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® (g-2),P—e*e’, n-n' mixing, time-like TFF

® Conclusions



Pseudoscalar Transition Form Factors

* Study of ee?eey*y*
with Y*Y*—=TT,n,N’

but also P—eey, 4e,2e P=nnn ...

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

¢ Precision Tests of the Standard Model

- Relation to mixing parameters, rare decays, and muon anomaly (g-2),
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How do we do that!

® Single Tag Method can access the Meson Transition Form Factor

Selection criteria
- 1 e detected

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

Momentum transfer

- tagged: Q% = —¢f = —(p —p')? e
=highly virtual photon

- untagged: > = —q¢5 ~ 0GeV?
=»quasi-real photon
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How do we do that!

Cross section for P production depends only on F(¢7, ¢3)

With the Single Tag Method: F(¢7,q3) — F(Q?)

AVAVAVAVAVAV
’y j
AVAVAVAVAV,
® UF is scale between soft and hard

F(Qz) m— /TH(Jj’ Q2)¢P(Qj’ ,UF)dCU * x-dependence of Pp(x,Q?)

not known but models

e Experimental data on F(Q?) is needed

Th(y*y —q7) ®p(eq— P)
convolution of perturbative and nor-perturbative regimes
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The role of experimental data

FP*fy*v* (qga Q%v Q%)

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*fy*v* (qga Q%v Q%)

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

FP*fy*v* (qga Q%v Q%)

* We want a method, not a model

* Simple (not black box as disp. rel)
* Approaches yes (improvable), assumptions no
e Systematic:

* easy to update with new data

* error from incompleteness of the data set

* Predictive (checkable)
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The role of experimental data

Use data from

. 2 2 2
the Transmor.\ Form Factor FP*’Y*W’* (Qgp q7i, q2)
for numerical integral
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The role of experimental data

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

FPW*W* (m%, q%, q%) double-tag method

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov



The role of experimental data

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)

single-tag method



The role of experimental data
se data from 5 9 o
thWor FIWQ)
for numerical inte

N
2

FP’y*’Y(m2Pa Q%7 O)

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

How??
Nice synergy between experiment and theory

Simple, easy, systematic, user friendly method
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Our proposal: use Pade Approximants

[PM’12; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics
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Our proposal: use Pade Approximants

[PM’12; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

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; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]
We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

% Q*
FP’V*’Y(Q27O) — CLOP<1 + 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° + ...

o2y 0@ PN(Q*) = P}(@%), P (Q*), PY(Q%), ...
Pl(Q):l—aQ2 g N /A2 1,2\ D2(AN2\ D3/ A2
! Py (Q7) = P1(Q%), P5(Q7), P3(Q7), ...

sequence of approximations, i.e., theoretical error
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Our proposal: use Pade Approximants

[PM’12; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

QQFPV*W(Q27 0) = CLOQQ T G1Q4 T CL2Q6 T ..

aoQ? PN (Q?) = PL(Q?), P2(Q?), PY(Q?), ...

>

- aQ? PY(Q?) = PHQ2), PAQ), PHQY). ..

Convergence (making use of analytical properties):

P Q%)

lim P} (Q%) = Fp,~,(Q%0)  Montessus Theorem

N — o0

Conv. from pole at -Q? to Q*% good at LE, bad at HE. Fantastic for LEPs and cheap
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Our proposal: use Pade Approximants

[PM’12; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

QQFPV*'V(Q27 0) = CLOQQ T G1Q4 T a2Q6 T ..

aoQ? PN (Q?) = PL(Q?), P2(Q?), PY(Q?), ...

>

- aQ? PY(Q?) = PHQ2), PAQ), PHQY). ..

Convergence (making use of analytical properties):

P Q%)

J\;im Py (Q?) = Fpy+,(Q%,0) Pommerenke Theorem
— OO

Conv. from cut at -Q? to o: good at LE and HE. Good for LEPs and no cheap
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Our proposal: use Pade Approximants

[PM’12; PM., M.Vanderhaeghen’l2; R. Escribano, PM., P. Sanchez-Puertas,’ | 3]

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

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

0.7F

PN (Q%) upto N=4 } ] [
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0.00t o,lé
PN(QZ) _ ) 9 9 .
N up to N=2 lim Q°F, . (Q%,0) = 0.164(2)GeV

QR2— o0
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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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n-TFF

Predictive method!

A2@MAMI
e Study Dalitz decays L [ = CB2I3:Dan (b) /
N . | —  CB20I3:Fit p0O=|
r] _’Y Y_’e ey «++  TL calculation /,
| == PA y

* Prediction of the time-like
from space-like data

y ¢t
ity Ah + + .................................

i | | | |
0 0.1 0.2 0.3 0.4 0.5

m(I'l) [GeV/cY]

[A2 Coll. PRC89 2014]
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n-TFF

Fit to Space-like data [CELLO’91, CLEO’98, BABAR’I ]+ ]’
+ Time-like data [NA60’09,A2’I |, A2’| 3]
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n-TFF

Fit to Space-like data [CELLO’91, CLEO’98, BABAR’I ]+ ]’
+ Time-like data [NA60’09,A2’I |, A2’| 3]

=77

PlN(Q2) up to N=7

[R.Escribano, PM., P. Sanchez-Puertas, ’14]
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n-TFF

Fit to Space-like data [CELLO’91, CLEO’98, BABAR’I ]+ ]’
+ Time-like data [NA60’09,A2’I |, A2’| 3]

[R.Escribano, PM., P. Sanchez-Puertas, ’ 4]
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A word on systematics

0.280
0275
0270
0265
0260
0255

0250t

*Consider a model for N TFF
*Generate a pseudodata set emulating the physical situation (SL+TL)
*Build up your PA sequence
*Fit and compare

/\—\ | | |

0.290 —

0.280 o
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T 0270
| 0265
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0250k

P |p P} P

Pere Masjuan

Pt P P
Fipyy(0)

0.285E----------------

Pl P Fiyy(0) P Pl P P P}
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PS-TFF

space-like time-like data

[R.Escribano, P.‘M.,‘P. Sanchez-Puertas,’ 14] - /,l o | | ( L | h
P /7Y | ow-energy parameters
> ST up to the third derivative!
i O nunE P2 Q2 : ;

= AR I (8-2)u

P ;1] | | J
- - | ™)
RS mixing parameters

| oo of the N-N’ system

Q} | qr J S

S — for fs, @ )

020 015 —010/005 obg |

‘ Rare decays
0? [GeVZ] , 4

p— | | I'p_i+1- I'poa

— - ,, )
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on charmonium

region

o "beautiful synegy experirﬁent - theory]
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Applications

|. Hadronic Light-by-Light contribution to muon (g-2)
2. PS decays into lepton pairs (TT—e*e)
3. N-N’ mixing

4. Time-like TFF prediction (charmonium backgrounds)
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Applications

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

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov
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Dissection of the HLBL contribution

.. g2 ql .-~
1+4q2
qzl q1+q2/59i\§q1 q2/ Y*q 1q1

GLOLiP _ _66/ d*q / d*qo
g 2m)* ) (2m)* ¢ia3 (a1 + ¢2)2[(p + q1)? — m2][(p — q2)? — m?]

Fpenens (3,43, (@1 + 42)*)Epeyey= (43, 43,0
( yiobl@3, s (@1 + 62 B3, 63, 0)

g5 — M3

_|_

Fpeyqr (01 + ¢2)°, 41, 43) Fpyrns (01 + 02)%, (@1 + 2)°, 0)T2(q1 q2; )
(g1 + ¢2)* — MI% o
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Dissection of the HLBL contribution

Pere Masjuan

.0 d* d*
T R o=l =R

Using Fﬁofy*’y* (Q%a Q%) ~ VMD( %7 Q%)

K(Q1,Q3)

(main energy range
from 0 to | GeV?)

Radio MCLow WG, Frascati, |8 Nov
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Dissection of the HLBL contribution

a la Knecht-Nyffeler
Central value;

LMDV fr CB(@A+B) + (G +33) +hagiq3 +hs(q3+q3) +hr

2 2
Froys (91,93) = 3 2 _ M2 V(2 — M2 Va2 — M2 Va2 — M2
(g7 Vl)(% V2>(Q2 Vl)(% V2)

Publication:
F. =924 MeV
m, = 769 MeV

m, = 1465 MeV
h1 = 0 ( BL limit)
hs = 6.93 GeV*
hy = —10 GeV?

alfVBET = 6.3 x 10710
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Dissection of the HLBL contribution

a la Knecht-Nyffeler
Central value;

sy o oy IT RB(G +B) + (@ +83)* +hdidd+hs(@d +a3) +
w0y ; 3 (q% — M‘z,l)(q% — M‘z,z)(q% — M‘z,1 ) (q% — M‘z/z)

Publication: Preliminary, using exp data:

Fr =924 MeV o > L'ro sy

m, = 769 MeV m, = 775 MeV

m, = 1465 MeV ~ --rooeeeeemmoeeeeooeees > curvature

hi = 0 ( BL limit) hi = 0 ( BL limit)
hs = 6.93 GeV* e > slope

hy = —10 GeV” hy = —10 GeV”

ay PP =63 x 10710 | e > | @HEBLT = 7.5 % 10710
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Dissection of the HLBL contribution

a la Knecht-Nyffeler

Error budget:

N, M; M}

FVMD .
1272 fr (g7 — My) (g5 — M)

2 2
ﬂoy*y*(clla%) =

FYD (g, q3) = 120100 —e
e 3 (g7 — M) (g5 —My)

pLDSY (2 3y fr 195(q1 + 45) + (i +43)° +hgigs +hs(qi +q3) +
0 A -
Oy 3 (g7 — M3, ) (qf — M3,) (g5 — M3 ) (45 — M3,)

Current exp. precision:

AF, ~1.1%
A slope ~ 13%

A curvature ~ 25%

F() — Fﬂ- ~ 5%
| /Nc Amp = 10%

Chiral limit

Pere Masjuan

AF, = 2AqHBL: P
A slope = O.75AaELBL’ P

A curv. = O.5AaZILBL’ P

Am, =T/2 = 1.3Aa, """

Hadronic Contributions to g-2

AGHEBLT 159

Mainz,April 2014 33




Dissection of the HLBL contribution

Relative Error

a Ia Pade PM.,S.Peris,07 PM.’12
PM.,Vanderhaeghen’|2
PoO1 5 9 9 b b 5 R. Escribano, PM.,, P. Sanchez-Puertas, |3
F * A K A K P s s = a ]. —|_ CP
77( P 1@2) Q%—FbQ%—Fb( p)
+ 001 a + bQ3
FP12, _(P2.Q2% Q32) = a 1 2 (14 cP2)
P PR (QF 4 0)(QF + d) (@ + (@3 + d) P
bP cp lisz_)oo QZFP)/*y(Qz) a/I;ILBL;P

' 0.0324(22) 1.06(27)-107° 2 fr 6.49(56) - 1010

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
0.12
0.10} ‘ .
008} Systematic error from approach:
. 0/N2 N2 112 N2
O PY(QF,Q3) vs Py (Q7,Q3) —15%
0.02}
0.00 ¢ B ] [PM.,Peris, 07]

OIO OIS ll.O 1I5 2I0
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2. PS decays into lepton pairs (TT—e*e)

Pere Masjuan

Applications

Radio MCLow WG, Frascati, |8 Nov
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Introduction and Motivation

Experiment
5 BR(P — /) aumy
BREID (2m) smcri
— ~15-107"

KTeV '07:

BR(m — eTe (v),z > 0.95) = (6.44 £ 0.25 £ 0.22) x 10~°

Extrapolation to x=1 + radiative correction + Dalitz decay background
BRYLOTH 70 5 ete™) = (7.48 £0.29 £ 0.25) x 1078
KTeV o ) - -

Pere Masjuan

(dominates de PDG)
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Introduction and Motivation
Theory

BR(P —70) . [am
o BREID o (M) smbaracri

The only unknown A(m3) from loop calculation where the TFF enters.
P

20 [, k% — (k- q)2 Fpye (K%, (g = k)?)
Alq*) = 2 /d X k2(k — q)?((p — k) — mj) Fpy~(0,0)
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Dissection of TTV—e*e-

As model independent as possible:

Cutcosky rules provides the imaginary part

2\ T n 1_51(q2) _ o\ _4_”7/2
’”’A(q)—zﬁ,(qz)’ <1+5/(q2)>' Mq)_\/ q°

2 9
q — Mp

Assuming |A]° > (Im.A)*
B(m? = ete™) = Bmay (70 — oTe™) =469 - 1072
(doesn’t depend on TFF)
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Dissection of TTV—e*e-

5

Re(A(m3)) = (—— — /O N dQ? Kerne/(Q2)> SRy

4

Re(A(mp))

Pere Masjuan

/ dQ?Kernel(Q?) + 30.7
0
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Kernel(Qz)

=500}

I |
[ [
N (@)
(@) (@)
O (@)

—2000§
—2500§

—3000 Y.
0.000

Pere Masjuan

Dissection of TTV—e*e-

Q (GeV)

/OO dQ*Kernel(Q?) + 30.7
0

e |ts contribution is negative:
lowers the BR.

e Peaks at ~ 2m, and

(Q) = 0.09 GeV.

e Low energies relevant only: slope
Is enough.

Radio MCLow WG, Frascati, |8 Nov 40



Dissection of TTV—e*e-

Re(A(m3)) = /OO dQ?Kernel(Q%) + 30.7
0

— P(l) |
— VMD i
o log
Q JN-OPE E
O
%
5 10 15 20
Q (GeV)

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov



Dubna contribution: corrections me/mm, me//\

Dorokhov and Ivanov, '08

M\ 2 m M\ 2
Me Me 4 _€>
O( A ) O ( A OBTA
A
the cut-off
Dorokhoyv, Ivanov and Kovalenko 09 or
5 2 VMD “mass”
o (™) % <m>
A My

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

BRgm(m? = ete™) =(6.234+0.09) x 107° ~ 30
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Prague contribution: Radiative corrections

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

BR(m? — ete (y),2 > 0.95)
BR(7? — ~7)
['(rY — ete™)
I 7

[1+6(0.95) + AP5(0.95) + 67 (0.95)]

§9(0.95) = 8V'™ + 652(0.95) = (=58+02)% vs ~ —13%
1.75 x 10713

BS . D —
AP>(0.95) = (0.30 +0.01) % 07(0.95) = [T0(70  e+e—)/MeV]

BRI (10 5 ete™) = (6.87 £ 0.36) x 1078

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov
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Mainz contribution: TFF parameterization

Use data from 5 9 9
the Transition Form Factor FPV*V* (mp, q7i , q2) double-tag method
for numerical integral

Remember: only low-energy region is needed

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 44



Doubly virtual TT°-TFF

[PM., P. Sanchez-Puertas, in preparation]

FOr BRSM (7TO — €+€_) we need Fﬂ'O’y*’y* (Q27 Q2)

Proposal: bivariate PA Chisholm ’73
N2 A2y IN( 1, Q3) _ 2 2 2 12 4 4\
Py (Q71,Q3) = 5oy = a0 T a1(Q1 + Q) +a11Q1Q3 + a2(Q1 + @3) +
RM( 17Q2)

ago

(QT + Q3) + (2a] — a1,1)Q7Q3

Plo( %7@%) — 1 +a1
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Doubly virtual TT°-TFF

Proposal: bivariate PA Chisholm '/3

aQ
14+ a1(Q7 + Q3) + (207 — a1,1)Q7 Q3

PP(QF,Q3) =

a1 from accurate study of space-like data

@11 from a systematic fit to doubly virtual SL data

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 46



Doubly virtual TT°-TFF
Chisholm ’73

Proposal: bivariate PA

aQ
14+ a1(Q7 + Q3) + (207 — a1,1)Q7 Q3

PP(QF,Q3) =

a1 from accurate study of space-like data

@11 from a systematic fit to doubly virtual SL data
OPE indi - lim PP(Q%, Q%) ~ Q% ; 2
indicates: im Py (Q°,Q%) ~ l.e., a1 = 2a
Q?—00 7 ’ 1
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Doubly virtual TT°-TFF

Proposal: bivariate PA

Chisholm ’73

ao

PU@QY = 1

a1(Q1 + Q3) + (201 — a1,1)Q1Q3

a1 from accurate study of space-like data

2
0<ai1 < 2a]

BRES (7Y — eTe™) = (6.22 — 6.36)(4) x 107°

statisticst+theoretical error /

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

Pere Masjuan
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Doubly virtual TT°-TFF

BRY/2Tad (20— eTe) = (6.87 £ 0.36) x 1078

N\
~ (2.6 — 1.4)0

BREZ (7% — eTe™) = (6.22 — 6.36)(4) x 107°

ere Masjuan Radio MCLow WG, Frascati, 18 Nov 49



Impact of m’—e*e-on HLBL

Model Published model Modified model
70 > ete | HLBL |7° — eTe” | HLBL
(x10%) |(x10™)| (x10®) [(x10'%)
Jegerlehner and Nyffeler 09| LMD—+V 6.33 6.29 6.47 5.22
Dorokhov et al 09 VMD 6.34 5.64 6.87 2.44
Our proposal 14 PA 6.36 5.53 6.87 2.85
S M —10
Aa ~ 6 x 10
L
HLBL —10
Aa y ~ 4 x 10
HLBL:7®—eTe™ —10
Aa;, ’ ~ (2 —-3) x 10

+ similar effect for the n decay!

Pere Masjuan
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The role of doubly virtual TFF data

1.0+~
0.8 |-
0.6 -

04 -

02 /‘

Fﬂ-o y* y*(Qz 9Q2)

factorization: F'rro'y*'y* <Q27 Q2) = F’TI'O’Y*’}/(Q27 O) X erov'y* (0’ Q2)

our approach

KTeV

Pere Masjuan

2 2
KTeV + rad corr Q [GCV ]
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Dissection of N—I*I

PDG value dominated by the KTeV measurement

BR(P — 70) = 5.8(8)-107% ()

— 2 A
BR(P — ~v) ( mP) Fe(me) | A(me) <56-107° (e*e)

Unitary Bound for the Ul case = 4.37 - 1()_6
SM calculations with m?}/A2 ~0 =4.99- 1079

Our result from SL+TL (full result) = 4.51(2) - 10~°
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3. N-N’ mixing

Applications

Radio MCLow WG, Frascati, |8 Nov
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N-N’ mixing

N-N’ mixing in the flavor basis

(fg fs) B (chos[¢; .y sin[¢]>
18 fo) = \Sysinlg] £, coslg

From the TFFs we can determine fg, fs, @

Oy 2
Fo = 3o

9ar?
P = 5o

o

3
s

. 2
Cuooid_ Comd)* | | g gory@) =1+ 1252
sin COS 2 s f
Cq fq [¢] 4 Cs fs [¢]> Qym Q2 iy (Q2> fq f

Pere Masjuan
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N-N’ mixing
N-N’ mixing in the flavor basis

(fg fs) B (chos[¢; .y sin[¢]>
18 fo) = \Sysinlg] £, coslg

From the TFFs we can determine fg, fs, @

- 2
Ly = g 3Mg<0 ol oo} | | i Q2P (@) - A 2
1 2
F”'ﬁ””:%M’?(CqSE [¢]+Csis[¢]> Q7 (Q7) = fq oo 22 f

[R.Escribano, PM., P. Sanchez-Puertas,’ 4]

fo=1.0T(1)fr, fo=1.3914)fr, ¢ =39.3(1.3)°

Update of Frere-Escribano '05 with PDG12 using 9 inputs

fa=10T(\)fr, fo=1632)fr ¢=40.4(0.3)°

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 55



N-N’ mixing

N-N’ mixing in the flavor basis

From the TFFs we can determine Fj, F, ¢

FKS | e . .
Th|S r —e— ° A
Work
00 102 104 106 108 110 112 114 12 13 14 15 16 17 1837 38 30 40 4 4
F,/Fy Fy/Fy
FKS: Feldmann, Kroll, Stech, PLB 449, 339, (1999)
EF: Escribano, Frere, JHEP 0506, 029 (2005) updated in Escribano, PM, Sanchez-Puertas, 2013.
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N-N’ mixing

From the TFFs we can determine Fy, I, ¢
and the VPY and J/Y¥ decays used in FKS and EF as inputs

(using Fro =131.5+ 1.4 MeV instead of F,- = 92.21 +0.14 MeV )

Our predictions  Experimental determinations

o 1.55(4) 1.58(5)
Gy 1.19(5) 1.32(3)
Gy 0.56(2) 0.45(2)
Gonry 0.54(2) 0.43(2)
Gy ~0.83(11) —~0.69(1)
oy 0.98(14) 0.72(1)
JI¥—-n'y
Ty 4.74(60) 4.67(20)
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Applications

4. Time-like TFF prediction (charmonium backgrounds)

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 58



Time-like TFF: prediction

P=r"nnn...

* Asymptotic limits in time-like and space-like FFs are expected to be
close, is important to measure this time-like FF because:
- the charmonium region is between the perturbative and non-
perturbative regimes of the T1-,N-,and N’-TFF

- background for charmonium decays: charm quark mass determination

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 59



Time-like TFF: prediction

P — 7T0777777/7770" *
The vertex of interest is:
Y T, = —ieQFp(Qz)eWpap”epqa

7
7

Differential cross section:

do(ete™ — v* = ~vP) 72a? 2 M3z N3 5
= —— (Fpqys ——) (1 6
d(cos ) 4 (Fpye+ (s, 0) ( s ) (1 + cos™0)
Integrating with respect to cos0
B . 212 9 M?2\3
olete™ - 7" = yP) = 3 (Fpyey(s,0)) ( — TP)

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov 60



Conclusions

- Transition Form Factors are a good laboratory to study

meson properties (one and two virtualities)

- Need for a model independent approach: we use Pade App.

- Pade Approximants’ method is easy, systematic and can be

improved upon 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

bredicts VPY, J/VY, rare decays, continuum...

beautiful synergy experiment - theory

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov
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Dissection of the HLBL contribution

FP*fy*v* (qga Q%v Q%)

Use hadronic models
constrained with
chiral and large-Nc

Pere Masjuan

arguments
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Dissection of the HLBL contribution

Use hadronic models constrained with chiral and large-Nc arguments

F(O) = — 6

A2 f F(Q?%) — N.O? ABJ and BL
1 m>
F 2) = p —? —

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov



Dissection of the HLBL contribution

Use hadronic models constrained with chiral and large-Nc arguments

1
PO =g, F@) = e+

1 m2
477'2f77 m% + Q2 o

AB)J and BL

F(Q?) =

fr =92.21(14) MeV  from PDG
Jr=Jo= 88-1(4-1) MeV  from lattice [Ecker et al ’14]

m, =7

fr =93(1) MeV  from T'ro.,

030

0.25:—
5 241 f2 :
0 —N > imposing BL

020}

B S —

m, ~ 780 — 820 MeV

Q*Fr,,- (0% [GeV]

0.05}

0.00 !

20 30
Q? [GeV?]
Pere Masjuan Radio MCLow WG, Frascati, 18 Nov
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Large-Nc and the half-width rule

- Mass shift and Width are of the same order in |/Nc

1
s —mé — X(s)

- Example: 2 point GF D(s) =

- The resonance pole s = sg = m2R —impgl'R is give by:

SR—m(%—Z(SR) =0

- In large-Nc (perturbative) expansion:

SR:m(2)+(9(NC_1) 1 ,
Amp = —ReX(m{),

SR :m3+2m0AmR—iI’Rm0+(’)(NC_2) 2m10
g = —m—lmz(mg)
0

Pere Masjuan Radio MCLow WG, Frascati, 18 Nov



Dissection of the HLBL contribution

Use hadronic models constrained with chiral and large-Nc arguments

1

= Of
F(0) R F(Q?) — N.O? + ABJ and BL
1 m>
F 2) = P = =4
(Q ) 4772f77 m/zo + Q2 fﬂ- ! mp !
fr =92.21(14) MeV  from PDG
Jr=Jo= 88-1(4-1) MeV  from lattice [Ecker et al ’14]
fr=93(1) MeV  from I';0,, a
030}
5 2477_2][%. %‘ 0.25? 7
P N, imposing BL % 020 . -.}-,-{J ______________________________
m, ~ 780 — 820 MeV “% o1l . ]
(EF 0.10
mp = (775 £ Am, N, 00) MeV =
m, = (775 £ T/2) MeV 000
20 30 40

half-width rule [P.M., Ruiz-Arriola, Broniowski, | 3]

Q? [GeV?]
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Dissection of the HLBL contribution

Use hadronic models constrained with chiral and large-Nc arguments

_ 1 6
FO , — fo oo
(0) Py F(Q?) N, >+ ABJ and BL

1 mym?, + 24272 Q%/N,
Am’f, (m, + Q) m>, + Q%)

F(Q%) =

fr =92.21(14) MeV  from PDG
Jr=Jo= 88-1(4-1) MeV  from lattice [Ecker et al ’14]
fr=93(1) MeV  from I';0,, —_—M-m-m

030t

025}

0.20}

O F y (0%) [GeV]

(e}

O
e
M=

=i i
g+
i
——
D—‘—II-'—I
=

m, = (775 £ Am, N, —00) MeV .
m, = (775 £ I'/2) MeV o0 f
m, = (1465 £ 400/2) MeV
half-width rule [P.M., Ruiz-Arriola, Broniowski, | 3] 0 ’ 0 [(2;)6\,2] ! K
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Naive New Physics contributions

2

BR(7" — ete™) _ (ame>26€

\/§F GF 4mW :
2 r A(P)
BR(70 — ) A(q”) + ( > X f

4()52177wa mA(p)

1 m2
fA=ctcd =) fpzch(czlj—cg) 3 CNO( J )

BR(m" —ete™)

SM (1 —+ EZ NP X 5%)

BR(7" — ~7)
Z contribution (Arnellos, Marciano, Parsa ‘82) €y r~ 03%
Our estimate based on existing exp. constrains: ENP " 03%
negligible!
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N-N’ mixing

N-N’ mixing in the flavor basis

From the TFFs we can determine Fj, F, ¢

¢ (°)

Pere Masjuan

40
38
36
34
32+

30 |-

Fo/Fr

1.055 1.057 1061 1065 1071 1.078 1.086
m1 I I I I I I
42 -

limy_, O Fyyy (Q°) (GeV)
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1.84
1.68

1.53
1.39

1.26

Fs/Fy

1.04
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PA vs DR

0.35]

030 -
025"
0.20 -

0.15

Q’F .y (Q%) [GeV]

0.10

0.05

O r-"‘-‘-—

0.00
10

Pere Masjuan

20 30
Q*[GeV?]
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PA vs DR

0.25

0.20

0.15¢

?F oy (%) [GeV]

S 0.10¢

0.051

VMD

1

S
0.00 !
0
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0*[GeV?]
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