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The Photo Injector Test facility, Zeuthen site (PITZ)
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PITZ main parameters:

Bunch charge 1pC...4nC
Repetition rate 10 Hz
Beam energy after gun 1...7MeV

Beam energy after booster |1 ... 27 MeV

Number of bunches 1...800 Laser pulse structure

Bunch spacing 1 us iﬁﬁm—wlulu—'
Laser pulse temporal shape | 2 ps Gauss ... 22 ps flat-top | "M&rusererrae prvs.
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High Energy Dispersive Arm 2 (HEDA?2) at PITZ

* High resolution beam momentum
measurements up to 40 MeV/c.

» Longitudinal phase-space measurements
with a slice momentum spread resolution
down to 1 keV/c.

* Transverse slice emittance
measurements.
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Momentum measurements

For the beam momentum measurements at the first screen after dipole lets define
following initial conditions and parameters:
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Dipole + drift transport matrix
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Dipole limitations

X, = Ryy1xg + Ripx’y + Ry60po

Rll - _0.516
R, = 0.867 [m]
Ryc = 0.905 [m]

|R11x0 + Ri2x"ol < R160p0

-
7

Z; = Rs1xg + Rsyx’y + 25 + Rs68py

R:, = 0.866
R, = —0.107 [m]

|Rs1x0 + Rsyx"y + Rss0po| < 2o

7/
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Solution for system of inequations

|Ry1x0 + Rypx’o| < Ry60p0
|Rs1xy + Rsx’g + Rs0p| < 2

W
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Numerical example
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Dipole resolution limitation by beam pipe aperture

X, = Ryy1xg + Ripx’y + Ry60po

R;; = —0.516 If we are not interesting in the particle
_ longitudinal coordinate (within the bunch)
R, = 0.867

after the dipole
R,; = 0.905

|Ry1x + Ripx"ol < Ry60p0

A ”ﬁ/w

) T 2 K

’ 1r-0.6-—125 6
X max * 2.3-10"2 =0.7-10

Spo =~ 0.7-107° -16 eV

30 mm
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ASTRA Simulation: beam transport, RMS beam size

RS beam size

xrms red, Yrms blue

Gun&solenoid Booster  Quads Quads Dipole

ASTRA simulation parameters:
» 100 pC bunch charge,
» Gun solenoid optimized to have minimum emittance after the accelerating structure,

» Quadrupoles at the end of beamline were optimized to get highest momentum

resolution.
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Simulation: phase spaces before dipole (17.0 m)
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Simulation: screen image after dipole (18.5m)

Screen image, view from the gun
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Simulation: phase space after dipole (18.5m)
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Simulation: phase space after dipole (18.5m)

Transverse Phase Space
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Simulation: phase space after dipole (18.5m)
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Simulation: phase spaces after dipole (18.5m)

Transverse Phase Space Longitudinal Phase Spac
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Screen read out resolution

YAG screen calibration (2x2 camera bin mode):

> lens f80 -> 126 um/pixel
> lens f200 -> 37 um/pixel 1 pixel -> 37 um -> %’” =4-1075 ->1 keV

1 keV per pixel for 2x2 bin mode or
0.5 keV per pixel for full frame mode.

Possible errors in optics alignment:

50 um resolution (15* um if you are lucky enough)
1.3 keV (0.4* keV)
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For the HEDA2 momentum measurements linear model gives
resolution of 16 eV, for 0.6 mm*mrad emittance.

ASTRA simulation (particles tracking) gives for such measurements
0.2 keV momentum resolution.

Screen read-out limiting this resolution by the optics alignment from
0.4* keV to 1.3 keV, and by the video camera pixel size: 0.5 keV (18
um/pixel).
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