Simulated LOLA Measurements

LOLA setup

Imaging: entrance-LOLA to OTR

about reconstruction method of filamentary phase space
simulated LOLA measurement™: no transverse beam dimensions
simulated LOLA measurement™: gaussian transverse shape
about coupler kick (=CK)

simulated LOLA measurement™: no emittance but CK

simulated LOLA measurement™: gaussian transv. + CK

simulated LOLA measurement™: CSR + CK

summary

* measurements 16t June 2010, see s2e-meeting in Oct. m



middle compression is not understood
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LOLA setup

TD SN(LOLA)

Z
“beam direction

Quadrupole &
Steerer &

Figure: Aktuelles Design: Installiert im Februar 2010.

LOLA L = 3.826 m 2.856GHz
Drift L =2.693 m

Bend L = 0.447 m-5 deg
Drift L=0.131 m

Bend L = 0.447 m-5 deg
Drift L =4.481 m

OTR 17.5 pm / pixel



LOLA setup

field expansion in LOLA close to axis
(for symmetry PEC in xz-plane and PMC in yz-plane)
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LOLA setup

approach  E, ,+CB,, = Ié(z)e_jkoz with  k, _&
| | C

v and é(z) slowly compared to cell length
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LOLA cavity, in reasonable approximation:
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imaging: entrance-LOLA to OTR

full imaging function entrance-LOLA to OTR

energy calibration; theoretically:
d&/€
pixel

=2.0070107

streak calibration; theoretically:
S 1723 £/GeV

fseqpixel JP/ MW

“beam direction

LOLA L = 3.826 m 2.856GHz
Drift L=2.693 m

Bend L = 0.447 m-5 deg
Drift L=0.131m

Bend L = 0.447 m-5 deg
Drift L=4.481m

OTR 17.5 um/ pixel

Dipole magnet energy calibration scan

— Calibration constant: -2.21 +- 0.05 x10"5/‘pixel
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Imaging: entrance-LOLA to OTR

“beam direction

Kicker

LOLA L = 3.826 m 2.856GHz
- THz-spectrometer Drift L=2.693 m
Bend L = 0.447 m-5 deg
Drift L=0.131m
Bend L = 0.447 m-5 deg
Drift L=4.481 m
OTR 17.5 um/ pixel

example: V, =30MV

E=70CMeV energy’ axis
[desired effect]

streak (V) with positive sign:
1 0000a0
oo1000

] T(Vvy ,Ene)

streak with negative sign

100 oo0an 1 1202E -3 oK) 438 4805 [[1%]3
( ],TC_HF,EHE)

00-1000




iImaging: entrance-LOLA to OTR

example: V, =30MV
E=70CMeV

“energy” axis

[desired effect]

streak (V) with positive sign:
[1 00000

1 12022 2282 4365 3303

T(Vy,Ene
DDIUDDJ(F )

flipped:

j ‘T(-Vv,Ene) =

streak with negative sign,
[1 00000

00-1000

i i 1 das o

imaging of long phase space to & “energy” is not changed by sign of streak
— “energy” crosstalk for large streak

no crosstalk horizontal phase space t
crosstalk horizontal to “energy” does not change with sigh of streak

crosstalk vertical to & “energy” flips with sigh of streak

symmetric vertical phase space — LOLA picture does not change with sign of streak

)



about reconstruction of filamentary phase space

based on the assumption of an filamentary phase space, a reconstruction
method from two measurements with different sign of streak is proposed:

Reconstruction of a Filamentary Phase Space from two Projections
H. Loos', SLAC. Menlo Park, CA 94025, USA

Correlation Functions

0 10 20 30 40
Projections }.t(‘_\')

Line DensityA(x)

none of the errors, mentioned on the last transparency, is corrected
by this method!



real LOLA measurement

) Figure 78

streak with both signs: |5 7,5 T = 5200 % 10 s
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weak difference!
symmetric vertical phase space?

mess==40
Tcalib='2011-06-16T204139-time_calibration-SDUMP.mat';
Ecalib='2011-06-16T204338-energy calibration-5DUMP.mat';

RF_set='205900 165.10 7.60 18.2 =7.60 300.00 0.00 230.0
Mnames ={'2011-06-16T210918-6SDUNP.mac','2011-06-16T211139-6SDUMP.mat'}
choices ={[1:3 5:7 9:20] ,[1:3 5:7 9:20]}:

directions={-1 +1}:




simulated LOLA measurement: no transverse beam dimensions
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simulated LOLA measurement: no transverse beam dimensions
(PLo a=25MW)
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simulated LOLA measurement: gaussian transverse shape
(design optics, emittance = 1um)
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simulated LOLA measurement: gaussian transverse shape

Lo Al E
_Er_!: g_dt !_iew Insert _l?ols g__e_skto!: ﬂjf\duw _ﬂeb kT _E\_le Edit \bew ;_nserl: 1_’_c!nls Desktop Mndnw _Ijel_p ] _Ei_le _:dt _w_wv Lpsert l_o_uls Desktop _M_l?dnw ﬂelp £l
NadL (R0 LL- (808 (aO NS dS [k [R0DRL-E[0B[ad NGl B[R ODEL-(E[0B|aO
<10 LOLA-entrance: horizontal offset vs. |gngt£X - ul I I phi=8.0deg, vz=+1, 2.4 fsec per pixel phi=8.0deg, vz=+1, 2.4 fsec per pixel
4 .EDU F T T T T T T T sm F T T T T T T T =
B 400 + j— j— O 400 - 5 - 1 l.«l 1
- - X
£, =&,=0um m
E 300+ 4 300 + 4 1
E 200t 200 - O lJ,l N
4 L L L I L L 100+ 100 o
-25 -2 11D -1 05 0 05
xio* of ol ]
x10° LOLA-entrance: horizontal slope vs. length
5 - . — v - v 100+ 100 ¢ J
200} 200} .
- 300} 300 | E
-400} -400 | 1
S00c L | L L | L S00t s s L s : -
-600 -400 -200 1] 200 400 600 -600 -400 -200 0 200 400 600
J rigure 3 =) 3 [ - Fioure + A= B
File Edit ¥iew Insert Tools Desktop Window Help £l Eile Edit View [Insert Tools Desktop Window Help A File Edt View [nsert Tools Desktop Window Help £
DEde M| AAN9RL- 2|08 amd Ddde || RAN9LEL- S| 0800 Odde | | RRO09LEL- 2|0 O
w10 LOLA-entrance: vertical offset vs. IEHQEV = 1'.,“ I I phi=8.0deg, vz=+1, 2.4 fsec per pixel phi=8.0deg, vz=+1, 2.4 fsec per pixel
1 . + T - T Y . S00F T T T T T T T S00F T T T T T T T E
1 400 + 8 :O ||| 400+ = :1 [n
X l’l’ gx gy u
4 300 - : 300+ ; -
4 200+ - 1”' n 200+ g
E ! ) . ) . L 100} 100 - B
5 -2 145 1 05 0 05 1
x1o? oF 0 1
x 10t LOLA-entrance: vertical slope vs. length
1 - T T - - 100 - 100+ ]
1 200 - . 200 - 1
4 -300 _ ‘ 300+ g
black = long. phase space
. -400 . . 400 1
color = LOLA simulation
-1 & : - : . L 500 L ! L L 1 L S00E 1 s L 1 L -
-25 2 15 el 05 0 05 j 600 -400 200 0 200 400 600 600 400 200 0 200 400 600
x 10

so far no difference for vz=+-1




about coupler kick

horizontal & vertical parameters vs. length at BC2 entrance
(TW mode, ACC1 145 MV, 4.7 deg, ACC39 20MV, -144.7 deg)

horizontal x/m vs. length vertical y/m vs. length

0.001 - : 0.001

0 0
-0.001 -0.001
-0.004 -0.002 0 0.002 0.004 -0.004 -0.002 0 0.002 0.004
horizontal x' vs. length vertical y' vs. length
510 T : : 5107 - - F
-s5-107* =50t b : —
-0.004 -0.002 0 0.002 0.004 -0.004 -0.002 0 0.002 0.004

coupler kicks with numbers as on the next page



about coupler kick

. matrix = [|Cvx) Cavx,/dx) Cchvwy/dy)
numbers: oyd | Cvyrdd  Covsdyd ]

TESLA Cavity
upstream = (—54.8+13.0i)[10°
(-22.4+14.1i)[10°6 ]

downstream = (—26.8+19.0i)[10°
( 41.1+ 6.0i)10*® ]

Third harmonic cavity orientation 1

upstreams=
[ -0.0001418+ 0.00027611 0.006803-0.0142757 0.011683-0.0270451
-0.0000599+ 0.00017517 0.011683-0.0270457 -0.006803+0.0142751 ]

downstreams=
[ -0.0003923- 0.00010217 0.014767-0.0249017 0.011434+0.0306931
0.0000677+ 0.00020857 0.011434+0.0306937 -0.014767+0.02490117 ]

3rd harmonic cavity, orientation 2
upstreams=

[ -0.0003923+ 0.00010217 -0.014767-0.0249017 0.011434-0.0306931
-0.0000677+ 0.00020857 0.011434-0.0306937 0.014767+0.02490117 ]

downstreams=
[ -0.0001418-0.00027617 -0.006803-0.0142757 0.011683+0.0270451
0.0000599+0. 00017517 0.011683+0.0270457 0.006803+0.0142757 ]

TESLA cavity in pure traveling wave operation (my old MAFIA calculation before 2005, Qe=2.5E6)
3"d harmonic cavity in pure SW operation (fields from E. Gjonaj)



about coupler kick

numbers:

TESLA Cavity
upstream = (—54.8+13.0i)[10°
(-22.4+14.1i)10°

downstream = (—26.8+19.0i)[10°
( 41.1+ 6.0i)10°

; HOM coupler
pick up

other numbers: (s2e-meeting Mai 2007)

upStream ) (_571+ 66I)m0_6 \ 115.4 | 1 ’ ower col; e/ L"
(_414_35|) |j|.0_6 HOM coupler Ls—J P pl T l

d, b

z_pen =6 mm, forward backward
downstream = (—25.0+51.5i)10° (-52.3— 8.1i)10*

( 32.2+ 5.2i)10° ( 32.4+ 5.8i)[10°
z_pen =8 mm, forward

downstream = ( 0.5+53.7i)[10® (—39.2-33.6i)10°
( 32.4+ 5.1i)10°  ( 33.0+ 5.6i)10°



about coupler kick

numbers:  |TESLA Cavity
upstream = (-54.8+13.0i)[10°
(-22.4+14.1i)A0°

downstream = (—26.8+19.0i)[10°
( 41.1+ 6.0i)10°

more other numbers:

ofessional - [tupp019_Bane_Wakefield_and_RF_kicks.pdf] PI'(‘CCL'L"ILL’S of EPACOS, Genoa. ||..‘l|}r‘ = o
sument  Comments Tools Advanced Window Help e nal.gov,

FS- - @ P seorch | T Create poF - 5] Comment & Markup + g Send en GoTo Favorites Help

V(x. )= [(E(r)+ce, xB(r))expliar/c)dz and com- 250-10° mesh poi

v ke ® b v M. @ v & :1flss.Fnal. i -conf-0...
@\) L] el kg © [1ee% ® @ Heip cefficients 1 \ ; . \ . The cosfficients 408 processor cor €8 hittp:flss.fral.gov/archive/2008{conf Fermilab-conf-0. |
e VT TS O TR O T T F S Vig. Vo Vies Vigs Vi Vige A . 7 ; =
a loaded gradient of 31.5 MV/m., on crest acceleration, and le up- and down-stream couplers (TDR TESLA curves obtained @- % ¥ /T 13 8@ @ |ure - (=] 15 ,_

critical coupling for the FM coupler (which implies Q) ..t = obtained by coars

- adjusted to QN=3.5-106 and operated without re-

3.5 % 10%). ¥ i i r - . ok .
;f.r i(e li\i)co;ﬁ;] ::::; ;:l:o iilt:lzll:el‘gh::ttlc:en;:la jf;ﬁ;:;: »ns) have been calculated from a decaying eigenso- 12 Table I. The RF kick for ulpstr:sun and downstream
A ¥ < Sadw N HOM C R — couplers.
~ 6 mm. Our calculated RF kicks using OMEGA3P are 1[ll'rtlp'f'fd‘}:b’des‘y‘;‘.el :ln.py_?u;]x/maﬁa'ﬁo'\dfc oup -k, [l:l 2
given in Table 2. The results of the other two programs are ex html]. They are listed in Tab. 1. nC 10-:-\ Dircct P-W
in essential agreement. Table 1: RF kick coefficients s \ integration | theorem
. . o - ST 9 ' [N Totr 3 ) I +3 71 -65.6+7.61
Table 2: RF kick on-axis due to coupler asymmetry in [kV] 3 upstleiu'n clov;nsr:am N Upstreamy 10°%, /7, 08.8+3.71 63.6+7.61
Re(V') is the in-phase, Im(1”) the out-of-phase kick. Vi 10 -57+71 -23+521 BH--- HOM 1007, /v |-48.3-3.41 -53.1-2.11
i Ve 10%mm | 1.0-0.7i -3.7-2i | coupler oy ' ¥a ¥
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upstream upstream upstream
(=57.8+ 7.0i)0°® (=57+ 7i)10*® (—68.8+ 3.7i)10°
(=25.1-51.4i)10° (=23+52i)d0°® (—48.3— 3.4i)10°
downstream downstream downstream
(—41.0-3.5i)10° (42— 3i)d0*® (—36.5+66.1i)[10°
( 36.5+ 5.4i)10° ( 30+ 5i)d0® ( 41.0+14.5i)0°

but the geometry is probably different




about coupler kick

used for the following: (Tw mode, AcC1 145 MV, 4.7 deg, ACC39 20MV, -144.7 deg)

ACC13

ACC39

Uldx = (-548 + 130910~ ° U30xl = (-142 + 2769107 ° U302 = (-392 + 1029107 °

Uldy = (<224 + 141)-10" ° U39yl = (-60 + 175)-10" ° U30y2 = (68 + 209)-10" °

Di%x = (-268 + 19.0)-10” ° D30 = (-392 + 102)-10" ° D392 = (142 - 276710 °
5 6 6

D13y := (41.1 + 6.0)-10° D39y1 = (68 + 209910 D39y2 = (60 + 175010

o o e e e e e e e e M e e e e M e M M e e M e e e e e e M e e e e

o o — —— o o —————— -

fN

2.V ACCI3-(U13x+ D13 = ~9.738 x 107 J 2.924i x 10
1
2V_ACCI13.(Ul3y + Di3y) = 2244 10" 4 2412ix 107

|8-V_ACCI3-(Ul3x + D139)| = 1.017 x 10°

+ 8-V _ACCI3.(U13y + D13y)| = 3.185 x 107

/
2-V_ACC39-(U39x1 + U39:2 + D391 + D39x2) = 3.958 x 104-{— 1.8031x 10

2.V_ACC39-(U39y1 + U39y2 + D39y1 + D39%2) = 1.775 x 104\- 2507 x 10

- =

|2-¥_ACC39-(U39x1 + U39x2 + D39x1 + D39x2) | = 4349 x 10

|2.V_ACC39.(U39y1 + U39y2 + D39yl + D39y2)| = 3.072 x 107




simulated LOLA measurement: no emittance but coupler kick

design optics

with self effects: perturbation approach

only CK before BC2 is considered here

it depends on cavity phases & amplitudes and on TW/SW modus

for short bunches CK of cavities after BC2 negligible, but
probably not for on-crest measurement (needed to determine
the uncompressed bunch length)



simulated LOLA measurement: no emittance but coupler kick
phi=7.5 deg

transverse due to CK absolut only time dependent part of CK
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simulated LOLA measurement, no emittance but coupler kick

phi =7.5 deg

transverse due to CK

only time dependent part of CK

hor.+vert. CK

hor. CK

vert. CK
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simulated LOLA measurement, no emittance but coupler kick
phi = 8.0 deg only time dependent part of CK

transverse due to CK hor.+vert. CK hor. CK vert. CK
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simulated LOLA measurement, gaussian transverse + CK

starts from design optics (emittance=1um)

phi=7.5deg
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phi =8.0 deg
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x10° LOLA-entrance: vertical offset vs. length
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simulated LOLA measurement,

horizontal CSR; starts from design

phi=7.5deg

CSR-transverse + CK

optics (emittance=1um)

phi =8.0 deg
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simulated LOLA measurement, CSR-transverse + CK

phi=5.0 deg

B U I <) Figure 4 ==
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real LOLA measurement
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simulated LOLA measurement,

horizontal CSR; starts from design

phi =5.0 deg

CSR-transverse + horizontal CK

optics (emittance=1um)

phi =8.0 deg
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“energy” axis
J “time” axis

right direction, but not enough

“energy” measurement:
significant crosstalk from “time” meas. for strong streak

crosstalk from hor. & vert. phase-space
vert. phase space: sign flips with streak

“time” measurement:
only crosstalk from vertical phase space

CK still unknown; horizontal part depends on cavity operation

CK affects LOLA measurement
horizontal —» “energy” measurement
vertical - “energy” and “time”

vertical CK perhaps overestimated




