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Detection Techniques & Lasers: talk overview

Outline

A Optical Detection Technigues

I Scintillators &Scheimpflug
A Cameras

I CCD and CMQOS,; noise and uniformity
A Photodetectors

I SI,InGaAs Schottky

I APDs, PMTSIPMs
A Lasersprinciples and parameters
| Cavity modes & linewidth
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How can we use light to measure particles? -

Last lecture we considered five categories of optical beam instrumentation

1. Directly measure
Synchrotron Radiation
from the beam

5. Electreoptic conversion 2. Beam interacts with
of the beam signal primary laser generated
photons
4. Beamfield induces 3. Beam interacts with
optical radiation in target (e.g. scintillator) to
adjacent target produce secondary
photons
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How can we use light to measure particles? |5

Typical detection technologies:

4 _ )
1. Directly measure

Synchrotron Radiation

Extraction optics

+camera
from the beam
\_ )
Laser N 4 ) Laser
+ 5. Electreoptic conversion 2. Beam interacts with + photodetector
camera/ of the beam signal primary laser generated D sensof
ultrafast photons '
detector = ~ N ~
camera 4. Beamfield induces 3. Beam interacts with

or photodiode
(e.g. Schottky diodeg)

optical radiation in
adjacent target

target (e.g. scintillator) to
produce secondary
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E.g. What are the challenges when imaging a beam?

A Precise measurements of tiséze profile and position of a particle beam striking a
scintillator screen requires a carefully designed optical system to transfer scintillation
light to the camera, so the true particle distribution can be reconstructed.

A Aim to capture a clean, sharply focused image of the scintillation plane, free of
distortion, optical aberrations, nehnearity, or optical backgrounds (OTR).

Interaction and scintillation Optical transfer Image capture and post processing
Interaction in s Raw i
. _— aw Image Reconstructed
Particle scintillator L "
. ‘ . ropagation via ac wsﬂmn‘ i
distribution Sereeth IOo fi)cgl system onqcamera 7 partice
isotropic P y distribution
emission )
Geometric distortion, U\
- focus, deptkof-field Fieldof-view at camera ‘L > ..
Challenges: Clnl?ﬁfrtact;)on afj _ _ P _ Resolution / pixel size “
scintliator boundary pitfraction ~ Chromatic NorHinearity

effects aberrations
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Common scintillator layouts

(@) (b) (c) (d) (e) (f)

incoming detector mirror mirror

beam\ E / | | Cq % R %

. vacuum l /" l : :
: N ! 2 ! : '
. window L M ‘ O0——0O 00— O——0
scintillator i " i o
[ , i ! - T i -
lens — [ > mask
[T [T :

FIG. 1. Commonly used layouts to image fluorescent light onto a detector. (a) Direct detection of the light, (b) and (c) imaging the light
through a vacuum window, (d) observing the Scheimpflug imaging geometry, (e) using an additional in-vacuum mirror, and (f) with an
additional mask to block coherent transition radiation.

PRSTABS 082802 (2015
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Depth of field -

A In the typical setup, the camedans must focus on a scintillatc e
plane surface that is at an oblique anjle

A This works for very small electron beams of onlyrfror so,
when the distribution is well within the deptbf-field of the len:

A However, for larger beams only part of the scintillator plane \
be in focus: L

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 59, NO. 5, OCTOBER 2012 ”I um|natlon
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SIMPLIFIED OVERVIEW OF SCINTILLATOR USAGE IN BEAM

DIAGNOSTICS AND HIGH ENERGY PHYSICS

S T — e

Scintillator Ton Electron High Energy \
Diagnostic | Diagnostic Physics , V' I
Application Primary beam on screen Detection of secondary LS //
. . Transverse beam profile particles, tracking, timing M/ /
A What we really need is this:[Feseae | iy oy woiocey ' Scintillating
Spot size Imm-cm | 10 pm-— 1 em— 100 cm BEAM /:/// Screen
._DOF:; - . mm
___________ article rate very high very high low = 1
Focal = TTTTee--- | Dose rate very high high low
Plane. . Santllator ro camera dEnerg.y. very large medium low
eposition 2 2, 2 2,
Saturation expected possible none 2 I f I Tté & Y IS y R Y (ﬂZ@ S t N \B (
Modification expected possible low 5 L t LM I I Y- c—) d 7 N \H () D 6
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How to focus orall the Wawel wall of Krakow?
’ b, -~ | A Fortunately, this is a solved

hertocal distance opposy  Problem in photography and is
1 are using. 1If you the % - N ~ .'.
he depth of field wy uKS ol aAa 2 ¥ u K
ce to infinity.<9 Forx
pmera has a hyperh

EAlia At 1% teet,

A View cameras can move
the lens in x & y tilt, and z
translation; and are still
made today:
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http://en.wikipedia.org/wiki/File:DOF-ShallowDepthofField.jpg

TheSchiempfludPrinciple
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http:// www.trenholm.org hmmerk/ download.html
https:// en.wikipedia.orgwiki/ Scheimpflug_principle

Stephen GibsonOptical Detection Techniques & Lasglf



Depth of field: the view camera .
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Scheimpfludpyout for Bl L

Camera ° Zemaxmodel
£ 6: Image Simulation ol ==

Update Settings Print Window Text Zoom

~
~
~

/.
*\’\77«99
\\\Gb/

~
~
~

Lens Lens plane \\Scheimpflug

_______________________ > line of
.”"intersection

Image Simulation: Geometric Aberrations
Q ’ Tilted object and image surfaces
)94 30/03/2013
" Object height is 14.1421 Millimeters.
Field pcsi\:igu: 0.00, 0.00 mm

B Center: chief ray scheimpflug.ZMX
7’ H Image size is 12.4763 W x 12.4763 H (Millimeters) Configuration 1 of 1
«2.” Hinge |

€5 5: Shaded Model Z = -39.416992, Y = -11.11335 o|[&@]| = |
Update Settings Print  Window

Tet Zoom Spin

Viewport &

I || Scintillator screen I I I
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Example o8cheimpflugpeam diagnostic (for OTR) L.

MegaRad Camera g
with Scheimpflug 0pt|ca| Tower R - Camera
Motion N\ !
Filter | Lens
Near Field/Far Wheels Al \
Field Focus Lens i ,
Foil Filter
: N |
| Filter Wheels .~ Drive Wheels "\
I 3 .
Quartz Window | .S
|11 *— oTR Light Bgam | , Quartz
Beam Pipe | Pipe Gaossssiel  Window
Flange ” Ny ¢ B x

Beam

-/J_ : |_L Figure 2: The OTR detector. Left image shows beam line view of detector. Center image shows side of detector. Right
\ image shows magnified view of optical tower with camera, lens and filter wheel assembly.
Selectable Foil via q

Rotating Stage | Vacuum Can

V. Scarpine Proc of PAC 2005
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ROYAL

A moderrScheimpflugnount

A MCSM101X: an adjustable macro lens compatible with
any Gmount camera

A Enables the image focus to be retained across any tilted
object plane

A/

John Adams Institute for Accelerator Science



S

C

al

e
fo
r
C
al
ib
ra
ti
0
n
of
m
agn
ifi
ic
at
lo)
n
an
d
d.
ist
ort
IO
n

A
u
m
in
a
te
d
ta
g
ot s
re
e
n
W
ith
ra
tic
ul
e

U
2 R

Ooai

sch

C

Beagg:

ra

Diasécat

n i

0
Sti
ic
S

f‘
) 5‘&
;"‘ =
.V" Y i
.'.. ]
24
- .1J[I]. .
! X |
B 1 .
: |
.
..
...
....
ooooo
oooooo
ooooooo
oooooooo
ooooooooo
oooooooooo
ooooooooooo
oooooooooooo
ooooooooooooo
oooooooooooooo
ooooooooooooooo
oooooooooooooooo
ooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooooo
oooooooooooooooooooo
ooooooooooooooooooooo
oooooooooooooooooooooo
ooooooooooooooooooooooo
oooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooo
ooooooooooooooooooooooo
oooooooooooooooooooooo
ooooooooooooooooooooo
oooooooooooooooooooo
ooooooooooooooooooo
oooooooooooooooooo
ooooooooooooooooo
oooooooooooooooo
ooooooooooooooo
oooooooooooooo
ooooooooooooo
oooooooooooo
ooooooooooo
oooooooooo
ooooooooo
':::::::
oooooo
ooooo
....
...
..
L]

1
n
n
S
P
A
c
ING
R
e
L
&
S
3

P
y

A
Im
e a
g ge
.ke d
ySISt
n Te
eCKn
a n
pe b
Z e
O.
Id)CaI.
irnlbr
aat-
ge'o
n
m b
a y
yb:ddin
Po
s?oi .
€ 0
S W
S
edn
n
to et
cW
o) @)
mrk
peof
n li
S in
a e
te S
foor
r d
di 0
- ts
0] 0)
@) th
n e
t

Jg”/\ /
M
S "
St
oo
r AC
celer
ato
e
S
te
ph
e
n
Sib
S
on
®)
ptica
ID
e
te
cti
io
n
T
e
ch
n.
iq
u
e
S
&
L
a
¥



ROYAL

Distortion mitigation: telecentric lens

A Unlike a standard lens, the magnification aékcentriclens does
not change with the object distance.
A Such lenses are often useful in machine vision applications:

A When measuring dimensionstelecentriclens will yield the same
measurement regardless of changes in object distance or positi

Ordinary lens Telecentric lens

Telecentric Lens

v
I v

Standard Lens

A/
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Bitelecentric lens witBcheimpflugdjustment Rl
Bi-Telecentric Lens _ _ o
A In a bitelecentric lens, the principal rays are parallel to tr

Object M~ Apeture Il Image optical axis at the objecindthe image.

o S == A Thus the magpnification in independent of the object or

ST I [ image distance.

il e . . L .
- Uf'._,_,—/\’f‘\\-\_\, Biamo VL A Can combine this lens wichiempflugdjustment:

MTL Series

1C SERIES .Hq‘ceimc
g

Object Side Telecentric Lens

TCSMO80

3D bi-telecentric lens with Scheimpflug adjustment

MML Series
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Beam imaging at CERN .

Over 200 BTV (beam television) stations at CERLI
BTV Principle A In vacuo moveable screen, typicatlyromoxor Ti
A lluminator + optical density filter wheel

Insertion device

Holding an Radiator
in-vacuum radiator (;igzezig:z?t';‘ gr A Cam e ra*
— e e I 80 stations us&/IDICONanalogue video tube camera
he application and . : :
R i 20 stations us€I3 (ThermoFisher
mm % s‘“ = I 100 stations us€CI[B ( CCTV) e.g. first turn of LHC:
ss wind / 7 Typical BTV statio - |
Camera i ! Lights after 15t turn
Can be standard Mainly used
CCD or special . . i for system
Rad hard (CMOS, Optical density filters . .o .4 Sr6, 2109
CID, Vidicon Can be added in front of the beam steering
tube) camera to increase the dynamics {
of the system
* E.Bravin Scintillation B el
workshop, ARIES, Krakow 2019
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Beam imaging at CERN .

e.g. first turn of LHC:

after 1st turn

g Injected beam
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