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Outlook

e Motivation.

e LHCIPM.

e Features of 2D IPM image on example of LHC monitor.
e Filtering in frequency domain.

e Slicing 2D image - camera tilt correction.

e Deconvolution of optical Point Spread Function (PSF).

e Conclusions.
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Motivation

e Inability to calibrate LHC IPM (BGI) attributed to beam space-charge.

e This leads to non-gaussian deformation of observed profiles.

Beam profile, 4000 GeV, binsize: 10 um

e Can we see this deformation in LHC ; B B —
data? " Eﬁ?dl 1.ssae+ua%l13);§
o s o
e In other words: can we clean the data £ - e
from other effects? 4022;2';;‘1&%
20—
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The following examples are obtained using ROOT.
After recent experiences | would rather recommend Python and numpy.
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2D image
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2D image
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LHC IPM B2V at 4 TeV as example.
Data from August 26, 2012.

Effects seen on the image:
- 'TV-noise’ (stripes)
- interlace
- additional periodicity related to ion-trap wires
- camera tilt
- nonuniformity of MCP/Phosphor response

- Point Spread Function of optical system

interlace
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e Camera specification:
Thermo Scientific CID8712D

Imager
Image Format 786H x 612V
Total Pixels 768H x 575V
Pixel Size 11.5x 11.5 micron
Full Well Capacity »250,000 electrons
Active Area 11 mm diagonal
Optical Format 2/3”
Scanning Format CCIR, 25FPS, Interlace
Resolution »500 TVL (horizontal)
S/N Ratio -47db typ. signal/RM¢

- 10KHz - 4.2MHz
rl
_ period equency Sensitivity Full output at .7fc

image

half-image

line

pixel
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40 ms
20 ms
64 us
81.42 ns

25 Hz
50 Hz
15625 Hz
12.3 MHz

0db Gain, T=2850K
Composite Video 1V p-p, terminated
into 75 ohm

BTW, bandwidth of typical video
. sampling cable 6 MHz - rotate camera?
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convert to 1D signal

video signal in 1D _
about 25 Hz noise?
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Sun May 21 11:23:37 2017 t[s]
part of image so: 6 ms instead of 40 ms
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1D signal - FFT

FFT magnitude Hanning window used

€am undesired
features?
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=194
).,
FFT - zoom around line frequency ﬁ‘)ﬂ 4.‘.{».'-“

because of image cropping line frequency is now about (786/285)*15625 Hz=

f =0.36*f ~43 kHz
FFT magnitude real
""I""I""I""I"'I'I""I""I fftmag1D
line Entries 40611
107 40.3 +0.4
data kHz frequency Mean 4.064e+04
10° ideal 37,9207 X RMS 7306
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FFT — zoom around line frequency ﬁ‘lk R

unzoom a bit

FFT magnitude
1 I 1 | | 1 I 1 1 | | I 1 1 1 | I 1 1 | | I 1 1 1 | I 1 1 1 1 I T T fftmag1 D
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after filtering

slightly better contrast, less power in bands but no real improvement

(discussion: how to quantify improvement?) iondtrap
ari
image after 1D FFT filter wires
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after filtering

profile looks better

image after 1D FFT filter
o° N 1.014e+06 / 279
; Prob 0
u | p0 1.713e+06 £ 6.018e+02
p1 1251+ 0.0
p2 3.252+0.001
p3 1.607e+04 £ 1.202e+01
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T %2/ ndf 2.88e+04 /280 1800
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Camera tilt
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@ .

0 50

Sun May 21 20:38:07 2017
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100 150

200 250
bin Nr along beam [pix]

tilt is 7 degrees:

« 3.8 pixels along the
image

* Or 219 pm

beam size is

comparable

— tilt is important
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EU- _ « grid wires give larger o —
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Tilt correction

o) R
‘ .". 41l
t‘?& atl! gy

final profile scaled to mm

3
?000?1{:). — | —_ : : ﬁé;df 1.409&+D6f13§ | |

- pO0 6.65¢+06 + 1.20e+03 - effect on sigma:
6000 b1 14.73+0.00

u p2 0.372+ 0.000 about 5%

5000 p3 1.0926+05 + 6.604e+01 _ _

- p4 3247+ 3.9 * idea: use the tilt to
4000 e increase the binning
3000 0,.,=0.37 mm 3 of the histogram
2000 -

1000 -
0; i B PR ]
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final profile scaled to mm

Tilt correction

3

5000?1(;)' e — ;;:Sdf 2.2499+06f1901
- D0 4.764e+06 + 8.675e+02
_ p1 1473+ 0.00

4000 p2 0.3703 + 0.0000
B p3 7.416e+04 + 4.517e+01
C 04 _2317+26
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position [mm]

N

o) R
‘ .". 41l
t‘?& atl! gy

40% more bins, so bin

size at beam position:
57.5>41 pm

looks a little better
but be careful not to
introduce artefacts
optical PSF is much

bigger then bin size!
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PSF deconvolution

[ * RMS spot size is 25 um on

sensor side

g 35.00 | ,,/’;;/ B . e :

z 30.00 F 7_7{7_7_77_7_7_,,_7,:—7-::::-/-i-:f / ] * Optlcal SyStem magnlflcatlon

x 25,00 —— i

oo | | is 0.2

w oo | * S0 RMS spot size on beam
h o +Y FIELD i;rﬁiLLIWETEES o Side iS 125 um

EMS SPOT X VS FIELD
IPM PHOSPHOR TO EM/EB_CCD

TR EHReroR T » Lets assume PSF is

POLY ©.520 B.5580 2.588

SKI6SKI6SFIY_CHOUNT_FINAL_IPM_DESIGN, ZMX

EEFEQENCEi CENTROID . ;‘CNFIUJHHTIUN. 1 OF 1 gaUSSIan: Sigma - RMS
Figure 5: RMS spot size (x component) for different
wavelengths. « if beam is gaussian, the

D. Kramer et al., CERN-AB-2005-072 . . .
correction is simple:

0=V (Oppeas?Ops?) = 0.35 mm

(another 5%)!
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PSF deconvolution

» We can also try to use deconvolution algorithm, eg. Gold deconvolution

implemented in ROOT:: TSpectrum

profile after tilt correction scaled to mm, baseline subtracted
¥2 / ndf 1.389e+07 / 150

X
—
1O

3 T T T | pen o * Increased binning not
8000 = PO 7.452e4+06 * 1.308e+03

= ” pi 14.71+0.00 I
7000 _5‘ p2 0.279 + 0.000 applled here.

= p3 0.5021+0.2133 ] .
6000F Y p4 oosszs:o0ra7 | *  Result not convincing.
S000F- J\ E * “Windowing before FFT
4000F 3 o,

- = decreases resolution”.
3000 3
2000F E * Try without Hanning window.
1000F :” 3

== A c 1N -

14 15 16 17 18

Sun May 21 22:19:51 2017 pOSitiOﬂ [mm]
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PSF deconvolution

profile after tilt correction scaled to mm, baseline subtracted

6
i 1.?. _— : - : : ¥2 / ndf 1.29e+07 / 152
Prob 0

po 1.066e+07 + 1.552+03

p 14.75+0.00

10 p2 0.3034 + 0.0000
p3 ~0.01738 + 0.01241

8 pa 0.00527 + 0.00229

=0.303 mm

real
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Sun May 21 23:09:05 2017 pOSitiOﬂ [mm]
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Result slightly better, but

still not convincing.
More study needed.
Better resolution would be

definitely helpful.
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Conclusions

e Signal cleaning with FFT not very successful.

e However it gives 19% smaller o.

e Tilt correction crucial, further o decrease (~5%).

e Tilt maybe potentially used to increase profile sampling.
e Optical Point-Spread Function effect is significant.

e However deconvolution is did not work yet.

e Overall data quality not good - lack of calibration files, sigma
variation along the image, etc.

e If we want to study further profile deformation in electron IPM with

magnetic field, need other data:
- J-PARC? SIS18?
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special thanks for discussions and suggestions to
Sofia Kostoglou (CERN), Dominik, Rahul.

Thank you for your attention!
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