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. *: Long pulses at the VUV-FEL [

Machine protection system

Beam loss monitor alarm generators
*Toroid protection system

*Alarm collection with BICs

Chronicle of the long pulse studies
*Optimization of transmission (orbit+optics)
*MPS tests

LLRF tuning

*Finding the dump

TTF2 seminar 2006/03/28 Lars Frohlich, MPY
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T % Fast protection system i

HHHHHHHHH Free-Electron Laser
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LASER ACC1 RF
¥* OIS IAS
X | | X
BIC 1 BIC 2
I [ . I
BIC3||BIC4| | BIC9 ||BIC10
£t £ 111
P 1t |
BLM Alarm Gen. BLM Alarm Gen. | ... | Toroid Protection
ééé %%% ééé %%% SyStem (TPS)
Beam loss monitors (BLMs) Toroids
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Free-Electron Laser

7. *2. BLM alarm generators (1/2) [

nnnnnnnnnnn

L o] o y TTFZ_DIAG/BLM/2BC2/CHOO.TD
B L T P PP PP PP PETE ---- “fast high” threshold
0.0141 (Single bunch)
0.012+
0-01fecunsecuanencansncansafenmucscnucanscccccccccances ---- “fast low” threshold

. (several bunches)
0.008 + ;ﬁ' i'

0.004] / integration threshold
/ é (over RF gate)

0. -

-0.002 e fie ! flfif i ! [ ! L 1 (S ! [ ! B | 1 (i i i !
500. 550. 600 . 650. 700 . 750. BOO . 850. 900 . 950 .
Res= 1,.Buf- 3 [

TTF2 seminar 2006/03/28 Lars Frohlich, MPY



Other alarm types:

high voltage failure
supply voltage failure
wrong result (negative
integral)

coincident alarm

test alarm

TTF2 seminar 2006/03/28

. 350 BLM alarm generators (2/2)

VUV-FEL

Vacuum-Ultraviolet

Free-Electron Laser

Lars Frohlich, MPY



HHHHHHHH Free-Electron Laser

7. *%  Toroid protection system [

Alarm types:
« charge validation (3GUN < 0.3 nC)
 single bunch mode (transmission < 75 % for 1 bunch)

» slice mode
(transmission < 90 % for 10 bunches)

RCFG E:

. TPS3 . TOROID PROTECTION svs

TTF2 seminar 2006/03/28 Lars Frohlich, MPY
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VUV-FEL

Free-Electron Laser

3% Alarm collection with BICs [

The fast protection is configured by the BIS, but it works mdependently

EIC

BEIC

BIC

EIC

BIC

EIC

EIC

BIC

EIC

BEIC

1 : : : 16
 |m W TTTTT T Alarn
2--"i"'i"'i""ﬁ;§|ﬁ"'
3.IIIIiI|-IIIiI|IIﬁ;glr{'m
4 (@ TTTITTTTTTTETTT | Alarn
SEI""i"'i"'i""ﬁlgﬁ'“
EDIIIIiIIIiIIIiIIIIﬁ;gEm
7 (@I TTTITTTTTTTTTTT Alarn
EEI""i"'i"'i""ﬁlgﬁ'"
QDIIIIiIIIiIIIiIIIIﬁ;gEm
mD""""""""'ﬁ!.gﬁ'“

T

Hardware alarm to BIS

EW24:

Debug Info: NI T [ M W [ T TN v seesci 205-05-02

BIS: Hardware window about BIC
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. % Long pulse studies e
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Chronicle of the long pulse studies

« Optimization of transmission (orbit+optics)
 MPS tests

* LLRF tuning

* Finding the dump

TTF2 seminar 2006/03/28 Lars Frohlich, MPY
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Ty

(3 Long pulse studies

VUV-FEL

Vacuum-Ultraviolet
Free-Electron Laser

S

feed baCk Re56951 Bu?f0=5-3 715. ?25.[ ?u355].

Tue 14.3. afternoon AN
» startup with new klystron 2 oal
* gun flat top 400 ps e
* BC3oft Charge fluctuatig
* transmission to D1BYP due to gun REz2_

[Qﬁ%% vector sum phase

-142

l |

JI,J
-146.

o \,%Mmm

60, 0.
Res= 1. Buf

TTF2 seminar 2006/03/28

1
140. 200,
[us]
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HHHHHHHHH Free-Electron Laser
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. % Long pulse studies St

Tue 14.3. night
« transmission through bypass

Wed 15.3. morning

« LLRF: AFF for modules 4/5 adapts FF tables to zero after
Interlock

 LLRF: DSP exception handler cuts RF

* water: gun water temperature

* RF: kly4 solenoid current, kly3 “coil | compar™
« magnets: broken power supply H10ACC3

— transmission through bypass lost

TTF2 seminar 2006/03/28 Lars Frohlich, MPY
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Wed 15.3. afternoon
* re-established transmission through bypass

Wed 15.3. night
e 20 bunches at 100 kHz to dump

S —o— M- 0, I

0.97 nC 1.17 nC 1.04¢ nC 1.19 nC 1.17 nC
[nc1 Toroid 3GUN [ncl Toroid 2UBCZ [ncl Toroid 10DBC2 [ncCl Toroid 1UBC3 [ncl Toroid S5DEC3
2. 2. 2. 2. 2.
1.6 1.6 1.6 1.6 1.6
1.4 1.4 ‘ 1.4 1.4 1.4 |
1.2 1.2 ‘ 1.2 1.2 1.2 |
1. 1. ‘ 1 1 1.1 |
0.8 0.8 ‘ 0.8 0.8 0.8 |
0.6 0.6 ‘ 0.6 0.6 0.6 |
0.4 0.4 0.4 0.4 0.4
0. .. 0. I ‘ e 0. 0. - SETTTY PTVRLReY 0___‘ ‘ .
650. 800 . 1050. 650. 800. 1050. 650. 800. 1050. 650. - 1050. 650. 800 1050,
[ wusl - [ wusl [ wusl [ wusl [ wusl
Vsl Aﬁ O e B i = = S ~
1.17 nC 1.07 nC 0.00 nC 0.00 nC 1.11 nC
[nC] Toroid 1TCOL [nC] Toroid 16BYP [nC] Toroid 7MATCH [nC] Toroid 12EXP [nCl Toroid 9DUMP
28 28 208 20 20
1.6 1.6 1.6 1.6 1.6
1.4 i 1.4 1.4 1.4 1.4
il o I 1.2 1.2 1.2 1.2
1. | 1. 1. 1. 1.1
0.8 | 0.8 0.8 0.8 0.8
0.6 | 0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4 0.4
0. _ | . Lo " 0. L. PRI T PO 0, | RPEPL T T N L 0.l | PRI PPV PYO | | | [ | || I...
650. 8OO, 1050. 650. B0O. 1050. 650. 80O, 1050. 650. B0O. 1050. 650. 1050,
usl [ usl [ usl [ usl [ usl
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7. % Long pulse studies iy

HELMHOLTZ Free-Electron Laser

GEMI IHSCHAY T

IDUMP Tomeid
1.4

Thu 16.3. morning
« TPS calibration | wlgg. |  Transmission at 100 kHz
- correlation and stability | |
measurements at various
bunch frequencies
Transmission at 1 MHz

Bunch numbar
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Thu 16.3. afternoon
 minimized losses
 calibration of toroids
« 600 us flat top length

« 25 bunches at 50 kHz
(flashlamps prevented 30)

Thu 16.3. night

« quantum efficiency
measurements

 iris temperature vs. RF
pulse length

TTF2 seminar 2006/03/28

[ncCl
1.2

-0.2

600 .
Res= 1.Buf= 5

000 1008 101%

Toroid 3GUN

Long pulse studies

VUV-FEL

Vacuum-Ultraviolet
Free-Electron Laser

T

B0O.

101%

1000 .

101% 101%

,readinge from 2006-03-1619:56:07 (buffer

Lars Frohlich, MPY
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F. 3% Long pulse studies

61,6
Regression line:
614 . T(L) = 60.076 + 0,002397L
Relative statistical errors:

o 108
< 61,2 offset 2.0 102
o slope 1.2*10
=
©
® 61,0
€
Q
£
g 60,8 -
0
%
3
@ 60,6 -

60,4 -

60,2 T T T T T T

0 100 200 300 400 500 600 700

pulse length (us)
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SET Bg

0.99 nC

:
T

1
I
L-
>
)
>

1050,
us]

L

650. 800.

= @
&=
g &
@
o= E]
@ (| o
i )
(L]
b oA [T
P AN (&L

[nc]1_ Toroid 5DBC3
A
A
T
L

[
=0
A
A
A
IR

=
T
Ll= 4
M b 4O b
T &L P

1050,
us]

[
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000000

88888

650. 800.

55555

[1
1.00 nC
0.00 nC

100.

1050.
us]

L

[ncl_ Toroid 7MATCH [n

=0
Yo
width
Height
Hma 26
Yina 33
Hocal 28.1365
yocal 33.3302
Hsig 15.0567
19:45.17 17. Mar. 2006 [ERCER 2.5628
te i | 1 l
15 25 . 45 55.
1.Buf=94
N o -
0.99 nC
[nC]1_ Toroid 10DBC2Z  [nC] Toroid 1UBC3 n
HE 2! i
0.8 0
N 111111
N 1111
| 1111
I o.M
0.2 0
1050 650. 800 1050
usl [ usl
0.00 nC
1 Toroid 12EXP  [nC1_ Toroid 9DUMP
2 i
0
(i
i
i
0

\

\

\

\
. éso. so0.

80
1050

usl
o~

650. B0O.

|
|
|
|
L

60.

>
O
=
o
o
T

1050.
us]

L

40.
1.2

[nC1  Toroid 2UBC2
\
\
\
\

\
\
\
\
. os0. soo.

Agfiﬁi;; nC
[ncl_ Toroid 16BYP
1.2
B
o MR
o M
2| [l
I
2

5]

650. 800.

20.

1050.
us]

[

5 bunches at 100 kHz

|

s= 1.Buf=94

|

|

|

|
-650. 800.

0.99 nC
[nc1_ Toroid 3GUN
: i _
A
A
[
1050
[ w
o
Va
0.99 nC
[ncl_ Toreid 1TCOL
A
(i
A
I

)

Long pulse studies

single bunch mode tested
fast machine protection

enabled
time: < 3 us (2 bunches at

1 MHz)
energy measurements with

TPS charge validation and
back to 300 us flat top
measured TPS reaction
SR camera

length (window temp
Fri 17.3. afternoon

®
DESY
/"Q.
Fri 17.3. morning

r.
HELMHOWTE
GEMEIHSCHATT

[
[ ]
[ ]
[ ]
[ ]

650. 800.
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. i Long pulse studies

Radiation levels in DUMP region
DUMP.1 — tunnel wall
DUMP.2 — dump shielding

1 — ACC1 flat top 800 us, laser on
2 — ACCH1 flat top 100 us, laser on
3 — ACC1 flat top 100 us, laser off
4 — gun RF off

Good tuning knobs:
e BC2 collimator

« Q4DUMP

(aperture: ,Hosenstrahlrohr?)

18:54 18:56

17.3.06 17.3.06

TTF2 seminar 2006/03/28 Lars Frohlich, MPY



7. 3% Long pulse studies Al

HELMHOLTZ

GEMI IHSCHAY T

[deg] vector sum phase

Fri 17.3. night . |
« straight orbit through 144 |

-146. +

bypass o
.. 500

* minimized losses P
i W

~156.

-158. clc o b o b oo b ey

Sat 18.3. morning 0. 50. 150 250. 350 450

Res= 1:Buf= 0 Tusl

® i nSta I Iation Of n eW S I M CO N (i;n — laser rf sT:abiIity; cal=l—0.01 ?nC.-’dleg_'EDCIB—DSI—‘I 8T1 4125EIII—det_ming—gun
firmware for the gun [ TTTTTT711

—8.5}1

_1o} /r"

—10.5F L

Phase gun versus laser [deg]

= Bunch to bunch rms = D.567deg
—e— Repetetive intra—train rms = 0. 194deg
+  Shot—to—shot intra—train rms= 0.281deg

_115 . . . . .
o] 100 200 300 400 500 E00

time [us]
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F. 3% Long pulse studies e
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Sat 18.3. afternoon
 elimination of beam losses
« switch to long pulse mode

700, 830, 1050, 1050, 7 H30, 1050, 5
Res= 1,Euf= 4 [ wsl] Res= 1 Buf= 4 [ ue) Res= 1,Buf= 4 [ ws] Res= 1,Buf= 4

* 65 bunches at 250 kHz - S SO
100 bunches at 500 kHz . ;.J =

0.2 bbbl o,;“. s ‘ 0. g! ......... bbsssiaal - -0.2 Jusadis

700, 850, 1050, To0, 850, '\D 0, 70 N 1050, 700 850, 19
Res= 1,Buf= 4 [ psl] Res= 1,Buf= 4 [ us) Res= 1,Euf 4 [ ps) Res= 1,Buf=- 4 [ |Ili \l| -i

[]ﬂ 12 TTFZ2 .DIAG/BLM/6MATCH/CHOO . TD L] TTF2 .DIAG/ELMS/21SEED/CHOO . TD
: No more beam |losses
T — (] || B .
0.06 1 visible in TCOL or BYP;
0.047 but in MATCH/SEED!
0.02 -
I 0.
0. vt ey preppitieny -0, 001“ AR I e |
-0_02 | ! | ! ] ! | ] | | —0. Uﬂz ] ! | ! | ! | |
600 . BOO . 1000, 1200, 1600. EUU B00. 1000, 1200, 1600 _
Res= 1,Buf= 7 (I Res= 1,Buf= 7 L]
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Long pulse studies
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Mean bunch position at BPM 9DUMP (y) il
Sat 18.3. afternoon | P
Q4DUMP at-17 A | [T
4 = opv at . lr]'””a‘flﬂ,hnﬁ\rz
*100 bunches at 500 kHz & | - — ] e
u g _2F \ Y. a il ‘) |J | li I‘I . l"
250 kHz ripple of the A .
. . . e —°f - W - : o~ S ’n—'\f\\/\:
modules visible inthe  [&+ e T |
n et . 5 : ]
- 5} \ '\:' PRL e T e es et .l .. ...
bunch position Sheheaaadil b - ITTTTANAN
| . . TNT AN N : | f}lu'llﬂ|
-6 i i i i i i i i EAAN |”|'H|H1”rlﬁﬂ:_“"l ‘]'1%1'[1'
H H : 30 40 50 60 70 80 20 100 110 120 IH” | “ll'}ﬁl, h
*still energy deviation of 1 R
" i ! 1 I | 1
fIrSt bu nChes Mean bunch positionatBPM 9DUMP (y) 100 110 120
6851"\ ﬁ .l \fl ll ﬂ‘ r]
) . . Mear‘1 bunch P°5't'°" at BFtM 9DU“L’|P (v) : 1{1;\\: ' W \,\ \ \H Q4DUMP at 34 A i, [‘ RERE. fll
— — — . | e
A — . ' | | ) :t (! JH
1faN E B IR R S S \.r Py wl I”H ; |f Lﬁ i *H'url* \“J IHL”\JJ'J r‘ﬁjﬁlr‘ -‘r[-lﬁu]°|,l'lf'“'l[.”
N E . ; . NI
e B|g d|spers|0 I LI SRV SATSEEAN
vy F AR 00 :
i . =}
at 9DUMP | ¢ T
\ E 6.2} ) il 1 WA .
ol 5 \\ g « NS lﬂ ,\ IW I\JlJl”ﬂ II I ;\ 0 H\ . |l ' } h[\-flr'lw|llrll”if_LlJL-H‘-l]_ll.rﬁwr
Y T R Y . . ”lrlfolI’
- ~ 6 ey
I I TSP U RVE O RV AT Mol A DUMP 1 scaler below 500 LR
5} \“«.. o ’ 585 C Llrn : 1
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i i i i i i i i V’\\V)\ Li A Al = JOT 1 1 1 I I 1 | i i 7
30 40 50 60 70 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120
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ir. % Long pulse studies

Sat 18.3. night
50 bunches at 1 MHz: beam loading is visible

- F_I — TTF VUV—FEL — PRESENT STATUS, V1.0 =
= TTF VUV-FEL STATUS

oz Sun. 19 . Mar.2006 03:24:49

i Charge/Bunch at Gun Total Transmission

e 0.92 nC 100 % —e
“| Bunches/Macrop. at Gun End-Energy/Electron :
Fr
[ 298 0.47 GeV

]

3 Macrop. Rep.—-Rate Beam Power at Dump

0f

=

4 5 Hz 0.64 kW

-6

g I

=1/ | A | | | |

600 700 BOO. a00 1050
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. % Long pulse studies i

Sun 19 3 morning [0]085 TTF2.DIAG/BLM/2BC2/CHOO. TD
* transient measurements 0o
ACC1 e
0.07
Sun 19.3. afternoon 0.065
* quenches in ACC1 B T T T

 re-establish transmission

* eliminate beam losses 2T T T s
_ b ........ TR of SO
. % ] TRRE \‘\-ﬁ«;“ ““““““““““ N
Sun 19.3. night 7. el
+ 6° off-crest in ACC1 S S .
 small beam losses tolerated 2 -
20 40 60 80 100 120 140
Bunch number
TTF2 seminar 2006/03/28 Lars Frohlich, MPY
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« 10° off-crestin ACC1

e strong beam losses in
ACC1

Monday 20.3. morning

 various technical problems

« other measurements

TTF2 seminar 2006/03/28

Pyro signal (a.u.)

Long pulse studies

—0.016F
—0.018f Lo
/- : _
N : - “
-0.02 v --..;\ PN - ,”\‘fa'f\\/ — ]
G R . - R
LI SR - ost"ee, ."- ..........
PN A e T L L)
—0.0221 e f T : s R
e ) - - /\\4/-‘\ N
\ N ey ~ oS
\ / 7
-0.024 hacs
20 40 60 80 100 120 140

VUV-FEL

Vacuum-Ultraviolet
Free-Electron Laser

Mean pyro signal per bunch at pyro 9DBC2.1

Bunch number
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Monday 20.3. afternoon

* improvements of ACC1
DSP parameters

Mean bunch position at BPM 2DBC2 (x)

T T T

0.32

y 1]
vk
L] ol o
'.-‘."II.I'.-'_I'!',"'I"' ARSI
Co A e |
I|||_|_-“ ||IIII |I': I. i |
_II"_'||I. _ |

03

Eeam position (mm)}

,..','-!.,'._al'r" I
Uy 11
N1l

oty

]
LY
P R TN & LA
IR 80, Pl

50 100 150 200 250

Bunch number
Mean bunch position at BPM 2DBC2 (y)

IR

Beam position (mm)

50 100 150 200 250
Bunch number
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Long pulse studies

L[] VECTOR . SUM. AMPL

VUV-FEL

Vacuum-Ultraviolet
Free-Electron Laser

£ /LVECTOR .SUM; SP_TABLE].AMPL

6600.

6500. +
6450. +
6400. +

6350. +
6300. +
6250. +
6200. +
6150. +

6100. +
6050. | |

600 700. 800. 900.  1000.  1100. 1200.

Res= 1,Buf= 0
L[] VECTOR .SUM.PHASE

Z/fLVECTOR .SUM; SP_TABLE].PHASE

[
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Bunch position at the 1TGUN BPM

1 MHz
270 bunches
beam start 700

1 MHz
270 bunches
beam start 740

500 kHz
60 bunches
beam start 780

Bearn position (mm)

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

Beam position (mm)
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7. 2. Radiation measurements [

8000 -~ = ===

7000 -

)
[e2]
o
o
o
1

5000 -

4000 4 |—€—kicker 185m) |- N )
——D1BC2
—&—D1BC3
3000 4 - TCOL (145m) |- - mmm e s\ m e ]
== dump ("Eingang Beton")

Surface dose rate (uSv/h

2000 -

1000 F-- == o T T e R e

O - ) ) ) )
21.02.06 28.02.06 07.03.06 14.03.06 21.03.06
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Free-Electron Laser

7. 3% Conclusion (1/2) MGREL

Machine Protection System

 fast protection works reliably

« Toroid Protection System partly operational
* improvement of user interface necessary

LLRF
« improved vectorsum in gun, ACC1

« DSP beam loading compensation not helpful

« AFF in ACC4/5 helps, but exception handling has to be
Improved

* major problems: 250 kHz ripple, phase slope after gun/ACC1

TTF2 seminar 2006/03/28 Lars Frohlich, MPY



. % Conclusion (2/2) VUV-FEL

Free-Electron Laser

Operation

« 300 bunches possible

« no fundamental problem visible on the way to 800 bunches
« elimination of beam losses requires lots of tuning

» bypass/dumpline optics unclear

Many thanks to
* the MPS team (M. Gorler, A. Hamdi, J. Novo, M. Staack)
« the coordinators (S. Schreiber, E. Vogel)

« the operators (V. Ayvazyan, A. Bolzmann, A. Eckhardt, O. Grimm,
J. Haar, V. Kocharyan, V. Miltchev, G. Petrosyan, L. Petrosyan,
M. Yurkov)

« the others who helped (Ch. Gerth, H. Schlarb)
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