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e spontaneous chiral symmetry breaking = pions

o 1V discovery, early experiments

» 1 — y y : axial anomaly, chiral corrections ~mg4-m,,
e previous lifetime experiments

e PrimEx experiment at Jefferson Lab

 possibilities at Frascati

e conclusions
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Chiral Symmetry

Locp invariant under global chiral phase transformation
Y — exp(-ay) P,

spontaneously broken (hidden)

PCAC: partially conserved axial current

Axial UA(1) Symmetry P — exp(-ifys)

completely broken by quantum effects
divergence of the axial current = 0O

Mn" = 0 in chiral limit
I'(z" — y y) dominated by axial anomaly



meson mass (MeV)

meson mass gap: QCD chiral symmetry breaking
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Opportunity to perform a precision
0 lifetime measurement

- ¥ is the lightest hadron
spontaneous chiral symmetry hiding:
m(r) = 140 MeV

* EM: m(t *)- m(n®) = 4.6 MeV

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



Pion Discovery and Early History

1947: =t discovered with photographic emulsions
in cosmic rays. 7T — pt + v, observed [Lattes]

1950: 70 discovered at Berkeley ( pA, vA, stopped
7~ p) and cosmic rays, and the following observa-
tions were made:

The value of m(xt) — m(x°) = 5.42 + 1.02MeV
[present value =4.59 MeV]

o(vp — 7%) ~ o(yp — ©Tn), indicating that the
70 and ©1T mesons are "of the same type” and
therefore the 70 meson is a pseudoscalar.

The soft component of the cosmic rays is due to
the production and decay of 70 mesons.

A lower limit for the lifetime 7(7x9) < 5-10714 sec
was established by a measurement of the geomet-
ric size of the decay region.



Techniques: i° Lifetime Experiments

* direct measurement of n' decay distance
early measurements used Dalitz decay n® — yete

*Primakoff effect y y — a¥

» colliding beams ete"—=yy —=n"

* None of the early experimental papers refer to
theoretical calculations!



stopped K* — xt* ¥ 0 — yete

Fi1c. 2. Drawing to illustrate the measurement technique. A
detailed explanation is given in the text. MN is the =° flight
distance projected onto the emulsion plane. Its value is obtained
from the measurement of L and 6.
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Axial Anomaly
Bell and Jackiw, Adler 1969
Chiral Symmetry is exact in the Lagrangian (for massless up
and down quarks) but is lost in quantization

-I(7 —=vy) =(mMm_Jl4n)’ (o /F)?> =7.76 eV
-exact in the chiral limit m,, mg, m_ — 0

* N0 adjustable constants

- chiral corrections ~(m_/4nF_)?~2 %
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r'(eV)

Chiral calculations T'(n’-> yy): tnn’
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CERN: Direct lifetime measurement: PL 1985
E =450 GeV <p_n’>= 240 GeV <y>=1700 <d>= 45u

d=5 . 150 microm

150 GeV/e Puositron Spectrometer

450 GeVic
Proten Beam ! =°

Yari lbl;Squnliw
70 microm Tungsten Foils

[(n%=y) = 7.34eV43.1%itotal),

Dominant systematic error: statistical + 2.45%
systematic = 1.9%

Uncertainty in P; (£1.5%) 5
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o(yA — n0X)

Primakoff + nuclear §, =k
> 12C target

3
< 20

Nucl. Coherent

Primakoff

Nucl. Incohl

Interference
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0.¢ (degr.)

Opim(07) [, Z2 E.*sin?(6,)/Q* Q= mom.trans.

o (6 ) = | Apr|m+ e'¢ Anc|2 T Oincoherent
fit data with 4 parameters; I, , ¢,
scale factors for nuclear coherent and incoherent
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EXPERIMENTAL SETUP Pfim:a):l ietup
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* DATA TAKING FALL 2004

*,Pb TARGETS

* JLAB HALL B PHOTON
TAGGING FACILITY -

HIGH INTENSITY,
HIGH RESOLUTION DEVICE

Improvements
- tagged photons:0.1%
* beam emittance

- duty factor

« detector resolution

» STATE-OF-THE-ART Photon
CALORIMETRY - HyCal

* PAIR SPECTROMETER
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Pair Spectrometer

O relative photon flux monitor: s~ -

by detecting ete pairs from
beam during the experiment

< Combination of:

» 16 KGxM dipole magnet

» 2 telescopes of 2x8
scintillating detectors



n" analysis
We measure:

incident photon: energy and time Yok
n? decay photons: B aaes

energies, coordinates and time

Schematic view of ° event

Kinematical constraints:

Conservation of energy; | X

myy invariant mass . i

Three groups analyzed the
data independently
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n0 yield from data Elasticity distribution
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8 F - Peak Fit 56001 , - Peak Fit
S 90 eak 1 S [ P ---- Bkgd Fit
v E " Bkad Fit D500l i - Total Fit
oF 80 = ---- Total Fit < -

Vv - ) - :_
g 70¢ aoo0}- :
S E u :

S 601 - :
- = = -
S sof 300} i

D - = -
S a0l L -

> 40F 200}, . T
% f AN 2N Z ¢
t 30 - ¥ =

o e . .
2 20, oot i

1 OE o—------- R ; ey v -.-‘[ """ ‘&Ao’.“.[ ooooooooo j
o:: 0.8 0.9 1 1.1 1.2

Elasticity = EclusmrPalr,E‘agg‘”

m,, elasticity=E_mn/k
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(ubarn/rad)

do/de per 0.02°,

C and Pb cross sections
relative values of Prim and NC differ greatly
obtain equal values of I" from both!
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Systematic Errors
yield extraction: 1.6%
photon Flux: 1.0 %

total in quadrature: 2.1%

checks: measure Compton scattering and pair
production to < 2% accuracy

PrimEXx result
['(rx” — vy v)=7.82eV= 1.8%(stat) + 2.1%(sys)
[2.8% total]
t(n%) =(0.832 = 0.023)10 16 sec
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PrimEx-1I1: experimental yield
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Conclusions

« QCD predictions of the lifetime are accurate to 1%

 the chiral corrections to the axial anomaly are 4.5%

* the best measurements are at the 3% level and should be
checked.

» the next stage should be at the ~1% level

* Primex 2 at JLab to reduce error to ~2 %

- new direct and e*e™ experiments are being planned

« evaluation of nuclear effects in Primakoff effect
in progress with C. Fernandez-Ramirez, T.W. Donnelly

- predictions form,n’ —yy lattice calculations?
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['(n’—yy) systematic errors

Contributions Error, [ %)
Photon flux 1.0
Target 0.1
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) 0.3
Physics background 0.25
Branching ratio 0.03
Total 2.1
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PrimEx-1I1: experimental yield
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= =3
P = in S
b in o =

total cross section (mb) per electron
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Compton Cross Section

all analyzed runs combined , carbon target

— Klein-Nishina +RC
— Klein-Nishina
* PrimEx data

25 K} 35 4 45

beam energy (GeV)

ov N

Experiment and theory

agree within the
0.6% statistical and

~1.8% systematic errors

32



COMPTON SCATTERING IN PRIMEX*

incident photon seattered _atomnC_ e_ .

Lead-Glass HyCal

A/

e:(x,y.E) Mdasured
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SCa-u'e. ' )Q
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* analysis results from by P. Ambrozewicz, L. Gan, Y. Prok

PbWQ
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Lead-Glass
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Coherent =’
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