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Machine Detector Interface (MDI) Tutorial

N
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The Interaction Region IR in a high-current high-luminosity e*e collider 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, often at several center-of-
mass energies, for example from the Z pole to the t-tbar threshold. The accelerator and detector
layouts integrate accelerator components such as lightweight and actively cooled beampipes,
superconducting IR-magnets, bellows, and remote vacuum connections with detector
components of inner detectors, vertex chamber, diagnostics, luminosity detectors, and utilities
(cables, cooling, power, supports). This tutorial 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, PEP-II, SuperKEKB) and future
colliders under design (FCCee, ILC) will be used. Attendee interactions are encouraged.
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MDI Tutorial Topics

1) General overview and IR layouts for
various colliders
2) Main IR parameters

3) IR Comparison of various colliders
4) IP beta function versus L*

5) Detector requirements

6) Detector sub-components

7) IR accelerator requirements

8) Accelerator sub-components

9) Detector-Accelerator Interferences
- Main collider goal

- MDI compromises

- Detector end cap withdrawal

10) Luminosity measurement

- Lumi-Cal at 1.076 m

N

-11) Vacuum Chambers

- IR chamber design +/-0.5 m

- Ychamber 0.5-2 m

- Y chamber HOM issues and reduction

- Lumi-Calat 1.8 m

- Remote flanges (e.g. CESR, SuperKEKB, SMA)

12) Magnet cryostat 2.4to 7 m

- Cryostat cryogen feed

- lines and splice box

- Q1 magnet in 3 pieces

- Q2 magnet in 2 pieces

- Compensating and screening solenoids

- Correction magnet coils

13) Component assembly

14) Installation

15) Vibration control

16) Polarization

17) Background sources

- Beam background types

- Beam gas, Touschek, synchrotron radiation, non-
Gaussian tails, luminosity, 4
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Main Parameters for FCC at Jan 26 Lattice Review: LCC chosen.

Optics GHC

Mode z tt z tt
Beam energy E (GeV) 45.6 182.5 45.6 182.5
Circumference C (m) 90658.525 90644.816
Arc-cell setup 90°/90° long 90°/90° short 52°/45° 99°/77°
Momentum compaction factor ¢ (107°) 28.5 7.3 28.6 9.5
Energy Loss per turn Wy (GeV) 0.039 10.01 0.035 9.01
Beam Intensity N {10]2 particles) 2400 9.405 2424 9.435
Bunch Intensity N, (10" particles) 2.02 1.85 2.02 2.20
Number of Bunches 12000 51 12000 43
Horizontal B-function at IP 8, (cm) 9 90 9 90
Vertical $-function at IP 3" (mm) 0.7 14 0.7 14
Horizontal emittance €, (nm) 0.74 1.74 0.70 2.10
Target vertical emittance in collision g, (pm) 1.48 1.75 1.40 2.11
Transverse tune @, /Q, ' 214.16 /21420 394.19/390.27 | 194.16/170.20 346.19/262.27
Chromaticity Q' /Q), 12/5 0/0 12/5 0/0
Harmonic number / at 400 MHz 121200

Total RF voltage of 400/ 800 MHz (GV) 0.09 2.1/89 0.09 2.0/8.1
Synchrotron tune Q, 0.031 0.086 0.031 0.111
RF momentum acceptance (%) 1 2 1 2
Bunch length @, (non cell./coll.) (mm) 547163 1.9/2.7 5.1/167 1.9/2.8
Rel. mom. spread G, (non coll./coll.) {10_3} 0.40/1.29 1.58/2.21 0.39/1.34 1.52/2.33
Longitudinal damping time ¢, (turns) 1159 18 1297 20
Crab-waist ratio (%) 55 40 55 40
Beam-beam parameter £, /€, (107) 1.5/80 61.2/108.9 1.4/80 67.1/120
Luminosity .Z (10* 57" fem?) 151 1.54 150 1.45

Table 2.1: Parameter table for the GHC and LCC lattices at Z and 1 mode.



General Detector-Collider Overviews (M. Boscolo)

(O Fce 6/6/2023 FCC WEEK 23 MDI OVERVIEW

CLD

New: ALFA + two more!

FCC Detector Concepts (IR accelerator inside detector) 7



Integrated Physics

Integrated physics is (simplified)

Physics ~ j Ldt = Lpeqr X Run Time



Practical Integrated Physics

Integrated Physics is

Physics ~LgperqageX Accel Colliding time x Det collection % x Det-fiducial-volume x (~Beam lifetime)

Laverage = Lpeak X (1-Lgecay)-D€@mM real-time lattice/coupling variations

Accel colliding time = colliding time — running down times - maintenance stops
(Maintenance time: PEP-II = 1 month/yr, CERN =3 months/yr (YETS)

Detector collection= (1 - recording deadtime) (1-injection deadtime)

Detector fiducial volume = ~0.99

To go to 0.995 - need to squeeze final quads out (L* x 2 distance) and will,

thus, lower peak Lumi by ~1/2. Caution: a push for +5% could lose -50% in
physics.

Beam lifetime ~ 10 min. Injection detector time veto is a few msec per injection.



SuperKEKB and Belle-ll

Belle Il @ SuperKEKB

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

electron / positron
linear injector

4
positron damping ring @

* High current / nano-beams, Belle Il detector
challenging background conditions e=

« e¢Te™ asymmetric collision at the Y (45)

* Luminosity targets to achieve . :
physics goals: ety =P

(7 GeV)

. Z=6X% 10 cm™2s71, [ffdt = 50/ab

positron
(4 GeV)

A new record of peak luminosity of 5.32%x1034 was achieved ‘
(Belle Il HV off) and the integrated luminosity reached 914 /b . 1



Example: SuperKEKB Operations (June 8, 2026) (courtesy KEK)

ol A>
e AN
06/07 23:58:37 - 06/08 23:58:37, 2026 JST
Cpesk 5060 x 10%* cm=2s~! @16.04510608 HERlpeak 1231 mA  n» 2053 B,/B, 55 /.9 mm
int. c/day 3325 /3947 pb7! LER lpeax 1631 mA M 2053 B,/B; 55 /.9 mm
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Belle-ll data
collection
is about 80%



SuperKEKB Parameters

Machine Parameters

Ring
Emittance
Beam Current
Number of bunches
Bunch current
Horizontal size o,*
Vertical cap sigma Z,*

Vertical size o,*

Betatron tunes v, / vy
Bx* / By*

Oz

Piwinski angle

Crab waist ratio

Beam-Beam §,
Specific luminosity

Luminosity

ol AL
D N
December 27, 2024 Target at post-LS1 (1) Target at post-LS1 (2) Unit
LER HER LER HER LER HER
4.0 4.6 4.0 4.6 4.0 4.6 nm
1632 1259 2080 1480 2750 2200 mA
2346 2346 2346
0.696 0.537 0.89 0.63 1.17 0.94 mA
15.5 16.6 17.9 16.6 17.9 16.6 pm
0.375 0.217 0.178 pm
0.265 0.154 0.126 pm
44525/ 46.589|45.531/43.599(44.525/46.589 |45.532/43.573|44.525/46.589|45.532/43.573
60/1.0 60/1.0 80/0.8 60/0.8 80/0.6 60/0.6 mm
4.6(6.0%) 5.1(6.17) 4.6 (6.5 5.1(6.4%) 4.6(6.5%) 5.1(6.4%) mm
12.3 12.7 10.7 12.7 10.7 12.7
80 60 80 80 80 80 %
0.036 0.027 0.0444 0.0356 0.0604 0.0431
5.8x 103 7.62 x 1031 9.31x 1031 cm2s1/mAz2
5.1 x 1034 1x1033 2.4x 1035 cm2s-

*Bunch lengthening is considered by using streak camera measurements.
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Overall SuperKEKB IR Layout
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Figure 1:. SuperKEKB IR layout inside Belle-II with high energy, ¢, (HER) and low energy, ¢", (LER) rings indicated
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SuperKEKB IR Cryostats
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Figure 11: QCSL/R cryostats and Belle-II detector in IR.
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Belle-ll Center View

15



CEPC Overview (~2023)

CEPC collider ring (100km)

CEPC booster ring (100km)




CEPC Parameters

N

A 7o
SR

Beam energy E, [GeV]

Beam current [mA]
Bunch number

Bunch Population [101°]

Momentum compaction «, [107]
Bunch length &, (natural/total) [mm]

Energy spread (natural/total) [10%]

Betatron tune v, /v,
Synchrotron tune

Radiation damping [ms]

45.5
16.7 803.5 84.1 3.3
268 11934 1297 35
13 14 13.5 20
0.71 1.43 1.43 0.71
2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9
10/17 4/13 7/14 15/20

445.10/445.22 317.10/317.22 317.10/317.22 445.10/445.22
0.049 0.035 0.062 0.078
44/44/22 816/816/408 150/150/75 14/14/7



CEPC IR magnets and cryostats (Dec 2023)
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Fig 4.2.6.1: CEPC MDI layout.
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ILC layout

ILC250

Damping Rings

€+ bunch

IR & detectors compressor

€- source

e BNt €+ source ‘
compressor positron
main linac

11 km

central region
5km

electron
main linac o
11 km

2km™

The total length of the facility was

reduced from approximately 30km to
20km.

N

The original plan (ILC500) for the ILC (The
International Linear Collider) can be seen in the
Technical Design Report (TDR) published in 2013.
To reduce initial costs, a proposal has been made
to lower the center of mass energy to 250 at the
start of operation.

2km”

Y=Y TFFIVE
RTML

BFMmER

Electron Accelerator

RRFH

Positron Source.

BERRARR

Beam Delivery System

WRARGRLE
Det

tectors (ILD & SiD)

BRRRARR

8eam Delivery System

IvEYIIVYT

Damping Ring

Y-YPFIVE
RTML
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ILC Detector Concept (Accelerator IR Quads Magnets Outside)
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FCC tunnel cavern possibilities

(J. Szaga)

Detector - i
Floor - Detect R d Distance i
Detector global 4 Cryogenics S Eeon iy from the Helght from
; detector - Cryo space the floor to
Detector radial envelope| . Lar (must be 4 floor to the th
distance* NbTi- below the IP [m] e crane [m]
[m] 13m IP-Cryo
[m] o IP** [m] crane [m] - -
Lar)**[m] Required Required
CLD 7.4 0.5 1.7 2.0 7.9 19.5
ILD 8.1 0.5 1.7 2.0 8.6 20.2
IDEA 6.9 0.5 1.7 2.0 7.4 19.0
ALLEGRO 7.0 0.5 6.0 2.0 7.5 23.4
ALFA 7:5 0.5 1.7 2.0 8.0 19.6
Small FCC-hh 7.5 0.5 1.7 2.0 8.0 20.0
Large FCC-hh 10.0 0.5 3.0 2.0 10.5 23.8

* Confirmed with Transportation Team
** Confirmed with Cryogenics Team
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Lowering LHC Detector Components

T. Watson 29/01/2024 — 7t FCC Physics Workshop

Lowering CMS Detector down 100m deep LHC shaft

22



IR Layout
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Comparisons of IR (features for FCCee, CEPC, ILC, SuperKEKB)

m_-
G4

Crossing-angle mrad

L* m 2.2 1.9 3.5
L* x Cross-angle mm 66 63 49 78
Vertical B,*atlIP ~ mm  0.7-1.6  0.9-2.7 0.4
Detector soln field T 2/3 3 3.5/5 1.5
Detector stay clear mrad 118/141 90 350/436
He temperature K 4.2 4.5 4.5

QC1s side-by-side Nes Yes> No No

24



IR Final Focus Optics 1984 (SLC at SLAC)

Final focus telescope (FFT)M!

2 % {3 la Is

, -—_s:_—jx\‘\y

X

B
x
~<

/ ~

6 -84 4809A19

Fig. 20. A two-dimensional telescopic system.

acl © -1/M; 0 0
0 0 0 -1/M,

Constraints at the end of FFT:

L=, B=m, o,=0, a, =0

[1] K. Brown, R. Servranckx, First- and second-order
charged particle optics, SLAC-PUB-3381, 1984.

Vertical plane

Horizontal plane
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Beta functions grow quadratically away from the IR

P

1,0 1,2 2 .
56p" - 28 +K(s)B" =1 (2.80)

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

observations.

In a field free segment of the guide field K(s) = 0, and the solution to Eq. (2.80)

B = ﬁo 1+ —5 ~82/B* (2.81)

where s, and ﬁo are suitable constants. If S has a

ment then 8, and s, are the values of B and s at

nimum in the field free seg-

e minimum. Generally, the

Beam size grows linearly from IP.

FF Quad size is limited by beam sizes/backgrounds.

Matt Sands
Quad aperture limits lowest ,* . ( )

26



IR accelerator optics for various colliders

T Ty (mm)

HER Final Focus Right
Win32 version 8.51/15

17/02/10 03.32.52

40. — 0.60
B B D D Lo.ss

35. SuperB Progress Report - Collider L 0.50
30. 4 - 045
- 0.40

2
25. L 035
20. 4 - 0.30
+0.25
%) L 0.20
10. A +0.15
- 0.10
a L 0.05
0.0 0.0
0.0 20, 40. 60. 80. 100. 120.
sfm)

T T T T

(@ (b
\ ccy/

//\ / }\/\K

1 vf‘FC‘#ﬂ f

(€) ()

\\,

\k \/\ S?o\omquq XN

LA NS

K. Oide’s FCC-ee IR

\ ]

800400200

400600800m

mfmlnr o Lu | ' HHWHHMWWH i

The Ty (mm)
g

T

e

<

VB VBy (Ym)

= (a)

8 a8

-1

-

o
T

‘T T
X-Lce
Y-LCC

CW sextupoles

i 3 & £

CW sextupoles
Y.LCC

B (m™), B (m")

Final Focus

o1 A
ad b MV
v_23c

Final Focus Left
0. \Vm.i.‘_;/\:er.\’iun &5///5 09/11722 03.16.47 0.60
5 B D 0.55
] |CCY - | p. Raimodi’s FCC-ee IR | 0.50
60. Pmuy-0 25 A 0.45
5 | 0.40
50. ‘ [\
‘ || [ ) Crab 0.35
40. 4\ [\ Dmyx~Q.25 sextupole | 0.30
\ WVAREN 4 / 0.25
el 1 \ 0.20
- \\//\V ey 0.15
sRat A\ 3 / 0.10
/ / YAVAYA 0.05
. = » - 0.0
0.0 [ 200 ). . 800. 1000.
IP-phase s(m)
DECy
IP nearly image points
1 nhpl I“I]I rImIHIlml_‘_l__l_l_lrmm
| L |
40. 1R ¥ ;
| il 1
35. Lo.7 S
|
30. 1 Anton BogomyagkoV's [ 0.6
25. - | BINP-SCTF L o.s
6. FTCF2024- Guangzhou Lica
15. f 0.3
10. I\ | \ 0.2
5. V /\Bw L o.1
0.0 S L 0.0
0.0 Jo.| 40| 6. |s0. " 10p. 120. 140. 160.
P SYS s(m)
CCSY 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

27
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IP off energy corrections and crab waist

Local chromaticity correction

(CCY and CCX) [

-x

_y!
4-86 \XA
5396A12 -1

Sextupole pair with =I map

X

x’

y 0 0 -1 0 y
! yr

1

¢ Constraints:

ﬁx,l = ﬁx,Zﬁ Tx1 = Ay 2, Hx = 105
183’,1 - By,ZJay,l = Ay, =T

Crab Sextupole (CS)

» Strict phase requirement
* To reduce crab sextupole strength

1 ﬁ)

20858y \| Bx'’

— /)’y>>ﬂx, and 4,>1

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

(K,L = +

[2] A. Bogomyagkov, PRAB 19, 121005 (2016)

N

5.-
(

>
)
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Accelerator Knobs for IP Tuning

Py and w, ,, - knobs
Final-Focus

Matching Section Doublet Matching Section

3
I

Dy [m]

6 1 i
0.4
0.2 1
0.0 - _— 1
0.3 |

21800 22000 22200 22400 22600 22800 23000 23200
S [m]

29



FCCee Machine Detector Interface (M. Boscolo)

. KEKB ot

FCC-ee Interaction Region rationale: crab-waist

Crab-waist scheme, based on two ingredients:

* concept of nano-beam scheme: W l
 vertical squeeze of the beam at IP and large horizontal crossing angle
* large ratio ¢,/0, reducing the instantanous overlap area, allowing for a lower

B,*
* concept of crab-waist sextupoles:
* placed at a proper phase advance they suppress the hourglass effect by el i
inducing a constant B, along the larger coordinate of the beams e e
overlap. 1 & IP beam distributions

o 5 -

| (SuperB case)
+ crab sextupoles off

crab sextupoles on Small instantaneous i [ 4% o

1 (am) 2.5 [ oo

collision area: ©,/0 S

DAFNE, PRL 104, 174801 (2010)




Luminosity Equations

Piwinski angle:

Length of overlap:

Luminosity:

o 20

I=—2
\/1+¢2 o<1, ¢l a

Basic Equations

Collision scheme with large Piwinski angle
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Crab Waist Collision Scheme

>
)

N

5.-
(

Collision scheme: Large Piwinski angle + Crab-waist

Large Piwinski angle ¢ = :—Ztana = %6 > 1

~> Li~0,/6 ~ o/ ¢ * Crab sextupole (CS) pairs: suppress the adverse
— By~ 0,./8 without hourglass effect beam-beam resonances by shifting the vertical
— Strong betatron and synchrobetatron beam waist

beam-beam resonances

[1] P. Raimondi, D. Shatilov, M. Zobov, Proceedings of 2nd SuperB Workshop, Frascati, 2006
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Lattice and Beam Issues that affect the luminosity

o1 AL
= Ty o (A

» FCC-ee machine demands a strong focusing as
well as smaller beam sizes to achieve the
unprecedented luminosity

« Luminosity for flat beam expressed as L =

14 ItotfyR
2ere Py g

» Any alignment error or source of coupling leads to the
spurious dispersion/coupling, as well as increase in 3-
functions at the IP

Courtesy: Internet

» This will effect the beam sizes and thus the luminosity
— 2
oy~ J{eyﬂ; + D2* 82 + |7 | }

» Therefore, there is a need to develop the tools that
would help in the fine-tuning of the IP optics

33



Tracking times for different effects

>
)

N

5.-
&

w Number of Particles Number of Turns

Optics ~ ~few

Emittance — Matrix ~1 ~few

Dynamic Aperture ~100 ~few damping times (50-5000)
Emittance — Tracking ~1k ~few damping times (50-5000)
Damped Dynamic Aperture ~10k ~few damping times (50-5000)
Momentum Acceptance ~10k ~few damping times (50-5000)
Luminosity ~10k ~few damping times (50-5000)

Lifetime ~100k ~20k
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Crab waist strength and luminosity (for SuperKEKB)

1 AR

e M\

If crab sextupoles really work properly?

e Crab waist effects are checked by RDTs
analysis (slide 17)

* Crab-waist effects are also demonstrated by
beam-beam simulations with lattice

le35
1.4 —— reverse CW
no CW
—— normal CW
1.2
1.0
£0.8
3
0.6

0.4

0.2

0 5000 10000 15000 20000 25000 30000
turn
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IP beam size and errors (SuperKEKB, Funakoshi)

ol AL
o b M\

@ Luminosity

L 1 ” Smaller gf and e,
\ /€y6; §y X g — Larger Luminosity with Constant Beam-Beam Parameter
® Beta Function at IP
@ pf=60mm, g =1mm (0.8 mm for Short Term)
® Vertical Emittance X-Y Couplings

Achievement Spring 2022 Spring 2024 Autum 2024

HER

LER

@® Machine Error at IP

58*2

//ertlcal Dispersion
@ﬁ"‘“‘ Impedance

Beam-Beam

2 %2
= p’ey By + (m05)° + 32 +¢e20,71"  forAas=0 <« IP Coupling and Vertical Dispersion
xTr
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Luminosity Tuning

ol AL
o b M\
) ] . . . FCCee tf
Luminosity: Dispersion and Coupling ~ '
. . 136
i ) i
~ ~ 1341 1
_ - o 1
. N R i
» At FCCee-Z and FCCee-tt g uo e .{/,,, A
— ~ 1.30 1
reeg £t Vertical Dispersion P 3 !
3 - v . . . R w1 ]
H o - » Symmetric reduction in 2 Y Waist-shifts in &+ bearmn 2 Wisist-shifts in e+ beam
i - e . . = 1000 £ el 1000
i i luminosity for -/+ values of E _2_ Rl EN _f_ e
3 dispersion < & oum = 2 - Oum
i : —4— 500 pm —4— 500 ym
s LE > » Dispersion to be ideally —#- 1000 um L2z —§- 1300 prn
T - i n b U H 1 1 —1000 =750 -500 —250 o 250 500 750 1000 -1000 -750 —500 —250 o 250 500 750 1000
Blapersion io e- beam fum Dispersion in e beam lum) contained within 50 Hm Waist shift in e- beam (um) Waist shift in e- beam (pm)

FCCee-Z FCCee-it

m . Travelling waist effects focus the beam 'ahead of the collision point’
o : : Skew Coupling
- * » Luminosity drops drastically Optimum waist follows the direction of the waist shift of the other
_ 't for coupling (a ~ 0.004) beam
- I = > Largely impacts FCCee-tt The effect in FCCee-tt could be due to strong focusing caused by

short bunch length and high bunch density

v

v

v
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FCCee IR Optics for FCCee (L* study) (K. Oide March 2025)

ol AL
o b M\
Study effects of L* on Luminosity In FCCee
Enlarging L* tf Optics
| ‘ FCCe‘ze,t,624lmosol.‘sad | | : ‘ FCCeIe,t,639‘mosolJT.sad ‘ : | ‘ FCCeﬁe,t,ﬁSZIJ\osol,?.sad | |
gd TN R I N N P D N PN
T | iR = / .
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ﬁ"?f’f’ :
g
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[ | T [ |
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7]
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Beam-beam resonances in FCCee with different symmetries

14 Sep 2022 / eeFACT2022

D. Shatiloy,

Ideal lattice (4-fold symmetry)

Only the quarter ring footprint matters. For
the whole ring, the footprint will be 4 times
larger, but most of the resonances it cros-
ses will be forbidden.

Footprint Size

(machine resonances w/o beam-beam)

Seed 2, 1/4 of the ring

A quarter of the ring is artificially repeated
4 times. New resonances appeared due to
errors, but many remained forbidden due
to symmetry.

Seed 2, 1/2 of the ring

The half ring is artificially repeated 2 times.
Two different quarters form a super period,
which corresponds to a doubled footprint.
And new resonances appeared.

Seed 2, full ring

A realistic situation where there is no sy
metry between quarters, and accordingl
all resonances are allowed.

Betatron tunes (footprint)

Qv tt_182_noerr bb0.as00_09 3.0

7.0

oy | seed_2_t2.as00_09 3.0

-7.0

0

-3.
-7.0

d_2_bb0_2ip_b.as00_09
pe, JES0LFRORIRRSHO 0

ox

0.16 ' o Lo 0.27

[ _seed_2_t1.as00_09 . 30

Normalized betatron amplitudes

tt_182_noerr_bb0.as00_09

seed_2_bh0_2ip_b.as00_09
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SuperKEKB Vertical tune and Vertical Emittance

ol AL

Dl A

Bunch core particles are at a different tune than the bunch tail particles.

390— 1 | ] 5 I.I ] |'l'l;| ] | 1 || I | 1 If 1 -J 1 | ] | I | ] | 1 I ] 1 | || I || A
H L ] 5: -: -
= . T . 5. :
Sase 3 i -

¢ T -

g b Lk % $1 Goaesem
= 200 . 4e % it -]
s - . .

© 'y e . ', -
"-‘ - * . L . ::: -
-.Il:ll 150 .'. :. =.- . *i' E L —
E C 4 ‘ " " :_ Ba .35': :
o * g :-".: j‘-'ul'- :

~ 100 ’3 E ot P SR 11 o]
o . ) W' Bl ety S
u s ". - " F
5 3. LA
[ 50"' -
g “ * Base line is small.
~20 pm | Z

0 1 1
43. 55 43 56 43 57 43 58 43 59 43 6 43 61 43 62

Vertical Tune
HER: v, = 0.0272
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Tracking and errors tolerances for Luminosity

Sextupole Errors -
Emittance and Luminosity

P. Kicsiny

= Track and observe particles in lattice with
beam-beam and sextupole errors

« Same error seeds and setup as previous
studies

« Initially matched to unperturbed conditions
» Tracked until new equilibrium is reached
» With and without beam-beam element (and
beamstrahlung)
= Observe luminosity at interaction point
* Only computed in case with beambeam
element

= New equilibrium emittance computed
after blow-up

N
P=

N
[~

san Riesen-Haupt

—_ 1.0 —— (L) from 10 seeds, SR
o —=— (L) from 10 seeds, SR+BS
Il
3

=

a 0.5

£

>

-

0.0 H
10~/ 10°6 103 104
Ay [m]

—— (e;) from 10 seeds, SR
—— (e.) from 10 seeds, SR+BS
s Es lattice+ns =4.68€-06 [m]

 €s,lattice=2.94e-06 [m]

B
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SuperKEKB Beam-Beam Measurements (Funakoshi)

1 A

N

e AN

@_‘i Beam-Beam Study (June 27)

Vertical Emittance (pm)

Vertical Emittance (pm)

-
N
>

HER (2024-06-27)

-
@
-]

a o @
> > >
T T T

3
B T
T

L |
t No Collision

0.4 0.6 0.8
Bunch Current (mA)

-
s -3 ® =3
[ - - -
T | I

i~
@
T

L T T
t No Collision

LER (2024-06-27)
T

| | | |

Qc,rvv ™rT

0.2 0.4 0.6 0.8
Bunch Current (mA)

2024b

Collision: 393 Bunches (2024-06-27)

pm)

250
8:256p

)

@

S
T

Vertical Emittance

1 I 1 1

o LER
o HER

T "
vy
&
-
Ad 1

%

0.2 0.4 0.6 0.8 1 1.

Bunch Current (ﬁA)

Collision: 393 Bunches (2024-06-27)

Specific Luminosity

9 T T T T =
st ‘ Iner/Ier = 7/10Q3
7E- =
o \ . N ;
13 | :
45— S L R . 2 3
3 ¥
2 -
| 3
of 1 1 ! 1 ]
0 0.2 0.4 0.6 0.8 1

Bunch Current Product (mA2)

Single Beam Blowup
> 0.5 mA/Bunch

Blowup in LER due to
Beam-Beam

LER injection can be possible
at high current
by changing horizontal tune
(Av, = -0.001 Step)

Lp = 1.38 x 1034 cm-2s-1
with 393 Bunches

\

Lp = 8.24 x 1034 cm-2s-1
with 2346 Bunches
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SuperKEKB Specific Luminosity

N @@ A O O N 0 © O

Specific Lum. [1031cm'23'1/mA2]

HBCC experiment (Dec. 21, 2021)

HBCC experiment (Jul. 01, 2021)
BCC Current-Ratio scan experiment (Dec. 21, 2021)
Physics run (Dec. 23, 2021)

BBSS simulation w/ ZL w/o CW

BBSS simulation w/ ZL w/ CW ==t

0|.1 02 03 04 05 0.6 0.7 5)8 09
lbunch(e )X|bunch e ) [mA

1

5%
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Future: Al and Machine Learning for Luminosity Tuning

Putting it together in ML framework

Machine Learning Workflow

Initial Data: Data Acquisition:
scans of waist shifts, Collect additional data as
dispersions, coupling demanded by Acquisition
(no mixing) function
A
ﬂ&%gﬂlﬂ:? _Acqulslﬂnn Function: 'I:raln :_lnd Pradlt_:t
B S P list out sets of waist-shift, waist-shift, dispersion,
e dispersion, coupling values coupling from lumi and
' with high ‘acquisition values’ power

dispersion, coupling

Calculate mean posterior:
uncertainty, variations
between true values and
predicted values

Re-run Acquisition Function:
obtain satisfactory number of
data points
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Near Detector IDEA with L* of 2.4 m to front of QC1A.

A_H | R G L1 : .ﬂw«%._...

- Ntk i | B LS
2 A o B L m\\% \wwm
g

i e S

ing

verte
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FCCee ALFA Detector near the FCCee IP

1 AL

P

"m‘“—_‘—ﬁ
T s v =
| l='>

i g | | | | | | -
|
— y

O

|P < L*=24m » Face of QC1A



Remote Flange disconnect (IDEA detector + Accelerator Cryostat

ol A~

BPM

Bellows

D AN

)| RO, WOT WA

Remote Vacuum
Connection (RVC)
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IR accelerator Components Inside the Detector

Interaction region layout

Beam pipes in AlBeMet (62% Be, 38% Al)
Central beam pipe 1 cm internal radius

- Internally 5 pm gold coated to reduce impedance and shield of sync. rad.

photons.

Actively cooled
bl quU|d pa rafﬁn fOl' the central one (~60 W) and water fOI’ the Iate ral ones Fig. 47: Interaction Region overall layout. The support tube allows to integrate the luminosity calorime-
ter (LumiCal) and the vertex detector. Also shown the three segments of the final focus quadrupoles

(~130W). (QC1) together with the screening and compensating solenoid
Minimised material budget

- Central beam pipe double wall AIBeMet, paraffin and Au (0.68% X,)

- Lateral beam pipes minimised within LumiCal acceptance: (mostly 7% X,

Radiation Lengtha [L/X0] %

few regions up to 50% of X;). Shaped to minimise showers off manifolds

Fig. 48: Central chamber in AlBeMet162 including cooling inlets and outlets (left); cross-section view
and zoom of the of the cooling channel for the paraffin flow.

% 01 02 03 04 05 06 07 08 08 109
cosi)

Fig. 50: Material budget of the beam pipe as a function of the polar angle (left) and in front of the
LumiCal (right) in the region # € [0,0.2] rad. The red lines represent the LumiCal acceptance, i.e. the
50 mrad and 105 mrad cones.




Central Beam Pipe, Vertex and Lumi-Cal Integration

Support tube provides integration of beam pipes, vertex and LumiCal support tube

Inner Vertex
Inner Vertex air-cooling cones

/ Middle Vertex S e e
LumiCal Outer Vertex A

o Cove W

» 1mm CF+4mm HC+ 1mm CF

Ref: M. Boscolo, F. Palla, et al., Mechanical model for the FCC-ee MDI, EPJ+ Techn. and Instr., https://doi.org/10.1140/epjti/s40485-023-00103-7



Luminosity Monitors

Each of the four experimental IPs will be equipped with a pair of
Beamstrahlung extraction lines and associated dump.

Each of these extraction lines will be equipped with the same
instrumentation systems (8 lines total).

Monitoring of the Beamstrahlung signal and the Bhabha scattering
events will allow precise IP tuning for increased luminosity.

Beamsstrahlung Beamsstrahlung
photons photons
Positron Beam Electron Beam

KEY PLAN
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FCCee Accelerator IR Vacuum Chamber (Mock-up)

* Engineered design
* Thermal simulation Conical chamber
* Structural simulation
* Under fabrication

Central chamber

Conical chamber Heat load

54 W central
130 W each side

Water flow (Ellipto-Conical chamber)
Flow rate: 0,01 kg/s (4 channels per side)
Total flow rate per side: 0,04 kg/s
Section: 12,25 mm?

Velocity: 1 m/s

Inlet temperature: 16°C

Convective coefficient: 1200 W/m2K

Paraffin flow (central chamber)

» Flow rate: 0,015 kg/s

» Section:68,17 mm?

» Velocity: 0,3 m/s

» Inlet temperature: 18°C

» Convective coefficient: 900 W/m2K

“-r “;r “;r ‘:-j ‘:;r “-r .

M. Boscolo et al)



IR Mechanical Design

Mechanical Design of the detector beam pipe

I

Outer Be Layer: 0.15mm R
Gap: 0.35mm, Coolant g _ =
Inner Be Layer: 0.2mm = ==
Thickness: ~0.2%X,

BPM LumiCal Vertex LumiCal BPM

Q. Ji, H. Wang
Imm Be

window

Temperature[C]

O ©® A & L, % 4 AN O .9
I U R A R S

Flange Bellow ., Of expending AL: 26.8°C

At: 5.1°C~—,

* Water or Paraffin could be used as the coolant

t..ax Of OUter Be: 25.6°C tmax Of AL: 36.9°C

* Preliminary analysis shows that the dynamic —
temperature/pressure could meet the

requirements.

tmax Of inner Be: 35.6°C tmax Of transition AL: 34.3°C

03/05/2025 eeFACT2025, Tsukuba, H.Shi(shihy @ihep.ac.cn)

~110w in total
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FCCee Interaction Pont Mock-up at INFN-Frascati

* Experimental validation of the IR beam pipes manufacturing and cooling system, vertex and LumiCal
integration, vertex cooling, services and routings, and assembly.

* Central beam pipe prototype in aluminium delivered to Frascati.
*  First measurements started.

=3

’:’ Central chamber connected to
the hydraulic circuit

Manuela Boscolo et al + ...



KEKB IR Layout and Cryo-plant Overview

I He refrigerator He refngerator —|
- 4 m

for QCS-L for QCS-R

=~ |.He sub-cooler LHe sub-cooler |

, ; Detector Center e e
‘I Cryogenic Ppe Cryogenic Pipe
{To QCS-L He Refrigeralor) o § {To QCS-R He Refngeratorl—¢

VIV e J

. e = pe i elle T Porfcle Detecton AE [, ok
QCS-L Service Cryostal Belle T_P: QCS-R Service Cryostat

Interacien Foint - — L 8 ey =
st Port Pl % ey
s it 4

~

F‘l‘ | . “l —_
MiCs Cryostat

! - - .y | -, i ( 2 \ \ 7
=t J 4 J £ . J ) o /)
Ll'm'l I ! ' 1 1 1 1J Il ! i 1 1 1 1’,‘"]']:]




SuperKEKB SC magnet cryostat and feedlines

(A

Ses  How the cryogens and power leads enter and leave

> the cryostat, needed instrumentation and cables

o

QCS-L cryostat

Lﬂe + LNZ
7 LHe forward (Subcooled)
: -f LHe backward (Two phase)

UANSS

2023/09/ 10
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For comparison: SuperKEKB IR SC Magnet System

o1 AL
= Ty o (A

Is the most important and complicated
hardware in SuperKEKB.”

SuperKEKB IR SC magnets:
8 quadrupoles, 4 solenoids, 43 correctors

Positron,Low Energy Ring Side

QCS-L Cryostat QCS-R Cryostat . QC2LP QCILP 0.67m fo IP
Helium Vessel  Helium Vesse &l Corrector Cols Corrector Coils ;
il Helium Vessel e ESR2 e
ESR1 Solenoid
4 corregtors ESL solenoid / | . -] 4 ) : H
N:m —_— QC1RE =" . Te— = e v ET
QCLLP 4 correctors & —— ' =) == ] 2 ». R T
o |1, 3 e pe— -
(b3,b4,b5,b6) — = T " —— o [ = = =R : =
b3 correctgr QC2RE - = = - S + = —
4 correctors
(o o | Q SRRt e ~T@rb1u2,83 71" | — 2 —
4 correct 4 correctors Sgbhons i =
.J"J:ZZ‘ZZ ~\  p1br.azb4) Leak field ad1gp 1 s QCILE Left Cancel Col
{ cancel cpifs 5 Gorpectors e | &l ' QC2ZLE Correclor Cois
i ¢ L N e T~ o Correclor Cois
correctors o |
My ~. |[[LR — 2.0 1b 1.0 0.5 0.0
————————y ESR3

lllLlllllllllJllglLLleelerS
Electron,High Energy Ring Side

Helium Vessel
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SuperKEKB SC magnet cryostat and slice box

QCS-R cryostat

Current leads and

cooling gas pipes
4 quadrupoles7.
3‘$o,l,enoids

& Coil vbi@ggs,;

= Temperatures
id_hetiim niass__.~" ‘

B L

A8 Ligt

Py~ “flow controlvalve

-~

—




First look at IR accelerator 1.9 deg cryo-plant (P. Borges de Sousa...)

ol AL
Dl N
(possible) PFD for He Il cooling
Adapted from HL-LHC D2 magnet R
Cryogenlc ] : > Header F (23 bar, 60 K)
. u . - Header B (15 mbar, 4 K)
Shown: dISt”bUtlon l | » Header D (1.3 bar, 20 K)
Line B Header C (4 bar, 4.6 K)
* Cryogenic distribution line (top) ¥
«  Jumper connection (middle) (HL-LHC type) I . Y
* IR magnets (bottom) X
3
A
Considered inner triplets cooled via He |l X Cryogenic distribution
pressurised/He Il saturated HEX line limit
Considered solenoids and quadrupoles in the \ 4 Y AY
same bath
Thermal shiel_ds c;an u_se a 7///////////)/)%)//)/)/?////////////4
40 K - 60 K CIrCUIt aS In HL-LHC or Inner triplet quadrupole magnets + correction coils
could potentially be cooled by * 222222 R ‘
conduction only from the jumper Towards [P = mag:w:: S
into the magnet cryostat (shown) owards cryosia
[ Inner Thermal Shield
I Outer Thermal Shield

24/01/2024

P. Borges de Sousa | Cryogenic approaches for SC magnets in the FCC-gg IRs
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Remote Vacuum Connection Details (KEK and DESY

Super

e How the in-board BPM, bellows and magic flange are positioned and
- &l supported, overall alignment, vibration control, etc.

T
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Remote Vacuum Flange (SuperKEKB, Ohuchi)

Super . i A
e How thein-board BPM, bellows and magic flange are positioned and

AL supported, overall alignment, vibration control, etc.
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New concept: Remote connection option : SMA

Shape memory alloy couplers

Austenitic contracted hot-shape

F. Niccaoli,
o F. Fransesini

e @)

- ()

c S

3 5

“3.l E ‘Q

£ S

y 2 ?

© 5

= 5

SMA g

I Q@
nng Thin soft
Coupler cylindrical

gasket

Martensitic enlarged cold-shape
Soft/hard materials + temperature control
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FCCee Detector End-caps Open Longitudinally

Longitudinal opening scenario (side view)

===

Translation of all components in
longitudinal direction only

J. Szaga,
O. Beltramello ...

|
m

Mobile FFQ support structures allow mpﬁ;ﬁ;——-_—aﬂr“.
for possible longitudinal opening. /| —— ll]

et T T T T

e s e o = = e o e e

Lastly end caps are T S TS VS —— YO

open and vertex I ]t
support cylinder is il
removed "Ml
'fll It
HIHE

i
I

62



Magnets: Beam trajectories in FCCee IR
FCCee_z 530 nosol_23.sad

15- [ | [ I | | | l LI I I LI B B | |

b c)

.15N\|||1|||111||111|

-1000 N‘ 0 00 1000

(h)



IR MAGNETS: longitudinal locations, lengths, and strengths (K. Oide)

1 AL

= -y 1Ot
quads L (m) s (near) s (far) B’ @Z(T/m) | B’ @tt(T/m)
Qc2L2 1.25 -7.190225 | -8.440225 | 14.714061 | 62.103023
QcaLu1 1.25 -5.860225 | -7.110225 | 16.568025 | 41.767626
QC1L3 1.25 -4.310225 | -5.560225 | -18.109897 | -99.714408
QC1L2 1.25 -2.980225 | -4.230225 | -24.629491 | -88.924038
QC1L1 0.7 -2.200225 | -2.900225 | -43.72333 | -96.796669
QC1R1 0.7 2.200225 2.900225 | -43.72333 | -96.796669
QC1R2 1.25 2.980225 4.230225 | -30.963853 | -97.183137
QC1R3 1.25 4.310225 5.560225 | -15.401024 | -82.712171
QC2R1 1.25 5.860225 7110225 | 41.716447 | 17.331058
QC2R2 1.25 7.190225 8.440225 | 2.96821 62.122116

Z: FCCee_z 575 nosol 5 bb.sad

tt: FCCee t 572 nosol.sad

. Lllge

27 Sep 2023

K. Oide is available to discussion any needed changes. P. Raimondi’s lattice
has more space from QC1 to QC2.




FCCee some cryo-stat dimensions

Cross section

views T

Screening solenoid
support = Al (24 mm)

magnets coils thicjness

8 . , Skeleton structure
Thermal insulation ( 2 mm)

M. Koratzinos, M. Boscolq,



IR Magnet Cross Section View (front and end of each magnet)

Showing separated heat shield and vacuum vessel.

Cryostat vacuum walls
Magnet coils

Cryostat outer
support

Cryostat He walls
And heat shield walls

Beam vacuum walls

QC1R1

For magnets where there is no room for magnetic

yoke material between the coils, the only practical

solution is to use flexibility of CCT (double helical)

to make local compensation of the magnetic cross J. Seeman November 2023
talk between side-by-side quadrupole apertures.




IR cryostat component dimensions

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Solenoid axis line

Support shim thickness
Trim coil thickness

Magnet coil thickness
Support shim thickness

He vessel thickness
Insulating vacuum thickness
Heat shield (~50K)
Insulating vacuum thickness
Vacuum vessel thickness
Air gap

Outer beam pipe thickness
Water cooling layer for pipe
Inner beam pipe thickness
Inner vacuum wall to beam
Beam center

Sum: solenoid axis to beam

Beam location (15 mrad)

Beam location (15 mrad)

Beam center

Outer vacuum beam to wall
Inner beam pipe thickness
Water cooling layer for pipe
Outer beam pipe thickness
Air gap

Vacuum vessel thickness
Insulating vacuum thickness
Heat shield (~50K)
Insulating vacuum thickness
He vessel thickness

Support shim thickness
Magnet coil thickness

Trim coil thickness

Support shim thickness
Anti-solenoid support
Anti-solenoid coil thickness
Large spacer

Shim thickness

He vessel thickness
Insulating vacuum thickness
Vacuum vessel thickness
Copper shielding thickness
Support rod gap

External support thickness
Sum: beam center to outside

Overall sum

Dectector stay clear (100 mrad) o



FCCee IR Cryostat (preferred option):

IR QC1 and QC2 in different cryostats but one integrated raft (not to scale)

Need to make space for cryogens, leads, and cantilever supports.

L QC2-1 QC2-2

PR
e I

< > < > < >

3.36 ~1.5m 2.58 m

QC1- QC1-2 QC1-3




Needed functions for the space between QC1 and QC2

1 AL

P e A

1) Beam pipes (cold vs warm)

N

e+ and e- BPMs (radial space)

w

Cantilevered supports (many forces)

AN

Detector shielding near beam pipe (backgrounds and magnet quenches)

9]

Vibration mitigation and control (orbit control)

(0))

Two cryostat end caps, cryogenic ports, disconnects (cryogen flow, heat load)

N

Magnet leads (warm to cold)

© oo

Instrumentation (what to measure and how)
Remote operation flange controls and access (design, safe operation)

)

)

)

)

)

)

)

) Alignment (internal positioning, remote)
)

0

1) Vacuum disconnects (locations)
2

3

1
1
1
1

)

)

) Assembly strategy (order of installation)

) Cool down radial differential movements (Ar/r ~3x107-3, 0.5 mm movements)
)

14) Cables (routes, numbers)
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CEPC IR 6.8 m cryostat (Dec 2023)

LumiCal Support-G10

1131.7mm A€ 5565 mm

Anti-Solenoids

Cryostatshell

-4 w4
. S —

..........

Thermal shield-inside
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ILC IR magnet locations (2013)

Cryostat Grouping
~First Cryostat Grouping Second Cry

SF1/'
QDO SDO/

14 mr 0Co0
.

OC1 |
P- . 1 -
1meter

prmmseezrreee e e i - R [
§ -Actively Shielded § . |
E-Unshielded e _QQEX,

~
B passively shielded:

|
|

!
T
|

|

I .
. Q

__VFEX;

. Tty
-—

71



ILC IR magnets (2013)

(%)
b
)

Figure 8.8

Engineering model of
the detector-mounted
final-focus mag-

nets [173]. The QDO
magnet is split into two
coils to allow for energy
flexibility.
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Canted Cosine Theta quadrupoles and direct wind (BNL)

| BNL Dlrect Wmd in Actlon Closeup View B. Parker

In addition to main quad coils, we need | B¥=7g Tapered Quaafubole R&D Exa;‘)ple
a slew of correctors (b4, a4, az...).

BNL Direct Wind process is natural for | &
making the necessary correctors. : ((((((((((((((((((((((((((((W“

£2108 | All coil designs must take into account ical = CCT BEER 1. wi
zoj N SIS the mutual external field cross talk. LopuRie Halical= CCT [y - wits

— — Direct Wind Tapered Double Helical Coil




SC CCT QC1 quadrupole field measurements (M. Koratzinos ...)

Field quality - cold

* Work under way, but already <1unit for all multipoles
* We did not do the same trick during cold measurements
* The ‘warm’ measurements below come from the unrotated data

b, (C) in units at 10 mm ap (C) in units at 10 mm
0.8 - W cold 765 A 0.8 - W cold 765 A
warm 5 A i warm 5 A
T +- 100N ¥ +/-100/N
0.6 - mmm simulation mmm simulation
0.6 -
0.4
0.4
0.2 A
0.2
o] B W 47 l
h I 00 == — { !
-0.2 A l ' ll'
~0.4 : : : : . : i E— : : : : :
4 5 6 7 8 3 4 5 6 7 8
multipole order n multipole order n
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Detector and accelerator solenoid magnetic fields

eeFACT 2025 - Tsukuba 05/03/2025

Magnetic Fields in the IR

In addition to the 2T solenoidal field of the
experiment, allow for correct tracking of
charged background particles, in particular
those generated in the separated beam pipe
region of the MDI area.

* Field coming from the anti-solenoids
(screening-S, compensating-S) imported via
field map to account for fringe effects

* Implementation of FF quadrupole fields in the
Key4hep geometry

y [cm]
WM = O = MW

Andrea Ciarma

=1000 0 1000

B[ T], atQC1L1 entrance

0.9
0.8
0.7
0.6

4 05

- 04

03
0.2
0.1
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IR Accelerator Optics — Solenoid Compensation

Two schemes to compensate the coupling induced by the detector field.

Screening
solenoid

Screening solenoid around portion of QC1 inside the detector

Local solenoid compensation scheme (Baseline design)
* Strong anti-solenoid (-5 T) in front of QC1 Canaral iy

Crotch transition, space for

Trapesoldal vacuum connection

chamber Bellows

Non-Local solenoid compensation scheme

« Anti-solenoid outside (~ 10 m from the IP ) — A. Ciarma et al: https://doi.org/10.18429 /JIACOW-IPAC2024-TUPC68
* Weak corrector dipoles p———— e o
* Skew quads windings around FFQs e v & % N & & B & W w mow W w

* This solution is optics independent (in terms of final focus quads)
* The tuning knobs -correctors and skews- are needed for orbit and coupling correction
for all optics.

BNL Direct Wind ° o e
“3D Printing” Superconductor



Alternative IR Solenoid Compensation Scheme

A. Ciarma’, M. Boscolo, INFN-LNF, Frascati, Italy
H. Burkhardt, CERN, Geneva Switzerland and Univ. Freiburg, Germany

P. Raimondi, Fermilab, Chicago, USA

N
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Figure 2: Layout of the standard solenoid compensation scheme for LCCO lattice v92.
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Figure 1: Longitudinal (red) and radial (green) magnetic
fields along the 15mrad axis in the two compensation
schemes (standard proposed here on the top, baseline on
the bottom).
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Solenoid Compensation Scheme (B. Parker, V. Teotia, BNL)

Field Profile for IDEA Detector & Screening Solenoid

2.0 ———ee— i

Main Solenoid Only '

ScreeningOnly |

Both Energized




PEP-Il IR BaBar detector field measurements

OPERA-2d field calculations.

Permanent magnets were used inside of BaBar.
Outside quadrupoles were steel magnets. Biazstiie
We calculated the solenoid field escaping

outside the central hole using OPERA-2d to see if
the near steel magnets would saturate. OK in end.
Measured fields in the hole were measured.

OPERA-2d

Pre and Post-Processor 1.1

=
&
=
=
¢

N
=

«Q

)

S

J
W

X

o
i

Py

-3.40
Component: BMOD

-3.2
0.00757319
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PEP-Il IR rafts near BaBar detector

Q2, Q4, Q5 rafts were assembled in the
shop and then installed by the overhead
crane in the IR hall. These cantilevered
supports were vibration sensitive and much
work was invested in damping them.

rﬁ f%ﬂ. .
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Cables: Example BaBar Vertex Chamber

MS_ 140 Support Tube ready for Install lation 0608/5e

Be chamber

Silicon
Vertex
Tracker

SVT

Assembly instructions has >100 pages!
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PEP-Il IR Vacuum Chamber with 3D structures

IR chambers made of
GlidCop for strength.
Special NEG and radial ion
pumping. 3-D surfaces for
synchrotron power
absorption and to reduce
HOM generation.

HER downstream high_
power dump was ~4 m
long tapered copper,
absorbing 90 kW at 1.8 A.

\
TN \ o
ONFLAT FLANGE (6.75%) g : ( R l(((ﬁ ((\(/«(&((\(@(’\(Q\ \‘&‘ :

DIPOLE CRAMBER ) "‘ N,
OPPER PUWP SCREEN { " 1 |
3mm ¥ 3mm ON 4o CE! {
0.5am THICK [ 7 Py
> ; 3 1‘¢ 574 |
A
1

Ty
S
XY

MEG DISC, ST 175




FCCee Center Accelerator Vacuum Chamber (Fransesini)

Chamber design — central chamber

The central has the following characteristics:
* AlBeMet 162 as main material
+ Three layers from 0-90 mm from IP
» 0.35 mm of AIBeMet162 (62% Be, 38% Al)

» 1 mm gap for Paraffin
» 0.35 mm of AIBeMet162

» Paraffin as coolant

* Geometry studied to integrate the central
chamber with the vertex detector

Inlet/outlet for
paraffin cooling

(copper)

—_

Insertion of the internal part
-

Welding of transition part

[ Thick copper depasition to create the cooling inlet and outlet |

Gap for the paraffin flow



IP Vacuum Chamber Design (Fransesini)

()
I
)

Crotch chamber NC"‘\SO

-5560 -4560

Work in progress
440

Solution A

Solution B

Solution A:

+ Standard flanges

* More space available for the
crotch

* Flanges in Helium

Solution B:

* Flanges not in contact with
Helium

» Shorter chamber than solution A

* No standard flanges

Remote vacuum connection
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Vacuum and Cryogenic Failure Modes:
Inner He vessel in cryostat may crush if quench or vacuum loss

N

A 7o
SR

Example at SLAC of thin-walled water chamber:
Water pump pulled ~1 Bar pressure on water tank at SLAC causing it to crush.

200
100 _L\\ \N=9|O
80 \;'\ G———t
60 XN %
40 \ NN
y L
w 200 \n\\ N Q.
o o Y a
b4 NI
5 20 A RN
o 10 50 \\ AvEn v
> gF—= . l\.,\ =
6 ——T100F T T
a——1— ROOTTNTNAXT\ | {4
| M*/\\ )/ 2
IS S -
2 1000~
, 1]

| 2 4 8 20 40 80 200
Values of%

Radial external pressure with fixed edges.
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Accelerator and Detector Survey and Alignment

Alignment

= Aligment system based on three levels

= A deformation monitoring system of the shape of the
screening solenoid with laser and fibres interferometric
system (IMD-FSI)

= A short-distance monitoring system, targeting QC1,
LumiCal, etc, similar to FSI and HL-LHC MDI

= A long-range FSI system joining the two sided of the
detector

External alignment system

see talk by H. Mainaud-Durand

X |

\

Impact of deformation o
network of fibers

Interface to extract the information

Epoxy glued optical fiber

Brazed interface




HOM calculations of IP vacuum Chambers (A. Novokhatski)

50 100 150 200
-15
——EzBe 35
e !
-55
Parameter Old (2022) New (2024) Change
o " Beam Current 1.39A 1.27 A -20 % (1*2)
|l g81mm 6.2 GHz " Bunch spacing 19.5 ns 27 ns +38 %
a1 1AM AR o AR AR Heat power change +18 %
*’:M Small amplitude wake potential with 04 Loss factor depends on
ﬂ: small two beating trapped modes bunch Iength 12 mm 154 mm -28%



IR Trapped HOM Mode at Y chamber (Novokhatski)

Our trapped unavoidable mode

........

.................

....................
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..................................

Mode 1 E-Field S | R
Frequency 5.56176 GHz
Phase 0*
Maximum (Plot) 3.86102e+08 V/m L
Elilgggfm FCC-ee MDI & IR mockup Workshop
A. Novokhatski 10/06/23 12 COLLIDER ~ Miterzon

Trapped mode is part vertical, horizontal, and longitudinal: Hybrid mode.
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FCCee IR bellows has HOM Losses

Central chamber has 1.5 Amp x 2 beams = 3 Amps of short length bunches!

Simplified model
What is important: the beam trajectory is not in the bellows center and
the beam can easily excite transverse modes

z axis for the beam trajectory

Unfortunately, the simplified model had thick springs, and we did not find any excited fields

el Asr> EUTURE FCC-ee MDI & IR mockup Workshop
T N A. Novokhatski 11/16/23 29 COLLIDER  i37ora02

CELERATOR LABORATORY ADOrA0N NAZONAN O Frasca
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HOM Modes in IR bellows design

We decrease spring thickness to 1Imm and found a lot of
trapped modes inside the bellows cavity

mmmmmmmmmmmmmmmmmmmmm

|
|

|
Nl T
= i
=9
e
>
3
_/?

~ Bellows spectrum

A new “simplified” model is needed to get more or less real results

1 A O EUTURE = FCC-ee MDI & IR mockup Workshc
- A\ A. Novokhatski 11/16/23 30 COLLIDER ~ jsitezas

)
ir
J
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SuperKEKB beam impedance to study beam instabilities

By Wy, 4 VipC]

e
S [ o L

Vertical collimator

Impedance modeling — Vertical [e=somm

Kick Factor for Vertical Dipolar Wake in each component (18, k, n=3.97e+04 V/pC, 0,26.0 mm)
Pre-LS1 (D06V1: £2.9 mm) 10000
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Polarization and Energy Calibration

Expected precision

Observable
: . 2 peff _gy Aagen(mz) -5
Uncertainty mz (keV) Tz (keV) sin® 8 (x1077) o) (x1072)  mw (keV)
Z
Absolute 100 2.5 - 0.1 150
Point-to-point 14 11 1.2 0.5 50
Sample size 1 1 0.1 - 3
Energy spread - 5 - 0.1 -
Total /s-related 101 12 1.2 0.5 158
FCC-ee statistical 4 4 2 3 180

How to?
Detector
input

Special mode:

monochromatization
> Polarization >> Depolarization >> Polarimetry >> ECM >
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Beam polarization measurement near the IP

T+7 se+y Dave Gaskell JNAL
Compton _ RA=
polarimetry
basic design — S

Dipale Photon detector
Laser system

» The technique of measuring the polarization of a stored beam used by all
current machine designs is to Compton scatter a laser beam of photons off
a beam bunch and then collect the backscattered gammas and off-energy
beam particles (either electron or positron) in detectors

* In order to collect the scattered particles (gamma and e/p), the stored
beam must go through a bend magnet after passing through the laser IP

» The beam is deflected from the gamma trajectory and the lower energy
electrons are over-bent and can be collected in a detector that is outside of
but very close to the stored beam envelope (Beam-Stay-Clear)

Mar 5, 2025 M. Sullivan eeFACT 2025 WG5S MDI 6
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FCC background studies

Sources of Background in the MDI area

Luminosity backgrounds

* Incoherent Pairs Creation (IPC): Secondary e "e* pairs produced via the interaction of the
beamstrahlung photons with real or virtual photons during bunch crossing.

* Radiative Bhabha: beam particles which lose energy at bunch crossing and exit the dynamic
aperture

Single beam backgrounds:

* Generic Halo Losses: high rate of beam losses in the IR coming from halo (transverse or
longitudinal) being diffused by the collimators after lifetime drop

Synchrotron Radiation from upstream magnets

Beam-gas (elastic and inelastic scattering)

Compton scattering on thermal photons
Injection backgrounds
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Comprehensive collimation systems

SuperKEKB rings

Collimators

D11

I
WIGGLER

D10

e+'
DO1V1 1 poavi . DO2H1
D12 D12v4 D01H3 . D02H2 -
D12H4 TSUKUBA
D12Vv3 DO3H1
D12H3 !
D12H2 I
D12v2 |
D12H1 -
DEZNE SuperKEKB Main Ring
: D04
HER : LER
g i e 1) M
o 1 o ]
o i o g
——E mmmmm e e - & = b
g < @ : Horizontal Collimator, KEKB HER(50x104) type DOsVI g 3
[ - Vertical Collimator, KEKB HER(50x104) type 2| |2
DOSV4 @ : Horizontal Collimator, SuperKEKB LER(f90x220) type
DDO(?S’H‘;%3 M - Vertical Collimator, SuperKEKB LER(f90x220) type DOS
DO9H3 @ : Horizontal Collimator, SuperKEKB LER(f90) type
DO9H2 @ : Horizontal Collimator, SuperKEKB HER(f80x220) type
D‘.;%';\l,z [ - Vertical Collimator, SuperKEKB HER(f80x220) type
D09Vl
D0OS

Do1__POlH4po1Hg DO2H4 ROZHS pop
P~ —— B

o> IRe—

D08 :

(A
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Radiative Bhabha’s in SuperKEKB IR

KE KB I‘ad |at|Ve KEKB Interaction Region

Bhabhas 2N WL

Detector

» KEKB had no close
bending magnets and
hence did not see
much of a radiative
Bhabha background
initially

* The outgoing beams
do get a strong bend
from the off-axis orbits
in the quads making a
radiative background
that was seen as the
luminosity increased
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BELLE-Il and SuperKEKB backgrounds

Dedicated background study in April, 2024

® Heuristic fit of different background components

Radiation measured by a diamond sensor

()
I
)

Preliminary

Data ) ) b

25| Estimated luminosity BG £ aneCtlon background |
= HER Tousche : / 4
S .| 73 LER heuristic|fit N i

20} sy :
© = HER heuristiq fit § A
E 3 3 - ]
o 15 E 1 : b |
- ? , £ :
e ¥ ~ f.
o OF i NN Y b ' ) .
) Y | 3= ) i
a 4 h ¥ . ﬁl‘ 5 D -A ¥ L&

5F & e 15 444 R § i '

E 43 i e Y " [ { Do (= i
o el s N BAT WAL T = o AN AN o el o) v
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00
IZ
@pedestal =D @Touschek =TX @beam—gas =B X IPeff
« Constants: nbo-xo'yo'z

» Detector pedestal D, background sensitivities (T, B)
~ Base pressure P, and the dynamic pressure coefficient dP/dI

JH | SuperKEKB/Belle Il backgrounds | Qingyuan Liu, March 5, 2025

P = 31(dP/dl)ccg + Py ccg = 3Pecs — 2Py cc

Cold cathode gauge (CCG) to measure gas pressure
https://arxiv.org/pdf/2302.01566
gingyuan.liu@hawaii.edu 7
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PEP-ll Synchrotron Radiation Fans

Centimeters

PEP-II IR SR fans

HER SR fans

Interaction Region
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LER SR fans

This intense outgoing and overlapping fan from the B1
magnets intercepted the beam pipe wall from 10-20
m away and was a noticeable source of neutrons
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SR scattering from FCCee Mask Tips (M. Sullivan)

10

\'/4

AN

Central
detector SA

+/-150 mrad
o A

—
|

LumiCal
50-100 mrad
from exiting

BN

Z,

TrrrrpyrrirrrrrrT I LI
Central beam
QcC1 pipe +/-12.5 cm NEG pump QcC1
inZ.r=15mm
S5 HOM Abs D =
/
)

}

\_\

QcC1

1 2.1 m mask dimensions
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Background sources

ol Ao
ad b \ =2
A. Natochii
* Single Beam A.Natochii —
_g . SR =2 e 7 Injected
Touschek Scattering e o O beam
* Beam Gas Scattering(Elastic/inelastic) e R ;{ .
- 268 bunches !
* Beam Thermal Photon Scattering < e et s b tncarey 29

* Synchrotron Radiation
Luminosity Related

* Beamstrahlung

* Radiative Bhabha Scattering
Injection(Not Considered yet)

e

Pair Production

—;
[ -‘/”.\\“ &

Photon BG

[energy acceptance @iges)

L. 3x10" partickes/Bunch
L 5= 1™ em 251

= Z
>—< P Machine
Radiative Bhabha m!| g

Scattenng

Beam Loss BG

Synchrotron Radiation
Beamstrahlung/Pair Production
Beam-Thermal Photon
Beam-Gas Bremsstrahlung
Beam-Gas Coulomb
Radiative Bhabha
Touschek

03/05/2025

BDSim/Geant4 BDSim/Geant4

Guinea-Pig++
PyBTH[Ref

PyBGB[Ref
SAD
BGC in SAD
BBBREM

TSC in SAD

CEPCSW/FLUKA

eeFACT2025, Tsukuba, H.Shi(shihy @ihep.ac.cn)

aperture

Injection BG

One Beam Simulated

Simulate each background separately
Whole-Ring generation for single beam
BGs

Multi-turn tracking(200 turns)
* Using built-in LOSSMAP
* SR emitting/RF on
* Radtaper on
* No detector solenoid yet

10
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FCC IR Background Simulations

N

A 7o
SR

FCC-ee Machine Detector Interface . soeo 5220w o

Final Focus
Compact region common at the 4 working point energies Quadrupoles

* Cooled AlBeMet162 IR chamber CF Support Tube

Detector acceptance 100 mrad Screening/Compensating

Solenoids and Cryostat

Beam pipe separation at ~ 1.5m
L* =2.2m — QDO inside the detector \

Local coupling compensation -5T anti-solenoid

Bellows

Cooling
Manifolds

Central Chamber

* Carbon Fibre tube for support and installation of

IR chamber, LumiCal and vertex detector
Ellipto-conical Chambers

LumiCal

Many different MDI elements in the IR can be source of scattering or secondary production.
Accurate modelization in the simulation framework is necessary to estimate backgrounds and design shieldings.
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Inputs for IP local background simulations

Key4hep MDI modelization

* Double-layered central section for paraffine cooling
« Bellows
« Tungsten SR masks after final focus

Compensating and Screening solenoid cryostats

Future upgrades:
* |R carbon fiber support tube

* Remote vacuum connection flanges

Compensating solenoid

cryostat Screening solenoid cryostat

(%)
b
)

Engineered CAD model of IR beam pipe imported in Key4hep.
» Cooling manifolds for ellipto-conical chambers implemented

+ Beam pipe separation region profile congruent to impedance studies

Final Focus Quadrupoles simple equivalent material model

(]

¥ [mm]

40

20

1]

-20

-40

-

o 1.2 232 2[m]

l P LumiCal
,'..-, T T T
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z [mm]
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Direct observation of background spectra

The Beamstrahlung spectra should Slgnals VS Background sources
reach down to optical wavelengths.

10" =

é = @45GeV - 1390mA
Another possibility is to use glassy s
carbon screens (super light weight) to & - Beamstrahlung
monitor Beamstrahlung photons in the *
optical range. 10"
10"
To be evaluated: the quantity of visible Inarma
10 Photons
photons generated by Beamstrahlung. Beam Gas |  (x109)
10° Radiative (x105) B
o . Bhabhas
And the BS to SR radiation levels with — =\

IP shielding against SR. 10010710t 100 10 10T bhgion Eddrgy (GeVf
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Large tails on beam shape due to Beamstrahlung

Beamstrahlung

Equilibrium energy distribution

1 45.6 GeV

1 182.5 GeV

10

- o5=130%

-20

OE/os0

20

The factor of increasing the energy spread is
higher at low energies. The explanation is
that it depends on the ratio of the bending
radii in the arcs (SR) and in the IPs (BS).

For low-energy colliders, p,,;, at the IP can be
even smaller, but the effect of BS is negligible
there, since the arc radius is much smaller
than in the FCC.

At 45.6 GeV, the energy loss due to BS is
~0.31 MeV per IP, compared to ~37 MeV in
the arcs due to SR.

Long tails at ttbar are produced by single
emitted BS photons. Here the ratio u /o5 is
important, which grows with %

For asymmetry of the tails, an important
parameter is the damping factor during the
period of synchrotron oscillations. Therefore,
asymmetry grows with %

Momentum acceptance determines the maximum allowable critical energy of BS photons,
which in turn is proportional to &, (and hence luminosity).
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Beamstrahlung Radiation Spectrum

o1 AL
= Ty o (A

1015

1014

Beamstrahlung radiation:”
Characterisation

Photons/s/0.1%BW

10"
The photons are emitted collinear to the beam
with an angle proportional to the beam-beam kick. 107
This radiation is extremely intense O(100kW) and *
hits the beam pipe at the end of the first T T T I T W
downstream dipole. | photon Eneray [Ge
Total Power [kW] : Mean Energy [MeV]
The generator for the beamstrahlung radiation is .z | 8o 17
GuineaPig++ Ww o288 e
VAR AT 229
“Top | 77 823

M. Boscolo and A. Ciarma, “Characterization of the beamstrahlung radiation at the future high-energy circular collider” Phys. Rev. Accel. Beams 26, 111002
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Beam Synchrotron Radiation in FCCee IR

(%)
b
)

eeFACT 2025 - Tsukuba 05/03/2025 Andrea Ciarma

Synchrotron Radiation omrrerer

SR is the main driver for FCC-ee MDI and lattice design

7

Asymmetric
upstream
bends

3
7 (]

+ Asymmetric bend to mitigate SR coming from upstream magnets
* Characterization of the radiation using G4 based tool BDSim
* Tungsten SR collimators and masks to protect the IR

1300 500 ] 1000

— 4 _ _ .
T SR Background coming from the beam core particles is completely
5 : shielded thanks to the tungsten masks.
E 204 | |
o |y e — i Sk Other contributions currently under study are:
2 0t ————— * beam halo particles
§ o (e : « non zero closed orbits
Y [ | M * top-up injection
£, Characterization of this background is essential for dedicated

-140 -120 -100 -80 -60 —-40 -20 O 20 5h|e|d|ng design_
Distance from the IP [m] . . . . =
First tracking in key4hep ongoing for occupancy calculation.

GHC lattice
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Zero degree: Straight Ahead Detector

Optical line to monitor a scintillating screen on the extraction line.

« Could be inserted at low intensity for IP tuning procedures

From
P

Heat deposition study: Monte Carlo simulation of particle matter interaction.

Cooling system for the screen?

The study will define the accessible range of bunch-charge (Beamstrahlung at the IP / heating the screen)
Positioning: Be as far as possible from IP (dilution) and not to close from the dump (radiation background).

I:I Camera in Actuated

shielding Insertable
screen
Mirr \ |
or ~rt
Beamssthalng__ e =
photons TO

——
\ 4

Dump




Beam gas scattering

BDSIM ___G. Broggi

Beam-gas Losses from multi-turn

First multi-turn tracking in X-Suite using beam-gas elements
based on lattice pressure profile.

collimasim

A Aon

collimasim

collimator jaw

Dominant contribution: inelastic beam-gas (Bremsstrahlung) Beann

o9 - ,  Xtrack
= Next step: tracking in Key4hep for occupancy estimates ot ¥ \( i

TID [kGy/year]

massan) Beam-gas Losses in IR

Local beam-gas losses in the IR studied also with FLUKA.

* Geometry includes both beam lines, SR masks and collimators,
MDI elements, IDEA detector.

* particles generated from 500m upstream the IP

* first loss maps for ¢~ and photons
» Total lonizing Dose below kGy/year

Fluence [em?s]

50 100

Q50 100 %0

[
Z axis [em]
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Secondary scatters

Secondaries from MDI elements

A large contribution of backgrounds in the studied sub-detectors comes from secondaries
generated by low-Pt particles hitting the beam pipe separation region.

Large production of photons < E}, > ~ 15MeV (bremsstrahlung, e+ annihilation),

plus pairs and photoelectric from the surrounding materials.
— 250
E N

£ 200}
150}
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50}

Origin of particles hitting ECal

11| [
200 400 600 800 1000 1200/ 1400 1600 1800 2000
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MNumber of particles / BX
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————————

Primaries
Secondaries

n other
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Radiative Bhabha Impact on IR Accelerator
Quadrupoles

Simulated a realistic FFQ geometry Estimates based on BBBrem+GuineaPig

e water-cooled beam pipe in SS
e magnets modelled as layers of Al and coils (NbTi+Al+Cu mixture)

o2 Z pole RB, peak values in QC1 coils 102 Z pole RB, peak values in QC1 coils
. noshield ——  2mmWw ' | noshield ——  2mmW —— |
E e
Y 10! e N N __ 101} / 26 MGyly
= f‘/‘ 13 mW/cm? = o B
© i~
2100 58 TSRS IR B S R 3.2 MGyly
=t " —
7 10 e 1.6 mWicm? O 10
S =
e o
210! " 101
£
QC1R2 QC1R3 QC1R2 QC1R3
102 - - : ; - 102 . . . . . . .
200250 300 350 400 450 500 550 200 250 300 350 400 450 500 550
z from IP [cm] z from IP [cm]

Courtesy of Alessandro Frasca

(May not be up to date)



Thank you for your participation!

Many FCCee topics to study!

FIN

Questions?
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