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ABP, N. Biancacci / CERN, BE-ABP, M. Fiascaris / CERN, HR-LD, ex BE-ABP, E. Métral
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Summary

This report summarizes the results of MD1446 on impedance measurements of single primary
collimators. The measurements were carried out during MD block 3 of 2016, on the night
between 10th and 11th September. The impedance of each collimator was measured from the
tune shift induced by varying the collimator gap. In order to have a clearer signal, the tune was
reconstructed from damped oscillations of the beam, coherently kicked with the tune kicker, as
done in previous MD activities. The results are in close agreement with expectations. Another
method of kicking the beam was tested at the end of the MD, i.e. via the ADT; this alternative
method proved to offer flexibility and precision higher than the former, paving the way to future
measurements of the same kind. The merit of this MD activity is related to the possibility of
tightening the collimator settings, to accommodate smaller values of β∗ in the LHC.

1 Introduction

The LHC collimation system is responsible for a sizable fraction of the LHC impedance bud-
get [1]. In order to accommodate increasingly smaller values of β∗, the operational settings
of the collimators must be tightened, with the consequent side effect of increasing their con-
tribution to the machine impedance budget. Moreover, the stability of beams brighter than
those presently available in the LHC, like those foreseen by the HL–LHC project [2], is more
sensitive to impedance. Therefore, in view of pushed operational conditions of the LHC, and
in particular in the continuous quest for smaller values of β∗, it is important to know the
actual contribution from collimators to impedance. Models of the LHC machine impedance
and numerical simulations are fundamental predictive tools, and it is essential to benchmark
simulation results against precise measurements with beam, either involving entire families of
collimators or single devices.

This is an internal CERN publication and does not necessarily reflect the views of the CERN management
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Figure 1: Intensity of B1 (light blue curve) and B2 (orange curve) and beam energy (grey curve)
during the presented MD activity. The time periods of key activities carried out are highlighted.

Recent MD activities (i.e. MD314 [3] in 2015 and MD1447 [4] in 2016) were aimed at
evaluating the impact on impedance from all the IR7 secondary (TCSG) collimators at 6.5 TeV;
contrary to past MD activities, the present one is aimed at measuring the impact on impedance
from single collimators; in particular, the focus of this MD activity is on the primary (TCP)
collimators. Even though they are shorter and fewer in number, TCP collimators have an
impact on the LHC impedance budget similar to that of TCSG collimators, because of their
small gaps.

2 Procedure and Beam Conditions

The impact on impedance was quantified by measuring the tune shift induced on the beam
when varying the gap of the TCP collimators. Since the expected tune shift is smaller than
the resolution of BBQ measurements, the same procedure as that tested in MD1446 was de-
ployed, i.e. the beam was coherently kicked with the tune kicker (MKQA) [5] and the tune
was reconstructed from the damped oscillations observed with the ObsBox [6]. The main set
of measurements obtained with the MKQA were complemented with measurements performed
kicking the beam with the transverse damper (ADT) in AC–dipole mode [7]. This technique is
characterised by a very flexible control of the characteristics of the applied kick, like intensity,
time profile, and bucket window.

The MD activity was carried out on the night between 10th and 11th September [8, 9] 2016,
at 6.5 TeV. The optics at flat top was used, at the end of the “combined ramp and squeeze”
beam process (i.e. without tune change, or squeezing beams down to β∗=40 cm but remaining
at 3 m, or collapsing the bumps for parallel separation at the interaction points, IPs), since the
settings of the IR7 collimators do not change throughout these machine configurations.

Figure 1 shows an overview of the main activities carried out during the MD. After a brief
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Figure 2: B2 MKQA settings used for the tune shift measurements.

period spent at injection energy to set up the MKQA, two ramps were carried out:

First ramp measurements were carried out with two nominal bunches of 0.6 and 1.2 1011

protons per bunch. Only B2 could be ramped, since the first injection of B1 was dumped
(not satisfactory normalised emittances), and the following issue with the SPS extraction
kicker of B1 (MKP) prevented beam from being injected in the LHC. The chromaticity
was lowered down to 5 on both beams and planes (from the operational value of 15); the
octupole current was reduced to 250 A. Prior to the measurements, the re-alignment to
the beam of the TCP collimators was performed, to guarantee optimum centering during
the measurements. Tune shifts were measured varying the TCP gaps between 3.5 σ and
6 σ. At the end of the impedance measurements, once the beam was fully degraded,
loss maps with the same TCP openings as the innermost ones explored in measurements
(i.e. 3.5 σ) were carried out, and then the beams were dumped.

Second ramp measurements were carried out with only a nominal bunch of 1.2 1011 protons
per bunch. In order to have cleaner tune shifts, beam scraping was performed with the
measured collimator prior to the actual measurements. The very first trial was to scrape
down to 3.5 σ, for carrying out impedance measurements with 3.7 σ as closest position,
but instabilities arose. Hence, it was decided to scrape down to 3.8 σ only, and perform
measurements with 4 σ as the smallest gap and 5.5 σ (i.e. the operational gap) as the
largest gap. The second ramp was closed by testing beam kicking with the ADT instead
of the MKQA; this mechanics was demonstrated to be reliable and reproducible.

The filling scheme used for the activity was the Single 3b 0 0 0 CollimationImpedance,
prepared on purpose [10]. Such a filling scheme can host up to three nominal bunches, in
buckets 1, 361 and 721 on B1, and 71, 431 and 791 on B2. Such a filling scheme allows to have
non-colliding bunches affected by the same MKQA timing window, with only the first bunch
in the witness region.

The synchronisation delays (see Fig. 2, for instance) of the MKQA were set more accurately
than what done in MD1447, also enabling kicking on the horizontal plane. The delays were set
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Table 1: Collimator settings in IR7 deployed in loss maps (LMs) and during operation.

family LMs [σ] 2016 OP [σ]

IR7 TCP / TCSG / TCLA 3.5 / 5.5 / 8 5.5 / 7.5 / 11
IR3 TCP / TCSG / TCLA 15 / 18 / 20

to 74/30 µs and 64.1/31 µs for B1H/B2H and B1V/B2V, respectively. These correspond to
centering the plateau of the MKQA kick at the second nominal bunch.

All the impedance measurements were carried out with the TCSGs at 10 σ (for comparison,
their operational settings in 2016 were 7.5 σ) and TCLAs at 11 σ (the same settings as those of
2016 operation). Moreover, measurements involved not only IR7 TCPs but also those in IR3.
In the first set of impedance measurements, all IR7 TCPs were kept at the innermost position
and only one opened and closed in cycles. In the second set, only one TCP at a time was varied
in gap, with the others kept at the largest gap. Prior to the impedance measurements, TCP
centres were verified and found to be less than 50 µm off the values set during the 2016 initial
commissioning [11], a result that can be regarded as fully satisfactory.

At the end of the first ramp, betatron loss maps were carried out on B2 with 2 σ-retractions
between TCPs and TCSGs and the same TCP settings as the innermost ones explored in
measurements (i.e. 3.5 σ, see Tab. 1). The regular pattern of B2 loss maps at the end of
the ramp is visible [12] (see Fig. 3), but with an improved maximum cleaning inefficiency in
the dispersion suppressor (DS) immediately downstream of IR7 by a factor 3–4, thanks to the
tighter TCP settings.

3 Results of Impedance Measurements

The tune reconstruction from the bunch-by-bunch and turn-by-turn transverse position data
recorded with the ADT ObsBox [7] was performed with PySUSSIX [13], a Python wrapper to
SUSSIX [14]. The data of the first 1000 turns after the bean excitation were used. This window
length corresponds to the de–coherence time of the transverse oscillation.

In the top plots of Fig. 4 the tune evolution along the MD, in black dots, is plotted alongside
the primary collimator gaps, in solid color curves for the vertical planes of Beam 1 and 2. A
clear drift of the tune is visible over the 1h30m duration of the measurements. However, a tune
variation is noticeable when a TCP gap is changed. Subtracting the tune measured when the
collimator is in open position to the one when it is in close position, the tune shift caused by
an individual collimator can be computed.

Because of the transverse excursion of the beam during kicking, large intensities losses were
observed at the beginning of the procedure on B1 (see Fig. 4, bottom plot). On B2 losses were
more moderate when the kicks were applied. These losses did not compromise the tune shift
measurements but they should be minimized in the future to avert possible effects on the tune
measurement.

The tune shifts measured during the MD were compared to predictions from the LHC
impedance model. The impedance simulations were performed using the real TCP gaps re-
trieved from the CERN Accelerator Logging Service with pytimber [15] in order to better fit
the machine conditions. A reasonable agreement is found between simulations and measure-
ments, save for the TCP.C6[L/R]7, for which a factor 1.2 to 2 exists between measurements
and simulations. Figure 5 shows the measured and simulated tune shifts for the collimators
measured during the MD. Some collimators were measured several times in a row, each blue

4



1
0

-7

1
0

-6

1
0

-5

1
0

-4

1
0

-3

1
0

-2

1
0

-1

1
0

0

 0
 5

0
0
0

 1
0
0
0
0

 1
5
0
0
0

 2
0
0
0
0

 2
5
0
0
0

[]

s
 [

m
]

L
o
s
s
 M

a
p
 -

 b
a
c
k
g
ro

u
n
d
 s

u
b
tr

a
c
te

d
 -

 n
o
rm

a
li
s
e
d
 t

o
 h

ig
h
e
s
t 

v
a
lu

e
 a

t 
T
C

S
M

.A
6
R

7
.B

2
B

2
H

 -
 2

0
1
6
-0

9
-1

1
 0

4
:3

9
:4

8

X
R

P
c
o
ll

w
a
rm

c
o
ld

1
0

-7

1
0

-6

1
0

-5

1
0

-4

1
0

-3

1
0

-2

1
0

-1

1
0

0

 0
 5

0
0
0

 1
0
0
0
0

 1
5
0
0
0

 2
0
0
0
0

 2
5
0
0
0

[]

s
 [

m
]

L
o
s
s
 M

a
p
 -

 b
a
c
k
g
ro

u
n
d
 s

u
b
tr

a
c
te

d
 -

 n
o
rm

a
li
s
e
d
 t

o
 h

ig
h
e
s
t 

v
a
lu

e
 a

t 
T
C

S
M

.A
6
R

7
.B

2
B

2
V

 -
 2

0
1
6
-0

9
-1

1
 0

4
:4

4
:5

0

X
R

P
c
o
ll

w
a
rm

c
o
ld

1
0

-7

1
0

-6

1
0

-5

1
0

-4

1
0

-3

1
0

-2

1
0

-1

1
0

0

 1
9
6
0
0

 1
9
8
0
0

 2
0
0
0
0

 2
0
2
0
0

 2
0
4
0
0

[]

s
 [

m
]

L
o
s
s
 M

a
p
 -

 b
a
c
k
g
ro

u
n
d
 s

u
b
tr

a
c
te

d
 -

 n
o
rm

a
li
s
e
d
 t

o
 h

ig
h
e
s
t 

v
a
lu

e
 a

t 
T
C

S
M

.A
6
R

7
.B

2
B

2
H

 -
 2

0
1
6
-0

9
-1

1
 0

4
:3

9
:4

8

�
=

7
.7

2
E
-0

5
 M

Q
: 

0
9
L
7

X
R

P
c
o
ll

w
a
rm

c
o
ld

1
0

-7

1
0

-6

1
0

-5

1
0

-4

1
0

-3

1
0

-2

1
0

-1

1
0

0

 1
9
6
0
0

 1
9
8
0
0

 2
0
0
0
0

 2
0
2
0
0

 2
0
4
0
0

[]

s
 [

m
]

L
o
s
s
 M

a
p
 -

 b
a
c
k
g
ro

u
n
d
 s

u
b
tr

a
c
te

d
 -

 n
o
rm

a
li
s
e
d
 t

o
 h

ig
h
e
s
t 

v
a
lu

e
 a

t 
T
C

S
M

.A
6
R

7
.B

2
B

2
V

 -
 2

0
1
6
-0

9
-1

1
 0

4
:4

4
:5

0

�
=

6
.9

5
E
-0

5
 M

Q
: 

0
9
L
7

X
R

P
c
o
ll

w
a
rm

c
o
ld

F
ig
u
re

3
:

B
2H

(u
p

p
er

fr
am

es
)

an
d

B
2V

(l
ow

er
fr

am
es

)
q
u

al
ifi

ca
ti

on
lo

ss
m

ap
s

w
it

h
2
σ

-r
et

ra
ct

io
n

an
d

th
e

sa
m

e
T

C
P

se
tt

in
g
s

as
th

e
in

n
er

m
o
st

on
es

ex
p

lo
re

d
in

m
ea

su
re

m
en

ts
(i

.e
.

3.
5
σ

).

5



Figure 4: Overview of the tune shift measurements. The top plots represent the vertical tune
evolution during the MD alongside the collimators position. The bottom plots show the bunch intensity
evolution. Beam 1 data is presented on the left, Beam 2 data on the right.

bar figures the result of one measurement. A good reproducibility of the measured tune shift
was achieved between each measurement of the same collimator. The analysis and the results
are further detailed in [16].

4 Conclusions

Challenging measurements of tune shift induced by changing the gap of single TCP collimators
at flat top were carried out; the beams were coherently kicked with the MKQA in order to
reconstruct the tune from the damped oscillations; each measured collimator was opened and
closed in cycles, to appreciate the difference in tune between the two extreme configurations.

The collected data reasonably fit the expectations from simulations, proving the maturity
of the impedance model. The only exception is the TCP.C6[L/R]7, for which a factor 1.2 to 2
exists between measurements and simulations.

At the end of the MD activity, measurements were quickly taken with the same procedure
but kicking the beam with the ADT instead of the MKQA; the new method proved to be as
reliable as the original one, with much larger flexibility.

First loss maps with the tightest TCP settings considered in this activity (i.e. 3.5 σ) and
2-σ TCP–TCSG retraction were taken; the achieved cleaning performance is better than that
achieved with operational settings. In order to deploy settings so much tighter than the oper-
ational ones, the octupole current necessary to stabilise the beam should be carefully assessed.
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Figure 5: Horizontal (top) and vertucal (bottom) tune shifts caused by the TCPs for Beam 1 and
Beam 2. Blue bars represent measurements and are compared to impedance model predictions, in
green. The collimator orientation (Horizontal, Vertical or Skew) is mentioned alongside the collimator
name. Beam 1 data is presented on the left plot, Beam 2 data on the right plot.
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