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New setup for 6MW, BSA=0.8mm 2> 1.11.2015M-A

| L.t SET POINT |
Amplitude ééélﬁl M H f
BSA=0.8mm
A f
erS=O 1 95 mm o — . n i ] Phase T\n’éé'éﬁ deg H
Yrms=0.206 mm T e : . — |ON Feedforward [v]Allow RF
= - ~ FF auto off configure f
XYrms=0.200 mm 9 03 oL LEC
— o — SET POINT
E 0.25 ) Amplitude | §5.80 | mv m 1
3 - |
O 0 2 // Phase V‘V¢$'é6 deg H
f, i ON Feedforward [v] Allow RF 1
H — <
Imaln_460A dbano 15 V. } FF auto off configure 1
= .
Phaseplot-01-Nov-2015-Sun-12-20-43 csv s |
fitQ=-0.08+1.099"1+0.48"sqrtsjsakmhil:( 1-Erf[0.59"phil) S 0.1 SET POINT
) phi=SPPha33.8 & : < ~+-BSA=0.8mm;6MW;90deg XQE=" amituse | §6.60 v [
] i £0.05 : -#+BSA=0.8mm;6MW;49deg (QB= ;.co (88 40 deg i
a = fi 40 0.8 2 / > ¥y § e
g %%% |: : BSA=08 ’6MW’30deg (QE=. ON Feedforward |v]Allow RF ;
-] ;) g [ 086 4 0 } } I s
a ] I
5 2 foat 0 1000 2000 3000 _Frawoorrcomgure |
o i Elaser (pJ) FEEDBACK | I
0 sPnets 10 -|| 0.2
= B, s
Yo 25 a0 35 40 45 b 25 30 3 40 45 P MMMG
SPPhase (ceqg) i b Phase: -13° P ean = (6-681 % 0.002)MeV/ic
P = (6.682 £ 0.002)MeV/c at -13°
S - (295 2 16 )keVic at 1° Statistics (Img): 100 Prus = (50.6 £ 1.1)keV/c
MS phase jitter=0.177deg; LaserElitter=3.55%; El noise=0.18fh iaser rms langth = 2 543 ps; Niter=550 Statistics (Bkg): 30 il
035 008 . g
O measured goal function G = . deg &
§ 03 — % fit e goal function Ceer 4 " 12 I
3 L a8 ‘I LY ‘
—-— o A = f\
ol 5 o :_17 - / 1 - . ‘|| / \'.
. a0 o J&o o e H N | |\ L4
g 0.2 ﬂarﬁ-é;,.{j,-,*saé i e o} £ . ) \ g _ F | U \
Soisle. @ ° O o TR 0.02 g = e \
“ O o 2 T 8 ‘ “.,
01 0 { | A
20 25 a0 3% a0 45 0 100 200 300 400 500 \ 4 \
SPPhase (deg) \ \
A 2 |
SP Phase Gun [deg] 100 ZUE)I( IPI?IUU 400 500 I‘Il WI‘.
—— 0 ‘

et F4 g e e 0


http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T13:18:25-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:28:41-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:26:34-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:26:37-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:52:42-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:53:47-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T13:17:14-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T08:14:35-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T08:16:23-00.ps

Uncertainty: Gaussian laser pulse length rms (fwhm) - 0.85 (2.0); 0.95 (2.24); 1.1 (2.59)ps
Ecath=7 : maxPz=6.681MeV/c at MMMG phase
a) Simulated MMMG phase - Pz(phase)

b) Simulate zero crossing phase

Transverse distribution (XYrms=0.200mm):
a) Radial homogeneous
b) flattop core + Gaussian halo
c) “real”’ = ring structure in the core + Gaussian halo
Calculate coefficient(s) for Qinput for the measured data (Elaser-> Qinput)
Scans for phases 30;49;90deg* (*-> cross check with 2b), charge collection at LOW.FC1
(z=0.8m), Imain=460;470;350A [MaxB(1)=-(7.102e-5+5.899e-4*Imain)]



New setup for (6MW, BSA=0.8mm) => VC2

y, mm

Saved in BSA800um-1115.fig and .eps files

300
200
100
] 07
evaluation

Test Fac

deal VC2

-1

0 1
X, mm

Halo/core=10.2%; Rad.mod=6.03%; <c¢>=1 1.5%; <r~cs¢>/Rc=6.

Profile

VC2

0.5

y, mm

-0.5

ASTRA

-1
X, mm

0.1

Rc =0.3717 mm, sigH = 0.1005 mm, RG=001669g(r116ﬁ, sigH = 0.1003 mm, A =1.275e+
5

.02 r r 1

=) + Measured profile S

°© —=— Core+halo fit °

9 01 2 10

5 5 + ASTRA modified profile

o 3 —— Core+halo fit

T 0 T 5 1

o S

© @©

o 0.1 o 0 L
o 05 1 15 0 2 4 6

R, mm R, m x 10

0.05

F
—*— Integral
—&— Awerage
0.15

¢ — Core+halo fit ||

40

0.2 F E F
L mean profile
G¢ (%)
0.1 | 20
0 [AM \7 0
0 02 04 06 08 1 1.2

-1

X, mm

Rc = 0.3717 mm, sigH = 0.1005 mm, R&=0018%

Photo Injector

-
-
N

Zeuthen

ility

ASTRA =2 “real”
-1 0 1
X, mm

9%&1@6, sigH = 0.1003 mm, A =1.272e+
5

.02 r r 1
=} + Measured profile >
2‘ 0.15 ~+ Core+halo fit || z o0
u_é 0 \ % +  ASTRA modified profile
S E o —=— Core+halo fit
— = 5 ¥
2 0.05 3
© 0]
o 0 Aw% o 0
0 0.5 1 1.5 0 2 4 6
-4




-
-
N

New setup for (6MW, BSA=0.8mm) > Pz
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Run 4 (first guess)

Laser temporal Trms(fwhm)=0.85ps (2.0ps)
Laser transverse: core+halo(MK), 0.2mm rms
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Zero-crossing phase simulations :
Pt nincene IR
Phaseplot-01-Nov-2015-Sun-12-20-43.csv
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http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:27:42-00.ps
http://pitzlb.ifh.de:8080/PITZelog/data/2015/44/01.11_M/2015-11-01T12:28:41-00.ps
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Zero-crossing phase simulations — impact! :
Pt nincene IR
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cathode laser delta phi dq/dph|.
. Gauss.fit . 0.0005 0.0005
Ekin (eV) fit-ov/ot :
o, (ps) AT deg fit-c, (ps)
t (ps) ¢ 0 - 0
0.85 2 0.55 -1 1.54 1.81 -3 -2 -1 0 1 3 4
gun phase (deg)
0.85 2.6 1.1 -1.3 1.67 1.96
0.0035 1~ Cath.laser 6,=0.85ps (2ps fwhm) 1.1eV— 0.004
? . . . . 0003 ™ 00035
?Twice thermal emittance = phase shift: -1 > -1.3deg
—e—simul.charge - 0.003
H 13 H ” . . /_‘00025 085 ]

What is “real physics” > zero-phase emission? g 7( )‘ (08509 ooons B
g 0.002 —m-dgdphi (0.85ps) 3
= j X‘ - 0.002 =
] -—
S 0.0015 —#—GausFit(-1.3deg, | | <
£ - 0.0015 &
Ei \ 1.67ps rms) =

0.001 -
—<—Gauss(0.85ps) - 0.001
0.0003 f - 0.0005
3 -2 -1 3 4

0 1
gun phase (deg)




Impact of the cathode laser length onto LT-scan (runb)

*Ecath=59.569MV/m
*Gun phase =90deg (AUTOPHASE=0OFF)
sLaser transverse (flattop core +Gaussian halo, XYrms=0.2mm)

015 / ——BSA=0.8mm;6MW;90deg (QE=4.67%)
-O-simul. (0.85ps
=#—=simul. (0.95ps))§A
-O-simul. (1.1ps)—>
005 f' —o=simul. (2.5ps)/
0 | | | |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Qinput (nC)

e
[E—
B

0.5
0.45
\5 /
- 0.35
o
=
3’ 0.3
Q
- 0.25 '
S )ﬁV
& 0.2 g
=
|
5]
=
(5
=
=]
=]

Cathode laser rms length o,

* 5,=0.85ps (2ps fwhm) > closer, but still Qinput~0.3nC-> large discrepancy



Run 6: (0.85ps; 59.569MV/m; distribution)

Photo Injector
Test Facility

flattop core + Gaussian halo

-~ M
2 03 At
o ﬁu—igL
E‘ 0.25 +—0—=
z
S 02
- N . 24 B P w pg oA
g 0.15 ———fhoatctdshhes . :
= ——BSA=0.8mm;6MW;90deg (QE=4.67%) / ——BSA=0.8mm;6MW;90deg (QE=4.67%)
< 0.1 -=-BSA=0.8mm;6MW;49deg (QE=4.41%) 0.1 | -#-BSA=0.8mm;6MW;49deg (QE=4.41%)
= —+-BSA=0.8mm;6MW;30deg (QE=3.87%) ~+-BSA=0.8mm;6MW;30deg (QE=3.87%)
5005 - —t-simul. (30deg) 005 4 ~—simul. (30deg)
= -O-simul. (49deg) -O-simul. (49deg)
0 —0—-simul. (90deg) 0 =—-simul. (90deg)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 . 0.2 03 04 0.5 0.6 0.7 0.8
Qinput (nC) Qinput (nC)
0.35 0.005
S o3 — s 0.004
= 0003 ~
5 ey s
2025 - 0002 £
3 / \)_—O/“\\\O\ 0.001 2
S 02 : S
- o—0 a
= Q=00 / 0 ]
015 / \ j _ _ - -0.001 &
P J/ Just minor difference! - 0002 2
5 / ¥ -0.003 &
5005 / ~+—BSA=0.8mm:6MW:90deg (QE=4.67%) —o-real-flattop core - -0.004
0 ! 1 ! 1 -0.005
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Qinput (nC)




Impact of the Rf gun onto LT-scan (run?)

* 5,=0.85ps (2ps fwhm) Gun phase =90deg (AUTOPHASE=0FF)
sLaser transverse (flattop core +Gaussian halo, XYrms=0.2mm)

0.35

e
[99)

<
W)
S

o
to

=
[
wn

//{ ——BSA=0.8mm;6MW;90deg (QE=4.67%)

=O-simul(59.569MV/m)

/i
——simul. (53MV/m)
/ -O-simul. (55MV/m)
0.05 /

<
[T

bunch charge at LOW.FC1 (nC)

~-simul. (58MV/m)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Qinput (nC)

Ecath=58MV/m - better?



LT-scans simulations for the

laser distribution (run8)

*Ecath=59.569MV/m
*5,=0.85ps (2ps fwhm)
* Laser transverse (radial homogeneous, XYrms=0.2mm) - no halo

Photo Injector
Test Facility i~

035 —+—BSA=0.8mm;6MW;90deg (QE=4.67%) —#—BSA=0.8mm;6MW;49deg (QE=4.41%)
o~ —#—BSA=0.8mm;6MW;30deg (QE=3.87%) —&—simul. (30deg)
g 03 0-==0==% —O—simul. (49deg) —o=—simul. (90deg)
: --A--simul. (homogen, 30deg) -43--simul. (homogen, 49deg)
&i 0'25 --6--simul. (homogen, 90deg)
3 0.35
S 0.2 Q 03
= -
2 0.15 E 0.25
= ——BSA=0.8mm;6MW;90deg (QE=4.67%) S 02
S 0.1 —8—BSA=0.8mm;6MW;49deg (QE=4.41%) =
= —+—BSA=0.8mm;6MW:30deg (QE=3.87%) %015
£ 0.05 -#--simul. (homogen, 30deg) 2 o1
= -G-simul. (homogen, 49deg) S { Compared to core+halo case
0 -<--simul. (homogen, 90deg) 5005 f
0 0.1 02 03 04 05 06 07 08 0 ' ' '
. 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
Qinput (nC) Qinput (nC)

=» Flat after the saturation



LT-scans simulations for (~>zero-crossing)

phase offset (runs 9+11)

*Ecath=59.569MV/m
*5,=0.85ps (2ps fwhm)
* Laser transverse (flattop core+Gaussian halo, XYrms=0.2mm)

0.35

——BSA=0.8mm:6MW:90deg (QE=4.67%)

(nC)
R

—0—simul. (90deg)

O imul. (89deg)
== S1mul. cg

=

= 0.25 e == - simul. (87deg)
—=—BSA=0 8mm:6MW:49deg (QE=4.41%)
0.2 .
——simul. (49deg)
. A -- i -£+-simul. (48deg)
= ALK AX —

_ ; -~ simul. (46deg)

=
[a—

—4—BSA=0.8mm;6MW:30deg (QE=3.87%)

bunch charge at LO
o
O

——simul. (30deg)

0.05 -Zr-simul. (29deg)
0 -5 - simul. (27deg)
0 0.1 02 03 04 05 06 07
Qinput (nC)
=> 1 deg: => 3 deg:
» better agreement for 49 and 30deg » Overestimation for 49 and 30deg

» No difference for 90deg » No difference for 90deg



LT-scans simulations for (~>zero-crossing) phase

offset (run 9)

*Ecath=59.569MV/m
*5,=0.85ps (2ps fwhm)
* Laser transverse (flattop core+Gaussian halo, XYrms=0.2mm)

0.35
G i J— —+—BSA=0.8mm;6MW;90deg (QE=4.67%)
5 0 3 ‘#0?‘“3&0"
— " —o—simul. (90deg)
2
B. 0.25 = == simul. (89deg)
—8—BSA=0.8mm;6MW;49deg (QE=4.41%)

S
bo

—{—simul. (49deg)

-£+-simul. (48deg)

bunch chgrge at LO
>

0.1 —4—BSA=0 8mm:6MW:30deg (QE=3.87%)
0.05 ——simul. (30deg)
-=#~-simul. (29deg)
0
0 0.1 0.2 0.3 04 0.5 0.6 0.7
Qinput (nC)
= 1 deg:

* Dbetter agreement for 49 and 30deg
* No difference for 90deg



LT-scans simulations for 58MV/m and 1deg (~>zero-

crossing) phase offset (run 10)

*Ecath=58MV/m
*5,=0.85ps (2ps fwhm)
* Laser transverse (flattop core+Gaussian halo, XYrms=0.2mm)

0.35

E% i
1

e
p—
n

——BSA=0.8mm;6MW;90deg (QE=4.67%)
-#-BSA=0.8mm;6MW;49deg (QE=4.41%)
~+~BSA=0.8mm;6MW;30deg (QE=3.87%)
—&—simul. (29deg)
-O-simul. (48deg)
——simul. (89deg)

e
p—

S
f—
O

bunch charge at LOW.FC1 (nC)

o

0 0.1 02 0.3 04 0.5 0.6 0.7 038
Qinput (nC)

» better agreement for 90deg
* but worse for 49deg
« But the max PZ momentum is by 2.5% less (6.518MeV/c instead 6.681MeV/c)



LT-scans simulations 1deg (~>zero-crossing) phase

ITZ

offset (58MV/m vs. 59.569MV/m)

* 5,=0.85ps (2ps fwhm)
* Laser transverse (flattop core+Gaussian halo, XYrms=0.2mm)

euthen

Photo Injector
Test Facility i~

58MV/m 59.569MV/m
0.35 0.35

g 03 2 03 Tt
: : Vil
= 0.25 . = 0.25 —
= z '
Qe g o
S 0.2 S 0.2 .
S 0.15 sl ‘ g 0.15 ~
= ——BSA=0.8mm;6MW;90deg (QE=4.67%) = ——BSA=0.8mm;6MW;90deg (QE=4.67%)
S 0.1 -#-BSA=0.8mm;6MW;49deg (QE=4.41%) S 0.1 -#-BSA=0.8mm;6MW;49deg (QE=4.41%)
< —+BSA=0.8mm;6MW;30deg (QE=3.87%) < —+BSA=0.8mm;6MW;30deg (QE=3.87%)
g 0.05 -ﬂ-s?mul. (29deg) g 0.05 —A-s%mul. (29deg)
= -O-simul. (48deg) = -O-simul. (48deg)

0 ——simul. (89deg) 0 ——simul. (8§9deg)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
Qinput (nC) Qinput (nC)

* But the max PZ momentum is by 2.5% less (6.518MeV/c instead 6.681MeV/c)




Impact of the cathode transverse rms size (run12)

*Ecath=59.569MV/m
*Gun phase =90deg (AUTOPHASE=0OFF)
sLaser transverse (flattop core +Gaussian halo, XYrms=0.2; 0.19;0.18 and 0.15mm)

0.35
G ——BSA=0.8mm;6MW;90deg
Z 03 (QE=4.67%)
y—
£0.25 o+ simul. (90deg, 0.2mm)
3
C 0.2
= ~-simul. (90deg, 0.19mm)
«
%0.15
ﬁ .
< 01 / —simul. (90deg, 0.18mm)
=
g 0.05
= =o—simul. (90deg, 0.15mm)
2 f

0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Qinput (nC)

* It seems that XYrms=0.2mm (default) is the best choice (or 0.195mm?)
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Impact of the cathode transverse distribution (run14)

Photo Injector
Test Facility

Zeuthen

*Ecath=59.569MV/m
-Laser transverse (flattop core +Gaussian halo=»"average+/-stdev,”, XYrms=0.2) = PlusMinus~ _

Saved in BSA800um-1115.fig and .eps files ideal VC2 VG2 ASTRA -
3001 0.5 : g 05 ~
L £ 0. \
200 £ o OE 0 @ \
100 > 05 2 o5 ]
400 0 100 200 300 400 1 1 -1 . ?nm 1 V2
J /7
0.35 7
Halo/co g 008395 i, sighH = 0.100‘1‘2:{, A=1.272e+
02r oAl : = 03 S ‘&W & #1;
. \ —=— Integral 8 pr r m
—&— Average - *
0.15 A Core+halo fit || L‘! 0.25 g 10 o g
S “— Average+/-rms ? qé
S 02 s
©
= ? + ASTRA modified profile
1 I —«— Core+halo fit
= 5 % 2 4 6
= 0.1 R, m x10™
S
= 0.05
2
035
0

0 0.1 02 03 04 05 06 07 038

Qinput (nC)
——BSA=0.8mm;6MW;90deg (QE=4.67%)
=+ BSA=0.8mm;6MW;49deg (QE=4.41%)
—BSA=0.8mm;6MW;30deg (QE=3.87%)
——simul. (6MW, BSA=0.8mm, 30deg)
-simul. (49deg)

—o—simul. (90deg)

——simul. (30deg) PlusMinus
—o-simul. (49deg) PlusMinus
—0-simul. (90deg) PlusMinus

* More smooth transition, e.g. for 90deg around Qinput=0.3nC, but for 30deg almost no difference
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027

025 T
02 03 04 0.5 0.6 0.7
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VC2 analysis: average image vs. average profile

Photo Injector
Test Facility

Zeuthen

0.375 T 0.102
UI o3 - = m , .“r" - ] '\:"‘ﬁ1‘,:_‘__,‘_\'”.7/,- = | 0.100
A o Lot oo o o P .
et © 5 Z ~ 0371 ! .t - v O'OQSE
% ” " :rl:u § g g -§D § 0.095%
ug., >C< % E >§- é §0 Eo“ E %’D ? éﬂjég 4 Re ~——Rc from average20 oo §"
1 [0.0019(-0.0035| 0.195 | 0.204 | 0.372 | 0.100| 9.8 | 5.4 | 12.0| 7.0 0367 1 - sigmatt — Siguna fom average20 | L om2
2 |0.0017(-0.0007| 0.195 | 0.204 | 0.372 | 0.100| 9.5 | 59 | 11.7 | 6.8 | , | | oo0
3 |0.0038(-0.0014| 0.195 | 0.205 | 0.372 | 0.100| 9.7 | 6.2 | 11.7 | 6.8 2o e s 02 e s
4 0.0035|-0.0002| 0.195 | 0.206 | 0.372 | 0.100| 10.0 | 6.3 | 11.3 | 66 | ¢
5 |0.0004| 0.0000 | 0.195 | 0.205 | 0.372 | 0.101| 10.0 | 6.1 | 11.7 | 6.8
6 |0.0036|-0.0046| 0.195 | 0.206 | 0.372 | 0.100| 9.8 | 53 | 11.9 | 6.9
7 |0.0018(-0.0007| 0.195 | 0.205 | 0.371 | 0.101| 95 | 65 | 121 | 7.0
8 |0.0010(-0.0018| 0.195 | 0.206 | 0.371 | 0.100| 9.7 | 6.6 | 120 | 7.0
9 |0.0007[-0.0015| 0.195 | 0.206 | 0.371 | 0.100| 9.8 | 6.3 | 11.8 | 6.9 ||:
10 [0.0022|-0.0004| 0.195 | 0.205 | 0.372 | 0.101| 9.9 | 6.5 | 11.7 | 6.8
11 |0.0002|-0.0044| 0.195 | 0.206 | 0.373 | 0.100 | 10.0 | 5.7 | 12.1 | 7.1
12 |0.0044|-0.0007| 0.195 | 0.205 | 0.372 | 0.100| 9.7 | 6.3 | 11.8 | 6.9 S
13 |0.0016/-0.0045| 0.195 | 0.206 | 0.372 | 0.100| 9.7 | 59 | 11.9| 7.0 e g | ¢
14 |0.0030(-0.0035| 0.196 | 0.207 | 0.372 | 0.100 | 10.1 | 5.3 | 12.1| 7.1 ° % T | d
15 |0.0011|-0.0039| 0.195 | 0.206 | 0.372 | 0.100| 9.8 | 6.1 | 120 | 7.1 | _ o Q o o & g g 3
16 |0.0016/-0.0039| 0.195] 0.206 | 0.372 | 0.100| 9.8 | 53 | 12.2| 72 | § 3 & S % § S ° e g
17_|0.0028|-0.0042| 0.196 | 0.206 | 0.372 | 0.09| 9.9 | 56 | 120| 7.0 | € o g 3 o 5 E|s |8 “;,I
18 |0.0034|-0.0033| 0.195 | 0.206 | 0.372 | 0.100| 9.9 | 5.6 | 120| 70 | 3 > e ° g S < |z |2 |=
19 [0.0009|-0.0029| 0.195 | 0.206 | 0.372 | 0.100| 10.1 | 5.8 | 11.9 | 7.0 g £ g g e % ERRE o %
20 |0.0004|-0.0016| 0.196 | 0.206 | 0.372 | 0.100 | 10.1 | 5.4 | 11.8 | 69 | % - 2 2 2 E | @ E & =
v X < | = 2 = S | & | ¢ | ¥
mean |0.0020(-0.0024| 0.195 | 0.206 0.3719 [0.1001ff 9.8 | 5.9 | 11.9 | 6.9 |0.0022|-0.0007| 0.196 | 0.208| 0.3717 |0.1005| 10.2 | 6.0 | 11.5 | 6.7
std |0.0013| 0.0016 |0.0003|0.0007 [ U-0005 [0.0004] 0.2 | 0.4 | 0.2 | 0.1 ——
0.13% | 0.36% | 0.13% | 0.36% |1.85% |7.37% |1.72% | 1.99% . (/ ;‘,
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VC2 analysis: average image vs. average profile

Photo Injector
Test Facility

Zeuthen

0.375 T T T -~ 0.102
[ 1 T T [ T T T T.] R e e
0.35 ‘ 2 G 2 N - et 0098 ¢
G g0 g * £
= 03 § 0.096§
: 20.359 £
U ~4-Re ——Rc from average [ooe
= 025 ) oo
E - -= - sigmaH ——— SiigmaH from average20 - 0.092
| ]
S 0.2 -2 4 6 8 10 12 14 16 18 20 o
- frame number
015
o0
=
= 0.1
o
S
= 0.05
=
=
0
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8
Qinput (nC) S
——-BSA=0.8mm;6MW;90deg (QE=4.67%) o o Q
- BSA=0.8mm;6MW;49deg (QE=4.41%) 2 ) %] o0
—+—BSA=0.8mm;6MW;30deg (QE=3.87%) Q o &” ?3" §
——simul. (6MW, BSA=0.8mm, 30deg) o o 1~ Q & © 3 o ©
- ~ ~ 3] O © v © © €
~Osimul. (49deg) 0 3 ap ) Q o 2 c £ S
—o-simul. (90deg) & & S S 8 ® = S S =
——simul. (30deg) <RC,sigH>20 g g ® s S £ £ * < !
—o-simul. (49deg) <RC,sigH>20 e e £ £ 3 £ o |2 |= | X
~-simul. (90deg) <RC,sigH>20 S s | & | &8 £ T |82 | & |=
20 10.00041-0.0010] O.156 | O.2U6 | 0.5/7Z2 | U.100 | 10.1 2.4 1l.0 0. “X "X é’ 2] § e E E QEO .20
> > = g O 20 o -(% n Q0
Vv i X > 2 o N o Vv \Y;
mean|0.0020(-0.0024| 0.195 | 0.206|| 0.3719 |0.1001}f 9.8 5.9 [ 11.9 | 6.9 |0.0022|-0.0007| 0.196 | 0.208)| 0.3717 |0.1005{{ 10.2 | 6.0 | 11.5 | 6.7
std [0.0013( 0.0016 [0.0003|0.0007 [ 0.0005 [0.0004] 0.2 0.4 | 0.2 0.1 *
0.13% | 0.36% | 0.13% | 0.36% [ 1.85% |7.37%|1.72% (1.99% .

* No difference (as expected > AR, d Acy, are also very small)
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One more check: old (paper) profile

euthen

003 Cathlaser rad.profile | 04
0.025 |
g‘ \ \ —Old (paper)
E 0.02 \\ —New
50.015
: \
3 001 \
- 0.005 \
0 &
0 02 04 0.6
radius (mm)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Qinput (nC)
——BSA=0.8mm;6MW;90deg (QE=4.67%)
-#-BSA=0.8mm;6MW:;49deg (QE=4.41%)
—+BSA=0.8mm;6MW;30deg (QE=3.87%)
* Analysis of the actual VC2 ——simul. (6MW, BSA=0.8mm, 30deg)
image using core+halo model -O-simul. (49deg)
=>» correct trend =o=simul. (90deg)
~—simul. (30deg), Old(paper)
-o—simul. (49deg), Old(paper)
—0-simul. (90deg), Old(paper)
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Figure 11b: proposals

Photo Injector
Test Facility

flattop core + Gaussian halo ‘real” = ring structure in the core + Gaussian halo

+error band 0.35
(uncertainty on

Zeuthen

g C 03 gor "B
=) phase and profile) £
s plot for simulationMj 3
2 2
< < 0.2
-] = A—A
) 2 0.15
= ~—BSA=0.8mm;6MW;90deg (QE=4.67%) = —-BSA=0.8mm;6MW;90deg (QE=4.67%)
S -#-BSA=0.8mm;6MW;49deg (QE=4.41%) S 0.1 -8-BSA=0.8mm;6MW;49deg (QE=4.41%)
< —+BSA=0.8mm;6MW;30deg (QE=3.87%) = ~+BSA=0.8mm;6MW;30deg (QE=3.87%)
g —&—simul. (30deg) g 005 ——simul. (30deg)
2 o-simul. (49deg)  AD=0deg 2 o-simul. 49degy  AD=0de
+§imul. (?0deg) ‘ ‘ | ‘ 0 +§imul. (9‘Odeg) ‘ ‘ ‘ ‘
02 03 04 05 06 07 038 0 0.1 02 03 04 05 06 07 08
Qinput (nC) Qinput (nC)

M " Lo—*

2 03 ' 2 03 W =
o Y
= 025 o $0.25
=z =z '
8 02 8 0.2
E e
$0.15 §n0.15
5 —+—BSA=0.8mm;6MW:90deg (QE=4.67%) ] —+—BSA=0.8mm;6MW;90deg (QE=4.67%)
< 0.1 -#-BSA=0.8mm;6MW;49deg (QE=4.41%) S 0.1 —#-BSA=0.8mm;6MW;49deg (QE=4.41%)
= +BSA=0.8mm;6MW;30deg (QE=3.87%) = —+—BSA=0.8mm;6MW;30deg (QE=3.87%)
£0.05 - ——simul. (29deg) £0.05 | ~simul. (29deg)
2 o-simul. (48deg)  AD=-1de 2 o-simul. (48deg)  AD=-1deg

0 -<>—Isimul. (8|9deg) | | . ‘ 0 —0—simul. (89deg)

0 01r 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
Qinput (nC) Qinput (nC)




Figure 11b: proposals - tolerances
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350 350
300 [y e T BRI 300 T—rﬂ—r—_
250 AT - 250 1 I S
g R e S g SR
2200 3 2200 1
X N 7 0 K A N (N SO &
5150 """""""""""""""""" —— . E—— 5150 — — s
o y * a measured (6MW, 90deg, BSA=0.8mm) & 3 * 4 measured (6MW, 90deg,BSA=0.8mm)
100 57 4 measured (6MW, 49deg, BSA=0.8mm) | | 100 4 4 measured (6MW, 49deg, BSA=0.8mm) |
4 measured (6MW, 30deg,BSA=0.8mm) 4 measured (6MW, 30deg,BSA=0.8mm)
50 —simul. (6MW, BSA=0.8mm,90deg) | 50 —sqnul. (6MW, BSA=0.8mm,90deg) |
/ —simul. (6MW, BSA=0.8mm,49deg) / —simul. (6MW, BSA=0.8mm,49deg)
0 —slirnul. (GMW, BSA:O;Srnrn, SOdIeg) 0 —‘Simul.(6M‘W, BSA=Q.8mm, 30qeg)
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
_~._ Qinput (nC) Qinput (nC)
" " 0.2 T T
Solid curves = min (runs4,13,14,17) i — Integral
0.18 —+— Average
Dashed curves = max (runs4,13,14,17) 2 vu / — Core+halo ft
0.16 v i —A— Average+/-rms 1
STy
Run | Ct Ecath AD Radial profile: XX- 5012 / Aﬁ} \\
(ps) (MV/m) (deg) | core + Gaussian halo 2 04 ‘
)
4 0 Flattop core g \
0.06 4
13 -1 Average core 0.04
0.85 | 59.569 i\
14 0 0.02
Average core t ¢ 0 Dsssssssisssssssrrons
1 7 _1 d) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
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BSA=0.8mm, other RF power in the gun



BSA=0.8mm, 1.5MW in the gun
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+ BSA=0.8mm, 3.375MW in the gun
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Summary

Fitted:
o Ecath=59.569MV/m > maxPz=6.681MeV/c at the MMMG phase
o MMMG phase: simulated =» 43deg, measured 46.8-1deg. 2deg are still not well-understood
Gaussian laser pulse length rms (fwhm) = chosen 0.85ps (2.0ps) = better coincidence, esp. for 90deg data
Simulated zero crossing phase = -1deg phase shift + widening of the “reconstructed” laser profile (image
space charge effect). Ekin is responsible for the shift!
Transverse distribution (XYrms=0.200mm):
o Radial homogeneous - flat curves after saturation
o flattop core + Gaussian halo
o ‘“real” = ring structure in the core + Gaussian halo - not much improvements
o ‘realt/-rms,” = a bit better transition from QE to SC

RMS laser spot size fine tuning does not improve agreement. Increase of the core modulation (by azimuthal
rms errors) smooths the simulated curve (especially for 90 deg), but still the saturated level is generally higher
that the measured one. Larger variation of the core+halo parameters (old “paper” profile) results in changed
simulated charge curves

Calculate coefficient(s) for Qinput for the measured data (Elaser—->Qinput), minimum slope yields better
coincidence with experimental data (Schottky effect is hardly to be implemented into ASTRA by using the core+halo model)

Scans for phases 30;49;90deg for charge measured at LOW.FC1 (z=0.8m), solenoid default calibration used
Imain=460;470;350A [MaxB(1)=-(7.102e-5+5.899e-4*Imain)] delivered simulations close to the measurements,
but still not perfect agreement

Fine tuning (-1deg phase shift) slightly improves agreement (-3deg is too much)

E.atn Was varied (53;55;58MV/m vs. 59.569MV/m), 58MV/m delivers a bit better agreement, but the max Pz is
~2.5% lower that the measured one

No big difference in fitted core+halo profiles and simulated charge curves was found while applying the
core+halo fit to the frame-by-frame data compared to the averaged image fit

Other RF power levels (3.375MW and 1.5MW) were also simulated for BSA=0.8mm

o Ecath=30.33MV/m ->maxPz=3.587MeV/c at MMMG phase for 1.5MW
o Ecath=44.981MV/m ->maxPz=5.145MeV/c at MMMG phase for 3.375MW



