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Abstract

Dealing with beam loss due to abort kicker prefire is considered for hadron colliders. The prefires
occured at Tevatron (Fermilab) during Run | and Run Il are analyzed and a protection system imple-
mented is described. The effect of accidental beam loss in the Large Hadron Collider (LHC) at CERN
on machine and detector components is studied via realistic Monte Carlo calculations. The simulations
show that beam loss at an unsynchronized beam abort would result in severe heating of conventional and
superconducting magnets and possible damage to the collider detector elements. A proposed set of colli-
mators would reduce energy deposition effects to acceptable levels. Special attention is paid to reducing
peak temperature rise within the septum magnet and minimizing quench region length downstream of
the LHC beam abort straight section.
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Abstract. Dealing with beam loss due to abort kicker prefire is considered for hadron colliders. The prefires occured at
Tevatron (Fermilab) during Run | and Run Il are analyzed and a protection system implemented is described. The effect of
accidental beam loss in the Large Hadron Collider (LHC) at CERN on machine and detector components is studied via
realistic Monte Carlo calculations. The simulations show that beam loss at an unsynchronized beam abort would result
in severe heating of conventional and superconducting magnets and possible damage to the collider detector elements. A
proposed set of collimators would reduce energy deposition effects to acceptable levels. Special attention is paid to reducing
peak temperature rise within the septum magnet and minimizing quench region length downstream of the LHC beam abort
straight section.

INTRODUCTION synchronized beam abort in the LHC IP6 [3]: (i) a peak
temperature rise at the upstream end of the septum mag-
An accidental beam loss caused by an unsynchronizedet MSD exceeds the limit of 10GQ; (ii) a peak energy
abort launched at abort system malfunction, can causdeposition in superconducting (SC) coils downstream of
severe damage to a collider equipment. Such a malfundhe Q5 quadrupole remains above the quench limit in
tion can be initiatede.g, by a spontaneous high voltage more than 50% of the magnet string resulting in an unac-
discharge in a kicker generator module or high energyceptably severe quench. The solutions to these problems
cosmic patrticle crossing a sensitive element of the aborhas been recently proposed based on the updated LHC
system trigger. Statistical data accumulated at Tevatrobeam optics (version 6.4) and detailed MARS [4] calcu-
for Run | and Run Il indicate that such prefires happenedlations.
on the average, a few times a year.
Inthe LHC a single prefired kicker module induces co-
herent beam oscillations with an amplitude up t@ 2t TEVATRON
the beam at collisions. Simulations show that if this hap-
pens at the top energy, starting from 70-80% of the kickelror Tevatron Run | (from December 1993 till Febru-
strength, the misbehaved beam ends up in the IP5 innefry 1996) there were 10 abort kicker prefires (AKP) and
triplet causing destruction of its components and damagerails-to-fire”, while for the initial stage of Run Il (from
to the CMS detector near-beam elements [1]. To avoidviarch 2001 till November 2002) there were 7 docu-
this, the other kicker modules are fired |mmed|ate|y aftermented AKP. The average rate of one AKP per about
the prefired one (thus producing a full, unsynchronizedthree months is quite high taking into account recovery
abort), but this does not prevent beam loss completelyof the machine after severe quench of the SC magnets
A set of stationary collimators for the IP5 has been pro-and possible damage to sensitive electronics. For exam-
posed in [1] to protect its inner triplet against irreversible pje, three recent AKP in Tevatron caused quenches of
consequences of a fast beam loss. Alternatively, a movseyeral SC dipoles in the A-sector and B@ region and 2-
able collimator TCDQ, in IP6 as close to the cause assy instantaneous dose in the CDF central detector that
possible, has been proposed in [2] to protect the entirgjave rise to damage of silicon ladders.
LHC machine. There were two major unresolved energy To protect the CDF detector and Tevatron compo-
deposition problems associated with the effect of an unnents in an event of AKP, an existing collimator at the
A11 straight section will be used and a new collimator
is to be installed at the A48 location during the sum-
1 This work was supported by the Universities Research Associationmer 2003 shutdown [5, 6]. The A11 collimator will pro-
Inc., under contract DE-AC02-76CH03000 with the U.S. Departmenttact the Tevatron dipoles. Detailed calculations with the
?friﬁ‘ﬁ;%gfnal_gov MARS [4] and STRL_JCT [7] codes ha\_/e shown that a
0.5-m long steel collimator at A48 will intercept one of




36 proton bunches when such an incident occurs, provid- 49

ing reliable protection of the CDF main detector at an

AKP. It will also mitigate the backgrounds induced by

elastic beam-gas interactions upstream of BJ. Although

the Roman Pot detectors downstream of the A48 collima-

tor will see an increased background, the amount of ra- 3.0}

diation they will receive either resulting from beam halo 2 EE

interactions in the collimator or during an AKP will not & / I

damage their sensitive parts. 25 I E
A bunch lost at A48 during an AKP represents more

than 2<10'! protons “instantaneously” interacting with

the collimator material. Although the A11 and A48 colli-

mators protect the downstream SC dipoles against a dam-

age in such an event, secondaries generated in them cre-1.5 : : ‘ :
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ate a significant radiation load on the dipoles which will Distance (cm)

likely result in a quench of the first one. Optimization

of the A48 collimator based on detailed MARS simu- FIGURE 2. Energy deposition in the horizontal plane of the

ations [6] allows to reduce the peak energy depositiorfi 2%t B AL R e SO0t e o e A colfmator

density in the SC coil from 17 to_3'5 mJ/g (see I_:lgs' 1 0.3-m tungsten followed by 0.37-m stainless steel) with a 0.34-

and 2). Due to the space constraints at this location, thig, {ngsten mask with a round 2.5-cm radius aperture placed

is the maximum achievable reduction. The radiation loadmmediately upstream of the first dipole.

is reduced, but the first dipole is still subject to quench

because the above values exceed the quench limit of

0.5 mJ/g per pulse at fast beam loss [8]. a non-IP facet to IP one. The facets are placed at 14 and
18 ; ; ; ; 14.9 mm from the circulating beam axis, respectively.

A composite 9.5-m long graphite (8 m) and aluminum

(1.5 m) collimator TCDQ is placed at a radial position

of 9.1 mm, corresponding tad§ of the circulating beam

at collision energy of 7 TeV, plus orbit deviations. It is

movablej.e.the jaws are retracted at injection to accom-
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FIGURE 1. Energy deposition in the inner and outer SC coils |
of the Tevatron A48 first dipole for the baseline 0.5-m stainless | |
steel collimator.
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A central part of the current LHC IP6 calculation , FIGURE3. Central part of the IP&ARS model.

model, optimized over years in thorough MARS calcu¥ e heam parameters used are described in Table 1. In
lations, is shown in Fig. 3. A stationary 5-m long rectan- o, ca|cylations, we assume that bunches are distributed
gular graphite collimator TCDS is placed at 0.1335 mraduniformly around the lattice and there is only ongsS

with respect to the circulating beam axis. Its width in- o, gap in the circulating beam. To cover the abort
creases gradually from 24.5 to 25.2 mm when going from



kicker rise time of 3us (see Table 1), 280 bunches a composite 6.5-m TCDS collimator and MSDA mag-
are considered which correspond tqg. It enables us net is shown in Fig. 4. One sees that the maximum in-
to investigate effect of delay time, i.e. time elapsed stantaneous temperature rise in the MSDA1 at an unsyn-
between prefiring the single kicker and firing the otherchronized beam abort is about®@which is quite ac-
ones. Results presented below were obtained for a kickazeptable. This value almost does not depend on the delay
strengthB:l = 63.05 kGm, which corresponds to an time.
anglea = 0.27 mrad at 7 TeV.

TABLE 1. LHC beam parameters used in the study. 1000 Tebs MSDAL
Proton gnergy . 7000 GeV %) Delay 1.2us
Normalized transverse emittana®) ( 3.75 mmmrad °
Protons per bunch 1.a8011 % 100 F §
Number of bunches 2835 E
Total intensity 3104 s
Horizontal crossing angle in the IP5 1f€ad g
Bunch separation (10 RF buckets) 24.95 ns = 10¢ E
Abort gap (127 missing bunches) 349
Number of abort kicker modules 14
Abort kicker rise time Jus 1 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Dol

0 1 2 3 4 5 6 7 8 9 10

TABLE 2. Instantaneous peak tempera- Relative position (m)

ture rise AT (C) in the collimators and

MSDAL dipole at baseline luminosity. FIGURE 4. Peak temperature rise along the TCDS collima-

tor and MSDA1 magnet at baseline luminosity.

Delay timet (us)

Module 12 30 40
TCDS (5 m) 698 680 694 o )
MSDAL (45m) 522 450 504 Minimizing Quench Region Length

TCDQL(4m) 456 810 1170
TCDQ2 (4m) 155 246 348

TCDO3 (1.5 m) c 14 a4 The SC magnets in the IP6 and farther in the machine

are reliably protected against destruction at an unsyn-
chronized beam abort by the TCDQ collimator proposed
in Ref. [2]. There is no easy way to avoid quench of the

first SC quadrupoles Q4 and Q5, but what matters is the
length of the quenched string afterwards. It is required to
limit the number of quenched dipoles to less than 50%
of the string. The peak energy deposition denspyx

in the SC coils should be compared to the quench limit

that can be estimated as 0.5 mJ/g per pulse for the LHC

Temperature Rise in IP6 Components

The results of previous MARS [2, 3] calculations are
summarized in Table 2. A single prefired kicker is not
strong enough to deflect the beam significantly for it

to ”h't ﬂ,:e TCr,]DS t?”'”lﬁtor'f.[)%ﬂek?tﬁd bur:tches h't_ the magnets at fast beam loss (L ms) [8]. To reduce peak
cofimator when the other fired Kickers attain a given energy depositiogmax downstream of Q5, two 2-m steel

strength. That is why almost no dependence of INStantag, 5sks were implemented. The first one, with the aperture

neous peak temperature rise in the TCDS collimator anq)f 2001, is downstream the Q5 quadrupole and second
MSD magnet on delay time is observed in the resultsbne witﬁ aperture of 2o, is in front of the MBA1
[} 0l .

The peak temperatures in the TC.DS. and TCDQ graph|te|.he masks enable one to limit the quench region to one
are well below the shock wave limit of about 224D . _4 2sec) or two t = 4 psec) dipoles with other mag-
The Tevatr(_)n beam abort dump ope_rates for more tha ets downstream remaining in the superconducting state
20 years with the peak temperature in the graphite Cor?see Fig. 5). It reducesnaxin the MBAL magnet by al-

of 1000°C. At the same time, the peak temperature risemost a factor of ten. Unfortunately, the value ob2g) is

Mess than 16inj and that requires for the two masks to be
Y movable ones.
Larger apertures of the masks, if they are fixed, do not
ive such a significant protection effect. Therefore, other
‘options should be considered in further studies to avoid

of the 5-m graphite TCDS collimator, is unacceptabl
high. Heating a magnet up to about 2COwith subse-
guent cooling down gives rise to irreversible changes i
magnetic properties and field homogeneity [9]. The prob
lem can be solved by increasing the graphite length by _. ; ;

1 m and adding at the TCDS downstream end a 0.5- \ising movable masks, proviéiaxin the Q4, 5, MBAL

| N i f1h il th hit nd MBB1 as low as possible and mitigate collimator
ong iron section of the same profile as the graphite onealignment problem. The possibilities are to split the 9.5-
The resulting peak temperature distribution along such
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FIGURE 5. Peak energy deposition denséyaxin SC coils

ever, in both the cases the first SC magnets immediately
downstream of such collimators will quench. The num-
ber of such magnets is one at Tevatron and seven at LHC.
Possibilities to reduce the number of the magnets subject
to quench are under investigation. The studies revealed
that, with the LHC collimators TCDS and TCDQ in the
appropriate position, the machine and detector compo-
nents are reliably protected against any damage at an
unsynchronized beam abort with the peak temperature
rise in the IP6 components being quite acceptable. A re-
evaluation of the peak energy deposition is required to
take into account the recently confirmed shorter delay
time of 0.7ps instead of the previously assumed fis2
Slow (continuous) beam loss on TCDQ is of interest in

vs. distance from the IP6 marker, where M1 - M4 denote thethe case it becomes a secondary collimator.

first four dipoles (MBA1, MBBL1 etc).

m TCDQ collimator into two shorter sections with about
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10 m between them, and to use a V-shaped aperture fgkuthors thank B. Goddard, M. Gyr, L. Nicolas,
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7-TeV beams by means of a constant field dogleg.

The radiation loads in the rest of the machine down-
stream of the M4 dipole are well below the limits, with
undetectable beam loss rate at all critical locations.

1.
Radiation Levels in Tunnel

An unsynchronized beam abort gives rise to instanta-
neous irradiation in the tunnel. Distributions of equiva- .
lent dose can be useful to estimate dose load to monitor-
ing electronics during such an accident and determine the
most dangerous regions. The distributions due to a beam
abort have been calculated with MARS in the tunnel in
the vicinity of the vessel and near the farthest concretey
wall. The extracted beam is supposed to be directed to an
external beam dump and, therefore, contribution to dose
in the tunnel due to the beam was not considered. Ac-
cording to the calculations, the hottest spots in the tunnel
are near the TCDS and TCDQ collimators: for a u2-
delay time the instantaneous dose in the vicinity of the;
vessel equals to 800 and 100 Sv, respectively. The in-
stantaneous dose around other components in the region
is substantially lower: 0.1 to 1 Sv. 6.

CONCLUSIONS

The performed studies revealed that for both Tevatror8.
and LHC the proposed collimators ensure reliable pro-
tection against destruction (melting down) of the sc?
coils and detector components due to abort kicker prefire,
and drastically reduce the overall radiation loads. How-

Schmidt and D. Still for useful discussions.
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