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A novel method for 4-dimensional transverse beam phase space The Virtual-Pepper Pot technique is analysis technique for measurement of 4D transverse phase |
measurement is proposed at the Photo Injector Test facility at space and 4D projected emittance of space-charge dominated electron beams. A step called : Horizontal scan Vertical scan
DESY in Zeuthen (PITZ) for ongoing beam coupling studies. This beamlet crossing is crucial in the analysis. Images of beamlets from single slit scan in both Vertical slit Horizontal slit
method is called Virtual Pepper-Pot (VPP), because key principles horizontal and vertical direction are combined. The generated image by beamlet crossing | |
of the pepper-pot mask scheme are applied. The latter approach resembles an image of a sing|e aperture. Y=0 i
is of limited use in high-brightness photo injectors, because of IY
technical reasons. At PITZ a slit scan method instead is the I
standard tool for reconstruction of horizontal and vertical phase M OVa b I € SI It SC reen
spaces. The VPP method extends the slit scan technique with a RF gun (reference screen)
special post-processing. The 4D transverse phase space is |
reconstructed from a pepper-pot like pattern that is generated by . . ¢ Booster - ‘
crossing each measured horizontal slit beamlet with all measured - - :
vertical slit beamlets. All elements of the 4D transverse beam - ‘\ x' (y")
matrix are calculated and applied to obtain the 4D transverse P
emittance, 4D kinematic beam invariant and coupling factors. The . -
proposed technique has been applied to experimental data from . \ T -
the PITZ photo injector optimization for 0.5 nC bunch charge. [ — | Crossed slits | — : Sinale rectanaular
Details of the VPP technique and results of its application will be G un q Ua d u pO | es ) . 9 9
: : Single pair : pepper-pot hole
discussed. Solenoid (at gun exit)
4D transverse beam matrix g
A main theoretical tool to describe the 4D beam dynamics is the Forei h
4D transverse beam matrix oreign charge .
For any virtually crossed slit pair only a beam charge Q, passes
/ / through to the second screen. During measurement there is no slit
/ <ZL‘£E’> <ZC :E> <yZL'> <y IL‘) \ cross?n and the second screen image has Q, mixed with the rest
/ oo / oot Jan mas 0
AD <;U;U > <;U T > <y:1;' > <y T > of the passing charge Q;. The Q is called foreign charge, because Charge cut
0] — / / it is not part of the virtually crossed slit charge. The images of Q, At PITZ, the charge cut value estimates what fraction of the beam is not included in the analysis after a single slit scan measurement. Afit to a
<513y> <IL' y) (yy) (y y) and Q; on the second screen can overlap. reference beam image is used to get the charge cut.
/ !,/ / !,/ . . . . . .
€T T / i Beam profile with gun quadrupoles at 384 A solenoid current Beam profile without gun quadrupoles at 386 A solenoid current
\( y > < y > <yy > <y y > - Forward beam direction .l " : . : _ ) _ . . ; ; ; ; . _
with elements <uu> and <uv> representing a variance of u and a 0.8 0.8 L
covariance between u and v respectively. « 0.6 0.6
g 0.8
Emittance and emittance invariant £ 04 04
The projected horizontal emittance (and analogycally for vertical £ ) = E 0.2 E 0.2
i i fi z D S = = !
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with relativistic factors product By and scaling factor defined as the EEJ o « § 04 ~0.4
ratio of the full beam size to the reconstructed beam size g = = -0.6 0.6
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Intensity Intensity
The 4D emittance is defined as Py
_ - _ . 2 [det(g4D The beamlet crossing step has to isolate Q, from Q; as much as Beamlet intensity c
€4D scaled normalized = [z scaling fy,scaling (57) et(o*?) possible. The measured beamlet images of any vertical slit and peam projection €
_ S _ any horizontal slit have separate foreign charges Qy, and Q. The Baseline cut ——
A transverse emittance invariant is defined as pixel-wise minimum operation is used for beamlet crossing. -1 -0.5 0 0.5 15 -1 -05 0 05 1 15
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/ . _ Beamlet image renormalization
1(2) — 62 + 62 + 9 <$y> <;l? y) Qcross = mln(Qﬂ?a Qy) = Qo + mm(fovv ny) The pixel-wise minimum operation requires equivalently normalized beamlet images. The ratio of the horizontal emittance and vertical
2 L Y <,§Uy’> <;1j’y’> emittance from the slit scans is used as a reference point for renormalization.
X-Y correlation and coupling factors
A correlation value between horizontal phase space and vertical Res u Its [1] 5 g _Scaled normalized emittance (gun quadrupoles on)
phase space is introduced as . ] ' . ,
Kinematic 4D invariants Coupling and correlation values = —&—Horizontal (slit scan)
9 7r 0.7 10.1 © | |—v—Vertical (slit scan)
€4D - —O= 4D emittance (gun quads on) v A —O— Correlation (gun quads on) = —0—Horizontal (VPP)
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Its value ranges between 0 (no correlation) and 1 (fully correla- — N £ -0+ Coupling 2 (gun quads off) S 1t
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ted) in analogy to Pearson’s coefficient. T4t < 0.4 i L
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Two coupling factors are shown for comparison. £l e, ~ 0.3+ 004 & 380 382 384 386 388
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