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Abstract

Irregular hits of high-intensity LHC beams on collimators can lead to severe damage
of the collimator jaws. The identification of damaged collimator jaws by observation
of beam measurements is challenging: online loss measurements at the moment of the
impacts can be tricky and degradation of the overall performance from single
collimator damage can be difficult to measure. Visual inspections are excluded
because collimator jaws are enclosed in vacuum tanks without windows. However,
the sound generated during the beam impact can be used to give an estimate of the
damage level. In 2012, high-intensity beam comparable to a full nominal LHC bunch
at 7 TeV was shot on a tertiary type LHC collimator at the HiRadMat test facility at
CERN. The paper presents results from sound recordings of this experiment.
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EXPERIMENTAL SETUP

The TCT type LHC collimator was placed on table B
in the experimental area of the HiRadMat facility. A 440

INTRODUCTION

The impact of high-intensity particle beam on LHC col-
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The jaw is enclosed by an evacuated tank, therefore o ] ] .
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generate sound that travels from the collimator surface & 13 m upstream and downstream of the TCTH collima-
tor. An additional microphone was placed at 25 m distance

* Supported by EUCARD, Work Package 8 - ColMat upstream, c.f. Fig. 2.
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Figure 3: Jaw assembly of a TCTH collimator.

RESULTS FROM BEAM TESTS
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Figure 5: Filtered signals during Test 1 (top), 2 (middle)
and 3 (bottom) for Microphone 1. A high-pass butterworth
filter of 3rd order at 100 Hz removes the slow decay and
reveals the real sound data. The spike can be used as event
trigger of the beam impact.

The raw signals, Fig. 4, carry a strong signal spike from
radiation impacting the sensor. Its onset is used as a trigge

and marks the time of the beam impact, since the delayl’able 1. Beam and Sound Parameters of HiRadMat test.

of the radiation impact is negligible. Mic 3 was saturated

during test 1 and 3, Mic 2 was saturated during test 3. Test ! 2 3
SPS extraction intensity [E12p] 3.36 1.04 9.34
No of HRM bunches 24 6 72
? Energy on Jaw [kJ] 87.89 27.72 249.87
gl Max L,, Mic 1 [dB] 755 621 86.0
0 Max L,,, Mic 2 [dB] 755 621 NA
§ Max L,,, Mic 3 [dB] NA  59.7 NA
-3 it yields an estimated distance d1 = 25,7 m for Microphone
4l 6 Bunches || 1 and d2/3 = 15 m for Microphone 2 and 3.
—
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Figure 4: Raw Signal during Beam impacts for Micro-
phone 1. Spikes occur from radiation effects in the sensor
electronics. The real sound is superimposed to the refrac-
tion decay of the spike.

A high-pass butterworth filter of 3rd order with a cut off
frequency of 100 Hz was chosen empirically to remove the
slow decay that follows each spike with a constant refrac-
tion time. The resulting signal unveils the sound pressure
progress induced by real sound, see Fig. 5.
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The distance of the sound source to the microphone cgfyyre 6: The time delays between beam and sound impact
be estimated with the time delay between a trigger signgk microphone 1 (top) and 2 (bottom) are used to determine
and onset of the impact sound as shown in Fig. 6. A delape gistance between collimator and microphone.

of A tl =75 ms and\ t2/3 = 44 ms was determined. With
the speed of sound in air at room temperature ¢ = 343 m/s,



Sound Pressure Level vs. Total Deposited Energy

The sound pressure level is derived from an RMS value
of the sound pressure for each sample n, 1051
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with a time constant of = 125 ms (recommended for im-
pulsive signals), sampling frequengy = 200 kHz, and a
reference sound pressyig = 20 uPa.The RMS value of
background nois@,,.;.. is determined just before the im-
pact with a time constant of 1 s.
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sound can be used to determine the impacted collimator.
The maximal sound pressure is determined to estimate the
damage level.

However, the shown reference curve is only valid for the
HiRadMat setup. Investigation of the room acoustics is
55 ‘ : ‘ : : ‘ ‘ needed to determine a measure that is only dependent on
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Time(s) the sound source, e.g. the sound power. Furthermore, a

better understanding of the excitation of vibrations due to

Figure 7: The sound pressure |ew during the beam im- beam hlts will imprOVe the OVera” pel‘formance Of damage
pact. The RMS values are calculated with a time constafgtimation.
of r = 125 ms. The contribution of various teams to this experiment
is highly acknowledged: HiRadMat team, DGS-RP (C.
In Fig. 8, the maximal sound pressure level versus Theis, K. Weiss), EN-STI (C. Derrez, R. Bebb), SPS-
the total deposited energy is plotted for all three testeaseOP (K. Kornelis), BE-ABP (R. Bruce, B. Salvachua, G.
The linear interpolation can be used as a reference curve\alentino) and EN-MME (F. Carra, M. Guinchard).
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For the first time, the sound from beam hits on LHC col-
limators was recorded for cases that evoked severe damé@]e
to the collimator jaw. Results show that an increase in to-
tal deposited energy yields higher sound pressure levels. A
“damage level meter” considers simulation data and visuf! Region of the LHC”, IPAC'11, San Sebastian, September
inspection e_lfter the experiment. _ 2011, THPZO03L.

The herein presented results show that an acoustic moPé]- AE ¢ 2l “FLUKA: A Multi-Particle T ot
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for post-mortem analysis of beam induced damage in solid CERN-ZO(.)5-10(2"005), INFN/TQS/11‘ SLCR-773.
materials. A single microphone in the LHC tunnel can bé&”] S- Redaelii etal., “Detecting Impacts of Proton Beamsfun
used to monitor collimators located in distances up to sev- LHC CO”'matorS with Vibration and .Sound Measurements”.
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