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7 dipole moments %

o Coupling of 7* to photons via: v,+*(g?)u, - with

ot’q,

2m.

r(cP) = —ieQ, [wﬁ(qz) L2 iRy ) + F3(02)75)]

o Fi(qg?) Dirac form factor F(0) = 1
o F>(qg?) Pauli form factor MDM F,(0) = a,
o F3(g?): EDM: F3(0) = d, 2=

T eQ,

@ Neither shown nor discussed F4(g?) anapole moment
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T dipole moments

7% pair production

o Pair production
e +et -7 77"

o Disclaimer Fy3(q? = E§y = M4 4s)), not actual dipole moments

o Production described by spin-density matrix

_ .SM X
XAZACALN, = XX0a, v, T E X XA AN
xe{R/S(Fz/3)}

o Dipole moments alter spin-correlation of 7=-pair

@ Access via angular distributions of decay products
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Optimal observables

o Spin-density matrix contracted with decay modes
ME=3 xaan Dy D5
)\(/)
+
o Construct optimal observables
M

ME=Mgy+ > x- M o= 00, = 5°
SM

xe{R/I(Fz/3)}
o Get t/3(Fz/3) from expectation value of data set

(00x)

data & X

o Optimal observables appear also naturally in a log £ fit
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Optimal observables

Simple estimation of expected resolution

o First: Only 1 x 1 topologies: 7 — {wv; pv; uvv;evv}

o Similar resolution for all 16 combinations (10° events):
5§R(F2) 7.0 x 1074

53(F2) = 7.2 x 1074;
SR(F3) = 9.3 x 1074;
53(F3) =52 x 1074

o However: Escaping neutrino carries away kinematic information

» Always: Average over two-fold ambiguity
» For every leptonic decay:

/ M?2d¢d cos dm?,
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Optimal observables

Missing information

7~ mode | 7" mode | Xsn(r,) | Xss(F)
T U Tt i, 1.09 1.60
U, pT i, 1.11 1.19
U, et v, 2.07 1.75
T U, wroey, 2.06 1.72
P U, o, 1.11 1.19
P U, pT o, 1.11 1.26
P Us et v, 2.03 1.79
P Us proey, 2.04 1.79
e Uyl Tt i, 2.09 1.81
e vbe | oo, 203 | 1.75
87N et v 3.45 2.28
e Vrle wroey, 3.73 2.28
[Ty i, 2.07 1.79
[T pt . 2.03 1.72
[T 2879 et v, 5.83 2.28
Wty | ), | 341 2.32
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Correlations of ambiguous solutions

v xntv

00(Re(F,)) Solution 2
00(Im(F3)) Solution 2

OO(Re(F;)) Solution 1 00(Im(F;)) solution 1
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Additional hadronic channels

o Hadronic decays give best resolution
@ Next highest branching fraction:

5 3rt 4w

o Branching: 9.02 4+ 0.05%

o Decay spin-density matrix

Dav = A Ay with Ay oc By, (1 = 2)udJly = O

o Formandp
Jrop J) BW, (Srro) (p# - pﬁo)J_

0 = 37*: Model necessary
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Dipole moments with wrong hadronic current %

o Use hadronic model inspired by COMPASS

o Generate toy data sets for 37+ v x7t v for
R/3(Fz/3) = 0.01
o Analyze with pure a4 [pr]g model
» Model overlap 78%
o Resulting values

R(F2) = 0.0528 + 0.0005; S(F2) = 0.0109 + 0.0005

R(Fs) = 0.0090 + 0.0007; I(Fs) = 0.0079 + 0.0003

o = 37*: good model necessary
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The hadronic current

T — 3n+v

o Learn 7 — 37 + v amplitude from data
» Perform amplitude analysis

Jﬁad = Z Cijﬁ(p17p2:p3)

iewaves

o Free complex-valued coefficients c;

o Specific dependence on the phase-space variables j/'(p1, p2. p3)
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Isobar model

0 Possible formulation: isobar
model

o Waves given by:

» Three pion state X~

v

Known J™° quantum numbers

v

Decays to isobar £ and =

Also known J™¢

v

v

Orbital angular momentum L T,

o Alternative non-isobaric waves
(e.g. chiral models or
combinations)
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The decay 7 — 3«

Partial wave currents

. . + — —
o Partial-wave current: f.s. 7", m,, 73 = pY’, p5, and pj

> at[pm]s

@ Angular momenta encoded in:

- y P¢23P723>

g 12 .

= =\n - (p1 _pl)y
I ( Pias

o Bose symmetrization

Jpmys = BWay (S123) (BW,(s12)=5 + BW,,(s13)=5)

@ Dynamic amplitudes BW(s)
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aq resonances

x10° 10" p(770) TS x10°
F 0.100< t <0.113 (Gev/c)® T 5 T707{(980) 7P
Model curve 3 I 0.1<t <10(GeV/icy
S r Resonances| > oo (1) Model curve
o 0.2- Nonres. comp. S r (2) a,(1420) resonance
3 r I I (3) Non-resonant term
s > 15F
8 ‘@ L
= | g
2 o1 = 10-
5] r [
£ 5
LA ! . :‘ L A’\”:'
05 1 15 2 25 01712 14 16 2 22
m,, [Gevic] m,. [Gev/c?]
o Possible explanations:
o PDG: ossible explanations
» Resonance
m,, = 1,230 + 40 MeV/02 » Triangle smgulgrlty
» Interference with non-resonant
M., =250 — 600 MeV/c? processes
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Form factors F,/3 with improved hadronic model %

(S
o Improve overlap to 95%

R(F2) = 0.0180 £ 0.0005; S(F2) = 0.105 = 0.0005

R(Fs) = 0.0104 + 0.0006; I(Fs) = 0.0099 -+ 0.0003

o Overlap to 99%
R(F,) = 0.0116 + 0.0005; I(F2) = 0.0098 = 0.0005

R(Fs) = 0.0097 + 0.0006; I(Fs) = 0.0102 + 0.0003

o Good hadronic model can recover F;
9 (F2) not largely affected
o R(F2) critical
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Summary & conclusion

@ Measure the 7 form factors F» and F3 in 7-pair events
» Kinematic distribution of the decay products

@ Missing neutrino kinematics:
» Hadronic events give better resolution

o 3 largest hadronic mode: 7 — 37*+u;
o Dipole moments need proper hadronic model

o Amplitude analysis of 7 — 37+,

» E.g. PWA in the isobar model
» a1(1260), a1(1420)

o F3 and (F2) can be improved
» R(F2) too sensitive on hadronic model
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