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Electron Beam Imperfections at PITZ: Observations

Observed electron beam imperfections
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E-beam dynamics
w/o space charge
Main solenoid

calibration check [ Photoemission studies ]
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Beam imaging studies space charge

Originate and
characterize the
asymmetry kick

Larmor angle experiment
interpretation

*Core+halo model
*Other mechanisms?

Goals: )
1. Precise (quantitative) understanding of beam
dynamics in a photo injector
2.Reveal a source of the asymmetry kick
3.Try to minimize the kick (?compensating coils?) /

4 Simulate measured )
x-y distributions and
transverse phase space
of electron beam and reproduce
\__optimum machine setup /
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Electron beam asymmetry - Larmor angle experiment:

ASTRA “tracking back” towards cathode
Cathode Z=0.18m EMSY

simulated measured
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45° Kick at z~0.2 m - skew quadrupoie?

The edge particles at
EMSY coming from

Currently: 2 kick sources:

the edge of the laser _ _
distributiont at the -normal quad from solenoid (polarity
dependent)

i) cathode _ _
b -skew quad from RF (solenoid polarity
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Main solenoid calibration: Electron beam imaging studies (Q.Zhao)

Main idea: beam dynamics w/o space charge to confirm RF gun + solenoid
electron optics, e.g. the main solenoid calibration:

B, main[ T1=5.889%1074+1 . [A]+7.102 %1075

Tools: grid at the BSA location - to be imaged onto the cathode, then electron
image at LOW.Scr1,2,3 for various RF peak power level (E,) bY 1,4, tuning. Grid and laser on VC2.
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E-beam Imaging: Magnification factor and images analysis

Pan=3MW (42.5MV/m)  P,,,=5MW (54.4MV/m) Images resolution and contrast analysis
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Photo emission studies (October-November 2015)

350

Measurements (1.11.2015M-A):
* P,,,=6MW (6.68MeV/c max) 300
* Launch phase
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Solid curves = mean (runs4,13,14,17,10)
Dashed curves = min and max (runs4,13,14,17,10)

ASTRA Simulations for uncertainty estimation

Laser radial profiles
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Update on photo emission studies: 90 deg phase

Measured charge for 90deg w.r.t zero-crossing phase (short 2ps FWHM Gaussian pulses, BSA=0.8mm):
 systematically lower than corresponding simulations (especially at QE—>SC transition)
+ systematically lower than the charge measured at lower phases (30, 49deg) with higher gradients (E_,,), but same E_ scion
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Update on photo emission studies: zero-crossing phase

Still not understood: Zero-crossing phase <> MMMG phase = 2-3 deg phase shift between measurements and simulations
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OE-program at PITZ (new)

|dea: establish 6E measurements (best resolution and flexibility) and
measure JE for various conditions (temporal profiles, SC effect, etc.)

Motivation from DESY-HH:

 Initial oE for micro-bunching instability studies (M. Dohlus)
Motivation from PITZ:

* Measurements vs. simulations

* Improve measured oE (projected) understanding

» ?Detailed emission modeling (e.g. zero-crossing phase)

ASTRA simulations with “Pz-heater” at cathode .. .
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Summary and Conclusions

> E-beam asymmetry:
= The experiment on Larmor angle:
- skew quad (=2 RF) kick at z~0.18m
- normal quad (= solenoid) kick at z~0.34m

> Beam imaging studies:
= Main solenoid calibration + RF field dynamics ~> seems to be OK, but still more
investigations are to be done

= Photo emission:
= Core+halo model of the laser transverse distribution - better agreement in
bunch charge vs. laser pulse energy. But not much improved discrepancy in
measured-to-simulated phase spaces and optimum machine setup
= Still to be understood:
—> measured curves Q(E,,..,) for 90 deg w.r.t. “0”
- “0”-phase determination

> dE-program at PITZ
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Beam Imperfection Studies project

@ Apply for DSF project (MK) |~ Applied —{ P Result |

i Lemor angle f=_Try la model quadrupols kack (07) '-"[_ P Status ]
Beam imaging studies | ¢ o confirm/comact the solenoid calibraion formula _=—{ ¥ Status: OK |

(@ ofthe data taken in 2015 | @ idea = there |
( ion of the transverse phase space coupling. “virtual pepper-pot” =1 P Status ¥~ @ data is there |
1 scripts for dafa treatment must be created

@ Benchmarking of the 2015 messurements =— 9 Status J=—{ P whatto be done? |

[~ Model is there |
[ ¢ Rough simulations are done =—] /A Shaws some field etry ! P Status | 1 Datato be analyzed in detais |
Detailod simulations from TEMF =] 7 Status j={ ' Datais obtaned || Dala must be analyzed |

[ More detaied solenoid field calculations (Igl) =—| 7 Stetus —{ A Ongiong/Temporarily paused |
|~ Done by Igor in C3T |
Madeling of the RF coupler kick €~ 1 Rapeatwith better resolution |

| ¢ Done by Ye in CST+ASTRA |

9 Coupler kick tilt MWS simulations |
7 Why beam imaging is (aimost?) not affected? |
2 impact onto the laser 8847 |

Solenoid field simulations (C5T)

( Cathode scan for electron beam shape/position |
[ E-beam steering in the LOW section (induding 2nd vacuum miror)

| @ simulations

[ Lamor angle experiment (e-beam asymmetryfails at HIGH1 Sorl and LOW screens) |
[ Solenaid litexperiment |

[ solencid calibration is 0K+ H Beam imaging studies ' |

[ Emissien stugies: lassr beam corsshalo modal |

[ Mo change was found Ay = Electron beam “wio forward power” |

- -y 9 solenvid measurements {presize 30 mad, rotating coil)
_Beam Imperfection Studies ) |
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D Steerer overthe ful call |

:}- Find the reason of the electron beam asymmetry 1 |\
2 | Physics design ofthe (ASTRA, CST) |

S Corection device =—{ P Design | i X X
L l..ocatlon !'_. ® Technical design and hardware realization )
| Langth y
" Quanhify a quadrupole?) lkick onto the beam !
| Profile
[ strengtn 1
[ RE-piea 1]

| soencid calibration 1 |
[ Emission features 1 A |
| comecting coilts) 1

}\ Refinement of the beam dynamics wio space charge 1

| coanial coupler 1 Proposals for the kick comection 1

>4 Re-design of a mperfect parts 1

[ solencid 1

M. Krasilnikov | Update on beam Imperfections studies at PITZ | 24.06.2016 | Page 11



Photo injector setups for emission studies

BSA Laser temporal Laser pulse E..thoge @t moment
diameter profile length FWHM of emission

(mm) (ps) (MV/m)

1 1.2 Gaussian 2.7 4.000 MMMG 29

2 1.2 Gaussian 2.7 7.750 MMMG 45

3 1.2 Flattop 17.0 4.000 MMMG 29

4 1.2 Flattop 17.0 7.750 MMMG 45

5 0.8 Gaussian 3.5 1.500 90 29

6 0.8 Gaussian 3.5 3.375 90 43.5

7 0.8 Gaussian 3.5 6.000 90 58

8 0.8 Gaussian 2.0 6.000 90 58

9 0.8 Gaussian 2.0 6.000 49 43.5

10 0.8 Gaussian 2.0 6.000 30 29

Studies on charge production from Cs,Te photocathodes in the PITZ L-band normal
conducting radio frequency photo injector
C. Hernandez-Garcia, M. Kraslinikov, G. Asova, M. Bakr, P. Boonpornprasert, J. Good, M. Gross,

H. Huck, 1. Isaev, D. Kalantaryan, M. Khojoyan, G. Kourkafas, O. Lishilin, D. Malyutin, D. Melkumyan,
A. Oppelt, M. Otevrel, G. Pathak, Y. Renier, T. Rublack, F. Stephan, G. Vashchenko, and Q. Zhao
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