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Outline

 Design of the Machine-Detector-Interface (MDI) on STCF.

« Beam background simulation based on the Offline Software of Super

Tau-Charm Facility (Oscar).
 Performance of the beam background in detector (TID, NIEL, etc.).

« Summary.
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Lattice of the accelerator

Beam current = 2 A; Cross angle at IP = 30 mrad

Version V9 (Last version)
L=6177m
Scheme of |// Benchmark version for
the collider £ beam background study
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Layout of the MDI

OF1  Final Focus Telescope (FFT) QF3

- 800mm— | 400mm—— === 500mm - 300mm———500mm ————
0.9m 0.5m B ‘
¢ $ Occupancy angle : 15° ‘
"""" |
I I |- @=75mm
Qb2 SD1 _ N
Ti (SKEKB) \ & _— i
| 3.2m | Au  |Al (CEPC) '
- = = | z2omm_| AlBeMet (FCC-ce) \_nwemads  COpEr shield
14.1m ‘ 630mm oo
T‘i‘-.,. $KEKB)
1P chamber Ca{CEpC) QD0 Compensatesol  FFQuadQF1

T —Xcamber _C\; (FCC-€€) cryostat with magnets

« Length of major magnets:

v QDO: L=0.4m, k=27.2/47.6 T/m (2/3.5 GeV): (The To be considered/iterated:
first SC defocus Quadrupole)

1) Distance between IP and cryostat?
v ' QF1: L=0.3m, k=21.4/37.4 T/m (2/3.5GeV); (The

second SC focus Quadrupole) 2) Location of Luminosity-monitor, ZDD?
v BO: L=1.0m, 6=1.02° (Bending dipole, causing 3) Geometry conflict, mechanic structures?
unavoidable dispersion, as weak as possible,

adjusting position to reduce beam background)

v QD2: L=0.3m; (defocus quadrupole); QF3: L=0.3m; :
(focus quadrupole) 5) Shield?
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4) Compensating solenoid magnet?




Beam background

« Beam background in MDI
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v Pure beam-related background
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Bremsstrahlung

v Luminosity-related background
Radiative Bhabha scattering: ete™ - ete™(n)y
Two-photon processes: ete™ » y*y* > ete ete”

2024/11/21

Mingyi (USTC)




Background simulation: overview

» Luminosity background: AD Physics events Generator
A S0
Touschek, Beam- NG l Radiative Bhabha '

 Available MC generators
gas, Inject

Two-photon

» Touschek & Beam-gas background:
« SAD developed by KEK
« sampling with cross section
 Injection and SR not included

Unstable Beam Particles

Transport in the
storage ring

Machine Interact at IP

» MDI interaction and detector : & Detector Response

« Geant4 (Under Oscar)

Oscar
Category Generator Detector Simulation Loss rate (MHz)
RBB (6,,in = 4.47 mrad)| Babayaga/BBBREM et (y): 598 (170)
Two photon DIAG36 Geant4 1030
Touschek SAD (Under Oscar) 2059
Beam-Gas SAD Coul: 509; Brem: 0.67
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Touschek & Beam-gas background

» Pre-setup

« aperture set
« Slice

Lattice

Touschek & Transport Matrix
Beam-gas

Generator

Output: position, Geant4

2 2
(Aperture set: j—z + Z—z - 1) 4-momentum Simulation
X Y

« For G4 simulation, the injection points of the particles are projected to the inner

wall of beam pipe.

« Coordinates transformation: from accelerator to detector (for both positions and
momentums, including rotation & translation).
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Touschek & Beam-gas background

 The design for collimator is iterating, no available versions currently

v'Simulate the beam backgrounds based on the collimator-free Lattice
v"Normalize the yield based on the designed parameter equivalent to collimator effect, i.e.:

* 0.5% beam loss per second (Beam lifetime: 200s); 10% beam loss in MDI region (e.g. +/-

10 m); Shield efficiency outside the IR: 90%; Shield efficiency inside the IR: 80%.

Total beam particles: 2.57 x 1013

Touscheck Coulomb | Bremsstrahlung  Keep the SAD
Total lost rate | 120551 MHz | 7569 MHz 3795 MHz  Simulated fractions
: of different sources
Lost In IR 10299 MHz 2547 MHz 3.34 MHz inside/outside IR.
Lost in Detector 2059 MHz 509 MHz 0.67 MHz
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Distribution of the beam background

SIE —" - Distributions of positrons:

51000 & " @ 2 GeV beam energy, P=10-7 Pa
00 £ « The ring is fully symmetric, thus the
400 = . . . . . .

200 == electron distribution is very similar.

£ o1— r

2 d T 10" ST '
ol o 1o [ M reuscnek - Originating from all around

S 4o Ecouomb  the accelerator ring
) \/1 E 108 |:| Bremsstrahlung

w10° : 107

8107 = f X Coulomb 10°

E = q Bremsstrahlung 105

S 10° =2 g

10*
10 ==
10 -8 6 4 2 0 2 4 10°
102
: : 10
Touschek: mainly lost at min R 1
Beam-gas: mainly lost at min R and max By s = Lt Ll —

Z position /m
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External shield design for MDI

OFurther reduce beam background Uk tungsten layers

(Especially for ITK)

OExperience from Belle |l =)

« Tungsten (W) shield layer in MDI

350

ODesign based on simulation

R axis {cm)

3005— 0

 To reduce background to an order of = :z
magnitude = |

150~ 10°

- Tungsten layer to reduce et,y o Dy o

G i

« (Composites) layer for neutron shielding b 7 10°

O =g 00 150 200 250 300 350 400 10

Z axis (cm)
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External shield design for MDI

Shield efficiency

ITK Region (W) Endcap region (W) Division ~ With/No shield
« Hollow cone around « Envelop surrounding ITKW 299,
beam pipe stainless shield (Both o
« Double disc layers barrel & endcap) ITKW2 9%
ITKW3 4%
‘ Gold & brown: beam pipe
‘ Pink: tungsten shield M DC 3%
15 de;g/re/e//,— gglel(e:)\./ r;Lalg;:it:scryostat RICH 4%

DTOF 4%
ECAL-B 2%
ECAL-E 13%

MUD-B-RPC 56%
MUD-B-PS 56%
MUD-E-RPC 66%

Effectively suppress the beam background MUD-E-PS 1229,
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Beam background deposit in detector

Simulation workflow

[~~~ " " - s s m mmm—m === 1
. . . ! rometer I
« Major statistics of oot |1 | ey ims sarpiing :
I 1 ] 1
o o |
>T0ta| IOnIZIng Dose (TID) A ———— : SiGnELJ:.:t'il;in OSCAR :
|
» Non-lonizing Energy Loss [ — I L
TID: NIEL: Counting rate: SEEs: 1
AEIV-p) uivalent 1 MeV neutron Detector hit data 0.0 ion 1
(NIEL) = I | winEosna+0.8 MeV
. igitization '
» Counting rate Dg‘l' |
|
> Single Event EffeCtS (SEE) o Detector reos:tgrl;i;:a:]tz;a{hit,digit) :
TH2F (TID, NIEL, Counting rate, SEEs, neutron distribution) :
|
|
|
|
|
|
|
|
|
|
|
|

» Neutron spectrum & i
.

. . . Background analysis Background database
distribution [ Physics
! signal data
. Data mixture
> Particle types I
Full simulation &
reconstruction
————————————————————————————————————— ol
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TID, NIEL, Counting rate

« The highest TID: « The Highest NIEL ~1.7 x « Highest count rate per
12000Gy/y (ITKM) 1013 (MDCQ) channel for ITK, MDC, ECAL
4300Gy/y (ITKW) « The other parts smaller ~ 700 - 500KHz

« Meets the requirement for a than 1.x 101!

long-term run « NIEL is not quite important
for MDCs (gas chamber)

TID distribution in RZ plane [Gy/y] NIEL damage distribution in RZ plane [1 MeV neutron/em /4] Background count rate in RZ plane [Hz]
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Beam background deposit in detector

Detector  |ID value NIEL damage Total Count Electric svstem [P value NIEL damage
(Gy - y~1)[(1MeV neutron- cm™2 - y~1)| rate (Hz) | y (Gy - y~1)|(1MeV neutron- cm™2 - y~1)
ITKW-1 440 2.6E+10 1.7E+09 ITKW-1 84 1.3E+10
ITKW-2 53 1.5E+10 7.6E+08 ITKW-2 25 7.8E+09
ITKW-3 22 1.4E+10 5.4E+08 ITKW-3 10 8.0E+09
ITKM-1 11858 7.3E+10 4.8E+08 ITKM-1 2599 9.4E+10
ITKM-2 99 1.7E+10 8.7E+07 ITKM-2 58 1.6E+10
ITKM-3 22 1.5E+10 4.2E+07 ITKM-3 13 1.3E+10
MDC 0.11 1.7E+13 1.3E+09 MDC 2.45 3.0E+09
PID-Barrel 4 /5 6.0E+09 4.2E+08 PID-Barrel 5 3 4.9E+09
(RICH) ‘ ! ! (RICH) ! '
PID-Endca PID-Endca
(DTOF) P 2.33 1.5E+10 9.9E+08 DTOP P 1.21 4.8E+08
ECAL-Barrel 0.34 9.5E+09 2.5E+08 ECAL-Barrel 0.02 3.9E+08
ECAL-Endcap 1.36 1.0E+10 2.0E+08 ECAL-Endcap 0.13 4.1E+08
MUD-Barrel-RPC 0.006 7.1E+08 4.7E+06 MUD 0.01 7.0E+08
MUD-Barrel- 4 415 1.8E+10 2.4E+07
Scintillator . . .
MUD-Endcap- 4 o0 | OE+08 7 AE+05 Totally speakmg, ~2 times higher than ’Fhe
RPC last version (simulated based on v7 lattice)
Mgc?étﬁngt?rp‘ 0.002 7 AE+09 6.0E+06 Should be caused by lacking of collimator
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Beam background: SEEs neutron

Seam background partcle type Energy spectrum of SEES Neutron distribution
background neutrons (electronic system)

Ratio
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« SEEs neutron is not important for detectors.
« The highest SEEs neutron rate dosed at the electronic system is < 10KHz.

« Meets the requirement for a long-term run.
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Background sources

« Touschek effect contributes most of the
backgrounds ~70%

« Beam-gas effect play the sub-dominant role
~20%

« The contributions from electron/positron are
almost the same

« IKTM has higher background rate

Contributions on TID

MUD-PS L]
MUD-RPC L
ECAL-E .
ECAL-B | — L
DTOF |
R CH | L
MDC I
ITKM e — I
T V| I

0% 20% 40% 60% 80% 100%

Hlumi Mtous e Mtous p beamgas_e M beamgas_p
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Contributions on total count rate
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Contributions on NIEL damage
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Summary

« MDI external shield designed based on last version (v7) of lattice.

« Beam background fully simulated based on the latest stable version (v9)
of lattice.

* Next step:

« Waiting for v10 lattice (860 m, major) update, with the collimators embedded, to
produce new beam background generator.

« Update MDI layout: to add mechanic structures, luminosity-monitoring system, etc.
In the mean time, avoid further geometry conflict.




2024/11/21

Thanks!

Mingyi (USTC)

18



Backup
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Iteration for external shield layer design

A: standaloneit,
{HFT RS W

E: #TD, #/12-2.5m,
2.8-3. 1mP kA4

TN E0 A8 PO 7

F: 7fEEHAE F, B9 KR
B # R 7] V5

C: 7EBILAfF, Mg G: TEFF:AE b, 18 hnmgek

1 JE Rk X W BE il X B lem W
D: 7ECH:AE L, Hl H: 7EFEME, ZEKRIKZ |
VRIS A B i 1 K ) 5 i Yo Bl
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Beam background rate (before norm.)

v9

ot Total beam particles: 2.57372e+13
¢ N(t) — NOe T

Touschek life time: 0.0671673 hours

v AN = _N2¢ m | Bremsstrahlung life time: 98.7417 hours
T Coulomb life time: 0.299721 hours

v T~ |ANI\;At| Touschek BKG rate: 106439MHz
Touschek BKG rate in IR: 94175.6MHz

Bremsstrahlung BKG rate: 72.4032MHz
Bremsstrahlung BKG rate in IR: 30.5788MHz

Coulomb BKG rate: 23852.9MHz
Coulomb BKG rate in IR: 23294.4MHz
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Algorithm for NIEL simulation

Based on Oscar

« Construct Displacement function f(PDG, E)
« Choose dedicated energy region for n, p
« For particles enter sensitive regions, obtain the NIEL via
interpolation
« Only consider n, p with energy larger than 158 eV
Displacement damage 1n Silicon
Lo% for neutlr')on;, protons, pi(%ns and e(f::ctrons proton energy e
lu-‘;F - ~ protons 1 v
102 - ncutrur_lfi:‘(inl't'm Konobeyev + Huhtinen ™, . —é th l‘CShOld
D i o pens Summers  Hubinen N ]
i E clectrons: Summers . E .
. Ay 5
10 | P - :
=02 rons ) i :
5 o R neutrons electrons !i s
102 - ™~ - :
10-4 é_ \ J| _; f
A. Vasilescu & G. Lindstroem EI MGV] loglo (PartiCIe EnergY) (MGV)
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Last version of lattice (v7)

O HWERARJEKF

TID value NIEL damage Total count rate
Detector (Gy-v!)) (1 MeV neutron-cm™2-y!) (Hz) O EE%#;E‘;H—j;Eﬂ(SIZ
ITKW-1 260 1.7X 1010 3.8X 108
ITKW-2 5 8.3 % 10° 11X 108 Electronic system TID value NIEL damage SEEs
ITKW-3 9.0 9.5% 10° 71X 107 (Gy-y!) (1 MeV neutron-cm-2-y!) (cm?-y?)
ITKM-1 4700 3.4X 1010 2.0X 10° ITKW-1 34 5.4 X10° 0
ITKM-2 47 7.9X10° 3.7X 107 ITKW-2 11 6.3 X10° 0
ITKM-3 18 1.1 X 1010 3.3X 107 ITKW-3 5.7 1.0X 1010 0
MDC 0.17 3.6X 101 3.3X 10% ITKM-1 1200 4.5% 100 0
PID-Barrel 0.33 9.5 10° 20X 10° ITKM-2 28 73X 10° 0
PIER;CED ITKM-3 1 1.0X 1010 0
([;Tch)ap 1.0 1.6X 1010 2.9X 108 MDC 1.3 6.7X 10° 0
ECAL-Barrel 0.36 1.6X 1010 6.7X 108 PID-Barrel (RICH) 1.7 7.8X10° 0
ECAL-Endcap 0.69 1.7 X 1010 3.5X 108 PID-Endcap (DTOF) 1.1 1.5X10° 0
- - - X 108
MUD-Barrel 0.013 18X 10° L0X 107 ECAL-Barrel 0.034 8.5X 10 0
RPC ECAL-Endcap 0.1 1.5X10° 0
MUD-Barrel- - 12 4.6X 1010 6.1X 107 MUD 0.2 1.8X10° 0
Scintillator
MUD-Endcap-
0.0037 2.8 X 108 1.9X 106
MUD b O %A KPIET CDREIE
JTERECART 50023 1.1X 1010 7.1X 106
Scintillator
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