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Abstract
The energy dependence of the p—y mixing in the 2x2 y—p propagator matrix,
is shown to be able to account for the e™e™ vs. T spectral function discrepancy.
Work in collaboration with Robert Szafron [e-Print: arXiv:1101.2872]
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Outline of Talk:

“The T vs. e"e” problem (as known)

“*A minimal model: VMD + sQED

»F.(s) with p — ¥ mixing at one-loop
“Applications: a, and B~ = ['(r — v,n°)/T;
*Summary and Outlook
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‘ 1 The 7 vs. e"e™ problem |

Concerns: calculation of hadronic vacuum polarization from appropriate hadron
production data.

@ A good idea: enhance e*e—data by isospin rotated/corrected r—data + CVC

et u,d
Y Y
Tt I =1]
e~ u,d
()
isospin rotation
4
~ W W Y
a0~
v, d

ALEPH-Coll., (OPAL, CLEO), Alemany, Davier, Hocker 1996,
Belle—Coll. Fujikawa, Hayashii, Eidelman 2008
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T o5 Xv, o e oX°
where X~ and X° are hadronic states related by isospin rotation. The e*e™
cross—section is then given by

4o
I=1 .
O-€+€_—>XO — s UI,X_ 9 \/E S MT

in terms of the T spectral function v;.
* mainly improves the knowledge of the 7"z~ channel (o—resonance contribution)
«» which is dominating in a}¢ (72%)

I=1~75%; =0 ~25%

éa, : 156x107"% — 102x1071°
SAa :  0.00067 —  0.00065 (ADH1997)
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Data: ALEPH 97, ALEPH 05, OPAL, CLEO and
most recent measurement from Belle (2008):
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eTe”—data*= data corrected for isospin violations:

In eTe™ (neutral channel) p — w mixing due isospin violation be quark mass
difference m, # m,, =
|I=0 component; to be subtracted for comparison with T data

[F(s)P = (F(s)P—data) / | (1 + =) > with s, = (M, — 4T,)?

(Sw—S5)

e determined by fit to the data: e = 0.00172

IF (D12
IF(E)1?

1
() r 0.0 w

(((((

CMD-2 data for |F,|* in p — w region together with Gounaris-Sakurai fit. Left before
subtraction right after subtraction of the w.

I=0 component to be added to 7 data for calculating af*® !

F. Jegerlehner INT Seattle HLbL Workshop, 2011 S



Other isospin-breaking corrections Cirigliano et al. 2002, Lopez Castro el al.
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Left: Isospin-breaking corrections Gem, FSR, B3(s)/B(s) and |Fo(s)/F—(s)|*.
Right: Isospin-breaking corrections in I = 1 part of ratio |Fo(s)/F_(s)|*:

— r mass splitting om,; = my+ — m_o,

— p mass splitting om, = my+ —m 0 and

— p width splitting 6T’y = T'p= — ' 0.
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New isospin corrections applied shift in mass and width [as advocated by S.
Ghozzi and FJ in 2003!!!] plus changes [Lopez Castro, Toledo Sanchez et al 2007]
below the p which Davier et al say are not understood! The discrepancy now
substantially reduced but with the KLOE data persists. New BaBar radiative return
e spectrum in much better agreement, in particular with Belle T spectrum!
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ete vs T spectral functions: |F,.|*/|F.|* — 1 as a function of s. Isospin-breaking (IB)
corrections are applied to T data with its uncertainties included in the error band.
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CVC prediction of ——— S 2u00
b ALEPH
25.49+0.10+0.09
B ﬂ-ﬂ-o ——i 2Ds|.53L1TE)|.I20 +0.14
I o = f e I2_§62i0.35i0.50
normalization o et QPAL. e
BELLE, CLEO and OPAL  liom
fixed geove —e—i GMD203,
not fixe ——— oMoy
- - SND 06
by the experiment itself 38
—e— 24.64%0.26
—e—1 EieRaL
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The measured branching fractions for = — n~n’v, compared to the predictions
from the e"e™ — a7~ spectral functions (after isospin-breaking corrections).
(Named e*e™ results for 0.63 — 0.958GeV). The long and short vertical error bands
correspond to the T and e"e™ averages of 25.42 + 0.10 and 24.76 + 0.25,
respectively.

Note -2% in Belle T data means 25.42 — 24.91 in agreement with e"e™
[IF-(0)]* = 1.02 — |F(0)]* = 1]
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Possible origin of problems:
Radiative corrections involving hadrons fully under control?
IB in parameter shifts: m,+ —mo, I');+ — T o fully known?

Key problem: on basis of commonly used Gounaris-Sakurai type parametrizations

e*e” vs. T fit with same formula = differ in parameters only: NC vs. CC process
oM,, oI',, mixing coefficients etc.

Other possible source: do we really understand quantum interference?
®cte: |[FO)P = [FOGS)I = 1] + F9>s)[I = 0] what we need and measure
® . |F9%s)I = 1] measured in T-decay

® ce+1: [FO>)P = |FE ()T = 1 + |FO(s)[I = 0]* 227 usual approximation

Need — specific model for the complex amplitudes
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‘ 1 A minimal model: VMD + sQED I

Effective Lagrangian L =L, + £,

L, = D" D¥r - mentn D,=0,—1eA, —18pm Py
1 4 1 V M2 4
Ly = g Ty F* - ZPWPH P/Jp'u + 22, Puv F¥

Self-energies: pion loops to photon-rho vacuum polarizations

—1 Hs,uy (W)(q) — 'vvvw(/—\:rvvv\, -+ f\/vvv\-\/vvv\,

~ =

bare y — p transverse self-energy functions

eg 7T g TTTT
P P

4872

f(qz) and Il = f(qz) ;

I, = f(Q) Iy, = = 4872

482
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Explicitly, in the MS scheme (u the MS renormalization scale)

2
W) = f(PDIF = 2/3+2<1—y>—2<1—y>2G<y>+1n%,

T

where y = 4m2/s and G(y) = ﬁ (ln —in), for ¢ > 4 m2.

Mass eigenstates, diagonalization: renormalization conditions are such that the
matrix is diagonal and of residue unity at the photon pole ¢*> = 0 and at the p
resonance s = M, [I1.(0) = 0,1, (¢°) = I1,,(¢*)/¢"]

g = (") - ¢ I, (0) = ¢° IL2"(¢)
) = Ty - L Re I, ()
q yo\q 12 yo\Mp
P

dII
(@) = Ty(g) - ReTl,(M,) - (¢° = M;) Re —==(M))
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Propagators = inverse of symmetric 2 X 2 self-energy matrix

Dl = ( qz + H)/yz(qz) , sz/p(qz) ,
IL,(q")  q" = M; +11p(q°)
inverted = 1
Dy, =
2 2\ _ H%p((ﬂ)
T+ Hyy(q ) QZ_M;%"‘pr(qz)
D . _Hyp(qz)
” (qz + Hyy(qz))(qz o Mg + pr(qz)) _ Hg/p(qz)
D 3 1
e I, ()

2 _ 2 2y _ vt 7
q Mp + pr(q ) q2+Hy)/(C]2)

Resonance parameters < location sp of the pole of the propagator
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Hipo(SP)

=0,
Sp — H)/)/(SP)

2
Sp — mpo + HpOpO(SP) —

- 72
with sp = Mpo complex.

M:‘% (qz)pole - M'g —1 Mp Fp

Diagonalization = physical p acquires a direct coupling to the electron

LoED Yoy (0, —1epApy) Yo

-£QED &e?’ﬂ(aﬂ —1le A,u+i gpeep,u) we

with g,.. = e (A, + Ap), Where in our case Aj = 0.
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‘ d F(s) with p — ¥ mixing at one-loop |

The e"e™ — "2~ matrix element in SQED is given by
M = =i & W u(pr — p2)u Fx(q®)
with F,(¢*) = 1. In our extended VMD model we have the four terms

e+ 7T+/// /// /// ///
o / Y P Py p /
’ + ’ —+ ’ + 0] ():
\\ \\ \\ N
AN AN N AN
N N N N
e_ 7.[__ \\ \\ \\ N

Diagrams contributing to the process ete™ — n7n™.

Fﬂ(s) e 62 Dyy + €8ponn Dyp o gpeeery — 8pee8pnn Dpp ’
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Properly normalized (VP subtraction: e*(s) — e?):

0= [2thmDysnl [0]

Typical couplings
Sonrbare = 9.8935, gprrren = 6.1559, gpee = 0.018149, x = gprr/g, = 1.15128.

We note that the precise s-dependence of the effective p-width is obtained by
evaluating the imaginary part of the p self-energy:

2
ImII,, = %ﬁis = M,T,(s),
which yields
8,2m ) g/2)7r7r 3 3
/My =GB ags s M= G55 s = V48T, /(BM,)

F. Jegerlehner INT Seattle HLbL Workshop, 2011 16



In our model, in the given approximation, the on p-mass-shell form factor reads

. 8pee8pnn Mp N 36 Fee
Fo(M) = 1-i L FR(MO)P =1+ 5—==,
Y 82 I‘p P a,2 grp
18
pee . _
1—‘pee — g A Mp > 8pee = \/lzﬂ'rpee/Mp .
Compare: Gounaris-Sakurai (GS) formula
_M2 Hren(o) 2a,2 3M2
FS5(s) = . TS = 1+dT,/M

4 (S) S_Mz Hren(s) jeee 91“ ( p/ )

GS does not involve g, resp. I',.. in a direct way, as normalization is fixed by
applying an overall factor 1 +dI',/M, =1 - ern(O)/M2 ~ 1.089 to enforce
F,(0) =1 (in our approach “automatic” by gauge mvarlance)
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Relation to data:

40.0- . e Belle 08 I 40.0- e Belle 08
i e no p" (y=0) 4 s (MD-2 06 I=1 ,
—— o only (y=3=0) f£ 8 - GS fit 1=1 (6=0)
30.0 . 30.01 3 -
- = —— o No mixing
= = —— o7 included
€. 20.0 T 20.0 pry N
i i
10.0 10. 01
0....
0.0 i 0.0 -
400.0 800.0 1200.0 1600. 0 200.0 600.0 1000. 0 1400. 0 1800.0
E (MeV) E (MeV)

Left: GS fits of the Belle data and the effects of including higher states p” and p”’ at
fixed M, and I',. Right: Effect of y — p mixing in our simple EFT model

Parameters: M, = 775.5 MeV, I', = 143.85 MeV,
Bl(p — ee)/(p — nn)] = 4.67 x 107>, e = 0.302822, gonr = 5.92, gpee = 0.01826.
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Detailed comparison, in terms of the ratio:

o0 - B
1.00+ | \" T I
0.80- . I
0.90- |
8 5 0. 601 |
8 > b
= 0.80; - \'
. 0.401 !
—— p-v included / p no mixing | P .‘
0.709 - GS fit I=1 / p no mixing - - WY :
" 0.20+ — Py ‘
0.0  200.0 400.0 &00.0 800.0 1000.0 0.0 500.0 1000.0 1500.0 2000.0
E (MeV) FE (MeV)

a) Ratio of |F,(E)[> with mixing vs. no mixing. Same ratio for GS fit with PDG
parameters. b) The same mechanism scaled up by the branching fraction
I'v/I'(V — an) for V = w and ¢. In the mr channel the effects for resonances V # p
are tiny if not very close to resonance.
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If mixing not included in Fy(s) = total correction formula on spectral functions

2

1 By
Gem(5) B ()

Fo(s)

Ri(s) = F(5)

) Ggm(s) electromagnetic radiative corrections
7 B(5)/B2(s) phase space modification by m,o # my:
T |Fo(s)/F_(s)]? incl. shifts in masses, widths etc

Final state radiation correction FSR(s) and vacuum polarization effects (a/a(s))?
and I=0 component (o — w) we have been subtracted from all e*e™-data.
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T g T
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0.90+

IFS(E) [1=111%/ (CMD-2 GS fif)

IFD(E) [1=111%/(CMD-2 GS fit)
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1.30+ + CMD-2 I 1.30 s KLOE 08
2 + SND = + KLOE 10
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T 1.001 - [ % T 1.007 J hif s
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a)
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E (MeV) E (MeV)

|F-(E)|? in units of ete~ I=1 (CMD-2 GS fit): a) T data uncorrected for p — y
mixing, and b) after correcting for mixing. Lower panel: e*e~ energy scan
data [left] and e"e™ radiative return data [right]
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1 Applications: «, and Bg;(’)c = I'(t — var1¥) /T,

How does the new correction affect the evaluation of the hadronic contribution to
a, ? To lowest order in terms of e"e™-data, represented by R(s), we have

2 o)
had,LO @ ) K (S)
a, () = 322 Lm dsR_‘(s)——

with the well-known kernel K(s) and
RON(s) = (Bs07n)/Ama’(s)) = 3uo(s) -

Note that the p — y interference is included in the measured e*e™-data, and so is
its contribution to ;. In fact ;" is intrinsic an e*e~-based “observable” (neutral
current channel).
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How to utilize T data: subtract CVC violating corrections

sstraditionally v_(s) — vo(s) = Rig(s) v_(s)

“*our correction v_(s) — vo(s) = r,,(s) Ris(s)v_(s)

Result for the I=1 part of ¢;*[zx]: 6a[py] =~ (=5.1 £0.5) x 1077

F. Jegerlehner INT Seattle HLbL Workshop, 2011
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rdecays  ALEPH 1997 I 390.75 + 2.65 & 1.94
ALEPH 2005 Il 388.74 4 4.00 + 2.07
OPAL 1999 [ 380.25 £ 7.27 + 5.06
CLEO 2000 Jeeml  391.50 +-4.11 4 6.27
Belle 2008 fee=1  394.67 & 0.53 &+ 3.66
7 combined D 391.06 +£1.42 £+ 2.06
e'e +CVC  CcMD-2 2006 I 386.58 & 2.76 % 2.59
SND 2006 -] 383.99 & 1.40 + 4.99
KLOE 2008 =i 380.21 4 0.34 + 3.27
KLOE 2010 - 377.35 £ 0.71 £ 3.50
BABAR 2009 389.35 & 0.37 & 2.00
eTe” combined 385.12 +£0.87 + 2.18
a,77], 1 =1,(0.592 — 0.975) GeV ! 3520 | 350 | 450 x 10710

I=1 part of a}*![zn]
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T decays Ay EpPH 1997

ALEPH 2005 i
OPAL 1999 . e
CLEO 2000 1
Belle 2008 ===l

7 combined

385.63 £ 2.65 £ 1.94
383.54 £4.00 £ 2.07
375.39 £ 7.27 £ 5.06
386.61 £4.11 +£6.27
389.62 £ 0.53 £ 3.66
385.96 £ 1.40 + 2.10

e'e +CVC  CcMD-2 2006
SND 2006 i
KLOE 2008 e
KLOE 2010 -
BABAR 2009

+

eTe~ combined

386.58 £ 2.76 £+ 2.59
383.99 £ 1.40 +4.99
380.21 £0.34 £ 3.27
377.35 £0.71 £ 3.50
389.35 £0.37 £ 2.00
385.12 £ 0.87 = 2.18

a[n7],1 = 1,(0.592 — 0.975) GeV 380 390 400

I=1 part of a*[zn]

x 1010

F. Jegerlehner
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The T — #’zv, branching fraction B_o = I'(t — v,z2")/T; is another important
quantity which can be directly measured. This “r-observable” can be evaluated in
terms of the I=1 part of the e"e™ — 777~ cross section, after taking into account

the IB correction vg(s) — v_(s) = vo(s)/Ri(S) /1y (s) ,

7 \? 2s 1
dsRY) (s) [1-=| [1+ ’
S tn (s) ( m%) ( m%) pr(S)RIB(S)

2
T

BCVC _ 2SEWBe|Vud|2 fm
b 4

V918 2
ni; m72r

where here we also have to “undo” the p — y mixing which is absent in the charged
isovector channel. The shift is 5B%C[py] = +0.62 + 0.06 %
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T decays  ALEPH 1997 (1) Ml 253402
ALEPH 2005 (7) ] 25.4 £ 0.1
OPAL 1999 (7) . 25.2 + 0.3
CLEO 2000 (7) 4 253404
Belle 2008 (7) Hei  254+04
7 combined 25.3£0.1
e'e”+CVC  CMD-2 2006 (ete) 24.840.3
SND 2006 (ete™) 24.5 + 0.4
KLOE 2008 (ete™) 24.2+0.4
KLOE 2010 (ete™) 24.0 £ 0.4
BABAR 2009 (ete™) 24.8 £ 0.3
ete” combined 24.6 £0.3

B(t — m7v;)

Branching fractions B(r — an’v,)

24 25 26 27 %

F. Jegerlehner
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T decays  ALEPH 1997 (1) Ml 253402
ALEPH 2005 (1) [ 25.4 + 0.1
OPAL 1999 (1) . 25.2 + 0.3
CLEO 2000 (7) 253404
Belle 2008 (7) Hed  254+04
7 combined n 25.3£0.1
efe+CVC  CMD-2 2006 (ete™) >-W 25.4 4 0.3
SND 2006 (ete™) 25.1+0.4
KLOE 2008 (ete™) 24.8+ 0.4
KLOE 2010 (ete™) 24.6 + 0.4
BABAR 2009 (ete) i 255403
ete” combined 25.24+0.3

B(t — m7v;)

Branching fractions B(r — an’v,)

24 25 26 27 %

F. Jegerlehner
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Most recent results of Davier et al:
® PreBaBar: 2542 + 0.10 % for T

0.2
® New BaBar: 25.15+028% = 25.77+0.2

TPy

2478+ 028 % = 2540+

TPy

+ 0.06 % forete” + CVC

8
8 +0.06% forete” + CVC

Belle
25.24+0.01£0.39

254420122042

—— ALEPH
25.49:0.1020.09
———i DELPHI
25310.20:0.14
—_—— L3
24.62:0.3520.50

e OPAL
2546017029

e T average
2542010
e's” CVC —— CMD2 03
—_— 25.03=0.29
—— gMR208
} * SND 06
24.90=0.36
———i KLOE 08
24.64=0.29
—e e’e avera
2478 :\B 28 ge
PRI IR ST SR RPN A AT SAATAr SRR SR
23.5 24 24.5 25 25.5 26 26.5 27

Bx —»van’) (%)

shift (5BS;(])C[p'y] = +0.62 + 0.06 %

F. Jegerlehner
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7_decays

Belle 1 25.24 £ 0.39
CLEO I . 25.44+0.44
ALEPH 2549+ 0.13
DELPHI (L 25.31 £0.24
L3 [y — 24.62 £+ 0.61
OPAL (=== 25.46 +£0.34
T average 25.42 +£0.10
e'e +CVC  cMD2 03 et 25.03 £ 0.29
CMD2 06 ==l 24.94 + 0.31
SND 06 =] 24.90 + 0.36
KLOE 08 Isam=]l 24.64 £+ 0.29
ete™ average r-.-1 24.78 +£0.28
KLOE 10 | 24.56 £ 0.34
BABAR 09 == 25.15£0.28
PDG average E 25.51 £ 0.09
B(r — nm'y; 24 25 26 27 %

F. Jegerlehner
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7_decays

Belle 25.24 £ 0.39
CLEO 25.44+0.44
ALEPH 2549+ 0.13
DELPHI 25.314+0.24
L3 24.62 £+ 0.61
OPAL 25.46 +0.34
T average 25.42 4+ 0.10
¢'e +CVC  cMD2 03 25.65 + 0.29
CMD2 06 ===l 25.56 + 0.31
SND 06 =] 25.52 £ 0.36
KLOE 08 Ire=| 25.26 £ 0.29
ete™ average r-.-1 25.40 £+ 0.28
KLOE 10 1 25.18 £ 0.34
BABAR 09 I 25.77 4+ 0.28
PDG average 25.51 £ 0.09

B(t — nn’v;

24 25 26

27 %

F. Jegerlehner
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Summary and Conclusions

»\MD+sQED EFT understood as the tail of the more appropriate resonance
Lagrangian approach (Ecker et al. 1989) in low energy nr production yields

@® proper p propagator self-energy effects for GS form factor (o — nr)
@® pion-loop effects in p — ¥ mixing contributes sizable interferences

Note: so far PDG parameters masses, withs, branching fractions etc. of
resonances like p° all extracted from data assuming GS like form factors (model
dependent!)

Pattern:

moderate positive interference (up to +5%) below p,
substantial negative interference (-10% and more)
above the p (must vanish at s = 0 and s = M)
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remarkable agreement with pattern of e*e™ vs 7 discrepancy

shift of the v data to lie perfectly within the ballpark of the e*e™ data
Lesson: effective field theory the basic tool (not ad hoc pheno. ansatze)

“p — vy correction function r,,(s) entirely fixed from neutral channel

“»7 data provide independent information

What does it mean for the muon g — 2?

® it looks we have fairly reliable model to include 7 data to improve a;*

® there is no 7 vs. e*e™ alternative of aﬂad

For the lowest order hadronic vacuum polarization (VP) contribution to a, we find

aOle, 1] = 690.96(1.06)(4.63) x 10710 (e +7)
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a,’ —ay® = (283 +87)x 107!

330

Hocker 2010 (theory-driven analysis)

ay ™ Ole] =(6923+1.4+3.1+24+02+0.3)x 107" ("¢~ based),
ay " le, 7] = (701.5+ 3.5+ 1.9 £ 2.4 + 0.2 + 0.3) x 107'° (e*e~+7 based),

1 Note: ratio Fy(s)/F_(s) could be measured within lattice QCD, without reference
to sSQED or other hadronic models. Do it!

) Including w, ¢, po’, 0", - - - requires to go to appropriate Resonance Lagrangian
extension (e.g HLS model Benayoun et al.)
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Backup slides

1.05-

1.004

090+

200 400 600 800 oo
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Rober Szafrons first attempt to p — ¥y mixing (based on my QCD lectures at
Katowice (see: http://www-com.physik.hu-berlin.de/"fjeger/books.html

))-
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Real parts and moduli of the individual terms normalized to the sQED photon

exchange term are displayed in Fig. 1.
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Figure 1: The real parts and moduli of the three terms of (??), individual and added

up.
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An improved theory of the pion form factor has been developed in [?]. One of the
key ingredients in this approach is the strong interaction phase shift 6%(5) of
(re)scattering in the final state. In Fig. 2 we compare the phase of F,(s) in our
model with the one obtained by solving the Roy equation with nr-scattering data
as input. We notice that the agreement is surprisingly good up to about 1 GeV. It is
not difficult to replace our phase by the more precise exact one.
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Figure 2: The phase of F,(E) as a function of the c.m. energy E. We compare the
result of the elaborate Roy equation analysis of Ref. [?] with the one due to the
sQED pion-loop. The solution of the Roy equation depends on the normalization at
a high energy point (typically 1 GeV). In our calculation we could adjust it by varying

the coupling g x.
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1.1 1.2 0.4 0.5 0.6 0.7 .8 0.9 1 11 1.2
V(s) (GeV) V(s) (GeV)

T data vs. residual distribution in the fit of 7 data: Left: BELLE+CLEQ, Right:
ALEPH+BELLE+CLEOQO (from Benayoun et al 09))

BELLE: best fit of |F.(s)|* yields F.(0) = 1.02 + +0.01 + 0.04

= this violates em current conservation. Benayoun et al. 2009 suggest that
normalization may be wrong — shift down data by 2%:; actually with global shift by
-4.5 % perfect agreement with Novosibirsk e" e~ data (as a distribution). Is the
main problem that ALEPH lies very high 7?7
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e Needed what is measured in e e |A;_1(s) + Aj—o($)> # |A1=1()]> + |Aj—o(5)|;

e 7 evaluations based on |A7_, (s)|* + |A§:g_(s)|2 which may overestimate the
effects; separation of |A§:g_(s)|2 using Gounaris-Sakurai fit of the p — w
[0 = (2.02 £ 0.1) x 107°]; (see HLS model calculation by Benayoun et al. which
claims large diminution by interference).

e hadronic final state photon radiation not under quantitative control, in T—decay
enhanced short distance sensitivity (UV-log modeled by quark model, rest by
sQED)

F. Jegerlehner INT Seattle HLbL Workshop, 2011 40



Cross section(exp) / Average - 1

L
14

Relative comparison between the combined 7 (dark shaded) and e*e™ spectral
functions (light shaded), normalized to the e*e™ result.

M. Davier et al. 2009
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T T T T T T T T
T decays - Belle
2524+001=0.38

— e GLEO
2544:012=042

CLEC
——8&— 2542+012:0.42 ALEPH
- 254920102009
DELPHI
—e—i
253120202014
OPAL s
—®— 2544017029 _ 246220.35-050

QPAL
% 545-017-020
L3 -~ T average
—e—i 25.44=0.16=0.10 25.42+0.10

ALEPH preliminary CI\‘AD_Z 06
e 25.47+0.10=0.09 —e— 7k rei]
—— SR %5
e'e” CVC 1 Average (i KLOE 08
2452:032 H—e— gl 25.460.10 24.54+0.29

- 4 e e average

| | | | 24.75:"0.239

PEFENEN NS AR i PRI PSS SR SEN SRS AR VAN AR
23 24 25 26 27 235 24 245 25 255 26 265 27
- — o
Bt —vmm) (in%) B(t — VIJfJ'ED} (%)

Isovector (I=1) contribution to a;** x 10'* from the range [0.592 - 0.975] GeV from
selected experiments. First entry: results from r-data after standard isospin
breaking (IB) corrections. Second entry: results from r-data after applying in
addition the p — y mixing corrections r,,(s), with fitted values for M,,I', and I',,.,
[M, = 775.65 MeV, T, = 149.99 MeV, B[(p — ee)/(p — nr)] = 4.10 x 10~]. For the
o — w mixing we subtracted 2.67 x 107!, Errors are statistical, systematic, isospin
breaking and p — y mixing, assuming a 10% uncertainty for the latter. Final state
radiation is not included.
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Data standard IB corrections Incl. p —y mixing
ALEPH 1997 | 390.75(2.69)(1.97)(1.45) | 385.63(2.65)(1.94)(1.43)(0.50)
ALEPH 2005 | 388.74(4.05)(2.10)(1.45) | 383.54(4.00)(2.07)(1.43)(0.50)
OPAL 1999 380.25(7.36)(5.13)(1.45) | 375.39(7.27)(5.06)(1.43)(0.50)
CLEO 2000 | 391.59(4.16)(6.81)(1.45) | 386.61(4.11)(6.72)(1.43)(0.50)
BELLE 2008 | 394.67(0.53)(3.66)(1.45) | 389.62(0.53)(3.66)(1.43)(0.50)

average 391.06(1.42)(1.47)(1.45) | 385.96(1.40)(1.45)(1.43)(0.50)
CMD-2 2006 386.34(2.26)(2.65)
SND 2006 383.99(1.40)(4.99)
KLOE 2008 380.24(0.34)(3.27)
KLOE 2010 377.35(0.71)(3.50)
BABAR 2009 389.35(0.37)(2.00)

average 385.12(0.87)(2.18)
all eTe™ data 385.21(0.18)(1.54)

ete” + T 385.42 (0.53)(1.21)
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Calculated branching fractions in % from selected experiments. Experimental data
completed down to threshold and up to m, by corresponding world averages
where necessary. The experimental world average of direct branching fractions is
B¢ =25.51 + 0.09 % .

Tt

T data B, 0[%] e"e” data B%C[%]
ALEPH 97 25.27 £ 0.17 £ 0.13 CMD-2 06 25.40 + 0.21 £ 0.28
ALEPHO05 | 25.40 + 0.10 + 0.09 SND 06 25.09 + 0.30 + 0.28
OPAL 99 2517 £ 0.17 £ 0.29 KLOE 08 24.82 + 0.29 + 0.28
CLEO 00 25.28 + 0.12 £ 0.42 KLOE 10 24.65 + 0.29 + 0.28
Belle 08 25.40 + 0.01 + 0.39 BaBar 09 25.45 + 0.18 + 0.28
combined 25.34 + 0.06 + 0.08 combined 25.20+0.17 £ 0.28

For the direct T branching fractions the first error is statistical the second
systematic. For e"e”+CVC the first error is experimental the second error includes
uncertainties of the IB correction +0.06 from the new mixing effect. Remaining
problems seem to be experimental.
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0 — w mMixing

In order to include the |=0 contribution form w — 72~ we need to consider the
corresponding symmetric (v, p, w) 3X3 matrix propagator, with new entries
I1,.,(¢%), ,,(¢*) and ¢* — M? + T1,,(¢*), supplementing the inverse propagator
matrix (1) by a 3rd row/column. Treating all off-diagonal elements as perturbations
(after diagonalization) to linear order the new elements in the propagator read:

_Hyw(q2)
DV“) = 2 2 2 2 2
(g~ +11,,(g°)) (¢ — Mg, + 11,,(g7))
_pr(qz)
Dp“’ = 2 2 2 2 2 2
(g~ — M7 + 11p5(g7)) (¢° — M, + Hww(g”))
1
wa =

q2 _ M(,% + Hwa)(qz) .

The self-energies again are the renormalized ones and in the two pion channel
e“e” — - given up to different coupling factors by the same self-energy
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functions as in the y — p sector. Thus, the bare self-energy functions read

2

f(@® and L, = 327 ¢4

€8wnr _ 8pnn8wnn
4872

Hya) — 48772 f(qz) ) Hpa) — 48,72

and they are renormalized analogous to (1,1) subtracted at the w mass shell. The
o — w mixing term is special here because if we diagonalize it on the p mass shell
the matrix is no longer diagonal at the w-resonance, where

g*) = TII,,(q° q—zR I, (M> qzz—ﬂf‘%n (MZ)—%R I,.,(M?) # 0
pw(q ) - pw(q )_ M2 e pw( p) Pw w M2 e PwW Jo, ’
p p

and which yields the leading 1=0 contribution to the pion form factor'. The w

_egpnn (n(M2)-Re h(M%))

. eg .
"Typically, TIEN(MZ) = ﬁM% (h(Mg)) — Re h(Mg)) and Dy,(M2) = T e Similarly,
Dpp(M2) = I taking [,(M2) ~ T, .

2 2.
MQ)_M,O+1 Mprp
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induced terms contribute to the pion form factor

AF;;U)(S) = [6 (gwmr _ gwee) Dyw o (gpeegwmr + gweegpmr) Dpw] / [62 Dyy] >

which adds to (??). The direct eTe™ » w — ar term given by —gx€wee Dwew DY
convention is taken into account as part of the complete w-resonance contribution.

107

1004 —— sQED pion loop

4.0+ - I
— (MD-2 GS fit

3.04

< 9 0

0.0  200.0  400.0 600.0 800.0 1000.0 0.0  200.0 400.0 600.0 800.0  1000.0
E (MeV) E (MeV)

Figure 3: Dynamical mixing parameter 6(E) obtained in our EFT, in contrast to the
approximation by a constant. The latter seems justified by the narrow width of the
w.

So far we have extended our effective Lagrangian by including direct p — w, ¥ — w,
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wnr and wee vertices only, such that at the one-loop level only the previous pion
loops show up. Missing are wr™n 7’ and wn'y effective vertices, which are
necessary in order to obtain the correct full w-width in place of the w — nr partial
width only. Since the w is very narrow we expect to obtain a good approximation if
we use the proper full width in ImI1,,,, = 1 M I ,(s), namely,

s Fx(s)
T, —>T,(s) = ; T(w— X, s) = WLF‘” {; Br(w — X)FX(MZ, )},

where Br(V — X) denotes the branching fraction for the channel X = 3, 1%, 2x
and Fx(s) is the phase space function for the corresponding channel normalized
such that Fx(s) — const for s — oo [?].

If we include w — p mixing in the usual way (see (??)) by writing

S
Fr(s) = e’ Dy, +e (gpmr — gpee) Dy, = 8pee8prn Dpp - (1 + 5WBWw(S))] / [82 DW] ‘
0
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with BW(s) = —M?2/((s — M%) + i M,I',(s)) in our approach &.4(s) is given by

(gpeegwmr + gweegpmr) Dpa) —€ (ga)mr _ gwee) D)/,o

Oefr(8) =
(gpmrgpee) Dpp ) wa(s)

which is well approximated by

 (8peeSunr + Guweeprr) oy ()

Od =
a 8pnn8pee M(%
s~M?> (gpeega)mr + ga)eegpmr) 8prnn8wnn > 2
~¢ = h(M;) — Re h(M3)) .
P— e (M(MZ) ~ Re h(M))

The second term g...8oxx ~ 0.03 is an order of magnitude larger than than the first
oNe gpee8uwnr ~ 0.003 and thus is sensitive to g,.. once the g, has been fixed in
the p-sector. In leading approximation 6 o guee/8pee * &onr8uwrr- The phase is
actually fixed by the pion loop alone as we take couplings to be real (unitarity). We
have 5] = 1.945 x 1073 and ¢s = 90.49°.
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A complete EFT treatment of the p — w mixing, as well as the proper inclusion of
the higher p’s, requires the extension of our model, e.g. in the HLS version as
performed in [?, ?]. This is beyond the scope of the present study. Nevertheless,

the discussion of the p — w mixing presented above illustrates the need for a
reconsideration of the subject.
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