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Introduction Accelerator Data E 5 l[

Introduction

@ Analysis of the accelerator data = better understanding of the
machine.

©

CERN central logging projects: LEP from 1992 (3 years after
commissioning) — LHC (from 2004).

In 2013 CERN stored online 50 TB for about 1 million signals.
Diamond Light Source, UK: 100,000 Signalen.
for instance power converter currents are logged every 1 s — 10 mins.

Here we only talk about IBHS files analysis.

©0 000

Original idea from Wolfgang Kaufmann: 'why some IBHS files are
better than others'.

©

There is not (yet) answer to this question.
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Introduct IBHS files

TSI
IBHS files

@ Contain information about: beam type, magnet strength, RF
amplitude and phase and beam current, total about 570 lines.
@ Saved manually by you, the Operators.

File Edit Search Breferences Shell Macro Windows

I' Kommentar: Strahl auf Diamant chne Folie Ad 36 Me¥/u
| BetriebsMode: Beam ABd 3.6 MeV/u
| Abschwichung: Abschwichung durch GUEZQQ14 ad 36 MeW/u
IGerit Prop SaweWert Strom w. IMax MNormKons U_ 197aU0 140419-2025 Ad 36 Me¥/u
IGUR3IQQ01  VOLTS 2,349 0.00000 19780 & 1404159-2025 66547 B4 3.6 MeV/u
#GUR30Q01  FIELDS 0.12742E+01 0. 00000+IM=cc 0.00000 UR 197AU & 140410-2025 66547 Ad 3. & Me¥W/u
IGUR3ON0Z  VOLTS 3. 269 0.00000 197aU 8 140419-2025 66547 ad 3 6 MeVW/u
#GUR3QQ0E FIELDS  -0.17735E+01 0. 00000+IMax 0.00000 UR 197AU G 140419-2025 66547 A1 3.6 MeV/u
IGUR3IQQ03  VOLTS 4.001 0.00000 107aU & 140419-2025 66547 A4 3 & MeW/u
#BUR30003  FIELDS 0.22171E+01  0.00000+IMax 0O.00000 UR 197aU0 & 140419-2025 66547 ad 3 6 MeVW/u
'GUR3Q004  VOLTS 3.074 0.00000 1973y & 140415-2025 66547 Bd 3.6 MsV/u
#GUR30Q04 FIELDS  -0.1e679E+01 0. 00000*IMzcc 0.00000 UR 197U € 1404190-2025 66547 B4 3 6 MeW/u
IGUR4QT11  VOLTS 1.370 0.00000 197aU 8 140419-2025 66547 ad 3 6 MeVW/u
#BUR4QTI1  FIELDS 0.21667E+01 0. 00000+TMax 0O.00000 UR 197U & 140419-2025 66547 ad 3 6 MeW/u
IGUR4QT1E  VOLTS 2,348 0.00000 107xU 8 140419-2025 66547 B4 3 6 MeW/u
#GUR40T12 FIELDS  -0.36979E+01 0. 00000*IMax 0O.00000 UR 19740 & 140419-2025 66547 ad 3 6 MeVW/u
IGUR4QT13  VOLTS 0.897 0.00000 197aU 8 140419-2025 66547 ad 3 6 MeVW/u
#GUR4(T13 FIELDS 0.14241E+01  0.00000+IMax 0.00000 UR 197AU G 140419-2025 66547 B4 3.6 MeV/u
|GURANMS1H  VOLTS 0.029 0.00000 1907aU & 140419-2025 66547 ad 3 6 MeV/u
#GURAMSIH  FIELDS 0.95931E-04  0.00000+IMax 0O.00000 UR 197aU0 & 140419-2025 66547 ad 3 6 MeVW/u
|GUR4MS1Y  VOLTS -1.524 0.00000 19780 & 1404159-2025 66547 B4 3.6 MeV/u
#CURAMS1Y FIELDS  -0.G50414E-02 0. 00000+IM=cc 0.00000 UR 197aU @ 140419-2025 66547 Ad 3. & Me¥W/u
| GUR4DTS [ma] 0. 04025

|GURSMSEH  VOLTS 0,005 0.00000 1978U 8 1404159-2025 66547 A1 3.6 MeV/u
#CURSMSZH  FIELDS 0.1g540E-04 0. 00000+IMacc 0.00000 UR 197AU 8 140410-2025 66547 A4 3 & MeW/u
IGURSMS2Y  VOLTS 1. 765 0.00000 197aU 8 140419-2025 66547 ad 3 6 MeVW/u
#GUREMSZYV  FIELDS 0.58386E-02  0.00000+IM=x 0.00000 UR 197&U & 140418-2025 66547 Bd 3.6 MsV/u
IGUREQDE1  VOLTS 1612 0.00000 107xU 8 140419-2025 66547 B4 3 6 MeW/u
#BURSOD21  FIELDS 0.25479E+01 0. 00000*IMazx O.00000 UR 197aU0 & 140419-2025 66547 ad 3 6 MeVW/u

o n_nnann 187a11_f {4041 8-9n95 FEEAT ad

A A MaW
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IBHS files
IBHS files statistics

g«bmua\mbwmb—o

11
12
13
14
15
16
17
18
19
20

There is about 260 types of files (virtual accelerators) from Dec 2000

till Nov 2015.

Total number of files: about 3700.

23380 _-UL-5U-TKU
238U _-UL-5U-TKG
_SOTI-UR-SU-UXE
197AU-UR-5U-UX0
197AU-UR-5U-UM3
_A0AR-UL-5U-UY7
197AU-UR-SU-UML
_A0AR-UL-5U-US2
_A8CA-UN-UN-UXE
_A8CA-UN-UN-UYT
_ BD3-UL-SU-TKG

Sanusunetatistical a

_28N2-UL-SU-TKG
_J0AR-UL-SU-TKU
2380 _-UL-5U-Us3
_J0AR-UR-sU-LY7

_A0AR-UN-UN-UCW

197AU-UL-SU-TKU

_A0AR-UR-SU-UXS
_8BKR-UL-SU-TKU

fr

pMm a
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227
201
201
158
144
143
39
9
74
71

50
46
45
44
43
40

2008-02-14 21:26:00
2008-02-21 19:53:00
2011-04-18 14:04:00
2008-04-25 21:32:00
2009-02-16 20:50:00
2008-12-09 16:19:00
2010-02-14 13:55:00
2004-04-27 17:10:00
2014-09-29 13:37:00
2014-09-29 11:10:00
2014-06-23 17:31:0

2014-10-27 17:43:00
2014-11-0417:45:00
2012-06-18 00:52:00
2015-09-23 16:28:00
2015-09-18 12:52:00
2010-01-31 18:43:00
2015-09-24 06:14:00
2011-07-14 04:44:00
2015-10-08 15:07:00
2015-10-08 14:51:00
2014-06-30 08:20:00

y&!$45bg!‘if!$aﬂ&4 09-16 08:27:00

b‘nﬁ _
s e 30-ites e

2008-02-01 20:04:00
2002-08-06 10:52:00
2007-06-27 09:01:00
2012-09-10 14:47:00
2012-04-03 23:
2006-11-02 13:
2010-03-24 12:31:00

2014-10-13 22:16:00
2011-05-3005:58:00
2014-11-04 18:52:00
2015-07-25 00:13:00
2015-08-06 07:06:00
2012-05-07 13:58:00
2015-07-15 09:26:00
2014-04-02 15:02:00
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Save IBHS files
regularly to

increase

statistics!
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Most interesting beams

Files of the most interest to analyze before 2016 run - maybe we can learn
something for this year already? (Daniel Severin suggestions).

238U — UL — SU — TKU - Epeam = 11.4 MeV/u (2014), 46 files
238U — UL — SU — TKG ...

197AU — UR — SU — UXO ...

197AU — UR — SU — UM3 ...

197AU — UR — SU — UM1

48CA — UN — UN — UXS ...

48CA — UN — UN - UY7

238U — UL — SU — UM3

12C — UN — UN — TKU

15CH — UL — SU — UM3
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el
S
python GSI Accelerator Data Analysis

pYGADA - a python-based framework for general data analysis

@ For the moment contains module for IBHS files (inspired by Peter
Gerhard's script) and BIF profiles analysis.

@ It is in bbe svn repository - feel free to use it.

@ Maybe someone wants to develop it with me?

Future developments (some ideas):
@ Include more data: more on trafos, SIS IPM, tune.
@ More advanced numerical methods, eg. categorization algorithms.
@ Need YOUR knowledge on the machine!
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pyGADA framework [ISIEHI] E 5 l[

Current structure

branches
tags
trunk

Analyses — analysis scripts

L— results

Elements — description of the magnets, cavities
Modules

L— BeamRun.py, IBHS_APIl.py, BIF.py...

data

SIS —18
E Sources
UNILAC
IBHS
E BIF
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pyGADA framework Script example E 5 l[

Script example

# ana_examplel . py

import sys

sys.path.append(” Modules/") # path to analysis modules
from BeamRun import x # main class

# declare the beam run (IBHS name patter and dates):
b=BeamRun (" data /UNILAC/IBHS /HS—238U_—*UL-SU-TKU.DAT" ,”2014—1—1" , dateti
b.addBeamlineSegment (" GUL_-2015" ," GUH_2015" ,” GUS_2015" ,
"GUA_2015" ,” GUE_2015" ,” GUT_2015")

# IBHS data reading:

b.readIBHS()

# test integrity of IBHS files wrt Beamline Segments:
b.integrityIBHS_MAG ()

# selection: keep only main magnets (QS, QD, QT and QQ)
b.ibhs.retainMainMagnets() # optional

# can be:

#b.ibhs.retainSteeringMagnets ()

#b.ibhs.retainMagnets ([" GUS4QT53”,” GUA4QTI11"])
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pyGADA framework Script example

S
238U-UL-SU-TKU beam - settings variation

Plot voltage setting for a particular magnet, historical and distribution:
b.ibhs.plotVoltHist(" GUS4QT53")

GUS4QTS53 history from 2014-01-01 till 2015-12-30
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pyGADA framework Script example

238U-UL-SU-TKU beam - settings variation

Plot voltage setting for a particular magnet, historical and distribution:

b.ibhs.plotVoltHist(" GUS4QT53" start_date=datetime(2014,9,1))
b.ibhs.plotVoltDist(” GUS4QT53")

magnet voltage [V]

o

Mariusz Sapinski, LOAO
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GUS4QT53 history from 2014-09-01 till 2015-12-30
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Analysis of IBHS files

GUS4QT53 voltage distribution

mean = 5.232

std. dev = 2,260

3 4 5 6

Voltage

February 4, 2016
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N O oI
238U-UL-SU-TKU beam - settings variation

b.ibhs.plotVoltStdDist(std Thr=1.0)

distribution of voltage standard deviation

number of magnets=115

Magnet o
GUA4QD12 | 2.2
GUA4QD11 | 2.0
GUS4QT51 | 1.9
GUS4QT53 | 2.3
GUA1QS1Z | 1.9
GUA2QS3Z | 1.8
GUA2QS4Z | 1.7

Entries

10 15
o voltage
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238U-UL-SU-TKU beam - correlation between magnets

b.ibhs.plotMagnetsCorr(" GUA4QD12",” GUS4QT53")

# another,

more pronounced correlation:

b.ibhs.plotMagnetsCorr(” GUA4QD12",” GUA4QD11" fit=True)

GUS4QT53 voltage [V]
P S
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correlation between GUA4QD12 and GUS4QT53

® - corr. coeff =-0.31

data points = 46
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GUA4QD12 volatge [V]

Analysis of IBHS files

correlation between GUA4QD11 and GUA4QD12

corr. coeff = 0.91.: .

data points =4

2 3 a
GUA4QD11 volatge [V]
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238U-UL-SU-TKU beam - beam current

Trafos are saved in IBHS files for a single shot. That is not representative
for setting quality. In the future better data are required. Beam current:

b.ibhs.plotBcurLoss()

N\

LA

S ing wrong with these trafos?
, A\

2

beam current [mA]

WKagTz L
GTK7py3 |
GTKspry
Wksmg

GUL4DTy =
GULSDTS
GULsDTS |
GUH1pT, |
GUH3DT, |
GUHapTs |
GUH4pT, |-
GUS2p75 |
GUsaprg |
GUsapry |
GUAIDT;
GUAZDT, |-
GUA3DT |
GUApTs |
GUT1DTO )
GTk1pry |
iaTKgDT4 L
GTK3pr,
&Tksm3 L
GTK3pry
GTkaprs |
GTKspry |-

Use two trafos to define global transmission: GUL4DT4 and GUA1DT1

b.ibhs.defineTrss(" GUL4DT4",” GUA1IDT1")
February 4, 2016 14 /27
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N O
238U-UL-SU-TKU beam - trafo data quality

b.ibhs.plotBcurDist(" GUL4DT4")
b.ibhs.plotBcurDist(” GUA1IDT1")

018 GUL4DT4 - beam current distribution 12 GUALDT1 - beam current distribution
0.16
10
0.14
o 012 o~ 08
S 2
%010 2
K e
& 506
o 0.08 a
g g
g €
w 0.06 w
0.04

20 30 40 50

beam current [mA]

ol B0
0.00 I I
0 1 2 3 4 5 6 7 8
beam current [mA]

Large spread of data. GUALDT1: often very small values, single shot
transmission data are not very good. Downstream trafos are worse.
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238U-UL-SU-TKU beam
238U-UL-SU-TKU beam - correlations

Correlations between magnet settings and transmission.

b.ibhs.plotVoltTrssCorrDist(corr Thr=0.3)

distribution of corr. coeffs: voltage/transmission Magnet r

number of magnets=182

10

©

Entries
>

4

2

0

-0.4 -0.3 -0.2 -0.1 0.0 0.1
correlation coefficient

Why peak at r=-0.047

Mariusz Sapinski, LOAO

GUH2QQ14 | 0.377
GUH4MS6V | 0.313
GUA4QD11 | -0.411
GUA4QD12 | -0.450
GTK5MO1 | 0.350

Correlations for single elements
are weak. Not surprising - this is
why operators work is

oz 5. challenging!
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GSI

Principal Component Analysis

PCA is a linear transformation which converts set of possibly correlated

variables to uncorrelated ones.

PCA1=A*GUA4QD11+B*GUA4QD12 -describes trend in data.

correlation between GUA4QD11 and GUA4QD12

data in PCA space

corr. coeff = 0.91.: .

8 B data points =4

GUA4QD12 voltage [V]

2nd component

° corr. coeff = -0.0

.
data points = 45

0 1 6

3 4
GUA4QD11 volatge [V]

-3 -2 -1 0 1 2
1st component

found recently: C. Bloomer, G. Rehm, Using Principal Component Analysis to
Find Correlations and Patterns at Diamond Light Source, IPAC2014, THPME188

(again: some GBbytes of data analysed!)

Mariusz Sapinski, LOAO Analysis of IBHS files
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S
238U-UL-SU-TKU beam - PCA
# select magnets with high variation of settings:
b.ibhs.retainVaryingMagnets(1.)
b.ibhs.makeMAGrunTsData() # additional operation
b.ibhs.runRootPCA() Magnet | 1st comp. contribution
GUH2QQ14 0.015
GUS4QT51 0.081
GUS4QT53 -0.085
GUA1QS1Z 0.169
GUA1QS2z 0.242
keeping 13 GUA2QS3Z 0.174
out of 115 GUA2QS4Z 0.192
magnets: GUA2QS5Z 0.227
GUA3QS6Z 0.220
GUA3QS7Z 0.228
GUA4QS9Z 0.238
GUA4QD11 0.131
GUA4QD12 0.123
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238U-UL-SU-TKU beam - PCA

Correlation of 1st PCA to transmission
b.ibhs.plot1PCADist()

correlation between first principal elemtent and transmission

12 : °
corr. coeff = 0.29
10 data points =30
5
E‘ 8
o
8 e . .
E . .
4 oy (] v
) H ° o -‘ .
] .
) -1 0 1
1st PCA
No correlation... ;-( but let's look at other beams!
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48Ca-UN-UN-UX8 beam - PCA

Correlation of 1st PCA to transmission

b.ibhs.retainVaryingMagnets(1.0)
b.ibhs.plot1PCADist(fitline=True)

b.ibhs.plot1PCADist(pcarange=(-3.,-0.5),fitline=True) # zoom

correlation between first principal elemtent and transmission

correlation between first principal elemtent and tr

transmission [%]

5

s corr. coeff = -0.72

data points = 42

transmission [%]

@
2

52

corr. coeff = -0.89

data points =15

-3 2 -1 0 1
1st PCA

-25 -2.0 -15 -1.0
1st PCA

Strong correlation! Based on PCA from 13 magnets. Potentially a
suggestion of settings can be done!
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197Au-UR-SU-UM3 at 4.7 MeV/u - PCA

Correlation of 1st PCA to transmission

b.ibhs.plot1PCADist()

correlation between first principal elemtent and transmission

corr. coeff = -0.79

data points = 25
o
< .
o
£ N
2
S
H
. LI .
.o te
.o .
e 3 .’
0
15 10 ) 0 5 10
1st PCA

Again a strong correlation!
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Potential algorithm:

Vinagt = a1 * X
Vmag2 =ag *xX
Vmagg = ag *X

and optimal x:
X = X1...X2
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Conclusions E 5 l[

Summary and conclusions

© Analysis of machine data improves target-time, setup-time and
transmission.

@ Let's collect and analyze a significant amount of data in 2016:
BIF, trafos, SIS tune spectrum, IPM, orbit etc.

© (for FAIR a special data archiving system is planned, but will not be
ready in 2016)

Q@ Try to setup some beams in 2016 following results of IBHS files
analysis.

© There is a lot of work with this analysis ahead, maybe someone would
like to help? Technologies: basic linux and python.

Special thanks to: Wolfgang, Stephan, Petra, Peter.
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Thank you for your attention!
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238U-UL-SU-TKU beam - transmission evolution

b.
b.

ibhs
ibhs

transmission [%]

Mariusz Sapinski, LOAO

.plotTrssHist(end_date=datetime (2014,5,1))
.plotTrssHist(start_date=datetime(2014,10,1))

history from 2014-01-01 till 2014-05-01

history from 2014-10-01 till 2015-12-30

b . .
s .
10
X4
8 = .
< .
g, .
3 a . e
* H E | .
4 ° c?2
.. . c
. hed .
2 ° ° 4 1 I. .
.
. . . .
.
o . o [ .
y Y y 5 y y y y y 3 3 Ny y
W o 9 g o I o o A 0 S 2 51 A
&7 @ P @ o Y e e o> o> &P ¥ ¥ o

Analysis of IBHS files
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Appendix

Appendix 1: results 238U UL SU TKG

@ xx files from Feb 2008 till October 27th, 2014.

@ energy 11.4 MeVn - energy analysis!
@ used only 2014 data (62 files).

b.ibhs.plotVoltStdDist(printThreshold=2.0)

12—

distribution of voltage standard deviation

Magnet

g

Entries

0.0 0.5 10

RIRPRPRTI
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GUS4QT53
GUA1QSO01
GUA1QS05
GUA1QS09
GUALQS13
GUA1QS1Z
GUA2QS3Z
GUA4QD12
GTK5QD41
GTK5QT51
GTK5QT52

21
21
2.1
2.0
2.0
22
2.1
2.7
2.3
2.2
21
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S
Appendix 1: results 238U UL SU TKG

History and correlations.

o GUA4QD12 history from 2014-10-01 till 2015-12-30 © correlation between GUA4QD11 and GUA4QD12
. o .
. * ® cmamoccm o .
9 9 onPcoeff = 0.98
8
8
B =
o 7 =
g 8’
S 6 £
5 £
S st = o
. g
4 10
. 5
Q .
4
3 . e = L
. o
2k 3
o e
b b b 1 b 13 3 o
\ﬂ%\ 9 2 ‘LQ@\ 1_515* 1610\ hﬁ@\ 0\1@» Qbﬂb\ . °
o o o SIS A ] 2t i i i i
1 2 3 4 5 6 7
date

GUA4QD11 volatge [V]
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TKG
results 238U UL SU

Appendix 1

= >
=) =)
=2

[vw] uawnd weaq

107

whomx 15}
ﬁomx 0]
£lay )
N.me T5)
Ilagy L9
Elapy o
PLagy,q
Uaeyo
v1azy g
LAty g
oL@ Iiny
SLabyng
€1agyng
2azyng
Liatyng
£1apsng
91apsng
S1azsng
PLAbHng
£la PHNY
m.Emrzw
Llatyng
81aging
$Laging
ﬁoviw

27 / 27

4, 2016
February 4,

iles

is of IBHS fi

Analysis o

—— AO
Mariusz Sapinski, LO



	Introduction
	Accelerator Data
	IBHS files

	pyGADA framework
	Description
	Structure
	Script example

	Some results
	238U-UL-SU-TKU beam
	Other beams

	Conclusions
	Appendix

