Key Updates on the MDI:
Summary of MDI/Int Session of
the Workshop

Haoyu SHI
CEPC Physics and Detector Plenary Meeting
2022.06.01



Basic Information Pl

& [
* 2 Sessions, 8 talks (6 CEPC + 1 FCC-ee + 1 CEPC/FCC-ee)

* Covering Topics:
* MDI(Design/Beam Backgrounds/etc)
e LumiCal
* Magnets
* Mechanics
* |Installation & Integration
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CEPC
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* MDI stands for “Machine Detector Interface”
* Interaction Region and other components
* 21Ps
* 33mrad Crossing angle

Introduction of the MDI

* Flexible optics design

« Common Layout in IR for all energies

e High Luminosity, low background impact, low
error

300

 Stable and easy to install, replace/repair

200

* For CEPC TDR, the interaction regionis +7 m
from the IP
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Physical Design CEP

* Interaction Region Layout/Parameters
e L* =1.9m / Detector Acceptance = 0.99

e Central Diameter 20mm, “Racetrack” design starts at 180 mm.

CEPC Interaction Region
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New Beampipe Design — Cryo to Cryo CEP )
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p Updates of the LumiCal

 Si wafer + LYSO
* Detecting Angle: 15~80 mRad

S. Hou
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https://indico.ihep.ac.cn/event/16509/session/14/contribution/8/material/slides/0.pdf
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Background Estimation cepll

e Simulate each background A. Natochii
A. Natochii — —_ " o% pars .
separately " AN i o\ 7 Injected
* Whole-Ring generation for single \— ) . O a beam
\\Beam-;l’cr::::ial::hot/oLi = ”\ Beamstrahlung
bea m BG S i ™ 242 bunches = ‘,
X X Eea";;t“ Partjl-cé;s Revolution frequency: 2997Hz
. . € € nergy Loss > 1. 1.5x10! particles/Bunch
* Multi-turn tracking(50 turns) TR (energy sccsptanc) Loactan it S i
. - . Pair Production T~ —r s Sod 7
* Using built-in LOSSMAP with one —t ré , W : )
\ | ( ) S Machine
step ahead output / \ / -
* SR emitting/RF on e e g - S°"‘“‘*"“‘~/ aperture

* Radtaper on

_ Photon BG Beam Loss BG Injection BG
* No detector solenoid
+ Errorsimplementec
* High order error for magnets Synchrotron Radiation BDSim BDSim/Geant4
* Beam-beam effect . . . .
) Beamstrahlung/Pair Production Guinea-Pig++
* 2 IR considered
. . Beam-Thermal Photon PyBTH[Ref
* We are also updating our toolkit to Mokka/CEPCSW
. Beam-Gas Bremsstrahlun PyBGB[Ref] SAD
latest version. 8 —
Beam-Gas Coulomb BGCin SAD

* Plan to study the photon bgs
generated during BGB/BTH/RBB... Radiative Bhabha BBBREM

2022/6/1 CEPC Physics and Detector Plenary Meeting, H.Shi(shihy@ihep.ac.cn) 9


https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://geant4.web.cern.ch/
https://ilcsoft.desy.de/portal/software_packages/mokka/
https://github.com/cepc/CEPCSW
https://accelconf.web.cern.ch/p07/PAPERS/THPMN010.PDF
https://acc-physics.kek.jp/SAD/
https://github.com/shyshi/cepc_bkg/blob/master/Source/BTH/CEPC_BTH.py
https://cds.cern.ch/record/703373/files/thermal.pdf
https://github.com/shyshi/cepc_bkg/blob/master/Source/BGS2/CEPC_BG2.py
http://ir.ihep.ac.cn/handle/311005/253688?mode=full&submit_simple=Show+full+item+record
https://acc-physics.kek.jp/SAD/
https://www.sciencedirect.com/science/article/pii/001046559490085X?via%3Dihub
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf

SR BG & Mitigation cerl

* The SR must be dealt with high priority when designing the circular machine. At CEPC, there
would be no SR photons hitting the central beam pipe directly in normal conditions

* However, some secondaries generated within QD would hit the detector beampipe, even the
beryllium part. Therefore, the mitigation methods must be studied. We compared several
methods based on CDR, and we believe the results can also be used on TDR with optimization.

Y. Sun
er of hit Be(N)
' 1.21-mask-Cu 1736.0 1.45*e-5
1.21-mask-W 1698.0 1.36%e-5
2.2-mask-Cu 1147.0 0.94*e-5
cons-no mask-Cu 257364.0 206*e-5
cons-no mask-W 148030.0 99.7*e-5
1.21-mask-Cu-5UmAu 216.0 0.273*e-5
nomask 39400.0 30.57*e-5

-0.15
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https://indico.ihep.ac.cn/event/16509/session/14/contribution/11/material/slides/0.pptx

~ TDR Estimation — with safetx factor of 10 =2&

* For fast estimation, we try to perform some scaling based on CDR results according to Luminosity.

* We also performing the full-TDR simulation. Just started, acc. tracking waiting for collimators.

* We plan to have double check on detector simulation(Mokka/CEPCSW/FLUKA)
* We learn that the background impact on LumiCal must be studied.

Scaling Results on 1%t l[ayer of vertex detector

1 o | tomoww TDR(sOMW) o
TDR Pair-Production Distribution
Higgs (3T) 2.93 5.00 8.00 O e WX

> TE - 108
Z (27) 32.1 115.0 184.0 8 o ;
o : = 10*
_ Hit Density(cm~2 - BX™1) TID(krad - yr=! NIEL(n,,x10'2 - ¢ CEPC {s=240 GeV ‘-‘ ]
Vertex 5360 120.4 10g {510
TPC 2.59¢-2 387.09 42.503 ] (0P
Ecal Barrel 1.16e-3 31.56 8.002
Ecal EndCup 1.36e-3 14.175 6.128 10
Hcal Barrel 2.78e-5 1.450 0.9326 02
-1-0.8-0.6-04-02 0 0.2 04 06 0.8 1
Hcal EndCup 1.32e-3 26.31 6.351 coso
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Outer Be Layer: 0.15mm

Gap: 0.35mm

Inner Be Layer: 0.2mm

Thickness: ~0.2%X,

’L Ugdates on Mechanical Design

350
~ 165(outer Be pipe)

- -

’70(AI pipe) | 160(inner Be pipe) _

25(Be pipe) 25(Be pipe)

* The design of iron yoke/central beampipe has been updated.

* The structure analysis has been performed.

The 2021 version

Iron Yoke thinkness
u derctor thinkness

The 2022 version

[ron Yoke thinkness : 40mm

u derctor thinkness

2022/6/1

- 50mm
- 40mm

- 50mm

u detector Iron york

L

CEPC Physics and Detector Plenary Meeting, H.Shi(shihy@ihep.ac.cn)

J. Zhang

12


https://indico.ihep.ac.cn/event/16509/session/14/contribution/9/material/slides/0.pptx

Progress of the Detector Solenoid @226

* The HTS prototype cable used for CEPC successfully developed and
tested.

* Conceptual design of ultra-thin and transparent cryostat is performing.

F. Ning

After optimization and improvement: |

Test cable: tape layer: 7, Expected critical
current: 550A@77K

Big progress:
Test result: Ic =560 A@77K

The cable performance is not degraded.
Next is the production of the full HTS
tape cable (16 layers HTS tapes).

The prototype cable will be developed soon." e Gitken
Cable test at 77 K
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https://indico.ihep.ac.cn/event/16509/session/14/contribution/10/material/slides/0.pptx

Preliminary Scheme of Detector Installation &27€&

 All sub-detectors will be installed one by one using several guide rails

S. Xiao

3.3 Installation process

1. End yoke assemble 2. Iron yoke base assemble 3. Barrel ion yoke assemble 4. Temporary mounting base assemble

».

. SLE
9.ECAL is pushed i 10. Remove the temporary base 11. End yoke is push in 12.MDI docking
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https://indico.ihep.ac.cn/event/16509/session/12/contribution/7/material/slides/0.pdf

FCC-ee

2022/6/1
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Design Requirements cepll

FCC-ee Interaction Region Similar to CEPC

Requirement for the CDR]Flexible design, one common IR for all energies| from 45 to 182.5 GeV

IR magnets will be superconducting
At 45.6 GeV it will be a high intensity run (issues related on residual gas, collective effects)

At 182.5 GeV it will be high energy run (issues related to synchrotron radiation)
First circular collider dominated by Beamstrahlung
e atthe Z-pole bunch length is increased by 2.5 times, forcing top-up injection with few percent of
current drop
e above the ttbar threshold lifetime is dominated by BS

Synchrotron radiation is a driver of the design
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=% Comparison of the parameters RCEP )

* Key parameter comparison of the CEPC and the FCC-ee, at both CDR
phase and post-CDR phase

| cEPCCDR FCCee-CDR | CEPC-TDR FCCee-PostCDR

Circumference 100km 99km 100km 91km
No. of IP 2 2 2 2/4

SR Power 30MW 50MW 30MW/50MW  50MW
L* 2.2m 2.2m 1.9m 2.2m
Detector Acceptance 0.993 0.99 0.99 0.99
B(detector) 3T/2T 2T 3T/2T 2T
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Ugdates of the Central Chamber CEP

* Shrinking of the central diameter: 30mm(CDR)->20mm(Now)
* Double layer AIBeMet162(used at DAFNE) + Coolant: Thickness ~0.59% X,

* Low impedance Design: Trapezoidal outside, racetrack inside.
* No HOM absorber needed(Diameter of outer pipe: 30mm).

Low impedance central chamber

warm and cooled

< . 3
° a2l
2257 central beam pipe : i
3 . =i rnal Ilthig\kn 5:0.35mm lant gap: 1 mm

Compensation Screening solenoid

solenoid

LumiCal

AlBeMet162 (62% Be, 38% Al alloy) \ J QciLl canted cos 9 coil design
Inner radius 10 mm
thickness X/X0=0.59%

Inner radius 10 mm

Heat load due to resistive wakefields vs bunch

Material thickness - ;

P in front of final focus quadrupoles T — length lfgor a r=1cm Be central beam pipe.

2 eMet : mm 900 | The heat load increases

. (62% Be and 38% Al alloy) T 801 approximately inversely

Trapezoidal E 700 proportional to the diameter
warm and cooled  chamber Paraffin (PF200) 1 mm = of the beam pipe
Central chamber AlBeMet162 0.3 mm é 0 m in collision at Z
o 200
Au 5pum = 100 1
B o . . . . ' i
. Thickness 1.7mm (X/X0=0.59%) IR IR R A
unchn len mm
SI l I ' I Ia r to CE PC CDR: inner radius 15 mm for X/X0=0.47% b
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Beamstrahlu ng Photons CEP

* The photons generated through beamstrahlung process would be huge.

* Despite pair-production, a mount of photons would be backgrounds, but will
deposit heats downstream.
Should also be important at CEPC
Beamstrahlung monitor Needs to be studied

-radiation from the colliding beams is intense (380 kW over cm? section!) Bea mstra h | u ng Ra d iation generated at the | P

- ntially very precise monitoring of collision off in hxandy.
potentially very precise monitoring of collision offsets in both x and y. A significant flux of photons is generated at the IP in the very forward direction by Beamstrahlung, radiative Bhabha,

-- operations and solenoidal and quadrupolar magnetic fields.
-- centre-of-mass energy control Beamstrahlung interactions produce an intense source of locally lost beam power
- basically un instrumented beam dump. proposed by A. Blondel The impinging angle of the Beamstrahlung photons with the pipe is about 1 mrad for both beam energies.
> x10°
£ 24 GuineaPig++
While the spot size is ~1x1cm?2, due to the very small Beamstrahlung S 22p Top A. Ciarma
impinging angle on the beam pipe wall (~1mrad) the region hit Beam S e 2- .
by the photons is several meters long on the longitudinal Radiation § 1.8 link: IPAC21 MDI
dimension, so this should be taken in consideration when energy power proraim 9 460
designing the photon extraction window. " e 2 1.4f
& 5
E’Y> =2 MeV 45.6 GeV 387 kW 512"
Q.
1
Ey>=67 MeV  182.5 GeV 89 kW Bk Z4
— § 06
-9 i
il i,,, £ 04
&\0‘“ e . ' 0.2
i e Al L e M
e %5 50 55 60 65 70

Distance from IP [m]
Beamstrahlung photons tracked up to their loss points, at about 50-60 m after the IP

Requires special beam pipe extraction line and alcove: Beamstrahlung instrumented photon dump
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> Summary & Outlook CEPE,
N N T A

Circumference 100km 99km 100km 91km
No. of IP 2 2 2 2/4

SR Power 30MW 50MW 30MW/50MW  50MW
L* 2.2m 2.2m 1.9m 2.2m
Detector Acceptance 0.993 0.99 0.99 0.99
B(detector) 3T/2T 2T 3T/2T 2T
Diameter of Central pipe 28mm 30mm 20mm 20mm
Thickness of Central pipe 0.15% X, 0.47% X, 0.2% X, 0.59% X,

* We have started our TDR work, together with validation and optimization.

e FCC-ee might be another benchmark of our study.

Thank You
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Backup

2022/6/1

CEPC Physics and Detector Plenary Meeting, H.Shi(shihy@ihep.ac.cn)

21



Physics Gains for 20mm Be

* First estimates made with fast simulation and scaling

2 2 2
5p - vS+ B - 1 0d,= Ogeom +20MS , i
— - (19172 0211 Nscatt(p . .
0.15 ,U/ S vV € p - (rz—n) + (rz—r1) +Zj=1 (R]A@])
o V. [ dxy vs momentum (6=60°)
g : — material budget A
W 0.14 | g : [ e Rygam ppe=10mm
- - resolution o— Ryoam pie=12MmM
0.13F Q. Ruan & Z. Wu v _t4amm | H.Zeng
. — — inner radius IS ——
0 12: = R e beam pipe‘16mm
5 - (= ~3 .
E B B SN
0.11F B(H>cc) at 16 mm I gt
0.1- 4
0.09:- L E I e == =2 2 S
0.08 T 7o 0
Goe * Implement the geometry in
0.06F- : : .
. I simulation and run a full analysis
09 "04 065 08,1 /12 14 16 18 2

relative scanned parameter to estimate the phy5|cs gains

G. Li
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= % Ugdates on BG Simulation E26

* The detector simulation(with a safety factor of 10 for TID/NIEL):

* Detector Impacts, Vertex : COR—>TDR(Scale) Wei Xu
I N e
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm =2 - BX™1) 2.3 2.3 2.3 0.63 0.63 0.63
TID(krad - yr1) 930 1490 2540 10.5 3150 5360
NIEL(1,qx102 - cm~2 - yr1) 2.2 3,5 6.0 23.6 70.8 120.4
* Detector Impacts, TPC : COR—=>TDR(Scale) Wei Xu
I N e
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm™2 - BX~1)  2.59-2 2.59e-2 2.59e-2  6.365e-3  6.365e-3  6.365e-3
TID(krad - yr—1) 4.385 7.483 11.973 67.53 241.93 387.09
NIEL(,qx10'2 - cm~% - yr~1)  0.4519 0.7712 1.234 7.415 26.565 42.503
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> Updates on BG Simulation &2

* The detector simulation(with a safety factor of 10 for TID/NIEL):

* Detector Impacts, Ecal Barrel : COR—>TDR(Scale) Wei Xu
I e
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm™2 - BX™1)  1.162e-3  1.162e-3  1.162e-3  2.714e-4  2.714e-4  2.714e-4
TID(krad - yr~1) 0.319 0.544 0.871 5.505 19.722 31.555
NIEL(,;x1012 - cm~2 - yr~1)  0.1285 0.2193 0.3509 1.396 5.001 8.002
* Detector Impacts, Ecal Endcup: CDR—>TDR(Scale) Wei Xu
| Hgs |z
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm=2 - BX~1)  1.356e-3  1.356e-3  1.356e-3  2.335e-4  2.335e-4  2.335e-4
TID(krad - yr~1) 0.2841 0.4848 0.7757 2.473 8.860 14.175
NIEL(nx10%2 - cm~2 - yr-1)  0.1248 0.2130 0.3408 1.069 3.830 6.128
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> Updates on BG Simulation &2

* The detector simulation(with a safety factor of 10 for TID/NIEL):

e Detector Impacts, HCal Barrel : CDR—>TDR(Scale) Wei Xu
| Hgs | .z
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm™2 - BX~1) 2.778e-5  2.778e-5  2.778e-5 1.1e-5 1.1e-5 1.1e-5
TID(krad - yr~1) 7.603e-3  12.974e-3  20.76e-3 0.2529 0.906 1.450
NIEL(n,,x10'2 . cm~2 - yr~1)  0.0116 0.198 0.317 0.1627 0.5829 0.9326
* Detector Impacts, HCal Endcup: CDR—=>TDR(Scale) Wei Xu
I N T
CDR TDR-30 TDR-50 CDR TDR-30 TDR-50
Hit Density(cm™2 - BX™1)  1.321e-3  1.321e-3  1.321e-3  2.732e-4  2.732e-4  2.732e-4
TID(krad - yr—1) 0.284 0.485 0.775 4.589 16.44 26.31
NIEL(rggx1012 - cm~2 - yr1) 0.159 0.271 0.434 1.108 3.97 6.351
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SR from solenoid combined field cepl

S. Bai

/° Horizontal trajectory will couple to the vertical \ Y(m) / \
* Due to the sol+anti-sol field strength quite high, o' 70 _' —7 « SR fanis focused in a very
narrow angle from

maximum~4.24T, transverse magnetic field
component is quite high. -116urad to 131urad
« SR from vertical trajectory in sol+anti-sol —0.00004! « SR will not hit Berryllium pipe,
combined field should be taken into account. and no background to
K / ~0.00006 detector.

» SR will hit the beam pipe
~213.5m downstream from

-0.00002¢

Vertical SR critical energy distribution Vertical SR power distribution IP
6.00E+02 0.00E+00 \\ Water cooling is needed. /
& ° 9y R
%D 4.00E+02 g -5.00E+00 oo
o = Y(m)
v 2.00E+02 & -100E+01 0.015}
s 2
O
S S 0.00E+00 S 8_ -1.50E+01 0.010
G 9 S o o
o — -200E+02 2 O o -2.00E+01
(Vp) TU 0.005
© -4.00E+02 2 -2.50E+01
O
£ o g = : )
g -6.00E+02 = -3.00E+01 1
-8.00E+02 -3.50E+01 ~0.005
Maximum: 670keV Maximum: 31W ~0.010
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