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- Abstract N[ Fast losses -
In the years 2009-2013 LHC has been operated with the top beam energies of 3.5 TeV Operational, beam setup [Note442] and quench tests (total 10 quenches).
and 4 TeV instead of the nominal 7 TeV, with corresponding reduced currents in the In February 2013: quench test above 4 TeV beam energy:
superconducting magnets. To date only a small number of beam-induced quenches R8
have occurred, with most of them being specially designed quench tests. During *lQ—H " " , “—07 Q6 mo"imatorQSTan DFB;]& D£@|njectedbean514ﬂI63 -
normal collider operation with stored beam there has not been a single beam induced e e e e T ===
guench. This excellent result is mainly explained by the fact that the cleaning of the . O .- L &w M
beam halo worked very well and, in case of beam losses, the beam was dumped P e ———— - A
before any significant amount of energy was deposited In the magnets. However, Quench with magnet current corresponding to 6 TeV beam energy. Important for
conditions are expected to become much tougher after the long LHC shutdown, when estimation of number of quenching magnets in case of asynchronous dump.
the magnets will be working at near nominal currents in the presence of high energy
and intensity beams. This paper summarizes the experience to date with beam- Millisecond losses
Induced quenches. It describes the techniques used to generate controlled quench

Unidentified Falling Object (UFO) are beam losses presumably due to dust particles

conditions which were used to study the limitations. Results are discussed along with falling into the beam [UFO]. They can potentially quench the magnet with a loss in

their implication for LHC operation after the first Long Shutdown. sub-millisecond timescale. Two experiments investigating quench limit has been

performed: using wire scanner [WireScanner] and transverse damper excitation [ADT].

Quench limits Magnet quenched with about 5 -108 protons. This low intensity was a challenge for

beam Instrumentation. The loss
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dry cable helium heat transfer to Steady-state losses
contribution cryogenic system
Particularly important, regular losses due to beam tails cleaning and luminosity.
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Numerical and phenomenologlcal models [Note44, QPB, THEA] lead to different Two |nve3t|gat|on techmques: 102 ||DrSSE|.S|1||1[|T|1IE|||\|\||1_.r:olé]r1

Leakage to the magnets .

results, especially for intermediate duration losses. = Experiments needed!
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Table 1: List of beam-induced quenches never gave g uench even with o 5000 10000 15000 20000 25000

No date beam energy loss quenched location remark —

[TeV] duration magnet 1 MW beam loss on the collimation system.
1 2008.08.09 0.45 ~ 118 MB 8L.3 beam setup ) = 10 , s
2 2008.09.07  0.45 ~ ns MB 10R2 beam setup Orbital bump tests quenched magnets g o ———
3 2009.11.20 0.45 ~ TS MB 1216 beam setup _ ) g 8 — quench test 2013 E
4 2009.12.04 0.45 TS MB 15R? beam setup 5 times. Recently used together with ADT, : (3 E
5 2010.04.18 0.45 ~ 1S MB+ 20R1  wrong main quad current “ z: E
6 2010.10.06 0.45 Is MQ 14R2 quench test which gives very good control of time structure i3 E
7 2010.10.06 0.45 15 MQ 14R2 quench test af- =
8  2010.10.06 0.45 1s MB 14R2 quench test of the loss. Tests show important dependence of 2 E
9 2010.10.17 3.5 bs MQ 14R2 quench test e E
10 2010.11.01 3.5 10 — 40ms MBRB (4.5 K) SL4 quench test BLM Signal on the loss scale. N N 'ar;it;ét'in;e[sl
11 2011.04.18 0.45 ~ TS MB+ IP3 kicker flashover
12 2011.07.04 0.45 ~ TS MB 14R2 test
13 2011.07.28 0.45 ~ 1S MQXB+ P2 injection oscillations Refe rences
14 2012.04.15 0.45 ~ TS MB+ P8 kicker flashover
15 2013.02.15 0.45/6 ~ 118 MOM (4.5 K) 68 quench test
16 2013.02.15 4.0 5 — 10ms MQ 1216 quench test * [Note44] J.B. Jeanneret et al., Beam Losses and Machine Protection, LHC Project Report 044.
17 2013.02.16 4.0 205 MQ 1216 quench test - [QP3] A. Verweij, QP3 Users Manual, CERN/EDMS 1150045
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