








7.7.1 Fitting vs Raw Yield: A Cross Check on Cx and Cz

Another way to quantify the effects of background contamination is to compare re-

sults which required no fitting method due to the absence of background, with results

derived from a background-subtracted fitting algorithm. The background was heavily

reintroduced by relaxing two of our four mass constraints, analogously going from a

cut in the hypersphere to a cut in the circle. Fig. 7.13 is an example of a typical

fit which was integrated to give a background-subtracted yield. The results derived

from the fitting algorithm were compared with “background free” results in Figs. 7.14

and 7.15. The average deviation of the two measurements give δyeild(Cx) = 0.046 and

δyeild(Cz) = 0.009, both within statistical uncertainty. The comparison between fit-

ting and raw yield serves only as a cross check. A more reliable measure of systematic

uncertainty introduced by background is calculated in Section 7.3.

Figure 7.13: A typical fit which was integrated to give a background subtracted yield.

136



Figure 7.14: Left: fitting with four pion bins. Right: no fitting with five pion bins.
The binning scheme for the fitting method was defined coarsely to provide reliable
yields.

Figure 7.15: Left: fitting with four pion bins. Right: no fitting with five pion bins.
The binning scheme for the fitting method was defined coarsely to provide reliable
yields.
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7.8 Studies on Background: Further Cross Checks

7.8.1 Effective Polarization of Background From Lambda De-

cay

Although the data were found to be mostly background free, the primary source would

likely come from contamination as a result of the Λ decay Λ→ pπ−. In this scenario,

the pion from the Λ could be misidentified as coming from the cascade decay. This

“Λ background” is shown Fig. 7.16 and was estimated at most to constitute a few

percent of the signal. For the background to contribute significantly to the systematic

uncertainty, it’s measured effective polarization would have to be well over 100%

(possible since the effective values do not correspond to physical observables) due to

its minute presence. The effective polarization of the Λ background was measured

for the sum of all kinematic bins and shown in Fig. 7.17. We found a statistically

significant “effective” polarization of Cz = −0.625, which would contaminate our data

sample by less than 1%, thus, δΛ(Cz) ≈ −0.006. In any case, the varying hypersphere

cut includes this number so δΛ(Cz) was not taken as a separate source of systematic

uncertainty. The analysis on the Λ-pion background serves merely as a cross check of

previous systematics.
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Figure 7.16: In the top four plots: events in red are the result of cut on the invariant
mass m(Λ + π−) and m(Ξ−− π−) which identifies the pion coming from the Λ decay.
Its presence is shown over the broader spectrum of events. In the bottom four plots:
Events representing cuts in the hypersphere radius r = 1, 2, 3, 4, 5, 6 are layered over
one another. The vertical lines provide a means of showing how deep within the
hypersphere the “lambda-pion” cuts are. One should note the Λ-pion cuts lie in the
r = 6 hypersphere, far out in the sideband of the primary signal.
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Figure 7.17: Measurements of the effective Cx and Cz for events in the lambda-pion
background. This measurement is not meaningful in terms of polarization observables,
but serves as study of background effects.

7.8.2 Effective Polarization of Unknown Background

Just as the Λ-pion contamination was examined, a similar study can be done for the

background that comprises a mix of unknown sources. This “unknown” or “mixed”

background is mostly from particle misidentification and is shown Fig. 7.18. The

mixed background was found to have a zero effective polarization. If there was a

large presence of mixed background in our signal, it would dilute the measured po-

larization. The varying of the hypersphere cuts include the small dilution effect so a

separate systematic uncertainty need not be introduced. The systematic uncertainty

associated with the discrepancy of results deriving from background-subtraction and

non-background subtraction yield method also accounts for this the mixed back-

ground.
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Figure 7.18: In the top four plots: events in red are the result of cut on the invariant
mass m(Λ + π−) and m(Ξ− − π−) which identifies the “mixed” background. Its
presence is shown over the broader spectrum of events. In the bottom four plots:
Events representing cuts in the hypersphere radius r = 1, 2, 3, 4, 5, 6 are layered over
one another. The vertical lines provide a means of showing how deep within the
hypersphere the mixed-background cuts are.
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Figure 7.19: Measurements of the effective Cx and Cz for events in the “mixed”
background. This measurement is not meaningful in terms of polarization observables,
but serves as study of background effects.
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Chapter 8

Conclusions and Outlook

This work presents the first ever determination of polarization observables for the

charged cascade hyperon in the reaction γp → K+K+Ξ−. We utilized the parity-

violating weak decay of the cascade as a means to measure its polarization through

the angular distribution of its decay products. A background-free sample of over

5000 Ξ− → Λπ− events composed the data, a globally unprecedented yield for pho-

toproduction. We measured the induced polarization P , along with the degree of

polarization transfer from a circularly polarized photon beam, Cx and Cz.

Overall the induced polarization P , along with transferred polarization Cx and Cz,

were found to agree with predictions from the only known model of cascade pho-

toproduction. The theory models hadronic interactions based on relativistic meson

exchange, with cascade production arising due to the excitation and decay of resonant,

singly strange hyperons. Among the included diagrams, the ones involving t-channel

kaon exchange dominate the overall contributions to production, which reproduces

the preexisting data on the cascade cross sections. A model including singly strange

intermediate hyperons for the γp → K+K+Ξ− reaction is a natural choice, because

otherwise, it would involve a t-channel exchange of exotic mesons with S=2.

Our results for P , which due to the nature of our measurement technique allowed

for finer binning than for Cx and Cz, showed the closest agreement with the theory.

We found that the best match for P came from the model parameterization that

only took pseudoscalar mesons as candidates for exchange particles. However within

uncertainty, our findings are also consistent with zero, not far from agreement with

the other two variants of the model. More data at lower energies, especially closer to
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threshold, will help paint a descriptive picture and provide more stringent constraints.

There were no events detected below 2.8 GeV while threshold is around 2.37 GeV.

The lack of data below 3 GeV is mostly due to small cross sections, as was anticipated

from the known form of the differential cross section. The acceptance corrected beam

energy profile in our data also indicates the cross section drops off rapidly below 3

GeV. Additionally, the detector efficiency falls off at energies approaching threshold.

Although our results were broadly in agreement with theory, there were also some

interesting discrepancies. The most prominent disagreement was in Cz as a function

of center-of-mass cascade angle; the general trend of our results appears to diverge

from theory. Before a definitive conclusion can be drawn on this front, more data need

to be obtained in the forward region. The non-rising Cz for forward cascade angles

is a feature of our data that is permissible by angular momentum conservation for

two-meson production, in contrast with the case of single meson production. We are

eager to compare this feature of our results with future high statistics measurements

made by CLAS12.

As expected, we found the total polarization magnitude for the cascade was much

lower than what has been reported for the Λ. The integrated results show R̄Ξ ≈ 30%,

while for the lambda, R̄Λ ≈ 100%. An interesting similarity between the lambda and

cascade is that most of their total polarization comes from Cz, i.e, R ≈ Cz in most

bins. We qualitatively explain both features of our results invoking a vector meson

dominance picture in which one of the strange quarks in the final state cascade comes

from the photon, and the other, from the decay of an intermediate hyperon resonance.

A similar picture has been suggested to explain the previous lambda polarization data

for photoproduction.

If the naive diquark model is an accurate picture for the internal dynamics of the

cascade, then its total spin would largely be due to the down-quark. In this picture,
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photoproduction of the cascade off a proton target should exhibit large polarization

transfer from the target, from which the polarizing down-quark is inherited, but one

would see little transfer from the beam. The non-zero values we observed for Cz are

thus in disagreement with this picture. We point out that it is perhaps unnatural

to suppose that the two s quarks strongly correlate as a diquark since this state is

not overall antisymmetric in spin, flavor, and color. Regardless, future experiments

with target polarization could prove invaluable for probing the spin structure of the

cascade.

In addition to constraining current and future theoretical production models, our

results taken in conjunction with subsequent polarized target experiments will fa-

cilitate progress towards a complete measurement for the γp → K+K+Ξ− reaction.

Complete measurements for cascade photoproduction would allow for unambiguous

calculation of amplitudes i.e. a model independent identification of any missing hy-

peron resonances. While the realization of a complete measurement is still infeasible

with current nuclear physics instrumentation, there is much to be learned along the

way, and polarization observables provide detailed information on the interference

of the production amplitudes. Many Λ and Σ resonances have been observed and

studied, but there are still large gaps to close in the world database regarding the

spectrum of possible hyperon states and their properties.

For the near future, it should be possible to make a first time measurement of the beam

asymmetry Σ using our data, provided the experimental photon helicity asymmetry

can be accurately accounted for. Additionally, there are other cascade polarization

observables, specific to two meson production that we plan on extracting. Within the

next few years, CLAS12 may be able to produce and reconstruct around a million

Ξ− → Λπ− events.
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To conclude, this work has produced the only three standing measurements for the

cascade polarization observables in photoproduction. We have a qualitative under-

standing of our results from the vector meson dominance picture of the photon. Addi-

tionally, our data have corroborated the only theoretical model for cascade photopro-

duction and provided constraints for its parameters, and for the parameters of future

models. We have taken a first step towards a characterization of the cascade’s un-

derlying complex amplitudes of production. Such amplitudes, which can in principal

be extracted from cross section and polarization and observables such as the three

we have provided, will help elucidate the spectrum of excited hyperon resonances.

Finally, our work has established the feasibility of cascade studies near threshold en-

ergies. There is still much to be learned from further studies of this data set and in

cascade data sets to come, in particular with CLAS12. We hope our results will stim-

ulate the otherwise slow progress in experimental and theoretical cascade physics, and

in turn help bring about a phenomenological understanding of the photoproduction

of strangeness.
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