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Outline

• Kick response methodology

• Measurements

• Preliminary results
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Motivation
• Understanding and comparing with 

simulations the behaviour of the beam 

in the T8 line (East Area)
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Kick response 
methodology

We kick the beam using all 
available correctors magnets in the 
line:

• 3 Horizontal correctors

• 3 Vertical correctors

Observe the deflection in position 
on the 5 BTVs along the line.

We record current and x, y mean 
position

Corrector magnet DHZ01 https://norma-db.web.cern.ch/magnet/idcard/11252/
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TV beam 
observation 
diagnostics 
(BTV)

Connection to control room

Source: New fluorescent screens, MPS/CCI Note 74-7 1974

Insertion

device

Fluorescent

screen

Beam
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T8

F61
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DHZ01
DVT01

East area – F61 transfer line
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DHZ02
DVT02

East area – T8 transfer line
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DHZ03
DVT03

East area – T8 transfer line
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East area – T8 transfer line



Logged data – Dump 03-11 / T8 12-11 
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BTVs

Correctors

PR.BTV57 F61.BTV012 F61D.BTV010 F62.BTV002 T08.BTV020 T08.BTV035 T08.BTV096

DHZ01 ✓ ✓ ✓ ✓ ✓

DVT01 ✓ ✓ ✓ ✓ ✓

DHZ02 ✓ ✓

DVT02 ✓ ✓

DHZ03 ✓

DVT03 ✓

SMH57 ✓ ✓ ✓ ✓ ✓ ✓

SMH61 ✓ ✓ ✓

KFA71 ✓✓ ✓✓ ✓ ✓ ✓ ✓ ✓

Dispersion ✓✓ ✓✓ ✓✓ ✓ ✓ ✓ ✓



Methodology

• Save the initial settings for all magnets

• Increase/decrease current for a single 
corrector magnet by hand (no autoscan)

• Measure movement on BTV:

• Save beam profile in x and y plane

• Remove the background (remnant 

fluorescence) using the first 

acquisition

• Data dumped in JSON and pickles
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Data logging script
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Outliers data points
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• Blind choice of current

• Going in extreme currents we loose the beam ➔ bad data point

Need to inverse x 
position to match 
MADX convention (x 
positive left)



Linear fit

Impossible to make a good fit with these 
broken points

Need to do some cleaning:

• Can’t make a single current range cut per 
corrector because it depends on the BTV 
distance

General solution:

• Assume the data is linearly correlated.

• Cook’s algorithm weighs the data as a 
functions of how much they impact the 
fit when performing a least-squares 
regression analysis
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Cook’s algorithm

Remove influential data 
points (have a large 
distance):

• Decide number of 
iterations

• Decide threshold:

• Theory suggests 1/N

• I found 1/(N-1) better suited

• General solution that can 
be used for future 
measurements (next 
year)
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F61 | T8 | IRRAD | CHARM
Corrector

DHZ01

DVT01

DHZ02

DVT02

DHZ03

DVT03

SMH57

KFA71



Corrector

DHZ01

DVT01

DHZ02

DVT02

DHZ03

DVT03

SMH57

KFA71
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F61 | T8 | IRRAD | CHARM



MAD-X simulation

• Compare measurements with MAD-X
simulation. Used to design, simulate and 
optimise particle accelerators

• Change the Hkicker and Vkicker KICK
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Source: N. Charitonidis and J. Bernhard



MAD-X simulation

Convert the currents used in the CCC with a 
transfer function for each type of corrector

𝑲𝑰𝑪𝑲 =
𝑰𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒐𝒓 ∙ 𝑻𝑭

𝑩 ∙ 𝝆
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Corrector Transfer 

function (TF) 

Tm/A

Type

F61.DHZ01 0.1/200 CR200

F61.DVT01 0.1/200 CR200

T8.DHZ02 0.2/126.02 MDXL

T8.DVT02 0.2/126.02 MDXL

T8.DHZ03 0.2/126.02 MDXL

T8.DVT03 0.2/126.02 MDXL
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MAD-X simulation

Convert the currents used in the CCC 
with a transfer function for each type 
of quadrupole

𝑲𝟏 =
𝑰𝒒𝒖𝒂𝒅 ∙ 𝑻𝑭

𝑳𝒒𝒖𝒂𝒅 ∙ 𝑩 ∙ 𝝆
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Quadru

pole

Current 

A CCC

Transfer function 

(TF) T/A

Length 

m

Type

QFN01 620 9.4/200 0.74 Q74 L

QDN02 404 8.26/200 1.2 Q120 C

QFN03 378 12.875/250 1.2 QFL

QDN04 166 6.875/197.23 0.8 QFS

QFN05 370 12.875/250 1.2 QFL

QDN06 370 12.875/250 1.2 QFL

QDN07 310 7.39/200 2 Q200L

QFN08 240 7.39/200 2 Q200L
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Results Dump

BTVs

Correctors

PR.BTV57 F61.BTV012 F61D.BTV010 F62.BTV002 T08.BTV020 T08.BTV035 T08.BTV096

DHZ01 ✓ ✓ ✓ ✓ ✓

DVT01 ✓ ✓ ✓ ✓ ✓

DHZ02 ✓ ✓

DVT02 ✓ ✓

DHZ03 ✓

DVT03 ✓

SMH57 ✓ ✓ ✓ ✓ ✓ ✓

SMH61 ✓ ✓ ✓

KFA71 ✓✓ ✓✓ ✓ ✓ ✓ ✓ ✓

Dispersion ✓✓ ✓✓ ✓✓ ✓ ✓ ✓ ✓

Relative difference between 
simulation and measurements:

• DHZ01 F61D.BTV010: 5.63 % 

• DVT01 F61D.BTV010: 3.05 % 

• ➔ Good agreement with 
simulation
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• Possible to predict 
beam deflection 
with a certain 
current

• Except one with 
DHZ01

• Note: positions are 
not absolute

Results T8
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Diagnostics
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Looking forward

• Use MAD-X model to fit the data better

• Change parameters in the line with an 

optimiser

• Stitched line from PS ring to T8

• Compare with KFA71, SMH57 and SMH61

• Investigating options with OP to include 
IRRAD BPM and East Area BTV's in 
YASP via UCAP devices

• Use the septum measurements to help 
build the stray field model through 
MU62
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Questions ?

Reference:

• Measurements: https://gitlab.cern.ch/mfraser/f6x-t8-optics/-/tree/clean_data

• Analysis: https://gitlab.cern.ch/eljohnso/acc-models-tls-eliott-fork/-/blob/EliottBranch/ps_extraction/east-
fast-extraction/kick_response_t8_analysis.ipynb

• PS Logbook entries

• Initial test: https://be-op-logbook.web.cern.ch/elogbook-server/GET/showEventInLogbook/3398951

• Dump: https://logbook.cern.ch/elogbook-server/GET/showEventInLogbook/3414119

• T8: https://logbook.cern.ch/elogbook-server/GET/showEventInLogbook/3417681 

https://gitlab.cern.ch/mfraser/f6x-t8-optics/-/tree/clean_data
https://gitlab.cern.ch/eljohnso/acc-models-tls-eliott-fork/-/blob/EliottBranch/ps_extraction/east-fast-extraction/kick_response_t8_analysis.ipynb
https://be-op-logbook.web.cern.ch/elogbook-server/GET/showEventInLogbook/3398951
https://logbook.cern.ch/elogbook-server/GET/showEventInLogbook/3414119
https://logbook.cern.ch/elogbook-server/GET/showEventInLogbook/3417681


JSON format – Current Data
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• Save currents with a timestamp 
for every magnet (not only the one 
we are changing)



JSON format - BTV data
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7 acquisitions

PositionSet1 = Xx

PositionSet2 = Yx

projDataSet1 = Xy

projDataSet2 = Yy

Live gaussian fit


