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D Outline

The CERN Accelerator School

A Aims of Diagnostics
A High Brightness

A Invasive and Noinvasive Technigues for Transverse Measurements
I Spacecharge dominated beams (low energy)
I Electron LINACS
I Hadron Synchrotrons
I Electron Synchrotrons
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D Aims of Diagnostics Instrumentation

The CERN Accelerator School

High precision
and high
accuracy

Reliable and Norinvasive
robust Ty (preferably!)

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

Compatible for
feedbacks

Suitable for
commissioning
and user beam

Maintainable
and
futureproof
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The CERN Accelerator School

T Brightness (4D): Several authors give different definitions!
B — Beam current per unit A Brilliance is sometimes used, especially in
deQ source size and Europe, instead of brightness
dlvergence A There is also confusion because the same
words apply both to particle beams and
g 21 photon beams
B=— [A/(mrad)?]
T & & A Often the factorc* is left out in literature
L) and often the RMS emittance is used in
place of effective emittance
0 = Brightness A The best way is to look to units, which
G Current should be unambiguous
S = Source size (i.e. area)
m= Divergence (i.e. solid angle) - A. Cianchi, Advanced Accelerator Physics Course
- i = Horizontal or Vertical emittance 2015

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 4



do @ WhatA @ &1 A3IK . NAIKUYS
B = dl Beam current per unit source
o ASJO size and divergence

[A/(mrad)?]

High Brightness generally requires
large beam intensity and/or small beam emittances

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 5



Jo'e HighBeamiIntensity

The CERN Accelerator School

-

Challengas measuring

Beam Intensity Monitors low beam intensityJ

AC (Fast) Current Transformers Zero Flux DCCT Schematic
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(m Small Transverse Beam Size

The CERN Accelerator School
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Svynchrotron Light Sources

e | 3"9gen. in operation

e | 4t gen. in operation

e | 4th gen. planned/ under
construction

V.Smalukand T.Shaftan NSL$l Technical
Note, BNL, NSLRSDBTN-403, 2024,
(http://arxiv.org/abs/2402.0520%



http://arxiv.org/abs/2402.05204

(m Small Transverse Beam Size

The CERN Accelerator School
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@
D Challenges for Beam Instrumentation

A What is the smallest beam size | can measure ?

A Will my device survive such a large beam density ?
i {Ay3ftS aK20 OGKSNXIf (SIGYAG F2N woSa
10 nQmm? - 6.25 164 particles/mn?

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

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 9



D Some Examples of High Brightness Beams

The CERN Accelerator School

A High intensity Proton LINACs

L4@CERN

ESS https://europeanspallationsource.se/

= - 3 4 -
3522l MHeC———————— > <0442 MH2C— > 2017 March

€25m=> €46m> €«40m> €38Im> €559m> «—767m—> <« |789m —>

i i i i i

75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV
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Front-End Systems
(Lawrence Berkeley)

B

Linac — ~

(Los Alamos and =
Jefferson)

Instrument Systems |
(Argonne and Oak Ridge)

Accumulator Ring
(Brookhaven)

Target
(Oak Ridge)
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https://neutrons.ornl.gov/sns/
https://europeanspallationsource.se/
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D Some Examples of ngh Brlghtness Beams
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fv
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A Synchrotrons Light Sources

Argonne°

BATION AL La3OsATISY

m MOUSi & Synchrotron

ibcoshorbh e i MDUS i SLRI %NUS

_ =HeR . Image Source ESRF
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Some Examples of High Brightness Beams

A Free Electron Lasers and Energy Frontier Linear Colliders
XFEL https://www.xfel.eu/

ILC https://linearcollider.org/

damping
rings

e bunch

e* source e
compressor

e e source *bunch
& prelinac e dump & prelinac i € bunc
) |P I |

<+— e* linac compressor
1 ]
<— e transport line

/ e* transport line = .

e linac =

CLIC https://clic.cern

397klystrons 397klystrons
33 MW, 146

33 MW, 1465
_ combiner rings .
drive beam accelerator Circumferences drive beam accelerator
2.4 GeV, 1.33 GHz delay loop 90

2.4 GeV, 1.33 GHz
1km

1km

decelerator26 sectors 0810m

e*main linac

48.250 krm

M booster linac
e injector e*injector,
: 2.4 GeV 2.4 GeV
L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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[ 4
Some Examples of High Brightness Beams

The CERN Accelerator School

A Energy frontier Circular Colliders ECG hitps://fcc.web.cern.ch/

6499 GeV 1(B1): 2.10e+14 1(B2): 2.16e+14

Inst. Lumi [(ub.s)A-1] IP1: 8249.48 P2: 161 IP5: 9092.24 IP8: 369.48

FBCT Intensity and Beam Energy Updated 03:50:10 Instantaneous Luminosity Updated: 03:50:10

5 0500 0800 11:00 1400 17:00 26:00 2300 0200
05:00 0800 11:00 1400 17:00 200 2300 0200 A AUCE — (45 — LHED

BIS status and SMP flags

[Comments (28-Aug-201 3 31) Link Status of Beam Permits

Global Beam Permit
Fill for phy Setup Beam

Beam Presence

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3Din9L-YbJ4t4&psig=AOvVaw0GY6NB2zQ9JYGl4zmB0cW7&ust=1668685363969000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCICDo8TPsvsCFQAAAAAdAAAAABAE
https://fcc.web.cern.ch/

D What Else Determines High Brightness?

Ne

Bgp x I—
*

Short bunch length

A FreeElectron Lasers

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

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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D What Else Determines High Brightness?

The CERN Accelerator School

Ne

Bgp o<
*

celerator technologies
- Dielectric acceleration
- THz acceleration
- Plasma acceleration
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The CERN Accelerator School

Transverse Diagnhostics
Spacecharge Dominated Beams

high intensity low energy electron/hadron beams

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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The CERN Accelerator School

Emittance
dominated beamlets

Space-charge
dominated beam

B
g .

multi-slit mask

( : |
J' XY
| 0
N s O 0 5
0 0
- < o O 0
0g, O
0
x 0 0
~ 0 g 5 + X
q | : 0o 0 0
\ v s D O
SlitPlate] ~~0]  Pepper-pot Plate i

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

Space Charge Regime

Pepper -pot :

To measure the emittance for a space charge
dominated beam.

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

C. Lejeune and J. Aubektjv. Electron. ElectroRhys Suppl A13, 159 (1980)

Zhang, M. (1996). Emittance Formula for Slits and PeppeMeasurementFermi
National Accelerator LaborataryOctober), 10.

17



D SpaceChargeRegime

The CERN Accelerator School

Measurements Simulations

rad

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 18



@
Phase space evolution

The CERN Accelerator School
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A.CianchS (i I f ®rightnésseledrénbeamemittanceevolutionmeasurementin anrf photoinjectoé PhysicaReviewSpeciallopicsAccelerator andeamsl1,032801,2008
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0D Phase space evolution

The CERN Accelerator School
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Pepperpot slitgrid scanner ,

work very well but destructive methods

-------------------

A.CianchS (i I f ®rightnésseledrénbeamemittanceevolutionmeasurementin anrf photoinjectoé PhysicaReviewSpeciallopicsAccelerator andeamsl1,032801,2008
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(m Laser Emittance Meter for H

A nontinvasivemethod for Hbeams
using electron photaletachment

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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The CERN Accelerator School

Laser Emittance Meter for H

Electron LaseBtripping cross section

| 1
500 1000 1500
WWavelength [nm)

H? Detector -
— 1 ch.2
" Ch.3
— " Ch.4 45
Ho Ch.5 4_
356+
Bending =
Laser Magnet S 25¢
1080 nm s .l
2 15|
I y-scan z
1 -
Principle: 051
H+y —> HO+e O
LD — =
H- beam H? beamlet beamlet
<1 ppm after drift

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

T. Hofmann et al, i A Jdpawer laserwire profile monitor for H- beams: Design and experimental
r e s uNudl. $nst. and Meth. in Phys. Res. Section A: 903, p. 140-146 (2018)
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(m Laser Emittance Meter for H

The CERN Accelerator School

Diamond Detector

PulseEnergy 0.1 mJ 50 mJ
Stripping 01% >99%
t 80 ns 5ns

pulse

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

Laser diameter
150 pym

o=1..3mm

nnnnnn

nnnnn

------
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(m Laser Emittance Meter for H

The CERN Accelerator School

Laser - Diamond

8:
A Measurements at 3 and 12 MeV at Linac4/CERN

e
T2
Eo
o
_22
100~ ' ' = ' o Slit Grid 4
201 Ol [ @ —= Laser Diamond 5
||| o 4 =2 0 2 4 6 8
60| G P - y [mm]
5 a @ Slit & Grid
o 40 . 8
s fﬂ rf rocon :
4
D 1 |F 1 1 1 1 fg 1 E 2
-7.5 -5 -2.5 0 2.5 5 7.5 = 0
Y [mm] >
4
-6

y [mm]
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Transverse Diagnostics
In Electron LINAC

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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[ 4
D ElectronLinacg Fluorescent (Scintillator) Screen

The CERN Accelerator School

A Insert screen into beam path

A Photon emission over large solid angle

A Imaging optics operates Bcheimpflugondition, thus
adjusting the plane of sharp focus with respect to the CCD chip,
and significantly increasing the apparent depth of field.

Szintillator & Test-Chart

Screen

CCD-Camera

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 26
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The CERN Accelerator School

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
dielectricconstants

Forward OTR

Backward OTR

-

Screen

\

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

ElectronLinacc

Irradiance (arb. units)

Irradiance (arb. units)

ransition Radiation

Single particle OTR field distribution at the

surface of the screen

o
)

o
(=)
T

e

o

——~=2500
—~=500
—— =250
—— =100

—A=500nm | ]
— A=550nm | ]
——A=600nm | ]

Photon yield increases

with energy

Width increases
with wavelength
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The CERN Accelerator School

fused silica
Befoil foil 30 GeV

\ I \ e beam
J | N

quadrupole pair ~

[/ | cooled
CCD's

Angular = far field
'Imaging  near field =Spatial
imaging

,M._..--“
N

P.Catravast al., (1999). Beam profile measurement at 30 GeV using
optical transition radiationProc of PAG(3), 2111211 (1999)
https://doi.org/10.1109/pac.1999.794389

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

rms beam size

ElectronLinacc Transition Radiation

Nearfield imaging:

300

250

200 |-

150

100

50

b) horizontal scan

IIITTITIIIII

l!lllTIlll!!T

160

170

180 190 200
quad strength (kG-m)

210

Z8


https://doi.org/10.1109/pac.1999.794389

@
D ElectronLinacc Transition Radiation

The CERN Accelerator School

OTR has a doublebe Point Spread Function i.e. a central minimum.

15000 ] T ' T ' T ' T ' T ' T ' T
14000
13000 -
12000 -
11000 -
10000 -
9000 -
8000 -
7000 -
6000
5000
4000
3000 -
2000 -
1000 -
.

convoluted _

—— 0.250000
—— 3.000000
—— 5.750000
—<— 8.250000
—— 11.500000 |7
—=— 13.750000 |7

Intensity, arb. units

e . . , S P.Karataevet al., PRI107,
-60 -40 -20 0 20 40 60 174801 (2011)
OTR vertical projection, um

Very small beam size measurement using the visibility of the OTR Point (Particle) Spread Funct
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D ElectronLinacc Transition Radiation

The CERN Accelerator School

High magnification / resolution imaging system using Optical transition radiation as &
simple solution

P.Karataewet al, PR1107, 174801 (2011)
B.Bolzonet al., PRSTABS, 082803 (2015)

= "
L

Test on ATF2 extractidseamline at KEK

Imagesacquiredduringa Quadrupolescan

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium 30
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D ElectronLinacc Transition Radiation

The CERN Accelerator School

High magnification / resolution imaging system using Optical transition radiation as &
simple solution

9000

8500 Integration gap = 50 px

8000 QM14FF current = -68 A

7500r PD = 9.5281 um

7000r Tvir/Imax = 0.20507 +-0.00913

65001

6000

5500

5000

45095 200 600 800

P.Karataewet al, PR1107, 174801 (2011)
B.Bolzonet al, PRSTABS, 082803 (2015)

fym)

Smallest beam size .|
measured 600nm

-76 -74 -72 -70 -68 -66 -64 -62
QMI4FF current (A)
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D ElectronLinacc Transition Radiation

The CERN Accelerator School

Fff 3J22R 0 dz

10utm
2610 9X8 B_T
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o
D ElectronLinaccg Diffraction Radiation

The CERN Accelerator School

A Norrinvasive beam size measurements using
Optical diffraction radiation from thin dielectric slits

Optical system here

user: konstantin

effective electric field radius/ _ Upstream mask blocks
synchrotron radiation

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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D ElectronLinaccg Diffraction Radiation

The CERN Accelerator School

A Norrinvasive beam size measurements using
Optical diffraction radiation from thin dielectric slits

1074

ty
—
o
o

Radial electric field intensi
>
&
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D ElectronLinaccg Diffraction Radiation
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A Norrinvasive beam size measurements using
Optical diffraction radiation from thin dielectric slits

10 | | Rest mass 7 1
i——]
10 | [ —— CTF-CALIFES y407
| |
> 10° 1 1 — KEK-ATF2 y2544
w
2 , ro_ I 100ym I
= U — 1 Slit —— CESR 4080
3 107 I 1
£ 10
8
% 10 : :
%‘i | |
g10" I I
| |
107" i I
10_12 / I\
| |

Distance from particle [um]
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-600 -400 -200 0 200 400 600
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D ElectronLinacc Diffraction Radiation

The CERN Accelerator School

A Norrinvasive beam size measurements using
Optical diffraction radiation from thin dielectric slits

Direct Image

Y Pixels.
o
] O

1 " . .-.- . 30(
50 [ 25(

o — 20(

R 15(

s 10¢
50
50
-1 ‘- o oy o 1% - e :.- )
00 =50 0 50 100 °
X Pixels
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D ElectronLinacc Diffraction Radiation

The CERN Accelerator School

A Norrinvasive beam size measurements using
Optical diffraction radiation from thin dielectric slits

Direct Image

=100
Q

Vertical position [pix

Important to align beam to
the centre of the slit!

Or can exploit this
-50 dependency as a beam
position monitor.

-100 -50 0 50 100
Horizontal position [pixel]
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D ElectronLinaccg Diffraction Radiation
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A Nornrinvasive beam size measurements usdgical
diffraction radiation from thin dielectric slits

2D Angular

; distribution 1600 - .. I
700 max
600 1200 -
100 -
400 800 -
2 300
0 - 400 u\
100 \ Imin
0 _—
0 100

T T T
0 -6 -4 -2 0 2 4 6

1oy

Thebeam size and beam divergence candsdracted from thevisibility | ;. /I .., of the
projected vertical component of theDR angular distribution
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D ElectronLinaccg Diffraction Radiation
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A Nornrinvasive beam size measurements usdgical
diffraction radiation from thin dielectric slits

2D Angular

distribution 1600 4 .. |
700 -
600 1200 -
500
400 800
300
- 400 - u\
100 \ Imin
0 o

0 -6 -4 -2 0 2 4 6
2am sm00 Yey
d W slit 8.7'[ O_ 4 2 . 0
oy’ e exp (1+t ) cosh| - m1/1+t _cos| 2470 + 20
dodQ ~ 27 1+1 +t Ay’ YA YA Y

= arctan[t,/y/1 + ;‘z].
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D ElectronLinaccg Diffraction Radiation
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A First Measurements at KEK (Linear collider study)

=]
wn

i; 0.4 L
é 0.l ﬁ &' : P.Karataevet al.> BeamSize Measurement with
: Fiies ] Optical Diffraction Radiation at KEK Accelerator
0.2 | P4 Test Facility = t LISt 98, 44803 (2004)
i, I
N
0.1} gi ii .
- 4
[ ’
e ” ° > B"f'['llr':ll.f?

I Weak signal vstrong background, coming mainly from
Synchrotron Radiation

T Smallest beam size observed 14um

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium
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D ElectronLinaccg Diffraction Radiation
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A Optimisation on Target manufacturing and SR background suppressio

KEKATF2 target after
Adding a Mask in front of the slit sanablasting

SIDE VIEW TOP VIEW

ib
% Beam
/ la
;
Beam Direction of radiation
propagation

A. Cianchi et al. PRSTAB 14, 102803
(2011)

Maximizing emission of
DR with Al coating
around the slit

Minimizing reflection of
SR by sand-blasting the
rest of the target
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D ElectronLinacc Diffraction Radiation

The CERN Accelerator School

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

l“’ M. Bergamaschet al., PhysicaReviewApplied13, 014041 (2020)
le—10
0.6 i fit
( i 1 | data 250 nm
8
0.2 ‘F
I - \e Quadrupolar scan
0.0 E
= '
B 4 i
1.00 i §.
_ 075 Y . 1
E‘Oﬁﬂ | ] SNSRI SRR NI ——— A
0.2 —2.4 -2.2 —2.0 —1.8 1.6 —1.4 -1.2
magnetic strength kLq [1/m]
0.00

A ad .
L. BobbCAo muvaiivcu I_\\J\JUIU?EL[LTJI? ]l nysivagawvuvei el 2024, Spa, Belglum 42



D ElectronLinacc Diffraction Radiation

hs5wX LOWwWa 322R

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

L. BobbCAS Advanced Accelerator Physic22Movember 2024, Spa, Belgium

0 dzii X &
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D ElectronLinacc Cherenkov Diffraction Radiation

The CERN Accelerator School

A Cherenkov Diffraction Radiation in dielectrics
Particle Field goes faster than light 6> 1/n

Cherenkov sio,
Diffraction (@), & ()
Radiation

Charged Particle Charged Patrticle

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

1
Cherenkov Angle COS(qC) = n Index of refraction

bn

L. BobbCAS Advanced Accelerator Physics22Movember 2024, Spa, Belgium
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D ElectronLinacc Cherenkov Diffraction Radiation

The CERN Accelerator School

A Cherenkov Diffraction Radiation first measurement in 2017 using 5.3Ge

electron/positrons using direct imaging in visible ranae
I

Cherenkov
Diffraction
Radiation

Charged Particle

Positron Beam

wd YASTFFSNI SG FfodX a5ANBOG hoaSNBIFGAZ2Y 2F LyQR2E0)NGEY802 /| KSNBy 120 S5AFFINI OlAz2y wlRAFGAZ2Y Ay GK
wd YASTFFSNI SG FfodX aDSYSNIdGAz2y 2F LyO2KS2R20)042803NBy 120 5AFFNI OGA2Yy wlRAFGAZY Ay &8y OKNERIGNER
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D ElectronLinacc Cherenkov Diffraction Radiation
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A Measuring beam size usi@hDR

Large beam size Smaller beam 16000
at Cornell size at ATF2 14000
- - 3 12000
10000
L m————— 8000
500 L 116000
0 1000 20008 1100
2000
0
1
52000000
1 <
= od Impact 1.17 mm ‘E"
5 e 2 1000000 -
§ od g
% . p—
;g 0.4 0 ; . .
z 0 250 500

pixels

1 1 1 1 1
-6 -4 -2 0 2 4 6
Transverse profile (mm)
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D ElectronLinacc Cherenkov Diffraction Radiation
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A Measuring beam size usi@hDR

Large beam size Smaller beam 16000

at Cornell size at ATF2 14000

- a 12000

10000
8000

P ——— 6000
\ 0 1000 2000

. 4000
\% 2000

l

'S 2000000
8,

= osl- Impact 1.17 mm é"

s P .76 mm Z 1000000 |

£ og g

%" .=

é 0.4 O . ’ .

£ 0 250 500

pixels

1 1 1 1 1
-6 -4 -2 0 2 4 6
Transverse profile (mm)
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D ElectronLinacc Laser Wire Scanner
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High power laser Thomson/Compton scattering

hnO hr’sc:2 gozhno
Scanning
Q| system

A 107 smaller than Crossection for
stripping electron from H

A Need for high power laser (>10MW)

’ 10' 10° 10

10

10°

Electron beam energy (GeV)
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@
D ElectronLinacc Laser Wire Scanner
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Canreachbeamwaistclose
to the wavelength!

Beam waist Rayleigh length Beam transverse size (1/€?)
A 2 2f T[WUZ . 2
Wa = — —_— 7o — W(Z) =W 1+
0 T d R )LMZ (z) 0 ( /ZR)

M2 ismeasure of beam quality (M2 =1 would be an ideal Gaussian)
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The CERN Accelerator School
V4

ACANRG GSada Fa {[!'! Ay donQa

R. Alley et alNIM A 379 (1996) 36& P. Tenenbaum et afLAGPUB8057, 1999

A Intense R&D for Linear collider studies

H. Sakagét al., Physical Review ST AB 4 (2001) 022801 & ST AB 6 (2003) 092802
I. Agapoy G. A. Blair, M. Woodlelhysical Review ST A8 112801 (2007)
S. TBoogertet al, Physical Review ST AB, 122801 (2010) 18

L 0ey = 1.07 fggg (stat.) £ 0.05 (sys.) pm J  Data

Integral

—_
(@}
T

H
.

—_
)
T

oo

Charge normalised cherenkov
signal (arb. units)
o

3

D
T

R S S

480 500 520 240 560 580 600 620
Chamber vertical position (pm)
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The CERN Accelerator School
V4

ACANRG GSada Fa {[!'! Ay donQa

R. Alley et alNIM A 379 (1996) 36& P. Tenenbaum et afLAGPUB8057, 1999

A Intense R&D for Linear collider studi

H. Sakaget al,, PhyS|caI Review ST AB 4 (2001) 022801 & ST AP~

O (stat.) £ 0.05 (sys.) pm -+ Data
Integral

3

R S S

500 520 240 560 580 600 620
Chamber vertical position (pm)
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do@ ElectronLinacc ShintakeY 2 Y A (1 2 NXQ

A Measuring nanometer beam size

Interferometer

Compton Scattered
yray flux y-ray Detector
Y -\-‘:’—-‘-J

YAG - Laser

Electron
Beam

Steering Magnet

Interference 7 77"
Fringes

¢ a dzY 2 Nz {Pmﬁogaﬁdf dr&rﬁ)meﬂer beam size monitor f@ Enear
colidee = b dzOf SI NJ LYaAuduNHzyYSyida YR YSGK2R&a AY
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do@ ElectronLinacc ShintakeY 2 Y A (1 2 NXQ

A Measuring nanometer beam size

Interferometer

Compton Scattered

YAG - Laser

¢ a dzY 2 Nz {Pmﬁogaﬁdf dr&rﬁ)mmer beam size monitor f@ Enear
colidee = b dzOf SI NJ LYaAuduNHzyYSyida YR YSGK2R&a AY
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The CERN Accelerator School

Transverse Diagnostics
In Hadron Rings

X Xﬂgher beam energy
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(m Hadron ring- Wire Scanner

The CERN Accelerator School

Limitation of Wire-Scanners

U Wire Breakage t why?
t Brittle or Plastic failure (error in motor control)
t Melting/Sublimation (main intensity limit)
K Due to energy deposition in wire by particle beam
1 Temperature evolution depends on
t Heat capacity, which increases with temperature!
t Cooling (radiative, conductive, thermionic, sublimation)
M Negligible during measurements (Typical scan 1 ms & cooling time constant ~10-15 ms)
u Wire Choice
t Good mechanical properties, high heat capacity, high melting/sublimation point
t E.g. Carbon which sublimates at 3915K

]

& - -
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Scannindastto measurehigherbeamintensities




(m Hadron ring- Wire Scanner

The CERN Accelerator School

Limitation of Wire-Scanners

U Wire Breakage t why?
t Brittle or Plastic failure (error in motor control)
t Melting/Sublimation (main intensity limit)
K Due to energy deposition in wire by particle beam
1 Temperature evolution depends on
t Heat capacity, which increases with temperature!
t Cooling (radiative, conductive, thermionic, sublimation)
M Negligible during measurements (Typical scan 1 ms & cooling time constant ~10-15 ms)
u Wire Choice
Good mechanical properties, high heat capacity, high melting/sublimation point
E.g. Carbon which sublimates at 3915K

t
t

- ,,: 7 A,“.’-'_' S
F W :

From graphene to
Carbon Nan&lubes

Wire

M. Veronese, et al., A nanofabricateadrescannewith free standing wires: Design, fabrication CNT

and experimental results. NIMB91, 3Z;36. (2018)
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(m Beam Gas lonization Monitor

The CERN Accelerator School

Silicon sensor

Correction : . Correction
Cathode

I
= I
<
2 - i
T
- o
Il

Coe Coe
Beam direction i i st cem oS
— l T l A Sensorandreadoutare separate
A ReadoutChip in Timepix3, CMOS
E?drift e- Main * 130nm
field B-field Beam pipe A Sensorcanbe made of SiGaAs

e
Correction . Correction A 256x256 pixels
ain dpol A Ssum pitc

A Timestampresolutionof 1.5625ns

A Magnet used to guide electrons towards the detector (will play a role A Timeoverthresholdto energy
on resolution) calibration
A lonization probability proportional to the gas pressure (typically 10 7. A 8xserial links up to 640Mbits/s =

5.12Ghbit/s

https://medipix.web.cern.ch/technolog
L. BobbCAS Advanced Accelerator Physics24AMovember 2024, Spa, Belgium y-chip/timepix3-chip 57

10*%Torr) and almost constant for beam enerqy above 1GeV



https://medipix.web.cern.ch/technology-chip/timepix3-chip

o
m Beam Gas lonization Monitor

The CERN Accelerator School

Low impedance design and high vacuum compatibility

Cathode
(-20 kV for e")

Detector
Board
(Not green)

Timepix3s Faraday /
I s ”t\':ﬁ\ . Cage
S 2 q Support

T arm
R e Copper

Cooling plate

lon Trap

LCP
Flexible Cables

Ceramic
wire guide

0“ < Honeycomb
%Gc

https://bgi-archive.web.cern.ch/begrchive/
https://bgi.web.cern.ch/introduction/
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The CERN Accelerator School

Beam Gas lonization Monitor

Timepix3BGI invacuum instrument Timepix3BGl installed in the PS ring
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(m Beam Gas lonization monitor

The CERN Accelerator School

Measurement on the PS ring

Beam profile & position through
the PS cycle

1400

LHC type beam from injection, through acceleration and finally extraction

e I

1200

1000

800

600

Time [ms]

400

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

200

Counts [a.u]

A Each frame is 1fhsof data

X [mm]

A Not filtered to show background particles. ’ B

w0 =3.15+0.03, 1 =31.01 £ 0.05 ¢ Measured data
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(m BeamGaslonization monitor

The CERN Accelerator School

Measurement on the PS ring

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

A 1.5 seconds in real time: slowe
viewing purpose.

A Each frame is 1fhsof data

A Not filtered to show background patrticles.

X [mm]




O
Cm Beam Gas Fluorescence Monitor

The CERN Accelerator School

A An alternative to gas ionization is to ugas induced fluorescence

I Usingintensified camerdoecausehe light yield is typically low
I Would require higher vacuum level than gasisation

T 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
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0D Hadron ringc Synchrotron Radiation

The CERN Accelerator School

Only relevant for high energy hadron rings like the LHC !
Electrons are much better at emitting synchrotron radiation.

Wi Seie B4 KISNES . S [ ATKGQ

Moving frame Lab frame
of electron

Lorentz
Transformation

C—

I, %
S o S,
Gfe ,/o e[,oo
)

detector : : J
\ £ opening angle

I Mse" ! (;_)2
~ E "V ¢ Simone Di MitriElettraSincrotroneTrieste,
University of Trieste, Dept. of Physics

Nothing religious but a great tool for beam diagnostics
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The CERN Accelerator School

W[ S ¢KSN

Lorentz-Transfermation

N\

SYNCHROTRON
RADIATION AND
. STRUCTURAL
Moving frame Lab frame PROTEOMICS
of electron

~

= _
. -+ — opening angle

Synchrotron

Radiation
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o e e 7 AT

Hadron ringg Synchrotron Radiation

Synchrotron

Radiation

[ ook N 2%
M Synchrotron Radiation
B ke £t Geotiey ¥ Mare

Synchrotron
Radiation and
Free-Electron

Lasers

Seres (5105 L€ Kook, T. Sanaki w0t W Winick
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0D Hadron ringc Synchrotron Radiation

The CERN Accelerator School

A Power :
2 .
P — 1 g°c A gcharged particle Lorentz-factor
g 2
60 & A r the bending radius
e Visible light
1E+13 /:—:—_f_{j-_ —
A Critical Frequency : e
C g 1E+03 l\\
We = 3 A g 1E408
¢ =% 2r o LTI
S pee
Beam energy Beam curvature R —:S;f:“ "‘. T ] ' ";_ \
l E.mo n 0.1 | 1 10 | 00 1000

Photon energy (eV)
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0D Hadron ringc Synchrotron Radiation

The CERN Accelerator School

Light is precious and serves many detecta@LHC

extraction mirror dipole D3 undulator
l —
< beam
Spitter/switch To interferometer or ¢ aA L_' a dzKt a KA St +to
) coronagraph Color UKS hoaSNBIuAz2y 27

Filters IBIC2015, Melbourne, Australia, 2015, p. 288

ght ' —i

splitter Gated
Lens 1 Lens 2 ND Intensified
f= 4m f= 250cm  Filters Camera
Light iati
spitter ) - BSRL Beam Synchrotron Radiation Telescope (BSRT)

Abort-Gap Monitor (BSRA)
B BSRA | ongitudinal Density Monitor (BSRL)
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0D Hadron ringc Synchrotron Radiation

The CERN Accelerator School

Light is precious and serves many detectagdlL HC

extraction mirror dipole D3 undulator
P
' —
4 beam
Spitter/switch | To interferometer or
coronagraph Color
Filters
Light || | _-_ - H al O
splitter Gated
Lens 1 Lens 2 ND Intensified
f=4m f=250cm Filters Camera
Light
anlitter  © - BSRL

Core

N1

BSRA L1 Camera ) L2
Filters
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