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e spontaneous chiral symmetry breaking = pions

« 1 — y y : axial anomaly, chiral corrections ~m4-m,
* previous experiments

* PrimEx experiment at Jefferson Lab

e conclusions



- we present our new results for the n’ — yy rate

- this represents an effort of over 10 years

- we undertook this difficult experiment because the
process and the rate predictions are closely
connected to the symmetry structure of QCD
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Opportunity to perform a precision
0 lifetime measurement

» iV is the lightest hadron
spontaneous chiral symmetry hiding:

m(r) = 140 MeV
« EM: m(;t *)- m(nt®) = 4.6 MeV

» EM decay ni° — y v (BR =98.8 + 0.032%)
axial anomaly dominant



History: n® Lifetime Theory
* PCAC predicts A, = 0 in the chiral limit

- 1968 Adler, Bell, Jackiw discover the axial anomaly
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[’ —yy) =(m5/64m)A > =7.725 eV = 0.5%

t©(n?) =0.807-10'6 sec
¢ t(n’) = 0.0253 u
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Previous exp. results
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EXPERIMENTAL SETUP PrimEx Setup / | /
Hall B //

" DATA TAKING FALL 2004

’ TARGETS

» JLAB HALL B

HIGH INTENSITY,
HIGH RESOLUTION DEVICE
* STATE-OF-THE-ART Photon _Im Pro vements .
CALORIMETRY - » tagged photons:0.1%
* beam emittance
» PAIR SPECTROMETER

= » duty factor
\ \  detector resolution



Pair Spectrometer

a4
J relative photon flux monitor: . n% N
o

by detecting ete- pairs from
beam during the experimentiis =

-l Combination of:

» 16 KGxM dipole magnet

» 2 telescopes of 2x8
scintillating detectors
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7' analysis

We measure;:

n° decay photons:
energies, coordinates and time

. G . -
incident photon: energy and time . Tr’ﬁ Et

Schematic view of n? event

Kinematical constraints:

Conservation of energy; R
my, iInvariant mass W

Three groups analyzed the
data independently




n0 yield from data

elastic 1’ (signal)

I elastic non-7 background I

remove inelastic background

find N(z°) from m peak

Inelastic 1’s ackgruund]

Elasticitv distribution
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Differential Cross section

n Photoproduction Yield (crystal only)
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n” photoproduction cross section

» 1 photoproduction cross section has been extracted from
elastic " yield using setup acceptance and efficiency

E =5.2GeV
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['(n"—yy) systematic errors

Contributions Error, [ %]
Photon flux 1.0
Target s
Yield extraction 1.6
HYCAL eff. 0.5
Beam parameters 0.4
Trigger eff. 0.1
VETO eff. 0.4
A cceptance 0.3
Model errors (theory) (.43
Physics background (525
Branching ratio SR
Total ’ 5




COMPTON SCATTERING IN PRIMEX*

Lead-Glass HyCal
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*analysis results from by P. Ambrozewicz, L. Gan, Y. Prok 13



Compton Cross Section

5 all analyzed runs combined , carbon target EX p erim ent an d th e Ory
| T agree within the
—  Klein-Nishina 0.6% statistical and
" PrimER e ~1.8% systematic errors
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QED calibration reaction: pair production

Lead - Glass

Dipkle Rdagnet

Lead - Glass 250 F Run 5141
Weak B field - X, =04
1505_ X ey = 0.755 '
wE 0,, = 116.232mb _
o_exp and o_theory 50 O pegy = 115.566 mb *_
1 i | i |'*.__,
agree to .better then the 0 Py —
systematic error of 1.7% x=E JE



PrimEX result
() — v v)=7.82eVx 2.2%(stat) = 2.1%(sys)
[3.0% total error]
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PrimEx Collaboration Future Projects
« 6 GeV: PAC approved run 2 to reduce
error by ~50% in the next few years
» 12 GeV program under development:

I'Mm —=vyy), I —yy)
transition form factors F, . at low

vy
Q?(0.001 — 0.5 GeV2)
Experimental Setup A
with
11 GeV Photon Tagger . ?
% PbWO Calorimeter
LH/LHe Targets . with

Pb Shielding Wall Veto scint.

Tagger Focal Plane
Detectors

First C-Dipole
Bremst. Rad. 22



Conclusions

« We have concluded a modern Primakoff measurement
() — v v)=7.82eVx 2.2%(stat) + 2.1% (syst)

[3.0% total error]

* The systematic error was checked by measurements of the
Compton and pair production cross sections to ~ 1.8%

 The results agree with the predictions of the
axial anomaly + chiral corrections~m4-m,

* Primex 2: to reduce error to ~1.5% in the next few years

12 GeV Jlab n—=yy,nN —=yYy;
transition form factors at low Q2 x0n, " = v*y
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AB: Outlook: Experiment and Theory

* Amodern ( ~ 1%) e*e” experiment is needed!
- preferably for %, n, ' — vy

» reduction of ~1% theoretical error for i — vy vy
lattice-chiral extrapolation -

calculation of low energy constants?

» QCD predictions forn,m' — vy
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