Virtual Pepper-Pot technique:
procedure and results
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Virtual Pepper-Pot

» Measurement of 4D transverse phase space
 Virtual pepper-pot (VPP) technique

 Novel technique

« Data analysis

« Extending slit scans to 4D measurements
« Slit scan

. 2D phase spaces restored
» Pepper-pot mask experiment

* 4D phase space restored

« Mask hole size and spacing, intensity

« VPP procedure overview - diagram
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Fitting slit scan and EMSY

 Same beam — same curves

« EMSY projection along an axis Horizontal slit scan fit to EMSY
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« Sum of pixels (SoP) of beamlets along an axis —— EMSY Projection
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» Fitting parameters

* Position shift
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« Zero level difference
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« Charge cut
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* Fraction of the beam measured
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2D phase space

* Reconstructed phase spaces
* Matched with EMcalc3
» Reproduced noise-cut filter
« Good emittance agreement

» Reference in further analysis
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Beamlet crossing (1)

Basic principle and methods

* Reconstruction
« Two crossed slits — small opening
» Multiple crossed pairs — PP mask
« Beamlet crossing to slit crossing
« Ideally shall be equivalent

» Crossing methods
* Must preserve units
* Must give 0O if any beamlet pixel is 0
* Pixel-wise geometric mean
* Pixel-wise minimum value

* Normalization dependent
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Beamlet crossing (2)

« Challenges

« X scan, Y scan conditions

* Image noise

* Foreign charge

* Pixel-wise geometric mean

 Systematic error o< \/Qfy, v Qrx

* Pixel-wise minimum value
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4D transverse beam matrix

!/ /
« Covariance matrix of the transverse phase space (zx) (z2') |(zy) (2y)
* 4D transverse emittance with correlations

* Element calculation in VPP
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emittance (mm mrad)

Results: 2D emittance
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Results: 2D emittance

« Using min. val. crossing for best ratio
« Agreement with slit scan and previous studies

« Higher at larger Imain
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Results: 4D emittance

» Pearson coefficient ~ 0.5
« Coupling between X and Y
« Small effect on 4D emittance

* Quadrupoles introduce correlations
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Charge cut

« Significant charge cut
« Above 25% on many points
« SNR and median filtering
« Small charge cut descrease
* Negligible difference in emittance

Part of the beam (halo and tail)
from further analysis.
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Conclusions

« Virtual Pepper-Pot resulis agree with Emcalc3

* Minimum value crossing with normalization optimized for emittance ratio
« Correlations discovered

« Gun quadrupoles increase coupling
» Significant charge cut
* Outlook

« 4D transverse beam matrix eigenvalues — eigenemittances

« Charge cut extrapolation to 0

» Scaling factor studies

* Full beamlet reconstruction
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THANK YOU!
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Centroid velocities

« Centroid particle assigned for each crossed image of the VPP

Centroids transverse momentum
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Emittance invariant

» Transverse emittance invariant (for linear optics)

+ Increase at stronger Imain 12(2) — Ei + 632/ + 2 Ca%y
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