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OUTLINE

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

» Global Fit Scope: T vs e'e
[ete" > i /K'K/K K /mty /ny /mnn]
» Global fits with only scan data
» Global fit with 1, scan and ISR data - HVP/g-2

> Conclusions
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The unbroken HLS Model Il

* Define L/R= (DﬂéL/R) gL?R

* Non-anomalous HLS pieces

e Full HLS Lagrangian
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The HLS Model Il

* The anomalous (FKTUY) Lagrangian pieces

T. Fujiwara et al. Prog. Theor. Phys. 73 (1985) 926
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The HLS Model IV

* Most general unbroken HLS Lagrangian :

Ls =La+aly + Lekruy

* Limited parameter freedom :

g,a,c,/¢, |,6—C,
» ——— Unable to really account for a large
amount of precise data

» = Should be broken



Breaking the HLS Model (V)

* Breaking through several mechanisms
» The BKY mechanism

M.Bando et al. Nucl. Phys. B259 (1985) 493

A. Bramon et al. Phys. Lett. B345 (1995) 263

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

» Additional breaking & mixing in PS sector

G. ‘t Hooft , Phys. Rept. 142 (1986) 357




The BKY Mechanism

 BKY breaking :
2 72 f2 { ~ } 2

v Breaking matrix (BKY extended to Isospin)

SU(3) Brk
K _D'ag{qA/v Y v ZANj/

M.Benayoun et al. EPJ C17 (2000) 593

M. Hashimoto, Phys. Rev. D54 (1996) 5611
Isospin Brk M.Benayoun et al. EPJ C72 (2012) 1848




Isospin Breaking : Vector Field Mixing |

* After BKY breaking, vector mass term diagena

ideal vector fields ;é mass eigenstates (tree level)
* Vector Mass Term Diagonalization:

K

L4

 Should be combinec

hy @,

i (1_hV) P i

& ¢|:¢Rl (AV:qV_yV)

F. Jegerlehner & R. Szafron EPJ C71 (2011) 1632

C. Wolfe&K. Maltman, Phys. Rev. D80 (2009)114024

with Nonet Sym. Brk in V sector



Vector Field Mixing I

* s-dependent transitions among vector fields
generated at one loop by HLS Lag.

(PR1+ Ry 23, <”R1) KoK (pRl_leJ“\ﬁ y ¢R1) KoK

e [KKloops ++ K*K (VVP) & K¥K* (YM)]

ideal fields no longer mass eigenstates

PS mesons :: isospin symmetry breaking : M. #m
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Transitions at one loop

 Kaon loops : @ -« @D =K° KO
e contribute to Vector meson self-masses
 Generate transitions among Vector meson:

IT,,(s) > - + ‘ ~ E5(s) 20 always

pr(s) 5 - i - E M f(s)

> # 0 by isospin brk

Lo > @ - @ -y
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The Mass Matrix Eigen System

M.Benayoun et al. EP) C72 (2012) 1848

At one loop (No BKY IB):

ML () +e(s) &) 279
M?(s) = &,(s) m°+e,(s) -2z, &(s)

X _\ﬁzv &(S) _\EZV £,(s) z,m*+2z’, (S)/
As

(M*,TT,.(5)) >> &,(5) >> 5 (s)

Solve perturbatively | M?(s) =M2(s)+ M ?(s)
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From Ideal To Physical Fields

(0N T _ T A0) L _
| | L e Fp R(s+ig)R(s +ig) =1
W |=| & 1 yv|| o , I
Physica
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1 _V | ] |:mpHK]2+Hgﬂ(s)_|:mal_)lK:|2
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Isospin Breaking in the t Sector

|B effects in dipion spectrum (as usual)
» Short Range & Long Range IB corrections

1 dN 1 dI'_ (s) W. Marciano & A. Sirlin, PRL 71 (1993) 3629.
B N - T s Sew Cem (5) V. Cirigliano et al. PL B 513 (2001) 361
¢ & JHEP 08 (2002) 002

» n*n® Phase space factor

IBinTt&IBine*e ::unrelated
but both involved in global fits
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The PS Sector

Diagonalization of the PS Kinetic Energy Term

» Rescaling of Kaon fields
» Mixing of the nt°, n, n’ system because of :

{ <*BKY IB & SU(3) breakings } ,
A
“*Nonet symmetry breaking :d L ., ,;i= 5 8”7705#770

2

n’, n,n’ : 2-angle mixing scheme

=sPhenomenology favors 6,=0 [ —06, = 0,/2 ]

M.Benayoun et al. EPJ C72 (2012) 1848

M. Benayoun et al EPJ C73 (2013)2453

M.Benayoun et al. EPJ C17 (2000) 593
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HLS : A VMD Model

* The (Broken) Hidden Local Symmetry model :
> is a unified VMD framework encompassing

etfe > nn /KKbar /my /ny/minn &t->nnv &
PVy, Pyy decays & n/n’ =2 vynn/yy &......

» Has few basic parameters: e, f_,V ,V, . 2, 8,..

us? Y 4

» (+ breaking parameters)

» Present Limit : One vector nonet

v Up to the = ¢ mass region (X 1.05 GeV)
v" No scalars mesons, no p’, no p”’ ......
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HLS : A VMD Model

* The (Broken) Hidden Local Symmetry model :
> is a unified VMD framework encompassing

...................................................................

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

» Has few basic parameters: e, f_,V ,V, . 2, 8,..

us? Y 4

» (+ breaking parameters)
» Present Limit : One vector nonet
v Up to the = ¢ mass region (X 1.05 GeV)

L
e

L ]
-'
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HLS : A VMD Model

* The (Broken) Hidden Local Symmetry model :
> is a unified VMD framework encompassing

etfe > nn /KKbar /my /ny/minn &t->nnv &
PVy, Pyy decays & n/n’ =2 vynn/yy &......

» Has few basic parameters: e, f_,V ,V, . 2, 8,..

us? Y 4

» (+ breaking parameters)

..................................................................



g-2 & Global Models/Fits

* Hadronic VP contributions to g-2

a, (H, )—— j dsK(s)o(e'e —>H.,s) <I:rMeasured Xsection]

HVP
—Za (Hi) . Xsections uncorrelated

. VMD : —9¥nderlying physics correlations ->
HLS cross-sections derived through a global fit
(param. values & covariance matrix) :

[ Measured Xsection ] — [ Model Xsection J
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g-2 & Global Models/Fits

* Hadronic VP contributions to g-2

a, (H, )——jds K(s)o(e'e ->H,,s) <I:r Model Xsection ]

HVP—Za (H:) :: Xsections (VMD) correlated
. VMD Elnderlymg phy5|cs correlat.ons ->

(param values & covariance matrix) :
[ Measured Xsection ] — [ Model Xsection J
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HLS-> Correlated Physics Channels

Non-Anomalous annihilations : e*e" 2 ' /KTK /K Kg
Decay spectra : t* - n*n® v_ (later also: n/n’én*n'vL)
Anomalous Processes : ete = nt° y/ny/ it

Radiative decays widths ( VPy, °/n/n’ > vyvy)

$d->nn (Br ratio and phase)
( [Br(d—>m* i) xBr(d—> e*e’) ])

...:::::::::::::::::::::::::::::::::::::::'.:‘_

L HLS MODEL & Breaking Scheme “t

. OVERCONSTRAINED “

E: by more than 40 data sets EE
L 4

. QIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘ :

QEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER® 21



VMD Strategy for g-2 Estimate

> IF satisfactory:

1/ HLS form factors & fit param. & cov. produce
improved/motivated HVP contributions up to
1.05 GeV

from [/ K'K /i Ko frey fay /oy /mmm |
2/ discard poorly described data sets & restart
3/ BUT : Each channel should stay covered by data

22



Fit Strategies with t & scan data

Fit 6 annihilation channels (+VPy, P->vy, d->nmn):
v Minimize the true x2 (Full Exp. Error Cov. Matrix valid)

v t*> m*nlv_ spectra : on Model params.

» Config. A : Fit all scan data spectra (except for SND
K*K-: x2/N. =59/26)
» Config. B: Conf. A & excl. ' nt® s> 1GeV?

(C1'Cz issue) M.Benayoun et al. EP) C72 (2012) 1848
v' n/n’=>mtvy : checks or constraints (as t spectra)
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Global Fit Results (t & scan data)

Data Set (#data Configuration A Configuration B Approx.
points : NP) (x?) npar=26 (x2) npar = 24 X2/ NP
1.3

Decays (10) 12.8 13.1

New Timelike (127) 120.9 122.3 0.95

Old Timelike (82) 52.9 51.8 0.63
my (86) 68.0 67.5 0.79

ny (182) 123.9 122.5 0.68
et e 210.2/179 120.0/99 1.20
K*K- (36) 29.1 29.0
KKs  (119) 120.4 119.5 1.00

T ALEPH (37) 18.7 18.7
T CLEO (29) 35.9 36.9 1.24

T Belle (19) 28.9 29.0 1.52

X?/dof / Probability 821.6/880 § 92.0% § 730.4/802] 96.3% 9



Br(rnm).(dN/ds)/N

2 ~8354. (Prob~96%0)

Dipion Spectra (t & scan)
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AF/F

Tau Global Fit Residuals
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CMD2/SND Global Fit Residuals

ssssssssssss

%wwﬁwwwfumwm

B TR XZ _122.3
Vs (GeV) Np 127

e | e+e-vs T: nothing puzzling



" 10 Spectra : NSK, KLOE, BaBar

* Several measurements of the nt* " spectrum

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

. CMD2,SND SND: JETP 103 (2006) 380

KLOEOS : AIP Conf. Proc. 1182 (2009) 665 *
- KLOE10: Phys. Lett. B700 (2011) 102
ii. KLOE vl L

KLOE12: Phys. Lett. B720 (2013)336

ces BaBar : Phys. Rev. Lett. 103 (2009) 231801 *
I1i. BaBar Phys. Rev . D86 (2012) 032013

exhibit conflicting behaviors within global fits

M. Benayoun et al EPJ C73 (2013)2453
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GLOBAL FITS : Check it data sets

P R RN [N

(scan/KLOE’s/BaBar) ™ select on Prob.

* All other channels always included in fits
(t=>nnv,_, ete > KK/ K K/my/ny/mnn)

Consistent it data sets for Global Treatment :
CMD2 & SND & KLOE10 & KLOE12

29



Fitting 't Data within Global Fits |

Fit Cond. NSK & KLOEO8 & KLOE10 & KLOE12 & BaBar
Conf.B with/without tdata

With m'n-  KLOE08(60) KLOE10(75) KLOE12(60) NSK(127) BaBar(270)

Single 1.74[1.56] 1.02 [0.94] 1.08[1.04] 0.96[1.0] 1.26[1.24]
(/N pun-) 21[711% 81[96] % 87[97]1% 9799 % 20 [33] %

Combined 1.09[1.03] 1.27[1.28] 1.07[1.11] 1.38[1.37]
(/N ror- )
Comb (}*/N 1r.) 1.25[1.25] 5[10] %

(Prob.) (%)



Fitting 't Data within Global Fits |

Fit Cond. NSK & KLOEO8 & KLOE10 & KLOE12 & BaBar
Conf.B  with/without tdata

With ' | KLOE08(60) | KLOE10(75) KLOE12(60) NSK(127) BaBar(270)

Single 1.74 [1.56] | 1.02 [0.94] 1.08[1.04] 0.96[1.0] 1.26[1.24]
(O¢/Nnan-) §21[71]% | 81[96] % 87971% 97 99] % 20 (331 %

fg;nbined) 1.09[1.03] 1.27[1.28] 1.07[1.11] | 1.38[1.37]
XN rur .-

Comb (x2/N .. ) 1.25[1.25] 5 [10] %
(Prob.) (%)




Fitting mt*nc Data within Global Fits Il

Fit Cond. NSK & KLOE10 & KLOE12  with/without tdata
Conf.B
With Tt KLOE10(75) KLOE12(60) | KLOE(135) NSK(127) NSK+KLOE
from alone alone combined alone combined
(262)
Single 1.02[0.94] 1.08[1.04] | 1.01[0.99] 0.96 [1.00] 1.06[1.07]

(X/Npm-)  81[96]1% 87 [97]% | 80[96]1%  97[991%  87[961%
Prob.




IF, 12

IF, 2

Global Fits : Top
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IF P

[

Global Fits : Sides
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GLOBAL FIT : All it spectrum

o
€
L
45 o CMD 2 981
s CMD 2 98-2
* SND 98—1
40
« KLOE 10
= KLOE 12

35

30

25

20

0 L - P - - P - \ - ‘
0.3 0.4 0.5 0.6 0.7 0.8 0.9 ] 1.1 1.2




IF,/

IF,/

Spacelike & Threshold Regions

s (9)
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= CMD—2
~NA7

s (éevz)
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()
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~ NA/
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e r /%

N |

2

0 I I | I | I | I I | I | I
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36



Predicted Phase shift (l)

Delta m2=0 z Phase of the pion form factor
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Vector Nonet Symmetry Breaking

The mixing angles y and B vanish at s=0
Not a

a(S) =

£1(s) as M =m"

b T ) K |

o(0)=0 -> NSB in Vector Sector :
DﬂfL/R = aﬂéL/R —Ig (Vﬂ T é\/ﬂ)é:L/R +18, G R

With : 5, :é:a),\é+¢, Diag

[1,1,1]



Threshold Behavior -> NSB

Phase of the pion form factor

______ 8, CGL y
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From Fits to HVP up to 1.05 GeV (B)

* Uncertainties improved by =2
Channel NSK +t NSK+KLOE+t Direct Estimate

e 496.67

495.224+1.45 498.53 E 3.73

(497.720+ 2.12)

nly 4.53 4.54

ny 0.63 0.63
n'y 0.00 0.00
nt 39.50 39.07
K, K 11.54 11.54
16.95

567.94

K*K" 16.94

Total up to 569.81
1.05 GeV

575.79 |k 4.06
(574.98+ 2.66)




a,(nn) over
m__=[0.63,0.958] GeV
(Conf B)

—— 7 (A+B+C)+ PDG (o+w+g)
P 356.10+3.36
i KLOE 08 e .
P —A— 355.69+2.44 (356.7+3.13) Squares : fit values (incl. 1)
o KLOE 10 Stars : exp. estimates
—— 355.20+2.46 (353.30+3.26)
- KLOE 12
EREuE 356.11+1.62 (354.38+2.88)
o CMD2+SND
P 358.13+1.50 (360.65+2.55)
RoH CMD2+SND+KLOE 10
e 357.01+1.31 (357.86+2.08) Uncertainties
HH CMD2+SND+KLOE 10+KLOE 12
& 356.15+1.01 (356.67+1.69) improved by z40%
o BoBor Fit (0.28—1.00) Amput.**
. —&—  364.13+0.47 (365.242.7)
' HOH BaBar Fit (0.28—1.00) Full
L TR 364.49+1.36 (365.242.7)
' d NSK+KLOE10/12+BabBar Amp.
;K 359.0040.42 (359.07+1.43)
| | - 1 | \ | | | | | | | | | | | | | | | |
350 360 370 380 390 400

(Conf A / B) 10" a,(rm,vs [ 0.63 —0.958 1)
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a,(nn) over
m__=[0.63,0.958] GeV
(Conf B)

——i 7 (A+B+C)+ PDG (p+w+gp)
: : 356.1043.36
i KLOE 08
F—A— 355.69+2.44 (356.7+3.13)
o KLOE 10
—H— 355.20+2.46 (353.30+3.26)
e KLOE 12 .
A 356.11+1.62 (354,38+2.88) Accord with Exp.
-t CMD2+SND .
s 358.13+1.50 (360.65+2.55) expectatlons
RoH CMD2+SND+KLOE 10
| _‘_1—5 357.01+1.31 (357.86+2.08)
TV CMD2+SND+KLOE 10+KLOE 12
( o ) < 356,75 +4.01(356.67£1.69)
S il
’ o BaBar Fit (0.28—1.00) Amput.s* | ™= me o - — ~
L © TR 364.13%0.47 (365.2+2.7) - -—— 7
- BaBor Fit (0.28—1.00) Full ias!
Lol TR 364.4941.36 (365.242.7) \ No Bias! /
' NSK+KLOE10,/12+BabBar Amp. ~ -
L A 359.0040.42 (359.07+1.43) -
| | - | \ | | | | | | | | | | | | |
350 360 370 380 390 400

(Conf A / B) 10" a,(rm,vs [ 0.63 —0.958 1)
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HVP LO

10 ~

7 (A+B+C)+ PDG (p+w+¢)
688.95+£6.32

NSK (+7)
684.73+4.57 (680.17+5.59)

KLOE 10412 (+7)
681.38+4.60 (677.93+5.37)

BaBar (+71)
692.61+4.55 (691.47+4.93)

NSK+KLOE+BaBar(+7)
684.41+4.31 (685.90+4.20)

NSK+KLOE(+7)
682.36+4.41 (680.44+5.10)

DHMZ10 (e*e”) / (1)
692.3+4.2 (701.5+4.7)

HLMNT11  (e*e”)
694.91+4.27

JS 11 (ee” /e'e” +7)
690.754+4.72 (690.96+4.65)

Black :incl. T
Geen:excl. T

0 1
660

Il ‘ Il
680

Il ‘ Il
700

Il ‘ Il Il Il ‘ Il Il Il ‘ Il
720 740 760

780

(Conf A) 10" g ™9

Red : excl. T
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4mEp

g-2 Estimates & Discrepancy

Configuration B :1 ?—— —————— _————:TData-I- [p+w+¢] (PDG) (0m =dg=0) ----
IIIIIIIIIIIIIIIIIII’
7(A+B+C) : —— [32.20 + 6.84] [3.5 o]
: Individual 77 Data Sets + 7
NSK (CMD2+SND) : ——  [38.37£5.34] [4.6 0] [x?/Nyr 0.96] [96.6%]
KLOE 08 : —e—] [36.96 & 6.02] [4.2 o] [x®/Ny. 1.74] [20.5%)]
KLOE 10 : —e—i  [39.46 +6.04] [4.5 o] [x?/N,, 1.02] [81.2%]
KLOE 12 I e [37.62+5.49] [45 o] [x?/Nyr 1.08] [86.8%]
BaBar (Trunc.) I . [30.18 +4.96] [3.8 0] [x2/Nyr 1.18] [44.2%]
|
BaBar (Full) i == [29.34 £+ 5.24] [3.6 o] [x%/N,, 1.26] [19.6%)]
1 scan 7 Data
NSK (CMD2+4SND)+4r | | —  [38.37£5.34] [4.6 0] [x*/Nyr 0.96] [96.6%)]
scan(NSK) : b——i [42.35 £ 6.70] [4.6 0] [x?/Nxr 1.00] [99.4%]
DHea09 (ete™) I e [30.1£5.8] [3.50]
! scan +ISR 77w Data
NSK+KLOE (10&12)+7 | | e [40.24 £5.12] [5.0 0] [x?/Nnr 1.06] [87.4%]
NSK+KLOE (10&12) | F—e— [42.20 +5.89] [4.9 o] [x?/Nyxr 1.07] [95.6%]
DHMZ10 (ete™ +7 ' [— 195+54] [240
DHMZ10 §e+e_) ) i o {28.7:& 4.9} {3.6 a}
HLMNT11(e*e") i —— [26.1+£4.9] [3.3 0]
JS11(ete + 1) ! e [29.20 £ 6.0] [3.4 o]
Global (ISR & scan & 7) | | e [38.98 +£5.05] [4.8 0] [x?/Nnr 1.25] [ 5.0%]
Global (ISR & scan) ! e 38.40 + 5.05] [4.8 o] [x*/Nyr 1.25] [10.4%
| X
; experiment
BNL-E821(avrg) ’ [0+ 6.3]
I | I I I
—10 40 90 140
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g-2 Estimates & Discrepancy

Configuration B

7(A+B+C)

4mnmn
T

7 Data + [p+w+ ¢] (PDG) (dm =dg =0) ---

NSK (CMD2+SND)
KLOE 08

KLOE 10

KLOE 12

BaBar (Trunc.)
BaBar (Full)

NSK (CMD2+SND)+r
scan(NSK)
DHea09 (ete™)

—— [32.20 £ 6.84] [3.5 o]
Individual 77 Data Sets + 7
= [38.37 +5.34] [4.6 o] [x?/N,. 0.96] [96.6%)]
e [36.96 + 6.02] [4.2 o] [x?/N,, 1.74] [20.5%)]
F—e— [39.46 £ 6.04] [4.5 0] [x?/Nur 1.02] [81.2%]
—— [37.62 £ 5.49] [4.5 o] [x*/N,, 1.08] [86.8%)]
o] [30.18 £+ 4.96] [3.8 o] [x*/N,, 1.18] [44.2%)]
=e=] [29.34 +5.24] [3.6 o] [x?/Nyr 1.26] [19.6%)]
scan 7w Data
e [38.37 £ 5.34] [4.6 o] [x?/N,. 0.96] [96.6%)]
F—e— [42.35 £6.70] [4.6 0] [x%/Nzr 1.00] [99.4%]

oy

[30.1£5.8] [3.5 o]

T 1)

A1) [ dld
NSK+KLOE (10&12)+7 e [40.24 £5.12] [5.0 0] [x?/Nyr 1.06] [87.4%]
NSK+KLOE (10&12) F—e—i [42.20 +5.89] [4.9 o] [x?/N,, 1.07] [95.6%)]
9 4

DHM D (eTe™ + 7
DHMZ10 (ete™)
HLMNT11(ete™)
JS11(ete” +7)

—e—i . . 4o
=l [28.7 £+ 4.9] [3.6 o]

o o | [26.1 + 4.9] [3.3 0']
—e=- [29.20 + 6.0] [3.4 0']

Global (ISR & scan & 7) e [38.98+£5.05] [4.8 0] [x?/Ny, 1.25] [ 5.0%]
Global (ISR & scan) —e—] [38.40 + 5.05] [4.8 o] [x?/N,, 1.25] [10.4%)]
experiment
BNL-E821(avrg) [0+ 6.3]
—10 40 90 140

(ag™ — aff‘) x 1010



++ Behavior at s=0 (ll)

Fﬂ (s) = l1+as+Db %

s—0
a=1.8GeV? b=4.2GeV*?

add. syst. : shifta (nn) =>+[1.4,2.2] 10°
[ NSK+KLOE+ T ]
(B) prob. 87%

10 +0.6 +2.0 +0.0
10 x[ 2P _gth } = 40.24 + [ } +[ } + [ } £512, +6.30
¢ T S=

Hoag H -1.3 —-0.0 —2.2 P

[ NSK+KLOE +BaBar+ T ]
(B) prob .5%

10 +0.6 +2.0 +0.0
10 x[ 2EXP_yth } — 38.08 + + + +£5.05, +6.30
2 -13], [-00], [-22] t exp

significance forAa,>4.50 (4.00::JN Lbl)




Conclusions

1/ The upgraded HLS model = good simultaneous fit of

e*e > nn /K'K/ K K/ my/ny/mnn (Vs <1.05GeV) -
-> allows to address consistency issues

2/ etee>nn & NNV spectra:

- NO obvious signal of (e*e vs t) puzzle

3/ i+ - data from CMD2,SND, KLOE 10 & KLOE12

consistent with K*K(CMD2)/ K,K./ my/ny/n i nt data
4/ The discrepancy with BNL g-2 value is Aa, > 4.5(/4.0) o
5/ Refine BHLS & More Data & other modellings

6/ HLS Fit > Py*y* couplings for-0.5 <s<1.1GeV?
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ete” = K Kbar Ratios
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e*e > ny
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Former : Prediction for n/n’-> nny

M. Benayoun et al. ArXiv 0907.4047

o 2.5 ¢ oy 4000
= 2258 7 Argus = 2500 7 LeptonfF
= . 2 so00 | 4 ,
5 - S ool ) M(n'~> o y)=53.11£1.47
S 125 - 2 2000 - . PDG : 58.3+2.8 keV
T 1 E & <C B
g 1500 —
0.75 +* - /# \ﬁ
osE +# * 1000 |- ’/‘ \.+
0.25 & 500
ZO k/f/‘//‘+‘ L \‘\* ‘ 0 L WHQ?/\‘/.? “ R ‘\‘\» ‘
0.4 0.6 0.8 1 0.4 0.6 0.8 1
V(s) (GeV) V(s) (GeV)
o 20 ¢ oy 2500
= 18- 7 Crystal Barrel = 7 Layter |
- 16 e — 2000 + ®
> g >
S e & s 1 F(n-> ot y)=55.82£0.83
z 2 gf = 10 . PDG : 604 eV
< 8 - <€ 1000 |
6 ﬁ \E | XX\’
4 0 500 -
2 - /fg/i’? \.\S E /
le) R | T | T - o) ! I L I IR
0.4 0.6 0.8 1 o 0.05 0.1 0.15 0.2
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Lineshapes and yields : tests for g value and p° lineshape |




Present

arb. units
Q _
(@) _ w

o

4000
+
(-
2000
2000

1000

arb. units

Predictions for n/n’-> nmy

Left ETAprime RIGHT ETA

* ARGUS

‘M/‘f [ L \‘\; .
0.4 0.6 0.8 1
vs (GeV)
: H
* *Lepton F /{ '\ﬁ
- }/’? ‘
L y/ \
: AN
C /*/ \\.
L . ./*/ + \+
L etrei® ) | L L [ \\t\ L
0.4 0.6 0.8 1
Vs (GeV)
- /1
+ Crystal Ba rrf/l‘ \\
- W
E /}’j \\*
; / ! \\
; M*ﬁ Ll P B SNV
0.4 0.6 0.8 1
vs (GeV)

2 F N
2000 SRR
> [ ,#'/ \*\
£500 - +LAYTER b
o r / .
1000 |- /* H
L //4
500 |- A N
L /V" ¢
o e R U LN
0 0.05 0.1 0.15 0.2
E,(GeV)
B2 ,
= Py
5600 |- R N
-d : . /," +\\\
5400 GORM'}E/*’ \
r \
200 - \
: ,// *\
O L /\/\ | I T T IR R T \\i
0 0.05 0.1 0.15 0.2
E,(GeV)
£ooo [ §
S I LD
35 L R 3%e N
8000 |- +WASA 1 M
_O /
[ r +t/' ‘\
¥o00 [ N4 "
L ‘f’/ +‘\
2000 |- 4 A
C t '
0 2 A S RN BT )
0 0.05 0.1 0.15 0.2

E,(GeV)

57



HVP Results incl. T (A)

* Up to 1.05 GeV, uncertainties improved by =2

Channel

T

nly
ny

ny
o
K, Ks
K*K"

Total up to
1.05 GeV

NSK +t NSK+KLOE+t

496.89+ 1.96 494.95 +1.44
(493.01 + 3.46)

452+ 0.04 452+ 0.04
0.63+ 0.01 0.63+ 0.01
0.00 £ 0.00 0.00 £ 0.00
40.77 + 0.53  40.80 £0.54
11.61+ 0.08 11.62 + 0.08
16.89+ 0.18 16.87+ 0.18

571.29+ 2.04 569.40 + 1.53
(567.21 + 3.52)

Direct Estimate

498.53 + 3.73
(497.72 + 2.12)

3.35% 0.11
0.48+ 0.01
43.24 +1.47
12.31+0.33
17.88 + 0.54

575.79 + 4.06
(574.98 + 2.66)



g-2 Estimates & Discrepancy

.IIIIIIIIIIIIIIIIII‘

= | Configuration A #L_tob-———___;__ 7 Data +[p+w + ¢ (PDG) (fitting Sm&dg)---

7(A+B+C) ! —e— [32.91+6.14] [3.7 o]

: Individual 7w Data Sets + 7 ————— 0 — —
NSK(CMD2+SND) i e [36.89 + 5.29] [4.5 o] [X?/N—,ir_,r 0.95] [92.0%] Black : 6m_6g_0
KLOE 08 : el [33.52 £ 5.79] [4.2 o] [x?/N.r 1.61] [28.1%]
KLOE 10 | e [39.46+6.04] [4.5 o] [x*/Ny, 1.00] [71.1%]
KLOE 12 i bre—d,  [36.10£544] [4.4 0] [x*/N,, 1.06] [73.4%]

|
BaBar (Full) i et [28.54 +5.24] [3.5 o] [x?/N,, 1.23] [20.0%]

f scan 7 Data
NSK (CMD2+SND)+r : == [36.89 £5.29] [4.5 o] [x%/Nyr 0.95] [92.0%)]
scan(NSK) I b—e—i [40.97 % 6.17] [4.7 0] [x®/N,. 0.98] [95.3%)]
DHea09 (e*e™) i —eri [30.1+5.8 [3.5 0]
NSK+KLOE (10&12)+7 i
NSK+KLOE (10&12) |

| SED. Ao
DHMZ10 (c¢*e”) l i [28.7+4.9] [3.6 0]
HLMNT11(c*e™) i i [26.1+£49) [3.3 0]
JS11(ete™ +171) ! =iy [29.20 £ 6.0] [3.4 o]
Global (ISR & scan &7) | ! e [36.74 £5.03] [4.7 o] [x%/Nyr 1.24] [4.8%]
Global (ISR & scan) ! l—e=l [37.63 £5.07] [4.4 0] [X?/Npr 1.25] [4.4%)]

- experiment
BNL-E821(avrg) % [0+6.3]

T T
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HLS Global Fits : P y*y* couplings

* The HLS global fit to
e Tonnv,, ete» '/ KK/ K, K/my/ny/mnn
- vertices for Py y* for y* on [-0.5,1.1] GeV?
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HLS Global Fits : P y*y* couplings

 Amplitudes/couplings can be derived from :

N -

pnp (651,590 =0p (65,506 0, A, ()05, A5 (5) P

* And the limit for s;=s,=0 is just WZW

Laap (63:0.0) =Lz



noy*y* coupling

N
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Scale Uncertainty

* Minimize :
7 =[m-M-JATV m-M-JA]+1*/c"
 Solve for A (A=m or M) gives:
Z=[m-M[[V+?AA T [m-M]
* And:

A={ AV m-M ]}/ ATV1A+%}



NA7 Residuals (x2/N=90/60)!

IF,2

0.9 f * NA7 rescaled

02F
0.1 L L L L L L L L L L L L L L
-0.3 —-0.25 -0.2 -0.15 —-0.1 —-0.05 0
Vs (GeV)
MR
w b
0.9

* NA7 unscaled
0.8 F
0.7
0.6
0.5 %
0at *%
0.3 F %

0.2 F

o b
-0.3 —-0.25 -0.2 —-0.15 —-0.1 —0.05 0

Vs (GeV)




V 1t t Couplings: I=1 part of w and ¢

% p, T O =

lag(1l+xy) [ +|A—hv)Av —a(s)]| o+ B(s) go] won'

2 / /

Mixing Angles I=1 terms

*At leading order : p term unchanged (I=1 part)
*small s-dependent w and ¢ couplings (I=1 part)
* Charged and neutral rho’s: same coupling to pions
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Vector meson couplings to vy

* (y) V transitions : ,
/vvvvv».— i 4

2 hvay  a(s) 2 2y
£/ =agf | 143y + VAV I k

2 2 7

f(py = agl, [ V2 2y +ﬂ(8)+7(3)}
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p couplings to y/W

e (y/W) V transitions :

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

P g/

P hvAv , a(s) | N2 2y W _

fW _|:1+ V3V+ 3 + 3 ,B(s):|<:[fp —agfﬂ(l+zv)]
ye,

.
--------------------------------------------------------------------------------------------------------------

Full agreement between ee” and 7 data
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p couplings to y/W

fW 122 Re(f,.,/f)

0.98; /
RelF(s)] —} /

0.94 |

0.92 |

009 ¢
0.03 F
.02 b M,/ fon)
0.01 F

Im[F(s)] _}Biik —
~0.03 | //

~0.04
-0.05F

006 e e



ete-Data !

e*e” Fit Residuals




VMD estimate of g-2

DHMZ10 (e*e™)
180.2£4.9

DHMZ10 (ete +7)
189.4 £ 54

JS11 (ete +7)
179.7£6.0

HLMNT11 (efe™)
182.8 £4.9

DHea09 (e*e™)
178.8 £5.8

173.4£5.3

B (ete +7) e

175.4£5.3

- - - experiment -----

BNL-E821 (world average)
208.9+6.3

incl. ISR @ ----—-

excl. ISR @ -----

150

250
a,x10'°-11659000
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Dipion Mass Spectrum 2007

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