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 What high Brightness means ?

* |nvasive and Non-invasive techniques
— Space-charge dominated beams (low energy)
— Hadron Synchrotrons

— Electron Synchrotrons
— Electron LINACS

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Beam intensity per unit
source size and divergence

[A/(m-rad)?]

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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B = di Beam intensity per unit
- ASJO | source size and divergence

[A/(m-rad)?]

Measuring large beam intensity and small beam emittances

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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e

Challenge in measuring

Beam Intensity Monitors low beam intensity ©

AC (Fast) Current Transformers Zero Flux DCCT Schematic
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How small is small ?

Synchrotron Light Source

Measuring small beam size
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How small is small ?

Beam Size
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Measuring small beam size
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e What is the smallest beam size | can measure ?

* Will my device survive such a large beam density ?

— Single shot thermal limit for ‘best” material (C, Be, SiC)
10 nC/mm? - 6.25 10** particles/mm?

— A limit that is surpassed in most LINACs (not even talking about rings)

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France



D Some example of HB beams
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* High intensity Proton LINACs
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* Synchrotron Facility - 3" generation light sources

SULEIL
SYNCHROTRON
SOLEIL is the Frcnch nalional s‘,nchfm:u\ aeit/

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Some example of HB beams
* FEL and Energy frontier Linear Colliders

XFEL - https://www.xfel.eu/

ILC : https://linearcollider.org/
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* Energy frontier Circular Colliders FCC - https://fec.web.cern.ch/
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T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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What high Brightness means ?

Ne

Bgp o<
*

Short bunch length

* Free-Electron Lasers

* Novel Accelerator technologies
- Dielectric acceleration
- THz acceleration
- Plasma acceleration

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Ne

Bgp o<
*

celerator technologies
- Dielectric acceleration

- THz acceleration

- Plasma acceleration

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Transverse Diagnostics
Space-charge dominated beam

high intensity low energy electron/hadron beams

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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D Space charge regime
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Emittance
dominated beamlets

Space-charge
dominated beam

»

multi-slit mask

C. Lejeune and J. Aubert, Adv. Electron. Electron Phys. Suppl. A 13, 159 (1980)

To measure the emittance for a space
charge dominated beam the used
technique is the well known pepper-pot

For each transverse part of the beam,
divergence of the beam and of
individual beamlets are measured

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 16
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rad

Measurements

Space charge regime

Simulations

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France

17



O
Phase space evolution

The CERN Accelerator School

T - 1
1000 mm | -

1250 mm
24 |

= Y

|Xli()mm— Ly 000 n;m‘ E

X (mrad)
X' {mrad)

X'(mrad)

2 w
e -
./‘1 & lllll

! o
47 - X (

A b N %0 4N s
TS TR

\
Fes »

>

. Cianchi et al., “High brightness electron beam emittance evolution measurements in an rf photoinjector”, Physical Review Special Topics Accelerator and Beams 11, 032801,2008
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A. Cianchi et al., “High brightness electron beam emittance evolution measurements in an rf photoinjector”, Physical Review Special Topics Accelerator and Beams 11, 032801,2008

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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A non-invasive method for H beams
using electron photo-detachment

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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HO Detector Electron Laser-Stripping cross section
] o

j did 45 . .
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T. Hofmann et al, “A low-power laserwire profile monitor for H- beams: Design and experimental
H- beam H° beamlet beamlet results” Nucl. Inst. and Meth. in Phys. Res. Section A: 903, p. 140-146 (2018)

<1 ppm after drift

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 21
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Pulse Energy
Stripping
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Laser - Diamond

 Measurements at 3 and 12 MeV at Linac4/CERN
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Transverse Diagnostics
in Hadron Rings

«eeeechigher beam energy

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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D Hadron ring - Wire Scanner
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Scanning fast to measure higher beam intensities

Limitation of Wire-Scanners 2

©® Wire Breakage cawhy?
3 Brittle or Plastic failure (error in motor control)
©3 Melting/Sublimation (main intensity limit)
© Due to energy deposition in wire by particle beam
©® Temperature evolution depends on
o3 Heat capacity, which increases with temperature!

o3 Cooling (radiative, conductive, thermionic, sublimation)
® Negligible during measurements (Typical scan 1 ms & cooling time constant ~10-15 ms)

® Wire Choice

o3 Good mechanical properties, high heat capacity, high melting/sublimation point
©3 E.g. Carbon which sublimates at 3915K

B A
=y 7

L.

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 25
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Limitation of Wire-Scanners

©® Wire Breakage cawhy?
3 Brittle or Plastic failure (error in motor control)
©3 Melting/Sublimation (main intensity limit)
© Due to energy deposition in wire by particle beam
©® Temperature evolution depends on
o3 Heat capacity, which increases with temperature!

o3 Cooling (radiative, conductive, thermionic, sublimation)
® Negligible during measurements (Typical scan 1 ms & cooling time constant ~10-15 ms)

® Wire Choice

o3 Good mechanical properties, high heat capacity, high melting/sublimation point
©3 E.g. Carbon which sublimates at 3915K

e AN
F

Twisted yarm

From graphene to
Carbon Nano-Tubes

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France

Wire

Strips

CNT

CNTW multi-scale

Using better materials for wire — ‘low density’ materials

[ 100 pm
T ~ 0,5 um

T ~20nm

26
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Correction . . Correction

Silicon sensor

Cathode

Correction ) Correction
B-field lon+ B-field
Beam direction i i
— : !
T readout chip
E'd rlft - M a | n https://cds.cern.ch/record/2253263
field € B-field U

Beam pipe * Sensor and readout are separate
EEEEEEEN ¢ Readout Chip in Timepix3, CMOS 130nm
Pixel detector e Sensor can be made of Si, GaAs, CdTe, ..
C 256x256 pixels
Correction Main di orrection
. ain dipole :
dipole P dipole

55um pitch
Timestamp resolution of 1.5625ns
* Magnet used to guide electrons towards the detector (will play a role on
reSO[Ution) https://medipix.web.cern.ch/technology-chip/timepix3-chip

Time-over-threshold to energy calibration
8x serial links up to 640Mbits/s = 5.12Gbit/s

 lonization probability proportional to the gas pressure (typically 10-7-10
'0Torr) and almost constant for beam energy above 1GeV

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 27
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Low impedance design and high vacuum compatibility

Cathode
(-20 kV for e")

Detector
Board lon Trap
(Not green)
Timepix3s Faraday
cage
Lcp g _ = 3 Support
Flexible Cables R e arm
Ceramic 0&‘.; - ">~ Copper HefieyEamb
p " (%) ‘
wire guide 1) Cooling plate

http://bgi-web.web.cern.ch/bgi-web/

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 28
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Beam Gas lonization monitor

Timepix3-BGl in-vacuum instrument Timepix3-BGl installed in the PS ring

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Measurement on the PS ring
Beam profile & position through
LHC type beam from injection, through acceleration and finally extraction the S cycle

1400

1200

1000

800

Time [ms]

600

400

e 1.5 seconds in real time: slowed down here for
viewing purpose.

200

Counts [a.u]

X [mm]

e Each frame is 10 ms of data

| 2L s
15 20 25 30 35 40 45

* Not filtered to show background particles.  [mm]

w0 =3.15+0.03, 1 =31.01 £ 0.05 ¢ Measured data
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Measurement on the PS ring

Beam profile & position through
LHC type beam from injection, through acceleration and finally extraction the S cycle

e 1.5 seconds in real time: slowed ¢
viewing purpose.

e Each frame is 10 ms of data

30 40 45
X [mm]

w0 =3.15+0.03, 1 =31.01 £ 0.05 ¢ Measured data

* Not filtered to show background particles.
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* An alternative to gas ionization is to use gas induced fluorescence

— Using Intensified camera because the light yield is typically low
— Would require higher vacuum level than gas ionisation

— More information can be found here :

P. Forck: Minimal invasive beam profile monitors for high intense hadron beams, Proceedings of
the International Particle Accelerator Conference, Kyoto, Japan (2010) p. 1261

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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‘Let There Be Light’

Larentz- Transformatian

N\

Moving frame Lab frame
of electron

j:% opening angle

Nothing religious but a great tool for beam diagnostics

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France



D Hadron ring — Synchrotron Radiation
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‘Let There Be Light’

Lorentz-Transfermation

SYNCHROTRON
RADIATION AND
STRUCTURAL

Moving frame Lab frame PROTEOMICS
of electron

- _
. -+ — opening angle

Synchrotron
Radiation

dethods and Applications

= Nk
M Synchrotron Radiation

B 2 comety Geotrey ¥ Marr SynChFOtron

Synchrotron
Radiation

PHILIP JOHN DUKE

OXFORD SCIENCE PUBLICATIONS

Radiation and
Free-Electron
Lasers

Seres (5105 L€ Kook, T. Sanaki w0t W Winick

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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* Power .
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T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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Light is precious and serves many detectors - @LHC

extraction mirror dipole D3 undulator
&
‘ — @
4 beam
Spitter/switch - | To interferometer or
coronagraph Color
Filters
Light ™= = _—-
splitter . Gated
Lens 1 Lens 2 ,ND Intensified
f= 4m f= 250cm  Filters Camera
Light

F

BN sshL
I Bsra

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France

splitter
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Light is precious and serves many detectors - @LHC

e‘x/traction mirror dipole D3 undulator
e i -
b beam
Spitter/switch | To interferometer or
coronagraph Color
Filters
Light * —H Halo
splitter Gated
Lens 1 Lens 2 ND Intensified
f=4m f=250cm  Filters Camera
Light
anlitter - BSRL
Core
Rect. slit + Camera & Relay lens Mask | Fold mirrors

1st mirror objective lens | \ l ' Lvmftop | | Field Iens

BSRA L1 Camera ) L2
Filters

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 37
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It also suffers from

* Diffraction effects as the light is emitted in a narrow angular cone

1.221
O-diff = 40_3,] ~ 043)/A

* Depth of field effect as the source is extended over the length of the magnet
— Y £ 036= For highly relativistic beams, resolution limit

% reaches quickly 100's of microns for visible light
11

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 38
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Transverse Diagnostics
in Electron Ring

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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From Light Sources to Colliders

Flux [photons/s/mrad/0.1%6BW/]
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Photon spectrum goes in the soft/hard x-ray to y—ray regimes
Visible photons still available !
* Long magnets still an issue !
» More SR power - Need to cool extraction mirrors ! !
« Can image X-rays to overcome diffraction limits observed in
visible range . ....... cas advanced Accelerator physics, 6-13

November 2022, Sevrier, France 40
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Pinhole to image distance d;

X-ray pinhole cameras Magnification M =

Object to pinhole distance d,,

OBIJECT

T. Lefevre - CAS Advanced Accelerator Physics, 6-18

November 2022, Sevrier, France 41
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X-ray pinhole cameras

OBIJECT

| oBiECT_

Point Spread Function (Gaussian approx.) contribution to beam size measurement

2 _ 2 2
O pinhole = aDif fraction + aAperture V12 2d;
Opiffraction = 47 for wavelength 1

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 42
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Electron ring — Synchrotron Radiation

X-ray pinhole cameras

where

Point Spread Function (Gaussian approx.) contribution to beam size
measurement :

2 _ 2 2
OpsF = Obinhole ¥ FCamera > 0
2 _ 2 2
Opinhole = Dif fraction + O-Aperture
2 _ 2 2 2
O'Camera - aScreen + aLens + aSensor
Lens
SR Source .
Pinhole
O S MOy e
Scintillator

T

Stacked Tungsten blades
separated by shims

Ics, 6-18

Camera

w—
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Electron ring — Synchrotron Radiation

X-ray pinhole cameras

C. Thomas et al., X-ray pinhole camera resolution and emittance measurement, Phys. Rev. ST Accel. Beams 13, 022805 (2010)

50
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35
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Apyrn (M)
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i Blurring from larger

- apertures

 Diffraction effects

.~ from small pinholes

i d, =1mmP__ =26.3 keV
Al max

_ —5—d = 4mm Pmax =32.3 keV

I ——d = 7mm Pmax =36.3 keV

d, =10mmP__ =38.8 keV
Al max
5 10 15 20 25 30 35 40 45 50 55

Aperture (um)

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Electron ring — Synchrotron Radiation

X-ray pinhole cameras — additional limitations

. . d;
* For sufficient source-to-screen magnification (|M,| = ‘—d—‘ > 2):
o

- X-ray path length (d, + d;) = 10m

* Challenging fabrication for pinholes : material hard to machine and suffers from oxidation

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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D Electron ring — Synchrotron Radiation
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e |nterferometric measurement as an alternative to direct imaging

— Measure the size of object by measuring the spatial coherence of light (interferometry), first
proposed by H. Fizeau in 1868 !

— This method was realized by A.A. Michelson for the measurement of apparent diameter of star
with his stellar interferometer in 1921.

— This principle is known as “ Van Cittert-Zernike theorem”
F. Zernike The concept of degree of coherence and its application to optical problems, Physica, 5 (8) (1938), pp. 785-795

— Developed for Synchrotron radiation by T. Mitsuhashi during the last 20 years

— Read as well : Gianluca Geloni, Evgeni Saldin, Evgeni Schneidmiller, Mikhail Yurkov Transverse coherence properties of X-
ray beams in third-generation synchrotron radiation sources, Nucl. Instrum. Methods Phys. Res. Sect. A 588(April (3)) (2008),
pp. 463-493

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 46
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 Van Cittert-Zernike theorem :

With the condition of light is temporal incoherent (no phase
correlation), the complex degree of spatial coherence y(ux,uy) is given
by the Fourier Transform of the spatial profile f(x,y) of the object
(beam) at shorter wavelengths such as visible light.

y(ux,uy):”f(x,y)exp{—i-z-n(uX X +V, -y)}dxdy

where v, v, are spatial frequencies given by;

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France



D Electron ring — Synchrotron Radiation
* Van Cittert-Zernike theorem :
l

point source

(a)

Beam size is inversely proportional to the

small object < visibility of the interferogram I i, / | o

(b)
large obj;_<<w

(c)

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France 48



D Electron ring — Synchrotron Radiation
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 |nterferometer and Interferograms :

Slits Polarizer
e - bunch I\
in bending magnet

Lens Bandpass

filter
- 2may 2may ’ 2Dy
I(y)j()ljl(/\oR>/()\oR)} [1"‘|V|COS<)\OR "‘@)}

where a — half slit size, A, — wavelength of SR, D — distance between slits, R — distance
source— slits, y— degree of spatial coherence. Getting the parameter y from the fit, one
can recalculate it to the beam size

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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 |nterferometer and Interferograms :

obtained using visible light for different spacing between slits at ATF-KEK

Small spacing
High visibility

Large spacing
Low visibility

Beam size of 4um

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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* Interferometer and Interferogram:

obtained using visible light for different spacing between slits at ATF-KEK

Small spacing
High visibility

Large spacing
Low visibility

Beam size of 4um

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Transverse Diagnostics
in Electron LINAC

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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As predicted in 1946 by Frank and Ginzburg, Transition
Radiation is a broadband electromagnetic field emitted by a

relativistic charged particle when it crosses boundary between
two mediums of different dielectric constants.

Forward OTR

Backward OTR

-

Screen

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Vertically polarized OTR

Forward OTR
photons

Backward OTR

-

o
o

Screen

Beam

\

Horizontall larized
 The OTR field is radially polarized. e e

OTR photons

* Approximation® of the electric field distribution for the OTR vertical

polarization component induced by a single electron on the target o o
surface (x,y). é 22 60
) Ervel RTTAMET
Re(E ) = u
( y) / +y2 egl 1 gl ’x +y2 (
u
e u

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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Single particle OTR field distribution at the surface of the screen

— 08 A=550nm —7=2500
Z ——~=500
s —~=250
S 06 —~=100
S —— =50
_§ O4F The number of photons is increasing with energy
E‘ 0.2 ‘ :
WA | m AW
20 15 -10 10 15 20 2 1+ A
NOTR_— (ﬁ+yﬂ)lﬂ ﬁ -2 lll—b
1 ; ; _ JU 1- ﬁ /la
- sl 772300 —— 3=500nm|
= I — A=550nm | ]
E ool —=600nm | | The width of field distribution is wavelength dependent
- Distribution
= oaf - Zero in center
of \/ - Width ~10-20um
-20 -15 10 5 0 S 10 15 20
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Very small beam size measuring using the visibility of the OTR Point(Particle) Spread Function

P. Karataev et al., PRL 107, 174801 (2011) 15000 - ' ' ! ' ! ' ! ) J ) T T T
14000 ]
13000 ] G convoluted ]
o |
197 —— 5.750000

£ 10000 7 —«— 8.250000 |]
S 90007 —— 11.500000 |
£ 8000 —— 13.750000
T 7000 - ]
2 6000 ]
& 5000 ]
£ 40004 ]
3000 - ]
2000 - ]
1000 -

0

-60 -40 -20 0 20 40 60
OTR vertical projection, um
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High magnification / resolution imaging system using Optical transition radiation as a

P. Karataev et al., PRL 107, 174801 (2011)

SIM p I e SOI UTION 5 Bolzon etal, PRSTAB 18, 082803 (2015)

-

= "
L

[ Y

=

—

Test on ATF2 extraction beam line at KEK

Images acquired during a Quadrupole scan

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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High magnification / resolution imaging system using Optical transition radiation as a
simple solution

9000
8500}
Integration gap = 50 px
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6500+
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P. Karataev et al., PRL 107, 174801 (2011) 30
B. Bolzon et al., PRSTAB 18, 082803 (2015) ’E-
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QMI4FF current (A)
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Electron Linac — Transition Radiation

OTR, It ‘s all good but....

10utn
2¢10 9X8 B 7

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Electron Linac — Diffraction Radiation

* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

Rest mass v 1

=)
b
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ty
—
o
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o
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Radial electric field intensi
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Distance from particle [um]
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

108 Rest mass y 1
fe——>|
107 | | ——— CTF-CALIFES y407
B | |
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

Direct Image

Y Pixels.
o
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

Direct Image

=100

50

Vertical position [pixe

-1
%900 -50 0 50 100

Horizontal position [pixel]
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

2D Angular

" distribution san el I

700 max
600 1200

100 500
400 800
300

200 500 400 u\
100 {F Imin

0 ~T
0 100

0 -6 -4 -2 0 2 4 6
Yoy
The beam size and beam divergence can be extracted from the visibility I . /I . of the

projected vertical component of the ODR angular distribution
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* Non-invasive beam size measurements using Optical
diffraction radiation from thin dielectric slits

2D Angular

distribution 1600 - . |
700 max
600 1200 -
500
400 800
300
150 400 - u\
100 \ Imin
0 i
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* First Measurements at KEK (Linear collider study)

= 0.5
i; 0.4 L
-"E 0.3 : ﬁ &' ] P. Karataev et al., “Beam-Size Measurement with
: Files ' Optical Diffraction Radiation at KEK Accelerator
0.2l i i Test Facility”, Phys. Rev. Lett. 93, 244802 (2004)
R | 3 Bl L |
0.1 | ; iii %' :
Z ¥ ]
P AR
0.0 - P PR PP
-10 -5 0 5 10
By [1/y]

— Weak signal vs strong background, coming mainly from
Synchrotron Radiation

— Smallest beam size observed 14um

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Electron Linac — Diffraction Radiation

e Optimisation on Target manufacturing and SR background suppression

Adding a Mask in front of the slit

SIDE VIEW

N

tb

Beam\

TOP VIEW

Beam

H
Direction of radiation
propagation

A. Cianchi et al. PRSTAB 14, 102803

(2071)

L. Bobb et al. PRAB 21, 032801 (2018)

KEK-ATF2 target after
sand-blasting

T. Lefevre - CAS Advanced Accelerator Physics, 6-18

November 2022, Sevrier, France

Maximizing emission of
DR with Al coating
around the slit

Minimizing reflection of
SR by sand-blasting the
rest of the target

R. Kieffer et al. NIMB 402 88 (2018)
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Electron Linac — Diffraction Radiation

* Small beam size of 3um measured using UV light at 250nm

0.0 25
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M. Bergamaschi et al., Physical Review Applied 13, 014041 (2020)
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Electron Linac — Diffraction Radiation

ODR, It ‘s good but....

* Looking for higher light yield !
e Getting rid of Synchrotron radiation background

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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* Cherenkov Diffraction Radiation in dielectrics
Particle Field goes faster than light £> 1/n

Cherenkov $io,
Diffraction (@), & ()
Radiation

Charged Particle Charged Particle

The total number of photons proportional to the length of the Cherenkov radiator

Cherenkov Angle |COS (C/c) = b_ n Index of refraction
n

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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e Cherenkov Diffraction Radiation in dielectrics

Bs(nT)

i
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Simulations using Magic
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e Cherenkov Diffraction Radiation first measurement in 2017 using 5.3GeV

electron/positrons using direct imaging in visible range
|

Cherenkov
Diffraction
Radiation

Charged Particle

Positron Beam

R. Kieffer et al., “Direct Observation of Incoherent Cherenkov Diffraction Radiation in the Visible Range”, PRL 121 (2018) 054802
R. Kieffer et al., “Generation of Incoherent Cherenkov Diffraction Radiation in synchrotrons”, PRAB 23 (2020) 042803
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 Measuring beam size using ChDR

Large beam size Smaller beam 16000

at Cornell size at ATF2 14000
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 Measuring beam size using ChDR

Large beam size Smaller beam 16000
at Cornell size at ATF2 14000
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High power laser Thomson/Compton scattering

. h VO h Vsc=2 7/02h VO
Scanning
| system v ,\t\N\(
' f I ez ]/70 7 .
) . * 107 smaller than Cross-section for
(Bo:v9) € Bro 720 stripping electron from H-

T L A B R R | L B e N | L A e S R A |

* Need for high power laser (>10MW)

Ll bl bl Ll bl

10° 10' 10° 10

Electron beam energy (GeV)
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Can reach beam waist close
to the wavelength !

Beam@vaist Rayleigh@ength Beam@ransverseBize{1/e?)
A 2f TTWa 2 2
Wy = —M?%— Zp = w(z) =wy [1+(4/7
T d AM 2 R

M? isiineasure@fbeamBjualitydM? =FlAvouldibelnddeal@aussian)
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* First tests at SLAC in 90’s

R. Alley et al, NIM A 379 (1996) 363 & P. Tenenbaum et al, SLAC-PUB-8057, 1999

* |Intense R&D for Linear collider studies

H. Sakai et al., Physical Review ST AB 4 (2001) 022801 & ST AB 6 (2003) 092802
I. Agapov, G. A. Blair, M. Woodley, Physical Review ST AB 10, 112801 (2007)
S. T. Boogert et al., Physical Review ST AB 13, 122801 (2010)

—
o

Charge normalised cherenkov
signal (arb. units)
o

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France
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Electron Linac — Laser Wire Scanner

* First tests at SLAC in 90’s

R. Alley et al, NIM A 379 (1996) 363 & P. Tenenbaum et al, SLAC-PUB-8057, 1999

Intense R&D for Linear collider studie

G (stat.) & 0.05 (sys.) um -+ Data
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Chamber vertical position (pm)
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* Measuring nanometer beam size

Interferometer

Compton Scattered
yray flux y-ray Detector

oy
P

YAG - Laser

Electron
Beam

Steering Magnet
Interference 4
Fringes

owt

d L)
'.‘ N

Tsumoru Shintake, “ Proposal of a nanometer beam size monitor for e*e” linear
collider”, Nuclear Instruments and methods in Physics Research A311 (1992) 453
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* Measuring nanometer beam size

Interferometer

Compton Scattered

YAG - Laser

Tsumoru Shintake, “ Proposal of a nanometer beam size monitor for e*e” linear
collider”, Nuclear Instruments and methods in Physics Research A311 (1992) 453
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High brightness beams put high pressure on diagnostics techniques in
order to measure high beam transverse density and very small beam size

Not-intercepting diagnostics are needed in most cases

Those diagnostics are using state-of-the-art technologies

Some are still being developed - An exciting field for R&D !

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
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Thank you for your attention, and it will continue with the
Longitudinal diagnostics tomorrow !
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Extra slides
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Transverse Diagnostics
for measuring instabilities
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a) mode m = O, x = Q

Instability triggering

From Booster in 70’s

bY) m = O, x = 2.3 radians by m=1, x = 6.9 radians

Very long pulses — 100ns

T. Lefevre - CAS Advanced Accelerator Physics, 6-18
November 2022, Sevrier, France

d)m = 2,

¥ = 6.9 radians
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A wideband 1802 hybrid calculates the :

sum and difference of a pair of striplin
BPM electrodes.

Signals are directly digitised with a fast L

(>10GSPS) oscilloscope.

Instability triggering

e Gallery
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Looking at the beginning of an instability on Large Hadron Collider

2.0x10°} ' k_‘
1.5 x10° Measured instability
wse-time =9.8 sg

I —
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The rise time is defined as the time taken for the amplitude of the envelope to increase by: e! = 2.7.
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LHC Head-Tail (m=0) LHC Head-Tail (m=2)
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