Considerations on performance
of extraction elements

MTE workshop, 24.09.2010
L. Sermeus with the help of J. Borburgh
TE/ABT



Contents

e ABT equipment used for Continuous Transfer
e ABT equipment used for Multi-Turn Extraction
e ABT assumptions about the systems

e Implications to the systems

e Questions to the workshop

L. Sermeus MTE Workshop 24.09.2010



Legend

— Nominal Closed Orbit

——  Orbit deformed by BSW
Slow Bumps
Orbit Deformed by BFA

Fast Bumpers.
(Beam not kicked by

Septum SEH31).

Trajectory of ejected
Beam.

(Beam kicked by Septum
SEH31).

Slow Bumper Dipoles
Fast Bumper Dipoles

N Septa (SEH31 and SMHI6)
O QKE Quadrupoles
Fast Dipoles

Filament beam cut into 5 slices by electrostatic septum SEH31
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Continuaus Transfer Normal Staircase Generator

»+|12.8040 8:56

STAIRCASE Bumper consists of 1 generafor feeding fwo magnefs as described above

Magnets 21 &9 currents
o Int. Bdl = 28.3mT.m @ 38kV / module (user SFTPRO)

Chain B frigger is delayed by 18us wrf. chain A

Main Thyratrons of a chain are friggered with
a delay of 1.05ps

2.1 4.2 6.3 8.4 105 126 t ps
Typical "Stfaircase” Waveforms A and B

Features: °2 x5 Pulse Forming Lines in series to supply magnets 21S & 9S (for 5 RS turns)
 same voltage on both sides (ppm controllable with limitations)
* maximum voltage on S1: 30 kV, S2 to S5: 38 kV; minimun 6 kV each
* maximum AV between adjacent steps +30 kV
* minimum AV between adjacent steps -5 kV
» delay between steps and sides ppm controllable with 1 ns resolution
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&N Pedestals BFA21P & BFA9P

Confinuous Transfer Pedestal

Absorpfion Filter
(8.3Q, 2nF)

Front cell
3.5nF, 8.3;05 ) Tx cables RG220U

12 cells 8.33Q LLH 87nF ™ Termination 8.33Q

Pulsed Resonanf Power Supply 220Vprim-30kVsec in 7ms

The Pedestal Bumper consists of 2 modules as described above (one each in SS9 and SS21) M 21 &9
Tx lengih = 210m for SS9 and Besm far ss21 o T agnets currents
(user SFTPRO)

Chil 1,00V  &jeis 1.00 ous| A Cha - d. §6 v

\ Inf. Bdl = 21.6mT.m @ 30kV

Pulse Width: 12us

Features: .2 independent generators to supply magnets 21P & 9P (for 5 PS turns)
* maximum voltage: 30 kV (ppm controllable with limitations)
* minimum voltage: 5 kV
» delay between generators ppm controllable with 1 ns resolution
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CX| Fast dipole DFA242

Emittance Reducfion ole 1 (DFAZ2L2)

Main Thyratfron
CX159 / LOns

PFL cables

Semi-conductor

Inductor Magnet DFA242
0.7uH 2.49uH

ooV

(DFA2472) consists of 1 module as described above in TT2

Magnet current

I T (user SFTRRO)

\
Pulse Widfh: 2.2us \

ERD12009

» 1 generator to supply the magnet 242 in TT2

» maximum voltage: 30 kV (ppm controllable with limitations)

* minimum voltage: 5 kV

« Kick duration: 1 PS turn (used to correct the fifth turn of SFTPRO or CNGS)

Features:
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Continuous Transfer Reserve Staircase Generator

DFAZ54 cansists of 1 generafor feeding one magnet as described above

Kick
100%

= 187 mT.m @ 30kV

Magnet 254 current
(SFTPRO)

Features: ¢ 5 Pulse Forming Lines in series to supply the magnet 254 in TT2 (for 5 PS turns)
« voltage of each step ppm controllable with limitations
* maximum voltage on each step: 30 kV; minimun 6 kV
* minimum AV between adjacent steps -5 kV
* delay between steps manually controllable with 1 ns resolution
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= PS beam slicing septum SEH31
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.
= Aperture and strength margins SEH31

e Operational septum parameters with
respect to central orbit:

— Septum position: 71 [56, 79] mm
— Cathode position: 88 [71, 93.5] mm
—Gap width: 17 mm

— Septum angle: -0.8 [-1.6, 1.6] mrad
— Operational Voltage: 170 kV
— Max. field <10 MV/m
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PS extractlon septum SMH16

two identical magnets powered in series
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Main Thyrafron

CXN92 / 35ns
_ Tx cables RG220 500
Oump resisfor 150 8m

Fast HV Oiode

Delay Lline || Delay Lline

/ Arfificial PEN 12.5Q

(2x25Q in parallel)
2x13 cells

12 us

magnet || magnef
9 cells 9 cells
150 150

J11

+ve
Pulse Width: ~12us

Pulsed Resonant Power Supply Rise (10-90)%: ~350ns
~550Vprim-80kVser in 5ms Kick = 101 mT.m @ BOKkV

MTE_KFA13

ek Run: 25.0MS/s Sample s
i

« artificial PFN, 12 ps (for 5 PS turns)
* maximum voltage 75 kV (ppm)
U U TN NUUUEA. N * two Independent systems
\ » delay between 13 and 21 ppm controllable with 1 ns

resolution

4.2V 18 jul 2008
13:19:26

Magnet 13 current
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ission cables

Oump Thyratfron / 30ns i L
Dump Termination 15.7Q / 30ns >Bm, 609 Flexible
\ 735m PEN cable 1576 10atm SF6

X

Transmission cables
Ulse Wi 20s - ' ‘ '
er Supply E}:!et W* o \ Terminafion 7150
rim - 80kVsec Kick =

in 4ms 300 Filter 300 Flexible

L50pF | B
L MTE KFAL Term 20,

* PFL, 2.2 ps (for 1 PS turn)
Features: « One magnet

* maximum voltage 80 kV (ppm)
 ppm controllable with 1 ns resolution
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KFA71 & 79

D Th ' X171 /30 Main Thyratron 1.9m Transmission cables
o e " 300 Flexible 7m Transmission cables

i i CxXmm /7 30
Dump Termination 15Q ns 300 4Latm SF6
\ 233.7m PFEN cable 150 10aftm SF6 \ A A

,

X e

Ferrife

1.9m Transmission cables
308 Flexible  9-cells Magnet 56ns/15Q
Terminafion 150 ——mA——

Fermfe
68ODF
ilters

+ve

Pulsed Resonanft Power Supply
220Vprim-80kVsec in 4ms

9m Transmission cables

Tek Run: 100MS/s  Average e : | |
| L | H

BBODF T L50pF

KFAT1-1-2002

Features:

*PFL, 2.2 s (for 1 PS turn)

» maximum voltage 80 kV (ppm)

* 9 + 3 independent modules available
* ppm controllable with 1 ns resolution
» modules can be triggered one by one

IE 500V W 500ms ChE 7 4.7V 19 Mar 2002
15:45:11

Magnet 71- Mod1 current
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A

BFA9P &
21P
BFA21-9
DFA242
DFA254
KFA4
KFA13 &

21

KFA71 &
79
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Kicker data table

Rectangle

Staircase

Rectangle

Staircase

Rectangle

Rectangle

Rectangle

5 PS turns

5 PS turns

1 PS turn

5 PS turns

1 PS turn

5 PS turns

1to 12 PS
turns

21.6 @ 30

28.3 @ 38

18.7 @ 30

18.7 @ 30

26.7 @ 80

94 @ 75

13.9 @ 80 per

module
166.8 total
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0.3 per module
3.57 total
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inside

inside

inside

inside
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ABT baseline assumptions
— until the halt of MTE
operation earlier this year

e Scrap CT when MTE is fully operational
— SEH31 to be phased out in 2012

e complete "phase 1" for the kickers
(implementation/upgrade of staircase
generators for the DFAS In transfer line)

e Septum 16 remains unchanged
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Are these the new
assumptions to take?

e Keep the CT equipment operational.

e CT systems should be adapted to allow MTE
extraction using SEH31 in present location.

e CT and MTE/CT extractions to operate on ppm
basis.

e No full switching from CT to MTE operation in
the near future.

e No new magnets planned for MTE.
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Implications to the kicker systems

e All the CT kickers are still controlled by the obsolete Camac
system. (not optimum for ppm operation)

e ppm operation with very different voltages would require the
Implementation of two primary capacitor banks driven
Independently.

e ldea of reusing the BFA staircase HV switches to supply the
DFA254 not feasible any more. Consolidation of present
switches needed.

e B359 CT zone infrastructure has to be improved for safety
reasons.

e KFA21 (and 13?) needs a polarity change to kick the beam to
SEH3L1. Intervention in the ring needed to swap the HV
connection boxes filled with SF gas.
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SF, connection

Connection
boxes to be
swapped

L. Sermeus

KFA21 polarity change

Minimum Intervention
time in the ring: 2 to 3
hours

Risk of breakin
y vacuum feed-thr

P -l o
S g
CL B &\ YURGENCE |
.' - Benor swirchiNg

|

i Risk of Sk leak di
=11 8 ~ tosolve
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Potential improvements
during the 2010-2011 stop

New DFA242 generator installation to
nave staircase (4 steps) waveform (old one
Kept as fall back solution). Could be ready
nefore Easter.

Pedestal generators: modification to
operate with two capacitor banks to ease
ppm operation + eradication of Camac.
Could also be ready before Easter.

Note: BFA21-9 staircase and DFA254 will stay with Camac

S MTE Workshop 24.09.2010
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Spare policy SMH16 (1/2)

e Present situation:

— Installed SMH16.2 since January 2010.
Exchange was foreseen for 2014.

— Operational spare SMH16.3, newly built.

— Second choice spare SMH 16.1, removed
from PS in January 2010. Beam observation
Incomplete. Magnets to be renovated.

. Stored In PS ring!
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Spare policy SMH16 (2/2)
Preventive exchange every 4 years based on past

experience. But the annual number of pulses
Increased as from 2009:

— 2007, 2008: 2.9 M pulses/ yr.

— 2009 : 6.0 M pulses / yr.

Septum already “plug-in’’: no re-alignment
required, quick disconnect vacuum flanges and
hydraulic connections.

Intervention time dominated by bake-out and
vacuum recovery.

Collective dose for intervention dominated by
vacuum , connection/reconnection and transport
activities (VSC/ABT/HE).

MTE Workshop 24.09.2010
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Aperture margins for SMH16

e MTE design report proposed new septum with septum
thickness of 1.7 mm (presently 3 mm).

Thinner SMH16 of any use?
e Cost:
— MUCH higher complexity (reliability?)
— ~ 1 MCHF (2005 level) + 3 MY + 2 new power supplies
e Horizontal aperture can be reviewed (presently 56
mm).
e Vertical gap remains limited to 30 mm.

e If required, in the present design 130 mm upstream
from the septum are available for a spoiler / scatterer.

(any advantage for radiation?)
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Spare policy SEH31

e Present situation:

— Installed in PS SEH31.1 since January 2010.
Exchange foreseen for 2012. (if not to be
abolished)

— Spare SEH31.2. Removed from ring in January
2010, to be renovated. Stored under N,
Activation 05/01/2010: 7 mSV on contact.

— Spare SEH31.3. Killed in operation in 2008.
Many components missing since. Stored under
N,
e If CT needs to be maintained, SEH31 spares
need to be rebuilt.

L. Sermeus MTE Workshop 24.09.2010
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SEH31 system limitations

e Operational voltage could be increased to ~ 210
— 220 kV, but diagnostics for sparking will be
needed (spark counters, fixed display).

e If SEH31 field strength needs to be varied, bear
In mind that this 1Is NOT ppm:

—AV of 30 kV can take ~35 seconds

e High operational voltage requires conditioning at
higher voltages (presently 250 kV), with more
stress on HV cables. Cable between generators
and ring are still old ‘pp300b’ type.
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SEH31 required consolidation if CT
eguipment needs to be kept operational

e Present Fluorinert™ insulation system 1s
scheduled to be moved to SEH23.

e Need regeneration system and control
electronics consolidation if SEH31 is to
keep this system. (it Is presently only
capable to supply one system)

e HV cables running between PS ring and
Generators are still old “pp300b” type.
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Questions to the workshop (1/2)

e \What needs absolutely to be done during
the short 2010-2011 stop? (taking into
account that the ABT resources will be
very busy in the SPS and LHC)

e Present baseline is still to scrap CT when
MTE is fully operational and complete
phase Il for the DFAs. Will that ever
happen now or Is that no longer realistic?

e If CT and MTE will have to coexist, will
that only be for a while or long term?
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Questions to the workshop (2/2)

e Reorganization of the kicker MTE/CT zone In
B359 has to be done during the long shut-down
2012. We need very soon a complete view (with
timetable) of the systems to maintain or to scrap
to start preparation of the work (long lead:times).

Will the money and manpower be available?
The additional effort for ABT will be significant.

An estimate will be given as soon as possible
after the conclusions of this workshop.

e Is a thinner SMH16 of any use?
e Is a spoiler upstream from SMH16 of any use?

L. Sermeus MTE Workshop 24.09.2010 27



