[’y[ bk,/Q%k 022/

Fulfilling the conditions that

M ) N oo

2i ~2) 20 )2 2k 2! 2v 26
Eb,-ijl’ 2JZCa,ﬁolanﬁ_Zak,lQl 2 :deﬁQn 2
ij «a, k.l ¥,0

0<~+0 < M+N
0 <~ < max(M, N),
0 < ¢ <max(M, N)
dys= 0 1<~ <min(M,N),
0=M+N+1—~.

dys= 0
dys= 0
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What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)
1—bp(QF + Q3) + (2b3 — ap1,1) QT Q5

CO(Q7,Q3) =



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)
1—bp(QF + Q3) + (2b3 — ap1,1) QT Q5

C(QF, @) =
—Reconstruction

1.Reproduce original series expansion = low energies

CL(QE, Q3) = Fpyy(0,0)(1 4 bp(QF + Q3) + ap11QF Q3 + ...)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)

0 2 2\
GQn @) = 3= bp(Q2 + Q2) + (2b% — ap.11)Q2Q2"

—Reconstruction

1.Reproduce original series expansion = low energies

2.Reduce to Padé Approximants

Fpy+(0,0)

0/ A2 Ay
Cl(Q 70)_ 17bPQ2

= PY(Q%) = Fp,,(0,0) & bp determined



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)
1—bp(QF + Q3) + (2b3 — ap1,1) QT Q5

C(QF, @) =
—Reconstruction

1.Reproduce original series expansion = low energies
2.Reduce to Padé Approximants (already determined)
3.Systematically implement double virtuality: ap.1 1 (Exp. unknown)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)

0 2 2\
GQn @) = 3= bp(Q2 + Q2) + (2b% — ap.11)Q2Q2"

—Reconstruction

1.Reproduce original series expansion = low energies

2.Reduce to Padé Approximants (already determined)

3.Systematically implement double virtuality: ap.1 1 (Exp. unknown)
3a. xPT leading logs suggest factorization at low energies

Fp++(0,0)
(1+bpQ7)(1+ brQ3)

C(Q7, Q3)|ore =

v (apaa = b,za) Factorization



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)

0 2 2\
GQn @) = 3= bp(Q2 + Q2) + (2b% — ap.11)Q2Q2"

—Reconstruction

1.Reproduce original series expansion = low energies
2.Reduce to Padé Approximants (already determined)
3.Systematically implement double virtuality: ap.1 1 (Exp. unknown)
3a. xPT leading logs suggest factorization at low energies
3b. Can incorporate QCD constraints from OPE

FP"/’Y(Ov 0)

C(QF, @) ope = T4 bp(Q2 + Q2)

v (apaa = 2b,2>) OPE



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Simplest approach: C?(Q2, Q3)

FPW(O»O)
1—bp(QF + Q3) + (2b3 — ap1,1) QT Q5

C(QF, @) =
—Reconstruction

1.Reproduce original series expansion = low energies
2.Reduce to Padé Approximants (already determined)
3.Systematically implement double virtuality: ap.1 1 (Exp. unknown)
3a. xPT leading logs suggest factorization at low energies
3b. Can incorporate QCD constraints from OPE

Theoretically, we expect ap.11 € {b% + 2b3}
Precise value ultimately from experiment (implements low energies)




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

Fpy,(0,0)(1 4 a1 (@7 + QF) + 011 Q7 Q3)
1+ 51(QF+ Q2) + Bo(Qf + Q) + P1,1Q7 Q2 + B2 1 Q7 Q3(QZ + Q3) + £22QF Q5

G(Q.@3) =



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

@2 Q2) = Fpyy(0,0)(1 + 1 (QF + Q3) + 011 A Q3)
2T 4 5@+ Q2) + B QF + Q) + BriQRQE + o1 QZQE(@2 + @2) + 22 QF R

—Reconstruction

1.Reduce to Padé Approximants
Fp+4+(0,0), 01, B1, B2 — from PAs



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

Cl(Q2 QZ) _ FP?r"y(O:O)(l + 01(012 + 022) + (YI,IQ%QQZ)
20T 1 51(QF + @F) + F2(QF + QF) + BriQI @3 + B21Q7Q3(QF + Q) + o2 QF QS

—Reconstruction

1.Reduce to Padé Approximants
Fp+4+(0,0), 01, B1, B2 — from PAs



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

Fp(0,0)(1 + a1(Q2 + Q3) + 01,1 Q2Q2)

CHQL @) = ,
2@ Q) = T T @) T QT QD) T BB E + B PQI(QE + @) T a iR

—Reconstruction

1.Reduce to Padé Approximants
2.Reproduce the OPE behavior (high energies)

2
Frvrer = 503(2F0) (1 § g + O(@(@)) = a2 = 0,00, o



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

CI(Q2 Q2) — FP’YW’(O' 0)(1 + O‘l(Q]% + 022) + a1 Q%Q22)
PRI 14 51(Q2 + @2) + o QF + QF) + friQR @ + B2 1 R QR3(Q2 + @3)

—Reconstruction

1.Reduce to Padé Approximants
2.Reproduce the OPE behavior (high energies)

3.Reproduce the low energies (ap.11)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

CI(Q2 Q2) — FP’YW’(O' 0)(1 + O‘l(Q]% + 022) + a1 Q%Q22)
PRI 14 51(Q2 + @2) + o QF + QF) + friQR @ + B2 1 R QR3(Q2 + @3)

—~Reconstruction
1.Reduce to Padé Approximants
2.Reproduce the OPE behavior (high energies)

3.Reproduce the low energies (ap.11)
Previous estimate b3 < api11 < 2b2 = limited if avoiding poles
Be generous: all configurations with no poles = ap1'; < ap1,1 < ap1:



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

CI(Q2 QZ) — FP’YW’(O' 0)(1 + O‘l(Q]% + 022) + 11 01?022)
DR T B (@2 + Q)+ QR+ Q)+ @@+ B P2+ @)

—~Reconstruction
1.Reduce to Padé Approximants
2.Reproduce the OPE behavior (high energies)

min

H max
3.Reproduce the low energies (aP;L1 <api1< 3P;171)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

What about the double-virtual Fp.«(Q%, Q3) ?

—Next element: C}(Q%, Q3)

CI(Q2 Q2) — FP’YW’(O' 0)(1 + O‘l(Q]% + 022) + 11 Q%Q22)
DR T B (@2 + Q)+ QR+ Q)+ @@+ B P2+ @)

—Reconstruction

1.Reduce to Padé Approximants
2.Reproduce the OPE behavior (high energies)

min

H max
3.Reproduce the low energies (aP;L1 <api1< 3P;171)

and implemented
Full use of and constraints
Double-virtual data for ap.1 1 (and 62) desirable
up to required precision (C3(Q7, Q3) — Cn,1(Q7, Q3))




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

Seeing is believing: toy models and systematics

—Regge Model— —Logarithmic Model—

2,02 2,02 2 /02
»O (MART ) _ (o) ( M4Q3 10g _ Fp~ M2 I 14+QF /M

Regge _ an..\, [“ ( 2 ) a 707*7*(01702) - N\ 15q2/m2

Fr”') oy (Ql Qz) Qz w(l)(/\/fz) 2/




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

Seeing is believing: toy models and systematics

—Regge Model— —Logarithmic Model—
(0 M _ (0 M2+ Q3 log _ Fpn M2 1+Q3/M2
Ry Fpyy | 2 v : o (QF. @) = > In (0¥
Frnqugqe (@F.&) =75 P02 [ ( U(l)J(MJ)< )] £ W’} 7 @ e/
. R FM In(Q? ! o M2 In(Q@?
limgz o0 FRs50(Q7,0) = S lime o0 FI%. (Q2, Q2) = FrnMiin(@)

: Regger 72 12y _ Fpyya : Flog 2 A2 Fpyy M
|'mQ2—>oo 'E,ra7 W(Q ,Q ) = yO(M2/2)Q2 |ImQ2%oo w0y* ,)(Q Q ) L



g—2)

Updated pseudoscalar contribution to the hadronic light-by-light of the muon (

A transition form factor description for the HLbL

Seeing is believing: toy models and systematics

—Logarithmic Model—

—Regge Model—
o) M),uo)(M)] Flog _ Fpyy M? 1+Q3/Mm?
FIges (Q2, Q3) = aFPSz [Q ( : (LZ) a 707*7*(01702)_ “or (Tt
oYyt @) (M2

¢ g g ¢ ¢ a cz c
LE 660 71.9 728 731 LE 879 976 99.7 1005
OPE 774 734 733 733 OPE 995 101.2 101.4 1015

Exact 73.3 Exact 101.5




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

A transition form factor description for the HLbL

Seeing is believing: toy models and systematics

—Regge Model— —Logarithmic Model—
50 (V2192 _ (o) (M*193 Flog _ Fpp,M? 1+Q7/M?
FResge. (@2, @2 ), an..\, [Q ( 2 1) ’ ( 2 )] 707*7*(01702)— WQz In 1+Q§/’V’2
mOyryr L XL X2 -Q3 w(l)(MJ)
¢ g g ¢ ¢ a cz c
LE 66.0 71.9 728 73.1 LE 879 97.6 99.7 100.5
OPE 774 734 733 733 OPE 995 101.2 101.4 1015
Exact 733 Exact 101.5
e The convergence result is excellent!
e The OPE choice seems the best — high energy matters
e Still, low energies provide a good performance
e Error ~ difference among elements — Systematics!




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Section 3

Updated pseudoscalar pole contribution




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af',"“b'“'P x 1011 Fact (ap;1,1 = b3) OPE (ap;,1 = 2b2)
w0 54.0(1.1)F(2.5)5,[2.7]  64.9(1.4)F(2.8)s, [3.1]¢
n 13.0(0.4)F(0.4)5,[0.6]:  17.0(0.6)F(0.4)s, [7]¢
0 12.0(0.4)F(0.3)5,,[0.5]:  16.0(0.5)£(0.3)s,,[6]
97.9[3.2],

Total 79.0[2.8]:




g—2)

Updated pseudoscalar contribution to the hadronic light-by-light of the muon (

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af‘,‘“)l"P x 101 Fact (ap;1,1 = b3) OPE (ap11 = 2b3)
w0 54.0(1.1)F(2.5)5,[2.7]  64.9(1.4)F(2.8)s, [3.1]¢
7 13.0(0.4)F(0.4)5,[0.6]:  17.0(0.6)F(0.4)s, [7]¢
0 12.0(0.4)(0.3)5,,[05]:  16.0(0.5)(0. 3)b [6]¢
Total 79.0[2.8]¢ 97.9[3.2),
1 2 2
—G(Q1, @3)—
a}-llLbL,P x 1011 agu{]l a)’,‘ ixl
70 63.9(1.3).(0)5[1.3]¢ 62.5(1.2),(1.0)5[1.6]¢
7 16.6(0.8).(0)5[1.0]¢ 16.3(0.8).(0.6)5[1.0]¢
7 14.7(0.7).(0)5[0.7]¢ 14.3(0.5).(0.5)5[0.7]¢
Total 95.2[1.7], 93.1[2.1);




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af‘,‘“)l"P x 101 Fact (ap;1,1 = b3) OPE (ap,11 = 2b3)
70 64.9(1.4)F(2.8)5, [3.1];
n
n
Total

—G(QF, &)—

Ll x 1011 s, T
0 63.9(1.3).(0)5[1-3]e{1.0} sy 62.5(1.2)1(1.0)5[1.6]c{2.4} oy




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af',"“b'“'P x 101! Fact (ap;1,1 = b3) OPE (ap;,1 = 2b2)
0
n 17.0(0.6)F(0.4)p, [7]¢
n
Total

—G(QF, &)—

Ll x 1011 s, T
7l,ﬂ
n 16.6(0.8)(0)5[1.0]{1.4}oys  16.3(0.8).(0.6)5[1.0]¢{0.7}eys




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af‘,‘“)l"P x 101 Fact (ap;1,1 = b3) OPE (ap,11 = 2b3)
0
n
o 16.0(0.5)r(0-3)5,,[6]
Total

—G(QF, &)—

a1t P11 P11
WU
"
7 14.7(0.7)1(0)5[0.7]e{1.3}sys  14.3(0.5).(0.5)5[0.7]¢{1.7}sys




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

GTPLP 10T Fact (apaa = B3) | OPE (apns = 263)
20
n
7
Total 97.9[3.2],
1 2 2\
G(QF, Q)

HLDL;P 11 min max
a, x 10 ap11 P11

Total 95.2[1.7]{2. T}y 93.1[2.1]{4.8}ys




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

—C(QF, &)—

af‘,‘“)l"P x 101 Fact (ap;1,1 = b3) OPE (ap,11 = 2b3)
20
n
7
Total 97.9[3.2],
1 2 2\
G(QF, Q)
a1t P11 P11
0
7
7
Total 95.2(1.7]¢{2.7}aye 93.1[2.1]{4.8}ys

—Final Result (preliminary)
an™ = (63.2[1.5]{2.4} + 16.5[1.0]{1.4} + 14.5[0.7]{1.7}) x 10" = 94.2[2.3]{4.8} x 10~ *



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

Pseudoscalar-pole contribution: Final results

_ 0 2 2\__
G(Qr @)
af',"“bl"P x 10t Fact (ap;1,1 = b3) OPE (ap;,1 = 2b2)
Y
n
7
Total 97.9[3.2],
1 2 2\
G(Qr, @)
S x 107 B BT
0
n
7
Total 95.2[1.7]¢{2. 7}y 93.1[2.1]¢{4.8}ays

—Final Result (preliminary)
an™ = (63.2[1.5]{2.4} + 16.5[1.0]{1.4} + 14.5[0.7]{1.7}) x 10" = 94.2[2.3]{4.8} x 10~ *

What has been achieved?



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am" = (63.2[1.5]{2.4} + 16.5[1.0]{1.4} + 14.5[0.7]{1.7}) x 10~ ** = 94.2[2.3]{4.8} x 10!

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am = (63.2(2.8) + 16.5(1.7) + 14.5(1.8)) x 101 = 94.2(5.3) x 10~

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am = (63.2(2.8) + 16.5(1.7) + 14.5(1.8)) x 101 = 94.2(5.3) x 10~

e Updated value meeting future exp. precision (if da, ", then 11x 1071)

Full use of current data with systematics and good data description

Full QCD constraints, also for the 1 and 7’

exp

e 7 and 7’ relevant, of the order of §af;

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am = (63.2(2.8) + 16.5(1.7) + 14.5(1.8)) x 101 = 94.2(5.3) x 10~

e Updated value meeting future exp. precision (if da, ", then 11x 1071)
e Full use of current data with systematics and good data description

e Full QCD constraints, also for the 1 and 7’

exp

e 7 and 7’ relevant, of the order of §af;

__ Previous KN Result Saj, P =16 x 10711 _

ap™" = (58(10) + 13(1) +12(1)) x 10" = 83(12) x 10"

Study focused in sign mistake; remember da, = 63 x 10~

Not fully statistical errors and no systematics included (N. — 30%7)

Belle 7°, Babar 7%, 5,7, 7° — v+ PrimEx, 7 — vy KLOE-2 unreleased
e 1 1 factorized: roughly 6 x 107" shift

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am = (63.2(2.8) + 16.5(1.7) + 14.5(1.8)) x 101 = 94.2(5.3) x 10~

e Updated value meeting future exp. precision (if da, ", then 11x 1071)
e Full use of current data with systematics and good data description
e Full QCD constraints, also for the 1 and 7’

exp

e 7 and 7’ relevant, of the order of §af;

— Recent GLCR Result Sa;,® =16 x 10711 _
an™ = (57.5(0.6) + 14.4(2.6) + 10.8(0.9)) x 101! = 82.7(2.8) x 10~ 1

® There are no systematic errors included above (Ne — 30%?7)

® No data used for the n,n’ but SU(3)-symmetry

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

—_ Final Updated Result (preliminary) — §a® =16 x 10" _
am = (63.2(2.8) + 16.5(1.7) + 14.5(1.8)) x 101 = 94.2(5.3) x 10~

e Updated value meeting future exp. precision (if da, ", then 11x 1071)
e Full use of current data with systematics and good data description
e Full QCD constraints, also for the 1 and 7’

exp

e 7 and 7’ relevant, of the order of §af;

__ Possible improvements

e Double virtuality measurements (ap:1,1, 52): BES Il
o 7°: low-energy SL at BES Il & KLOE-2, TL (Dalitz) at MAMI, KLOE-2?
e p’: Dalitz decay at MAMI?

KN: Phys.Rev., D65, 073034 (2002); GLCR: Phys.Rev., D89, 073016 (2014)



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)
Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

(p, s) ® The process involves a loop integral over
doubly-virtual TFF (mostly Q7 = Q3)

® |oop integral saturates below 1 GeV
W) (low-energy test)

® |ndirect constraint on aﬁ;1,1,62!



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

® The process involves a loop integral over
doubly-virtual TFF (mostly Q? = Q22)

® |oop integral saturates below 1 GeV
(low-energy test)

Contribution
50%

80%
90%

® |ndirect constraint on aﬁ;1,1,52!

0.0 0.2 0.4 0.6 0.8 1.0
Q [GeV]



Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

KTeV result
BR(m® — eTe™) = 7.48(38) x 1078

p.s)

wW.s)
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Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

KTeV result with latest RCs
BR(7° — eTe™) = 6.87(36) x 1078

p.s)

wW.s)




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

KTeV result with latest RCs

BR(7° — eTe™) = 6.87(36) x 1078
VS.
BRG (7% — ete™) = 6.23(5) x 108

[am1,1 = (1.92 — 2.07)b2, 62 = 0.2 GeV?]

p.s)




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

KTeV's 7° — eTe~: a source of double-virtual information?

KTeV result with latest RCs

BR(7° — eTe™) = 6.87(36) x 1078
VS.
BRG (7% — ete™) = 6.23(5) x 108

[am1,1 = (1.92 — 2.07)b2, 62 = 0.2 GeV?]

p.s)

If seriously taken

Have to damp the TFF requiring
62 > 10 GeV?, ap11 = —(4 + 32)b2

Meanwhile, aZ’LbL—
0 _
afltbhm = 36(7) x 1071
[ We obtained af:”‘bl';“'o = 63.2(2.8)]




Updated pseudoscalar contribution to the hadronic light-by-light of the muon (g — 2)

Updated pseudoscalar pole contribution

KTeV's 70 — efe:

a source of double-virtual information?

p.s)

wW.s)

If seriously taken

Have to damp the TFF requiring
62 > 10 GeV?, ap11 = —(4 + 32)b2

Meanwhile, aZ’LbL—
0 _
afltbhm = 36(7) x 1071
[ We obtained af:”‘bl';“'o = 63.2(2.8)]

KTeV result with latest RCs

BR(7° — eTe™) = 6.87(36) x 1078
VS.
BRG (7% — ete™) = 6.23(5) x 108

[am1,1 = (1.92 — 2.07)b2, 62 = 0.2 GeV?]

Prospects

New 7° measurement: NA62 possible

BES Ill measurements would help
New Physics?

n — utp~ some tension (larger error)
Though requires opposite solution in
terms of a1, 0°
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Summary & Outlook

e Updated the 72, n, n’-pole contribution to HLbL
e Full use of SL and low-energy TL data + theory constraints

e Systematic and model-independent implementation with Canterbury
approximants

e New value aﬁLbL?”’"’"l = 94.2(5.4) x 107! including systematics
e Error meets future experiments da, ~ 16 x 107! requirements
e Improvement: double-virtual measurements y*v* — P BESIII

e User friendly and potential tool for experimentalists/lattice
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