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Injection Protection Limits

>

Protecting devices in the SPS, SPS-to-LHC
transfer line and LHC injection points must ensure
safety of the machine

Beam parameters and injected number of bunches,
have to be checked with the damage limits and
attenuation factors of the protection devices

No change since 2016
TIDVG has been successfully replaced

Currently, tightest limit is given by the attenuation
factor of the TCDI

More details in C. Bracco et al. “Operational Limits
from Intercepting Devices” from Evian 16’
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» MKI limitations due to beam induced heating




MKI Temperatures — General Remarks

>
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Ferrite yokes must be below their Curie temperature (Tc) for MKI to safely
inject beam into LHC

Two temperature probes per side of the kicker — Upstream ones show _
consistently higher temperatures: it is understood and according to simulations

Variance in temperatures among different MKIs — all have the same design
Indirect temperature measurements as yokes are at HV

SIS interlock at upstream probe: have been exceeded twice this year without
the MKIs going above their Tc

U Fill # 6054: 25ns, 2544b, 1.18e11 ppb, 0.97-1.07ns

Measured MK| temperatures in 2017 Q Fill # 6057: 25ns, 2544b, 1.2e11 ppb, 1.03-1.3ns

‘JD /—MKI.A5R8.B2:TEMP_MAGNET_UP
|

r e |\|K|.D5R8.B2: TEMP_MAGNET_DOWN
F e [|K|.D5R8.B2: TEMP_MAGNET_UP

2017-05-01 2017-06-01 2017-07-01 2017-08-01 2017-09-01 2017-10-01 2017-11-01
00:00:00.000 00:00:00.000 00:00:00.000 00:00:00.000 00:00:00.000 00:00:00.000 00:00:00.000

&)

N4




SIS Interlocks - reminder

> Interlock on measured temperature If it
exceeds pre-set SIS thresholds

> Procedure for SIS thresholds:

a Analyse SoftStart™ which is run following
beam dump to determine state of yokes

Q If measured temperature exceeds SIS
threshold and ferrite yoke is below Tc —
Increase threshold

Note: Procedure is now mainly automated
(thanks to A. Chmielinska and N. Magnin)

*For details, see spare slides
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Thermal predictions —
Steady State Approach

» Due to long thermal constants?!, temperatures in the MKI will
heavily depend on difficult to predict parameters such as the fill
duration and the initial temperatures before the start of the fill

»> Steady state approach:

1. Use e.g. nominal beam parameters
2. Estimate corresponding losses
3. Estimate steady state temperatures of the system

> The approach may be conservative but the predicted numbers
need to be validated

> Validation of the simulation models is on going and more
confidence can be gained from operational experience with the
upgraded magnet to be installed in YETS 17/18 (see next part of
the presentation)

1Since in vacuum the dominant cooling processes are conduction and radiation, the term is used in a
loose way to describe how quickly the system will reach its thermal equilibrium
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Temperatures and Intensity margins
for Run 2

For nominal Run 2 beams: 1.15e11 ppb, 2808 bunches, 1ns bunch length — MKI yokes below
their Tc (¥ symbol in the graphs below) but intensity margins are small

However, margins can increase if we reduce #bunches or increase bunch length

> Results are obtained using the worst case assumption of constant power deposition during the
fill (see previous slide)

A\

T-pph for different bunch lengths and 2556 bunhes - T-pph for different #bunches and 1ns bunch length

=1.0ns

- T, of MKI Yoke
1.2n8

L R o I R R < RN

=1.4ns

T. of MKI Yoke

of yokes

max

—1400
—1800

2200
—2600
—2808

T
-~
(&3]

50 I | | |
1 1.1 12 19 14 15

bunch intensity (1011 D)




Outline of talk

» Upgraded MKI in YETS 17/18




What is new and what we expect

>  Cr203 coating on the inner part of the alumina tube
v Improvement of HV behaviour (higher surface conductivity)
v Improvement of dynamic vacuum pressure (significantly lower SEY)

>  Improved instrumentation
>  Modified beam screen design
Screen conductors to

v Reduce RF losses shield ferrite from beam
v Relocate RF losses to more easily cooled areas
v Part of HL-LHC baseline design

>  To replace MKI8D: hottest and highest dynamic pressure Crz03 coated inner surface

Alumina tube

Ring 1 Ring 9 Current
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Beam

Additional PT100s

b
! 130mm 1

Schematic of upstream end of alumina tube




Thermal considerations for the
Upgraded MKI

>  Steady state simulations for nominal Run 2 beams: 1.15e11 ppb,
2808 bunches, 1ns bunch length — all MKI yokes are below their Tc

>  Temperatures of ferrite rings were at acceptable levels for vacuum (TE-VSC)

> Folr_éhe upgraded MKI the previous analysis for intensity margins is no longer
vall
a The rings will cross their Tc before the yokes will — not the case in current design
a If all rings exceed their Tc — impedance is significantly different: low frequency modes
are no longer damped by the rings — losses in the yokes increase
Qa Analysis of intensity margins is ongoing
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Summary

>

Injection protection limits have not changed since last
year: TIDVG successfully replaced — main limitation
comes from TCDI

MKI yokes have not exceeded their Tc in 2017 and are
not expected to be an issue for Run 2 — SIS thresholds
will probably need adjusting

An upgraded MKI is scheduled for installation in YETS
17/18. It is expected to show improved vacuum and HV
behaviour and not to limit LHC's availability. Operational
experience is essential to validate the upgrades

For long fills it is expected that there iIs some margin in
Intensity — presented numbers need to be validated




Thank you
for your attention!




Questions?




Intercepting devices

> SPS

Q Internal dumps: TBSJ (26GeV), TIDH (28GeV),
TIDVG(450GeV)

ad TL beam dumps TED (450GeV) and stoppers for
personel safety TBSE(450GeV)

ad SPS betatron and momentum scrapers TIDP
(450GeV)

d SPS extraction septa protection elements TPSG
(450GeV)

> Injection Septum (MSI) protection: TCDIs
> Injection Kicker (MKI) protection: TDI
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MKI - Beam Screen
‘Alumina tube

Conduéting metal gy
cylinder ‘

1mm gap

Screen
conductors

Screen conductors

capacitively
coupled to outer i
metal cylinder ‘ ]
Metallized
alumina

= High purity alumina tube with conductors in its inner wall — to screen the ferrite from beam;

= Screen conductors are connected to beam pipe at one end and capacitively coupled at
the other end,;

= Voltage is induced on screen conductors during field rise (up to 30kV) and fall (to -17kV);
» Rise in vacuum pressure, at _capacitively coupled end, can result in breakdown/

metallization

flashover — hence there is an (SIS) interlock to prevent injection when this pressure is
above threshold.




SIS Interlocks - reminder
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SoftStart

> Pulsing the magnet without beam. Helps
identify the state of the ferrite yokes (above
or below their Tc)

> If above their Tc, the transmission line
permeabllity will be significantly reduced
which will in turn affect the rise time of the
pulse and its propagation along the magnet.

> By measuring the propagation time of the
pulse, the status of the ferrites can be
Inferred.




Simulations and measurements of
SEY

>  Cr203 coated alumina exhibits significantly reduced SEY and thus electron
cloud

> Reduced dynamic vacuum and conditioning of the coated alumina will happen
sooner — increased LHC availability in case of exchange of an MKI

10’ : , Measurements courtesy of:
sl E. Garcia-Tabares Valdivieso & H.
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HV performance of Cr,O; coated alumina tube

Flashover Voltage (kV)
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NUMBER OF THE FLASHOVER —»

v' Cr,0; originally studied, for coating of MKI alumina
tube, based on papers published by Sudarshan
and Cross (1976), showing a ~30% increase in
voltage of flashover in vacuum, c.f. uncoated
alumina.

v More recent (2006) papers by T. Shioiri et al. also
report ~30% increase in voltage of flashover,
attributed to chromium oxide coating:

v reducing secondary electron avalanche;
v reducing surface charging due to decreased
surface resistance (10° - 10 Q-cm).

The upgraded MKI will undergo two extended
high voltage conditioning processes, with
voltages up to 10% above operational voltage, to
validate its high voltage performance, prior to
installation in the LHC.




