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Open questions from the theory side

(in my opinion)

* How to link the general calculation with experiment!?
e A particular counting scheme is used (not a systematical expansion)
using ChPT-p counting and large-Nc counting:
e large-Nc enhanced pieces seem dominant: important |/Nc
corrections (just started)
e ChPT enhanced pieces less dominant but role of pions polarizability
may be important (cross-check)
* Double counting needs to be avoided: hadron exchanges versus
quark-loops
* New general approaches: Dispersion Relations, CXQM, lattice

* Role of offshellness effects (Ballpark and n-n’ suggest ~20%
enhancement)

e MV discussion of the “external vertex”

* Role of excited vector states (beyond VMD): syst. improve of models
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Dissection of the HLBL contribution
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Dissection of the HLBL contribution

® Extraction of meson TFF and HLBL

- Using CLEO, CELLO, BaBar and Belle to obtain the TFF Low-energy
Constants, constrain hadronic model and estimation of TT-HLBL

K(Q7,Q3)

i d*Q, [ d*Q
e b= = RN

Using Fﬂ-Ofy*fy* (Q%? Q%) ~ PP(Q%? Q%)

(main energy range from 0 to | GeV?)
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® Extraction of meson TFF and HLBL

- Using CLEO, CELLO, BaBar and Belle to obtain the TFF Low-energy
Constants, constrain hadronic model and estimation of TT-HLBL

K(Q7,Q3)

i d*Q, [ d*Q
e b= = RN

Using Fﬂ-Ofy*fy* (Q%? Q%) ~ PP(Q%? Q%)

(main energy range from 0 to | GeV?)

Systematic error from approach:

PY(Q1,Q3) vs P2 (Q1,Q3) —1{5%

(convergence guaranteed by Pomerenke’s theorem)  [PM.,Peris,07]
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Dissection of the HLBL contribution

2 2 2
FP*fy*v* (QS7 415 QQ)
Use hadronic models Use data from
constrained with the Transition Form Factor
chiral and large-Nc arguments for numerical integral
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Dissection of the HLBL contribution

Use hadronic models
constrained with
chiral and large-Nc arguments
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Dissection of the HLBL contribution

Use hadronic models
constrained with
chiral and large-Nc arguments
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Dissection of the HLBL contribution

Use data from

. 2 2 2
the Transmor.\ Form Factor FP*’Y*W’* (Qgp q7i, q2)
for numerical integral
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Dissection of the HLBL contribution

se data from 5 9 o
the Transiti . rm Factor FP*’Y*W’* ql : q2)
for numerical inte

va*y* (m?g, q%, q%) double-tag method
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Dissection of the HLBL contribution

se data from
the Transiti rm Factor
for numerical inte

Use data from
the Transition Form Factor
to constrain your
hadronic model

Pere Masjuan

2 2 9
FIWQ)

Hadronic Contributions to g-2

single-tag method

Mainz, April 2014
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Dissection of the HLBL contribution

se data from 5 9 o
the Transiti . !*m Factor FP*’Y*W’* ql : q2)
for numerical inte

Use data from
the Transition Form Factor
to constrain your
hadronic model

How??
Nice synergy between experiment and theory
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Dissection of the HLBL contribution
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its calculation requires info. on the pseudoscalar form factors
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Escribano, PM., P. Sanchez-Puertas,

Constrain Hadronic Models
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Our proposal
use Pade Approximants

[PM.12;R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

2 4
FP’V*’Y(Q27O) — CLOP(l —|—bP—2 —|—CP—4 + )
mp mp
/ T T

FP_>rny slope curvature
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Our proposal
use Pade Approximants

[PM.12;R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

2 4
va*v(Qz,O) = CL(])D(l —|—pr2—2 —|—CPQ2—4 —|—)

7 TmP TmP

FP_>rny slope curvature

We have published space-like data for QZFPW*W(Q% 0)

Q2FP7*’7(Q27 0) = ap@” + a1Q* + a2Q° + ...

PY(Q?) = = aoQ* + 01Q* + a2Q% + - - + O((QH)N M+
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Our proposal
use Pade Approximants

[PM.12;R. Escribano, PM., P. Sanchez-Puertas,’ | 3]
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FP’V*’Y(Q27O) — CLOP(l —|—bP—2 —|—CP—4 + )
mp mp
/ T T

FP_>rny slope curvature

We have published space-like data for QZFPW*W(Q% 0)

Q2FP7*’7(Q27 0) = ap@” + a1Q* + a2Q° + ...

PHQ?), PH(Q?), PA(Q?), ...
Pll(Q2)7 P22(Q2)7 PS?)(Q2)7

2 PN (Q?)
PL(O2) — ao® 1
1 (Q7) 1 — ;02 > P]]V\,(QQ)
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TIO-TFF

Fit to Space-like data: CELLO’91, CLEO’98, BABAR'09 and Belle’|2
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n-TFF

Fit to Space-like data: CELLO’91, CLEO’98, BABAR’| |+ L'+~

[R.Escribano, PM., P. Sanchez-Puertas, ’ | 3]
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n’-TFF

Fit to Space-like data: CELLO’91, CLEO98, 398, BABAR' | 1+ ',/ -

[R.Escribano, PM., P. Sanchez-Puertas, ’ | 3]
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Dissection of the HLBL contribution

a la Knecht-Nyffeler

Central value:

fr B3 @ +33) +h (@ +33)* +hagtqs +hs(qr +q3) +hy

Fj%‘){%‘,fv(q%,q%) = 3 2 M2 V(a2 — M2 V2 — M2 V(a2 — M2
(g7 Vl)(QI V2>(Q2 Vl)(% V2)
Publication: Preliminary, using exp data
Fr =92.4 MeV Lo syq
m, = 769 MeV m, — 775 MeV
m, = 1465 MeV h1 = 0( BL limit)
hi = 0 ( BL limit) hy = —10 GeV?
hs = 6.93 GeV* slope
. 2
hy = =10 GeV curvature
a, PHT =6.3x 107" LB — 7.5 % 10710
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Dissection of the HLBL contribution

a la Knecht-Nyffeler
Error budget:

vmp 2 o2y Ne M; M}
Froey (41, 43) = 272 (= M2) (B — M2) AFW ; QACL/I;ILBL, P
wp 2 2 _ I (g1 +43) —cv
P (0 8) =3 (3 233 (a3 3) A slope = 0.7 5AaELBL’ P

HLBL, P
%(61%%-4%)+h1(q%+q%)2+h2q%q§+h5(q%+qg)+h7 A CUI’V. i O.5ACLM ’

(g7 — M3, ) (qf — M3,) (g5 — M3 ) (45 — M3,)
Am, =T/2 = 1.3Aa, """ "

2
IMD+V (2 2\ _ ﬁ‘h‘l
Fn-Oy*}fk ( 1 QZ) - 3

Current PDG: AF_~1.1%
A slope ~ 13%
e A curvature ~ 25% AaELBL,W ~ 15%
Chiral limit FO — 177T ~ 5%

/N Am, ~ 10%
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Dissection of the HLBL contribution

a la Melnikov-Vainshtein

Central value:

fr B3 @ +33) +h (@ +33)* +hagtqs +hs(qr +q3) +hy

Fj%‘){%‘,fv(q%,q%) = 3 2 M2 V(a2 — M2 V2 — M2 V(a2 — M2
(g7 Vl)(QI V2>(Q2 Vl)(% V2)
Publication: Preliminary, using exp data
Fr =92.4 MeV Lo syq
m, = 769 MeV m, — 775 MeV
m, = 1465 MeV h1 = 0( BL limit)
hi = 0 ( BL limit) hy = —10 GeV?
hs = 6.93 GeV* slope
. 2
hy = =10 GeV curvature
HLBL,©w __ —10
CL'LL = 7.7 x 10 a/I;ILBL,ﬂ' — 08 x 10—10
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Dissection of the HLBL contribution

a la Melnikov-Vainshtein

2 2
F,f%g,fv(%aﬁ) =

fr 195(q1 +a5) + (gt +43)° +haqiqs +hs(qi +q3) +hs
3 (97 — M3 ) (g1 — M3,) (95 — M}, ) (g5 — M3,)

AF. = zAaELBL P

HLBL, P
7

A curv. = 2AaELBL’ P

Am,=1/2= 1.3AaELBL’ F

A slope = 1Aa

AaHLBLT 300
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Dissection of the HLBL contribution

a la Pade

b b R. Escribano, PM., P. Sanchez-Puertas, 1307.206|

Fiyr (@100 = PUQL ) = a g 5y

a—+bQ? a-+ b03
FP1*2 . 2, Q2 — Pl 2, QZ — 1 2
(01 &) = R0 ) = (or 0t + ) (B3 + 003 +
Py 2 2 2 b b 2
F.. .(p5 g7, =a 1+c
Pyy(pP 91> 93) q%—bq%—b( Pp)
bp cp limg2 e Q*Fpy»(Q?) @
a°  0.0324(22) 1.06(27)-107° 2fr 6.49(56) - 10710
n  0.60(7) 0.37(12) 0.160(24)GeV 1.25(15)- 10710
n 1.30(17) 1.72(58) 0.255(4)GeV 1.27(19) - 10710
Fp,(03.03) 1 n Total
P?(Qz,Qg) 1.25(15) 1.21(12) 8.96(59) HLBL'PS —10
Lo mm o wmn el MUY =8.9(6)(4) x 10
Eq. (14) 1.38(16) 1.22(9) 8.48(45)

Pere Masjuan Hadronic Contributions to g-2 Mainz, April 2014

32



Thank you!



