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Method

1. Measure beam spot at YAG screen vs. solenoid settings, at low charge, for

different gradients and phases
2. Model transport in rf gun from cathode to screen

beam size at YAG beam size at cathode
a2 2 @\emittance
_ A<11M12 ' @

Matrix elements from
- integration of trajectories in time (Astra) or
- longitudinal slices (Gulliford/Bazarov, gs tramalargu code)
3. Find best fit of model to measurements to estimate:
peak gradient, rf phase => final beam energy;
spot size at cathode, initial kinetic energy => initial emittance
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Data sets

Set gradient Rf phase = Gun power Charge
Cathode  N:GRESPA NCRESPP  N.GCVEP La[srenrrili’(’t N];ﬂzﬁzsf bun?h/ dljf;rigfs
[MV/m] [deg] [MW] [pC]
28-29 Jan Mo (Not used in this analysis)
14 Feb Mo 25 192 2.787 1.0, 1.9 100 0.19 10
14 Feb Mo 20 192 2.173 1.0,1.9 100 0.17 10
3 Apr CsoTe 26.6 187 2.870 0.45, 0.51 100 0.81 32
4 Apr Cs,Te 23 187 2.472 0.45, 0.52 20 0.47 26
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Laser spot at virtual cathode
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Laser spot at virtual cathode
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Laser spot at virtual cathode

Measured spot can be used
as input to calculation, or as
an independent cross check
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Example of electron beam on YAG screen vs. solenoid current

o | ® N:GRESPA =23 MV/m

21 N:GRESPP = 187 deg
_ N:GCVTPM = 2.155 MW
= N:GCVFP = 2472 MW
= - rms spot size at cathode = (0.43, 0.50) mm s
S S 1 047 pC/bunch, 20 bunches
© Yo o
2 . o
O o °
§ 8 | ° ® o0
s @ o) ©
L °
N
- 7 s .
S = . o © M :
& & g 1n. spot size
%) (o]
E S o ~0.1 mm

8 o
§ 1 o0 82 o Hori'zontal
0g08 o Vertical
220 230 240 250 260

Main solenoid current [A]
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Rf gun model: field maps

Electric field [MV/m]
0 20 40

-20

E Z(Z) S
S

S E

-

O

o =

< o

S =B

O

c

&

Solenoid calibration: >
Imajn = (1678.7 A/T) Bmax S
Ibucking =0.2414 Imain C|D

—40

0.0

Giulio Stancari [Fermilab]

0.2 04 0.6 0.8 1.0
z [m]

Analysis of ASTA rf gun solenoid scans AD-SRF-el : 11 Apr 2014 9



Two models for particle transport in rf gun (no space charge)

1. Obtain transfer matrix M by tracking 2 principal trajectories using
the Astra code (“time integration” approach)

2. Calculate and multiply transfer matrices of small slices in z
according to Gulliford and Bazarov, PRSTAB 15, 024002 (2012) using
new Fortran code (tramalargu) (“space integration” approach)

Why 2 models?

- to evaluate systematic uncertainties

- to speed up calculations, if possible (not as much as expected)
- to set up Astra for later analyses with space charge
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Comparison between models: longitudinal dynamics

Test case ? o0 1
40 MV/m, 1.3 GHz, 38.5 deg =
0.13 T max. in solenoids g °
0.4 mm initial rms size g <
0.23 eV initial kinetic energy ?é
0.19 um initial normalized rms emittance Tg o
From cathode (z =0 m) to YAG screen (z =1.06 m) 3 ——  Astra
Z o | — tramalargu/Fortran
Accuracy: =
1 ps max. time step (Astra) o
10" phase tolerance (tramalargu) . <
)
= 3
S
S o
:‘2 -]
=
. . ) C\].
Difference in By is less than 10° <]

00 02 04 06 08 1.0

z [m]
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Comparison between models: transverse dynamics

—— Astra
—— tramalargu/Fortran

0.46

rms beam size [mm]
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= QO . .
S T Difference in beam envelope
S . .
% | is less than 1 micron
I
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Fitting model to data: parameterization

» Identify a set of independent parameters
» Use 2 data sets with different gradients, same phase, same laser spot size

» A possible choice of parameters:
1. Gradient in first data set, E;
2. Gradient in second data set, E
3. Rt phase of laser pulse, ¢
4. Initial kinetic energy, To
5. Initial rms beam size, oy

2T,
3 mec?

Emittance as derived quantity: € = 0y

Final kinetic energies T7 and T, from longitudinal calculation
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RMS beam size [mm)]

Parameter sensitivity: peak gradient in data set 1

The first parameter is determined by the
position of the dip in the first data set
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Current in main solenoid [A]
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RMS beam size [mm)]

Parameter sensitivity: peak gradient in data set 2

The second parameter is determined by the
position of the dip in the second data set
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RMS beam size [mm)]

Parameter sensitivity: rf phase

Changing the phase affects predictions for both data sets
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RMS beam size [mm)]

Parameter sensitivity: initial kinetic energy at cathode

The initial kinetic energy enters through the emittance (main effect)
and through the matrix elements (negligible)

02 03 04 05 06 0.7

0.1

220 230 240 250 260

Current in main solenoid [A]
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RMS beam size [mm)]

Parameter sensitivity: initial beam size at cathode

A larger initial beam size makes the dip steeper
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Results

N:GCVFP=2.173 MW (35 MV/m) o e data Fit parameters:
© model E; =33.893+.05 MV/m
E, = 38.81 £.04 MV/m

= —45+1.4 deg

To=0.727 = 35 eV

op= 172+ 05 mm

<log10(A¢) = —6>

Derived quantities:
go=145+03 um
T =3.553 MeV
T, =4.105 MeV

N:GCVFP=2.790 MW (40 MV/m)

rms beam size at YAG screen [mm]

Best fit to the Mo data sets

01 02 03 04 05 06 07 01 02 03 04 05 06 0.7

220 230 240 250 260

Current in main solenoid [A]

Giulio Stancari [Fermilab] Analysis of ASTA rf gun solenoid scans AD-SRF-el : 11 Apr 2014

19



Results

O |
< N:GCVFP=2.472 MW (36 MV/m) e data Fit parameters:
“ | o model E; = 36.693 =0.045 MV/m
el E; =39.581 +0.053 MV/m
< | ° ¢=-422+0.19 deg
o To=125%0.1eV
0o = 0.5902 + 0.0086 mm
—
é S <log10(A¢) = —4>
:‘ N Derived quantities:
L o
g g9 = 0.652 +0.029 um
T T, = 3.846 MeV
2 S ®eccec T, = 4.17 MeV
>-‘ \O
S o]
g N:GCVEP=2870 MW 39 MV/m)  Best fit to the Cs,Te data sets .
2N
E o] °
S
O
s
g o
S
|
)
9\
3
=

220 230 240 250 260 270 280 290

Current in main solenoid [A]
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Quantity

Gradient
[MV/m]

phase
[deg]

laser spot
[mm]

emittance

[um]

kinetic
energy
[MeV]

Model

Summary of results

Data set (cathode / rf power [MW])

Mo /
2173

Mo /
2.787

CSzTe /

CSzTe /

2.472 2.870

tramalargu | 33.893(55) | 38.810(41) 36.693(45)  39.581(53)

Astra | 33.824(46) 38.441(20) 36.38(15)  39.20(22)
tramalargu -45(2) -42.2(2)

Astra -39(2) -44(3)
tramalargu 1.720(46) 0.5902(86)

Astra 1.52(15) 0.586(19)
tramalargu 1.45(31) 0.652(29)

Astra 1.36(18) 0.723(22)
tramalargu | 3.553 4.105 3.846 4.170

Astra 3.476 4.002 3.823 4.139

Statistical errors in parentheses

First measurements
of gradient and
emittance at ASTA

Estimate of systematic uncertainties from difference between models

Giulio Stancari [Fermilab]
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Results: calibration of rf gun gradient

e Cs,Te cathode, N:GRESPP = 187 deg =
o | © Mo cathode, N:GRESPP = 192 deg I
@ ] o
&
= &
>
2,
o~
2 o
2 7 23.1+0.053 (MV/m)
e d =0,
S IMW
% 2
=
O
A
A
To be compared with|“nominal” 23.6
<
DR

22 23 24 25 26 27 28
Rf gun power N:GCVFP [MW]
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Kinetic energy [MeV]

Giulio Stancari [Fermilab]

3.8 4.0 4.2 44 4.6

3.6

Results: calibration of electron beam energy

1 o| Solendid scan, Cs,Te,[187 deg

o| Solenoid scan}Mo, 192 deg
o Deflection, Mo, 192 deg

22 24 26 28 30
Rf gun power N:GCVFP [MW]

Analysis of ASTA rf gun solenoid scans

Deflection technique
depends on final beam energy
and fields in dipole corrector

Solenoid scan depends on
dynamics in rf gun

Independent measurements,
results within 1%!
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Conclusions

» Solenoid scans provide tests of single-particle dynamics in rf gun

» Results are preliminary. Main purpose of this work was to get first estimates,

set up procedure, and get feedback
» Dynamics is well understood at this stage, no “fudge factors” in field maps
» Beam-based calibration of rf gun gradient agrees with nominal to ~2%

» Very good agreement (~1%) between independent beam energy calibration

techinques: dipole deflectors and solenoid scans
» First estimates of beam emittance at low charge
» Next steps:

»review models and uncertainties, write report

»same data set: any information on solenoid alignment from displacements

of spot size centroid?
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Backup



YAG_35_216

YAG_35_226

YAG_40_244

YAG_40_254
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YAG_35_218

YAG_35_228

YAG_40_246

YAG_40_256

YAG_35_220

YAG_35_230

YAG_40_248

YAG_40_258

YAG_35_222

YAG_35_232

YAG_40_250

YAG_40_260

Analysis of ASTA rf gun solenoid scans

Electron beam spot at YAG screen vs. gradient and solenoid current

YAG_35_224

YAG_35_234

YAG_40_252

YAG_40_264
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RMS beam size at YAG screen [um]
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Spot-size data (14 Feb 2014)
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Spot-size data (3-4 Apr 2014)

o | ® N:GRESPA =23 MV/m

% T N:GRESPP = 187 deg
_ N:GCVTPM = 2.155 MW
§ N:GCVFP = 2472 MW
= S rms spot size at cathode = (0.43,0.50) mm 8
S S - 0.47 pC/bunch, 20 bunches
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rms spot size at YAG screen [um]
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N:GRESPA =26.6 MV/m °©
N:GRESPP = 187 deg e OO
N:GCVTPM =2.471 MW 8
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