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Purpose: to learn a few things on the 1n-n’ system:
the mixing angle(s), the gluonic content of the Y’
and the extraction of the mixing parameters from
the N and N’ transition form factors

Why? because of its relevance for present and future experimental analyses
involving N and/or N’ mesons:WASA, KLOE, MAMI, BES I, ...

Outline:

 Notations for the mixing angle(s) and the gluonic content

e V= Py analysis

e /[y — VP analysis

e Mixing parameters from the | and N’ transition form factors
e Conclusions and Outlook



 Notation for the mixing angle: old scheme

mixing of mass eigenstates

octet-singlet basis quark-flavour basis

| mixing angle

7) = cos@p|ns) —sinbp|no) 7)) = cos ¢p|ne) — singp|ns)

7'y = sin@p|ng) + cosBp|no) 7'} = sindp|ng) + cos dp|ns)
with |n8> (uu + dd 233) and |nq) T
In0) = (uu + dd + s5) ns) = 85

Op = ¢dp — arctan V2 ~ op — 54.7°

Assumptions: e no energy dependence
o I'ny K mag gy

(ui + dd)

e no mixing with other pseudoscalars (TT°, N, glueballs)



 Notation for the mixing angles of the decay constants

mixing of decay constants

octet-singlet basis .
2 mixing angles

(0|AL|P(p)) = ifppu / \

ith A% — g A® ffr? ffr()) . fSCOSOS —f() sin00
Wi Fu ™ Tl \/iq S S’ f .,(?’, fssinflg  focosby

18 @=8,0P =n,1) ~~

2 decay constants

quark-flavour basis

(0| A% |P(p)) = ifppu

with
1 7, .
Al = ﬁ(ﬂ’}’u’}’su + dyu5d) ( fg fn ) _ ( fqcos g —fssings )
S .
and A}, = 5Y,758 ! n' f n fqsingg  fscos ds

fb G=g,9P=n,1)



e Are all these mixing angles related?

1 1

L= NEKHng — =npM*np ng = (18, m)

next-to-leading order corrections

ST

= 1+ 58 581
581 1+ 51 M821 M12

M —081/2 1 —901/2
71/2 . 712l _ I M2 = 712 . A2 71721
. cosfp —sinb
n=R"-np=R"- 77/ rR=| " F r
n sinfp cosfp

M?=R'- M% - R



e Are all these mixing angles related?
ng = (R-ZY%)T np

R. 712 cosp(l — dg/2) +sinfpdgi/2 —sinfp(l — d1/2) — cosOpdg/2
~ \sin Op(1 —dg/2) —cosOpdg1/2  cosOp(l —61/2) —sinfpdgy /2

lesson |: @leading order in Large Nc ChPT only | mixing angle must be used

lesson 2: @next-to-leading order the mixing structure is more complicated...

e = fI(FENHK%
K=FILF M2 = FTMEF

F=R(Z)7 fp=fIRZV) g mp = R-(27) 7

lesson 3: the mixing structure of the decay constants and of the fields is the same!



e Are all these mixing angles related?

To first order in O:
fg/f = cosfOp(1 + 6g/2) —sinfpdg1 /2,
fO/f = —sinfp(1+61/2) + cosOpds1/2 ,
fsf/f = sinfp(1 + dg/2) + cosOpdg1 /2 ,
18/ f = cosOp(1+ 01/2) + sin0pds1 /2 ,

fr fS) B <f860898 foSin90>

to compare with

Upr = (

fo foy fesintlg  focos by
decay constants: mixing angles:
fs = f(1+ 0s/2) 0s = Op + arctan(dg; /2)
fo=f(1+61/2) 0y = 0p — arctan(dg;/2)

lesson 4: @next-to-leading order in Large Nc ChPT 2 mixing angles must be used!

lesson 5: f, and fy do not exist!



 Notation for the mixing angle(s): new scheme

8L 8L 8Ls °
In Large Nc ChPT: Js = F25 Mg, Jg1 = F25 Mgl, 5 = F—;Mf + Ay
octet-singlet basis: quark-flavour basis:

P OZI rule violating parameter
2_4f1g(_f7% 2fK+f2 2 9 2 2 2 9 ) 9 1 9
f8_ 3 ? fO +fA fq=f7r+§f7rAla f3=2fK—f7r+§f7rAla

Jafosin(8s — o) = ——(&E fufesin(@q - 92) = 5 F2AL

Approximate relations valid for ¢q = Qs = ¢

1 2
f8=\/§f(12+§f3, O3 = ¢ — arcta

2 1
f0=\/§f(12+§f§?, 6o = ¢ — arctan
SU(3) breaking effect —

lesson 6: in experimental analyses always use the quark-flavour basis



e Study of the N-n’system in the two mixing angle scheme

N, —YY decays R.E.,J.-M. Frére, JHEP 06, 029 (2005)
The interpolating fields 1 and 7}’ are related with the axial-vector currents
(0 oy A8/ S g A0 o 0 AS 7.0 SO AN
1 fpotAg(z)  fL0"A(z) 1 forAL(x)  flotAl(z) |

!
i) = - 0 73 S ; () = 2 3 S 70
’72}?} .f',l" 5‘ ‘f” / .fl[[l ,’) / I[/] f’{," o 'I? f’{,"

This leads to

9
2 R ) P ¢ - - ) v , —_— )
r( . o~ — i, f:l.-—..’.\/?f,'.- vvvvv n'm‘,i (Hl;,,,"fg—'_,’\/'l.sﬁ, [fo \~
(=) 967\ fU, fE—f5, fU O Oy cls+s0s 50, ;
l) ‘)

2 3 ) P ‘_ ~ = 2 J4 ! . . -
I-( N ) L «am f:; —3\/31,, _____ atme gy sy fs+2V 205/ fo
. \ ’] B ‘f ‘r ’ !)(3 7:'" j'l:j'ﬁ‘, _f'\' f:'l", !J (37!"‘5 . ('H[)('HE +S (“\ S (’(I '

VPY decays

We extend our analysis to the couplings of the radiative decays " —+ (1. ')~ and
n' — Vy with V = p,w, 0.
The form factors Iy p- (0, 0) are fixed by the AV 1" triangle anomaly

Using their analytic properties

fv

Fyvp,(0,0) = —gyp, +---  (Vector Meson Dominance)

where the vertex couplings gy p- are the on-shell "-/7 electromagnetic form factors

T vio7leM 1 s \ ) s o 3 ~
(P(pp) 1. VIpv, AN (py—pp)z=0 = GV P~ €vapPpPy ey (A)



e Study of the N-n’system in the two mixing angle scheme

Our best results for the mixing parameters are
fo = (1.51 £0.05)f , 05 =(-238=+1.4)°,
fo=(1.2940.04)fr, 0Oy=(-24+19)°,

In the octet-singlet basis, and
fo=(1L09£0.03)fr,  ¢,=(399=13)°,

fo = (1.66=0.06)f ,  ¢y=(41.4+14)°,

in the quark-flavour basis.

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 = \/1 /3f,"7’ +2/3f2 Oy = o — arctan(-\/zfs/f,‘,) :

fo = \/2/3f<}“) +1/3f2, 0= ¢ —arctan(V2f,/f.) .



 Notation for the gluonic content: phenomenological parametrization

We work in a basis consisting of the states

7,) = %\uu%— dd) ns) = |s5) |G) = |gluonium)

The physical states N and N’ are assumed to be the linear combinations

’77> — Xn‘nq> ‘|'Y77‘778> ‘|‘Zn|G> ;
') = Xn"nq> Y?7”778> Zn’|G>a

: 2 2 2
with - Xy + Yoty + Zyoyy =1 andthus - Xy Y i < 1

A significant gluonic admixture in a state is possible only if

72 Y?

)_1_X77(77) n(n’

n(n’ ) >0
Assumptions: e no mixing with T1° (isospin symmetry)

e No mixing with I states

e no mixing with radial excitations



 Notation for the gluonic content

In absence of gluonium (standard picture)

Zyi =0 n) = cos¢plng) —singp(ns)
o ') = singp|ng) + cos dp|ns)

with X, =Y,y =cos¢p and Xs(n’) ™ Y772(77’) = 1
X, ==Y, =sin¢p

where ®pis the N-n’ mixing angle in the quark-flavour basis related to its octet-singlet
analog through

Op = ¢op — arctan v/2 ~ Oop — H4.7°
Similarly, for the vector states W and ¢ the mixing is given by

w) = cospy|w,y) —sindy|es)

|¢) = singy|w,) + cos Py |Ps)

where Wq and ¢s are the analog non-strange and strange states of Nq and 1, respectively.



 Euler angles

In presence of gluonium,

n) = Xnmq> + Yn‘ns> + Zn‘G>
lueball-lil
Hwor [ = Kol + Yol + Zy1G)
) = X.ng) +Y.ns) + Z.|G)
Normalization: Orthogonality:
X% s Yn2 1 Z% —1 Xy Xy +Y Y + 2,72, =0
X%/ + Ynzx + Z,,%/ — XnXL - YnYVL - ZT]ZL =0
X2 +Y2+ 722 =1 Xp Xy +YpY + 2y 2, =0

3 independent parameters: dp, dnc and bnc

n Cgbnn/ C¢77G _qunn/ C¢nG _S¢77G Tq
n’ — 8P COpr G — COpp 8P aSPnG  CPpprcdrg + 8¢5 g8PnG —8¢, gChdnc Ns

L SPn! SPpr + CPpp1 COL1GSPnG  CPpp1 SPprG — SPpp1 CPL1 G SPRG CP,raCPnG G



 Euler angles

Xy =COSQpCOSPpG, Xy =sINQpCos@,yg — CoSPpsin Py sin gy q
YT} = —sin ¢p Ccos anG ; Yn/ = COS @O p COS an’G + sin ¢ p sin §bnG Sin gbn/G ,

Zy=—SINQpq, Zy = —sin@yqgCosdq -

In the limit ¢,c=0:
X, =cosop Y, = —singp , Ly =10,

Xy =8Singp cos g, Yy = COSQpCOS Py, Ly = —SIMQyqg .



e Motivation
KLOE Collaboration, Phys. Lett. B648 (2007) 267

- 1

= (1) Ty —=p /T (0—1’y) . _ N E e

Q) Ty >y T (=) 0.9 f - L e

_ : N

—(3) ]_'(r]’—:rm'f)fr(m—}iftu“f) / 0 8 [ - Y 2 E 1:;‘_:3"': .. .-
N I 015 B

07 :_ ————— Y 3 0.1 i“““::__‘,._.-_q.-.v.. AR ..

0.8 R KLOE ¢, 06 __Y‘l- 00

_ 0.5 F i

0.6 | E
] 04 |

04 | 03 |

0.2

02 | @) @ :
_ (bp 0.1 i . ,.--‘;""'"f R $‘—

L -
_'r"‘\_ oo
LI

B [ 1 |-| |a‘|":"“[---|‘l::i"|' lv'lll’: Lol v b by
0 F——-—t— il e 03032343638404244464850

XN ‘bp

_ n 0 YI=n'=yy/mo—yy
¢p = (39.7£0.7) Y2=1'— py/w— Tt

2 L Y3=p—-nY/d—ny
Zn’ — 0.14 =0.04 Y4217 - 0oyl IO




e V= PY analysis: a model for VPy M| transitions

We will work in a conventional quark model context: P andV are simple
quark-antiquark S-wave bound states

all these hadrons are thus extended objects with characteristics
spatial extensions fixed by their respective P andV wave functions

SU(2) limit identical spatial extension within each isomultiplet

SU(3) broken constituent quark masses with ms>m and
different spatial extensions for each isomultiplet

Ingredients of the model:

i) aVPY magnetic dipole transition proceeding via quark or antiquark
spin flip amplitude « Pq=eq/2mq

ii) spin-flip V—P conversion amplitude corrected by the relative overlap
between the P andV wave functions

iii) OZl-rule reduces considerably the possible transitions and overlaps

U(1)a anomaly <

Cr = (mlwg) = (7p) Ck = (K|K")

= (Nglwg) = glp)  Cs = (Ms|@s)



* A model for VPy M| transitions

Amplitudes:
Jp0r0y = Gptntn =39 s Gury =gCOSOV ,  Gony = gsingy ,
JK+OKO0y = —%g “K (1 T mﬂ) YKt Kty = %g 2K (2 - 7,,7?) )
Jony = 92q X s Gon'y = 9 2q Xy
Guony = %g (zq X, cos oy + Zmﬂszs Y, sin gbv) ,
Guon'y = %g (zq X, cos oy + Qmﬂszs Y, sin gbv) ,
Jomy = 59 (zq X, sin ¢y — Qmﬂszs Y, cos qbv) ,
Jom'y = 59 (zq Xy sin gy — 2.7 2, Yy cos qbv> :

with Jurny — g COS gbV = e Uy cos va/m
and Zq = q/Oﬂ' y %S ECS/CT(' ) ZKECK/CW

1 gVPW

1
3 (P — V~)

NV — Py) =



e Data fitting R. E.and J. Nadal, JHEP 05 (2007) 6

Three possibilities:

i) Zn=ZLn=0 gluonium not allowed for N or n’
i) Z,=0 gluonium allowed only for n’
iii) Zn=0 gluonium allowed only for n

i) assuming Z,=Z,=0 from the beginning, we get from y?/d.o.f.=14.0/7 to

g=0.7240.01 GeV™! | (¢p = (41.54+1.2)%, ¢y =(3.2+£0.1)°,

»2/d.0f.=4.4/5
70 = 0.86 £0.03, 2, = 0.7@

ii) assuming Z,=0 from the beginning, we get

e =1.24+£0.07, zx=0.89+0.03,

g=0.72£0.01 GeV~!, 2 =12440.07, ¢v=(32£0.1)°,

p=(41.4+1.3)%) @G!: @ x2/d.of.=4.2/4

k= 089=x003, 2,=08 =003, =z;=0.79 i%

Accepting the absence of gluonium for the N meson, the gluonic content of
the N’ wave function amounts to |®c|=(12£13)° or (Z,)?=0.04+0.09 and the
N-n’ mixing angle is found to be dp=(41.4£1.3)°



e Data fitting

iii) assuming Z, =0 from the beginning, we get

g=072£0.01 GeV~!, J—12440.07, ¢y =(32%£0.1)°,

Gr = (415 £ 13 oyl = D) (2Id.of=4.4/4

Zg = 0.86 £ 0.04, 2, =0.78+0.06, 25 =0.89+0.03>

Accepting the absence of gluonium for the N’ meson, the gluonic content of
the 1 wave function amounts to |®nc|=0° or (Z;)?=0.00+0.12 and the n-n’

mixing angle is found to be ¢p=(41.5%1.3)°

The current experimental data on VPY transitions indicate within our model
a negligible gluonic content for the N and N’ mesons

Using the latest experimental data on (p,w,®)—nNY (SND) and d—n’y (KLOE), we get

op = (42.7+£0.7) = 0.83 = 0.03 , =0.79+0.05, ?d.of=4.0/5

gbp = (42. 6i1 1)° |¢77 G| (5421)° =0.83+0.03, 2, =0.79+0.05, +?/d.o.f.=4.0/4

confirmation of the null gluonic content of the N and N’ wave functions




*Results ¢ £ and ). Nadal, JHEP 05 (2007) 6

1

1 1
X —_—Y - —— —
/ n \/5 n \/g N=ns
| 49.7°
68% CL bands /40.3°
b — 1y / Xy =Yy =—
e n=1In= 75
democratic solution
— X°+YVY?<1
_ n n
Op W =107 p — 1
o 0.2 0.4 0.6 0.8 1
X"?

v importance of d—ny

v/ importance of the slopes (dv)



e Results

40.3° 42.7°
]. /
0.8
0.6 e —\fY B 1
n — 2 n’—ﬁ
Y, _
N=No
0.4
O.2-¢P
O ‘ ‘ ‘ ) ‘ ‘ ‘ ) ‘ ‘ ‘ ‘ ‘ ) ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1

X,
v/ importance of constraining even more ¢ —n’y

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



e Results

PDG’06 data latest data

(dp, Zg,) = (41.4°,0.04) (dp, Zg,) = (42.6°,0.01)



e Summary of the V—Py analysis and conclusions

We have performed a phenomenological analysis of radiative V—Py and P—Vy
decays with the purpose of determining the gluon content of the N and n’ mesons

|)  The current experimental data on VPY transitions indicate within our model a
negligible gluonic content for the 1 and N’ mesons,

Z7=000+0.12 and Z; =0.04=+0.09

2) Accepting the absence of gluonium for the 1 meson, the gluonic content of
the n’ wave function amounts to |®c|=(12£13)° or (Z,)?=0.04£0.09 and the
N-n’ mixing angle is found to be ®p=(41.411.3)°

3) The use of these different overlapping parameters (a specific feature of our analysis)
is shown to be of primary importance in order to reach a good agreement

4) The latest experimental data on (p,w,P)— Ny and d—N’Y decays confirm the
null gluonic content of the N and N’ wave functions

5) More refined experimental data, particularly for the ®—n’y channel,
will contribute decisively to clarify this issue



 Reason for the discrepancy?
KLOE Collaboration, JHEP 07 (2009) 105

T(n'—yy)/TE—yy) T(n'—yy)/T(x —yy)
T(n'—py)/T(@—>n"y) — T(n'—=py)/T(@—>n'y) -
L'(¢—n'"y)/T(d—ny) - C@O=NVTO=NY) mm—
T'(n'—oy)/T(o—>n'y) - T(1' =0/ (0~ e
T(0—=-N)/T(0—=TY)  — [(0—ny)/T(o—>n'y) ]
T (p—ny)/T(0—>") o T (p—ny)/T(w—ny) o
T(g—ny)/T(—>n'y) - L(¢—ny)/T(w—>n'y)
[(¢—ny)/T(w—7"y) L T(¢—n’y)/T(w—>n'"y) .
MK —K*)/T(K*'—K%) (K *—K*)/T(K " —=K)
H—+—+——+— H—+—+——

3 -2 -1 0 1 2 3 3 -2 -1 0 1 2

Figure 1. Pulls of the fit shown in table 2, left: Zg free, right: Zg = 0 (fixed).



 Reason for the discrepancy?
KLOE Collaboration, JHEP 07 (2009) 105

Fit with PDG-2006 Fit of
ref. [4]
x?2/ndf (CL) 1.8/2 (41%) 4.2/4 (38%)
Z2, 0.03 £ 0.06 0.04 £ 0.09
e (10 £ 10)° (12 £ 13)°
Yp (41.6 £ 0.8)° (41.4 4 1.3)°
Z, 0.85 + 0.03 0.86 + 0.03
Z 0.78 £ 0.05 0.79 + 0.05
Yy (3.16 £ 0.10)° (3.2 &£ 0.1)°
mg /1 1.24 4+ 0.07 1.24 + 0.07

Table 3. Comparison among the fit results without the ' — ~v/7% — v+ measurements and the
results of ref. [4]. PDG-2006 data [9] have been used in both fits.

X,y = sinyp cosypg, Yy = cosyp cosyg

T —vy) 1 (my\° [, fn . f. 2

(70 — 47) =3 _— 5f—q cosyyg sinyp + \/iﬁ cost)g cosyYp
2 2 3

F(n/ — pf‘)/) _ 3 ZC? mn, — mp . My, le

[Nw — 79y) cos?(y) \ m2 —m2  myy -

w T
3
L'(n — wy 1 [(ml—m m m :
( ) _ ( n w . o Zan/ —I— 2HZS . tanw‘/Yn/ .

T(w—79y) 3\ m2-—m2 my s




 Reason for the discrepancy?
KLOE Collaboration, JHEP 07 (2009) 105

Za free Za = 0 fixed
x?/ndf (CL) | 7.9/3 (5%) | 15/4 (5 x 1073)
72, 0.097 £ 0.037 0 fixed
Vp (41.0 £ 0.7)° (41.7 +0.5)°
Zq 0.86 £ 0.02 0.86 £ 0.02
Z 0.79 &+ 0.05 0.78 &+ 0.05
Yy (3.17 £ 0.09)° | (3.19 & 0.09)°
mg/m 1.24 + 0.07 1.24 + 0.07

Table 4. Fit results using the PDG-2008 data.

Z¢a free Za = 0 fixed
x?/ndf (CL) | 4.6/3 (20%) | 14.7/4 (0.5%)
Z?, 0.115 + 0.036 0
Vp (40.4 + 0.6)° | (41.4+0.5)°
Zq 0.936 + 0.025 | 0.927 + 0.023
Zs 0.83 £ 0.05 0.82 + 0.05
Yy (3.32 £ 0.09)° | (3.34 £ 0.09)°
ms/m 1.24 + 0.07 1.24 + 0.07

Table 6. Fit results using PDG-2008 inputs, BR(w — 77y) from PDG direct measurement average
and the KLOE BR(w — 7%y) and Rs. The equations (4.1) have been used for the f,/fr and fs/fx

parameters.



 Reason for the discrepancy?
KLOE Collaboration, JHEP 07 (2009) 105
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L(o—=n'"N/T(9—=ny) - L(o—=n'"V)/T(9—ny) —
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Figure 2. Pulls of the fit using PDG-2008 data, left: Zq free, right: Zo = 0 (fixed).



e Mixing parameters from the N and N’ transition form factors

Purpose:

To present an analysis of the N and n’

transition form factors in the space-like region at

low and intermediate energies in a model-independent way
through the use of rational approximants

Motivations:

* To extract the slope and curvature parameters of the TFFs
as well as their values at zero and infinity from experimental data

e To discuss the impact of these results on the
mixing parameters of the N and n’ system

In collab. with P. Masjuan and P. Sanchez-Puertas (Mainz)

arXiv:1307.2061 [hep-ph]


http://arxiv.org/abs/arXiv:1307.2061

 Pseudoscalar transition form factors

strong interaction

./

/
F(q7,q3) - ;7] not exp. accesible

Momentum transfer
- highly virtual photon = tagged

- quasi-real photon = untagged

Selection criteria

- 1 e detected

- 1 e* along beam axis

- Meson full reconstructed




 Pseudoscalar transition form factors

@ low-momentum transfer:
/ slope (related to charge radius)

5 2 Q4
FP'y*'y(Q ) :FP'yfy(O) (1 E"‘CPE"‘ )
\ curvature
64r ['(P — ~vv)

Fpy(0)]? = Froyy(0) = 1/(4m2Fy
[Fpy+(0)] (470)? m:}),3 or v (0) /(4m=F7)

. axial anomaly
exp. decay width (not for N and ")

@ lowest order in pQCD

/e

@ large-momentum transfer:

F(@) = [ Tu(@.Q)®p(w, pr)do ore) S ['% 4 (g + oty
Tr(v*y = q7) ®p(eq— P) + o),
convolution of perturbative and 02F(Q?) = \/if
Jar

non-perturbative regimes



e Padé Approximants
QZFnU)vw(Qza 0) = aoQ” + a1Q* + a2Q° + ...

2
PH(@) = oG8 = 0@ + Q'+ + @+ O((@1) )

simple, systematic and model-independent
parametrization of experimental data in the
whole energy range (better convergence)

Fitting method: use of different sequences of PAs

e How many sequences?
depends on the analytic structure of the exact function

e How many elements per sequence?
limited by exp. data points and statistical errors



asymptotic behaviour

* Application to N and n’TFFs /
To use the P[N,1](Q?) and P[N,N](Q?) sequences of PAs

\ single resonance dominance

n’ TFF

L 030 ] -
% |z |
O 1 9 :
S S ‘-
.E : .; -‘:
3 ) LLQ -
D o005t ] <
0.05[1 1 Q005 :
-. '
) i [ :
000 | RS S B S —t A 1 000 | PR 1 — L R NP |
0 10 20 30 40 0 10 20 30 40

v

0 [GeV?] Q

(]

(GeV?]

FIG. 1. - and n'-TFFs best fits (left and right panels reps.). Blue dashed line shows our best PE(Q?*) when the two-photon
partial decay width is not included in our set of data to be fitted. When the two-photon partial decay width s included,
dark-green dot-dashed line shows our best P{(Q?), and black solid line shows our best Py (Q?). Black dashed lines are the
extrapolation of such approximant at Q% = 0 and at Q% — oco. Data points are from CELLO (red circles) [28], CLEO (purple
triangles) [36], L3 (blue diamonds) [31], and BABAR (orange squares) [30] Collaborations. See main text for details.



e Results

Slope and curvature:
by = 0.596(48) stat(33) sys
ey = 0.362(66)stqt(76)sys X 1072

bn/ — 1-37(16)3tat(8)3y3
Crr = 1.94(52) g1t (41) gy X 1073

Comparison with other results: Fpyy(Q?) = li""g;(/‘ji%
ChPT: bn=0.51, by=1.47 CELLO: by=0.428(89), by=1.46(23)
VMD: by=0.53, by=1.33 CLEO: by=0.501(38), by=1.24(8)

cQL:by=0.51, by=1.30 Lepton-G: bn=0.57(12), by=1.6(4)
BL: by=0.36, by=2.1| NA&0: by=0.585(51)
Pl @) T TG MAMI: by=0.58(1 1), WASA: by=0.68(26)

Disp: by=0.61(+0.07)(-0.03), by=1.45(+0.17)(-0.12)  n,n’—y*y



e Results

N,N’'—YY decay widths (TFFs @ Q?=0):

rered  — (0.41 £0.18)keV  TP/¢% = (4.21 + 0.43)keV

n—yYy n' =y
0,550 = (051 +£0.03)keV  TEDG  — (4.34 +0.14)keV
- 2 50\ disagrees with BABAR
Asymptotic values (TFFs @ Q*—x): / B2 Cov (cmentike)
- 2 2\ __ : agrees with BABAR
lelglooQ Firyy(Q7) = 0.164(21) GeV / @112 GeV (time-like)
Q£1111 Q*Fpynyen (Q%) = 0.254(4) GeV

determination of N-N’ mixing parameters



* Impact on N-N’ mixing parameters
Quark-flavour basis: /

FiFy _ F,cos@, —F,sing,
F,g, Ey F,sin¢s Fjscos ¢

\ pseudoscalar decay constants

large-Nc limit: g = ¢s = ¢

Decay widths:

; ; 1 [ ¢,Fs —¢e.Fd
1 Co 5, — ¢ FY, F.(0) = gtn — “sty
Fprry (0) = —( 2 . ) ()= FsF! — FFs

 An? \ 5 Ff — FLF?
. . 1 C C
1 Cq Cs . — ( 9 sin ¢ + — cos qﬁ)
= —47‘_2 (Fq COS Q5 — FS S111 ¢) 47'(2 Fq Fs

Asymptotic expressions:

lim  Q*Fy(Q%) = 206 + &uFy)  Hm Q Fyneq(Q7) = 260 Fy + & Fy)

= 2(¢,Fycos¢p — s Fssin ) = 2(¢,Fysin ¢ + ¢sFs cos @)



* Impact on N-N’ mixing parameters

Results:

n.nN Yy F,/F, =1.21(7), F,/F, = 1.5(2) and ¢ = 45(3)°
not included

F,/F,=1.07(1), F,/F.=1.53(23),
,N’YY included
LAYy incude ¢ = 40.2(1.6)° |
F,/Fr, =1.01(2), F,/F.=0.95(4),

N’ TFF used b= 33.2(0.7)°

to compare with:
F,/F, = 1.07(1), F,/F, = 1.63(3) and ¢ = 39.6(0.4)°

Update’l 3 of R. Escribano and ).M.-Frere, JHEP0506 (2005) 029



 Further applications of this method

Analysis of time-like processes (n,n’—171y)

Our prediction is behind
the experimental fit!

= [ = This Work: Data
|| —— This Work: Fit (p0=1)
o A2,2011

-| - - - - TL calculation

IF 12

PREVIOUS RESULTS

b, = 0.596(48)(33),

¢, = 0.362(66)(76)
Asymptotics = 0.164(21) GeV

Adding MAMI data
to our fit

- --- Padé approxim.

- N—e'ey

UPDATED RESULTS
i | | (PRELIMINARY RESULTS)
0 o1 02 03 04 05 b, = 0.588(27)(25),

o 9 ¢, = 0.357(38)(61)
m(I'T) [GeV/cT] AnsymptotiCS = 0.174(15) GeV

M. Unverzagt et al. (A2 Coll. @MAMI), arXiv:1309.5648 [hep-ex]

Analysis of TT% 1 and n’ contributions to HLbL of (g-2),



e Summary and Conclusions

We have analyzed the experimental data on the

N and N’ TFF at low and intermediate energies with a

model independent approach based on Pade approximants
(extending the analysis for the TT°-TFF) P Masjuan, PRD 86 (2012) 09402

We have obtained accurate values of the corresponding
slope and curvature parameters as well as the
values of the TFFs at zero and infinity

We have quantified the impact of these results on the
N and N’ mixing parameters

We have foreseen further applications of the method
of Pade approximants (time-like processes, muon g-2)

More experimental data would be desirable (BELLE?)
to further improve this method



e |/vy)— VP analysis

X
BRx |03 PDG’97° PDG’08

g RBEI0 easis SR Col f ter D6 08 0700
K*tK— +c.c. 5.0 + 0.4 - oll., Phys. Rev. D70 (04)
K*OK? +cec. 42 £+ 04 =

wmn 1.58 = 0.16 |.74+0.20 BABAR Coll., Phys. Rev. D73 (06) 052003

wn’ 0.167 & 0.025  0.182+0.021 BES Coll., Phys. Rev. D73 (06) 052007

b7 0.65 + 0.07 0.75+0.08

o’ 033 £ 0.04 0.4040 07 BES Coll., Phys. Rev. D71 (05) 032003

pn 0.193 £ 0.023 =

on’ 0.105 + 0.018 =

w ! 0.42 + 0.06 0.45+0.05 BES Coll., Phys. Rev. D73 (06) 052007

b’ < 0.0068 <0.0064 C.L.90% BES Coll.,, Phys. Rev. D71 (05) 032003

E S
MARK IlI Coll., Phys. Rev. D38 (88) 2695 11635015 (Enor sealed by 2.4)

DM2 Coll., Phys. Rev. D41 (90) 1389
new PTT

/ 2

X

- - AUBERT,B 04N BABR 6.6
- - BAI 04H BES 6.0
- - BAI 04H BES 11.4
“““““ BAI 96D BES 5.8
““““““ COFFMAN 88 MRK3 20
“““““ FRANKLIN 83 MRK2 1.7

old pTT

~~~~~ ALEXANDER 78 PLUT 0.1
------- BRANDELIK 78B DASP 3.0
<<<<<<<<< BARTEL 76 CNTR 12.0
--------- JEAN-MARIE 76 MRK1 1.7
50.3

(Confidence Level 0.001)

r(/”T)/rtotal 5/l



* A model for |l — VP transitions

Amplitudes:

/u.¢,p

ol

/v

luu), |dd ), |ss )

strong singly disconnected (SOZI) = g

o

/Y

luu+dd)/V2, |ss)

o

/'¢’p
I/y NANNN
C
\um, |dd).|ss )

electromagnetic singly disconnected (eSOZI) = e

I/

o

strong doubly disconnected (DOZI) = rg DOZI for Jp—V+Glueball = r'g



* A model for |l — VP transitions

Amplitudes:
TABLE VIII. General parametrization of amplitudes for J/¢y—P + V.
Process Amplitude
p+ﬂ,.—’p01ro,p—,n.+ g+e
K**K-,K* K+ g(l—s)+e(l+s,)
K*°K %K *°K° gll—s)—e(2—s,)
1] (g +e)X,+V2rg[V2X,+(1—5,)Y, V292,
o' (g+e)X +\/2rg[\/2X +(1 Y 14+V2r'gZ,,
¢ [g(1—25)—2e(1—s5,)]Y, +rg(1 [\/2Xn+(1 DY 1 g(1 —
¢”’7' [g(1—2s)—2e(1 ]Y 4rg(l [\/2X +(1— )Yn,]+r/g(1_
P °n 3eX,
P ’7 3eX,,,
(z)’ﬂ' 39
$m° 0

A.Seiden et al., Phys. Rev. D38 (1988) 824

S, Se, Sp and sy are SU(3)-breaking parameters
Simplifications of our analysis:

i) second order SU(3)-breaking contributions sp and sy are neglected

i) x=1-se=m/ms with mg/m=1.24+0.07 and bv=(3.2+0.1)°

i) Zn=0 fromV—Py and P—VY decays
R. E.and J. Nadal, JHEP 05 (2007) 6

Sv)ZU
SU>Z77/



e Results R.E., Eur. Phys. J. C65 (2010) 467

a) gluonium not allowed for n’ Zy=0
) x=1 and pv=0° v*/d.o.f.=3.4/4 with ¢p=(40.2+2.4)°
i) x=0.81%0.05 and ¢v=(3.2£0.1)° v?*/d.o.f.=4.2/4 with ¢pp=(40.5+2.4)°

with s=(29+3)% and |r|=(37%1)% in i)

b) gluonium allowed for n’ Ly#0
) x=I and py=0° v?*/d.o.f.=1.9/2 with $p=(45.0+4.3)° and (Zy)?=0.30+0.15-0.38
ii) as before v?*/d.0.f.=3.0/2 with dp=(44.5+4.3)° and (Z,)*=0.28+0.16-0.44

with s=(27+3)%, |r|=(36+8)% and |r’|=(12+22)% in i)
Remarks:

e the effect of second order SU(3)-breaking contributions s, and sy is negligible

e the same fits with the pion modes removed are slightly better

e the same fits with the old data are worse, x?/d.0.f.=7.3/4 vs.y?/d.o.f.=3.4/4 for instance



e Summary of the J/y— VP analysis and conclusions

We have performed an updated phenomenological analysis of an accurate and

exhaustive set of |/1p— VP decays with the purpose of determining the quark
and gluon content of the N and N’ mesons

|) The current experimental data on J/1p—VP decays are described in terms of
one mixing angle in a consistent way

2) Accepting the absence of gluonium for the N’ meson, the N-n’ mixing angle

is found to be ®p=(40.2+2.4)° or 0p=(-14.5£2.4)°, in agreement with recent
phenomenological estimates

Text

3) The values found for (Z;)?=0.30+0.15-0.38 or &yc=(33+10-24)° suggest
within the model some small gluonic component of the n’

4) The inclusion of the vector mixing angle (not included in previous analyses)
is irrelevant

5) The recent values of BR(J/\(p— pT1T) by BABAR and BES Coll. are
crucial in order to get a consistent description of data


Rafel Escribano
Text


