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Goal and setup

Optimizing: momentum spread and bunch length

Bunch length measurement setup

of the electron bunch from the photo injector
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‘ Operation principle
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¢ energy at exit of gun: ~5 MeV
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Longitudinal laser pulse property

An important component of the photo injector: photo cathode laser for the
production of the electron bunch at the photo cathode
The longitudinal shape of laser beam is changed:

Gaussian shape changed to flat top
FWHM = (7 £ 1) ps FWHM ~ 24 ps, rise and fall time 5-7 ps
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‘ Momentum measurement: (Gauss

Measurement conditions:

Measurement compared to simulation for different ¢,
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‘ Momentum measurement: tlat-top

Measurement compared to simulation for different ¢,

Measurement conditions:
Laser shape: flat-top

Solenoid current 280 A (B_... = 165 mT)
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‘ Momentum measurement: comparison

Mean momentum Momentum spread
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laser pulse nearer to phase with highest momentum
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Beam longitudinal distribution

Experimental setu _ _
P P Conversion of electron beam in

photon beam with same
longitudinal dimensions, transport
light to streak camera (resolution

vacuum

tube A electron about 2 ps)
< e u trajectory
mirror /A7 Radiator: Aerogel with n = 1.03

Optical transport system consist of
vacuum window mirrors and lenses

S
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Beam longitudinal distribution

Longitudinal distribution of photon beam

Mean = 68.91
RMS = 35.73
Chi2 / ndf =222.1 /491

Konstante = 1.17e+04 + 400.1 One photon pu|Se haS |OW

Mittelwert = 66.05 + 0.2966

S — S B intensity: superimpose pulses

Untergrund =178.3 + 2.745

Check: jitter

100 single bunches:

o RMS of mean 0.99 ps

o streak camera resolution 1.8 ps
o bunch length o = 27.9 ps

60 80 100 120
t, ps
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Beam longitudinal distribution

Dispersion: elongation of photon beam

Transmission filters with different bandwidth A5

FWHM, ps

Chi2 / ndf =3.394 /13

401

303—
25/
20+
15

po =23.36+1.722
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Use FWHM (longitudinal distribution
is not gaussian)

Error bars contain statistical and
systematic uncertainties:

o 1.38 ps Streak camera
o 0.99 ps jitter
o 0.11 ps aerogel

Fit: overestimation of bunch length
due to dispersion of 0.079 ps per
bandwidth in nm
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Beam longitudinal distribution

Time resolution of different radiators:

Cor_npare Che_renkm_/ e_ffect in aerogel with = 1- — Cerenkov
optical transition radiation (OTR) I I AR OTR
— B i
o Cherenkov effect: radiator thickness - i It
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2 0.6 S
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surface, no contribution to time = 04k # ‘
resolution ol
o Plot: tail due to second transmission 0.2 F P
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filter TR A i
O e i &
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Intensity differs by a factor of 1000 20 40 60 80 100 120
t, ps
Both distributions show same shape (normalized by maximum)

— small time resolution from aerogel
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Beam longitudinal distribution

Measurement compared to simulation for different ¢,

Measurement conditions:
= same as for the momentum 4 D
distributions: 1 nC charge fixed, flat- el e ol e
top laser pulse
(b) ¢o =26,5° (¢) po =31,5°
= main solenoid, quadrupole triplett
. . T 8 ER:S T 4
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Low ¢,: focusing not successful

Intensitat, rel. Einh
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High ¢,: beam can not be focused (large J o
beam momentum spread) R

(8) ¢o =56,5°
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'Beam longitudinal distribution

Bunch length g 4;  Messung
_ f I B Simulation
Bunch length in RMS 90 %: > 3.5~
cut out the tails with < 10 % max. z | ¥
intensity 3- 1
25 [ '. t
2
= Low ¢,: higher space charge o

5
15 20 25 30 35 40 45 50 55 60
= High ¢,: variation of RF elongates the bunch @ °

= Minimum bunch length: FWHM = (21.04 + 0.45stat + 4.14syst) ps
= (6.31 £ 0.14stat £ 1.24syst) mm

at same phase of 26.5 deg. where the minimum momentum spread is obtained
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Summary

Momentum spread and bunch length are important issues for the optimization of a
photo injector

Study them has been done at PITZ:
Longitudinal laser shape changed from Gaussian to flat-top
Measurement of momentum distributions for different phases (flat-top pulse):

o  momentum spread decreases by a factor of 2

o phase with smallest momentum spread is closer to the phase with highest energy
gain

Used aerogel to measure the longitudinal distributions of electron beam

Small jitter of the injector and experimental setup measured

Dispersion between radiator and streak camera obtained — use of transmission
filters is necessary

Compared longitudinal distribution from Cherenkov-effect (Aerogel) with OTR-
effect successful

Bunch length for different phases is measured
Minimum bunch length and minimum energy spread at the same phase
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Outlook

Dispersion elongates photon bunch between radiator and streak
camera, to avoid dispersion use of reflective optics for the optical
transport system including streak camera input optics

Measurement system for the measurement of correlation between
momentum and longitudinal position of electrons in bunch in
production (complete longitudinal phase space)

PITZ will be extended by a booster — electron energy up to 30 MeV,
makes it possible to use OTR-screens as radiator for measurements
of the longitudinal distributions of electron bunches
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