Katherine Korbiak David Cinabro Wayne State University May 2000

Observation of the Hourglass Effect at CESR with CLEO

•Hourglass Effect

•Method of Analysis

•Results

Hourglass Effect

•Tight focusing of beams at the interaction point cause the transverse size of the luminous region to grow away from a waist

•Results in reduction of luminosity as β∗ becomes smaller than bunch length (σz) •Longitudinal width of the luminous region (assuming zero dispersion) σ(z) = ϵ 2 ( β∗ + (z − z0)2 β∗ ) (1)

Expected Vertical Width of the Luminous Region

Box Technique

Use e+e− → μ+μ− events

•Box determined from independent measurement of position and shape of luminous region •Average position of track is found to determine size and shape of luminous region •Tracks with small direction cosines are most useful

Resolution of Box Technique on the Vertical Position

Resolution = 26.4 μ m

Resolution of Box Technique on the Horizontal Position

Resolution = 20.6 μ m

Resolution of Box Technique on the Longitudinal Position

Resolution = 42.6 μ m

Vertical Distribution of Luminous Region

Range Near Center of Longitudinal Distribution

Vertical Distribution of Luminous Region

Range Near Edge of Longitudinal Distribution

Vertical Width of the Luminous Region v Longitudinal Position

Hourglass effect clearly visible

Horizontal Width of the Luminous Region v Longitudinal Position

No hourglass effect is visible

Extraction of Beam Parameters

•Fit distributions for:

Beta β Emittance ϵ Resolution

σy(z) = [ ϵy 2 ( β∗y + (z − z0)2 β∗y )] + yres2 (2)

•Parameters are correlated and errors large •Z distribution also depends on β

dL dz = L0 exp ( −z2 σ2z )

(1 + z^2β_{∗2x} )1/2(1 + z^2β_{∗2y} )1/2 (3)

The Central Region of Raw Longitudinal Distribution of the Luminous region

Known efficiency effect z Direction Cosine v Longitudinal Position

Real Data & MC Simulation

Effect is well modeled by the simulation

After Efficiency Correction

Combined Fit for the Vertical Region

Conclusions

•Novel box technique measures luminous region with a resolution of ∼25 μm.

•Resolution is measured from the data; not taken from simulation

• First direct observation of the hourglass effect

•Including longitudinal distribution, we can measure

Parameter CESR Lattice Measurement (μm) (μm)

β∗y 17900 17330 ± 170 ± 460 ϵy 0.0084 (rad) 0.0070 ± 0.0054 ± 0.0019 (rad) σz 19100 19050 ± 40 ± 200