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e Three sessions, 12 talks grouped around four topics:

Site issues, planning and “Heavy Metal”

Tools for beam background and impact
on detectors

Design of MDI regions

Real life experience

e Excellent talks
e ... partially with illustrative animations

 Lively discussions

 All faults in this summary are mine
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B Extended from the access tunnel surrounding the DH.

B Parallel to the BDS tunnel with several connections to it.

® Serves as a delivery route other than PM 8s.
® Equipment rooms can be located in the middle of connecting tunnels.

IP
sub-tunnel Detector Hall sub-tunnel

#L;Liﬁ [

'\‘%
[
r”ﬂ

e- BDS beamline e+ BDS beamline

{H’rﬂ.

 New sub tunnel to render more convenient
ﬁ | i " | Do m:\ access to BDS system
=> Displace DR 100m from IP
 New system already implemented in
CAD model
* N.B. has also consequences for arcs
at the beginning of the main linac
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K. BliBer

Future Detector Magnets

Follow basically CMS-Example
- Al-stabilised conductor
 Co-extrusion process

it i

g B REENED

Industry has dropped the ball
 No facilities available with a proven track record
* Not an interesting market for industry

R&D is slowly taking up again
« CEPC is working together with Toly Electric
« First results look promising

o
Al etabilizar

Need to pick up the ball Muon MainSolenoid HCAL ECAL Muon charmbers

- Cooperation between reriog = E
Labs and industry E
is crucial!

D Pure aluminum stabilizer

. Alusrinum alloy reinforcement

Vocimos vsoal Forward [ i structursl stabiizse T T T T
Tube Radiation shield Solenoid

 No Magnet, no detector
e Serious problem, regular meetings since 2022
« Can HEP (CERN) provide the production?

B LCWS 2024
Roman Poschl

New/other technologies?

CICC

Void fraction for forced
He circulation

Pressure relief channel

strand

1000 + 5000
filaments

One of the first aluminum soldered conductor 1979
for a solenoid of 1.5 T { &= 1.6 m, length 4 m).

One year after Morpurgo magnat




WCus

Iréne Joliot-Curie

LaboraE_oi_re de Physique

On or off-site? That's the question — Magnet Manufacturing

=
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Y. Makida

Roman Poschl

Coil Winding Thermal shield
in factory or on site From Factory

SCconductor 1~ i
from Factory [ 15 ST

Support cylinder (e H“ )
welded and machined ﬁ;‘ ' : [

Bl |

___lin factory or on s =

From P Fahbrl::amre %
‘ | |IEEE Trans. Appl. Super.,
i Vol. 12, p.358
Cold mass

assembly
In AH(on site)

Thermal shield
:fmm f§tan{
Cylin
I Shells —> Cryostat Assembly
\ In AH(on site)

This would be a major infrastructure needed at the earliest occasion next to the IP

LCWS 2024
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General Procedure Timeline
Project Approval by Politics ‘ Year-4 | Year-5 ‘ Year-6 | Year-7 | Year8 | Year-9 || Year-10
e 01 G203 04/ 01 02 Q3 /04 0102 02/ 04 01|02 Q3 0401 02|03 G4 Of | G2 O3 OpeieicitsaE
=l Administrative proceduras -2
Landscape Act —
City Planning Act: WaTiGEE 74 —
City Planning Act. FEISE128220S ——
Administrative procedures 1 City Planning Act: Article 37(AH)
City Planning Act: Article 37 (Others)
City Planning Act: Article 36 (—Ei= TEEESTRT)
Forest law S0 (FHiS8eRsrs)) - BT ——
Building permils: EERTEE 65 (AH)
Building permits; BEEREEEE. 5 (Others)
R Building parmits; BT BE (AH)
Land acquisition E Construction F
IFRTFE:
Access road: (temporary works) i —————————— c )
. : —— an start
Plannlng & dESIgI"I Access road: (finishing works) ;
Infrastructure development B - Ha (ASHESE: —MITE) assembling of
o E the detectors
Administrative procedures 2 Water supply: Outside IP Campus e —
Water supply: Inside IP Campus ——
Electrical (HV) / telecommunications. Outside IP Campus —————————_
Electrical (HV) / telecommunications; Inside IP Campus ——
20
e Detector assembly can only start 10 Years after project approval T. Sanuki
* Note that it takes (according to our best estimate) seven years to assemble the detector
« WWhat can be parallelised to be not paralysed? R p

Roman Poschl
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FCC Civil Engineering

Ceo

L. Bromiley

“Post Midterm Review” Layout (WiP)

e.(
of

I @Es Experimental points
J. rGUS|ng o SN Access points
icti @S Service caverns
eXlStIng Sh c @ Connection tunnels

s FCC Tunnels

e Electrical alcoves
Klystron galleries

S Tunnel widening

W Injection tunnels

- 1 SPS/LHC

Injection Tunnel

L Large Experimental B

area Beam Dump

Collider SRF system

J

Small Experimental
area

H

Booster RF system

G

Large Experimental

[ Not to scale ]

Shafts 200 — 550 m deep
Tunnel: At least 80m below Lake Geneva surface

LCWS 2024
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Ventilation is important for working in tunnel

 Electricity and data

Walkway clearance
800x2100

Ventilation
Duct
12000

Conveyor belt

1200x950 clear section
Can be reduced
temporarily to 1000x550

T Water (cooling 2x 2150,
industrial 125, ground
2200)

e.g.: Fresh air of 11.88 m3/s at the excavation front required.

Tunnel Drilling: Case study Gotthard Tunnel

3000
2500
2000
1500
1000
500

> g .

2o 5N Gotthard- | &
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QCS-L cryostat
RvC

IP pipe
RVC

BPM-bellows chamber

K. Shibata

Roman Pdschl

QCS-R cryostat

IP pipe assembled with
VerteX Detector (VXD)

LCWS 2024
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SuperKEKB - IA Region Vacuum System (oo

s
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QCS-L crvostat

Roman Poschl

Outer tube

Be-Ti Brazing
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IP pipe
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LCWS 2024

Welding of different materials: Ti, Be, Ta ...

o

et 22

IP pipe assembled with
VerteX Detector (VXD)
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Beam Plasma and Acceleration Simulation Toolkit - BLAST

=
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High-performance, integrated suite for particle accelerator modeling (& more)

|o' python™ user-steering, customization, workflows, Al/ML Frameworks (PyTorch, Tensorflow, .

ImpactX

s-based PIC

WarpX
t-based PIC
. PICSAR
ABLASTR: shared I

HiPACE++

quasi-static

ARTEMIS
microelectronics

pyAMReX
AMReX Math
openPMD
Containers, Communication, diagnostics FFTs,
Portability, Utilities lin. alg.
CUDA, OpenMP, SYCL, HIP MPI

) | E4S

Extreme-Scale Scientific Software Stack

E4S is unique in the world:
=<» advantage of unparallel
performance & portability.

Python interface:

* Modular approach pioneered
by Warp 20+ years ago
=>» Coupling to other codes
(e.g., Posinst, ICOOL, ...)

» Access to powerful Al/ML tools

—

ECP

Laboratory Directed
Research & Development

BEERKELEY LAB

EXRASCHLE
COMPUTING
PRUIECT

=» Propose to leverage for faster & larger scale modeling for colliders (all types) R&D

* Impressive project for end-to-end accelerator modeling
« Beam-Beam Interaction by WarpX component

Roman Poschl

LCWS 2024

J. L. Vay
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A. Formenti | .
main parameters The International Linear Collider: snapshot ”f “"'_E beams qﬂﬂﬂﬂ’ rptegratle.l:f
E_,, =250 GeV Report to Snowmass 2021 along the missing coordinate during collision
’ ” =2 10" WarpX GUINEA-PIG
= 300 pym . | - |
= 516 Em magnetic field 00 electrons .
streamlines 1000 | -
@ r.r* =7.7nm - 5,
e E = 5 I"lm EIECtrﬂn .% 0 sl *" ' e L1 "Iﬁb 1.0
® E =35 nm density ~1000 | .

~2000/ positrons

positron '-
density

y [nm]
o

-840

1500 —1000 -—-500 0 500 1000 1500 —1500 —1000 -—500 0 S00 1000 1500 -2.0
z [pm] z [pm]

e flat beams
¢ significant disruption D_= 0.30, D = 24.39

offsets along x and y ~g, /10 to induce the kink
e negligible coherent palrs il

instability and mitigate stochastic discrepancies

1@%@ | ﬂ%x 10

density [arb. units]

e ... results identical to GuineaPig for ILC flat beams

R P&schl
oman Fose LCWS 2024
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A. Formenti r — )
main parameters The International Linear Collider: shaps E.
eE_ ., =250 GeV Report to Snowmass 2021 along th e+ e . . °* sion
= N 2 10°° o 107 3 le7 . 4
= 300 um . | :
H magnetic field 0001 glectron §
=516 nm ’ dil -
- r.r* =77nm streamlines _ W) = ‘
E o g ' 1.0
e, =5um electron - - | \
*€,=35m density . ... i
- 2000/ i 102 108 :E;
S —, number of slices ; oo §
40+ =
201 ] -I:I.SEr
: ) | |
positron E, =~ ?-'i 10 ~ 1. »
density > ~ d ® .
_ED.
102- $ 5 ap s ° ® ‘ -15
—401 ‘
=2.0
® ﬂat beams -1500 -1000 -500 ; 101- \ 1000 1500

¢ significant disruption D_= 0.30, D =24.39 offsets = 105 106 107 ' kink
e negligible coherent pairs instabilit, number of macroparticles  1cies

. at much higher computing speed
omanrescn - NOte In passing the capability to go to highest energies (10 TeV) and the spherical beam spots
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Hits from backscattered particles - MC Particle endpoints in 100 BX

ILC250 ILD_I5_v02_2T

¥
|

|
]

i i i ] ]

FCC240 ILD_I5_v1 1gamma

. 1LC250 beamstrahlung
ILC-like detector

« ILC250 beamstrahlung
« FCC-like detector

i [

ILC250 w/ “ILC layout”

Roman Poschl

“ FCC-240 beamstrahlung
R FCC-like detector

= FCCee240 w/ FCCee layout

Charge density from ion production

B;_ ILC250_ILD_I5_ w03 D. Jeans
5 \ ILD ILC250_ILD_I5_v05
2 4:— FCCesZ ILD_I5 viigamma
é 22— \ FCCeeZH_ILD |5 wi1gamma
2 2y -
58, \\
SEE N
S§<°E N\
2 S4 ~
© 3 F
E L2
-g-ggzl..I...I...I.||I|||1|.|
0 Em?naximurﬁosteady st;[:g}space-ghzgl?ge~ e
max space-charge/BX * * max drift time * 50%
<
max (single BX) max (steady state)
FCCee91 4e-6 nC/m? 30M 26 nC/m3 primary ions
FCC240 1e-5 nC/m? 800k 2 nC/md only: IBF=0
ILC250 (v5) 8e-6 nC/m? 6.6k 0.01 nC/m?3
ALICE o0k 120 nC/m?3 with IBF=20

TPC at FCCee91 with IBF of 3~5
— similar space-charge as at ALICE
O(1~10) cm max distortions
consistent with our “first-principles” estimate

LCWS 2024
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Pair Background

Hit density for 133 bunch crossings for C3-250 simulated with
GUINEA-PIG and tracked through a 5T solenoid field

- Muon Background

;k;m pipe Hit time distribution
'E' Hegilon:ofclosat
= approach:
w =12 mm for
|zl<62 mm W
e mime, f
viceversetior | of proposedtobe =
visualization | placed 2 mm =
e
1% vix barrel layer W0 :
L R R R R RARS EERhs AR EAREE LARE.
8 F Preliminary e Alllayers ] " el 1N 1 o
Em-‘%— e 1stlayer E A e 10 15 20 3 30 35 a0 45 50 55
L - « 2ndlayer ] y [m] Hit time [ns]
5 10 3 ¢ 3rd layer E
B 10°L ¢ 4th layer ]
£ « 5th layer =
. 10 —
L R « Good to see that these studies are picked up
o e B « Used “old” muon background files by Daniel
107 — 3 « MUCARLO not maintained anymore
= — . =
1078 '_—"_'_;_ _
10-9 IIII|IlII|IIII iItll”l IlilTl.ll_lllllllllllllll_;
1 2 3 4 5 6 7 8 9 10
Assumed buffer depth D Ntounis
Occupancy in the SiD vertex barrel for the C3 beam LCWS 2024 14

| structure is well within the limits set for ILC.
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Pair Induced Background at HAHLF

Roman Poschl

« Energy = 500:31.3 GeV
« charge =1.33: 3 x 1010 particles
* 0z=75:75 pm HALHF:

0 > Xe198

=> imbalance left/right: is it really helpful?

BetaZ > 0

+5 -9

163 — 1623
SQK — 182H

1628 QT e O

— VD — FTD BCal
TR —F EO.[ 103 1— &7 ECal —— LCal . e- e+

| J— — TRC HCAl = pipe

l|\| | BeamCal +
‘| -S0I LumiCal
i A : LX)
AE ."'b_..__:
AR for i
01+0.E = PR e Ly . 3 %
mu 2% = ¢ 40 mu 2¥= 50 i ) A _ /i ! s L
mmEE=¢.8 mm 052 = 1.8 e Fua=520mm. 0 fai=dimmol
IRAEATHY i o S Vertex detector ¢ RE A
bE18-80.2 = £43 be18s0.2= ;.3 ey =50e9r3d £x1 =506 rad
be1 €82E00 = ;.3 be Pa2EDD = 3 4 z Fa= 003529 m] €y = 0.035e-9 rad
: - . 0 I 0 ' : — -
*0r f0r Sor for 00I 100 10! 102 10° 104
[mm] = Z [mm]

« Energy = 500:31.3 GeV
« charge =1.33: 3 x 1010 particles
« 0:=75:300 pm

0 > Sp198

Detector model: ILC...

with 5 T magnetic field = l0oks OK!

BetaZ > 0

1628 ol — OV — — WD — FTD BCal
+9 -5 6] — 1633 ™R — F EO.[ 103 ] — s ECal —— LCal . e- e+
o0 m— |8DH —— 9T — — TPC HCal == pipe
|
S0 — 102 ‘ |
£
e, e
VsaELE =23 V53 0,002 é":%_‘!‘j N— b= £5'= 5000 GeV Fa= 3136V 1]
o S2L =T POITH T LS . LI 1] ofEh = 190% o) = 152 %, L -
OL+a0.E = A OL+sf I'= W ""—"?gm 0I 10 My =1 3e+10 o= 3064100
mu00E =¢ .0 mu 2y =0 Hm,. gey= 75 um. Tgz = 300 um
mm EE = ¢ mm 0.52 = ¢ .8 By =520mm Bz =33mm
mmI0=¢ .8 mmal=;:H§ Brs=1bmm Brz=01mm
be1 2802 = ;.3 be1@802 = .3 Evy=50e-9rad Ex ;= 5,02.9rad
b&1 22600 = ;.3 bE1 82600 = ¢ 3 £y = 00359 rad €3 =0.0352-9rad
b £ <n Ip 0 S0l 10° 0 Al N2 3 4
oI oI oI oI 0l 10 10 10 10 10

[mm] s

Z [mm]

Adaptation of beam sizes and
Magnetic field to reduce background

A. Laudrain
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H. Shi , | |
| | I
40+ 1 | I
Central | Extended l Extended | Extendf.-d
Beampipe | Beampipe | Beampipe I Beapnpipe
20 1 i :
7 ” . . . | I ]
e “Extended” Beampipe with 20mm radius : . :
. 13 . 7 '{5‘ 1 :
« Compare with 16mm for “typical E o , , /:/ ~
<
FCCee Detector : : :
1
| I .
I i Al | Al
| Racetrack Cone Racetragk
Inner Diameter at ¥ Axis: 20mm linner Diameter at v
I Inner Diameter at X Axis: 20-35mm |20l'l'lm -
| Innerl.'.‘li]ameterat)(
I 1 1 1 1 I 20mm — m
0.2 0.3 0.4 0.5 | 0.7
| Z(m) |
1 . _iJ I
2024/7/10 LCWS2024, CF&MDI Session, U-Tokyo, H.Shi(shihy@ihep.ac.cn) — s

* Luminosity related backgrounds

* Hard to mitigate

LCWS 2024

Roman Poschl

* One of the dominant backgrounds at the CEPC, may lead to two different impacts:
* The impacts on detector, caused by the electrons/positrons produced by photons
» The impacts on accelerator components outside of the IR, caused by the photons directly.

16
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I. Barklow < Challenges: Host four beampipes and Kirkpatrick-Baez (KB) Mirrors
e Design with 2mrad crossing angle instead of 14mrad
e 2mrad crossing angle increase Higgs production rate by a factor of 6
KB mirrors : E )4— 1.4 km —"||
. : ! |
/%L - _.__;.;....‘5:\"?:—_ —iy
& - e : e Erjplp&?_i-*ﬂ _—— \
: : &- Fina| FUﬂUS
i Detector :
Incoherent pairs
N Ilawmpe }4_ iom — Background from Xrays 5
B [r1|'.'||1‘1"-1_' 10* T 1
—~ |I."| . |
g o f / . _ + CAIN simulation
e N Y . . . 2 ¢ May need
5 I il gAIN ?lmglatlodn o ¢ 0.1%-1% XO for |cosB| < 0.8
S oo | . * Lone ior zmrad narrower " 1% XO for |cos8| < 0.93
: than for 14mrad 10 + 0.95< |cosB| < 0.99
“14mrad reach i - » complicated
- / »H L g . SE&E |« May not be able
e o smnd [ e to instrument |cosB| > 0.99
ey Beampipe for |cos#[<0.8 | cos @ = (0.99, 0.95, 0.90)

Roman Poschl
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* Infrastructure
« Damping ring moved 100m away in current ILC IP region design
« ILC site development may slow down the project realisation (not only) at Kitakami
« FCC civil engineering advancing impressively, studies are also useful for LC (Gotthard Tunnel study)

Magnets are a serious concern
* No manufacturer of Al stabilised Rutherford cables. Alternatives?
* Magnet winding on or off-site (a striking example for conflict with site development)?

“Real life” experience
« Competences developed for SuperKEKB will be valuable for LC
* e.g. Beam pipe welding

MDI regions

« Each collider option yields a different MDI region

» Most striking difference between Circular and Linear Colliders (different L*)
e XCC has to host four beam pipes (and short L*)

Tools
« CAIN and GuineaPig are still our working horses to study beam-beam interactions
« MUCARLO not maintained
 Vibrant project BLAST for accelerator modeling including MDI region
« LC community should have very strong interest to get (more) involved

) LCWS 2024
Roman Poschl
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