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 Notation for the mixing angle:

mixing of mass eigenstates

octet-singlet basis quark-flavour basis
/ | mixing angle —
|m) = cosOp|ns) —sinOp|no) [n) = cos ¢p|ng) — sin@pns)
7’} = sin@p|ns) + cosOp|no) ') = singp|ng) + cos dp|ns)
with  |ng) = = (ut + dd — 2s3) and - |ng) = 5 (uit + dd)
m0) = 75 (u@ + dd + s3) 7s) = 85

0p = ¢p — arctan V2 ~ ¢p — 54.7°

Assumptions: e no energy dependence
o Ly <y

e no mixing with other pseudoscalars (TT% N, glueballs)
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* Notation for the mixing angles of the decay constants

mixing of decay constants

octet-singlet basis -
2 mixing angles

(0|A%|P(p)) = ifppyu / \

. a - A® ffr? fr()) f8 cos g —f() sin Gg
with A}, = q7u7s /3 ( . =

Iy fassinfs  focosby

e — ) ' ~_

2 decay constants
quark-flavour basis

(0|ALIP(p)) = if ppu

with
1 7, .
Al = 5 @su + dyuysd) ( f;‘f fi ) _ (fq cos¢, —fssin ¢s)
S .
and Az = 5Yu7Y58 S n f e fgsing,  fscos @

fp P=n,n’)
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e Study of the N-n’system in the two mixing angle scheme

r],l’]’ —VYY decays R. Escribano, |.-M. Frere, ’05

octet-singlet basis

. _ a? IV cos o/ fs — 2v/2sinbs/ fo \
T 96737\ cos B cos fg + sin B sin O

r, _ o2 3 Sineo/fg ‘|‘2\/§C0598/f0 ’
TV 9673 1\ cos O cos Og + sin B sin fg

quark-flavour basis

2 . 2
Pg = Ps = ¢ T _ da WE Cy cos|¢] B Cs sin|¢]
L 32773 K fq fs
9o C,sin[g]  Cycosl@]\?
| - M3 =4 s
"=y = 393" ( 7. + .
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e Study of the N-n’system in the two mixing angle scheme

octet-singlet basis R. Escribano, J.-M. Frére, 05

fs = (1.51 £0.05)f, , 03 =(-238+1.4)°,

fo=(1.29+004)f, , 0y=(-24+19)°,
quark-flavour basis

f,=(1.09+0.03)fr, ¢,=(39.9+1.3)°,

fo = (166 +0.06)f ,  ¢s=(41.4+14)°,

e in the octet-singlet basis a two mixing angle scheme is needed to describe
experimental data in a better way;
e in the quark-flavour basis a one mixing angle description of data is enough at the

current experimental accuracy.

At the present accuracy, our results satisfy the approximate relations

fs = JUBI2+2/3f2 . 05 =6~ arctan(vV21,/],)

fo = \/2/'3fl_‘l~’ +1/3f2 , 0y = ¢ — arctan(V2f, /fs) .
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* Notation for the gluonic content: phenomenological parametrization

We work in a basis consisting of the states

1) = %]uﬂ + dd) ns) = |s5) |G) = |gluonium)

The physical states N and N’ are assumed to be the linear combinations
n) = Xylng) + Yalns) + Z,|G) |
n') = Xylng) + Yy ns) + 2y |G)
. 2 2 2
with - X ) +Y(n Nyt Ly =1 andthes - Xo0, +Yn(n) <1

A significant gluonic admixture in a state is possible only if

Y?

2 _
Z(n) 1_Xn(n) n(n’

y >0
Assumptions: e no mixing with Tt° (isospin symmetry)

e no mixing with N states

e no mixing with radial excitations
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* Notation for the gluonic content

In absence of gluonium (standard picture)

Ty = 0 n) = coséplng) —singplns)
w n') = singp|ng) + cosdp|ns)

with X, =Y, =cos¢p and Xg(n’) + Yn2(77’) =1
X,y ==Y, =sin¢p

where ¢ris the 1-1’ mixing angle in the quark-flavour basis related to its octet-singlet
analog through

Op = op — arctan v/2 ~ op — H4.7°

Similarly, for the vector states W and ¢ the mixing is given by
lw) = cosoy|wy) — sin oy |ds)

|¢) = singy|w,) + cos Py |ds)

where W, and &s are the analog non-strange and strange states of Nq and 1, respectively.
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e Euler angles

In presence of gluonium,

n = Xylng) + Yalns) + Zy|G)
lueball-like stat
o N1 = Kl + Yalna) + 2 16)
| — XL|77Q> +K|778> _I_ZL|G>
Normalization: Orthogonality:
X2+Y +72; =1 XXy +YyYy +2y2y =0
X??’ + Y772/ -+ Z??’ =1 XnXL + Y’I’]YL + ZnZL =0
XP+YP+ 22 =1 Xy X +YyY + 22, =0

3 independent parameters: ¢r, dnc and dbnc

C¢nn/ C¢'I’]G _S¢nn, C¢?7G’ _S(?b'r]G 7761

n
< n’ ) — ( sgbnn/cgbn/g —cgbnn/sgbn/quSnG C¢nn’c¢n’G+3¢nn’3¢n’G5¢nG _3¢n’GC¢nG ) ( Ns )

L SPpnt Sbprg + CPpprChpraSbng  CPup1SPrG — SPp1 CP 1 G SPnG ChpraCPna G
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e Motivation

KLOE Collaboration,’07

Yn

1.2

0.8

0.6

0.4

0.2 C 6,

(1) TOy—=p /T (0—1y)
L(2) DOy =y T’ —yy)

3

[ (3) Ty o/ T(o—s1y)

ey

Rg with Z2=0

/

KLOE ¢,

(€3

0
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0.4
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0.8 1

1.2

Xn

¢p = (39.7£0.7)°
Z5 =0.14 4 0.04
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* Results R. E.scribano and J. Nadal, ‘07

40.3°42.7°
0.8
1
Y 0.6 (—A—Xn/:\/ayn/:ﬁ
n’ _
N=No
0.4}
N — wy
=(41.4%1.3)°
d)P ( ) *_—Xs—'_YnQSl
0.2} A
Z2 = 0.04 £ 0.09 o n
n — py
O 0.2 0.4 0.6 0.8 1

Xy
¢/ importance of constraining even more ®—n’y

More refined data for this channel will contribute decisively to clarify this issue
I



The anomalous magnetic moment of
the muon

Anomalous magnetic moment ay (anomaly):

- th QED weak had
=2(14+a,=— 4 -
n S Gy = Q" T a, T ay,
Contribution Result in 10~ units
QED(leptons)  11658471.885 + 0.004 Kinoshita et al 2012
HVP (leading order) 692.3 £4.2 Davier et al 201 |
HVP (higher order) —9.84 £0.07 Hagiwara et al 2009
HLBL 11.6 £4.0 Jegerlehner and Nyffeler 2009
EW 15.44+0.2 Czarnecki et al 2003
Total 11659181.3 £5.8

™’ —a™ =27.6(8.0) x 107" =3.40
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The anomalous magnetic moment of
the muon

Anomalous magnetic moment ay (anomaly):

27 H H

Contribution Result in 10719 units

(87
g'u:2(1—|—a,u:__|_> ath:anED_Falxeak_'_a/Zad

New g-2 experiment at Fermilab with error
QED(leptons)  11658471.885 + 0.004

HVP(leading order) 692.3 £ 4.2
- 1.6 < 10~
HVP (higher order) —9.84 £ 0.07 .0 X
HLBL 11.6 4 4.0
EW 15.4 4 0.2
Total 11659181.3 + 5.8

™’ —a™ =27.6(8.0) x 107" =3.40
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The anomalous magnetic moment of
the muon

Anomalous magnetic moment ay (anomaly):

Contribution Result in 107'% units

QED(leptons)  11658471.885 + 0.004

HVP(leading order) 692.3 £4.2
HVP (higher order) —9.84 + 0.07
HLBL 11.6 4.0
EW 15.4 4+ 0.2
Total 11659181.3 + 5.8

™ —a™ =27.6(8.0) x 1071 = 3.40
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Classification proposal by Eduardo de Rafael '94

Chiral Perturbation Theory counting (p?)+large-Nc counting

SR

Chiral counting: p* p® p8 p8

. Exchange of 0

T, M

QA

-

2

()

Nc-counting: 1 Nc Nc Nc

Pesudoscalars: numerically dominant contribution (according to most models)
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| _ BN
o/ 2z
p IR
w) w ()
Chiral counting:  p* p°
Nc-counting: 1 Nc
Contribution to a, x 10%1:
BPP: 483 (32) -19 (13) +85 (13)
HKS: +90 (15) -5 (8) +83 (6)
KN: +80 (40) +83 (12)
MV: +136 (25) 0 (10) +114 (10)
2007: +110 (40)
PdRV:+105 (26) -19 (19) +114 (13)
N,JN: +116 (40) -19 (13) +99 (16)
GFW: +217 (91) +381 (12)
GdR: 4150 (3) +68 (3)
ud.: -45 ud.: +o00
ud. = undressed, i.e. point vertices without form factors

[from A. Nyffeler 2012]

Exchange of 0
other reso- .
~ -+ nances + + -
(fo, ai, .. )
p® p?
Nc Nc
-4 (3) [fo, a1] +21 (3)
+1.7 (1.7) [a1] +10 (11)
+22 (5) [a1] 0
+8 (12) [fo, a1] +2.3 [c-quark]
+15 (7) [fo, a1] +21 (3)
+136 (59)
+82 (6)
ud.: 460

BPP = Bijnens, Pallante, Prades '96, '02; HKS — Hayakawa, Kinoshita, Sanda '96, '98, '02;
KN = Knecht, Nyffeler '02; MV = Melnikov, Vainshtein '04; 2007 = Bijnens, Prades; Miller, de
Rafael, Roberts; PARV = Prades, de Rafael, Vainshtein '09; N,JN = Nyffeler '09; Jegerlehner,
Nyffeler '09; GFW = Goecke, Fischer, Williams "11 (total includes estimate of “other
contributions” = 0 (20)); GdR = Greynat, de Rafael '12 (given error only reflects variation

Mg = 240 £ 10 MeV, estimated 20%-30% systematic error)

Recall (in units of 10™1): §a, (had. VP) ~ 45;

Pere Masjuan

IRIDE meeting

da, (exp [BNL]) = 63; da,(future exp) = 15
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Dissection of the HLBL contribution

In the large N¢ and chiral limits:

HLbL( 0) (a)3\r 772%."’\'*(; [1 2 My n (’7(1 m.p) + (’7(1)]
a T )=\ ) Ve n- — )| In— .
: v 4872 F2 My My

fornand N’ ~1 _ I —C cos¢p C. sin ¢}
for oGl fe

1 1 [ . sing cos ¢ |

~ - = C( n + Cg—
oGl fi

Ballpark contributions from PS:
= ~7-107%
n— ~15-1071
n — ~15-1071

New g-2 experiment at Fermilab with error

~1.6-10"10
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Dissection of the HLBL contribution

.. g2 ql .-~

~. v

q2‘ q1+q2/ \q1 q2/ YHQZ Jq1

JLOL:P _ _66/ d*q: / d*qs 1
s 2m)* ) 2m)* ¢7a3 (1 + a2)?[(p + q1)? — m2][(p — q2)? — m?]

Fpenpns(q3, 4%, (q1 + q2)* )Y Fprnsry (43, 45, 0
y ey (45, G715 ( : )2) veye (G5, G5 )Tl(ql,qz;p)
QQ_MP

Use data from
the Transition Form Factor

Fpsoysnys ((q1 + %)27 Q%a Q%)FP*V*V* (1 + QQ)2, (1 + QQ)2, 0)

_|_
(g1 + q2)* — Mzza

T5(q1, Q2;p)>
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Dissection of the HLBL contribution

Use data from

. 2 2 2
the Transmo.n Fgrm Factor FP*’Y*’}/* (QSa q7i, q2)
for numerical integrals
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Dissection of the HLBL contribution

se data from 9 9 9
the Transiti rm Factor FP*’Y*’Y ql , q2)
for numerical inte

FP'y*fy* (m?g, q%, q%) double-tag method
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Dissection of the HLBL contribution

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 9
FJW2)

Vg

2 2 2
FM2

)

IRIDE meeting

single-tag method
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Dissection of the HLBL contribution
se data from 9 9 9
thwor FWY\WQ)
for numerical inte

FJWS)

FP’y*’Y(m%% Q%v O)

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

How??
Nice synergy between experiment and theory
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Dissection of the HLBL contribution

Q2 4
n n

/ T T
Fﬂ—>’77 slope curvature

PM.’12

Constrain Hadronic Models | ., . i aconenta
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Our proposal
use Pade Approximants

R. Escribano, PM., P. Sanchez-Puertas, soon

2 Q° %
Fm’w*fy(Q ,0) = ag (1 + %W T bnﬂ T )
n m
/ T T
PU—W’Y slope curvature
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Our proposal
use Pade Approximants

R. Escribano, PM., P. Sanchez-Puertas, soon
+ by + .

Fn(/)fy*fy(Q27 0) = aqg (1 + Un 2 T U0
G 1
/ T T

PU—W’Y slope curvature

Q? Q" )

We have published space-like data for Qan(/)W*W(Q2’ O)
Q2Fn(’>v*7(Q2, 0) = a0@” + a1Q* + a2Q° +

Tn(Q?)

_ 2 4 6 , . 2\N+M+1
RM(Q2)_a°Q +a1Q* +as +Q° +---+0((Q*)N M

Py (Q°) =
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Our proposal
use Pade Approximants

R. Escribano, PM., P. Sanchez-Puertas, soon
+ by + .

Fn(/)fy*fy(Q27 0) = aqg (1 + Un 2 T U0
G 1
/ T T

PU—W’Y slope curvature

Q? Q" )

We have published space-like data for Qan(/)W*W(Q2’ O)

Q2Fn(’>v*7(Q2, 0) = a0@” + a1Q* + a2Q° +

ap@Q” P (Q%) = PH(Q%), P{(Q%), P} (Q7), ...

P 2
1(Q) 1—&1@2 )P]]VV(QQ)

PHQ?), Pi(Q%), Py (Q%),...
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n-TFF

Fit to Space-like data: CELLO’9 1, CLEO’98, BABAR'| |

Pere Masjuan

““““““““““ I PN(Q*) uptoN=2
d
rered  — (0.41 + 0.18)keV’
] Lo PDG _
::: BABAR Fn—>’7’7 = (051 + OOS)keV
6162b3b40
0’ [GeV’]
~ Py(Q%) uptoN=I
i
o lim Q*F, . (Q%,0) = 0.17(6)GeV
ke 9o
T R
Q* [GeV?] IRIDE meeting Frascati, 24 June
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n-TFF

Fit to Space-like data: CELLO’91, CLEO’98, BABAR’I I+ 1,5~

PN (Q?%)  upto N=4

030+ :
= 025 ]
0 i ] 065"
© 020" ; T j ] :
B i I ] 0.60 |
N 1 L
Q 0.15) ' T f :
S i 055F
& 0.10¢ CELLO :
r S 050
ol ! [
S 00s | cee S
¥ 045h
000 :
0 10 20 30 40 040 F
2 :
Q° [GeV? 035
0.30 [ : :
: ] 030 -
= 025¢
> i
So2 ¢ | s
(\/]\
Q o0.15
=
£ 0.10
K » CELLO
[ CLEO
] ]
000k i Qo0
0 10 20 30 40
2 2
Pere Masjuan Q" [GeV IRIDE m28ting

1 1 1 1 1 1
P11 P21 P31 P41 CELLO (P11)

PY(Q%) up to N=2

im Q?F, . (Q% 0) = 0.164(2)GeV
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n’-TFF

Fit to Space-like data: CELLO’91, CLEO’98, L3’98, BABAR’ | |

PN (Q?) upto N=5

el = (4.21+0.43)keV

IUPs = (4.3440.14)keV

Py (Q?) up to N=|

% 015 ] I 5 5 B
= 0.0, | im Q°Fyy (Q7,0) = 0.256(4)GeV
o 010 Go ] Q2% — o0 Ty ’
005 .
0000
0 5 10 15 20 25 30 35
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n’-TFF

Fit to Space-like data: CELLO’91, CLEO’98, L3’98, BABAR’ I 1+ 1)/~
PN (Q?%) upto N=5

% 1.8
g L
S
IS |
‘N é: 1.4:— I l
o1 1
S 1o Pil P‘21 P‘31 Pé‘Ll Pgl | CELL(S(P]I)
S 025 |
& onl z N 2
0.20F ] —
S 020 | Py (Q7) up to N=|
>~ 0.15F ]
ks r ]
o 0'105 Lo 1; 2F 2 — 0.254(4)GeV
Soos. g, lim QFFq4,(Q7,0) = 0.254(4)Ge
000t 1 Q2—>OO
' 0 5 10 15 20 25 30 35
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N-N’ mixing

N-N’ mixing in the flavor basis

(fg f;) ~ (fq cos[g] sin[¢]>
155 ) T \fesinlg]  fcosld)
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N-N’ mixing
N-N’ mixing in the flavor basis

(fg f;) ~ (fq coslg] sin[¢]>
4 rs ) T \ysinlg] £ cos[g)

From the TFFs we can determine fq; [s, @

: p

Lysry = ;;L;%Mg(cq ?;;SW] B Cs S;j[¢]) Qym Q2anyfy (QQ) fq fS \/_ |
2 . 5

Cyon = s (Cq i o S (}ZSW) Q2 (Q7) = N s f |
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N-N’ mixing
N-N’ mixing in the flavor basis

(fg f;) ~ (fq coslg] sin[¢]>
4 rs ) T \ysinlg] £ cos[g)

From the TFFs we can determine fq; [s, @

. 2

Fnoyy = 39;%23]\43(0(] (ch)]sw] B = S;j[¢]) Q£1Hl Q2F77’w (QQ) fq fS \/_ |
‘ 2

Py = % Sl (Cq Sjiqn[gb] i = (}ZS[¢]) Q£1m Q2Fn gy (Q2) fq fs \/_ |
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N-N’ mixing
N-N’ mixing in the flavor basis

(fg f;) ~ (fq coslg] sin[¢]>
14 rs) T\ ysinlg] Sy cos[

From the TFFs we can determine fq; [s, @

: p

Lyony = 39;%23]\43 (Cq CfC;SW] B Cs S;;[Qb]) Qym Q2anyfy (Qg) fq fS \/_
] 2

o = g5 (Cq i o S (}ZSW) Q2 (Q7) = o v i 2 f

fo=1.065(13)fr, fs=153(22)fr, & =40.2(1.5)°

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

fa=10T(Dfr, fo=1632)fr, ¢=140.4(03)°
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Time-like TFF: prediction

n — e+e_v
N
u_: n CB2013: Data
—  CB2013: FIT: p0=1 Courtesy of
ceoe TL calcélljlatlon ) M. Unverzagt
- - PA Pl (mll) I'

. |
0 0.1 0.2 0.3 0.4 0.5
Pere Masjuan m (|+ I-) [GeVICZ] Frascati, 24®" June 35



Conclusions

* A precise measurement of I' is crucial for:

n(") =~y

* A precise extraction of eta-eta’ mixing
* A precise constraint for the gluonic content on eta(’)
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Conclusions

* A precise measurement of I' is crucial for:

n(") =~y

* A precise extraction of eta-eta’ mixing
* A precise constraint for the gluonic content on eta(’)

* Together with theory (nice synergy):
* Accurate extraction of slope and curvature of FF

Pere Masjuan IRIDE meeting Frascati, 24®" June 37



Conclusions

* A precise measurement of I' is crucial for:

n() =y

* A precise extraction of eta-eta’ mixing
* A precise constraint for the gluonic content on eta(’)

* Together with theory (nice synergy):
* Accurate extraction of slope and curvature of FF

* The same applies to 1';0_,.- (see S. Ivashyn)

w(1300) — vy, n(1295) — vy

* And to
17(1405) — vy, n(1475) = vy
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Thank you!
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