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Qoo Outline

« Beam instrumentation requirements for MDI
 BPMs in Final quadrupole
 Beamstrahlung photons
 What else ?

 Discussion




Qoo FCC — from a Bl perspective

Injection
into booster w’# Azimuth =-10.2°
. = m Injection into collider
circumference [km] 91.18 e ses T Cam dump
echnical site Technical site
PL LSS =2160 m PB
beam energy [GeV] 45/182.5 400 MHzRE/Z" )
N /
max. beam current [mA] 1280 N L7
Arc length = 9616.586'm P 4 booster
max. # of bunches/beam 10000 MR y
min. bunch spacing [ns] 25 w+ eI o PIVEGE . i +ro
(Optional P 7N . = m (Optic_)nal
min./max. bunch intensity [10] 0.1/2.43 | a5 7 S ) v
min. H geometric emittance [nm] 0.71 L7 S
min. V geometric emittance [pm 1.42 d R
= pm] Technical St&\X( LSS = 2160 m Lss = 2160 m JofTechnical site Betatron &
. H P . 8 PH PF momentum
min. H rms IP spot size [um] 800 MHz RF sss= 1400 collimation
min. V rms IP spot size [nm] 34 '.gfsxpeﬁmemm,
min./max. rms bunch length [mm] 1.95/14.5 K. Oide, J. Gutleber
CERN
\
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Q'reo BPMs in IP quadrupoles

Screening solenoid

Cryostat shell

Compensation \

solenoid QC1L3

LumiCal
Cooling

S _~ QciL1
Central \ X

chamber
\Trapezoidal

IP chamber 3 BPMs per beam per side of IP

CE/RW
\
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Qe Cryo BPM for HL-LHC Inner Triplet

aperture
transition

4 +—Cooling

bea_m—
coupling
electrode

N
i |
i

feedthrough
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Q'reo Cryo BPM for HL-LHC Inner Triplet

coaxial RF
/ feedthrough
" thermal link

N Al‘
“\
N ~
.

aperture
transition

tungsten
absorber

cooling tube coupling

| electrode
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Cryo BPM for HL-LHC Inner Triplet

button electrode
feedthrough

beam-couplin
button electrode .

cooling tube

aperture

transition
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Qe Cryo BPM for HL-LHC Inner Triplet

* Very challenging integration and
installation

« BPM welded on the beam screen —
no knowledge on the evolution of
the BPM position

 8Si02 cables (1.3 m length for all
BPMs) routed to cryostat
feedthroughs




Qoo BPM specifications

* Please distinguish BPM requirements for
o Standard luminosity operation
=  Serving orbit corrections, OFB, lumi tuning, polarization tuning
o Beam commissioning, optics measurements, MDs, etc.
=  Exotic beam formats, pilot bunches, etc.

From Manfred

* BPM resolution: <1 um (orbit mode), <10 um (BxB / TXT mode)
o However, in a very large beam pipe 70 mm dia. (FCC-ee arcs)

e BPM alighment & accuracy: 1-10 um
o Arc BPM location at the quads? (or sextupoles?!) Movers? Pre-alignment accuracy?
o Stretched-wire BPM-quad electromagnetic pre-alignment?

 BPMroll errors: 10-30 prad, BPM calibration errors: ~1 %
* Long term stability & drifts?
* Need to draft a BPM requirements document!

T. Lefevre - FCC MDI workshop - 18/10/2022



Button-Style BPM Position Characteristics

& T T T T T L e e \‘-7,7 i
T N (\ | /\
I y-displacement N |
I = 0mm :
0.5
I 2.5mm
Smm g _ S :

"é‘ 0_0_ — 7.5mm /| \‘:{ &/ \/
| — 10mm | BPM position behaviour: horizontal
AN S 4 - \ |

osl ; /\ /\
L -30 -20 jm . 0 10 20 30 \
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X [mm] K/ \/

BPM position behaviour: vertical
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Qreo BPM initial calculations

BPM ReSOIUtion Limit From Manfred

* ldeal conditions: Button BPM and Gaussian band-pass filter
o Consider only the linear term of the position characteristic

_ Ameas _ Appym + Dnoise ~ Appm Anoise
pos. = kppy S =kppy5 ———5——= kppm 5 + kppm >
meas BPM T Lnoise BPM BPM
Anoise . Anoise - Bnoise
kepm = resolution = kgpy
2XBpM Appm + Bppm

o Assuming small beam displacements

Appm = Bgpy = S resolution = k \/?N kgpm (S)
u = - N
BPM2s T 2 N

kgpy = 25mm (0.7 dB/mm)

S Vsignat ® +16 dBm = 1.4V Vpise = /4 kT RAf ~ 8.14 pV
= i 1.72 - 10° (105 dB) n =101

Opunch = 2 mm (single bunch)

-1

Anoise = Bnoise ® N

Anoise, Bnoise . unCOFrelated

o FCC-ee BPM values:

k=138-10"23//,

= theoretical resolution limit = 0.1 um ;z'ggoﬂ’(
(single bunch) Af = 80 MHz (Gaussian BPF)

T. Lefevre - FCC MDI workshop - 18/10/2022



Q'reo BPMs in IP quadrupoles

Screening solenoid

Cryostat shell

Compensation \

solenoid QcCiL3

LumicCal

Cooling

QCiLl
\ 8

Central

« At what Tp does the BPM operate ?
chamber

« Alignment strategy / needs ?

chamber

* What is the radiation background ? SR, collision debris,
beamstrhalung, ... ?Impedance and heating ? Water

C\E/RW cooling ?
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Beam instrumentation specifications

Accuracy Resolution Bandwidth  Stability Aperture N° Units Comments
Intensity

Position

Size

Energy
Energy spread
Bunch Length

Beam Loss

Accurate Inaccurate
{systematic error)

Improved Improved
Precision True Accuracy True

Precise

PDF
PDF

Imprecise
{reproducibility error)

X T
Value Value
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Beamstrahlung photons

Beamstrahlung Radiation generated at the IP

Radiation from the colliding beams is very intense Total Power [kW] Mean Energy [MeV]
(370 kW over cm? section!) z 370 1.7
ww 236 7.2
" GuineaPig, results are in agreement with D. Shatilov’s results
PP ZH 147 22.9
ﬁ 8 g 10"
g 22 ? Top 77 62.3
2 2 S 10"
218 H
46 £
g 1‘43 10"
512
a 1: 10"
G 0.6 !
£ |
- 04 10"
0.2]
| PSR NPT BPETEPETE B A o TP R |
gs 50 55 65 10 10° 10 10° 10° 10 ‘PVIUIOIV gr?etgy[(}ow

60 70
Distance from IP [m]
Beamstrahlung radiation hits the vacuum chamber at the first bend downstream the IP
Requires special beam pipe extraction line and alcove -> Beamstrahlung instrumented photon dump

Challenge for a Beamstrahlung dump

High energy and power densities, several kW/cm3 (A. Perillo-Marcone, 27/1
High average deposited power (hundreds of kW) (A. Lechner, 27/10)
Radiation damage and TID (hence shielding) in neighbouring areas

Internal / external dumps

Integration in the tunnel (Fani Valchkova-Georgieva, 27/10)

05 ; While the spot size is ~1x1cm2, due to the very small
i impinging angle on the beam pipe wall (~1mrad) the region hit
0 - - - by the photons is several meters long on the longitudinal
05 A m trom dimension, so this should be taken in consideration when
e e beam designing the photon extraction window. B
p A ]
€ -15
x .2
-25
-3
5
-4 i
0 50 100 150 200 250 300 350 400 = A. Ciarma
z[m]
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Beamstrahlung photons
A. Ferrari, R. Appleby, M.D. Salt, V. Ziemann, PRST-AB 12, 021001 (2009)

e+e- pair production

Beamstrahlung through converter - Produce charged particles = Optical
Transition Radiation in thin screen - Observation with CCD or photomultiplier

L+~ pair production
Main dump as converter—-> muons - install detector behind dump
With a Cherenkov detector: 2 E5 Cherenkov photons/bunch

V.Ziemann — Eurotev-2008-016

. ;}ll.l‘ﬁfp]ier
Converter (1mm thick C) S
. . I T T T T T 1T T T T T T T T T T T T T T T T T T T T T T T T
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IIIIIII IIIIIIII
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I I(30mm diameter) Muons Sama <
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Water beam dump o
I T T 1
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I T T 1
Primary beam Muons from the e
I T T shower cascade of - [ —
o the primary beam
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Qrroo Beamstrahlung photons

Measuring beamstrahlung photons at FCCee

= Challenge: Measuring the intensity, position and size of high-
power densities beamstrahlung photon beams

" Proposal: Use a two-steps approach with different diagnostics

=  Fully characterising the photon beams at low power using, e.g. screens and cameras (to be
studied) that will only be inserted in the photon beam extraction line during single bunch or few
bunch operation

=  Measure the transverse tails of beamstrahlung photon distribution using intercepting sensors (i.e.,
scintillators, gaseous detectors, pixel detectors..) or developing fully non-invasive methods (e.g.,
using ionisation or fluorescence of gas jets) that would be able to withstand the full photon beam
power

T. Lefevre - FCC MDI workshop - 18/10/2022



Crese Next steps

* FCC-ee Beam Instrumentation Mini-Workshop
« 21stand 22"d November 2022 at CERN Meyrin
» Will cover all FCC-ee beam instrumentation R&D, including BPMs
» Collect Bl specifications across the whole FCC complex
* FCC-ee BPM Brainstorming
» Kickoff meeting in Spring 2023
* Need to draft a BPM requirements document
* Need to converge the various R&D activities wrt. FCC-ee BPMs
* Doctoral Student on FCC-ee BPM button pickup
* In collaboration with the Oxford University (Phil Burrows)
« Starts in April 2023 at CERN

* Nobody yet working on Beamstrahlung monitors
« Crab-Cavity monitors being developed for HL-LHC

« more challenging for shorter bunches
T. Lefevre - FCC MDI workshop - 18/10/2022



Thank you
for your attention,
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Example : ILD concept
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Electromagnetic Pre-Alignment

laser-photodiode detector

xy-translation stage

- rem' = rf-connector BPM-quadrupole unit
- 300 | Measurement 2 - H wire
200 4 1 E— bellow -
E 100 s - ]—(_WTWW\I N mant il = ml|
A . - - Vo it . X% RO
H N . L [Itranslation
Stretched-wire based at FLASH (DESY) . .- 114 oer F
. : . Yooter T steppers
For a stripline BPM pickup = a0 I 2 L R, 0
. HH -40?500 -400 -300 -200 -1b0 0 100 200 300 460 500 ,’-'
BPM-quad offset reproducibility ~10 ym Dinplacement horizontal um] —

leveling

Demonstrated EM pre-alignment between quadrupole and BPM pickup of a few ym
Utilizing a 15 GHz CLIC/CTF cavity BPM
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Luminosity Monitoring in CLIC Post-collision line

carbon based — I intermediate dump
absorbers l \ s . ILC style
side view < = C-shape magnets water dump
IP > Z 1 TeV beamstrahlung photons
el ™ 1.5 TeV .
27.5m l Z\\\\\ to dump
< >< >< 300 GeV
window-frame magnetf |_|

67m

315m

\ 4
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