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Challenge Stored Energy -

SPS incident in June 2008:

400 GeV beam with 2 MJ
(J. Wenninger, CERN-BE-2009-003-0OP)

LHC stored beam energy:

Nominal intensity: 3.2-10** protons.

(2808 bunches)
Nominal beam energy: 7 TeV

Nominal stored energy (beam): 264 )
Stored energy in magnets (nominal): over 10 G

Damage threshold: =10 kJ (5% of single bunch). (. schmid, pacoz)
QuenCh limit: few W\_J//C" ’

Now 3.5 TeV, 35 MJ. In 2011 up to 100 MJ.
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Beam Colllmatlon Jh iti

* Three stage collimation system (=100 collimators and absorbers)

primary (5.70): deflection

secondary (8.50): absorbtion

tertiary (150): triplet protection

special dump and injection protection collimators

Collimator
Opening

beam
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e QOver 200 systems can request a beam dump:
Power converter '
BPMs
Collimators
Software Interlock System
Vacuum
Access system

BLMs
* = 4000 BLMSs

e 12 different integration times
(40us — 83.8s)
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2. Fast Loss Events (UFOs)

May, 17t 2011 Joint DESY and University of Hamburg Accelerator Physics Seminar 9



SV S 17 I BRSNS

@) (. Fast Loss Event (UFO)A
DA U E " G 48070 - G IS il RS IO s R .

Losses

1

=
-

0.013

0.001 ll
| L1,

Monitors
e e
Monitor Losses versus Time

o] | BLMQL1SLEB11MO_MQ

0.15

Losses [Gray / s]

Total Losses = 1.9674E00 [Gray / s]
1.5ms =17 turns
<€ >

[=]
-

Losses [Gray / 5]

=
=}
o

! - -IIIIIII
0.072 0.073 0.074 0.075 0.076
Time [sec]

Unconventional loss pattern:
Loss location often in the arc, timescale: 10 turns.
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Fast Loss Events VS. Inten51t -
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Until now: 20 emergency beam dumps due to fast loss events.
Fast loss event rate proportional to intensity
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Fast Loss Event Rate "

* After the increase of the BLM Threshold by a factor of 3 there were
about 4.1 times less beam dumps due to fast loss events.
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2. Fast Loss Events (UFOs)

e UFOs below threshold
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Events Below Threshold
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UFOs Detectlon in 2011 | 5'
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e Online UFO detection from live BLM data.

Losses (RS 4) of two BLMs in 40m are above 1E-4 Gy/s.
RS2 /RS 1>0.55 (UFO average : 0.89).
RS 3 /RS 2 > 0.45 (UFO average: 0.79).

» Over 4000 triggers so far.

Q
oQ

* From subset of 230 manually verified triggers:
About 70% are UFOs, 10% ambiguous cases, 20% are false triggers.

* For most analysis additional cut. E.g.:

Only flat top UFOs, loss of UFO BLM (RS05) > 5-10“4 Gy/s (= 5 %o of
threshold).

53 events remain of subset, of which 51 are clear UFOs (96%) and 2 are
ambiguous cases.
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Events Below Threshold

3.5 TeV.
| Signal RS05 > 510 Gyls.

(—Iﬁ { 628 candidate UFOs at }

Number UFOs
initial threshold 2010
nominal threshold 7 TeV

{

0.2 0.3 0.4 0.5 0.6
Signal RS 5 / Threshold RS 5

Most events are much below threshold.
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The UFOs are distributed all around the Mainly UFOs at injection kicker magnets.

machine.
38 candidate UFOs at injection kicker

magnet for Beam 2.
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1978 candidate UFOs at

3.5 TeV. Data scaled with
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2. Fast Loss Events (UFOs)

e UFOs at injection kicker magnets
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Dump on 01.05. 2011
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Dump of BLMQI.04L2.B1E20_MQY on 320us, 640us and 2.5ms
integration time

May, 17t 2011 Joint DESY and University of Hamburg Accelerator Physics Seminar 21



~|UH

m«ﬂfmﬁ’/ﬁ' - I RSN VRSN

v.  Dumpon01.05.2011

,V ‘A-\»

@y

. 0.8 T T T
* From fit to losses o Tows
(BLMEI.O5L2.B1E10_MKI.D5L2.B1): — fit (gauss)
Amplitude: 0.63 Gy/s ] |
Width: 0.29 ms
'“'\-ui.“
g 04l -
=
0.2r T
DD.IJ?4 IJ.ID?S 0.076 U.IDT? 0.073
time [g]

May, 17th 2011 Joint DESY and University of Hamburg Accelerator Physics Seminar 22



‘"!& o e e VARSI KO A | R L

i j‘gg UFOs at MKIs
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e Since 08.04.2011 in total 460 fast loss events around MKIs.
(104 around MKl in IP2, 226 around MKI in IP8).

Distribution of first BLM which sees the loss:
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* Typical scenario for MKI UFOs during scrubbing: Loss spikes occur
in first few minutes after an injection and go away then.
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2. Fast Loss Events (UFOs)
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UFO 51ze

<

* Two extreme cases:
 UFO much larger than beam: the beam is imaging the UFO.

 UFO much smaller than beam: the UFO is imaging the beam.

Most UFO shapes are Gaussian, thus most UFOs are expected to
be smaller than the beam.

courtes_y of
* From FLUKA simulations: size = 1 um. e

(cf. M. Sapinski, F. Zimmermann at Chamonix 2011)
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UFO Speed

25

:
. gnom = 2.5 um-rad
 UFO speed: , , B =150 m
2 2 S e s -
\/ o, +0 o, ' '
vV, = >
oy or PPN I N S N —
v,: UFO speed, o,: transverse beam size, o,: UFO size, 5:
o;: temporal width of loss. 3 =
S ©
EI 1) S "Q_J ----------------------------------------------------------------------
[
* From free fall: =
2-9g-h=0.632 | SR
N

%.D 0.5 10 15 2.0 2.5 3.0
ufo speed [m/s]

The UFO speed corresponds to the expected speed for a free fall
from the aperture.
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3. Outlook and Mitigation
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* Next Steps:
* Improve diagnostics (acquisition of turn-by-turn data)

* Better localization of UFOs at injection kicker magnets
(simulations, additional BLMs)

 Determine real quench limit.

* Mitigation Strategy:

. * Increase BLM thresholds further
(For higher energies thresholds need to be decreased)
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20 emergency beam cumps due to UFOs so far.

Over 4000 candidate UFOs detected in 2011 so far.
2 UFOs were dumping the beam.
Most events at 3.5 TeV.
Increased UFO rate around injection kicker magnets.

UFOs are prospectively micrometer sized dust particles.

Next step: improve the diagnostics.
Acquisition of turn-by-turn BLM data.
Installation of additional BLMs.
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Thank you

for your Attention

Further information:

. * T. Baer, “Update on UFOs”, LHC Machine Protection Panel, Geneva,
Tobias Baer May 2011.

CERN BE/OP * T. Baer, “LHC Machine Protection and UFOs”, DPG Spring Meeting,

. Karlsruhe, March 2011.
Tobias.Baer@cern.ch

) * M. Sapinski, “Is the BLM system ready to go to higher intensities?”,
Office: +41 22 76 75379 Workshop on LHC Performance, Chamonix, Jan. 2011.
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e Distributed ion pumps (PF-AR, HERA).
e Electrical Discharges (PF-AR).
 Movable Devices. (LHC)

e Particles frozen or condensated at cold elements. (ANKA)
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* Loss starts at

BLMEI.O5L2.B1E20_MKI.C5L2.B1

 BLMQI.04L2.B1E20_MAQY at
92% of dump threshold (RS5)

e At 3.5TeV stable beams.
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Example UFOs at MKI RS
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UFO at 2352 GeV, 228 bunches. Loss starts at
BLMEI.O5R8.B2E10 MKI.C5R8.B2.

May, 17t 2011

UFO at 1424 GeV, 768 bunches. Loss starts at
BLMQI.04R8.B1130_MAQY.
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Lossratlo for MKI UFOs B1
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Lossratlo for MKI UFOs BZ
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From simulations:

* Dust particle will be positively
ionized and be repelled from the

beam.

Beam intensity: 2.3-10%° protons,

Al object.

e Loss duration of a few ms.

Losses become shorter for larger
beam intensities.

courtesy of
F. Zimmermann
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Dynamlcs of Dust Partlcles
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