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Pseudoscalar Transition Form Fact

* Study of eereey*y*
with y*y*—=11,n,nO
but also Preey, 4e,2e g @)

TFF

e Meson Structure
- Transition Form Factors (TFF) give access to Meson Distribution Amplitudes

e Precision Tests of the Standard Model
- Relation to mixing parameters, rare decays, and muon anomalous (g-2)
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How do we do that?

e Single Tag Method can access the Meson Transition Form F

Selection criteria

- 1 e detected

- 1 e* along beam axis e (p)
- Meson full reconstructed :

Momentum transfer

-tagged:Q* =! of =! (p! p)? et e
=highly virtual photon

- untaggedy® ="' ¢3 " 0GeV?
=quasi-real photon
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How do we do that?

Cross section for P production depends only Bias, ¢5)

With the Single Tag Method: F (¢, 05) ! F(Q?)

5 ) 5 * Uris scale between soft and hard
— e x-dependence obp(x,Q?)
F (Q ) TH (X’ Q )(I)P (X’ HF )dX not known but models
|  Experimental data on F@pis needed
w('! —a9 ! p(ag— P)
convolution of perturbative and nor-perturbative regimes
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The role of experimental data

Fp o« - (0§, Of, C5)

Use hadronic models
constrained with
chiral and large-Nc
arguments

Use data from
the Transition Form Factor
for input calculations
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The role of experimental data

Fp o« - (0§, Of, C5)

Use data from
the Transition Form Factor
for input calculations
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The role of experimental data

Fp«i«1 (06, O, 05)
e \We want amethod not amodela TOOLKIT
e pbased on analyticity and unitarity

e heading towards 10% errors
e Simple (not black box)
e Approaches yes (improvable), assumptions no
e Systematic:
e easy to update with new data
e error from approach
e Predictive (checkable)
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The role of experimental data

Use data from 5 2 o
the Transition Form Factor  Fp « x| = (qg, O, CI2)
for numerical integral
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The role of experimental data

se data from 2 2 9
the Transi orm Factor FPW)
for numerical In I

N

Foir (m,zg , q%, q%) double-tag method
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The role of experimental data

se data from
the Transi orm Factor
for numerical In I

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

F qug
NS

S

)

)

Fp ’y(mI% ’ CI%, 0)

e (p)

Pere Masjuan

single-tag method



The role of experimental data
se data from 5 5 o
the'ﬁ%ﬂu&%!ﬁorrrllfaftor FPW)
for numerical In I
N4
2 2 2
FW)

Use data from M

the Transition Form Factor Fo 2 2
I ' m y y O
to constrain your Py ~(Mp, 0, 0)
hadronic model

How??
Nice synergy between experiment and theory

Simple, easy, systematic, user-friendly method

Pere Masjuan FCCP2015,Anacapri, 11th Sept



Our proposal: use PadZ Approxima

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

We need low-energy region (data driven) + high-energy tail
we donOt want a model rather a method providing systemat
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Our proposal: use PadZ Approxima

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

We need low-energy region (data driven) + high-energy tail
we donOt want a model rather a method providing systemat

FPIII(QZ O)—ag) 1+bP—+CP—+
mp mp
/ T T
! Pl Il slope curvature

We have published space-like data @rsz! ] (QZ, 0)
Q°Fp1,(Q% 0) = aQ* + a1Q* + a,Q° +

Tn (Q%)
Rm (Q%)

Pl (Q) = = 2,Q% + 21Q* + 2,Q° + 444 O((Q)" M)
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Our proposal: use PadZ Approximants

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

We need low-energy region (data driven) + high-energy tail
we donOt want a model rather a method providing systemat

FPIII(QZ O)—ag) 1+bP—+CP—+
mp mp
/ T T
! Pl Il slope curvature

We have published space-like data @rsz! I ] (QZ, 0)

Q°Fp-1,(Q%,0) = agQ° + a;Q" + a,Q° +
a0Q? ) PN(Q?) = PL(Q?),P3(Q?),P3(Q?),..
L anQf PN (Q?) = P(Q?), PZ(Q?), P3(Q?), .

P1(Q%) =

sequence of approximations, i.#eoretical error
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Our proposal: use PadZ Approximants

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

We need low-energy region (data driven) + high-energy tail
we donOt want a model rather a method providing systemat

QZFP ! W(QZ, O) - aOQ2 + a1Q4 + a2Q6 + ...
__a0Q® | Pr(Q)= Pi(@),PiQ),PIQY), -
L anQ? PN (@) = PL(Q?), P2(Q?), P3(QY), ...

Convergencdmaking use of analytical properties):

P1(Q7%)

NI![n PN (Q%) = Fpi'1 (Q%,0)  Montessus Theorem
Conv. from pole at -G to Q*% good at LE, bad at HE. Fantastic for LEPs and chee
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Our proposal: use PadZ Approximants

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

We need low-energy region (data driven) + high-energy tail
we donOt want a model rather a method providing systemat

QZFP ! W(QZ, O) - aOQ2 + a1Q4 + a2Q6 + ...
__a0Q® | Pr(Q)= Pi(@),PiQ),PIQY), -
L anQ? PN (@) = PL(Q?), P2(Q?), P3(QY), ...

Convergencdmaking use of analytical properties):

P1(Q7%)

NI![n Py (Q%) = Fp; 1 (Q?,0) Pommerenke Theorem
Conv. from cut at -@ to o:good at LE and HE. Good for LEPs and no cheap
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Our proposal: use PadZ Approximants

[P.M.O12; P.M., M.VanderhaeghenO12; R. Escribano, P.M., P. Sanchez-Puertas, 013, O15]

Fit to Space-like data; CELLOO91, CLEOO98, BABAROO09 and

PN (Q%) uptoN=5 PM, 512

0357 T 0.040;
0.30. : :
p : i
§ 0.255 0.0357
: : i .
&, 0.20 | i {
=) DL 1l T Y =" 0.030"
¥ 015 gt * ® " }
LI-:. .!“ i ,: r {
5 01 CELLO | 0.025-
0.05 CLEO  BELLE
OOO? | | | | | | | | | | | | | | | | | | | - | | | | | | | |
0 10 20 30 40 0020 PO1 P11 P21 P31 P41 P51 PDG

Q*HGeVs

Py (Q%) up to N=3
Accurate description of the low-energy region making full use of available experimental data
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N-TFF

Fit to Space-like data: CELLOO91, CLEOO98, BABARO11+

[R.Escribano, P.M., P. Sanchez-Puertas, O13]

o.7f— - _
N 2 — z
P,;" (Q9) wuptoN=4 s || l ] [
0.5} 3 '
0.30: --------------------- ] < 0.4;_ &
0.25f . o.3§- -
% [ 0.2k . . . . . .
O 0.20r P11 P21 P31 P41 P51  CELLO
S 0.150 osf
o 0.3}
0.05} <
0.00 0.1;
0.0t

P|\'\|I (QZ) up to N=2 leim Q%Fr 4 (Q%,0) = 0.164(2)GeV
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nO-TFF

Fit to Space-like data; CELLOO91, CLEOO98, L3098, BABAR®11

[R.Escribano, P.M., P. Sanchez-Puertas, O13]

20:
_ 1.5} &
o]
0.30r I $ } l I I :
1.00
0.25¢ -
> i
G) B 1 1 1 1 1 1 1
Sl 0'20? P11 P21 P31 P41 P51 P61 CELLO
— : 4.0F
% 0.15:‘ 3_5§_
> i 3.0F
S 0.10p : - -
b - 2.5 .
0.05} S 2o0f 0
f 15b |
0.00 :
LO;
05! "

P11 P21 P31 P41 P51 P61 CELLO

lim  Q°F,:#,(Q% 0) = 0.254(4)GeV

Py (QF) uptoN=1 I
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time-like TFF

Predictive method!

e Study Dalitz decays
n (‘) qy*y—} e+e-Y A2@MAMI

* Prediction of the time-like L~ [ = CB2013:Data (b) /
from space-like data - —  CB2013:Fitpo=1
-+« TL calculation K
L -- PA ’
[BESIII Coll. arxiv:1504.06016] 11 et ™ + /%/*
7 | + ' n /
we 1!l oee y |
T 5 / ] +
% 4 ]
- / BESIII | 1 - *#*+ ..... { ....................................
/// PA dict - | | | | |
a ] predict . 0 0.1 0.2 0.3 04 05
00 o0z o4 os o8 m(|+|') [GeV/CZ]

Mle e " #5eV&9
[A2 Coll. PRC89 2014]
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N-TFF

Fit to Space-like datafLL0091, CLEOO98, BABARA1L| -
+ Time-like data [NA60O09,A2011, A2013]

N 2 —
[R.Escribano, P.M., P. Sanchez-Puertas, O15] P]_ (Q ) Up o N_7
71— 0.65
4 |
| ! ’
L o2 J
é | i 0.60-
< : i o) I :
O ? ~0.05- 0.55- 1
. O.f i . I '
EE? f 010 A I
o [+ 0.50"
O -o1 ~0.15F | 20
020 -015 -0.10 -005 0.0C | P11 P21 P31 P41 P51 P61 P71
1. 20, 30, a0
Q> #GeV?d

PY (Q?) up to N=2

i Q2F 4 (Q2,0)=0.177(15)GeV
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N-TFF

Fit to Space-like datafLL0091, CLEOO98, BABARA1L| -
+ Time-like data [NA60O09,A2011, A2013]

[R.Escribano, P.M., P. Sanchez-Puertas, O15]

1-loop ChPT |
VMD

Quark Loop
Brodsky-Lepag
RChT

Disp. Rel.
PA to SL date
CELLO
CLEO
Lepton-G
NAGO

A2

WASA

A2
This Work:

\\\\\\\\‘T"\\QD\\\

0.2 0.4 0.6 0.8 1.0
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A word on systematics

0.28(;
0.27¢
0.27C
0.265"
0.26C"
0.25¢

0.25Ct

eConsider a model fon TFF

eGenerate a pseudodata set emulating the physical situation (SL+TL)

eBuild up your PA seguence

eFit and compare

A~

. 0.29C, | | | |

0.28C |
0.27F
0.27¢
© 0.26¢
0.26(
0.25¢

w 1 0.25(—

P )PL P2 P PPy PSP

Fp 10"
VMD

Pere Masjuan

0.28E-——=--------------o--oo-- o

PS Fp 10" PP Pt P P3 P} P P P
b,

FCCP2015,Anacapri, 11th Sept
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Why PAS?

e To THEORY:

e our problem is Othe general rational Hermite interpolation problemO: solution is PAs

e in many cases we neddls f(s) not f(s)
e \VMD, LMD, LMD+V, HQCD... are already a certain kind of PAs (PTs)
e it IS proven: PTs slower convergence than PAs
e To DISPERSION Theory:
eexcellent interpolation tool: bring DRs (TL!) te (link with pQCD)
e even more: PA can be the function to be used for the DR
e or DR can provide LECs to feed in the PA
e To LATTICE:
eused recently for lattice btting of HVP: suggestion use it correctly!
e To EXPERIMENT:
what energy and precision to measure: use PAs to identify!
(high energies are as well important vs DRS)

Pere Masjuan FCCP2015,Anacapri, 11th Sept
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PS-TFF

___space-like and time-like data

" [R.Escribano, P.M., P. Sanchez-Puertas, O15] | [ Low-energy paramete;}
up to the third derivative

- (G2

. ' N
mixing parameters
of the n-nO system
> f q: f Sy '

PP, Q7% eV |

_J

)

. Rare decays
Q* #GeVs C ’

_ f apl Y pl
- : \ Pl [*] Pl 4IJ
PS continuum

on quarkonium
| region

. | beautiful synrgyexpelriment - the@ry
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Applications*

|. Hadronic Light-by-Light contribution to muon (g-2)
2. PS decays into lepton pairs (#°e *e)

3. N-N’ mixing
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Applications*

|. Hadronic Light-by-Light contribution to muon (g-2)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 28



Dissection of the HLBL contribution

q2 ql+q2&ql qz/gé\uqz q1

LbL ;P — | eGI d'q = d'g 1

" | (2 @) gfg(o + @)*[(p+ a)?! m2[(p! @)?! m?]

a

Fpii (6B, @2, (Ch + B)2)Fpiiirt (B, 6, 0)
B M

T1(qu, &; P)

L FPerre (o + )%, 07, G)Fpritit (( + )%, (o + )*,0)

(ch + B)2T M3 To(%: )
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Dissection of the HLBL contribution

Pere Masjuan

40 d* d*
ot = & [ T8 [ SRIK(@LQ)

UsingFyo-1+1 (Q7,Q35) ! VMD(Qf, Q%)

K (Qf, Q3)

(main energy range
from 0 to 1 GeV)

FCCP2015,Anacapri, 11th Sept 30



Dissection of the HLBL contribution

a laMelnikov-Vainshtein

Central value: [Knecht-Nyffeler ©01
FLMD+V (02 2y fr 0g05(07 + 05) + hi(af + g5)“+ haafgs + hs(af + g5) + hy
$ogrer HEITTA 3 (B! MZ)(2! MZ)(gg! MZ) (3! MZ)
Publication:
F, =92.4 MeV
m, = 769 MeV

m,: = 1465 MeV
hy = 0( BL limit)
hs = 6.93 GeV*
h, = 1 10 GeV?

all®t =771 10

Pere Masjuan FCCP2015,Anacapri, 11th Sept Mainz, April 2014 31



Dissection of the HLBL contribution

a laMelnikov-Vainshtein

Central value:

[Knecht-Nyffeler 001

_ Oz afo5(af+ og) + ha(af+ 0g) + hoqfa + hs(af + 65) + hy

2 2
$0&* & (Q1’QZ _ 3

Publication:

F, =92.4 MeV
m, =769 MeV

m,: = 1465 MeV
hy = 0( BL limit)
hs = 6.93 GeV*
h, = 1 10 GeV?

(3! MZ)(a2! MZ)(a3! M3 )(a3! M3)

all®t =771 10

Pere Masjuan

FCCP2015,Anacapri, 11th Sept

Preliminary, using exp data

| | oy
m, =775 MeV
curvature

h, =0 ( BL limit )
slope

h, = | 10 GeV?

Bl L —g g1 10 10

Mainz,April 2014 392



Dissection of the HLBL contribution
a laKnecht-Nyffeler O01

Central value:

fr GFO5(F + 0B) + hu(af + %) + hoqfa + hs(af + 63) + hy

FLMf)—:V 2’ 2y —
soge @@= 3 (! MZ)(QB! MZ)(a3! MZ)(a3! M2)
Publication:

FI =92.4 MeV

m, = 769 MeV

m,: = 1465 MeV
hy = 0( BL limit)
hs = 6.93 GeV*
h, = 1 10 GeV?

ab >t =6.31 10
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Dissection of the HLBL contribution
a laKnecht-Nyffeler O01

Central value:

fr GFO5(F + 0B) + hu(af + %) + hoqfa + hs(af + 63) + hy

Féﬁfggv(qiqéﬁ 3 2T M2\ 21 M2V 2T M2 N2l N2
(ag! le)(q1- MVZ)(%- le)(qZ- MVZ)
Publication: Preliminary, using exp data:
Fi =92.4MeV  rreeereeeeesseeeene > byop
m, =769 MeV m, = /7/5 MeV
m,: = 1465 MeV = oo > curvature
h, = 0( BL limit ) hy =0( BL limit )
hs =6.93 GeV* - > slope
h, = ! 10 GeV* h, = ! 10 GeV*
anot ' =631 10 T | e | aftBt et =751 10710
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Dissection of the HLBL contribution
alaPadz

P.M., S. Peris, OP.M. 12
P.M.,Vanderhaeghen012
b b R. Escribano, P.M., P. Sanchez-Puertas,

FI)30,1,|I(PP’Q1’Q2) = Q%+ bQ§+ b(1+ CPF%)

P12 2 2 2\ __ a+ bQ% @t bQ%
Fpee (BB Q1. Q0) = (2 T (@2 7 ) (@2 + (@2 + d)

(1+ cPI%)

bp Cp limgey Q*Fpysy(Q?) gl -BLP
a0 0.0324(22) 1.06(27) - 107 21, 6.49(56) - 10740
n 0.60(7) 0.37(12) 0.160(24)GeV 1.25(15) - 10780
7 1.30(17) 1.72(58) 0.255(4)GeV 1.27(19) - 100
0.12¢
O.lOf—
S o.osf—
5 006:-
£ ol _ Systematic error from approach:
Fomp F1P 0(N2 2 1012 N2
s | PY(Q3.Q3) vs P3(Q3,Q3) —{ 5%
00 05 10 15 20
0’ [GeV’] [P.M.,Peris,007]
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Applications*

2. P decays into lepton pairs (#%'e *e)

Pere Masjuan FCCP2015,Anacapri, 11th Sept
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Introduction and Motivation
Experiment

> ! | i
BR(P! 1) , #m ° > -
P - “ BR(P! ") _@p @A(mp)l

| 1.5a10 ©

KTeV ’07:
BR(!°! e*¢e ("),x> 0.95)=(6.44+ 0.25+ 0.22)" 10 °

Extrapolation to x=1 + radiative correction + Dalitz decay background

BRyowd (101 e e )=(7.48+ 0.29+ 0.25)" 10 8

(dominates de PDG)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 37



Prague contribution: Radiative corrections

Vasko, Novotny | | + Husek, Kampf, Novotny’ 14

BR(!°! e"¢e ("), x> 0.95)
BR(10! ") -
(191 e*e)

(101 ")

(20,95 $ V™ + 1 52(0.95 = (" 58+ 02)% vs !" 13%
1.75# 10 1°
[#LO(1 01 ete )/ MeV]

* BS(0.95) = (0.30+ 0.01) % 1©(0.95) =

[1+ 1@ (0.95)+! BS(0.95)+ 1P (0.95)

BR oo (191 e"ée )=(6.87+ 0.36)" 10 ®

Pere Masjuan FCCP2015,Anacapri, 11th Sept
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Introduction and Motivation
Theory

! _ |
BR(P! 1) _,, #m

BR(P! "™) = $mp

) 2
%(m35)IA (m3)]

The only unknownA (m3) from loop calculation where the TFF enters.

a2 g @R (KA Fee (00" KD

$2 k2(k™ QX(p" k)" m)  Few (0,0)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 39



Dissection of #%le *e-

As model independent as possible:

Cutcosky rules provides the imaginary part

| ] T

' non 2

Assuming |A|°! (ImA)?
BIl 01 gWhgdr punitay] 01 e¥ed" g 4:69(10°8

(doesnOt depend on TFF)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 40



Dissection of #%le *e-

| $ .
RE(A(MR) = " >+
4 0]
Re(A(M2)) =

Pere Masjuan

1
1L

| 2

dQ? Kernel(Q?%) + 1—2 + In?

dQ?Kernel (Q%) +30.7
0

FCCP2015,Anacapri, 11th Sept

m,
Mp
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Dissection of #%le *e-

Re(A(M3)) = dQ?Kernel (Q%) +30.7
0
O - . . .
500l ¥ Its contribution Is negative:
< 11000 lowers the BR.
S 1 150c] N ¥ Peaks at" 2m. and
2 1 200¢ - -0 #Q0%$=0.09 C_SeV.
| 250C 0 ¥ Low energies relevant only: slop
so0cV L 0 IS enough.
0.00C 0.005 0.01C 0.01%

Q'!GeV
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Dissection of #%le *e-

Re(A(M3)) = dQ?Kernel (Q%) +30.7
0
1OOC_P0
100; = VMD
= “ log
ClO’ 10'*.‘ IN! OPE
g :
g -
- 01
oot
O.OO]Z E— ——
0 5 10 15 20
Q!GeV!
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Mainz contribution: TFF parameterization

Use data from 5 o 5
the Transition Form Factor Fpii! (mP Ot qz) double-tag method
for numerical integral

Remember: only low-energy region is needed

Pere Masjuan FCCP2015,Anacapri, 11th Sept

44



Doubly virtualm®-TFF

[P.M., P. Sanchez-Puertas, O15]

For BRsy (%! €"¢ ) we need Fio-:i - (Q?, Q%)

Proposal: Canterbury PA Chisholm 73

T 2, 2 7 2
RTA((%%,%Z%)) = a9+ a(QT + Q3) + a1,1Q1Q3 + @(Qq + Q3) + &8

PP(Q%, Q%) =

Py (Qf,Q3) =

ao
1+ a(Qf+ Q%) +(2af! a1,1)Q1iQ5

Pere Masjuan FCCP2015,Anacapri, 11th Sept 45



Doubly virtualm®-TFF

Proposal: Canterbury PA Chisholm °73

a0
1+a1(Qf+ Q3)+(2a%! a,1)Q7Q3

P (Q%, Q%) =

41 from accurate study of space-like data

d11 from a systematic fit to doubly virtual SL data

Pere Masjuan FCCP2015,Anacapri, 11th Sept 46



Doubly virtualm®-TFF

Proposal: Canterbury PA Chisholm °73

a0
1+a1(Qf+ Q3)+(2a%! a,1)Q7Q3

P (Q%, Q%) =

41 from accurate study of space-like data

d11 from a systematic fit to doubly virtual SL data
OPE indicates: leilr"n P’(Q%,Q9)! Q7% je. a; 1 =2a?

Pere Masjuan FCCP2015,Anacapri, 11th Sept 47



Doubly virtualtt®-TFF

Chisholm ’73

Proposal: Canterbury PA

a0
1+a1(Qf+ Q3)+(2a%! a,1)Q7Q3

P (Q%, Q%) =

a1 from accurate study of space-like data
O di 1 | 23.%

[P.M, P. Sanchez-Puertas, 15
BREA (191 €€ )=(6.20" 6.41)(4)# 10 °

statistics+theoretical error /

method checked for different models
+ to shrink the window: data (data-driven approach)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 48



Doubly virtualm®-TFF

[P.M, P. Sanchez-Puertas,15]

BRyo4 (101 e )=(7.48+ 0.29+ 0.25)" 10 8

N

| (3.3" 2.8)!

BREA (1°1 €€ )=(6.20" 6.41)(4)# 10 °

[with new RC ~ 20]

Pere Masjuan FCCP2015,Anacapri, 11th Sept 49



Impact of #%le *e-on HLBL

[P.M, P. Sanchez-Puertas,15]

Model Published model ModiPed model
101 e"¢e |HLBL |1°! e"e |HLBL
(" 10°) [(" 10| (" 10°) |(" 10')

Jegerlehner and Nyl eler O09LMD+V 6.33 6.29 6.47 5.22
Dorokhov et al O09 VMD 6.34 5.64 6.87 2.44
Our proposal 014 PA 6.36 5.53 6.87 2.85

La;M !l 6" 10 1

I3
a1 4" 10
| aEILBL 1 01 et g 2" 3)# 10’ 10

+ similar effect for the n decay!

Pere Masjuan FCCP2015,Anacapri, 11th Sept 50



0.8t

The role of doubly virtual TFF data

1.0y

[P.M, P. Sanchez-Puertas,15]
[ [ [ |

Q%! 0.5GeV :
factorization:Fno- 4 (Q%, Q%) = Fro.1,(Q%,0)! Fro, (0,Q%)

_ our approach
0.4—|‘{ _
NIE Y
0'2_ \ ~~-----——— B
- ‘\ ‘5~~ .--.--......-..- -——---____
u ~ ....-..... ------ B L L LT T
O.O—I \| -. —._| - —— —;|.='—"*'—"'—'|L'='—"ITI-FI“L|I=-H-_--.H-.|.-|_
0 /{ 2 3 4
KTeV + rad corr

o S
Qs !GeV"
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Dissection of "Il *I

[P.M, P. Sanchez-Puertas, in prep.

PDG value dominated by the KTeV measurement

B ! " 2 _ ; | 6 -
. =95. 1 -
PREL I <2 PN Sy 0O SO

BR(P! ™) $mp | 56410 & (e

Unitary Bound for theup case = 4 .37 410 °

SM calculations witm?/! 21 ¢ =4.99 a10 °

Our result from SL+TL (full result) = 4 .51(2) 410 °
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3. N-N’ mixing

Pere Masjuan

Applications*
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n-nO mixing

n-nO mixing in the Ravor basis

fd f° _ fgqcos]] ! fgsin!]
fi £S5 = fgsinl] fscosl]

From the TFFs we can determinfg;, f s, !

10 2 2

_ 912 . Cqcosh], Cssinf#] ° im O2Fw - (O2) = fa= 4 S
- 32"3M! 1:q ! fs Q! Q | (Q ) | 3 | 3. |
gl 2 3: Cqsinf#] = Cs cosf] ° l 2 2y _ ¢q 10 s 2 2
= , Im oo - =fi—=+f>—.
32'3M!' fq i fs Q2! U Q%)= 15 3 3
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n-nO mixing

n-nO mixing in the Ravor basis

fd f° _ fgqcos]] ! fgsin!]
fi £S5 = fgsinl] fscosl]
From the TFFs we can determinfg, fs, ! [R.Escribano, PM., P. Sanchez-Puertas, ¢
912 " Cgycosp]  Cssin#] 2 2 _ ¢q10 2_§
| e = 32"3|\/|!3 qu ! P lel'm QF (Q) fq3 f! 3 ,
92 " Cysinf#] Cscosp] ° : - f4 0 2_§
= gt S S8 im Q7 Q1) = £ 5T+ 17 55
[R.Escribano, P.M., P. Sanchez-Puertas, O14]
fq=1.07(1)f,, fs=1.39(14),, ! =39.3(1.3)
Update of Frere-Escribano O05 with PDG12 using 9 inputs
fo=1.07(L)f,, fs=1.63(2)f;, ! =40.4(0.3)

Pere Masjuan FCCP2015,Anacapri, 11th Sept 55



n-nO mixing

n-nO mixing in the Ravor basis

From the TFFs we can determirtey, Fs, !

FKS -
EF
This

Work

00 1.021.04 1.06 1.08 1.10 1.12 1.14

[R.Escribano, P.M., P. Sanchez-Puertas, O1

FKS: Feldmann, Kroll, Stech, PLB 449, 339, (1999)
EF: Escribano, Frere, JHEP 0506, 029 (2005) updated in Escribano, P.M, Sanchez-Puertas, 2013.
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Conclusions

- Transition Form Factors are a good laboratory to study
meson properties (one and two virtualities)
- We propose PadZ ApproximantsO metho@asysystematic
and can bemprovedipon by including new data.
- Considering space- and time-like data

- provides very accurate LECs and asymptotic limits

- provides insight in mixing scheme and meson structure

- predicts VR, J¥, rare decays, continuum...
- beautiful synergy experiment - theory
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Outlook

e To THEORY:

e rethink VMD, LMD, LMD+V, HQCD In terms of PAs: data-driven and

systematic
e To DISPERSION Theory:

e excellent interpolation tool: bring DRs too(link with pQCD)

e progress in PA theory igndergoingbetter access TL, use unitary...
e o LATTICE:

eused recently for lattice ptting of HVP: suggestion use it correctly!
e Jo EXPERIMENT:

what energy and precision to measure: use PAs to identify!
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Dissection of the HLBL contribution

a laKnecht-Nyffeler O01

Error budget:

Ne M M2
12$2fg (q7! M) (a3! MY)

Fsog & (0. 05) = !

fg  (af+a3)! ov

ELMD Is
3 (af! M@)(ap! MY)

$08' & (Cﬁ’ q%) =

LMDV fr 0505(05 + 05) + ha(af + g5)°+ haqfcs+ hs(aqf + g5) + hy

$0& & (Q%’qg): 3 21 M2 21 M2 21 M2 21 M2
(7! M@)(az! Mg )(az! My)(as! M)

Current exp. precision:

' F T 1.1%
I slope! 13%
| curvature ! 25%
Chiral limit Fo! Fi " 5%

Pere Masjuan

LR 20 Attt o

| slope! 0.75 a;-°-"
| curv.! 05! a-®-"
Im, ="/21 13 a*t- "

HLBL || | 159
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Dubna contribution: corrections me/mm, me//\

Dorokhov and lvanov, 5)08

= m 2 = m 2
O I—e O Iog °
| A
_ the cut-off
Dorokhov, Ivanov and Kovalenko OQ09 or
. : 2 VMD OmassO
"m, 2 m
O — O €
| M,

Resummation of power corrections using Mellin-Barnes techniques.
Conclusion: corrections negligible!

BRsu(!®! e'e )=(6.23+ 0.09)" 10° ! 3
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PA vs DR

0.20 | | | | |
> |
O 015 il =
N _ -
Q DR ,/”’ - ‘ ="
A~ - —_—‘—"
: et
< | VMDs =
0.10 | o }
= /
;. / = CLEO
c-i. / 3 2) e CELLO
& 0.05f PS (Q |
@
OIO%.O 015 lI.O 2i0 2i5
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PA vs DR

0.35]
0.30"
0.25
5 0.20

Q°Fm #1Q%" #Ge\&

0.05-
0.00
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