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Introduction

@ Since its discovery (PRL 12, 527 (1964)), n' decays inspired interest in both,
theory and experiments

® nN—n' mixing probes strange quark content of light pseudo-scalar mesons and
gluon dynamics of QCD

@ Hadronic decays of ', in particular the ones to 3 pions, have garnered attention
because of their large experimental limit and because they can probe isospin
symmetry breaking

ro= B(n'—37")/B(n' — n’n’n) = (75 = 13) X 10* PLB 667, 1 (2008)
re= By - a7 7)/Bn' — 77 1)
@ Under the 2 assumptions that the decay n'r n° appears only through n'—nn'n

followed by m-n’ mixing and such decays populate uniformly the available phsp,
r_is found to be proportional to the mass difference u-d quark and r-/ro = 0.37

@ A suggestion to use U(3) chiral effective field theory to examine n' decays
Is given (PLB 643, 41 (2006)): n'—nnr Dalitz slope parameters can give

large contribution to n'—w'w ’; prediction: 7. /ry =5 \
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The BES Il experiment

S © ZBREL.S
B=1T
; resolution(MDC): ¢_/P = 0.58%
1 SC magnet P
Magnet - - resolution(MDC): ¢ _/E = 6.0%
yoke resolution(TOF): ¢_= 100ps
resolution(EMC): o/E = 2.5%
Muon detected: p>400 MeV/c
TOF P
Very good separation e/n
Be beam pipe B BESIII collected by the end of 2011
> ) T/ 225 Million
L 106 Million
e U(3770): 2.9fbl
MDC U(4010):  0.5fb!
+To

CslI calorimeter

@ BES Ill detector at BepC (Beijing, China) offers a unique opportunity to perform
light hadron physics analyses and transition form factor mesurements.
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Measurement of the matrix element
of the decay

n'_')nﬂfd-ﬂ:_

PRD 83, 012003 (2011)
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Analysis n'-nrn"z: motivation

PRD 83, 012003 (2011)

* The hadronic decay of ' is extremely valuable in studies devoted to

the effect of the gluon component in chiral perturbation theory and
the possible nonet of light scalars

» Dalitz plot parameters of some hadronic ' decay were already studied

VES P.L.B 651, 22(2007) n' -Mn'n"
GAMS-47n P.N. 72, 231 (2009) n'-nn’r’

o [n the isospin limit the values of the Dalitz plot parameters should be
the same; however, the experimental results show some discrepancy
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Analysis n'-nn’n : strategy

PRD 83, 012003 (2011)
@ Energy c.m. = J/y mass production 225 millions Jhy

@ Reconstruction:
n' - N
n— vy (Jyradiative decays)
@ Selection:
the candidate events with topology yyyr'n~ with minimum x*(4C fit)

10000 43 826 + 211

@ Background:

,.;: 8000 —
Iy —m' =7y’ >y 2 00l
Jy—m' —7ye ST 2 0ol

No additional peaking background come
from f1(1285),n(1405),m(1475), f1(1510)

' ITRTIRTI TR BT HEEE BRI R
I 0.86 0.88 09 092 0.94 096 0.98
—YMT T Mnn* ) (GeVic?)
Nuhx

Njjy X e XB(n' = nga' 7 ) X B(n— yy)

| | |
1 102 1.04

BJ/ ¢ — yq') = = (4.84 = 0.03(stat) = 0.24(sys)) X 103

7
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Analysis n'-nx’n: Dalitz plot parameters

PRD 83, 012003 (2011)
@ The dynamic of this decay can be described by 2 degrees of freedom,
as all particles of this decay have spin =0

@ The Dalitz plot distribution is described by 2 variables and in different
parametrization:

v ‘E(T T r., are the kinetic energies of mesons in the
o T 7 n' rest frame
_m,_.?+2mﬁqu_1 Q=Ty+ 15 + 15 =my =My = 2m,
m; Q

1) M°=A( +aY + bY’ + cX + dX’)

Is the decay amplitude ﬁgeneral decomposition) =
expanded in term of Dalitz parameters to be

evaluated

@ Odd term in X are forbidden in this decay

0, -nn’n’

@ The parameter ¢ = . , .
not necessarily 0, n' -Ma'n
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Analysis n'-nx’n: Dalitz plot parameters

PRD 83, 012003 (2011)

@ A second parametrization is the linear parametrization:

2) M?=A(1+ aY] + cX + dX°)

linear function of the kinetic energy of the 7.
a 1s a complex parameter

@ A non zero value of o may represent the contribution of a gluon component
In the wave function of the n' in the dynamics of the decay

= 2 Re(a)
b = Re*(a) + Im?(a)

@ For comparison with the parametrization 1):

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

I N T T NN YA T T N T Y N A T I T T N T Y ﬂ',,|,,,,|....|....||||||
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

2500 F
2000 F

1500 F

Events/0.1
Events/0.1

1000 £ [+

||||||||||u|||||.||||||||||||||||||||||||

500 F

Elisabetta Prencipe 29" May 2012



Analysis n'-nx’n": results

PRD 83, 012003 (2011)

1) general decomposition parametrization:

New

N R The parameter c is
M, = ;(1 +aY; + bY? + cX; + dX?) consistent with 0
a=—0.047 = 0.011 /1.000 —0.442 —0.010 —0.239 within 1.86

= —0.069 * 0.019 1000 0.025 0282
¢ = +0.019 = 0,011 1000 0.030
d = —0.073 = 0.012 1.000

2) linear parametrization
N e
M; = (11 + aY|* + cX; + dX})
j=1

Re(a) = —0.033 = 0.005 /1.000 —0.001 0.001 —0.138 The parameter c is

Im(a) = 0.000 = 0.049 1.000  0.000 0.000 consistent with O
c = +0.018 = 0.009 1.000  0.024 within 2. 1o
d = —0.059 = 0.012 1.000
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Analysis n'->nn"z: comparison

PRD 83, 012003 (2011)

035 0351
- . (a) - H . (b) }
03F t Tt 035 b+ttt
Wﬁ~¢+r+7* ot by =t AR AaEs '*“L#—t——*—}——_i_r 4
025 1 025 o
w02 f— . 0.2 f—
= F =z F
0.15 015
0.1 0.1
0.05 f— 0.05
: | | I | | | | | | | | | | 1 | | | | 1 | | | | 1 | {] : | 1 | | | | | | 1 | | | | | | | | | | | |
-1 0.5 0 0.5 1 -1 -0.5 0 0.5 1
X Y
Parameter VES Theory This work Parameter =~ CLEO VES This work

a ~0.127 +0.018 —0.116 +0.011 —0.047 =0.012 | Re(a) —0.021 =0.025 —0.072 + 0.014 —0.033 + 0.006
b —0.106 + 0.032 —0.042 = 0.034 —0.069 = 0.021 | Im(a) 0000 (fixed)  0.000 +0.100  0.000 + 0.050
c +0.015 = 0.018 +0.019 + 0.012 c 0.000 (fixed)  +0.020 = 0.019 +0.018 + 0.010
d —0.082 + 0.019 +0.010 = 0.019 —0.073 = 0.013 d 0.000 (fixed)  —0.066 + 0.034 —0.059 = 0.013

The negative value of b indicates that the 2 parametrizations are not equivalent |,
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Analysis n'-nrn*zx : remarks

PRD 83, 012003 (2011)

@ The parameters a and b are consistent with the ones from GAMS-4xn

@ X? Y? value are different from 0

@ The 2 parametrizations do not look equivalent because of the estimated
value of b

@ The value b shows to be different from the expected chiral Lagrangian model
(zero); however, it can be accommodated in a U(3) chiral unitarized model by
including final state interactions N.P. A716, 186 (2003)

@ The value c, which test C-parity violation in the strong interaction, is
consistent with O

@ The BR is found consistent with previous BESII measurement and improves

the statistical errors PRD 73, 052008 (2006)
12

Elisabetta Prencipe 29" May 2012



Measurement of BF

n'-an 'l
PRELIMINARY RESULTS
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Analysis n'-z 7 I'I": motivation

PRELIMINARY

@ The BR for n'—=n'n X (X=e,u) are expected to scale with those for n'—=yX

@ The most copious decay should be n'=n'n"e’e” (experimental limit: 0.6%)
expected: 0.3%

@ Different theoretical approaches provide explanation for p°~-dominance for
the o' invariant mass, e’e” mass distribution peaking just above 2m ,
with long tail extended to ~300 MeV

® The BR limit on n'—n'ne’e is expected to be ~2x 107

@ The analysis from CLEO has been shown the following results:
BR(n' — wtnete) = (2.5752+0.5)x1073
BR(n — wtn—putp~) <2.4x 1074

CLEO PRL 102, 061801 (2009)
14
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Analysis n'-x z I'l": strategy

_ PRELIMINARY
@ Energy c.m. = J/y mass production 225 millions J/y

@ Reconstruction:
nN'— TmTutu— n'— ntne’e
The topology of the event studied is J/y -, n' =»x'n '

@ Selection:
¥° cut (4C fit)

@ Background:

The events Jy —»yn', n'=yn'n are under exam; other possible sources of
background are:

Jp =g =y’ = ot <« Thisis the main background source
Je =g g — vl p? — ata

I — ntr 1 ypsp

VFSR

—

JIp =7y — yw,w— 17
J/ — hy(1170)7° hy(1170) — %70, o0 — 7t7~

J/y — a0
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Analysis n'->rx"n e’e": invariant mass

n — oY, p" — 7t~ via 4 conversion PRELIMINARY
> 2501
=100 — Data & [ < Data
z | — Mc signal £ - —MC sig
g r i} —-Mc grho g 200 e
Seo | s “F
B H Ngrho = 561+ 26 B
. | C
sl l 1 Nsig = 360 + 22 1501 #+
C Ll 1 d.o.f = 0.70 - t
o | L
B ! 4 - A
|1 PRELIMINARY - % PRELIMINARY
2014 i r 50— b
L I -
: JI%EI.E!;U::.:l:-':-. Ty -. ok el HL | T3 g o F. :
%""0.07 002 0.03 0.04 0:05 0.06 0.07 0.08 0.09 —'121 B892 094 096 098 T 102 To4 i0e™ o084
I\/|e+e— (GeV/C ) M (GeV/CZ)
e+e-T+n—

v As from prediction, a long tail up to §1 ;;;uﬂw
~300 MeV is observed 3 gg e MC grhs

2 — MC sig+ MC grho
v As from prediction, the di-lepton o

(e"e”) mass peaks about ~2m_

S0

v As from prediction, a huge signal -

is observed in e'e ' 20

v As from prediction, the p-dominance o T i
Eb 01 02 0,3 04 05 O& O07 OB D9

IS observed in T't mass

it WGeW
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Analysis n'-x"n u"u": invariant mass

PRELIMINARY
= F —— Data % 25: —— Data
g T;PREL”VIIVNARY —ggthﬂ{: S 2_ﬂ:_PRELIIVIINAF\?Y " agme
N O inclusive MC Z : inclusive MC
B2 0.3 0.4 05 05 .1.1.? 0.8 0.9 o bR %i he J+ il i I HH#FJ}

4T = e in H Ty |
088 09 092 094 096 0.98 1 1.02 1.04

. 2
M., (GeVic) M, ... (GEVICY)
i .E PRELIMINARY |~ 2%
. - p — sig MC
v No signal observed on data L - inclusive MC
Bz
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Analysis n'-n "z I'l": results

PRELIMINARY

@ A specific MC generator was used to simulate events n'-n'nI'I",
where the form factor (FF) assumption is done (DIY) with Q°dependence

@ To estimate the uncertainty introduced from the form factor model, a constant
value was introduced, to eliminate the dependence of FF from Q?

@ Other sources of uncertainty in this analysis are conventional

NOL 5y . 0% BRI - 5p")

o == —+ T LLLL —y i

BR(f - ataptu~) < 2 S e
4'\'!' ?}f_;r-:p[] X Enl_;ﬁﬂ-lu’lu’

<2.62x107°

Good agreement with predictions

r s T ;“'l.-T L € 0
BR(y — nTneTe”) _ n—wmee  "n'qp BR{T?I—“?'PU_]:

ﬂn"nr_wl_.p[] E?}’—*TTTFE!"‘E_

=(2.13 £ 0.13(stat.) = 0.19(syst.)) x 10~3
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Transition meson form factor
of

vy —» e‘e n’/n/n'

FEASIBILITY study: analysis ongoing
Only feasibility studies are presented here today

19
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Analysis yy —» e’e xn’/n/n': motivation

PRELIMINARY

» Anomalous magnetic momentum of the muon a = (g-2)u/2 IS a very

Important observable providing test at the precision frontier of the
Standard Model

* Presently 3.6 deviation observed between direct measurement of

(g-2) and Standard Model prediction R RAR Rl ARG RAALRARAAREREDRASRIRERANN 2 |
H HMNT (06) o
. JN (09) ——
y |%_1_\_H = |J_J_{.‘J 91 594.7 + Tl”ﬁ\ 10 Davier et al, T (10) |_-_|
1y (SM) = a, (QED) + ay, (hadronic) + aj, (weak) Davieretal, e’e” (10) '_'_'
Js (11) r——i——i

HLMNT (10)

i - : / 7 HLMNT (11) l—r-I—¢
a,(New Physics) = ay,(Measured) — a;,(5M) | L.
, ' . . s expenment "“"“""“"“:' """" ' """" I (i iy
- . . BNL B
° Contribution from strong interactions et newromshitiny = —i—
not calculable within perturbative Pusosalltsle sl e malmss SESSEE
QCD a, x10'"° - 11659000
20
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Contribution to the measurement of aﬂ

PRELIMINARY

QED contribution = (11 658 471.810 +0.016)x10™

Weak contribution = (15.4 +0.2)x10*
Hadronic vacuum polarization = (695.5 +4.1)x10™

Hadronic Light-by-light scattering = (10.5 +2.6)x10™"

Hadronic vacuum polarization Hadronic light-by-light scattering

Standard Model precision
limited by strong contribution

B - field

Hadronic LBL contribution still smaller
compared to Hadronic vacuum polarization,
but its uncertainty is calculated of the same order

» Measurement of meson transition form factor of utmost importance to
validate hadronic models

Elisabetta Prencipe
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Hadronic LBL correction to (g-Z)ﬂ

PRELIMINARY

@ To solve beyond QED-effects more precision in theory and experiments needs

» Need to study the transition form factor of n°n,n' to give new input to the theory

@ Due to the upcoming experiment at Fermilab, the hadronic LBL correction
will become the main uncertainty to evaluate for the precision measurement

of (g-2)LL

Hadronic Light-by-Light
Scattering

a”(had),LbL = (10.5+2.6) - 10" Prades et al.

(11.6 £ 4.0) - 10" Nyffeler
(21.6 £ 9.1) - 10"° Fischer et al.

22
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How the form factor can be measured

s Two-photon production of the meson _ PRELIMINARY
. SeM2< C|12 < 0. CIEZ <0, 2_ _q12 e (p) EE?EE}
* do/dQ? falls as 1/Q %
* At \Vs=10.6 GeV for e*e- — e*e n° + §:

do/dQ2(10 GeV2) ~ 10 fb/GeV? s

» Annihilation process e'e” — Py
. Qﬂ =G> M2 m‘/F'/
» g o 1/52 %"‘%LHL_
» 5(e*e” > ny) ~ 5 fb at Vs=10.6 GeV

° Dalitz decay P —ye'e” ; Y +
» 0<Q2<M2 e
» M2dI'/dQ*~(2a/ )l (P—yy) at Q2/ M2~ 1/4 e

23
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Analysis yy —e*e n’/n/n': strateqy

PRELIMINARY

@ Electrons are scattered predominantly
at small angles

@ Single-tag mode technique:

- one electron is detected
- Q* =-q,° = 2EE'(1-cosb)
- qzzmo

- electron is detected and identified

P
3 - the meson is detected and fully
| reconstructed
ntagged e
4 pTEO o

- electron + meson system has low p_L

AlDHQ beam axis

/ - missing mass in an event is close to 0
L=

Taggetl e

dN/dQ2 > do/dQ2 > |F(Q?)]

Elisabetta Prencipe 29" May 2012




Analysis yy —» e’e xn’/n/n': feasibility study

PRELIMINARY

All simulation are performed with EKHARA 2.0: no detector simulation included

0.2

Q°|FIQ Y| [Gev]

0.15

[N}

0.05

_ FEASIBILITY STUDY

T

;::H —~+CLED

C —+ BaBar

C 0 —~+ BES-IN

NS B S maa S S ey

@ [Gew?]

—F

:_ ._'-:I:i:n—l—

E JJFFZP:

. FEASIBILITY STUDY

C —+CLEO

C ' —+ BaBar

| —~+ BES-II

[1] ”I1”IIEHHSHHI-HHSHH S B II;ES[;;IQLI‘;‘]“

_ FEASIBILITY STUDY

[EN—

—

._I.n_

=
5 ﬁ.ﬁjﬁl[l"'

+cLEO
—+ BaBar
—~+ BES-NI

8 8 10
O [GeV7]

@ Errors definitively reduced: high precision!

@ Possibility to check very low Q°

@ Cross check the BaBar/Belle data up to 10GeV?

@ Cross check CLEO data from Q*=1.5 up to 7GeV?

25
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Analysis yy —» e’e xn’/n/n': cross section

PRELIMINARY

° E c.m. = 3.77 GeV, it reduces the background due to e"e” from J/y

e+e- -e+e-yy —e+e-t° ete- —e+e-yy —e+e-n e+e- —ete-yy —e+e-n’

EKHARA simulation (nb) (nb) (nb)
Non tagged (832.2+ 2.9)x 10° (297.2 +1.0)x 10° (212.2 +1.1)x 10°
21.6<06<158.4

* @BESIII we can perform the analysis yy —P tagging one lepton

26
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Analysis yy — e’e xn’/n/n': acceptance

PRELIMINARY
3015:
Z 0l FEASIBILITY STUDY @ After the detector acceptance is included,
£ f R— : a loss of events is seen at the threshold
0.15 M:F*:IF# Hﬁ:t:
> ;_J”m L+ eeo @ |t is due to the photon acceptance
. +ow THIS ANALYSIS IS
e I T T T S B T N ONGOING....
@ [GeV]
E 0. +  PRELIMINARY
Yoy | —+
0% . I
0. ™ _, YAY;
I 6 g 10 12 14
Q@ [GV]
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Analysis yy — e*e n’/n/n'": Q° distribution

o] FEASIBILITY STUDY  [ees 1o PRELIMINARY
2000 E_ RMS 1.001 ta ed
:: _ | x distribution | e{-g’%l </e-i-yql
sonol Q? distribution of /
soool tagged lepton 6. g2 e-, p2
- EKHARA 2.0
0 —yY
T S S— ;
s BaBar could not check very low Q*| £ Soong
values due to the trigger __FFEASIBILITY STUDY voan 0045
@ Simulations show that in BESII| o~ i
it is possible oo EKHARA 2.0
@ Q2 €[1+ 3] GeV?is theoretically 400 Q? distribution of
the best range to test hadronic LBL 300 non tagged lepton
correction to (g-2)u 100 70 —
_ . T T e Sy
INPUT TO THE THEORY!

28
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Conclusion

@ The BES lll detector collected high quality data, that allow us to do precise
and competitive measurements compared to other experiments

@ Interesting analysis are going on pseudo-scalar mesons and light hadron
physics: BES Ill can give an important contribution in this sector

@ The study of the Dalitz plot matrix elements of n'— nrx allow us to conclude

that BES Ill is in agreement with VES (parameters ¢ and d) and GAMs-4x

(parameters a and b). As expected, the parameter c related to C-parity
violation is consistent with 0 (as expected for strong interactions)

@ High precision measurement of BF(n'=n'n I'l") has been performed:
it confirms the theoretical prediction and it will be published very soon

» The analysis of transition form factor of n°,n,n' is ongoing at BES IlI:
P Range observable: Q?[0.3;10.0] GeV?
“improved efficiency compared to other experiments
- never tested the area Q? in [0.5;1.5] GeV? from other experiments
- possibility to cross check CLEO data at low Q? [1.5;3]GeV?
- complementary measurement to BaBar/Belle experiment (e.g. Q% in [4;40]Ge\@
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