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%o, Lasing with Long Bunch Trains 5%

17-22 October 2007 (~15 shifts)

Milestone
 Lasing with 800 bunches, >10 pJ/pulse

Macropulse Views
» Charge, compression, orbit, ...
» Spectra of oscillations

Problems & Improvements

» Gun water regulation

 Beam loading compensation & adaptive feedforward
* ACC1 phase feedback

FLASH seminar, 2007-12-04 Lars Frohlich, MPY
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o Startup: Lasing with few bunches, 10-20 pJ, 690 MeV
* Increased RF pulse lengths to ~850 s

— ACC2-6: no problem

— ACC1: unstable at 122 MeV energy gain,

gradient reduced by 5-10 %

— Gun: sparks with long pulses,
re-conditioning needed

» Optics: design op2-v4 matched
iIn UBC2, but energy after ACC1
changing frequently

FLASH seminar, 2007-12-04

B3 Plot_hist: TTF2.RF/LLRF.FPGA/GUN/FLATTOP_LEN

[1]

200,

700,
GO0,
500,
400.
300,
200,
100,

TTF2.RF/LLRF.FPGA/GUN/FLATTOP_LEN

Lars Frohlich, MPY



4 | ssociarion he Way to the Milestone }:i S=

 LLRF problems solved:
— No feedback on the gun because P;, 4 setpoint above soft limit

— No adaptive feedforward on ACC2-6 because state machines not
working

* Limited by beam losses in undulator 1
— Much manual tuning required

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



G reomours The Milestone

« Milestone: Lasing with 800 bunches, >10 uJ/pulse achieved

...without destroying the machine

o] oo o s
HEP3T| outh| mng1e| [Reis]
DR o | S|
— D] oue | 5090] S| 11 2.

01 1.745 2.525 0.536 0.889 0.536  0.028

u n C eS a - 02 0.000 2.731 0.632 0.795 0.526  0.028

IWIW Start Stop | A1l | Hist 803 0.376 2.046 0.548 0.862  0.532 0.02%

04 0.376 1.992 0.513 0.964 0.525  0.026

05 0.719 4.784 0.657 0.964  0.526  0.027

e |357Ir |50 [ 0 [-0.010389 Nos 0.719 9.232 0.719 1.164 0.519  0.027

07 0.000 6.803 0.927 1.040 0.502  0.028

[ 270 | 1 0.12855 | 08 0.719 12.312 1.285 1.214  0.505  0.027

09 7.562 14.515 2.703  0.960 0.510  0.027

10 6.194 15.569 3.657 0.795 0.513  0.026

el e Ct r O n b e a - < 20 pulses > Samples # = 269 11 4.483 15.391 4.262 0.745 0.514 0.025
I I l . ; . . ; . 12 6.194 16.356 5.674 0.623 0.516  0.026

: : : 13 6.53 17.636 7.031  0.504 0.518  0.026

14 7.220 15.453 6.732  0.499 0.513  0.026

2 7 kW S 15 3.456 17.883 6.114  0.612  0.516  0.027
. 2 16 5.167 18.197 6.837 0.529  0.525  0.026

17 5.851 17.752 7.153  0.496  0.522  0.026

: : : : : 18 4.140 19.244 6.986  0.530 0.517  0.027

i i i i i 19 4.140 18.369 6.187 0.580 0.515  0.027

h O t O n b eam " 20:31:26 20:32:26 20:33:26 20:34:26 20:35:26 20:36:26 20037 32 gégg égg;; g ggé gggg g gﬁg g ggg
. imeThhmm: T 22 3.798 20.901 7.461 0.480 0.516  0.025

T i T i T i T 23 5.167 18.430 6.710 0.554  0.509  0.024

: : : : : : 24 6.53 17.547 7.057 0.523 0.514  0.026

5 I | |W 25  7.904 19.600 7.913 0.467 0.513  0.025
26 8.589 22.653 $.192 0.533 0.517  0.025

27 5.509 16.815 7.274 0.467 0.519  0.026

28 6.878 19.881 7.481 0.500 0.516  0.024
29 10.984  20.565 8.159  0.483 0.518  0.025

30 9.273 19.922 8.170 0.524 0.530 0.024

a 100 200 300 400 500 600 L) g00 B
Bunches shome/ ttflinac/measurements/mep/mep 2007 _10 21 20_31 26.mcp

FLASH seminar, 2007-12-04 Lars Frohlich, MPY
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Pyro signal (a.u.)

Pyro signal (a.u.)
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Pyros DBC2/DBC3

Mean pyro signal per bunch at pyro 9DBC2.1
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FLASH seminar, 2007-12-04

mean signal:

(-0.21068 + 0.01157) a.u.
relative stability:

+5.49%

mean signal:

(-0.17792 £ 0.00818) a.u.
relative stability:

+4.60%

2007-10-21T191809.mat

Lars Frohlich, MPY
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FLASH seminar, 2007-12-04

{ mean signal:

4 (~0.09651 + 0.00436) a.u.
1 relative stability:

| £4.52%

guencies: ~70 kHz

mean charge:
(0.663 £ 0.014) nC
relative stability:
+2.07%

. ‘ j 2007-10-21T191809.mat

Lars Frohlich, MPY
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Spectrum: toroid 3GUN
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BPM 1GUN

Mean bunch position at BPM 1GUN (x)
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Bunch number

mean position:

(-0.76806 + 0.01917) mm
relative stability:

+2.50%

~8 kHz

mean position:

(0.37889 + 0.03986) mm
relative stability:
+10.52%

2007-10-21T191809.mat

Lars Frohlich, MPY



‘ HELMHOLTZ
|ASSOCIATION

BPM 2UBC?2

Mean bunch position at BPM 2UBC2 (x)
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FLASH seminar, 2007-12-04

Bunch number

mean position:

(0.05522 + 0.01625) mm
relative stability:
+29.42%

mean position:

(-0.70717 + 0.01938) mm
relative stability:

+2.74%

2007-10-21T191809.mat

Lars Frohlich, MPY
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Mean bunch position at BPM 1DBC2 (x)
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mean position:

(2.70061 + 0.01170) mm
relative stability:
+0.43%

Beam position (mm)

265 : | R R ; | R

100 200 300 400 500 600 700
Bunch number

Mean bunch position at BPM 1DBC2 (y)

T T T T T T
01 =
mean position:
A - | (-0.12207 £0.00748) mm
=S ' relative stability:
£ +6.11%
= |
5=
B
o] -
a
£
A N S
@ .
)
_0.15} Perene e LSRR S oo
. . . “ o3 T TAL U
! . . . LNt e T o2 =+~ 2007-10-21T191809.mat

100 200 300 400 500 600 700
Bunch number

FLASH seminar, 2007-12-04 Lars Frohlich, MPY
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Mean bunch position at BPM 1DBC3 (x)
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Orbit Oscillations

Spectrum: BPM 1DBC3 (x)

~J  improved by
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FLASH seminar, 2007-12-04
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BPM 9ACCY

Mean bunch position at BPM 9ACC7 (x)
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FLASH seminar, 2007-12-04

Bunch number

mean position:

(-0.55514 + 0.02637) mm
relative stability:

+4.75%

mean position:

(0.19758 + 0.01027) mm
relative stability:
+5.20%

2007-10-21T191809.mat

Lars Frohlich, MPY
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bunch energy
(MeV/particle)

690.

689. -
688.5
688.
687.5
687.
686.5

6E6 . -

685.5.
650. T 750. £550. 950. T 1050.

>2 MeV (~ 0.3 %)

bunch 1 bunch 300

FLASH seminar, 2007-12-04 Lars Frohlich, MPY
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Problems & Improvements

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



0 [

¢ Teewor  GUN Temperature Regulation ;:::._%

*/ |FLASH

e

At 850 ps gun flat top, the temperature is not stabilized anymore.

reflected power interlock reflected power interlock

[é%] TR_S Temperature Gun Iris TTF2 _UTIL/WATER/GUN/TR_5

61.
60.
59.

58.

i -I no operator action ' manual tuning
56.

-l—
53,

54 .

16: 22 16:27 16:32 16: 37 16:42 16:47
21.10.07 21.10.07 21.10.07 21.10.07 21.10.07 21.10.07

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



rewer, Gun Temperature Regulation 53 S
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At 850 s gun flat top, the temperature is not stabilized anymore.

rature Gun Iris . TTFZ.UTIL/WATER/GUN/TR_S
N III# Sollwert Regler Ventil 1 TTF2.UTIL/WATER/GUN/LSP_INT1;TR_5]

[M¥1 GUN Prefl. ampl.
0.3

0.1

[l - ! T T T
ann.  RON_ 8NN, 1000. 1400. 21:3 21:47 21:57 22:07 22:17 22:27 22:37
Res= 1,Buf=14 ] 21.10.07 21.10.07 21.10.07 21.10.07 21.10.07 21.10.07 21.10.07

FLASH seminar, 2007-12-04 Lars Frohlich, MPY
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Beam Loading Compensation >3

SIMCON 3.1 - Control Panel ACCI

SET POINT

Gradient

A AL

TEET T

Phase

PN O

VT T T

+ 10.48 MW’mEl

+ 54.53 deg E|

-OPERATION

FeedForward
FeedBack

F-¥-¥-%

F-¥-Y
Ratio + 0.46 E|

YT UT

Gain

N N Y

+ 40.99

YT

‘ Klystron 2 |

Safety 1nt1k.[::::]
Kly. ready [::::]
RF enabled [::::]

—OUTPUT.

&b
Offset I + 4400.99

FRTETV
A Asb AN

Bod
offset Q + ??50.99

‘Detaﬂs” RESET |
Interlock

—TIMING

Filling

-T-AEEB(:)(:) us E|

TVT T W

Flattop

+"560.00 us f

TETTw

| 35.5

FUUETF T'im'ing
INPUT CALIBRATION —BEAM COMP .
SP I&Q | YSUM I%Q ON / OFF
Af AN oy
ERR I&Q OUT I&Q i +_40.00
AN DS oA
ADC PROBE | INPUT 1%0Q phase  1.170.00
DIAGNOSTIC| EXPERT
ALTERNATE GRADIENT il
Pfor_C1 0 ki Trans_C5 0 KW
Pfor_C5 0 ki Grad _C5 21.495 MvW/n

FLASH seminar, 2007-12-04

[Mv/nl
10.58

10.56
10.54
10.52

10.5

10.48 1

10.46

10.44 1

10.42

10.4

400,
Res= 1,.Buf= 0

[1]

£/ F[VECT_SUM_AMP; SP_AMP ]

/£ /LVECT_SUM_PHASE ; SP_PHASE]

36.5
56.

55.
34.5

54.
33.5 ¢
53. ¢
32.5 1
SPEEE

51.5

0

Res= f.Buf= 0

®.

ACC1 toroid-based
beam loading
compensation

+ immediately adapts
to number of
bunches

— have to tune
amplitude, phase,
start time

— does not get the
vector sum right

Lars Frohlich, MPY
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Adaptation of feedforward tables by state machine (A. Brandt)

— slow (30-60 seconds to adapt to changed number of bunches)
+ almost foolproof (no tuning of

1 [1 VECTOR . SUM. AMPL £/ /[VECTOR .SUM; SP_TAELE].AMPL
parameters required) L 6ev04 &
1 5.4e+04 -
+ flat vector sum except high
. 5.2e+04 +
frequency disturbances ol
bl b il
4.8e+04 1 A S L
4.6e+04 | 'ﬁ
[%OOUfF_TABLE.AMPL TTF2.RF/LLRF.DSP/ACC4_6/FF_TABLE.AMPL A ﬁ‘
4500. l'l\ 4. Ze+04 1 ! 1 ||":'.l 1 ! 1 ! 1 | I |
. 400 . 1000 1200 1400.
) Res= 1Buf 0 [us]
4000.
\/_.ﬁa—”"" [] VECTOR . SUM. PHASE ///IVLCTOR .5UM; SP_TADLLC].PIASL

3500 125. <]
3000. 120.
2500. \f -~ 115.
2000.
| | | |

\ 110.
1300.
105.
1000.
500. 100.
0. 1 ! 1 ! 1 ! 1 ! 1 ! 1 ! 1 95 _ I ! 1 1
0. 200. 400 . 600 . 800. 1000. 1200. 1400. ZUU 600, B00. 1UUU 1200 1400.
Res= 1,Buf= 0 [1 PRes= 1 Buf= Lus]

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



g | associarion ACC1 Phase Feedback oIS
* regulates ACC1 phase based
on pyro signal of inhomogeneous compression

— single bunch, or along macropulse remains

— average of all bunches

Mean pyro signal per bunch at pyro 9DBC2.1

Solution:
feedback on each
single bunch 3
(manipulation of ¢
feedforward and T
setpoint tables) R N
e 1.c|)o. | .260. éclmo .\Jﬁ.t;:).o. | .5c|)c.1 | .e.cllo. 7c|10. -

Bunch number

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



ﬁ HELMHOLTZ

| ASSOCIATION

FE off
................. Gain
-2.00

Target
----------------- -0.1000

................. P}rrg
J0BCZ.1
................. average al
ACCT only
slope corr.

Log |

Pyrodetector Baseline Shift

Z=85 m
[v]

Feading at sample point 700 : -0.177
4DBEC3 BECM Pyro

ﬂ.05: "“ .N |”
: -0. :
— Basic Controls A h“ *““
_|Feedhback an -0.051
Gain: -5.00 o
Target: -0.1000
-0.15+
— Sensor Configuration—— f
Pyrodetector: 0.2 I
QoOBC2 1 |,||"| —ﬂ_25'|||||||||!|||||||||!|||||||||!|||||||||
_ GO0 . 700. B00. 900. 1000,
Bunch: Res= 1.Buf= 3 [usl]
aAvErage all | "'r| m Feading at sample peint 700 : -0.083
Sl D7ECOL BECM Pyro
_luse also ACCZ-5 i /W
W correct pyro slope i

Print/Export. ..

1 of 10

Measurement

| Close
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A

-0.12 -IIII|IIII!IIII|IIII!IIII|IIII!IIII|IIII|IIII

G600, 700, 00, a0, 1050,
Res= 1.Buf=14 [usl]
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We reached that milestone, but...

We cannot provide 800 bunches during user run.

 Gun temperature regulation unstable
at full RF pulse length

* Gun: reflected power interlocks

We need too long to switch to long pulses.

 Bad gun conditioning (sparks) Do conditioning in advance.
* Too high module gradients, especially Why not run modules at full
iIn ACC1 (quenches+instabilities) pulse length all the time?

« Typically operating with high losses Keep losses low even in
short pulse mode.
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Inhomogeneous lasing
 Mainly caused upstream BC2:
energy/phase of laser, gun, ACC1

o 250 kHz ripple from ACC2-6

I 0.0078862 I -0.016437

[357 |50 | o [-0.010389
[Tz [ 1 | -0.12855 | 13

 Reliable adaptive feedforward for all
modules + gun

I I I I I
2003126 20:32:26 2003326 20:34:26 20:35:26 20:36:26 20037

 Ripple correction table for T
ACC?2-6 5 5 ' : ;
 ACCI1 phase feedback for single 2ol
bunches )

 Fast orbhit feedback

o] 100 200 300 400 500 GO0 oo G0C
Bunches

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



D Acknowledgements Al

o _ Gevorg Petrosyan
Viadimir Balandin

Nina Golubeva
Bart Faatz

_ Valeri Ayvazyan
Michael Seebach

Evgeny Schneidmiller

Vitali Kocharyan Annette Brenger

Lyudvig Petrosyan

Marion Kuhlmann Mikhail Yurkov

FLASH seminar, 2007-12-04 Lars Frohlich, MPY



