Current status of Bunch (Q-) Train Extraction

Studies Using Cs,Te Photocathodes at PITZ

Outline

— Problem descriptions

O Motivation (I@FLASH, II@PITZ)

J Preliminary investigations at FLASH
— Possible sources of problem
— Strategy of measurements

— First experimental results at PITZ
]l Correlations of Q-train slope with laser & RF
] Emission analysis w.r.t. Q-train slope

- Summary & Next steps Y. Chen

PPS, PITZ, DESY Zeuthen
Control Room, 20.10.2016

ﬁ HELMHOLTZ

| ASSOCIATION




Problem description: Motivation I

> Observations at FLASH* using a "fresh" cathode

L Large spike observed in bunch train extraction for FLASH laser 1 (L1)
and 2 (L2) on fresh cathode -> not tolerable by users

O Preliminary investigations done at FLASH -> no conclusion yet
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Problem description: Motivation 11

> Previous measurements at PITZ using a "worn" cathode

Q vs. Pulse No.
(6.5 MW /650 us / BSA1.2 mm/ 500 Pulses)
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during 08-09, 2016

Other parameters: Observations: —> Observations @FLASH
Charge measured at Low. : e and @PITZ: charge profile
ICT1 and FC1 1. Charge decreasing along Q-train along bunch train not flat!
MMMG at -128° 2. Effect stronger for LOW.

LT =29.8% ICT1(see X.Li's talk)
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Problem description: Investigations at FLASH* (1)

0 Bunch train slope observed for all charge measurement devices
O Flatness of two laser profiles both checked
O Investigations of slope dependencies on laser intensity and RF powers
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Animation 1

—— L1 only
——delay 240 us

|Spike always shown in the
beginning of emission L.

0.18 mm
11 More "fresh" cathode

0.17 \;ﬂrodu*e&hrgherspfke

1. Spike profile depends on
! " .

020

\.2. . Jf.1st laser weak, cathode to
015 2ndllaser seems more
"fresh", spike starts to

appear during emission
0.10 with 2"d |aser

charge T1[nC]

charge T1 [nC]

0.05

0.16

1L2

0.00 A
700 750 800 850 900 950 1000 1050 1100

time [us]

Y. Chen | Q-train Studies at PITZ | 08-09.2016 | Page 4

I T

0.15

T T T T T T T T T T T I T
700 750 800 850 900 950 1000 1050 1100

time [us]




Problem description: Investigations at FLASH* (2)

Animation 4

Spike dependencies on RF

Animation 3
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—1.28 MW L2 increased
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dependent on
surface states

_~» Space charge smearing?
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Message from FLASH:

1> Spike always shown in the beginning of emission

2> Spike depends on laser intensity and RF
3> Spike gets smaller and slope gets less steep as cathode operation time rises
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Possible sources of problem

> Issues of charge measurement devices

> Issues of driving laser, e.g., thermal lensing, flatness of intensity profile.
> Issues of RF gun (amplitude & phase) stability

> Space charge effects, e.g., shielding, coupling to QE, smearing, etc.

> Photoemission physics, e.g., recombination, band bending, etc.
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Current strategy of PITZ measurements

> Cross-check with various charge measurement devices and/or methods

) Scope measurements with LOW. ICT1, FC1 and FC2 Cross-checking
0 Measurements using LOW.ICT1@ADC charge measurements

. : . :

Laser intensity profile check at PMT@LaserTrolley Correlations with
> Check RF gun amplitude and phase @ uTCA bunch train slope
> Systematic multi-parametric measurements for Q-trains

For micropulses on the train

P un
ssa O 6.5MW  3.375MW 1.5 MW

J Charge measurements

A
) Attenuator scan 0.6 mm
C Charge phase scan 1.2 mm
O Laser intensity profile scan 2.4 mm v 4 ¥

) Gun amplitude and phase profiles scan
For emission analysis
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Correlations of laser intensity*, gun amplitude and
phase** with bunch train** slope
(LOW.ICT1 @ ADC)

* Laser intensity: data taken from PMT@LaserTrolley
** Gun amplitude and phase: data taken from uTCA
*** Bunch train: measured from LOW.ICT1@ADC
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Laser intensity (PMT@LaserTrolley) along bunch trains

% 6.5 MW in the gun @MMMG Phase, BSA=1.2mm Qfst — Quast

AQ =

Qfst
Qs charge of first pulse
Q,qs¢-.Ccharge of last pulse

x 100

time vs. mean laser intensity
measured at PMT@LaserTrolley, color: mean(Q), norm.
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charge for each laser transmission coefficient
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Correlation of laser intensity with bunch train slopes

 Variation of gun power levels and BSA sizes

~3.375 MW
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Gun field amplitude stability (Amp@uTCA) along bunch trains

s Script: first pulse finder % 6.5 MW in the gun @MMMG Phase, BSA=1.2mm
for UTCA USing DCM time vs. mean gun amplitude

measured at Ampi@uTCA, color: mean(Q}, norm
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Correlation of gun field amplitude with bunch train slopes

 Variation of gun power levels and BSA sizes

~3.375 MW
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Gun phase stability (Phase @ uTCA) along bunch trains

% 6.5 MW in the gun @MMMG Phase, BSA=1.2mm

time vs. mean gun phase
measured at Phase@uTCA, color: mean(Q), norm
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Correlation of gun phase with bunch train slopes

 Variation of gun power levels and BSA sizes

~3.375
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Intermediate summary (1)

> Flatness checked for profiles of laser intensity, gun amplitude and phase

> Observations further confirmed at 3 gun power levels (6.5/3.375/1.5MW), 3 BSA sizes
(0.6/1.2/2.4mm), 2 gun phases (MMMG/Max.Q) and LT scan for each case (10~100%)

> Some correlations of laser flatness with bunch train slope found -> accuracy of PMT
needs to be further checked (500-pulse bunch train slope: tail2head AQ,,,,~25%)

> "QE" drops along bunch trains . ET=100%

7+ .

p = ean charge (ICT1@ADC) b —  LT=50%
QF = laser intensity (PMT) g, | % s a

i | i i i i
100 500 600 700 800 900 1000

To be checked: 6.5MW @ MMMG phase, BSA1p2mm

s If PMT@LaserTrolley showing correct results?
s If no correlations indeed, how the slope depends on laser/RF parameters?
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Parametric analysis of bunch train slopes
(LOW.ICT1@ADC)
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Slope observed for all

6.5 MW @ MMMG Phase, BSA =1.2 mm
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Summary of cases for

@

1. LT=10%, @ MMMG Phase

T T T i

2. LT=100%, @ MMMG Phase
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Summary of cases for

(@) charge production in QE regime

BSA'O 6mm, LT=10%, @ MMMG Phase > Produced total charge depends on RF powers when
‘ : applying same but relatively low laser intensity in
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\3aTs MW W“@N >~ SPCH effect? LT=10% -> far below SPCH limit
— B > Laser drifts? -> 2 subsequent measurements
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- | ! > Cathode temperature?
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Summary of

@

> LT=10%, @ MMMG Phase

cases for
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Intermediate summary (2)

> 1. Q-train slope affected by laser energy (intensity): LT 1 -> Slope |
= Problem originates in QE regime already

= SPCH (partially) smearing out the slope

> 2. Q-train slope depends on RF power levels: P, | -> Slope | (for most cases)

= Schottky effect plays
= Larger slope @ Max.Q phase than MMMG: charge density 7-> slope 1

= Lower RF power + higher LT rendering smaller bunch train slope
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Summary of cases for

1. LT=10%, @ MMMG Phase 2. LT=100%, @ MMMG Phase
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Summary of cases for
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Laser intensity at LT=10% for various BSA sizes

Laser intensity a.u.
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Intermediate summary (3)

> Larger BSA sizes showing smaller slopes for all cases
= Seems systematic laser intensity behavior, BSA sizet -> slope|
= Laser energy measurement needed for intensity evaluation

= Seems consistent with the flatness of cathode laser intensity

Laser at VC2

+

BSA =0.6 mm

BSA=1.2 mm

BSA =2.4 mm
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Parametric analysis of bunch train slopes
(Scope measurements)
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Charge along bunch trains / phase scans / LT scans (1)

O Measurements on 15.08.2016, using
LOW. ICT1 and FC1 (6MW, 650us)
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Charge along bunch trains / phase scans / LT scans (2)

LT=10%
O Measurements on 21-22.08.2016 " P |
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Charge along bunch trains / phase scans / LT scans (3)

1 Measurements on 21-22.08.2016
using FC2 (6.5MW, 650us)
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Intermediate summary (4)

> Scope measurements of Q-train slope

= Charge first slightly increases, then decreases dramatically

= Behavior consistent with ADC measurements

> Attenuator scans for each micro-pulse showing the discrepancy in
charge extraction orignates in QE regime already
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Summary

> A slope of Q-train profile observed for all measurements using a worn cathode
during 08-09,2016 (charge first slightly increases, then decreases dramatically
by up to ~25%)
O For all measurement devices or methods
O For various RF power levels and BSA sizes

O For various driving laser intensities

> Some correlations of cathode laser flatness with Q-train slope found (PMT
accuracy needs to be further checked)

> First parametric dependencies of the Q-train slope analyzed
O Slope| as laser intensity 1 (BSA fixed, Pgun fixed, LT1)
O Slope| as Pgun| (BSA fixed, LT fixed)
O Slope| as BSA 1 (Pgun fixed, LT fixed)
Space charge effect plays -> smearing out spike at Q-train head

Y

> Slope originates in QE (linear) regime already
O QE varies along Q-train
O Schottky effect plays
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Next steps (proposals) (1)

> Pulse train monitor (PTM) measurements (@ADC) + following experiments:

xperiment #1: Offline measurements to further check cathode laser flatness
sing photodiode or QD diode (already on schedule)

Phase w.r.t. Phi0 | BSA=1.8mm | BSA=0.8mm
90 deg Tsol | | | LT |
6 an q E"-ﬁ.
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MW £30 o -
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90 deg
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Next steps (proposals) (2)

> Pulse train monitor (PTM) measurements (@ ADC) + following experiments:

Experiment #5: QE measurements for Q-train (?)

a) Laser (‘absolute') energy measurements -> QE along Q-train
b) Laser beam transverse distribution at VC2

c) Laser intensity evaluation
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Next steps (proposals) (3)

> Pulse train monitor (PTM) measurements (@ADC) + following experiments:

xperiment #7: Fresh cathode vs. Worn cathode (near future)
) PTM measurements for the worn cathode (in operation)

b) Cathode exchange
c) PTM measurements for the fresh cathode
d) Comparisons between a) and c)
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