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OUTLINE

» HLS Model & Breaking : BKY & (p,w,d) mixing

» T +PDG predictions for F_(s) & e*e" ->nt* m samples
» Global Fits

[t* > nfu //ete > ' /KK /K K /mty /ny /m ]
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» Conclusions



The HLS Model & Breaking

The HLS Lagrangian + FKTUY (anomalous) pieces

M. Harada & K. Yamawaki Phys. Rep. 381 (2003) 1
» Practical use of HLS implies breaking schemes :

» BKY mechanism :

M.Bando et al. Nucl. Phys. B259 (1985) 493
M.Hashimoto Phys. Rev. D54 (1996) 5611
M.Benayoun et al. Phys. Rev. D58 (1998) 074006

> Vector meson miXing . M.Benayoun et al. EPJ C55 (2008) 199
M.Benayoun et al. EPJ C65 (2010) 211
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M.Benayoun et al. EP) C72 (2012) 1848 |
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e Define

e The covariant derivative

e with

L/R

The HLS Model

I
M.Bando et al. Phys. Rep. 164 (1988) 217 |
|

[+| P/ f;;] M. Harada & K. Yamawaki Phys. Rep. 381 (2003) 1
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The HLS Model & BKY Breaking

M. Harada & K. Yamawaki Phys. Rep. 381 (2003) 1

The L/R matrices -> |/R=(D, )&,

f2
HLs : L, :‘T”Tr[L‘R]Zf?
BKY Breaking : - LA/VZ_ZTr{[L$R} XA/V}Z

With X ,, = Diag {CIAN’ Yan: ZA/\/}

qA/V /yA/V :1+(ZiA)A/V /2




Isospin Breaking : Vector Field Mixing

* At one loop, the HLS Lagrangian piece (no IB)
(PRl"'C‘)Rl_\EZv Dr1 )K_5K+ +(/0R1_Q)R1+\ﬁz\/ ¢R1)K05KO

- s-dependent transitions among vector fields
VVP Lagrangian : K*K loops // Yang-Mills term : K*K*loops

—> lideal fields no longer mass eigenstates

PS mesons :: isospin symmetry breaking: m . #M g
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The Mass Matrix Eigen System

At one loop (no IB):

(M2+T1,(5)+5,(5)  &(5) 27,66
M?(s) = £ (s) mP+e,(s)  —22,6,(5)
L _\ﬁzvgl(s) _\ﬁzvgz(s) z,[m “+2 ngz(s)]/
As :

(M, T1_(5)) >> &,(s) >> £,(5)

Solve perturbatively MZ2(s) = M2(s) + SM2(s)
0

£,(8),&.(S) : (kaon loop) Sum , Difference



From Ideal To Physical Fields

(plgl\ 1 -« IB_
Wy |=| & 1
\ Pr1 ) - v 1]

V

BKY renorm. Fields |

At leading order in
81(5) , €5(5)

0 o~
P R(s+ig)R(s+ig) =1
(s)| @
Physical
S, —> | Fields
I &£1(s) |
| [T o mEK T
;8 J2 2, £,(s)
(s | | LM ] () [ m ]
\/Z_Zv £,(8)
o m e




Vector Couplingstonm :: I=1in w/¢

1a =
—g,O| T o —> BKY

‘ 4
|ag(12+zv) [po+[(1—hV)AV—Ot(S)]a)+,B(S) qa} g

Vector Mixing->1=1 /

*p term unchanged : Charged = neutral (I=1 part)
*s-dependent w and ¢ couplings to it (I=1 part)
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Vector couplings to y: I (V->e'e)

(v) V transitions become s-dependent via IB:
+[’VWVO_ ]

""""" N
flg = agf; [1+ZV + hVBAVl a(s) V2 Y ,B(s)j[ \

7 = agf” (143 + 3(1—hV)AVl—3a(S) N2 By y(s)]

T A AN \+3ﬁ(8)+7(8)]
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p couplings to y/W

(v/W) V transitions become s-dependent :

- ete & T data : Full agreement

- IB in PS sector 2> I (V->e'e)
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p couplings to y/W

- Re(f,, /)

Yo,
Re[F(s)]
oos
0.02 %— Im(fay/ Tow)
Im[F(s)]

Coovovw b e b e e e e e e e e e e e
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Dipion Mass Spectrum

M. Davier NP Proc. Supp. 169 (2007) 288

0.3 i T ‘ [ B |
— i 1 Average "| KUOET|] |
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= 01Ff it 1 [ ) | I CMDzhlgh
issing) effect | £ DN |\ Ul e
(missing) effect! & FiINGes - Vgl H it
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@ -0.1p |t A el [T
T b ™ LU .n b
L .02f | N [
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M.Benayoun et al. EPJ C55 (2008) 199
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Isospin Breaking in the t Sector

Short Range & Long Range IB corrections

W. Marciano & A. Sirlin, PRL 71 (1993) 3629.

Lamg LAN 1AL
C)=B, N& ~T ds ew Gem (8)

T
V. Cirigliano et al. PLB 513 (2001) 361
& JHEP 08 (2002) 002

> i Phase space factor

»|= No sensitivity to p* — p° mass/width diff.

) IBinTtT&IBine*e ::unrelated
but both involved in global fits

14



Broken HLS : A Global VMD Model

* The (Broken) HLS model (BHLS) is:
> a unified VMD framework for:

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
L

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

» VALID UP TO THE = ® MASS REGION ( 1.05 GEV)
» a nearly empty shell [a_ ,G.,f_,V ,,V, ] fed via:

» a Global Fit (= 50 data samples simultaneously)

15



it 1t Spectra : NSK, KLOE, BaBar, BES

 Several recent measurements of the it* m FF :

iv.

CMD2, SND
KLOE
BaBar

BES Ili

CMD2: Phys. Lett. B648 (2007) 28, JETP Lett. 84 (2006) 413
SND: JETP 103 (2006) 380

KLOEOS : AIP Conf. Proc. 1182 (2009) 665 *
KLOE10: Phys. Lett. B700 (2011) 102
KLOE12: Phys. Lett. B720 (2013)336

BaBar : Phys. Rev. Lett. 103 (2009) 231801 *
Phys. Rev . D86 (2012) 032013

BES Il : M. Ablikim et al Phys. Lett. B753 (2016) 629

Conflicting behaviors within the BHLS framework

M. Benayoun et al EPJ C73 (2013)2453

M. Benayoun et al EPJ C75 (2015)613




A «Democratic» Criterium : T+PDG

* BHLS predicts F_(s) from t spectrum +(5) PDG

* > compareeach F,"(s) to F 7(s)
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A «Democratic» Criterium : T+PDG

* BHLS predicts F_(s) from t spectrum +(5) PDG

* = compareeach F™°(s) to F"7°(s)
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A «Democratic » Criterium : T+PDG

* BHLS predicts F_(s) from t spectrum +(5) PDG
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Fitting mt* it Data using T Samples

Fit Cond. KLOEO8 KLOE10
(X3/N _....) (60) (75)
Single 1.64 0.96
(X*/N r- ) 59 % 97%

0‘ e,
Comb 1x%/N “_ 1.02
1. 28: (11%) |
Comb 2 x?/N: .' 1.01
1.21 ¢(22%) .
Comb A x27N 1.02

1.06 (97%)

Comb B y?/N: 1.00
0.98 (99%)

s e - - - e S S S S S I S D S B S BEE BEE BEE EEe Des .

KLOE12

(60)

1.02
97 %

1.48

1.54

1.05

1.05

NSK
(127/209)

0.96 [0.83]
97 %[99%]

1.18[0.96]

1.18[0.96]

1.10[0.89]

1.11[0.90]

BES Il (60)

0.56
99%

0.56

0.61

BaBar trunc
(250)

1.15
74%

1.35

1.36

|
|



Fitting mt* it Data using T Samples

Fit Cond. KLOEOS KLOE10 KLOE12 NSK BES Il (60) BaBar trunc
(@/N.. ) (60 (75) (60) (127/209) (250)
Single 1.64 0.96 1.02 0.96 [0.83] 0.56 1.15
/N far. ) 59 % 97% 97 % 97 %[99%] 99% 74%
Comb 1 x2/N : 1.02 1.48 1.18[0.96] 1.35
1.28 (11%)
Comb 2 ¥2/N: 1.01 1.54 1.18[0.96] 0.56 1.36
1.21 (2236 .,
CombA xZ/N 2 1.02 1.05 1.10[0.89]

Comb‘B xZ/N 1.00 1.05 1.11[0.90] 0.61 |
0.98 ‘499% ] |

*an?



it v Spectra: At vs ete Puzzle?

prediction & to Global Fit
(conf A)

Residuals t + PDG prediction

Residuals BHLS Global FIT
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Dipion Spectra (t & NSK+KLOE+BES)
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A Test : The rut phase shift

HLS Predictions superimposed

Delta m2=0.05+«xmrho2 Phase of the pion form factor

Delta m2=0 z Phase of the pion form factor o F
o L L
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g-2 & Global Models/Fits

* NP Hadronic VP contributions to g-2

a,(H;)=~ Tt dsK(s)o(e'e > H.,s)¢=
Sth

WA Measured Xsection ]

* VMD : Underlying physics correlations absorbed ->
HLS cross-sections derived through a global fit
(param. values & error covariance matrix) :

[ Measured Xsection }—[ Model Xsection (¢) ]

= Complement for Vs = 1.05 GeV

with WA Xsection




HVP contributions to a, (E< 1.05 GeV)

* new samples : SND(rt°y) & CMD3(KK;) | | [rurrt],
* o improved by x 4 (for vs<1.05 GeV) !

Channel

K*K-
Total < 1.05 GeV

A=M, (incl. T)

493.46

4.42 + 0.02

0.64 + 0.004
40.86 + 0.51
11.67 + 0.07
17.14 £ 0.16
568.20 £ 0.89

Direct Estimate

(492.98 |+ 3. 38)

3.67 + 0.11
0.56 + 0.02
43.54 +1.29
12.21 + 0.33
17.72 + 0.52
(570.68 * 3.67)



a, ('rr+t, Vs=[0.630,0.958] GeV)

Data and BHLS estimates
° Green:A =0, (it=0) -

* Black : A=0,,, (it=1)
* Red :Exp. Values

M. Benayoun et al. EPJ C75 (2015) 613

ol 7 (A+B+C)+ PDG (p+w+¢)
P 356.5541.99
L Pl BoBar Amp. (0.28-1.00)
D0l TR 361.81+0.35(exp!365.2£2.7)
70 o ! KLOE 08
: . 352.2842.31(exp’356.70+3.13)
6 —o KLOE 10
[ —x— 353.2242.35 (exp’353.304 3.26)
st ol KLOE 12
! —k T 353.8240.94 (exp:354.38+2.88)
af F o CMD2+SND
i S, - o 360.00+1.78 (exp:361.2642.66)
— = P
3 o KLOE (KLOE10 +KLOE12)
i =D s 354.65+0.81 (exp:353.9142.16)
2| ST NSK(all)+KLOE(10,/12)
g = } 355.1740.75 (exp: 356.67+1.69)
b g NSK+KLOE+BabBar Amp.
. = 358.3740.39 (exp’359.0741.43)
oi““\“‘i‘;\‘ T S B
340 350 360 370 380 390 400

10" a,(n7m,vs [ 0.63 —0.958 1)



g-2 Estimates & Discrepancy

[35.30 + 4.58] [4.5 o]

Individual 77 Data Sets + 7 ——————
[35.97 £ 4.63] [4.6 o] [x%/Nyr 0.96] [99.5%)]

[38.78 £ 5.16] [4.8 0] [x2/Nyr 1.64] [58.9%]
[39.21 + 5.15] [4.8 0] [x2/Nyr 0.96] [96.6%]
[38.33 + 4.33] [5.0 o] [x?/Nyx 1.02] [96.9%]
[33.02 £ 4.69] [4.2 0] [x2/Nyr 0.58] [99.9%]
[29.15 £ 4.07] [3.9 o] [x%/Nyr 1.15] [73.8%]
[27.40 £ 4.03] [3.7 0] [x%/Nyr 1.25] [40.1%]

DHea09 (ete™)

7(A+B+C)+PDG [~e-]
NSK (CMD2+SND) e,
KLOE 08 m
KLOE 10 |T_0—|._|
KLOE 12 I_I-.O-_||
BESS IIT .,
BaBar (Trunc.) e
BaBar (Full) el

NSK (CMD2+SND)+r =,
NSK red,

el

NSK+KLOE+{BESS&T
NSK+KLOE4BESS
DHMZ10 (ete” +7)
DHMZ10 (ete™)
HLMNT11(ete™)
JS11(ete™ + 1)
Global (ISR & scan&7)

o=l
f—o—i !
i
e

——
—o—

scan 7 Data
[35.97 + 4.63] [4.6 o] [XZ/N,r7r 0.96] [99.5%)]

[37.94 + 4.95] [4.7 o] [x?/Nyx 0.97] [99.8%]
[28.56 £5.8] [3.4 o]

scan +ISR 77 Data
[37.55 £4.12] [5.0 o] [x?/Ngr 0.90] [99.1%]

[38.67 £ 4.17] [5.1 0] [x2/Nyr 0.88] [99.7%]
[17.96 £ 5.4] [2.2 o]
[27.16 £4.9] [3.3 o]
[24.56 £4.9] [3.1 o]
[27.66 £ 6.0] [3.2 o]
[33.72 £ 4.08] [4.5 0] [x2/Nyr 1.28] [11.3%]

B | e | e

Global (ISR & scan) e [33.63 £4.03] [4.5 o] [x%/Nyr 1.59] [15.4%)]
experiment
BNL-E821(avrg) . [0+£6.3]
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Muon HVP : Phenomenology vs LQCD

B. Chakraborty ArXiv:16
(HPQCD group)

01.03071

HVP,LO

a,

x 1

640 650 660 670 680 690 700 710 720 730

0t

no new physics

lHPQCD

this paper
ETMC
1308.4327

Jegerlehner
1511.04473
Benayoun et al
1507.02943
Hagiwara et al
1105.3149
Jegerlehner et al
1101.2872



HVP Evaluations: DR vs MBM

|

|

Dispersion Relation on R(s) ] So = mf,o (or 4m72r)
B —42 d F. Jegerlehner & A.Nyffeler, ArXiv:0902.3360
had _ | &M j = 0s p
ay - = — K(S) Rz (8)
H 37 | Js, ¢ r
Mellin Transform of R(s) ] E de Rafael Phys. Lett B736(2014) 522
had ) o ) 1 C+loo A
anad — | dsF(s)M (s)
T | 2l Jeie

F(s)=-T'(3=2s)'(-3+5)'(L+5)
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HVP Evaluations: DR vs MBM

) E de Rafael Phys. Lett B736(2014) 522
Mellin Transform of R(s) ]

afnad = i | " ds E(s)M (s)

| 21 deie
S, =M%, (or 4m§)
a - dt( m; (-u) 7[
M(U):g s. 1 ( t j Riaar () (>O)

_ o codt(m\EW dM (u)
M (u) = = (j In[;‘thadr(t)z— (<0)

du
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Muon HVP & Mellin Moments

HVP :: fastly convergent series of Mellin Moments
E de Rafael Phys. Lett B736(2014) 522

N azad (0) = [%} E M (O)}
—alfd®) =afrd()+ HE—E M (=1 +M (—1)}

@ =alpd 0+ 2 | ST M2 rom(-2)

32



Mellin Moments from Data & HLS

Moment Evaluation from Data only Evaluation from HLS (&Data)

M(0) 10.307 + 0.0745 10.1073 + 0.0575
euEEEEEEEE Y . v,
M(-1) (2.3507"% 0.0185) 10-1.‘: (2.3760 *;-:‘0.0038) 1o-1§
M(-2) (0.8702:¢ 0.0115) 102 (0.9007 £0.0011) 10
M(-3) (0.4852: 0.0093) 10-3§ (0.5149 jio.ooom) 10-3§
M(-4) (0.367621-0.0083) 10-4§ (0.3956 :20.0005) 10+
~M(-1) -(8.2592§i- 0.0516) 10! -(8.3035 -l_-E0.0168) 101 :
~M(-2) -(z.ssosi_r 0.0294) 10?2 -(2.7503 :réo.ooss) 10?2
~M(-3) -(1.3160§i 0.0228) 10° -(1.3858 :rgo.oo17) 10° :
~M(-4) -(0.9064§¢ 0.0199) 10 -(0.9726 £0.0012) 10* :
X

¥EEEEEEEERY
QEEeEEEEEER?®

M. Benayoun et al. ArXiv:1605.04474



n=22 : Dominance of {Vs < 1.05 GeV}

Evaluation HLS & Data (all E)

Moment Evaluation HLS (<1.05 GeV)

HLS Dominated 7

g



Mellin Moments : BHLS vs Data

* Log M(-n)vs n : ) 0.
{Vs>1.05 GeV} contributes : "
»>M(0) :15 % (0::75%) = > ST
»>M(-1) : 2.4% S 4.0 —
» M(-n), n22 : =0% 8 ol
-8.0: = WA
N HLS

0 2 4 6 8 10

N
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Muon HVP from Mellin Moments

Estimates from different methods :

v Disp. Rel.

From Data alone / BHLS

v' Mellin-Barnes Mom. From Data alone/ BHLS (up to 4™ order)

v' Padé App.

w

770 £
745

720 £

v' Good convergence
670

From Data (VP amp.)

ahad % 1010

[2,1]+[1,1]
2,2]+[2,1]
[3,2]+([2,2]

695 i
N L i ° i ® !
@ ® @ ©® @ br

782.61+4.43 [784.39+5.77]
704.69+4.21 [706.30+5.47]
686.65+4.19 [688.55+5.31]
682.61+4.19 [684.68+5.26]
681.48+4.18 [683.62+5.23]
681.77+3.14 [683.50+4.75]

HLS data

allf“d in units 10710

# of moments
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Effects of the tilde Moments on 2!/

* Effects of

~S

MED N2 ME3) 2 T

875 +
850
825 +
800
775 £
750 £
* Dramatic effects from ;o5 © I I 1
- *
E ]

925 + x E N

~

(M(-4) not shown)

aﬂad x 1010

700 +

650 ¢

M(_l)(& ) 675_% 9 1 2 3 zlx DR

# of moments 37



Remarks on Mellin Moments |

» Dispersion Integral limits : (m_,)?> - 0O
* BHLS integral limits : (m_,)> - (1.05)? GeV?
HOWEVER

| © Erroron ahad(n) driven by error on I\/I(O) :
: almost 80% coming from s<|(1.05) GeV—m} 'I



Remarks on Mellin Moments |II

 Numerical analysis of aQ,ad(n) implies that :



LQCD Predictions and Data

* 4 LQCD data points from c aubinetal. Arxiv:1512.07555

4 )

Zon limits (GeV)
0.00<Q<0.15
0.15<Q<0.30
0.30<Q<0.45
0.45<Q<1.00

(& J

Q%) Aa(-Q%)
O =~ N W s U0 N
© O O 0 o0 o o o O

— Q) Aa(-07)
+ LQCD sample

@ 447
m 357
| 127
_IESYA




LQCD Predictions and Data

* X representation :
- crucial role of extrapolation for aZad (n)

-5
=10 M. Benayoun et al. ArXiv:1605.4474

/ \ ] l 2 I2 l_ 2
Zon limits (GeV) /.01 OH_X )/AH X() @?(M .
000<Q<015 — 60 R L@[ngampofgm g
0.15<Q<0.30 2 5,04 m sy
T { m 35
0.30<Q<0.45 ‘f L 0l m 1y
0.45<Q<1.00 S 1 m 8y
<1 3.0
\_ 4 =
< 2.0
1.01
0.01

0.0 0.2 0.4 0.6 0.8 1.0
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Going the closest to the LQCD scope?

* Data contain I=0, I=1 components & IB & y:
» Test of consistency {(Data/BHLS) vs LQCD} easier :

> -> Isospin Breaking Effects
> - 1=0 component
> - Photon coupling to hadrons



Extract I=1 from Data via BHLS

 The BHLS model :: = perfect fit to data

Extraction method from phenomenology :

o e i
o { 1=0 ? :: cancel out w(782) & ¢(1020) terms
r """""""""""""" 2



The « T+ PDG » Method

— Perform a global fit within BHLS with:
— ¥ > ntno U, (Aleph, CLEO, Belle)

— e*e” = K*K'/K K /m%/ny (scan data from NSK)

TN T |

o e*e’ - " samples : ALL DISCARDED

from RPP
—I(p — e*e)

—Mw — ') & ORSAY phase (~104°)
- —-on*n) & Mp—->n"n)XI(p — e*e)

-------------‘

* - Derive F;(s) — F_“(S)j M.Benayounetal. EPIC73 (2013) 2453

* & Isospin Breaking information :




IF 2

1.1; )
o oo o NA7 M
Fa SND 98 # 0sl p
e CMD2 98 g
40 - V?% 081 /ﬁ,ﬁ
L NSK (X /New=1.15 & .71 } ) i;H’“ *
Fx KLOE 12 2/N $ [ o6l ’
L O/ Ner | :
e KLOE 08 (3%/N,, *’
30 [a KLOE 10 (32/N..
EO BaBar trunc (/N = ‘O
25 |-
ro BESS Il (3¢/Ny=
20 |
15 -
10 |
5 [
L #“
M—é*#ﬁ%wfw —
o L Ll L L ! ! AR
03 04 05 06 07 08 09 1 1.1 12 13

it it Spectra : t+ PDG Predictions

BHLS , (T+PDG) Prediction

1
T

T+ PDG predictions
In spacelike & timelike
regions

ntt samples NOT FITTED
Average X2 distance to
T + PDG prediction displayed
(conf. B)

M. Benayoun et al EPJ C73 (2013)2453




it i Spectra : T Prediction & FIT

prediction & to Global Fit
(conf A)

Residuals t + PDG prediction

Residuals BHLS Global FIT

IF, 12

8 IF, 2

50

40

30

20

10

107

0.7 0.8 Q.7 0.8 0.7

-5 o SND 1998

-5 o SND 1998

=
[ Loy b 4
o Lt ul
f‘?‘$'£ 'ﬁ'é"*'"‘w&if%??a;'ﬁ'é'“ﬁ'
| | I
r @ CMD2 1998

(OC/New=1.25)

%8 / /ﬂ*
© SND 98 o KLOE 12 \%ﬁ\ \
o CMD2 98 } KLOE 10 P o BES
(7+PDG) (T+PDG) i (T+PDG)

b s "
'@'Q'$'¢'¢$$$é¢ $ sydus @ggﬂ@.a7‘.&..é\’.afé‘jé(‘sg‘g.é.‘?.‘JL¢¢.¢.¢.¢;-§¢.¢.¢¢%¢
T o kLoE 2010 L "o

o KLOE 2012 "o BES 1N
L (3 /Nem=1.31) r (X’ /N\=0.75)

(Global Fit)

L éﬁé

r e ¢ 5
f%"g'ﬂ'ﬁ'%'ﬁ'%é‘%‘g‘ﬁ'g"'ﬁ'
L o CMD2 1998

(¢"/New=1.09)

- : !
B 42040 4 80448 S0m0nlly ﬁ'ﬁ?*é?‘%ﬁ‘u ?fwmﬁw.%%aa

(Global Fit) E (Global Fit)

L o KLOE 2010

L\ KLOE 2012 Lo BES II
L (X*/Nuw=1.03) L (X*/N;»=0.60)

%8s (Cev)

M. Benayoun et al EPJ C75 (2015) 613
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T Form Factor as I=1 Reference

ia—gp, 7ot =>
2ia 1+3y) / ‘L
J 5 = [,00 +[(1_ hv)Av _05(5)] @+ f(s) (0} 7 on'

Loop(K* K) — Loop(K Ks)

f}/ oS TN N N EN Em B N N S _y

/
ﬁ:[Hl hv Av | «(s) +\EZV 'B(S):P' [f/\gv —ag fﬂ(1+2\/)]

p 7/7_ @,1




Vector meson couplings to vy

(v) V transitions become s-dependent via IB:

AN NP— = +[’VWVO_]
. CTICIR TN
fp = agf |:1+2V'i— ; ] 'B(fﬂ
£V ag; [1+2Vl+ ‘3-(;—;\/-)2\/-—-36-((8)4— J2 lZV ;/(s)h

\ -
2 f-"\ —ln -
/ \

f g _ a7 [ J2 2l +3,B(s)l '+7/(S)

mixing

——I
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Vector meson couplings to vy

e (y) V transitions become s-dependent via IB:

AANNANAN N — = +[NWVC>— ]
f7/ _ g 1+ZV'+ hVAV OC(S) \/EZV IB(\)
g NS s 8
s agf? o R —
=3 [1+2v(+3 (1-hy ) Av —3a(s)+ 2le v(s)

¢_3
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The y issue in Effective Lagrangians

e y coupling to hadrons :: Lagrangian dependent
 ycouplingtonm:

> HLS Model : g,..=(1- af2)e (a=2.5)

» Gounaris—Sakurai : gvrm= 0 (a =2.0)
» scalarQED : g, .=
/" As all give a good descrlptlon of F_(s) ™

(\ » switching off y : highly model- dependent

---------------------------------—

\
I
]



a "9 components from BHLS

1010 * Exp Data HLS HLS Fit (no IB) HLS Fit (no IB)
(Vs £1.05 GeV) Standard Fit vy &I1=0&I=1 vy &I=1

auhadr(oo) 570.68 £ 3.67 568.20+ 0.89 539.56+* 0.81 468.03+ 0.65
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BHLS dispatching of a 2" (I=1)

HLS Fit (no IB) vy &I=1 vy &I=1 vy &I=1 I=1&NOvy
ALL channels nn only nn + (n/n)y nrt only

auhadr(oo) 468.03 £ 0.65 467.75 + 0.64 468.02 £+ 0.64 475.70 = 0.66
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Comments about I=1 & a "2 (I=1)

* Evaluating the various effects (units 1019) :
v’ Isospin Breaking :: =30/568 (= 5.2 %)

v 120 (0 & &) 2 72/568 (= 12.6 %)
vViI=1 &y :: = 468/568 (= 82.2 %)
e =1 &y :=100% nmr

[ (m/n) vy 0.2 1019, (K*K"/K K;/mmm - = 0.01 10°19]
* Within BHLS ::y contributes = -7 107101
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CONCLUSIONS

» Effective Lagrangians (BHLS) :: Global Fits
s*optimum to absorb physics correlations
*** merge e+e- data & decays (incl. t/n’) consistently

+»* detect doubtful samples by consistency checks
» Moment information : cross checks with LQCD?
» specific LQCD predict. vs measurements/models ::
** removing IB, I=0 from data = a priori possible
** however, an issue with y

54



Backup Slides



Mata- FieiFie

-

-

From Belle

| il

T T 11
«  Oelle
ALEFH
CLEO

| II,UH -

1
oz

N P
04

(Pt

N P
oG

N R
0

L.
1

.1.2
(G

56



w s (a)
r e KLOE 10
4 b + SND
r s CMD—2
3 b ~NA7
2 -
" -
_ «7——«"“"’?¢
O L ‘ L L L ‘ L ‘
—0.4 —0.2 0
“4_':
. 4 L (c)
* NA7
0.8 + Fermilab
0.6 I % j/%/
0.4 % %
0.2 F
| | | | | | | | | | | |
~0.3 ~0.25 ~0.2 ~0.15 —0.1 ~0.05

s (GeV?)

The Spacelike & threshold Regions

(

\

to s<0 perfect

\_

J



Predicted Phase shift (I)

Delta m2=0 z Phase of the pion form factor

IF,1
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IF, 2
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100

Predicted Phase shift (Il)

Delta m2=0.05xmrho2 Phase of the pion form factor
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Final Results + Additional Systematics

[ NSK+KLOE
+[+O'9] +[+O'O] 1+ 419, +6.30
— T th - Y YYex
s L-00] Tlaal g p

1010X[anp—ath]=37.55+ el I e
2 M -1.3 y -0.0 .

160 x[ AEXP_th ] —=38.34 + [ 06 ]
H H -1.3

+0.0
+ 14 5 +4.12 th £ 6.30 exp
4]

NSK+KLOE+BES ]

10 +0.6 +0.9 +0.0
10 x[ 2EXp_th ] =13372+ + + +4.08,, +6.30
7" -13 ], [ -00], [ -14 ] t exp

NSK+KLOE+ BaBar

10 +0.6 +1.1 +0.0
10 x[ 2BXP_th ] = 33.16 + + + +4.03,, +6.30
HoH 13, [-00], [ -14] t exp

NSK+KLOE+BESS+ BaBar

significance forAa,>4.6/4.1 ¢ .




Conclusions

1/ broken HLS model = good simultaneous fit of = all data

2/ 1B - NO signal of a (ete vs t) puzzle within BHLS

3/ Relative inconsistencies of it it data sets substantiated

4/ Consistent it it data sets: |CMD2, SND, KLOE 10&12, BES

S —— -
5/ The discrepancy with BNL g-2 value is } =4.6/4.1 0 E
| P ——— —

6/ Error on LO-HVP dominated by [1.05, 2] GeV data

7/ Biasing Effects of normalization uncertainties
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Transitions at one loop

* Define the loops :
@ -k, @D =K K

Then, beside self-masses :

IT,,(s) = - + - ”EZ(S)¢O always

1.0 > @ @ —(

~. # 0 by isospin brk

H/w(s) - - - ‘ NEl(S)
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NA7 Residuals (x2/N=90/60)!

IF 2

0.9 ¢

0.2 F

* NA7 rescaled

0.1 L L L L L L L L L L L
-0.3 —-0.25 —-0.15 —0.1 —-0.05 0
Vs (GeV)
MR
w b
0.9 F + NA7 unscaled - o
C 4

0.1
~0.3

—0.05 0

Vs (GeV)
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3-pion Data
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e*e” - ny Data
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Former : Prediction for n/n’=> nny

o 2.5 oy 4000
= 2258 7 Argus = 2500 7 LeptonfF
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o 20 oy 2500
= 18- 7 Crystal Barrel = 7 Layter |
- 16 e — 2000 + *
S e & s 1 F(n-> i y)=55.82+0.83
= ;f \% = . PDG : 60+4 eV
<< 8 <€ 1000 |
s b . \* k\\
4 b 500 |-
2 = /fg/i’? \.\S /
o) R L T L [ L O B L L L L L L L L L L Ll L L
0.4 0.6 0.8 0 0.05 0.1 0.15 0.2
V(s) (GeV) a, (GeV)

M. Benayoun et al. ArXiv 0907.4047
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Lineshapes and yields : tests for g value and p°lineshape




Former : Prediction for n/n’=> nry
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Global Fit & Scale Uncertainty

M. Benayoun et al EPJ C73 (2013)2453

* Minimize : )
752: Ocyp — th_ﬂ'A vV Ooyp — th_/lA +ﬂ.2/772
p p

*Solve for A

1*Choice of A: O, (bias), [0}, = Oy J(unbiased) :

- ---------------------------------
S. Chiba & D. Smith, ANL/NDM-121 (1991) G. D’Agostini NIM A346 (1994)306
M. Benayoun et al , arXiv:1507.02943 V. Blobel eConf C030908 MOETO002 (2003)

R.D.Ball et al JHEP 1005 (2010)075// Nucl. Phys. B838 (2010) 136




