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» Nominal LHC hypercycle : a different world
» divided in phases (= beam processes) between 10 and 30 min
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» Losses at injection
e Injection region layout
e Standard injection losses
e Injection failure examples

» Losses along the cycle
e Typical loss pattern during ramp
e  Orbit excursion during the squeeze

> Losses when in collisions
e Luminosity fragment
) UFO

. SEU
) instabilities
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LHC injection: horizontal injection septum MSI (12 mrad), vertical injection kicker
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LHC 1n]ect10n layout

MKI (0.85 mrad); vertically off-centre through the LHC quadrupole (Q5)

YV VYV

ALICE

Protection against Kicker failures: TDI + TCLIs
Experiment detector in the middle: ALICE or LHCb
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‘@;J\‘Eﬁ* Injection losses : regular losses ¢

1) Transfer line collimators (TCDIs) cutting loss shower on cold elements: Q6,Q7,Q8, MSI
transverse beam tails

2) Uncaptured beam LHC TDI lower jaw, showers on equipment
downstream (TCTVB, MQX, MBX, TCLI)
3) Satellites, uncaptured beam from SPS TDI upper jaw, showers on equipment

downstream (TCTVB, MQX, MBX)

» Circulating uncaptured beam is kicked out onto

» Transfer line collimators partly close to the lower jaw of the TDI each injection.
superconducting magnets. » TDI showers reach LHC BLMs on TCTVB,

> LHC BLM trigger with TCDI shower triplets,... from the outside - and experiments’

from the outside. beam condition monitors
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» Based on extrapolation from 2010

performances, mitigations

techniques needed

> Transfer Lines showers:

— Local shielding between TCDIs and LHC

— Beam scraping (transverse) in SPS

» Uncaptured beam
- Local shielding at TDI

TCDI shower 1/2 3/5 4/6 5/8 23/24
Uncaptured beam 4/2 12/3 12/5 16/8 20/8
& LHC Injection Quality Check el
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[& ~ REA hcop  Bearn 1: %/ Beam 2: %/ Last injection: Beam 1

2012-08-01 12:44:12.350: Beamn injected! BQMs: Injected 144 bunches(1380 bunches

circulating).
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- Minimization of capture losses )

—_ Injection and abort gap Cleaning Monito.r r-|ar.ne . Mi;);]l;;ss Applieﬂdu-thre... 10C ref
» In 2012, clean injections : o —
* 144 bunches (~1.5e11 protons per e =

bunch, ~2 um emittance) in normal
operation (< 10% of dump

threshold)

e 288 bunches (1.05e11, 2.5-2.7 um)

injected with 30 %

result et last result
.
th re S h Ol d d u rl ng M D Ay 12:44:19 - Beam injectedt BAMs: Infectsd 144 bunshes(1380 BURchES sircuiating
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TL stablllty problem
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» A lot of time lost due to re-steering of Transfer Lines:

« Tight transfer line collimators (4.5 sigma) —> high losses if trajectory
not centered

 Injection oscillations have to be below 1.5 mm to respect available
aperture in the LHC

» Sometimes difficult to find a compromise between injection oscillations
and trajectory at TCDIs at the same time

» During 2011 operation, studies have been done to understand the
causes:

« Large shot-by-shot variations (760 um max) are observed for both
lines in the horizontal plane — sources identified as the SPS MSE

« Bunch-by-bunch variations (up to 1 mm difference in peak
oscillation) on beam 2 in horizontal plane - caused by a ripple on
MKE
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Injection failure
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» Different types of failure: e
1. Injected beam not kicked 'i‘ I
2. Circulating beam hit | s | A
3. Injected beam partly kicked - -
Nominal kick No kick

> Jul 28: erratic on the MKI
— Erratic on the main switch

detected by interlocks -> discharge | -

— But too late to inhibit extraction

— 144 bunches dumped on TDI in
point 2

— Circulating beam was not hit

— Heavy losses in IR2, but NO
guench

June 6th 2012
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> July 28: second erratlc on the MKI

June 6th 2012

— During charging process, not detected by
interlocks

— Circulating beam swept over aperture (17% of
normal kick)

— 173 bunches missing in dump --> on TDI

— Some grazing bunches quenched 3 magnets and
hit ALICE (permanent damage)

— Important leakage to S23 (but no quench)

» April 28: flashover in the MKI

— Injection of 2 x 36 bunches spaced by 2.2 us

— Breakdown after ~2 us = All 36b of 2" batch were

kicked with 110-125% nominal MKI deflection

— Beam was on LOWER TDI jaw and over-kicked,
I.e. breakdown in second half of magnet (LHCb
signals support this)

— Nearly all p+ of the 36b impacted on the
TDI/TCLIB (grazing) -> 11 magnets quenched
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@ Losses durlng the ramp L/ —

P {7

» Uncaptured beam lost at the beginning of the ramp

»> Losses at the end of the ramp when tight collimators settings
are putin
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Losses start of ramp

Losses in momentum collimation region : up to ~50 % of dump threshold

o LHC BLM Fixed Display = =E3)
File Tools
Status
Beam Dump Reguest Beam Energy
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/| Show Octant Filter
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[] Show Labels [] Display Optics Elements Use DCUM
| P stant || Stop || =l Save | [] Continuous Saving
Console |
04:34:02 - Warning BLMETI.O04RS5.BIE10_TCSG. 4R6.EL, integration time: 80 us, losses = 1.586076E01, threshold = 2.316800E0L, ratio = 68% =
04:34:02 - Warning ELMEI.O4R6.BlELO0_TCDOM. 4R6.El, integration time: 40 us, lozses = 6.850850E-02, threshold = 1.274240E-01, ratio = 54%
04:34:02 - Warning ELMEI.O4RS.ELELO0_TCDQM. 4RS.El, integration time: S0 us, losses = §.8519175E-02Z, threshold = 1.274240E-01, ratio = 54%
- Warnincg BELMEI.O4R6.E1EL0_TCDOM. 4R5.E1, integration ti 320 us, losses = 6.668719E-02, threshold = 1.274240E-01, ratio = 52%
- Warning ELMEI.O4R6.BlELO0_TCDOM. 4RE6.El, integration 640 1z, losses = 6.52Z9009E-02, threshold = 1.274240E-01, ratio = 51%
- Warning ELMEI.O4R6.ELELQ0_TCDQM. 4RE.El, integration 2560 us, losses = 5.873733E-02, threshold = 1.274240E-01, ratio = 46%
- Warning EBELMEI.O4RS.BLELD _TCDQM. 4RS5.ELl, integration 10 ms, losses = 4.086676E-02, threshold = 1.274240E-01, ratio = 32% [
- Monitoring Stopped.
-~
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Losses end of ramp

~

Losses on collimation region : scraping the beams
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7‘?‘ Losses during the squeeze 3‘!
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» Several fills dumped during the intensity ramp up in the squeeze with
tight collimators settings.

> Observations from orbit correction indicate:

* Orbit shift of 50 um at primary collimators = > 30% of BPM dump
threshold.

 Orbit shift of 100 um at primary collimators = high risk of beam
dump by BLMs.

 Forlosses on time scales of few seconds.
* Corresponds to 5-10% of collimator Y2 gaps.

» Together with the increased tail population the orbit excursions were
pushing the losses towards/above threshold.

June 6" 2012 Workshop on MP for Linear Accelerator complexes 14



Up to 45% of
dump threshold

June 6th 2012

S ETES

Beam Dump Request Beam Energy
3.93 to 4.18 TeV

I ' Status ‘

Integration Time:

o foay 15|

7 | Show Octant Filter

Total Losses: 5.9033 [Gray / s]

06.05.2012 23:41:03
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Monitors

[] Show Labels [] Display Optics Elements

Use DCUM

| Star || @ Stop H | Save ‘I:ICunlinuuus Saving

Console |

TALTOL - Wartaing on: BLIUL. USR7. BIESU_TWA. ESF7, INGEgratioh Tile: 5.2 5, logses = I.56/U35E-UZ, threshold = 4. TIE-UZ, Latio = J6%
23:41:02 - Warning on: BLMQT.05L6.B2TI10_MQY¥, integration time: 5.2 5, losses = 1.891060E-04, threshold = 4.3441534F-04, ratio = 44%
23:14L:i02 - Warning on: BLMQI.O04LE.BZI10_IMQ¥, integration time: 5.2 2, losses = Z.258709ZE-04, threshold = 4,344134E-04, ratio = 5&%
23:41:02 - Warning on: BLMQT.04L6.B2T10_MOY, integration time: 20.9 5, losses = 1.446436E-04, threshold = 4.344136E-04, ratino = 33%

23:4L:i02 - Warning on: BLMEI.O8L7.BZI10_TCLA.DEL7.BZ, integration time: 1.3 2, losses = 1.Z15148E-03, threshold = 3.501531E-03, ratio = 35%
23:41:02 - Warning on: BLMQT.0SR7.BIE30_MQWA.ESR7, integration time: 5.2 s, losses = 1.6353859E-02, threshold = 4.375547E-02, ratio = 37%
23:4L:i02 - Warning on: BLMEI.O8R7.BZI10_TCHG.ASR7.BZ, integration time: 1.3 2, losses = 2.820938E-01, threshold = §.751161E-01, ratio = 32%

23:41:03 - Warning on: BLMOI.O05Lo.B2I10_MOY, integration time: 5.2 5, losses = 1.07350%E-04, threshold = 4,344134E-04, ratio = 43%
23:41:03 - Warning on: BLMQI.OSLE.BZI10 IMQ¥, integration time: Z0.9 =3, losses = 1.336467E-04, threshold = 4.344136E-04, ratio = 31%
23:4L:03 - Warning on: BLMOI.O04L6.B2I10_MO¥, integration time: 5.2 2, losses = 2.224677E-04, threshold = 4,344134E-04, ratio = 51%
23:41:03 - Warning on: BLMQI.O04L&.BZI10 IMQ¥, integration time: Z0.9 =3, losses = 1.617931E-04, threshold = 4.344136E-04, ratio = 37%
23:4L:03 - Warning on: BLMEI.O06L7.B2I10_TCLA.DEL7.BZ, integration time: 1.3 2, losaes = 1.07B02Z1E-03, threshold = 3.501531E-03, ratio = 3
23:41:03 - Warning on: BLMEI.OS8L7.BZI10 TCLA.DSL7T.BZ, integration time: 20.9 s, losses = 6.306907E-04, threshold = Z.038478E-03, ratio =
23:4L:03 - Warning on: BLMOI.OSR7.BLE30_MOWA.ESR7, integration time: 5.2 3, loases = 1.619043E-02, threshold = 4.375547E-02, ratio = 37%
23:41:03 - Warning on: BELMQI.O0OSR7.ELE30 _MQWA.ESR7, integration time: Z20.9 =, losses = 1.174129E-0Z, threshold = 3.518548E-0Z, ratio = 33%

=
1%

|

Ay 23471:03 - Warning on: ELMQ1.05RT.B1E30_M@WA ESRT, integration time: 20,8 5, l0sses = 1.1741 29E-02, threshold = 3.513546E-02, ratio = 33%
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Losses in collisions

continuous losses on tertiary collimators IP 1/2/5 and 8

LHC BLM Fixed Display

File Tools

Status

- Beam Dump Reguest Beam Energy i
3.93 to 4.18 TeV % Status

Unit sale: [Log || Integration Time: 135+ Display: | |

/| Show Octant Filter

Total Losses: 0.7167 [Gray [ 5] 24.05.2012 17:27:20
1E2 4
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] Show Labels [] Display Optics Elements Use DCUM
| Start || & Stop || | Save | [] Continuous Saving
Console
17:27:19 - Warninhg onh: BLHQI.DlRl.BlESD:HQXA, integration time: 5.2 =, logses = 2.894195E-04, threshold = 7.494441E-04, ratio = 39% -
17:27:19 - Warning on: BLMQI.OQLREL.BLE30_MOXL, integration time: 20.9 =, loszes = 2.893460E-04, threshold = 7,.494445E-04, ratio = 39%
17:27:19 - Warning on: BLMQI.OLLS.B2E30_MOXL, integration time: 1.3 =, losses = 2.414705E-04, threshold = 7.494421E-04, ratio = 32%
17:27:19 - Warning on: BLMQI.OLLS.B2E30_MOXL, integration time: 5.2 =, losses = 2,414436E-04, threshold = 7.494441E-04, ratio = 32%

17:27:19 - Warning on: BLMQIL.OQLLS.B2E30_MOXA, integration time: 20.9 =, loszes = 2.414470E-04, threshold = 7.494445E-04, ratio = 32%




SRR RE e Lo L o

‘@;‘\‘E@ UFOsintheLHC

8.0E-02 EmBLMQI.22R3.B2E10_MQ
—fit (Gauss)

7.0E-02

» 35 beam dumps due to

(Un)identified Falling Objects ?jji M=

between July 2010 and August 20 g i
— Loss duration : about 10 turns L f L
- Often unconventional loss locations M e

temporal loss profile of UFO on 23.08.2010

in the arc
( ) Pt.2 Pt.3 Pt.4 Pt.5 Pt.6 Pt.7 Pt.8l

— Throughout 2011: mitigation by b i | |
increase and optimization of BLM s M T
dump thresholds 200| .

» 18000 candidate UFOs below BLM
dump thresholds found (2700 in 2012)

» UFOs occur all around the LHC.
Particularly many around MKIs

June 6t 2012 Workshop on MP for Linear Accelerator complexes

Number of UFOs
G
o

Y . - - . . - - - -

7784 UFOs at 3.5 TeV between
14.04. and 31.10.2011.

Signal RS04 > 2-:10* Gy/s.

Red: Signal RS01 > 1-102 Gy/s.
Gray areas around IRs are
excluded from UFO detection.
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Number of candidate UFOs/hour during stable beams

fl ' T, 4 TewAa " [mm arcuros(ccell 12)
) Hé& > W w Wy B signal RS1>1e-2 Gy/s
14 (May 2011) (July 2011) (Aug./Sept. 2011) on rur 1
JUN TN,
1 yvinter 135 1S #1
(Oct. 2011~ April 2012)  (April 2012)
10 “ 1380 bunches 1380 bunches D
’ l 2011 .,2012

=]

25ns, 60b

Tobias Baer

2011: Decrease of UFO rate from 10 UFOs/hour to 22 UFOs/hour.
2012: About 2-3 times higher UFO rate compared to October 2011.
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» Last night filling interrupted by UFO candidate in the MKI region
during injection (300 ms after injection)
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» In 2011: ~70 dump events due to SEU

* Prediction in Chamonix 2011: 100

* Good agreement if we consider on the fly mitigation
» Prevision for 2012: ~ 30-50 dump events expected

* Increase in energy and bunch intensity

* But mitigations actions: patch solutions for electronics,
shielding and relocation for sensitive equipment
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What do we expect for 2012
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Affected | LHC Estimated 2011 2012 |88 2012 |§
. - 2011 2011 Downtime _ =B ) =
Equipment| Critical . . Avoided Expected |5 gj Estimated | =
Grou Areas #ofDumps |#ofFailures (partl. in SEE Dumps| Dumps |< =l Dumps =
P shadow) P P o = P £
< =
Tunnel,
QPs UJs/RRs 23 140 ~60 hours 150 69
Cryogenics |UJs 25 48 ~250 hours ~25 75
Tunnel,
Power- UJs/RRs, 13 15 ~30 hoursy few (FGC) 39
Converters |UAs
Collimation
Control  |UJs (P1/5) E . T fLE e
BIPIWIC  |UJs, US85 3 4 ~15 hours )
Access UJs - ~4-8 ~10 hours =
EN/EL UJ56, US85 2 3 ~15 hours 6
Totals 72 ~220 ~400h 216
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2 Radiation induced fault statistics 2011

LHCRUN 2011 - QPS SEU

2011 Luminosity Production |

Latest fill included: 2267
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An example of 1nstab111t1es \"‘
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» Just before going into collisions, 2 octupoles (out of 16) tripped at the end of
the squeeze (one already missing)

» Octupole individually not linked in the beam interlock : beam not dumped

» Instability produced slow losses on beam 1 eventually dumping beam
* 83.8 second running sum on TCLA.A7R7.B1
* Sharp peak seen on beam 1 (and beam 2)
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‘@:‘\‘y Conclusmns

» Quick list of the different loss types observed in
the LHC.

» Losses along the cycle under control: no beam
induced quench above injection energy

» losses due to equipment failure caught by the BLM
system

» Some surprises: UFO and SEU

» Worst case for injection failure = grazing incidence
on the protection devices
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