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Machine Detector Interface Lecture

The Interaction Region (IR) in a higturrent high-luminosity e+e- collider like FCGee is
compact and complex, combining many of the most difficult aspects of the accelerator and
detector.

MDI helps coordinate plans for the highly interconnected interface between detector and
accelerator to facilitate that both are successful even at the highest luminosities and at several
center-of-mass energies loke for FC&ee. The accelerator and detector layouts integrate
accelerator components such aslightweight and actively cooled beampipes, superconducting
IR-magnets, bellows, and remote vacuum connectionswith detector components of inner
detectors, vertex chamber, diagnostics, luminosity detectors, and utilities(cables, cooling,
power, supports). This lecture will cover more than thirty interface topics (from SC magnets,
shielding solenoids, vacuum chamber masks, and inner detector elements to IR beam physics,
beam loss sources, various beam backgrounds, and irradiation protection shielding).
Examples from past and present colliders (KEKB, PHR SuperKEKB, DAFNE) will be used, as
they provide experience for the future collider FC&e in further understanding and addressing
potential limitations and devising solutions.
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MDI topics in this lecture

1) General overview of the problem and FC&e IR 11) Luminosity measurement

2) Main FCGee IR parameters 12) Magnet cryostat 2.2 to 7 m
3) Layouts for various colliders 1) Cryostatcryogen feed
. . . 2) Lines and splice box
4) IR Comparison of various colliders 3) Q1 magnet in 3 pieces
5) Final Focus Telescope and collision scheme 4) Q2 magnet in 2 pieces _
. * 5) Compensating and screening solenoids
6) IP beta function ver.sus L 6) Correction magnet coils
7) IR accelerator requirements and sub 13) Component assembly
components 14) Installation
8) Detector requirements and subcomponents 15) Vibration control
9) Vacuum Chambers 16) Beam background types and mitigation
1) IR chamber design +0.5 m 1) Beam gas
2) Y chamber 0.52 m 2) Touschek
3) Y chamber HOM issues and reduction 3) Synchrotron radiation
10) Detector-Accelerator Interferences 4) Non-Gaussian tails

5) Luminosity
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FCC-ee Rings and IR beam lines . /, /
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A Asymmetric IR layout to limit synchrotron radiation
towards the detector

A Beams always enter the IP from inside of the ring.

A The IP transversely deviates from the layout line by about
10.5 m outward.




O FCC 28 November 2025 International School of Particle Accelerators ManuelaBoscolo |NEN

High-level Requirements for the IR and MDI regict

One common IR for all energies, flexible design with a constant detector field of 2 T
This has been a requirement since the CDR: we have the same IR and MDI for all energies and all of the four

At Z pole a Luminosity of ~ 134 cm-2s1is required
This luminosity can be obtained with the crabwvaist scheme (nancbeams & large crossing angle).

Continuous top-up injection is required with few percent of current drop to keep a constant luminosity, lifetime
Is ~15 min (as defined to decrease the beam intensity by 1/e, without any injection).

Cone angle of 100mrad between accelerator/detector required from the physics

Presently not realistic: first look at the cryostat dimension with thermal shielding thickness show larger angles
necessary.

Solenoid coupling compensation
The integral 6 Qi T1to avoid vertical emittance blow-up.

Baseline: Two compensating solenoids in front of the first final focus quad, all inside the detector
B=2 T detector solenoid field required.

Alternative: Compensating solenoids outside the detector at ~20 m from the IP
Higher detector solenoid field opportunity
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High-level Requirements for the IR and MDI regio2

Luminosity monitor @Z: absolute measurement to 104 with low angle Bhabhas
Acceptance of thelumical sets constraints to the central vacuum chamber design and material budget

Minimization of the Synchrotron Radiation impacting on the IR
Optics design constraint: weak bends upstream the IR (and strong ones downstream, to produce the horizonta
crossing angle), having an asymmetric opticwrt IP
Critical energybelow 100 keV produced by the last bending magnets upstream the IR: required not to damage

detectors \
3

Critical energy. E, = g he 1
P

Half of the synchrotron radiation is radiated below, and the other half above the critical frequency.

3
The mean photon energy is about 30% of the critical energys, >= 8 gt Fie -

153 ° 5v3  p
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FCGC-ee Four Detector Concepts with same MDI

CLD *  Well established design IDEA _ B
. O -ILC = CLIC detector — CLD ) * Design developed specifically
—— *  Full Si VXD + tracker G | fc_’r FCC-ee am.:l CEPC
¢ CALICE-like calorimetry — very high Return yokes | *  SiVXD; ultra-light drift
granularity chamber with powerful PID
* Coil outside calorimetry, muon system * Crystal ECA."- w. dl_‘al readout
* Possible detector optimizations o * Compact, light coil;
- Improved o,/p, o:/E Silcon Wrapper. * Dualreadout fibre calorimeter
p/ M
- PID: precise timing and RICH - * Muon system
’ -
| o Xiv:1911.12230 | vertex Detector [T 1 | s https://doi.org/10.48550/arXiv.2502.21223

Allegro - . ILD
¢ Stillin early design phase

* Design centred around High
granularity Noble Liquid ECAL

Designed originally for
Mucn operation at the ILC
* Together with SiD, ancestor

* Pb+LAr (or denser W+LKr) en of CLD.

« SiVvVXD e ®*  Main difference and
'« Tracker: Drift chamber, straws, or Si _ I signature element:
] 0 .

¢ Steel-scintillator HCAL Vortax - Large-volume time

.+ Coil outside ECAL in same cryostat projection chamber (TPC)

* Muon system

The International Linear Collider Technical
Design Report - Volume 4: Detectors
arXiv:1306.6329

Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109,00391
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General detectorcollider overviews

Example of same Interaction Region in IDEA and CLD detectors
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parameter table

Beam size at IP

S, mm
Sy nm
s,(incoll)  mm

@Z

Wiy Wl

41
16.5

4

[K. Oide]

FCC-ee collider parameters for the GHC lattice. May 20, 2025.

Beam energy [GeV] 45.6 | 80 | 120 | 182.5
Layout PA31-3.0
# of IPs 4
Circumference [km] 90.658499 \ 90.658526
Bend. radius of arc dipole [km] 10.021
Energy loss / turn [GeV] 0.0390 \ 0.370 | 1.86 | 9.99
SR power / beam [MW] 50
Beam current [mA] 1281 135 26.8 5.0
Colliding bunches / beam 12000 1852 292 60
Colliding bunch population [1011] 2.02 1.35 1.74 1.57
Hor. emittance at collision €, (nm)] 0.74 2.25 0.75 1.69
Ver. emittance at collision ¢, (pm)] 1.84 1.96 1.05 1.39
Lattice v. emittance &, jattice [pm)] 0.64 1.17 0.56 0.81
Arc cell Long 90/90 90/90
Momentum compaction c, [1079] 28.55 7.31
Arc sext families 73 144

> [mm] 90 / 0.7 220 /1 240 / 1 900 / 1.4
Transverse tunes Q. /, 214.168 / 214.200 | 218.179 / 222.241 | 394.150 / 390.221 | 394.148 / 390.218
Chromaticities/ring Q’:/y +12 / +5 0/+3 0/0 0/0
Energy spread (SR/BS) o5 (%] 0.0395 / 0.1133 0.070 / 0.106 0.102 / 0.180 0.158 / 0.192
Bunch length (SR/BS) 0. [mm] 5.22 / 15.0 3.42 / 5.19 3.18 / 5.56 1.86 / 2.26
RF voltage 400/800 MHz [GV] 0.0885 / 0 1.00 / 0 210/0 2.10/9.18
Harm. number for 400 MHz 121200
RF frequency (400 MHz) MHz 400.788075 400.787954
Synchrotron tune @ 0.0310 0.0807 0.0338 0.0873
Long. damping time [turns] 1168 217 65.5 19.2
RF acceptance (%] 1.20 3.32 2.14 2.94
Energy acceptance (DA) (%] +1.0 +1.0 +2.0 -2.8/42.5
Beam crossing angle at IP 8, [mrad] +15
Crab waist ratio (%] 55 45 45 40
Beam-beam £, /¢,° 0.0018 / 0.0955 0.0132 / 0.131 0.0108 / 0.130 0.067 / 0.140
Piwinski ang. (0,0, 8s)/0% 27.6 3.5 6.5 0.87
Lifetime (q + BS + lattice) [sec] 4500 3600 4600 9400
Lifetime (lum)®© [sec] 1320 960 600 650
Luminosity / IP /103 [/em?s] 141 20 7.5 1.43
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FCC-ee IR Beam sizes @Z Final Focus Telescope (FFT) to get
squeezed beams at IP

GHC by K. Oide LCC by P. Raimondi
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L*=2.4 m Free region from the IP to the front of the lens: key parameter for MDI and IR design
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IR Final Focus Optics 1984 (SLC at SLAC)

. L L {3 la  Is
Final Focus Telescope (FFT) &= 3 Vertical plane
/ Sx e
| | V ey
To achieve a telescope in both planes one needs f 1ty s o |
at leasttwo quadrupoles to simulate each lens X Py !
of the telescope, one focusing + one defocusing. 1S~y .
/ S Horizontal plane

The magnification may be different in each plane. = c, ~~ y
Constraints at the end of FFT:

Fig. 20. A two-dimensional telescopic system.
Kw=m, p=m, a,=0, o, =0

e | © -1/M, 0 0
0 0 0 —1/M,

[K. Brown, SLAGPUB-3381]
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Beta functions grow quadratically away from the IR

b* =50 cm
‘ b* =15 cm

%Bﬁn = %[312 + K(S)Bz =1 (2.80)

The form is clearly less convenient. I may, however, use it to make the following

beta function

observations.
In a field free segment of the guide field K(s) = 0, and the solution to Eq. (2.80) .
is
2
(s- so)
B=B,41+ (2.81) .
0 2
Fo

where s, and 0 2re suitable constants. If § has a minimum in the field free seg-
ment then 8 0 and s 0 2re the values of 8 and s at the minimum. Generally, the
intersection of two colliding beams occurs at a symmetry point where 8 must be

a minimum. Then Eq. (2.81) gives the form of B(s) in the vicinity of the inter- . .
section. Its form is illustrated in Fig. 20. Notice that the coefficient of the I na IOVV_b regl on the b'fu nCtI on
varies with the distance s to the

quadratic term is just the inverse of the value of B at the minimum — the smaller
is B 0 the more rapid the increase of 8 with increasing distance from the minimum. .. .
minimum like:

08 ~0.6 -04 -0z ] 0z 04 06 0B

Distance to interaction point

[Matt Sands, SLAGL21]
2
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FCC-ee Interaction Region rationale crab-waist =~ ===

Crab-waist scheme, based on two ingredients: e

A concept of nano -beam scheme: v 1
A vertical squeeze of the beam at IP and large horizontal crossing angle

| colliding bunches in the horizontal plane |

A large ratios,/s, reducing the instantanous overlap area, allowing for a
lower b,* and suppressing the hourglass effect % $1004m
A concept of crab -waist sextupoles :
A placed at a proper phase advance they suppress the hourglass effect by D

inducing a constantb, along the larger coordinate of the beams |
g SuperKEKBtips://arxiv.org/pdf/1809.01958.pc
overlap.- 1"

ure 2: Schematic view of the nanobeam collision scheme.

IPbeam distributions

“—— crab sextupoles off (SuperBcase)

crab sextupoleson _ > :
Small instantaneous

3 collision area:s,/q
DAFNEPRL 104, 174801 (2010)


https://arxiv.org/pdf/1809.01958.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.104.174801
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Crab Waist Collision Scheme

1. Nano-Beam Scheme

"waist"

et 2

—

Effectively Very Short Bunch - "Hourglass"
"Head-0n Collision"

o= o,

T2 Ty <tmm
Key: Large Crossing Angle with Low &,

—_— dy = 6 mm
SuperkEKB

P. Raimondi et al., LNFO7/003

2. Crab-Waist Scheme

Sext cP IP Sext
S22 P
A %4 7.
“ >4 A‘
e o Ay, = ndYy, = /2 g
- - ~Ym b
Vi

Waist moves to

the opposite beam center.

Suppression of Betatron Resonance
Related to Beam-Beam Interaction

Key: Strong Sextupoles with Specific Optics
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yellow boxes:
dipole magnets
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FCC-ee asymmetric crab-waist IR optics
blarl 18.2'.5.Ge.v. |

Asymmetric IR opticsto suppress
synchrotron radiation toward the IP,
Ecriticas <100 keV from 450 m from IP

(€)

4 sextupoles (a1 d) for local vertical
chromaticity correction combined
with crab waist, optimized for each
working pointtU Y 2 D0 W2 R
5 ¢ R istandard crab waist

1 demonstrated at DAFNE

[K. Oide et al.,Design of beam optics for the
future circular collider e*ecollider rings, Phys.
Rev.Accel. Beams 19, 111005 (2016)]
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IP accelerator optics for various colliders
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j0. | f 045 500 ail " { ! ¥ ¥ i - Jeev || p, Raimodi's FCC-ee IR | 050
25, ccy el _ 40 K Oide’s FCC-ee IR g 60- "pruy-025 fas
= E o 3 2 0
20. Crab ”-~:" = 100 & 4.1 ] | omixg2s | S ocie.£'0.30
I5 Sext 0.25 O o s - " \ CCX -1 Fo2s
2 0.20 L 5 g 30. 4\ r 7 L 020
10.4 \ cex ko.ls 300 20. { Aotere boasg \ [\ ) }ous
G ' \ / \ / A bo.10 ‘800 600 400 200 0200 400 600 800 10.]° ?:13”7‘ AV Vasy oW f :" '/""
2 AL / X \ L 0.05 "AAARN A '
0.0 +— \/\ B i .d ko oo, S Y 'I"”“M Ll' ‘ | l—J-—‘ | ' ’ “ l IM”“"”‘ MI""”““H Y00 T o—~go. \ g0, so0. 70060
0.0 20. 40. 60. 80. 100. 120. |P-phase / 5(m)
S o= IP nearly |;age points
of oW ' cex tov ™ Al 1 1 A T ! ! '\ { i 3 1 ihlnl S
: . i 3
&k b ' 5| ] E.E 3 i i il
< i‘;’w» E ~ 40, & ‘ 0.8
ot beam | R o ok £ B B p 3
'3 ! 1 o N 3 : - 35. ‘ \ 0.7 <
l A / ) l MMM My o t -+ t 1 + t t = 0. i‘ Anton Bogomyagkov's 0.6
EY i 1 | 1 ' E f *t SuperKEKB E s 25. BINP-SCTF 0.5
- : EEPC : 2 T 5 / 1 20.1\ I\l ||||! ETCF2024-Guangzhou ot
s 3 s @ ey \ / cex ] i [ *
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|||m| I I | hlm&w Et] ‘:Hj Ime pmmlﬂ”lwﬁwﬂ}ﬁ&ﬂm : ¢ : ! : 508 00 830, 40| 66 l\u 1. 130, 130 160°°
X-LCC CW sextupoles CW sextupoles X-LCC P SYs ‘ s (m)

YLCC YLCC cCcsy CCSX CRAB

Modular IR optics layout: CCY/CCX (vertical/horizontal chromaticity correction), CS (Crab sextuples), Telescope;
Multipoles: for high-order chromaticity correction and nonlinear optimization
FCC-ee Oide’s version and SuperKEKB IR integrate crab sextupole into the second one of the CCY sextupole pairs
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Local chromaticity correction

(CCY and CCX) M

K _ - K
L Xt K
XA
A —Xé*K
\(Mj\
\,
!
4-86 Xp
5398A12 '—'I __‘—"4

Sextupole pair with —I map

;o /[—1 0 0 0\

X [ x
X ’ () - 1 0 0 X ’
v Lo o -1 o y

VY ora 0 0 -1/

* Constraints:
ﬁ,\',l = [{.\"2' a.\',l = a’.\',ZJ#.\' =T,
Byr = Byz2Ay1 = Ay by =T

International School of Particle Accelerators

ManuelaBoscolo

Crab Sextupole (CS)

Apy, = m'i +m/2 Apy, = nfrl+ m/2

\

Ap, = mm Apy = mm
* Q
Crab IP Crab
sb SF

Strict phase requirement
To reduce crab sextupole strength
1 3

(Kol = £ 55 25

— B>>f,and >1

* This can help reduce the
undesired nonlinear map
coefficientsl?! between crab
sextupoles.

[2] PRAB 19, 121005 (2016)
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Luminosity

Ny N_ny fo

L =
omy[032 + 032\ Joud + 032

Ry,

Geometrical Loss
Hourglass Effect, Crossing Angle.

[N

2 2 -
Oy +05_ 0
¢ = — tan - Piwinski angle Ot + Og=
o
xr

In the flat beam , “=30-50nmisatargetA 1 “ <1 mmand <10 pm

With the crab-waist scheme only a small instantaneous area collides,
allowing 1 * to be squeezed and hourglass effect suppressed
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Luminosity
Ny N_ny fo _ e ByNe o B
L= RL g@li — 0 v X IVE T
27.(.\/0.*3_ 4+ g2 \/0.*3_ + o*2 Y+ UgOz30y1 Eyx

T xXr— Yy Yy—
Beam-Beam Parameter Ratio off * to -
Vertical Beam Size at the IP £\ 2
0_*2 — u2€ /8* 4 (n*06)2 Ny (TQ) te 5*(?,,*)2 ~1 Waist position
4 vy Y °oB rheil o= is adjusted.

_ _ Vertical Dispersion XY Couplings mmm Machine Imperfection
Vertical Emittance

Various unwanted effects can increase vertical emittance likempedance, beam-beam feedback noise
Optics Distortion due toMachine Imperfection

Beam-Beam Blowup Can be aCombined Effect ofLattice Nonlinear, Beam-Beam, andWakefield

Any alignment error or source of coupling leads to the spurious dispersion/coupling, as well as increase on
b-functions at the IP. This will affect the beam sizes and thus the luminosity A Tools for fine-tuning the IP
optics are important.
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SuperKEKB and Belldl

* Luminosity frontier experiment to search for
Physics beyond the Standard Model

« ete™ asymmetric collision at the Y (4.5)

« High current / nano-beams,
challenging background conditions

* Luminosity targets to achieve

physics goals: liciron

(7 GeV)

. Z=6x10Pem2s7], [:Zdt = 50/ab

ManuelaBoscolo

positron ring

positron damping ring

Interaction
Region

Belle || detector

electron / positron
linear injector

Belle Il detector

positrd»ﬁ i
(4 GeV)



28 November 2025 International School of Particle Accelerators ManuelaBoscolo

SuperKEKB SpeC|f|C Ium|nOS|tX1C|’ab Walst ON and OF Fexperiment on March 12 and March 222 2024

SuperKEKB Machine Study in 393 Bunches

CWOFF . <~ 12: ____G-------__Q__ L _ L O(i
< . sp L. T *
18x10* E : T =Zpm --.-----_ b+ b—nb Uy
L 4o 10F- Beam-Beam Blowup ==Q
R TN 3 We [don't know the reason.
axio i Lspdecreases by 30 %
) g b= sk Lattice Nonlinear ?
g L I on Space Charge ?
O os 0aT0¢s - r'é’ I ¢ ”ﬂ& Combined Effect ?
Fractional v, 1 I - W |
x 6__ ! =.570
3 i l /
& r
8 4; OFF *
- E o CW ON: LER 80 %, HER 40 % AN
=] ) _
3 -~  CW OFF: vy, =46.567 N
T 5 20 o CW OFF: vy, =46.590 I,
% [} -
H € % - O BBSS: CW ON simiaton
3 L T IR BRI BT R R

M R ST R
foo 005 010 015 020 025 030 035 040 045

Fractional v, 2

) ) I Ip+1b - (mA ) Crab waist is effective at high intensity
Beam-Beam Simulations o o

D. Zhou etal., Luminosity is OK for small O O.

Phys. Rev. AB 26 071001 Crab waist changesbetatron resonance structure.
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DAR NE Performance Summary

45000
| it
35000 - . ,'"‘;- ’i)' I ‘»|| !
| R !MW } |
30000 ,)”H Nll N ‘
| 1‘1‘1'“|"ir|““” ‘, } l‘ Q .
25000 - ’“FW”' ’ RAB OpthS
- wu,“"H' Il 21/12/2008 Average
20000 o Il 21/12/2008 Best fill
i Il 09/02/2009 CRAB OFF
L
15000 | }»."‘ -
;o i PR ) ) .
10000 |~ T-i?.f’ o ,lﬁl.m"“u"""' ik TABLE I. DA®NE luminosity and IP parameters for 3 experimental runs.
AL |
AN Parameter KLOE FINUDA SIDDHARTA
5000 | & v e 12/04/2007 Finuda bes|t -
| Fa ey B 16/09/2005 Kloe best Date September 2005 April 2007 June 2009
Luminosity (cm™2s™!) 1.53 x 10% 160 X 10* 4.53 x 10*
o b b b by b b b b by e— current (A) 1.38 1.50 1.52
0 0.3 0.5 0.3 i 1.3 1.5 1.3 2 2.3 2.5 ¢+, current (A) 1.18 1.10 1.00
120*Amg /Nburt Number of bunches 111 106 105
£, (mm mrad) 0.34 0.34 0.25
8, (m) 15 20 025
B, (cm) 1.8 1.9 0.93
Bunch length, o, (cm) 1.5-2.0 1.5-2.0 1.5-2.0
Crossing angle (mrad) 2x12.5 2 X125 2X125

I 0.025 0.029 0.044
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FCGC-ee Interaction region layout

~ Remotevacuum | \ _
_connection |

L* = 2 2 m : = ,,

Outer and m'dﬂile ; A ‘.'.':‘;

IDEA detectc
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CEPC MDI layout

Central beampipe Y chamber Lumical
Z:-700~700mm Z: Z: 800:950mm
/ 783~1050mm

e
i [ F F T 1

1%

7

P RVC IP BPMs Auxiliary support Qla Qlb &Q2
Z: Z: Z: 3300~3700 mm Z:
700~783mm 950~1050mm 1880~6245mm

H. Wang, 510 Nov. 2025
CEPC Workshop
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FCC-ee IR: beam pipes and vertex detector

— Support tube provides
integration of beam pipes,

vertex, and LumiCal
Support tube material
1mm CF + 4mm HC + 1mm CF

bellows
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Layer 3ducts
Layer 2ducts
Layer 1ducts

Inner vertex services assembly
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Disks assembl .
y Slots arerequired on the support tube toallow

ducts entry and exit
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FCC-ee IR Opticst Solenoid compensation scheme

To counteract thebeam rotation and deflection that would be caused by the simultaneous effects of

the detector magnetic field of 2 T and the crossing angle , acompensating solenoid is needed to
cancel out the longitudinal magnetic field integral along the z axis from the last focusing

guadrupole to the IP.

Local solenoid compensation scheme
Anti-solenoid of -5 T in front of QC1 at 1.23 m from the Il

Non-Local solenoid compensation scheme
A Anti-solenoid outside detector (~ 10 m from the IP)

A Weak corrector dipoles
A Skew quads windings around FFQs

———— ini


https://doi.org/10.1016/j.nima.2025.171135
https://doi.org/10.1016/j.nima.2025.171135
https://doi.org/10.1016/j.nima.2025.171135
https://doi.org/10.1016/j.nima.2025.171135
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Non-local Solenoid Compensation Scheme

A Screening Solenoid shields the Final Focus Quads

2T SOLENOID l Two Compensating Solenoidsat about+20 m
from the IP cancel the longitudinal field
integral

BX_QDOA BX_QF1A
SK_QDOA SK_QDoB SK_QF1A SK_QF1B
QDOA QDoB QF1A QF1B COR2 COR3 -2T ANTISOLENOID
I;D 1' 2 3 4 5 6 7 8 9 10 11- -------- 23 24 25 26 i

skew quadrupolar componentsin the FFQsalign the
magnet axis to the rotated reference frame of the

beam

correctors right after the beam pipe separation and around the FFQs
compensate the orbit distortion generated by the horizontal crossing angle in

the detector field
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Non-local Solenoid Compensation Scheme
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Perfect compensation of orbit, dispersion coupling with

A 3 rather weak orbit corrections each side of the IP

A small skew components to the FFQs (equivalent to 1fnrad rotation)
A anti-solenoid at 11m from the IP.

Vertical emittance increase is very small
( 'HIH™H1 | T "H

A Allows to increase detector B field up to 2.5 T contrary the local scheme (due to a better coupling

compensation)
A Lower SR produced at the IR

A Polarisation under study. Anyway, solvable with e+epolarised injector.
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Interaction Region at SuperKEKB

\

cryostat

QCSL magne: 3 “\\ u

(X

8
A0
N 'p""l”'“u

QCSR magne\t:

(/
Ul

i

cryostat ":'I 1’/[’1

A/

B IT Sl A | Reducing Error Field to Improve Luminosity.

a ce! i ies

, oM SPace’ Solenoid Field _ Direct Winding of SC Corrector Coil (BNL)
f | eosl e QcsrR 5 .

& O ‘ ‘ 1.5 T \eciee

Using Many Corrector Coils
to Correct Error Field

Y SO NP IR L. < |
-4 I3 2 A 0zm 1 2 3

Al



O FCC 28 November 2025 International School of Particle Accelerators ManuelaBoscolo

FCC-ee Luminosity Calorimeter

Goal: absolute luminosity measurement 10*at the Z
Standard process Bhabha scattering |ete— — ete™

2
A Bhabha cross section: | — 167 21 _ 21
§ Bmin max

A s = 12nbat Z-pole with acceptance 62-88 mrad wrt
the outgoing pipe

A Requires 56120 mrad clearance to avoid spoiling
the measurement

A TheLumiCals are centered on the outgoing
beamlines with their faces perpendicular to the
beamlines

A Requirements for alignment

few hundred nm in radial direction
few mm in longitudinal direction

Lumical integration:

A Asymmetrical cooling system in conical pipe to provide angula
acceptance to lumical
A LumiCal held by the endcaps of the support tube

,,,,,,,,

111111111

T l@jawiolea

Crossing beam lines

OUtgoing beam , oing beam 2

outg

z Z

30 mrad

Parallel beam lines
852 few mm
4 1110 pm

T J3jzwLojed

z z

[Ref. M. Dam, EPJ + (2022) 137:8:
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Accelerator components inside the detector: beam pipes

Key parameter to design detector beampipes:

A Material budget: the amount of material a particle traverses expressed asa percentage
of radiation length (X/X;) and determines the scattering and energy loss it experiences.

For physics precision, the material budget must be as small as possible.

AlBeMet (62% Be 38% Al)
Central beam pipe 1 cm internal radius
Internally 5 um gold coated to reduce impedance and shield of
sync. rad. photons.
Actively cooled
Liquid paraffin for the centralone ¢ 60 W) and water for the
lateral ones £ 130W).
Minimised material budget
Central beam pipe double wallAlIBeMet, paraffin and Au (0.68% X))
Lateral beam pipes minimised withinLumiCal acceptance: (mostly
7% X, few regions up to 50% of . Shaped to minimise showers off  } el

e e e D
0 01 02 03 04 05 06 07 08 0% 1

manifolds cosl®)

Material budget of the beam pipe

_.
(=]
i
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Center Accelerator Vacuum Chamber gom

channel

A AlBeMet162 (62% Be, 38% Al)
A 180 mmlong centered at the IP

Inlet for
paraffin
5, mgold coating toincrease the
electrical conductivity

A 0.35 mm outer radiusAlBeMet162
. tlet f Double | f . .
% o oo paral eMet162 i Hesene: Section view

Thickness of the chamber

Uniform thickness of the conical
chamber set at 2 mm

.35 mm

1 mm

s 'f——.‘ﬂ—" ! .‘Fz mm

A The prototype is in

| A 0.35 mm outer radius
A 0.9 mm gap for paraffin

156 mm . .

A 0.45 mm inner radius

Leveraging Bellell beam pipe design@.4 mm Be .6 mm Be +1mm paraffin)
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Detector beam pipes

Central chamber
Heat load 54 W

Conical chamber
Heat load 130 W \

Water flow Ellipto-Conicalchamber)

Flow rate: 0,01 kg/§4 channelsper side)
Total flow rate per side: 0,04 kg/s
Section: 12,25 m#h

Velocity: 1 m/s

Inlet temperature: 18C

Convective coefficient: 1200 WAK

Paraffin flow (central chamber)

U Flow rate: 0,015 kg/s
Section:68,17 mmM

Velocity: 0,3 m/s

Inlet temperature: 18C
Convective coefficient: 900 W/AK

cccoc
[ enti et e e e B e
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IR Trapped High Order Modes at Y chamber

Our trapped unavoidable mode

£
\\\\\\¥/

3 E‘.‘Jé’ﬁfm FCC-ee MDI & IR mockup Workshop
1. Novokhatski 10/06/23 12 COLLIDER SN

Trapped mode is part vertical, horizontal, and longitudinal: Hybrid mode.
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Low impedance central beam pipe

A The distributed trapped modes have very small
shunt impedance and even at the resonance
they produce less than 200 W for the two
beams.

A To remove the remaining heat, we will use
paraffin as liquid coolant that will flow within
the room temperature pipe in the central e
chamber, and water outside. o

No need of HOM absorbers

radius beam pipe =10 mm

CST wake field simulation

Courtesy A.Novokhatski

Smooth transition from
the “ellipse” to a round
pipe of 20 mm

Smooth transition

IP central to a half of “ellipse”

round pipe
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Conical Vacuum Chambers

Prototype inaluminium.

Conical chambers are fabricated in two halves that need to be welded with
EBW.

The cover part of the water cooling channels will be brazed on to (i

. 1sthalf

2" half



