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Abstract

The Interaction Points of the Large Hadron Collider are the regions where the two
circulating beams collide. Hence, the magnets closest to any Interaction Point are
exposed to an elevated radiation field due to the collision debris. In this study the
signal in the Beam Loss Monitors due to the debris is estimated and compared with
the measurements. In addition, the energy density in the coils and the signal in the
Beam Loss Monitors at quench are estimated for a beam loss scenario. It is shown that
the Beam Loss Monitors, as presently installed on the vacuum vessel of the magnets,
cannot disentangle the signal due to a localized loss from the constant signal due to

the debris in case of steady-state losses.
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Abstract tematic uncertainties affecting the calculation shouldl no
The Interaction Points of the Large Hadron Collide® Neglected (in particular, minor geometry details not yet
are the regions where the two circulating beams colligdlPlemented at the stage of this work can appreciably alter
Hence, the magnets closest to any Interaction Point are dxBLM)- Nonetheless, our conclusions concerning the pos-
posed to an elevated radiation field due to the collision d&iPility of detecting local abnormal losses are expected to
bris. In this study the signal in the Beam Loss Monitord10!d-
due to the debris is estimated and compared with the mea-
surements. In addition, the energy density in the coils and SIMULATION
the signal in the Beam Loss Monitors at quench are esti- All main components of the LHC Insertion Region (IR)
mated for a beam loss scenario. It is shown that the Beagip to about 280 m on the right side of IP1 (ATLAS exper-
Loss Monitors, as presently installed on the vacuum vesment) have been implemented with a detailed description
sel of the magnets, cannot disentangle the signal due t®ftheir geometry, materials and magnetic fields. The LHC
localized loss from the constant signal due to the debris innel and the ATLAS cavern have also been modelled [4].
case of steady-state losses. A zoom on the inner triplet as implemented in FLUKA ge-

ometry is shown in Figure 1.
INTRODUCTION

The inner triplet is a string of three superconducting
guadrupole magnets (Q1-Q3) installed on both sides of
every Interaction Point (IP) of the Large Hadron Collider
(LHC), aimed at the final squeeze of the beams before col-
lision. Due to its proximity to the IP and its strong magnetic
field, the inner triplet is particularly exposed to the preto
proton collision debris and the risk of quench (i.e. a sud-
den transition from superconducting to normal conducting
state) is consequently higher than for other magnets. The
impact of the debris has been investigated and suitable pro- e
tection solutions have been implemented [1]. Nevertheless
abnormal beam losses might occur.

In order to identify possible losses that may lead th&igure 1:Horizontal cut at beam height of the FLUKA ge-
magnets to quench, Beam Loss Monitors (BLMs) are inrometry of IP1, rlght side; zoom on the inner triplet. The
stalled all a|0ng the LHC ring in order to detect an abnorﬁrst monitor is not visible since it is at a different height.
mal increase of the radiation field around the acceleratdNote that the scale of the two axes is different.
if the measurements are above the predefined thresholds, a
beam dump signal is triggered. The thresholds are set suchThe coils are the quench-sensitive parts of the magnets,
that the beam is dumped before a quench develops. and they are arranged in layers immediately around the

BLMs are nitrogen-filled ionization chambers in thebeam pipe. The innermost layer is typically subject to the
form of tubes about 50 cm long and with diameter of alhighest energy deposition.
most 10 cm. Eighteen of them are installed on the surfac(e’ . . .
of the vacuum vessels of the inner triplet o in its vicinity. COllision debris

Thresholds for BLMs are set for twelve signal integra- DPMJET Il [5] is the event generator used to simu-
tion times betweer(0 us and 84 s as well as for various late proton-proton collisions at 14 TeV center-of-mass en-
beam energies. This study is meant to investigate thresérgy, directly called from inside Fluka. The results of the
olds for the two extreme cases of fast transient and steadinulations are scaled by a collision rate of @ s !,
state losses at a beam energy of 7 TeV. obtained by multiplying the nominal peak luminosity

The simulations are performed with the FLUKA MonteL, = 10%* cm~2s~! by the proton-proton reaction cross
Carlo code [2, 3]. The energy deposited in the supercosectionos = 80 mbarn. This value of cross section in-
ducting coils €) and in the BLMs active gasz1.v) is  cludes inelastic and diffractive events. The plane of cross
scored: the relation between these two quantities repieseimg of the beams is vertical and the simulated statistics
an input for setting the BLM thresholds. However, the sysgives aboutl0® primary events.
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Beam loss ¢) along the coils of the inner triplet quadrupoles in case of

Simulations performed with tracking codes have demorflebris. The maximum values are reached at the end of the
strated that the inner triplet is protected against lodgbei Q1 magnet. _
collimation system is correctly set up. On the other hand, a The number of protons needed to quench a magnet in
wrong setting of primary and secondary collimators in th&ase of fast loss can be estimated as:

LHC section dedicated to betatron cleaning (IR7) could im-

ply losses peaked almost at the centre of Q2B magnet. A Nor = Al (1)
similar tracking simulation result has been obtained irecas maz(E)
the tertiary collimators are accidentally retracted [6]. and the loss rate needed to quench in case of steady-state
Primary protons for this loss scenario are generated fross can be computed as:
the loss maps obtained with the tracking code, the longitu-
dinal distribution of which is shown in Figure 2. A total of Por,
Ror = (2)

10° protons have been simulated. maz(Eapie)

The values ofnaxz(€), maz(Ecanie), Nor andRgy, are
] shown in Table 1.

arbitrary units

SIGNALSIN BLMS

H B NN - nn
[ Loss on Q28 magnet Gaussian fit: The energy deposition in the active gas of the BLM
Mean  41.92 obtained with simulations is between 1 and 20 keV per
Sigma_ 1.188 proton-proton collision or 0.3 and 60 keV per lost proton.

Those values must be multiplied bYq, or Ry and di-
L vided by the mass of the active gas (about 2 g) in order to
O doum m & calculate dose or dose rate at quentip(;). For rele-
vant monitors, signals from debris and the ones expected at
Figure 2: Longitudinal distribution of protons in case of quench for fast and steady state scenarios are presented in
wrong collimators settings. The beam comes from the rightable 1 Oprai0 — Dpraiz)-
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QUENCH-PREVENTING THRESHOLDS

ENERGY DEPOSITIONIN THE COILS Thresholds on BLMs signals should allow the safe and
reliable operation of the machine, i.e. they should prevent

The energy density distribution in the superconductin%agnet quench as well as avoid unnecessary beam dumps.

coils has been estimated with a scoring mesh in cylindric@urrently thresholds are set at about 30% of the signal ex-
coordinates (r$ and z). Its binning has been set accordin%ected at quench

to the different mechanisms ruling the quench limit:

. . Fastlosses

e energy deposition due to steady state los§gg,. :
since the heat has time to locally spread, the binning During the40 ps shortest integration time of the BLMs
is sized on the volume of cable that can be consideretlectronics the maximum energy density released by the
in thermal equilibrium. This volume was assumediebris in the coil is about.2 1.J/cm® , some 6000 times
to be defined by the cable transverse dimensions agaller than the enthalpy limit of the dry cabla k).
a longitudinal length equal to the cable transpositiod herefore, for losses on this timescale the contribution
pitch. The quench limit is defined as the maximunfrom the debris can be neglected. Typical values of sig-
heat transfer rate from the coil to the cryogenic syshal at quench are between 1 mGy/s and 0.61 Gy/s. About
tem (PoL); 5 - 10% protons must be lost to provoke the quench.

e energy deposition due to fast transient losgesthe
energy density is scored with a finer binning on the ra>teéady-state losses
dial dimension; the quench limitis defined as enthalpy The deposited heat is constantly evacuated through the
margin of a dry cableA H); cooling system of the magnet: the equilibrium between

. . ._heat deposition and removal is achieved on a timescale of
The highest (hereafter, “maximum”) energy densn;ihe order of seconds

value in the coils, usually corresponding to the innermost
layer, determine the quench location and the number of Io§
protons or the loss rate needed to quench. th L
. e quench limit £,,42).
The patterns ofcq,. produced by the debris have been "/ 5, ) signal at quench is compared to the debris sig-
described in detail in [4]. Figure 3 shows the longitudinal

ST nal in Figure 4. In the most sensitive region the loss signal
distribution of pealq) and peakfcac) (both over rand quench is only 3 times higher than the signal from the

debris making the determination of thresholds impractical

The power deposited in the coil by the debris is about
.t‘ZmW/cm3 at maximum, only about 3-4 times lower than



E Debris - Peak energy in the triplet coils

2 0.045 : : : : : 5.76

S 0040} | : fast loss 4512 <
— ; ; [&]
g 0.035 3 p 3 3 e i - 4.48 >
‘*.’Eo 0.030 ‘ = ; ‘ ; ‘ ‘ 4384
= 0025} it 3.20 g
$ 0.020 4256 =
< 0015} 4192 2
S 0.010f -4128 @
S 0.005 4064 &
x 0.000 0.00

§ 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

Distance from IP [m]

Figure 3: Longitudinal profile of peakj and peakf.....) along the coils of the magnets of the inner triplet, indubgd

the proton-proton collision debris. The red curve showsethergy density calculated for fast losses (fine mesh) and the
black one for steady state losses at nominal luminosity imesesponding to the cable size). The scale on the right axi
applies only to the curve for steady-state.

7 2 Table 1: Maximum of energy deposition in the coils, num-
2 = bers of protons to quench and BLM signals for debris and
gL B for beam losses.
- debris fast sow
Bio1L - loss loss
ok ] max(€) 0.04 1.48 -
; e debris ] [GeV/cm?]
1o ? -&- beam loss é NQL - 5]. . 106 -
20025 30 % 4098 distasr?ce frgrsn |P[En% max(gcable) 0.026 - 0.948
[GeV /cm?]
Figure 4: BLM signals at quench in case of steady stateRqr, [s™'] - - 7.9-107
beam loss (red curve) and due to collision debris (blackDBLM10 [Cy/s] 1.4-107% 3.4-10"' 2.5.10~*
curve). Dpram [Gy/s] 87-1075 6.1-107' 3.8.10~4

Dpraiz [Gy/s] 1.1-107% 2.3-107! 1.5-107%

CONCLUSIONS
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