


CERN, from a beam instrumentation perspective
A deeper view on some traditional instruments
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Outline

- CERN & Beam instrumentation

* Instruments in SY-BI-IQ

Fast beam current transformers
Beam position monitors

Tune monitors

Potpourri of other instruments
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Beam instrumentation

*  What do we mean by beam instrumentation?

* The “eyes” of the machine operators
The instruments that observe beam behaviour
Enable beam optimization (steering, stability, lifetime, luminosity, ...)

- What does work in beam instrumentation entail?

* Design, construction & operation of instruments to observe particle
beams

* RA&D to find new or improve existing techniques to fulfill new
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Beam intensity measurement

% Full-Scale Intensity

DC Beam Current Transformers Eera
LHC . mwos| * Needtocover ~5
S, 1t orders of magnitude
5 —
: : S L T d M A ‘
s P gy e >1% of full-scale,
= ' ! relative error < 0.03%

Calibration intensity

12/12/22 Jagiellonian University



Beam instrumentation — who are we?

* Technicians, Engineers, Physicists
*  Mechanics
Electronics (analog + digital)
Software
Instrumentation physics
Beam physics
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Beam instrumentation — where are we?

Mechanics
design office

Our clients!!!{ @

Beam Instrumentation
Mechanics ¢ Software
Electronics ¢ Physics

Beam physics
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Beam instrumentation group structure at CERN

BP section IQ section XEI section
Position Measurement Intensity Measurements Experimental Areas, e-
Beam, Ion, Monitors
Position Measurements Intensity Measurements N,W.E,EA beam-
Pick-up design Schottky Measurements instrumentation
Tune, chromaticity, instability AD/ELENA user beam line
DOROS e-cooling

Work across instruments

PM section BL section SW section ML section

Profile Measurements Beam Loss Software Support Mechanics & Logistics
BI optics support Beam Loss Monitoring )
TV Syst. SEM monit. Motorisation. Software for instruments & {ircuD SRppOTFOn:
Sync. Light Monitors Monitoring expert diagnostic tools f;fgilécs terf
ISOLDE Inst. Fast SPS Spill control el
Cameras - Wire Scanners. \ Shutdown planning /
LHC Longit. Profile & Lumi
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(Some) instruments

Fast Beam Current Transformers ]

All transfer lines
Most circular machines

In the 1Q section

Beam intensity, bunch intensity

DC Beam Current Transformers

Most circular machines

Beam intensity

" Tune measurement systems]

All circular machines

Tune (resonant beam oscillations)

Beam nosition manitoring J
‘e T TS

AD, ELENA and LEIR
SPS and LHC (DOROS)

Beam position

-Sechotiep-monttors—————

ELENA, LEIR and LHC

Momentum distribution, synchrotron tune,
betatron tune, chromaticity, ...

Head-tail + Instability monitoring

SPS and LHC

Intra-bunch oscillations

LHC beam-based feedbacks

LHC

Orbit feedback, tune feedback
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Fast Beam Current Transformers
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Fast Beam Current Transformers

P BCT secondary winding

sensing resistor

inductance L

torus R magnetic core
beam
wire =
secondary
windings

beam = primary winding

12/12/22 Jagiellonian University



Fast Beam Current Transformers
Ampere’s law: / (? X ﬁ) cﬁ = Iy + NsI
S

B = ”OI'I’TH = HoHr (Ib —|—NSIS)
27T

it ’ 8¢B a rroerd
V=VRFaradays law: Vs, = —Ns—— = —Nsafﬁ-dA

Surface A — 4 L at
N o AN O
RI, = ”0*;; i (I + NaI,)
High Pass
Lw) 1 ek

I,(w) N, 14—“"21’2

12/12/22

Jagiellonian University



Fast Beam Current Transformers
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Fast Beam Current Transformers — transfer line
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Fast Beam Current Transformers — circular machine
1 bunch with frey = 100k H 2
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Fast Beam Current Transformers — circular machine
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Fast Beam Current Transformers — live measurements

0.200 0.200
0.175 0.175 -
0.150 - 0.150 -
0.125 - 0.125 -
= s ,
g 0.100 - & 0.100 4
i i 1
o o
Z 0.075 > 0.075 4
0.050 - 0.050
. - LULL UMLMLL‘L
0.000 4 0.000 -~—~—‘J \‘J
0 2000 4000 6000 8000 10000 12000 14000 650 700 750 800 850 900 950 1000 1050
Time [ns] Time [ns]

12/12/22 Jagiellonian University



Fast Beam Current Transformers — droop mitigation
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Fast Beam Current Transformers — live measurements
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R.Ruffieux 03/2021

Fast BCT PS Complex
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Beam Position Monitors
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Beam Position Monitors

Electrode charge Beam displacement
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Beam current
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Beam Position Monitors
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Beam Position Monitors ...

BPMs
position
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Beam Position Monitors - ELENA “

Injectlon\
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BPM-based intensity
V

* Beam spectrum——
— Instrument response
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1e7 ELENA Intensity 04/08/22 08:21:39

BPM-based intensity Bunche
30 - beam\-\>

6000 —7
i " 251 | '1 mam
000 |’ T {\ NOﬂﬁﬁLﬁJo /\ é", ] “
d § *° [, <rhakal | | T
E; 3000 1 Proceedings of IBIC2022, Krakéw, Poland - Pre-Press Status 15-September 2022 -
8 2000 1
“ oo | BEAM INTENSITY MEASUREMENT IN ELENA USING RING PICK-UPs
0] 0. Marqversen’, D. Alves, CERN, Geneva, Switzerland |
21000 4 - Y. N WL ] 0.0 1 s P | S— &
° 200 g [m;}oo %00 1000 0 2000 4000 . 000 8000 10000 12000
- ﬁ ime [ms] L
AN e : CC/ S(t)dt ~ CVoaseline 2
Ve BT/ Ty mm\\\\\y e ), WA CPhascine
j NobL= 0 i ]
A1=A4+A5 ~ A4=A2+A3 ——°—— A1=A6!ll Beam intensity, 5 independent!!!

12/12/22 Jagiellonian University




Tune monitors
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Tune — what is it?

F
oF QD Q QD oF

— Tune value
0=11.25

g=0.25

— Fractional part ’_'

* Characteristic frequency of the magnetic lattice

* Given by the strength of the quadrupole magnets

 Defined as the number of transverse oscillations in a
single turn

* Controlling the fractional part is crucial for beam stability
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Tune - beam stability
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Tune — early energy ramps in the LHC
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Tune — a beam position monitor with special electronics

&— pick-up —)F—diode peak detectors (S&H)ﬁ”é DC suppression %dﬁerentlal ampllfler»{(ﬁband pass 0.1-0.5f, % amplifier —>

high frequency e low frequency
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Tune — a beam position monitor with special electronics

CE/RW
\ 12/12/22 37

Jagiellonian University



Tune measurement in the PS rlng
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Tune feedback in the LHC
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Hor spectrum with Tune-FB ON
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Potpourri of other instruments
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DC Beam Current Transformers
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Beam Posmon Monltors with DOROS electronics
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Beam position change [pm]

60

40

20

Heavy analogue and digital filtering to reduce noise
High resolution and therefore slow acquisition
Beam resolution = 0.1 pm, accuracy = 10 pm

Price to pay: 1 Hz measurement rate and one
averaged position for all circulating bunches

B DOROS vs. standard BPMs ]

B measurement start ~15:00 =1

VdM scans, 27/05/2016 , fill #4954
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Head-tail beam position monitors
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Kalman filter — Iongltudmal phase space reconstruction

Turn 350 Turn 398

| AR || e

PHYSICAL REVIEW ACCELERATORS AND BEAMS 24, 072801 (2021)

Kalman filter-based longitudinal phase-space reconstruction method
for hadron machines

Diogo Alves " and Kacper Lasocha f
CERN, CH-1211 Geneva 23, Switzerland
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Beam Position Monito

| LHC beam-based feedback system

......

.....

Beam-based
feedback
controller
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Spare slides



BPM-based intensity

* Simulation using
finite element EM
solvers (e.g. CST)

* Measured H pos | |
independent of V o) — o=

| —w_pu-+, Centred beam (8 = 0.6, 1)
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-;_‘ Ry R S e 3 ‘\\«\ ...........‘.Hi.r{,-‘ . B V_PU-. H&\JVQ;;SEV: teaml‘;’;’ﬂﬁ 1)
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