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Theory

* Partial conservation of axial current (PCAC) predicts
A o«<m — 0/1in the chiral limit

TV quark

Sutherland Veltman 1967

. Dlscovery/;of theaax1al anomaly solves problem

Clas sical

\ mmetryof a lield theory broken by quantum
ﬂuctuatmns ef quark fields

Amplitude does not vanish in the chiral limit

Adler, Bell and Jackiw, Bardeen, 1969



Chiral Perturbation Theory (¥ PT)

* Efiective theory of QCD at low energies

* Coupling of 7o to axial current only possible
because v is)a Goldstone boson

riect consequence of spontaneous
‘breaking and the axial anomaly



Quark Mass Eifects (NLO yPT)
If m =m,, 7" pure isospin state
If m #m., 7" mixes with 1 and '

Anomalies from 1 and/n)‘must be considered in 7"—Yy

Rate 1ncreasesby about 4.5%

GOlty,Bernstemand Holstein, 2002

Makes measurement ofi Primakoff production of | and 1’
interesting

QCD sum rules, 7"~ mixing: 2.7% increase

loffe and Oganesian, 2007
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Direct method, counters

150 GeV/c Positron Spectrometer

450 GeV/c
Proton Beam

Variable Separation
70 microm Tungsten Fails




Experimental Methods (2)

* Primakoff
Proposed by H. Prumakoii, 1951

Photon' beam

Virtual phoeton: target: Coulomb field
of: nucleus



Physics backgrounds
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Ev = 5.6 GeV
“C Target
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Motivation

Theoretical predictions very well-founded, very precise

New theoretical developments: corrections to lowest order rate at
level ofi a few, percent

Best smgle?vmeasureinent uses direct method (CERN, Atherton,
2.9%);

D1sagrees;‘,_1 h lor e st, order rate

Dlsagrees IIlOI'E W1th next orden yPT

Best Prlmakoff (Cornell bremsstrahlung beam, Browman, 5.2%)
marginally disagrees with: Atherton

N Primakoif measurement by Browman disagrees with world

average



DESY
(Primakoff)
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PrimEx Experiment

PrimEx Setup
Hall B

Sweep
Dipole

Superhar
Exyf. Targgt




Hall B tagged photon beam

* 61 T-counters (thick, timing)

384 E-counters (energy)
* Highest yenergies, 11 T-counters: 4.9-5.6 GeV
Elux O(107%) photons/second

Magnet return yoke

..rhotons ...

X - ™
050 0.30
0.40 0.20
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Pb Thickness Map

Lead target
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Upstream Devices
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Detector Systems (3)

Gamma profiler: scintillating fiber arrays, X and y
VIEWS

Total absorptioh counter: lead glass block

Data acqulsltlon system

CODA
Eastbus/VME




Event Display

Event Source .. | Hext Event | Continuous Events | Stop

PrnimEx Event Viewer 3

HYCal [ Pair Speciromeier I Tagger | Veato I

Run: S003 Event: 10473

W11s6

Pedestal: mean 0.0 sigma 0.0
ADC:
Enertyy: - Gev
Gadn:  HiA
-~ MCDEPOSITED
.~ HYCAL
Use Bank:
4 HYCALhit
- HYCALcluster
L
User-defined E cut: [00  Gev

Quster scheme: 5i5 |
Ouster display: none I

Hum. members: -
CQuster Energy: - GeV




[Luminosity Measurement (1)

* Target thickness

* Absolute taggmg 1atios

Probabll‘f Q\f\*photon i beam line given electron in

Use total absorf;tion counter as 100% efiicient device for
S GeV: photons

Measure at very low rate (10~ of normal flux)
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Absolute Cross Section
Measurements

* Try to use PrumEXx to measure a cross section
where the answer 1S known

Compto - attermg from atomic electrons (ye —>Ye)

Palr peru w_;r10n (W* —e'e)
* Check of

[Luminosity
Geometric acceptance

Efficiency



Compton scattering

gl Pair
f oduttion’

* Pair spectrometer
magnet ofi

* Standard'tanget

°* Lowered
luminosity,




Compton Cross Section

Forward Compton Scattering Cross Section

e o o Compton Cross Section
Klein-Nishina
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C Target

5.2 5.3
Energy (GeV)

* Total estimated error: 3.5%

* Work in progress to reduce systematic error to 1-2%



Pair production

Integral 6.891e+04
no cuts

P i

|
=

R Fk - L
1

PRI R R N
-40  -20 0
X [cm]

* Pair spectrometer magnet lowered

* Lowered luminosity




Pair Production Cross Section

% E, = 5.46 GeV
)

5 x>

€ ndf ~ 11624
==

* Agreement with theory within 2.5%

* Work in progress to reduce systematic errors to 1-2% level
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Yy mass spectrum

mass_ ALL tdiff e it
, 12C, crystal only Entries 90683

: x2 / ndf 90.76 / 91
Radiat B :
beam> Haciator const1+2 7.885e+04 + 291

x10° .mw

I All l

B tdiff cut= 4 ns mean1 136.1+0.0

~ sigma1 2.475 +0.012
| elastic cut:[0.906,1.086] :

. const2 1.16e+04 + 626
mean2 134 + 0.1
sigma2 3.933 + 0.094
p3 0.001913 + 0.000003
p2 -0.8188 + 0.0005
pi 114.9+ 0.1

-5256 + 8.2

=
(ap )
VI
&
D
Vv
c!
o
—
o
—
>
(«b)
=
0
(=)
~—
(/)]
]
c
(b
>
LLl

Totaln®s = 78845 + 291

mean = 135.7 MeV

sigma = 2.69 MeV

l_IJJJ_J_JJ

150 160
m_ (MeV)




Elasticity spectrum

All | Radiator B

beam?’

(-)no: [0.0,3.0] deg

tdiff:[-7.4,0.6] ns (BC)
12C, crystal only

n° Yield/0.010

i 1 L L i.—"lxl ] ] i - ¢ ] o L 1 l el ol ol | ] ]
1 1.1 1.2
Elasticity = E /E

clusterPair tagger




Timing spectrum

2c, crystal only 7.789¢+04 + 349
' ' -3.467 + 0.004

5 ns
-

o

=Y

te

_elastic cut:[0.906,1.086] R 0.9752 + 0.0035

i Py 1001+ 326.3
9750' [0.00,3.00] -1.019 + 2.061
n%s within:[-7.4,0.57]ns = 77131 ' 10 + 6.1

: -0.05996 + 0.03651
0.4888 + 1.3289

148.5 £ 5.1

n° Yield / 0.

0 20
tdiff = TAGM[0] time - HyCal total: time (ns)
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Fit to Extract Primakoff Signal

Preliminary 7° Photoproduction yield (‘°C, crystal only)

e Measured r° Yield
Calculated Yield Fit
: Primakoff
------------- Nuclear Coherent

Interference

Incoherent

g | | L_L_i__L_L_L_!__i__I_':r----. L | L
1.5 2 2.5 3 3.5 4
n® Production Angle, 0 (degrees)
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7°5yy Decay Width (eV)

CERN
(Direct)

Cornell
(Primakoff)

rk 1to, Jl.al

(Primakoff)

-
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Improvements for Final Result

* Add lead glass region off HyCal

. F1n185éf?;ifanaly81s of lead target

° Add 111

,;;;statlstlcs for carbon

s Better model incoherent nuclear background
(theony)

* Better control of systematic errors
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Experimental Setup

with
11 GeV Photon Tagger

LH/LHe Targets -~

Pb Shielding Wall

.?

PbWO Calorimeter
with
eto scint.

PrimEx at 12 GeV

* Primakoff cross section
for m°,n, n’

®* Transition form factors
for yyx—n’.n,
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Elasticity Vs. vy Invariant Mass, selected production angles

Analysis C

Elasticity

* Transform to coordinate
system: withi no covarniance
betweeni 7" mass and
elasticity

* Fit resulting |-dimensional
yield

- ;
* Eric Clinton Primakoft Dominated &
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