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Quadrupole field errors effects on the 4D emittance and
couplings factor

Introduction and motivition

Figure 1: Beam images at High1.Scr.1, the position is o . . .
AbStraCt 5.277m away from cathode, laser RMS size 0.3 mm, 500 pC, Simulation settlngs.
6.0 MeV/c. Measured results from Gun4.6 operation. Gun 51.36 MV/m, solenoid 350 A, bunch charge 500 pC, laser rms size 0.3 mm;
The Photo Injector Test Facility at DESY, Zeuthen site Normal polarity _ Gaussian beam. Beam momentum after gun: 5.87 MeV/c;
(PITZ) was built to test and optimize high brlghtnelss P oo il T 1 I 1 Booster: 17.2 MV/m, after booster: 20.874 MeV/c;
electron sources for Free Electron Lasers (FELs) like Qs at z=0.18 m, Qs is negative polarity:
FLASH and the European XFEL. Although the beam E 10 L, 08 15 HEBAlVE POTatilys - |
emittance has been optimized and experimentally 3 =335 - Qn at z=0.36 m, Qn 1s related to solenoid, for normal current, Qn 1s positive polarity.
demonstrated to meet the requirements of FLASH and . Figure2: Coupling factor as
XF'_EL, tranS\{erse beam asymmetries were Obser\/_ed - o o a function of Qs and Qn. Table1: coupling factor for different Qs and Qn.
during operation of RF guns. Based on previous studies i i
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paper, we discuss the beam transverse coupling between 4D beam matrix: -
X and Y planes due to quadrupole field errors and its o > xS <xy> <xy > o I T T i
Impact onto horizontal and vertical rms emittance. Multi- o o : . o initial beam coupling terms | <xy>]
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proposed to measure 4D beam matrix at PITZ and tested <y'x> <yx> <yy> <yy > e " . (Initial correlation terms # 0) <ty > ||
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4D emittance measurement method----Multi-quads scan

Figure 3: PITZ beam line layout for multi-quads scan 4D emittance measurements. E et t@ﬂ@; Space ch arge effect:
. . Rpf}‘?;;‘sm“tﬂd B o5 Q1 I;*:fjt“”d | | i * ¢ The notion of space-charge dominated flow is
g Figure 6: Beam optics 7 | % quantified by comparing the space charge and
m— design for mult-quads |y ™ emittance terms in the rms beam envelope equation
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gilgtliirt?utiorj1 .at tﬁs urpelsc()jnstrt?ci?orz © T et near}I/y cznstant and E,Z the evolution of the beam envelope.
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Figure 7: The calculated R as function of beam energy with
above beam distribution.

Figure 5: Reconstructed 4D beam matrix correlation terms from simulation
studies with multi-quads scan method and compared with the initial ones.
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4D emittance measurement method----rotated slits plus two quads scan

Summary and Conclusions

' : ' ' Figure 10: Reconstructed 4D beam matrix correlation terms from : :
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compared with the initial ones.
Experiment : g simulation with quadrupole field errors model.
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