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A bstract

The PnmEx Collaboration has proposed to pedform a precision measurement on the teo
pheoton decsee width of the neutral pion (T o_ .. ). This measurement will provide a stringent
test of the predictions of the U{1) axial anomaly in quantum chromodvnamics. The frst
experimental data set wos colleckad in 2001, The new level of expenmental precision hos
been adhieved by implementing a high intensity and high resclution photon tagging facilitv in
Hall B at Jeffarson Lab and ber deweloping and constructing astate-cf-the-ark | high rescluticn
electromagnetic calodmeter. A preliminary result on the =7 lifetime with a precision of
ro 39 from our first run wos released at the American Physical Society April mesting in
2007 thraugh an invited presentation and at American Institute of Physics pres conference.
Here, we discuss the analvas status on the existing data and the improvement can be made
with a future run, and therebw request an extension of the =9 lifetime mensurement from
PAC 33 to reach the ultimate goal of ~1 4% accuracy.
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5.3 Lumnosity monitoring

The primary advantages of the PromErexpenment over the previous Primalocf expenments
arse from the use of the Jefferson Lab Hall-B photon tagging faciliby to carefullv control
svstematic errors and reduce baclkgrounds. First, the tageing technique allows for a signih-
cantly more accurate lnowledge of the photon Hux Second | due to the energy dependeance
of the Primalocoff cross sechion, it is crifical to have a good knowled ge of the absclute photon
beam enscgv.

In order to determine the energy of the decwing 77, each event is recarded in eccin-
cidence with a signal from the tagger. The experimental cross section for neutral pion
photo-production is given by the following expression:

der dy e

d ~ NEel b0

(1)

where dT? is the element of solid angle of the pion detector, d]'_t';g""'d i5 the vield of tagged
m-5 within sclid angle 407, ¢ is the target thidmess, eis a factor accounting for gecmetical
acceptance and energyv dependent detection efficiency and W ¥ is the number of fzgged
photons on the target (the togged photon Hux

As can be seen from Equation 1 the normalizaticon of the cross seckion directly depends
on knowing the photon Hux on the target. A naive sssumption, that the number of tagged
photons on target is equal to the number of hits recorded by the tagmng counters, is nok
true because of a number of effects:

(1) events in which a bremsstrahlung photon 15 produced and then absorbed befors rench-
ing the target.

(2% Moller scattering events in the bremsstrahlung mdiabor which produce an elackron in
the tagging counters without an accompanving photon.

31 extra hits registerad 1n the tngping counters due to room background.

To minimize the ahsorption of photons before they reach the target, the bremsstmhlung
beam ttorels in vacuum, The Meoller seatbering events are known to affect the tagoing rate ok
the level of a few percent. The impact of the room badiground on the tagging mtes of runs
with waricus electron beam intensities is non-trivial and therefore continucus and atbtentive
meonitoring is necessary.

The combination of these effects can be messured in a calibration run by remeving the
physics target and placing a lead-glass tokal absorption counter ( TAC) directly in the photon
beam. Assuming that the total absorption counter is 100% efficient in detecting photons in
the energy range relevant for the experiment TAC the ratic of Tagger TAC coincidences to
the number of tagger hits, the sc called abscute tagging matio, is then recorded:

TT.-I.I'_-

Tl
R:hmfu_‘r = -..l:

-

where W7 % iz the number of photons registered by the TAC in coincidence with a tagging
signal and N, i5 the number of electrons registered in tagging counters.

[ Ve (2



Iincwing this ratio, one can detarmine the tagged photon Hux in the data taldng muin by
counting the number of post bremsstrahlung eleckrons in the tagging counters:

'.i::ggn.’ AT ! ry
-":-\. |m.rri1m-r|.+ T -‘" lll.'?l"'j"l-'ﬂ.‘l‘ " R.:El:.:.fu.‘l‘r ["J.I

The use of the total abscption counter to calibate the numbeat of tngged photons per
electron in the tagger provides an absdute normalization of the photon Hux incident oo
the 7" production target. However, these mensurements can be performed cnly at interials
betwean the data taking. Alsoin the calibmation run, the rate of the total absorption counter
15 limited, and therefore, the togging matic can only be messured at a mte which 15 reduced
b o factor of about one thousand os compared to the data taking run. Assuch, anv mate and
time dependence in the tagging efhciency must be carefully considered. Consequently, a pair
production lumincsity meonitor was constructed (see Section ¥7) which is able to mensure the
relative tagped photon Hux over a range of all relevant intensities | and operate continucisly
throughout the data taking runs. The PS uses the phisics target a5 a converter to measure
the rokic of the number of 4 + 4 — 4 4+ et 4+ ¢~ reactions in coincidence with o tagging
signal to the number of hits in the taggmng counters (see Equation 1),

TPs
R e = 1':_? ﬂ'l—'"
while this is a relative number, its absclute normalization can be fixed with the TAC.

The admntages of the pair spectrometer are that it can operate over the enkire range of
intensities (of both the Hux calibration and data taking runs ) and has a smeooth, relatively
Hat acceptance in E. covering the entire tagging range, The segmentation of the pair spec-
trometar detectors 15 driven b the fact that the pair production and Primaoleff target are
the same, and therefore the pair spectrometer detactors must accommodate the rates from
a 5% radiaticn length target. Under the PimEx run conditions, we had singles abes an a
single telescope of about 140kHz, and o total of 890kHz of PS5 . Tagger coincidences over the
range of tagging energies. The efficiency of the pair spectrometer for tagging photons was
about 0,157,

The PrimFEx experiment is intended to provide a messurement of the 7% lifstime with
better than 1.5% precision. As quoted in the emcor budget of the experiment (see [1]), the
main contribution to the error bar in the PrimEx mensurement comes from the knowledge of
the photon Hux. To achiewve the desired precision in the messurement of the 77 decay width
it is necessary to know the photon Hux to 1% or better. To emphasize the impartance of the
photon Hux measurement for the PromEr experiment it should be noted that such a high
precision messurement of the photon Hux hoas not been previously attempted at Jefferson
Lab Hall-B. Given by Equation 3 the problem of cress section normalization is reduced 4o
the determination of the number of electrons in tagging counters and measunng the absdute
togging ratic. The constant online monitoring of the elative photon Hux is also we crucial
for the precision tagged photon Hux measurement.

Hote that in Equation 1 the ]'::g“ud and N*¥5 peed to be carefully defined. As it is

defined abowe, T__:;'?g# is the total number of 7" events induced by fagged photons, and not
the total numbear of 7% events ohsarved bv HvCal. To reduce the doka acquisition mtes the
primary trgger is not induced by the tagged photons, but by the HyCal, which means there



are possible 7 events in the data which are indueed by untagged photons. These 77 events,
which do not howe “partner” electrons in the tagger have essentially no capability to pass the
enargy oonservation requitement which is used to reduce the bacligrcunds. Thus these ewants
are excluded from consideration. In the vield we count conly 77 events which are tagged =
true events. The N i the denominatcr of Equation 1 has to be counted consistently
with the wav ]':??'d is estimated. MMeaning that if for any reason events are discarded from
vield caloulation they should net be considered when caloulating the phobon Hux either and

vice velsa.

The fact that for the cross section measurement we are interested only in tageed plon
vield, e, number coincidences of 77 and tagging electron, and tagged photon Hux, which
is proporticnal o the number of tagging electrons, results in a convenience of not having to
worty about the detection efbiciency of tagging counters and the deadtime effects of the data
acquisition. Due to the tagged nature of the vield and the photon Hux both, the effciency
of toagger and the deadtime, appear in the numerator as well as in the denominator when
caloulating the cross section such that the effect cancels cub. But keep in mind that this
does not necessarily include inefhiciencies which can be intreduced thiough the reconstructicon
scftwrare. A more detailed discussion will folloer in Chapter €.

5.3.1 Absclute tagging ratios

During FrimErdata taldng, in the Fall of 2004, specialized calibration runs were periodically
performed to determine the absolute normalization of the photon Hux. For a calibration run,
the experimental target is retracted and o Total Abscrption Counter (TAC) is placed in the
path of the photon beam. To aveid the radiation damage to the TAC, the electron beam
intensity 15 lowered to rv 70 — 8Jpd. The low intensity of calibmation runs enshles the
use of the Tagger Iastar OR (MOR) signal as the data acquisition trigger. The MOR
signal is formed b OR-ing the timing information from all or any of the 61 T-counters.
TUsing the MOR trogger enables one to directly count the number of elections that hit the
tagging counters. Due to the reduced intensity of the primary beam, even aslight mriaticn
in room background can have a significant negative effect on the tagging ratics. Thus
pericdic mensurements are neceossary to ensure a stable, reproducable result. As discussed
in Section ©{ the T-counters have overlapping gecmetrical acceptances and non-cverlapping
T-channels are defined vin timing coincidences. Dhue to the small sice of the cverlops, the
rabes in the even channels are low (see Figure 7 Parts (a) and (b)), 5o in order to obtain
stub-percent shatistical errors within a ressonable ameount of time the even channels are
grouped together with the previcus odd channel to form “combined T-channels” as shown
in Figure 14,
Absolute tagging ratics are then defined for each of the T-counters as:
| NT A

Fotute = N (51
where V? is the number of slectrons registered in the T-counter : and NTA is the number
of photons registerad b the TAC in concidence with an electron in the T-counter :.




Figure 14: The mumbering achems of the combined T-channels, only the first 7 counters areshown.

5.3.2 Efects of incident electron beam intensity on absolute tageing ratics

As it was previously discussed, due to the techical limitsbions of the TAC the absdute
tagging ratics can be measurad cnly at beam intensities which are ~+ 10° times lower than
the intensity of a regular produckion run, The goal of PrimEx is to be able to measure
the photon Hux for the production data with a precision of 19 or betbar. Tt is important to
demonstrate that the togging efficiencies cbinined at beam intensities of ~ 80pAmps are wmlid
when appliad to the data collected at the high beam intensities of about 80 to 130 ndmps.
To inwestigabe this, during our running perod in Fall of 2004 we had normalization mins
with warious beam intensities (40 — 120pdmps).

Figure 15 (top) shows the absclute tagging rabics o5 a function of T-counter number
measured at different beam intensities. An artificial shift was intreduced on the horizontal
axis in order to be able to distinguish the different messurements. As a result, one has 11
groups of 4 points (one group per T-counter ). The weighted avernge was caleulated for each
of the 11 groups. Figure 15 (bottom) shows the percent deviaticn of each messurement
from the mean value for the relevant proup. Mo noticenbls svstematic dependence of tagging
robics on the incident beam intensity waos detected when warving the beam intensity from
Wpdmps to 120pdmps.

5.3.3 Effects of collimator size

A decision was made for PrimEr to run with very locse collimation of the bremsstrah-lung
photon beam to cut cut the beam halo. Together with careful meonitoring of the bheam
position, collimation should inorense the stability of the lumincsitr by leeping the photon
beam focused at one spot on thetarget and thus reducing the effects of possible nonu niformity
of the target thiclkness.

Tvo diffetent sizes of coppet collimabors were awmilable for this purpess. In Figure 16
(bop) the relatiwe tagging rabics are plotted versus T-counter ID for daka baken with 2
different collimators. For reference purposss o result with no ccllimation is also plotted . For
these mensurements, the statistical error on each point is on the crder of 0.15%. It is easy
to see from Figure 16 (botbom) that the 12 Trmm collimator cuts cut rv 1% of the photon
beam and 8 6mm collimator cuts out re 1% of the photon beam.
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Figure 1% (top] Absclute tagging ratics plotted as a function of T-countsr mimber for runs
with different beam intensities, (bottom) The percent deviations from the mean for tagring ratio
measurements made at different beam intensities for the first 11 T-counters.

5.3.4 Efects of collimator position misalisnment

Figure 17 shows the position of the collimator on its ladder wersus run number. One can
easily see that the enbire running pericd can be divided up on oo groups of tuns. The group
1) with run numbers from 4100 to 42895 with collimmbor at 7.O075in and the group 2) writh
run numbers from 4502 to 54T with collimator at V.02in. Keeping in mind the required
pracision of 1% on the photon Hux, it is impartant to investigate the extent to which the
tagging ratics are affected bri- this shift.

The tagging ratice mensured for 5 different positions are shown on Figure 18 (top).
Figure 18 (botbom) shows the percent deviation of tagming ratics, mensured at different
positions of the collimator, from the walue which was measured with the collimator in ifs
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Figure 16: (top] K., measured for 3 different collimator sizes, (bothom | Percent deviation from
the uncollimated value.

nominal pesition {re at 7.02in). From Figure 18 {bottom) one con easily see that theshift
in collimator position from 7.02in to 7.15%m (v 3.3mm) lowers absolute togeing ratics b
about 0.34%, hence if neaded runs 4548, 4326, 4327 can all be usad when calculating the
final tagging ratics to reduce the the statisbical error. O ne can also nobice that larger shifts
in collimater pesition result in ~0 1. 2% and more reduckion of K.

5.3.5 Efects of HyCal scraping due to beam mis-steering (uncollimated beam )

As described in Section 77 the space hetween the Paoir Spectrometer dipols vacuum wind o
and the face of HyCal is taleen up b o helium bag. The HvCal has a central opening to
allowr the uninteracted beam particles to poss through. 4 Gamma Profiler (GF 1 was installed
directly behind the calodmeter to meonitor the shape and the pesition of the photon beam
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during the expenment. Ideally che would place the TAC right at the position of the target
but given the technical constraints in cose of PrimEx, the TAC wos mounted on the same
merving platform as the GP behind HyCal and was plasad in the path of the photon beam
interchangibly with the GP to perform a normalization run. In this configuration the photons
must treevel through a 115 « 4. 15¢m” central opening in HyrCal (see Section 77) before they
can be registered in the TAC. Consequently it is necessarv to ewmluate to what extent the
size of the HyCal central opening and the alignment of the photon beam with respect to the
HvCal axds affect the results of normalization muns, For this purpose the direction of the
photon beam was purposefully altered and the tagging ratics were measured. To allow for
larger artificial shifts 1n beam position the collimator was retracted during this study. Due to
the fact that this investigation was done with uncollimated beam it places an upper hmit cn
the amount of the photon beam that can be cut by HvCal due to scraping. Because the GP
was mounted on the same moving platform as the TAC, photon baam position messurements
were possible only before and after o normalization run. In light of this, the study described
in this secticn should be considersd onlv o= qualitative everciss.

It was determined that in the absolute coordinate mstem of the GF, the nominal photon
beam position is: X, = —0.833mm and 1, = —145nmm. Figure 19 (top) shows several
measurements of tagging ratics with different beam positions. REun %&£ 4338 wos talen writh
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Figure 158: (top) F... measursd for § different collimabor positions measured in inches. (botbom)
Percent deviation from the messurement talen with collimator in its nominal peosition (7.020).

the beam at its nominal position. For mun # 4340 the beam was steered a little over 5mm
in pesitive 17 direction to (—0.93,+.08) For run #F 4341 the beam was at (—6.54, —-1.23).
During run # 4342 beam was at (—8.45,-1.52) — r.e about 3.5mm off of ibs nominal
position. For run # 4543 beam was at (5.12, —1.44) — s e about Gmm off of its nominal
position.

This qualitative study indicates that the HyvCal and the beam were not positicned ideally
with respect to each other. Runs & 4342 and 1343 indicate that a v 3.5mmn shift in the
beam position in negative direction has the same effect on the tagging rabics as a r~ Gmm
shift in the positive direction along the X ands. Also nuns Z 4340 and 4341 indicate aslight
incremse (~ 0.23%) in taggng ratics when the beam is steered S5mm in positive 17 direction
of Smm in negative X direction.
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uncollimated . value.

5.3.6 Long and short term reproducibility with uncollimated beam

To test our ability to pedorm o consistent mensurement of the absclute tagging ratios,
B bt yze, 72 had badito-back normalization runs which were talen only 20 — 25 minutes
apart. The pair spectrometer magnet wos operating at o 900 4mps.

As it can be seen from Figure 20, the study showrs that all 4 runs agree within the limits
of required precision and statistical errcrs.

Figure 21 (top ) shows the absolute tagging ratics menasurad for the first 11 T-counters.
These runs were talen rv 4 and half hours and 5 davs apart from each other. Figure 21
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Figure 20: (top) K.y, messured for 4 conssqutiveruns. (bottom) Percent deviation from the mean.

(bottom ) shows the percent devintion of the tagging mtio for each T-counter from the rel-
evant orerage wlue. The statistical error for each point is on the crder of 0.2%. As seen
from the plots, all three mensurements are in verv good agresment with each other (hetbar
than 0.3%%). Mote that since since all three messurements were talen with Jdifferent setbings
of Pair Spectrometer dipole, this study also shows that there is ne detectables dependance of

absclute tagging ratics on the magnetic feld of the PS dipole when using an unocllimated
photon beam.
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5.3.7 Effects of the P8 dipole field with collimated beam

As was already demonstrabad in Section 5.3.6, the PS5 dipole fisld has no measurable effect on
the tageing efficiencies in the case of an uncollimated photon beam. Sinece, due to technical
difbiculties with the PS5 power supply, the normalization runs were perfarmed at different
values of the magnetic held of the PS5 dipole, and the production data for PrimBx were
toloan with o 12.Vmm collimator, it is important to investigate the effect of the magnetic
field on the tagging ratics measured for a oollimated beam.
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magnet. (bottom) Percent deviation from the mean value.

53.8 Absorption in the target

Some of the photons are absorbed in the target without producing a 7% Special TAC rins
with o carbon target placed in the beam were performed to study this effect. Figures 23 and
24 show a comparison of tagging efficiencies measured for farget in runs to those measured
for target cut runs for messurements perdformed without and with photon beam collimation.
Both studies vield consistent results indicating that o 3% of photons are lost in the torget.

Since PrimEx is aiming for a ro 1.5% level shsolute crosssection mensurement one
has to cotrect the wvields for abscrption of photons in the target. The main reackion of
interest for PrimEx, (77 — -+ ) and the cansistency ched: reations ( Compton effect and ete-
preduction ) are affectad by the photon absorphion in the target on different levels. In the



case of Compbon and Primaleff effects not only the primary photon but also the secondary
photons can be alsarbed in the target. Since Compton seattering or 77—production can
happen anrwhere along the longitudinal direction of the target, the result of this study can
be used to set an upper limit on the effect of phobon absorption.
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Figura 23: (top) Aa. measured for runs which were taken with target in and target out. (hotbom)
Percent deviaticn from the messurement obtained with phyzics target out; no photon collim ation.

5.3.9 HRelative tagring ratios measured with pair production

As described in Sections U7 and 77, the Pair Spectrometer is an essential part of PrimEx
experimental apparatus designed for melative in-situ monitonng of the photon Hux, The
Poir Spectrometer uses the experimental target to convert a fraction of photons intko ete—
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pairs which are deHected in the field of a dipole magnet downstream of the target and are
registered in plastic scinbillator detectors on both sides of the beam-line. The relabive tagging
rotics per T-counter! are defined as:
i
ralative % ()
where IV, is the number of elactrons registered in T-counter { and V57 _ , is the number
of e¥e™ pairs registerad by PS in coincidence with an electron in T-counter .

1The T—oiinbet as defined in Seckion 7T, Figire 14



During cur production data talking, in Fall of 2004, we had random, re not related to

the particles in the beam, clock trngeer set up to messure R, . . The use of the random
togger allows to ditectly count the number of electrons in the tagging counters and it gives

the advmntage of being insensitive to beam intensity wariaticas.

5.3.10 EfHect of Incident Electron Beam Intensity on Relative Tagging Ratios

As it wos discussed in Sections 77 and 5.3.2, the relative tagging mtics, defined bn- Fquation 6,
can be meosured at low as well as at high election beam intensities. In order to Justif- the
use of the absclute normalization of the photon Hux cbtained at lowr electron beam intensities
for caloulation of the number of tagged photons on target, it is important to demonstate
the independence of the A, of the slectron beam intensity

In August 2002, the R, waos measured from 0.08 to 100 ndmps, the msuls for T-
counter 3 are shown in Figure 25, The data points were fitted wath a fcst order polirnomial
and as can be seen R, is quite independant of the beam intensity (note that the X — anxds
on top plot is presented in log scale).

In Figure 26 the relative togging mtics are plotbed versus T-counter 1D, re photon
energy, for the data talken in Fall of 2004, cver the mnge of electron beam intensities used in
PrimFx experiment. The errcr on each point is not larger than 1.1%. The shape of the curve
depends on factors like: setting of the Pair Spectrometer dipole magnet and the gecmetrical
accepbance of Par Spectrometer detecbors. The pair produckion cross sechion is prackically
constant at the energies that are of interest to PimEBx. GEANT simulakions show the same
general behaior for energy dependence of R .

5.3.11 Run-to-Run Stability of Relative Tagging Ratios

As it was previcusly discussed the relative tagding ratics hove to be not cnly intensity
independent but also stable from run torun, 1 e in time, to within 1%. The time stability
of the relative tagging ratics mensured bor the PS5 justifies the use of a single set of absdute
tagging rabics mensured by the TAC for the tagged photon Hux calculation. As sudh, to
achiewe a 1% lewel tageed photon Hux messurement anv deviation from nominal volue of
the R ; has to be carefullyv investigaded and if possible corrected for. In this and the next
section the qualitative analisis of the run-to-run stabkility of the relative tagging rabios will
be presented and possible sources for deviations will be discussed. For the purpose of this
qualitabive discussion the data from all 11 T-counters were combined together and the the
part of the focal plane of the Tagger that is of interest to the PomEx expetiment is trentad
as one single counter which allows to reduce the statistical ermror.

Figure 27 shows the time evclution of the R‘;":}"H“‘d - combined relative tagmng atic
in time. The two black sclid lines on the graph represent +£1% deviation from el ghted
average. The weighted mverage for the mins with carbon target is caloulated based on nuns
with Fun Mumbers less then 4800 and for lead target nuns the srerage was determined based
on the group of runs with Run Mumbers from 5050 o 50890 giving for lead mins average of
0.00543505 £ 0.0424813% and for carbon runs sverage of 0.00505767 £ 0.0288419%

It is ens- to see that for the last group of runs (run number = 5150) relatiwe tagging
robio starts to fall of. Deviation is larger than 1% and indicates that etn care is needed
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when calculating the photon Hux for this group of runs. 1 will tor to address this issue in
next two secticns.

5.3.12 Inelliciency of the Tagger

Before maling any corrections one neads to investigate the reascon for the drop in telative
tagging ratics on Figure 27. The E?E“E“d can drop due to number of reasons:

1. Tagder registers extra electrons which do not hove partner photons on cur physics
target.
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2. A part of cur photon beam is being lost before reaching the physics target (or TAC

since same effect has been seen in abscluts tagging ratics).

3. A combination of frst teo effects.

To imestigate this drop in melative tagging rabics one can loclk at the mtio of number
togged pairs I:f'f:if__r.'l to the number of all pairs [.-'"f‘f,.i_fl and ot the ratic of number of all
pois (W57 _) to the number of electrons in the tagger (V7).

Tieeping in mind Figure 27, let us call runs 4747 — 1768 that were talen at ~o 80ndmps
group 1, runs 4973 — 5069 that were taken at v 10nd growp 2, runs 5158 — 5210 that were
talen at ro 130nd group 3 and runs 5211 — 5242 that were talen at r2 110nd group 4.

In crder to understand the beam intensitvy dependence of this ratics the weighted av-
erages were calculated fox each group. The resilts are ploted as a function of the electron
beam intensity on Figures 20, 30 and 31°. [Mote that the pdarity of the PS dipole field vwos
Hipped between runs in groups 1 and 2, thus the average wmlues of cnly groups 2, 3 and 1
should be compared to enchother.

On Figure 29 there is a drop of 0.46% in relative tagging ratio between groups ? and
3 (point at 130nd). The group 4 however is rv 1.00% lower than group 1 which indicates
cither dtop in number of tagged ete™ pairs ot increase in numbet of electrons registered in
the tageer, possibly both.

P
Figure 30 shows a rv 3.52% drop in —:_:lll'-__,l_":;"l when going from group 2 to group 3. Hote

that on this plot group 4 is rv 2.24% higher ‘til‘..‘l.l'l group 3, which indicates that on Figure 28

“On the nesk 2 plots groipe 3 and 1 app=ar in revetme crder.
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the drop in elative togging ratics for group 4 15 dus to extra electrons rgistersd in the
tagger which havre nothing in common writh tagged photons on our target. The cverall drop

5
in lf‘::_.:_._'—" quantity can be explained by a diop in the absclute effciency (hardware and
:a:'an;.t;uv:'ﬁl:mfl of the tagging counters with increase of the beam intenzity

On Figure 31 1 haw plotbed the the ratic of number of ete~ poirs registered in Pair
Spectrometar to the numbear of elactrons registered in the tngger. The plot shors o 316
raise when going from group 2 to group 3, which again could be explained by inefliciency of
the tagger ot high beam intensities.

5.3.13 Correction of Photon Flux for AHected Runs

Figure 27 part (a) shows that groups 4 and 3 of runs with *°C target were inHuenced by
extra electrons in the tagger. The qualibativwe study presented in Sections 5.3.11 and 5.3.12
indicabes that those electrons do not create bremsstrahlung photons on our target. Hence,
we nead to correct the number of elackrons in tagger when caloulating the photon Hux for
affected runs.

For carben target runs, the nominal values of the relative tagging ratics were obtainad
by caloulating the weighted average for each of 11 T-oounters.
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Figure 28: B oot v8. beam current, combined for 11 T-counters and averaged for all runs with
same current. The drop in relative tagging ratics reflects the change in number of dectrons in the

Tagger,

From Figure 27 part (b) one can see that there are 3 distinct running periods for lead
target. Let us call runs numberad 4850 and less grroup 1, runs numberad from 5070 to 5155
group 2 and runs numbered 525 and up group 3. Using the same method as described above
for runs with corbon target and information from group 2 one can obtain nominal walues
of relative tagging ratics for lead target runs (see Table 771 And based on these nominal

wolues one can calculate correction factors for group 1 and group 3 of lend target runs (see
Table 770

5.4 A high precision measurement of the absolute cross section
for pair production

The ProimEx experimental setup provides a unique cppotbunity to verify the lumincsity
normalization procedure (including both photon Hux and target thidmess) by mensuring
the absclute cross-secticn for a well known electromagnetic process, namely (et e ) pair-
production, without any additional hardware devel cpment.

Cress-section caloulations for the pheto-preduction of ete™ — paims on é'zli__' at photon
energies of few el’ and small momentum transter |I..§| ro 10kel” pelevant for the PrimBx
experiment were provided b A I";.D.I.'dlj.n][?]. A summary of different contributions included
in the cress-sechion caloulation are lisbed below in decreasing crder of significance:

# Bethe Heitler mechanism for pair production on the nucleus. Two models, Thomas-
Fermi-holiere and Hartree-Fodz, for the atomic form factor describing charge dis-

3A. Ketchin, Khatker Instibiabe of Physics and Technology, Kharkerr B1L0E, Ulkraine.
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Figure 31 ete~ /e~ va. beam current, comhbined for 11 T-counters and averaged for all runs with
same current, reflecting the loss of abeolute efficiency of the Tagger,
tobution of electrons were considetad to account for screening effects due to abomic

electrons. The Coulomb distortion effects hae been included according to wodls of
Bethe and Maximon (contribution to the ete~ cros-section of -0 80% .

# Pair production on atomic electrons taling inte account the excitation of all stomic
states and correlation effects due to precense of cther electrons and the nucleus (oon-

tdbution of ~ 207 ).

¢ JED radiative corrections (of arder a7 with respect to the dominant contributions):
(1) virkual-pheton loops and (i) real-photon process + + 4 — et +e -+ 4+ ’1",
{contibution of rs1 — 2%

# [Muclear incoherent contribution — quasi-elastic, or quasi-free process on the proton
v +p— et e 1 4 + p (contributicn of < 0.05%).



8 [Muclenr coherent contribution, re  wirtual Compton Scattering, o two-step process
v4+4 v +4d—=et+e 4+ A (contribution of ro 10-29).

As an exampls, the Figure 32 shows the caleulated energy distribution of electrons
produced by 546l photons on ézﬂ' target. The calculations based on three different
maodels of atamic form factors are shown: Hartree Fock (HF ), Thomas-Fermi-holiere ( TFLI)
and a simpler monopole approcdmation introduced by Tani. As one can see on the fgure the
cross-saction slightly decreases compared to THL if HF from fackor is used. The difference
betreen the ciosssection based cn Hartree-Focl atomic fotim factor and the coe based on
Thomas-Fermi-MMoliere model is of the crder of < 1% which demonstrates accuracy of the
caloulations.
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Figure 32: Caleulated ener gy spectrum of elsctrons in pair- production on 37 C for 5.46Gel” phobons.

A schematic of a pair-production event =5 seen by the PrimEx experimental setup (up-
stream of the tagger) 15 shown on Figure 33

For pair-production cross-section messurement, both the incident photon energy and
timing informsabion were determined by the tagger. The strength of the magnetic feld of
the PS dipcle was lowered (bo rv 0.220 and 0.283 Tesla « m) and the electron-positron
pairs were swept into the calorimetar where the energy and position of the endch particle was
mensured: The trgeer signal, a coincidence between Tagger MOR and HxCal, recorded in
a TDC provides fiming information of the et e~ - pair (see Figure 777

Following the event selection recipe introduced in Section 7 cne can chtain the spectrum
of selected photons which is shown on Figure 34,
The even FE-channels are the product of cietlapping noture of phisical E-counters and have
smaller width compared to odd E-channels which results in an unewen population of var-
ious E-channels. The level of cocupance of an E-channel alss depends on it gecmetrical
cottespondence to odd of even T-channel.
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Figure 33: Schematics of a pair-production event as seen by PrimEx ecperimental sstup (top
view) .
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Figure 34 Spectrum of incident photons showing almost uniform distribution of gammas over the
tagged ensrgy range (4874 — 54U G ).

The energy range mepresented oo Figure 34 cormesponds bo 114 E-channsls: The E-
channels are grouped by 11 or 12 to comprse 10 ensrgy sub-ranges providing finer photon
energy binning. The boundaries of these 10 energy ranges are determined by avwerage energy
of the Arst and last Echannel in the mespective sub-rangs.

The +£15m: timing cut introduced in Section 77 for event selection can be further re
fined by examining the Tageer-HyCal time differences, 1 e “tdiff"-spectra, for individual
T-channsls (ses Figura 35).

On parts (o) and (b) of Figure 35, showing the “tdiff” spectra for T-channels %3 and
212 respectively, one can s2e that the mean value and the standard devintions are different
tor the spectra of different T-channels. Figure 35 also shows a tail trailing on the positive
side of the spectrum. A conservative, asvmmetric cut (=5, 43 ) about the mean value has
besn applied to the “tdiff" distribution of each T-channel to account for these effects.
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(b). As a sample, Figure 36 shows distribution of X and ¥ coordinates and the ensrgy
position correlation for events with incident photon energy in the range 5. 145 — 5.201Gel,

re. energy bin 5 after the timing cut of (— 5, +87). The negative X oocrdinabes correspond
to posibrons and the positive X coordinates represent electrons.
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Figure 36: (a) Distribution of X and ¥ ecoordinates of clusters reconstructed in HyCal. (b)

Correlation of enerzy and deflection in the magnetic fidd for clusters reconstructed in Hy Cal.

One thing tonote for future reference is the fact that in contrast to GEANT Y siomilakion,
where the electrons and positrons hove identical energy spectrum (see Figures ¥7 and 71
in the data electrons hove higher end point energyv compared to positrons (see Figure 36).

On part (o) of Figure 36 one can see o ring of “Compton” photons arcund the central
cpening of the HyCal and a faint line with negative slope due to pair-production generated
by the halo of the beam hithking the photon beam collimator upstream of the experimental
target. The elacttons and positrons created by the halo oo the collimator are first deflectad
in the feld of the permanent magnet in vertical direction and then by the Pair Spectrometer
dipcole magnet in herizontal direction creating the slopped line.

To eliminate the ete —-pairs created by beam hallo and mest of Compton photons a cut on
the Y cooctdinate of particles is used. The distributicns of ¥ coordinates for posittons and /o

3



electrons, shown on Figure 37, creatad by incident photons of energy £ 4y = 1904 068G
and E 3.0 = 545 — 5. 80Fel” have nearly identical widths which allows for a single cut
range (|¥| < Sem) for all the energies of the photons. As shown b the simulation (see
Figure 1) such cut would affect electrons/ positrons created on the target if their ensrgy is
less than ro 1.6 = 1.75e1.
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Figurs 37: Distribution of ¥ coordin ates of clusters reconstructad in Hy Cal due to incidnet photons
of various energy: (a) peeitrons and (b) electrons.

As mentioned previously pair-production data was talen with varous setbings of Pair
Spectrometar dipole (see Section ¥7). For the highest field setting of rv 0.203 Tesla < m
momenta of 1.6Ge 1 and less correspond to detections of particles in the field of the dipole of
re 37.17cm ot more, 1 e detlections into the cuter Lend-Gloss layver of the calorimeter. A cut
of E+ = 1695Fel” on the energy of leptons limits the analysis to the inner, high resclution,
Lead-Tungstate laver of the HvCal which extends cut to £35.275cm and allows to compare
data from runs with different feld setting. Takle 7 lists the pair-production data runs writh
the setting of the Pair Spectrometer dipole for each run the minimum lepton energy cut and
the corresponding minimim detection 10 horizontal direction.

As shown on part (a) of Figure 77 Compton electrons talee most of the ensrgy at the
linematic regime of the PomEx experiment, thus a cut £+ > 12Fl would also elim-
inate a large ameunt (~ 50.9% ) of Compton photons some of which would ctherwise be
reconstructad in Lead-Tungstate part of the calorimeter (see Figure 33) It 15 workh noting
that the distributions of X and ¥ coordinstes for Compton photons are identical due to
azimuthal svmmetty of Compton scatteting,

The final step toward the vield extraction is the subtraction of the bockground due to
Compton scattering under the electron arm. For this purpose the energyv distribution of
Compton electrons was generated for each phobon energy bin as described in Section T7 (se=e
Figure 77 ) and smeared with detector resclution function (sse Figure ©7). The resulting
distribution, shown on Figure 38, is subtmacted fram data with appropriate scaling factor.
The scaling factors, listed in Table T7 were determined according to the photon Hux in each
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Figure 38: Distribution of X coordinates of scattered photons in simulated Compton events.

run leeping in mind that in total 2.5 « 107 photons were thrown to generate the Compton
electron background. The photon Hux for the pair-production runs is listed in Appendix 7.
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Figire 39: (a) Energy spectra of the Compbon elsctrons generated in GEANTY simmlation by
incident photons in energy range (4.874 — 5491 Gel’ ). The sfect of detectar resclution is shown by
the blus histogram. (b) Enerzy distribution of Compton electrons for incident photon energy hins
2 and 10.

An example of the high energy part of the elactron spectrum, which is most affactad by
the background, 15 shown on Figure 40 before and atter subtraction of Compton bacliground.
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Figure 4: Ener gy spectrum of dectrons before and after subtraction of Compton hackground.

As mentionad in Sa:'{'.inn ¢{ the number of atoms per unit aren in Carbon target is:
0.1066 « 10%{+0.053%) [ s|: Linowing the photon Hux one can easily convert vields, ob-
beified as described in Secticn 17, into cress-sections. But before the cross-saction n:-b'l:m.ned
in the experiment can be mmpﬂj:ed to the one calculated by theorr one needs to tale into
account the effects of HyCal resclution and the energy losses of electrons and positrons be-
tere ther reach the calonmeter due to secondary interactions in the target and the helium
befcre they reach the calarimeter (see Figure 41). To do so the GEANT Y has been utilizad.

Fitst a photon ener gy is picked according to the spectrum of photons present in the data
(s2e Figure 31). Then an electron is generabed with a fraction of photon energy according
to the spectrum shown on Figure 7 part (b) and with ccordinates (0.,0.,2) where the
Z-coordinate is piclked basad oo the distribution of Z-positions of vertexes of ete— events
generated in the first stage of the simmulation (see Figure P03 In total 10-million such
events were gensrated and tracked throtigh the GEANTY setup introduced in Section 77
recording the energies of the parbicles at the surface of the calorimeter. The energies of the
electrons, recorded in simulation at the surtface of the calorimeter, are smeared according
to resclution function of the calorimeter shown on Figure Y. The generated vields were
normalized to obtain a differential cross-section according tothe calculated total cross-section
tar £, = 518Gl (see Table 15

For electrons the GEA NT{ allows for multipls scatbering, ionization and bremsstrahlung
providing cross-section accuracy for these processes of 0 5 — 10% [7]. Let us define oy = dd.'r
tobe the calculabed crosssection for pair produckion and m = I—L to be the differential cross-
section convoluted with the energy losses and the detector resclution then r = 100====t il
be the percent deviation of the differential crosssection convoluted with the Energj. losses
and detector resclution from the caloulated wvalue, On Figure 42 the r 15 ploted as a funchion
of the fraction of energy of the incident photon talen by the electron.
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Figure 41:

Abeoluts crees-section for pair-production differential in fraction of energy of photon

talen by the dectron for E. =491 — 546Gl . The effect of energy lossss in the target and the
helivm “buffer” is also shown as Blue histogram.

Table 1: Total cross-section for pair-production caleulated for the central values of the 10 energy

bins.

+

| Energy bin ID | E, avg, Gel’ | afs mh
1 191 351,106
3 197 351176
3 503 351744
4 511 351328
3 518 351108
€ 533 351461
7 § 38 351513
3 FEn 3515674
g 511 351641
10 5 1F 351602 |

< 1 « 1.0 the

One can see that, for elections or posittons with energy fraction 0.9
percent difference between calculated cross-section and one meodified by energy losses and
detector resclution is changing rapidly (5% < ¢ < 50%). Henes, for this regicn of © cne could
excpect up by 2 — 5% descrepancy betwean experimental cress-sections and theory (medifiad
b energy losses and resclutiony due to the uncertainty of the GEANT Y calculation of the
energy losses (see Figure 43, To minimize the potentinl systematic errors it is preferable to
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Figure 42: Percent deviation of the differential cress-section convoluted with energy losses and
detector resclution from the caloulated value

compare the experiment and theory for 0.3 < x < 0.85 where the effect of the ener gy losses
on the cross-section is less than 5%.
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Figure 43: Differential cross-section for ete—-production extractsd on electron arm.



Table 2 lists the theotetical and expernmental pair production cross-sections for waricus
runs integrated betwean x .., and x,.... Where 1 is the frackion of energy of the incident
photon talen by the electron (z = E_-/E. ).

Table 2: Pair production cross-section integrated betwesn =, and =, ...

| Fun Mumber | Tiran | e | Tazperimmant| D] | T sharry [1715] | (1 — Cezperiment) Taheary 78] |

2142 d3 | 0.85 151,887 185,754 2.10
5314 0.3 | Q.85 158. 563 185754 —-152
5142 0.+ | 085 148311 152.7 2.22
5314 0.4 | 0.85 154711 1527 -1.32
5141 0.+ | 0.85 152281 152.7 Q.27

® Tield Statistics.

Tahle 3: Statistical arror for the ete~ yidds ertracted betwesn s and me-.

o [Mumber of carbon atoms per unit area — (0.05%).

Fun Mumber | x ., | Toee | d3 7] |

L1472 a3 | 9.85 a.21

314 0.3 | 0.85 .24

5142 a4 | 085 0.23

5314 a4 | 0.85 a2y

5141 a4 | 085 Q.27
The number of atoms per unit area - n s given by
jgci'mn: i F_E'

n=

A

(i ]

(7

where 4 is the crces-section of the beam, p is the density of the target material, ¢
is the target thicknes and m is the mass of the atom of the target materinl.  For
the carbon taget of PrimEx experiment cne has ¢ = 0.966omi+£0.038%) and p =
2.198g,/cm” (£0.014% ) [?]. Thus for the carbon target the number of atoms per unit

aren is ne-12 = 1.066 » 10 em—(40.053% ).

# Photon Flux.

For details on error evaluation procedure for photon Hux see Sections ¥ and 77, The
svstematic error in photon Hux determination, arising from the swstematic uncertainty
in the messuersment of the absclute tagging ratics and the uwnoerbointy in electron
counting due to beam intensity variations, is 0.97%.



The statistical error on the photon Hux, in poir-production data, has a small contri-
bution (0.06% ) from error on absolute tagging ratics and is dominated by the elactron
counting statistics. The combination of both 15 given in Table &

Tahble 4: Statistical error con the number of photons for pair-production runs.

Flun [lumber . dN_[F] |
5142 1.19707e407 | 052
5314 B.62007e+06 | 040
6141 B.5952e+06 | 040

¢ Boclkground subtraction.

As previously discussed the background from Compton electrons is significant in the
region of z = E -/ E_ = 0.9 (see Figure 4. Figure 4L shows that the relative contri-
buticn of the Compton electrons under electron arm for 0.3 < x < 0.85 i5 not larger
than 0.3%. Henece, a canservative 50% error in determination of the Compton elactron
badiground, due to low statistics of generated events, results in 0.15% or lesser errer
on the pair-prod uction cross-seckion.
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Figure 11 Batio of Compton and pair-production yields for 0.3 < z = 0.85.
The background due to Compton photons in region 0.3 < x < 0.85 is completely
eliminnted by cuts: Eupsen = 1.2Gel” and |Yiagwm| < Sem.

8 HyCal Resclution.

To study the effect of the HyCal resclution the GEANTY simmulation vwas used. The
integrated croes-section for pair-produchion was caloulated for 0.3 < < 035 while



smearing the enargy of the particles with a gnussian. The width of the gnussian haos
been varied betwesn 0.016 and 003 in increments of 0.002 to mimic the resclution
of the calorimeter (1.6 — 3.0%). As one see from Table 5 the effect of the detector

resclution on the cross-section is less than 0.12%.

Table 5: Effect of detector resclution on ete~ eross-ssction intsgrated betwesn =, = 0.3 and
> =085

Smearing parameter [%] | e [mb] |
16 155,746
13 155,788
24 155,356
33 185 833
24 155828
76 155 841
18 185 957
16 135396 |

# MNMulti-photon events (see Section 770

The crosssection caloulation was repeated for run Z5142 accephing onli- events writh
1 photon reconstructed in the tagger. The photon Hux was recaleulated (V. = 230001
and d."'f? = 0.54%). The procedire resulted in ete~ cross-section of 182.011 [m.'::'] fox
T.;., = 0.3 and 7. = 0.85 with a statistical error on the vield of (0.35% ). The
chtained cross-section is in prfect ogreement (within the statistical errors) with the
value listed in Table 2. However, to be ¢ cnservative one can assume an errar of 0.06%
due to phobon reconstruction ambiguity

8 HCal calibraticn.

If one assumes that all cther effects have been accounted for of they are constant over
time, the errcr on the crosssection, due to drfling debector gains, can be inferred
b comnparing the cross-sections froom waricus runs integrated between same values of
Tomin and T, (5ee Table 21 Assuming independent errors, for error due to debector
calibratico (plus all othet time dependent systematic effects) one has an upper limit
of 1.97%,.

Table & summarzes the emror on the experdmental crosssections listed in Table 2.

# Error on the thecretical cross-section.

As alrendv mentioned in Section ¥ the errcr on the thecretical value of the cross-
saction due to the choice of the atomic scresning form factor is on the crder of ro 1%

The expedment 15 being compared to a theotetical cros-section convoluted wrth energy
leses in the target. The GEANTY provides an accuracy of 5 — 10%. To evalunte

the effect of this error on convoluted theorv the energy losses in simmulation were



Table 6: Summary of errors.

Effect Error (%) |
Yield statistics min dependent (ro 0,25
Statistical Photon Hux (F_pue and electron counting) | run dependent (v 0.37)
Photon Hux (R .. and electron counting) | 087
Svstematical | Mumber of Carbon atoms in the targst 0.05
Background subtraction .15
HxrCal resclution 0.12
Photon misidentification /double counting .06
Hy Cal calibration < 182
Total ro +0 44(stat.) + 2.16(sus. ) |

artificiallv vared kv £10% and the thecretionl cross-section wos recaloulated for region
0.3 < x < 0.85 resulting in r+ 0.32% difference.

Thus the estimated uncerbainty on the theory convoluted whith ensrgy losses in the
traget is 1.05%.

Given the above considerabons the experimentaly obtained cross-section, far 0.3 < 1 <
1.55 15 in remarleable agresment with theorwv

5.5 Absolute cross section for electron Compton scattering

5.6 Photon beam position monitor

A photon beam position detector was constructed by the collasboration that had provided
conbinuous real fime photon beam pesition and profils information during the first exper-
iment, as well as information in the data stream for off-line data analysis. This detector
consists of tero 1dentical modules crossed at right angles to each Otherishown 1n 45 to give
the beam profile along both 7 and v directicns. Each module s a linear hodoscope of mulki-
channel Bicron scintillating fibers (X module has 61 channels and Y module has 62) forming
a plane perpendicular to the phobton beam This detector 15 mounted on a remote controllad
table with the X and Y mobion placed just the HY CAL at nominal beam path. Each scinkil-
lating fiber has dimension of 2« 2 » 13 mm®. The scinkillating light from the fibers transmit
through the hight guide and is detected by four 16-channel RH600-IM16 Hamamatsu PITs.
A compact electronics module provides 64 channels of amplifier and discriminators for ancde
sighals, then convert them to ECL readout through a time-cver-threshold circuit. The ECL
signals are sent ower o 5I53801-256-Hat scalars and read into epics syetems. During the run,
the x and v baam profiles were disploned through a GUT for on-line beam control (showrn in



fgure ¥7) and read into DAQ for off-line analbvsis. This device pedormed beautifully during
the experiment and provided an excellent beam diagncsis ool
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5.7 Data Acqusition and electronics
6 Plans for a future run

6.1 New improvements
6.2 Run time and sdhedule

7 Summary

8 Appendix I: Previous Experiments

B.0.1 The direct method

A direct mensurement of the 77 lifetime can be made by obserraticn of the decar distance
between the production and decow points. This has proven difficult becouse of the high
spatial resclution which is required due to the short lifetime, v = 1071 sec. To be able to
discern distinet production and decw peoints, one must tale advantage of relativistic time
dilaticn to have the pion survive long encugh in the labormtery frame. Additicnally, good
knowladge of the energy distribution of the produced pions is necessary in crder to extract
the lifetime via this method .

The most recent result emploved direct method was carned cut at the CERITSPS in 1835
{shown in fgure T7). In this experiment, a 15 GeV/c proton impinged upeon two tungsten
foils whose separation was variable. The first foil served as the 7 production target, and
the second foll converted the 7 decoy photons to electron-positron pairs, and the positrons
were subsequently detected. Bv meosuring the positron rates for three different foil spacings
ronging from 5 to 250um, the mithors were able to determine the lifetime. The dominant
svstematic etrtofs arise fom uncertainties in the 77 specttum which »as not measured but was
assumad to be the arthmetic mean of the 7+ and 7~ spectra. In addition, correckions had
to be made for the Dalitz decm: of the 797, conversion of the photons in the 79 production
tor get, prompt positron and photon production, and positrons from the decay of 75 A pion
lifetime of 7 = (0.8397 £0.022 £ 0.017) « 10~ seconds was reported [7], corresponding to
awidth of T - =(7.344£0.18 £0.11) &V.

It is interesting to note that this experiment, the most precise of those performed to
date, gives a tesult which is smaller than the leading order chiral ancmaly prediction[?, 7.
Furthermore, with the labest calculabions bosed on both nesd-to-leading order chiral theory
and Q) CD sum roles described abowe, the discrepancy between this measurement and theory
widens to more than three standard deviations. The expernment proposed here will directly
address this discrepancy.

5.0.2 Measurements using v collisions

The 7 width has been mensured using electron-positron collisions at DESY vin ete— —
ete="y" — gte~n® — gte 9y []. The incident leptons are scatterad at very small angles
and are not debected in the final state. In so doing, they madiate quasi-real photons thak



couple to the 7 which is subssquently identified in an inwariant ~~ moss spectrum. The
photons were deteckad using the Cristal Ball debector which consists of a large arrms of
IaliTlh crvstals providing 839 solid angle coverage. Contributions to the systematic errce
wncluded luminceiby normalization, detector efficiencies, cosmic my rejection, and beam-
gas ocollisions. The latter effect arises from the production of 7°% via the interaction o
the leptons with the residual gas in the beam pipe. The resulting width cobbained was
T o=(7.7£05+£0.5) &V, very close to the predickion of the ancmaly but with a relatively
large errce. The valus cbtained in this experiment iz the same as the Particls Data Bock
average but was not included in this awmge(?].

8.0.3 Measurements using the Primakoff effect

The Primalcff effect, r e photopion producticn from the Coulamb field of a nucleus[?], has
been used in a number of experiments to study the 77 litetime [T, T, 7, ¥]. The production of
7% in the Coulomb field of a nucleus by real photons 15 essentially the inverse of the decay
7 — 77, and the cross section for this process thus provides o measure of the 77 lifetime.

Using bremsstrahlung beams of ensrgy 4.4 GeV' and 66 GeV at Cornell, Browman ef
al [?] measured the Primakoff cross sections on several nuclei, and cbtained a total decay
width of T » = (802 £ 0.42) &V. However, as was pointed cut in [, ¥] the queoted error,
does not have anyv contribution from uncerbainties in the lumincsity o detection efficiency
{s=a table 1 of [?]), and is an underestimate. An analogous measurement of the i width[?]
using the Prommlocff effect emploving a wernr similar sstup and analvsis procedure s not in
agreement with other expernments.

The cther tero Primaleeff mensurements shown in figure © ¥ were performed with bremsstrah-
lung beams of 1.5 and 2.0 GeV at DESY[?] and 1.1 GeV at Tamsk[?]. From fgure Y7 it
can be seen that the DESY measurement is high compared to the thearebical predichion
and the Particle Data Bocl: mrerage. Although both of these mensurements have relatively
large errors they were included in the Particle Data Bock avernge[?]. An clder Primalocff
experiment performed with 0.95 and 1.0 Ge'V bremsstrahlung beams at Fraseati[?] has not
been included in the Particle Tiatn Book awemge and is not shown in Agure 77,

In view of the strong interest in the subject, the dispersion of the previcus results, and
the recent arailability of high intensity, high energy tagged photon beams, o high precision,
state-of-the-art measurement of the 7 lifetime 15 needed. In post seveml vears, PrimEx
collaboration hos developed an excparimental setup combining existing Hall B togged photon
facility at TIMAF with a newly dewloped a stabe-of-the-ark, high resclution electromng-
netic colorimeter. It will enable a meosurement which will offer thres distinct advantnges
ol pravious messurements involving bremsstrahlung beams: (1) the quasi-monodhromatic
nature of the fagged beam will enable a clean kinemsbical separation of the Primalocf
mechanism from varnous background processes, (2) the tagging technique will enable sig-
nificantly betber control of svstematic errors associated with the photon Hux normaliza-
tion, and (3) high resclution and high efficiency electromagnetic calorimeter will enable
precise mensurements on the inmriance moss and production angle of the 7% The frst
PrimEx experimental data set was collected in Hall B in fall 2004, The preliminacy resulk
is T(a" — 471 = 7.93 + —-2.1%( stat 1 + —2.0%(sws ) V. hare beam time is requestad in this
propeosal to reach cur final goal of ro 1.4% precisicn.



