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Abstract 
Transient beam losses on a time scale of a few ms have 

been observed in the LHC injection kickers, occurring 
mainly shortly after beam injection with a strong 
correlation in time to the kicker pulsing. The beam losses, 
which have at times affected LHC availability, are 
attributed to micron scale ceramic dust particles detached 
from the alumina beam pipe and accelerated into the 
beam. The beam related observations are described, 
together with laboratory measurements of beam pipe 
contamination and kicker vibration, simulations of 
electric field in the beam pipe and the basic dynamic 
model. Energy deposition simulations modelling the beam 
losses are presented and compared to measurement. 
Extrapolations to future LHC operation at higher 
intensities and energies are made, and prospects for 
mitigation are discussed. 

INTRODUCTION 
The first years of high intensity LHC operation 

revealed an important performance limitation: so called 
UFOs (Unidentified Falling Objects) [1]. These fast beam 
losses were first observed in July 2010 and led to a total 
of 35 protection beam dumps in 2010 and 2011. The 
origin is presumed to be micrometer sized dust particles 
interacting with the beam. The duration of the beam 
losses is of the order of 1 ms, or 10 LHC turns. A 
significant concentration of UFO events occurs at the 
injection kicker magnets (MKIs) [2], which contain 
ceramic (Al2O3) tubes, Fig. 1. Studies have been 
performed with beam, operational equipment has been 
measured and simulations performed to try to understand 
the processes and origin.  

 

 

Figure 1: MKI ceramic tube, with screen conductors to 
carry the beam image current. 

OBSERVATIONS 
Extensive diagnostic improvements have been made, in 

order to capture fast loss data and better understand the 
phenomena in the MKI and around the LHC [3]. The 
main results relevant to the MKIs are described below. 

UFO Concentration at MKIs  
Of ~7800 UFO events analysed [4] the vast majority 

had peak beam loss below the dump threshold: around 
500 (6%) were located around the MKI kickers, which 
represent only 0.06% of the LHC length. The ceramic 
vacuum tube and pulsed high voltage are unique to the 
MKI – tests with the MKQ tune kickers did not produce 
UFOs [5], but these have metalised ceramic tubes. 

Correlation with MKI Pulse Timing 
It was observed from operational data that the MKI 

UFOs occurred during or shortly after injection, with a 
rather rapid decay of the rate after about 30 minutes. 
Dedicated studies [5] revealed a clear correlation with the 
pulsing of the MKI kickers, Fig. 2. Many events occur 
within the first 100 ms after the kicker pulsing, with the 
fastest UFO only 3 ms after the pulse. Approximately 60 
ms would be expected were the particles falling under 
gravity alone and the shorter times imply particles 
accelerated at >3000 ms-2 from the ceramic wall. 

 

Figure 2: Temporal distribution of UFOs after MKI pulse. 

Dependence on Vacuum and Electron Cloud 
A positive correlation has been observed between the 

MKI UFO rate and the local vacuum pressure [6]. The 
source of the vacuum pressure rise was probably electron 
cloud in the magnet and its interconnects, which suggests 
that the flux of electrons may play a role in the MKI UFO 
process, possibly by charging of insulated particles. 

0

2

4

6

8

10

12

14

0-
25

2
5-

5
0

5
0-

7
5

75
-1

00

1
00

-1
25

1
25

-1
50

1
50

-1
75

1
75

-2
00

2
00

-2
25

2
25

-2
50

2
50

-2
75

2
75

-3
00

3
00

-3
25

3
25

-3
50

3
50

-3
75

3
75

-4
00

4
00

-4
25

4
25

-4
50

4
50

-4
75

4
75

-5
00

N
um

be
r 

of
 U

F
O

s

Time after MKI pulse [ms]

TUPPR092 Proceedings of IPAC2012, New Orleans, Louisiana, USA

ISBN 978-3-95450-115-1

2044C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

01 Circular and Linear Colliders

T12 Beam Injection/Extraction and Transport



Amplitude 
FLUKA si

sizes, by cal
(BLM) adjac
per Gy at 3.
then correspo
per second [1
sigma (σx=32
to have a min

Loss patter
Additional

to improve th
the entire reg
including qu
modules an
generated by
longitudinal 
in Fig. 3, wi
clearly point
MKIs, rathe
superconduct

Figure 3: Co
loss patterns 

Laboratory
Measurem

and laser inte
under vacuum
by electrical 
vibrations of
the 60-300 H

Analysis of
An MKI tank
was flushed
scanning elec
particles on t
but particles
Energy-dispe

of Loss Pea
imulations we
librating the s
cent to the MK
.5 TeV. An o
onds to 3.4×1
1]. For particl
25µm, σy=32
nimum radius 

rns at the M
l BLMs were 
he spatial reso
gion was mo
uadrupole an

nd accurate B
y adding test 
locations. Ex
ith measured 
t to a loss sou
er than in up
ting Q5 magn

omparison be
in the injectio

y Vibration 
ments were ca

erferometers o
m [8]. The m
 noise and sp
f the tank wit

Hz range when

f Ceramic T
k removed fro

d with N2 th
ctron microsc
the filter [9]. 
s up to abou
ersive X-ray s

aks 
ere used to es
signals in a b
KI to around 
bserved peak
012 inelastic n
le sizes much 
5µm), the pa
of about 40 

MKIs 
added in the 

olution of the 
delled [7] in 

nd dipole fiel
BLM positio
aluminium p

amples of the
values. Overa

urce within, o
pstream elem

net or the BTV

etween simula
on kicker regio

Measureme
arried out usi
on a spare MK

measurements 
purious vibrat
th small ampl
n the kickers p

Tube Contam
om the LHC 
hrough a filt
cope showed a
Most particle

ut 100 μm w
spectroscopy 

stimate the pa
beam loss mo
4×107 interac

k loss of 8.5 
nuclear interac
less than the b
rticle is calcu
m.  

LHC at the M
losses. In par
detail in FLU
ld maps, vac
ons. Losses 
particles at va
e results are sh
all the simula
r very close t

ments such as
V monitor. 

ated and mea
on. 

ents 
ing accelerom
KI magnet, pu

were compli
tion, but indi
litudes (10 nm

pulse, Fig. 4. 

mination 
at the end of 
ter. Inspection
an estimated 5
s were of μm

were found, F
revealed that 

article 
onitor 
ctions 
Gys-1 
ctions 
beam 

ulated 

MKIs 
rallel, 
UKA, 
cuum 
were 

arious 
hown 
ations 
to the 
s the 

asured 

meters 
ulsing 
icated 
icated 
m) in 

2010 
on by 
5×106 

m size, 
Fig. 5. 

most 

macr
origi
room
parti

Figu
of vi

Figu

Elec
Th

pulse
impe
The 
durin
the f
field
the f
of th
by a 

Figu
pulse

V
ol

ta
ge

(k
V

)

ro particles c
inate from th

m air gave ab
icles for a new

ure 4: Laser in
ibration when 

ure 5: Al2O3 m

ctric Field i
he electric fiel
e was modell
edance stripes
voltages jum

ng field rise, 
field pulse, th

d fall. During 
field exceeds 
he tube (HV bu

factor of 7 if 

ure 6: Voltage
e. Screen 3 is 

-15

-10

-5

0

5

10

15

20

25

30

0 1 2

V
ol

ta
ge

 (k
V

)

consist of Al
he Al2O3 tube
bout 100 part
w tube before c

nterferometer m
pulsing an M

macro particle f

in the Ceram
ld during the 
ed [10]. In F
s are shown 

mp to positive
then drop to 

hen jump to n
the flat top, w

1 MV/m in so
usbar side). T
all 24 conduc

e on screen 
at the bottom 

3 4 5 6
Time 

V(M

V(Str

V(Str

V(Str

V(Str

l and O, and
e. For referen
ticles on a fil
conductor ins

measurement 
MKI kicker ma

from MKI cer

mic Tube 
10 s flat-top

Fig. 6 the pote
through the 

e voltage of 
0 V during t

negative volta
with 15 scree

ome locations 
This electric fie
ctors are instal

conductors d
m of the tube, 1

6 7 8 9
(s)

agnet)

ripe3)

ripe6)

ripe9)

ripe12)

d most likely
nce, the clean
lter, with 104

ertion. 

 

(preliminary)
agnet. 

 

ramic tube. 

p of the kicker
entials on the
kicker pulse.
up to 20 kV
he flat top of
ge during the
en conductors
at the bottom

eld is reduced
lled. 

 

during kicker
12 at the top.

10 11 12

y 
n 
4 

) 

r 
e 
. 

V 
f 
e 
s 

m 
d 

r 

Proceedings of IPAC2012, New Orleans, Louisiana, USA TUPPR092

01 Circular and Linear Colliders

T12 Beam Injection/Extraction and Transport

ISBN 978-3-95450-115-1

2045 C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)



From the 
detailed abov
micron sized
from the man
The particles
the beam by
and then ac
potential. Int
electrons fro
numerical m
different dyn
the kicker pu
much strong
results show
bottom of the
that particles
and also ha
sufficiently 
10 s duratio
radius partic
charge of the
depends on Q
FLUKA resu
1010 e. 

Figure 7: Sim
charges, taki
particle char
observed tim

EXTRAP

The effect
expected ini
electron clou
beam scrubb
and intensitie
FLUKA sim
expected to b
beam intensi
UFOs which
the superco
reduce by a f
with a const
worse for th
due to MKI
sharper rise i

DYNAM
observations, 
ve, the losses
d dust particl
nufacturing an
s could be de

y the electric f
ccelerated tow
teraction with

om the particl
model has bee
namic process
ulse has also b
ger than the fi
w that particles

e tube and rea
s must be det
ave a high in
accelerated b
on. To reach 
cle with A =
e order of 105 

Q/A, a 40 m 
ults would re

mulated trajec
ing account of
rging. A/Q mu

mes of a few m

OLATION
AND IN

ts of operating
itially to be 
ud. However t
bing. Extrapo
es have been m

mulations and 
be a significa
ities. Howeve

h have ×4 hig
onducting ma
factor of 5, wi
tant UFO rat

he LHC, with
I UFOs. For 
is expected in 

MIC MODE
simulations 

s are assumed
les in the kic
nd assembly o

etached and ac
field when th
wards the be
h the beam w
le and produc
en constructe
ses [11]. The 
been included
ield from the 
s cannot be p
ach the beam –
ached from th

nitial charge 
by the kicker

a few ms d
= 1013 would

e, Fig. 7. Sin
radius particl

equire a char

ctories for pa
f the MKI fie
ust be around

ms. 

N TO HIGH
NTENSITY
g with 25 ns 
worse, throu

this should co
olations to hig
made [3], base
wire scanner 

ant change for
er, 7 TeV ene
gher amplitud
agnet quench
ith lower BLM
te at 7 TeV, t
h ≈25 dumps 

the overall 
the arc UFO 

EL 
and measurem

d to originate 
ckers, which 
of the Al2O3 t
ccelerated tow
e kicker is pu

eam by the b
would both rem
ce beam loss

ed to simulate
electric field 

d, as this is act
proton beam

picked up from
– instead it ap
he top of the 
state so as t

r pulse durin
drift time, a 1
d need a neg
ce the acceler
e as implied b
rge state of a

articles of diff
eld, beam field
d 10-8 to reac

HER ENER
Y 
bunch spacin

ugh the incre
ondition away
gher beam en
ed on the stati
data. There i

r even higher
ergy will resu

de, and in add
h thresholds 
M thresholds. 
the effects wi
expected per
machine, a m
rate [3]. 

ments 
from 
come 
tubes. 
wards 
ulsed, 
beam 
move 

ses. A 
e the 
from 

tually 
m. The 

m the 
ppears 

tube, 
to be 
ng its 
1 m 
gative 
ration 
by the 
about 

 

ferent 
d and 

ch the 

RGY 

ng are 
eased 

y with 
nergy 
istics, 
is not 
r total 
ult in 
dition 

will 
Even 
ill be 
r year 
much 

Th
rate
parti
cons
but w
time
the s
wou
to m
addin
is be
for t
the m
106

direc
elect
and 
pursu
beam
thres
until

UF
comb
parti
of th
by th
7 Te
by th
from
focu
by im
facto
elect
scree

[1]
[2]
[3]
[4]

[5]
[6]

[7]
[8]

[9]

[10]
[11]

[12]
 

MITIG
he most prom
is by greatly

icles. Variou
sidered. Metal
will result in
s of 4.5 s [2
screen conduc
ld reduce par

manufacture a
ng screen con
eing impleme
the MKI tube
measured part
particles; furt
ction. The extr
tric field. In
electron clou

ued, with opti
m pipe, for 
sholds in the n
l quenches occ

FOs at the in
bination of h
icles from the 
hese particles a
he kicker elec
eV indicates t
his phenomen

m arc UFOs. 
us on reducing
mproved clea
or of 10 certai
tron cloud in
en conductors

T. Baer et al., I
M. Barnes et al
T. Baer et al., I
T. Baer, Proc. L
2011. 
T. Baer et al., C
T. Baer, Proc. L
Feb. 2012. 
A. Lechner, pri
R. Morón-Balle
1153686, July 
A. Gérardin et 
Sept. 2011. 
M.J. Barnes , p
F.Zimmermann
2011. 
H. Day et al., I

ATION PO
mising means o
y reducing the
us mitigation
lised ceramic 

an unaccepta
2], compared 
ctors beneath 
ticle contamin

and may affe
nductors [2], t
ented. An imp
s was tested a
ticle density b
ther improvem
ra screen cond
addition, imp
ud in the M
ions such as N
the circulati

nearby magne
cur. 

CONCLUS
njection kicke
high concent
tube manufac
and then detac
tric field into 
hat ≈25 fills p
non, to be co
Realistic miti

g the particle d
ning and prod
inly feasible, w
n the region 
 to reduce the

REFEREN
IPAC'11, San S
l., IPAC'12, Ne
IPAC'12, New O
LHC Operation

CERN-ATS-No
LHC Performan

ivate communic
ester, CERN ED
2011. 
al., CERN EDM

private commun
n et al., Proc. IP

PAC'12, New O

OSSIBILIT
of reducing th
e number of 
n measures 
tubes have be
ably long kic
to 1s at pre
the surface o
nation but is 

ect beam imp
to reduce the 
proved cleani
and succeede
by a factor of 
ments are pla
ductors will al
provement of

MKI region i
NEG coatings 
ing beam. F
ets could also 

SIONS 
ers seem to b
trations of A
cture or assem
chment and/o
the beam. Ex
per year coul

ompared to ≈
igation for th
density as muc
duction techn
while continu

n and incorp
e electric field

NCES 
Sebastien, Sept. 
ew Orleans, Ma
Orleans, May 2
ns Workshop, E

ote-2012-018 M
nce Workshop, 

cation. 
DMS Documen

MS Document N

nication. 
PAC’11, San Se

Orleans, May 2

TIES 
he MKI UFO
Al2O3 macro

have been
een simulated
cker field rise
sent. Burying

of the ceramic
very difficult

pedance [12]:
electric field,

ing procedure
d in reducing

f 5-7 to below
anned in this
lso reduce the
f the vacuum
is also being
in the copper

Finally, BLM
be increased,

be due to the
Al2O3 macro-
mbly, charging
or acceleration
xtrapolation to
ld be dumped
100 expected

he MKIs will
ch as possible
niques, with a
uing to reduce
orating more
. 

2011. 
ay 2012. 
2012. 
Evian, Dec. 

MD, 2012. 
Chamonix 

nt No. 

No. 1162034, 

ebastien, Sept. 

012. 

O 
o 
n 
d 
e 
g 
c 
t 
: 
, 
e 
g 
w 
s 
e 

m 
g 
r 

M 
, 

e 
-
g 
n 
o 
d 
d 
l 
e 
a 
e 
e 

TUPPR092 Proceedings of IPAC2012, New Orleans, Louisiana, USA

ISBN 978-3-95450-115-1

2046C
op

yr
ig

ht
c ○

20
12

by
IE

E
E

–
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
B

Y
3.

0)
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

01 Circular and Linear Colliders

T12 Beam Injection/Extraction and Transport


