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Super Tau-Charm Facility (STCF)

STCF key parameters:

e E... 2-71GeV

 Peak Luminosity: > 0.5 x 103> cm™2 - s~ ! @ 4GeV
 Potential for upgrade to increase L and realize polarized beam

Scintillator
291 cm

800 m |
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STCF Background Challenge

Relativistic energ%y/ Bunch number & intensity Parameters BEPCII STCF Compare
L= ;;ZZ’; &, H «—— Hourglass effect I.(A) 0.91 2 2.2
/ \ Beam-beam parameter By(mm) 15 0.6 0.04
Vertical betatron function §y 0.04 ~0.06 ~1.5
»How to improve luminosity: »Higher background level:
I.7: total beam current * Touschek : x316
B, | envelop function  Beam-gas: x2.2
¢,1: beam-beam parameter « RBhabha and two-photon : x50
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Beam Background at STCF

Touschek effect Luminosity-related background
« Scattering between inner beam particles « Radiative Bhabha: ete™ - ete™y

« Generation rate o Ny, beam size |, energy >+ Two-photon process:
ete” s ete y*y* o ete ete”

« Main Background

Beam-gas effect
« Effect with residual gas in the beam pipe
* Coulomb scattering, bremsstrahlung Other background

+ Generation ¢ pressure @mm— 0 Injection

+
e— -
N.  Synchrotron radiation
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STCF Background Simulation Framework

Generator:

° _ . o Synchrotron
Beam-related background: Touschek, Beam-
sampling with cross section gas, Inject _-

_ _ Two-photon

* Luminosity-related:

) Unstable Beam Particles
available generator

\4

« Injection and SR not included LD
storage ring

Accelerator tracking:

* SAD developed by KEK Machine Interact at IP
& Detector Response

MDI interaction and detector:
* Geant4 based framework
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STCF MDI design

» Machine-Detector interface:
* includes: beam pipe, magnet, cryostat, tungsten

shield
 beam separated at z=0.5m
« diameter limited by QDO and beam distance
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Parameter Value
QDO position L, 0.9m
Occupancy angle 15°
Diameter at IP 60 mm
Min diameter 28 mm
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Lost Simulation| SAD Output
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STCF Collimator

» About collimator:
* Inside beam pipe, scrape off-orbit particles before IR

 Horizontal and vertical

 Trapezoid structure to reduce impedance

« Movable along aperture and beam
» Setup at lattice drift segments with large upstream beta
functions and lengths > 1.5 m

_ _ Limitation Design
Name Orientation _
Rmax/mm Zmid/m R/mm
CoHO01 Hor. 78.63 -45.0 15
CoHO02 Hor. 78.70 -56.0 15
CoV01 \er. 9.40 -19.2 5
CoV02 \er. 9.32 -31.0
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After Collimator | Compare lost rate

» Add collimator suppress beam background (especially beam-gas)

Set collimator ratio for Touschek background Set collimator ratio for beam-gas background
35.00% 2.50%

30.00%
2.00%

25.00%

20.00% 1.50%

15.00%
1.00%

10.00%

0.50%
5.00%

0.00% 0.00%

s M DD D s L U o VSR MO P GO G s o
Lost rate/ Hz Touschek <0 Touschek >0 Beam-gas <0 Beam-gas > 0
No Collimator (Hz) 3.47 x 1010 2.08 x 10° 1.08 x 1019 1.27 x 108
With Collimator (Hz) 2.19 x 10° 1.17 x 108 1.06 x 107 4,15 x 10°
Ratio (%) 6.3 5.63 0.11 3.27
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Shielding design

O Add shielding in three places:

Gyly
300 g 10°
: - e+ number y number
250 8 - No shield 2.62 M 36 k
102 Outer tube 83.3 k 4.16 k
200§ '
_ Outer tube + 57 k 29K
g endcap
Q
@ 150 3 shields 13.9k 1k
% 100F
| | | _ _ » 10 cm Cylindrical lead shielding
= » » 5 cm Cylindrical lead shielding

— » 5 cm Cylindrical disc lead shielding

/ axi1s (cm)
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TID, NIEL and Count

»Background statistics based on
OSCAR
Offline Software of Super Tau-Charm Facility
» Detector with highest background:
* TID: MAPS-1
* NIEL: MDC
* Count: MDC

» Electronics with highest
background:
 TID: MAPS-1
 NIEL: MAPS

»Component:
* Touschek i1s dominant

Yupeng Pei

R axis {cm)

Detector Sensitive Volume Electronics
Sub-detector NIEL (1 MeV NIEL (1 MeV
TID (Gy/y) Count Rate (MHz) TID (Gy/y)
neutron/cm?/y) neutron/cm?/y)
ITK-puRWELL-1 157. 8 1.0 x 101 455 48.5 4.3 x 107
ITK-uRWELL-2 51.5 6.6 x 10? 461 23.9 5.4 x 10°
ITK-uRWELL-3 21.3 7.9 x 10° 315 15.2 8.0 x 10?
ITK-MAPS-1 2053.3 2.0 x 10 46.3 417.5 3.0 x 10'°
ITK-MAPS-2 26.6 5.7 x 10? 10.8 16.5 6.0 x 10°
ITK-MAPS-3 18.6 9.7 x 10° 16.8 12.0 1.1 x 10'°
MDC 7.4 1.1 x 1013 535 1.93 3.2 x 10?
RICH 0.54 5.0 x 10° 12.7 2.1 4.0 x 10°
DTOF 1.7 8.6 x 10° 41.4 1.5 5.7 x 108
ECAL-B 0.35 8.9 x 10° 95.5 0.03 7.0 x 108
ECAL-E 1.2 1.2 x 101 78.5 1.2 1.3 x 10°
MUD-B-RPC 0.03 7.7 x 108 36.2
MUD-B-PS 0.002 1.6 x 10° 23.5 0.06 8.5 x 10°
. .5 %
MUD-E-RPC 0.01 2.6 x 108 1.5
MUD-E-PS 0.004 1.9 x 10° 19.1
350 - 107 T 380 10" 7
wb 11D we £ NIEL ]
E 107 o« C i
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Background Mixing Introduction

»Background Mixing: Before digitization, signals mixed with beam background at the Geant4 step level.

» Simulated background particles as input; a unified algorithm applied to each sub-detector.

Beam Bkg simulation

[T T T T T e 1

|

i Background | ||  Detector i | Background

'| Generation Simulation | Database

| |

S —— e ———————— =I
Sianal Detoct - Tracking

G |gn?_ - S_eelctc_)r e Mixing  fF-=----- »| Reconstruction
eneration |mula|on ------| Analyzing...
| >

: Parameterized backgroundjmixing in I
----------------- | each sub-detector separatel |

Full Detector | same format
Digitization with raw data

Raw Data
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Beam Background Database

> Time window: 1000ns

» 1 BKkg event = all Bkg particles in 1 time window.

Lost Rate (MHz) Background Mixing Approach
Touschek 1120
Coulomb 208 1000ns Time
Beam-gas Bremsstrahlung 2.1 Window
Luminosity-related Radiative Bhabha 615
Tworphoton 0 avent 1 Tousl Gasl Lumil

1 Touschek Background Event Tous?  Gas?  Lumi?

+ Input Bkg particles randomly

event 2

Tous3 Gas3  Lumi3
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STCF Event Pile-up

» Average number of physics events in each collision:

<p>= fl’hyc=1.6><1o-3
NbXZ

> Probability of gen 2 PhyEvt in one collision: 1.28 x 107°

» Signal event generate at 0 ns, 32.9% probability of another

physics event occurring within 1000 ns time window

!

Physics Background

Yupeng Pei

Physics Event GenRate f,,, < 400 kHz
Storage ring circumference L | 617m
Bunch number N, 514
Collision time interval 4 ns

0.40

0.35 4

—a— 400 kHz physical events rate

0.30 4

0.25 4

0.10 4
0.05

Probability of physical signals overlap

oo | 8%@200ns

18%@5001s

Time window (ns)

1000
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Event Composition

» leventincludes:
« Signal: ete " s an'n /Y o ntnuTu(ete”) @ 4.260 GeV
« Beam Bkg: Touschek, Beam-gas, Luminosity-related
« Physics Bkg: ete™ - anything @ 4.260 GeV
» 1 signal event sampling at [50, 400]ns; Physics bkg sampling each 4 ns until time interval larger than 1000ns

» Extend time window for last physics bkg; Mixing beam bkg; Go to next event

A
Signal sampling interval cus= I 610 |
h " Ny, x% ' :
Poisson sampling every 4ns to determine :
| whether a physics event is generated | | Extending the
) O . g ' time window
| | : ; N
0 50 I 400 l 1000 I 2000

Signal Physics Bkg 1 Physics Bkg 2
Yupeng Pei 18



Results

» Performance: 3.3 s/Event; 22 Mb/Event

» Mixed samples used for other system research:
» Study of sub-detector reconstruction
« Performance of tracking
» Trigger system event-level analysis

1000 Events Signal (uurr) | Background

ITK 1.5M 5.2M

MDC 46M 281M

RICH 840K 4.5M

DTOF 1.7M 27M

ECAL 133M 16G

MUD 4.1M 5.0G

Total 187.7TM 21.3G
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NBeamBKG = 2, Time wWindow = [0, 2000] ns
Size of output
Evt #1, Type

EVt #2, Type
Evt #3, Type
EVt #4, Type

EVt #6, Type
Evt #7, Type
Evt #8, Type
Evt #9, Type

EVt #5, Type =

Tous(-1),
Lumi(-2),
Beamgas(-3),

vector = 9
sig(0), EvtiD = -1,
PhyBkg(1l), EVtID =
PhyBkg(2), EVtID
Tous(-1),
Lumi(-2),

start Time = 284
8424, start Time =
4040, start Time = 1084
EVtID = 7929,
EVtID = 8042,
Beamgas(-3), EvtID = 4643
EVtID = 7007,
EvVtID = 5533,
EvtID = 1802,

412

start Time = 0

start Time = 0

start T1me =0
Start Time = 1000
Sstart Time = 1000
Sstart Time = 1000

I I I I 1 I 1

—— Beam BKG

—— Signal

—— Phy BKG #1

—— Phy BKG #2
Phy BKG #3 —

—— Phy BKG #4

4000|

3000

Phy BKG #5

7

nw. ﬂ“I.H'H Lall JM
S T, 1000 2000 3000 4000
1000 2000 3000 4000
MDCHit time (ns) 19
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Summary

Beam background research framework established.

Add the collimators and shielding can significantly reduce the beam background level.

Based on OSCAR, completed the statistical of beam background on detector and electronics.

Finished the algorithm for signal and background mixing.

» Future plan
« Optimize the collimators and shielding

« Achieve a more refined background statistics.

« Optimize the background mixing algorithm to reduce time

Thank You !
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Back up
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STCF Background

» BT OSCARHIARERSGELT, OSCARBEFEHI/LA
> BRIRIAESLT:
- HBEIRIp TID: B{UREINREEXN/, B Gyly
- JEEBERG NIEL: BREREIHNSFNP L, BRI FPSMmeeit&, B4
1 MeV neutron/(cm2*y), EEFRMUGET—IR
+ THEEE Count (IRERMIES) : FE—ERE LEBERRIEPE, B Hz
 ERRIFEISENIR SEE (NBBFE) : ¥, PFIEHMERRTCRIIEK,
RSB ET RAIPERSEENT. ®B20MeVEgE NREHE
> TEstepRBIFEITAREEE. (UE. NFMSEmeeE, RZLLER S ER I VHE

LL
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STCF Lattice and MDI design

g |
=
(=]
=
L | =~
e
U-:

O LA Latticei&1TRE N R4tz 4
O JINEERNRA

> V2: CDRMRA, {EAITEMRAS Zeyf

60 4

» V7. current lattice |
> V7C3: 10 collimator

N

\ Interaction
Region

Arc

Technique
Region
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Collimator
> Tip-scattering E

_'I

 BRINEBDRIFATLAER

FIRFIEE]

o Geant4diEtEcollimator;

RIS

15 collimator,

E’JﬁWC

FREEIENE

1E e T1E 1 collimator

EI’JY_ SERN O GeantdEH AU EREINSAD

Surv. Prob.
© © © © © ©
n wlII\A (J.I =2 I.‘....l

o
—

I — A 4
0 2 4 6

3 T
Init x / mm

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

RIRRIFE5T collimator BIGYfERIEFEER;

BT AR RAER-SAE

RERFNEE AREHIa BRI Th

DL S Touschek |-ji% Touschek FiiF | -~ LiiF - N iF
SAD fili#{ ¥ (trun.) 6.42 % 10° 6.24 x 10° 141 x 10" 3.83x 10°
Tip scattering(tip.) 6.38 x 10° 6.12 x 108 151107 427x10°

FhfE (tip./trun.) 0.99 0.98 1.07 1.11
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EF\V/7C3 Standalone

> Collimator FLIEZAIMAL :
« FREFE TMCI 8
« FLIRRITENEN FEFMR RS

» Touschek XJR, AT, R-SXIR, EHUH

N 1.0E+05

1 *Touschek
. 1.0E+04
o Coulom
E1.UE+03
0
o 1.0E+02
-
1.0E+01
1.0E+00
10 15 20 25 30
R, / mm
160
~140
g 120
» 100 . <
— 60
40 *Touschek
20
o *Coulomb
10 15 20 25 30
R, / mm

N 1.0E+05
=
=
~_1.0E+04 ‘_‘__‘,/""—"
[+]
] 1.0E+03
= +Touschek
t'l' 1.0E+02
9 Coulomb
1.0E+01
1.0E+00
3 5 7 10 20
Ry / mm
500
N -
o 400 Touschek
P390 Coulomb
o
P
21200
100 ek " A
s
0
3 5 7 10 20
Ry / mm

A FLIR AT BRUE(K Touschek AN R (~60%)

Touschek [ jif Touschek Fiif | #i- LiF - Filf

JC collimator (Hz) 3.47 x 10" 2.08 x 10’ 1.08x 10"  1.27 x10°

W4 collimator (Hz) 6.38 x 10° 6.12 x 10® 1.51 x 107 4.27 x 10°

{lt4t, collimator (Hz) 2.19 x 10° 1.17 x 10% 1.06 x 107 4.15 % 10°
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V7C3 {355 N

)

> VICRAERIIETV2, FEEMDI

> Touschek§FES, HEAIRMZEAIRIFFPSE

V7IV2 V7C3/V2 To:/s?:ESkE b
ITK1 102.28 1.20 76%
ITK2 93.24 1.46 91%
ITK3 101.58 1.77 87%
MDC 166.05 9.77 94%
PID-B 130.46 6.71 92%
PID-E 156.46 14.21 96%
ECAL-B 123.51 7.69 93%
ECAL-E 126.18 7.28 92%
MUC-B-RPC 62.29 5.07 85%
MUC-B-PS 56.38 3.64 81%
MUC-E-RPC 43.47 4.46 82%
MUC- %lmpnn D 49.81 3.06 75%

Count

XL EEIM

FEAI

Fh)

HF\V/7C3 Standalone

NIl

BB FHIDEF

N

dl]

AR FRNESMNEDTD

10° 7

10* =

10°

AT

:10

Count

8 1 4
z(m) P (log(MeV))
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R 5 2 A R R

O R E-RllEsn A IR EIEEHI0)

—

e+e- pt
5 F —— No shield
& 10° :_ Outer tube
E — Outer tube + endcap
= —— 3 shields
10"z
10° s
10° =
10
1=
:\\Ilm’_”>\lll\\llllll\\ll‘\l|II\\lll\I
—4 -3 -2 -1 1 2 3 4
Pt (log(MeV))
gamma pt
5 F —— No shield
© B Outer tube
10 e —— Outer tube + endcap
E —— 3 shields
10°
10 ’j
15
HHH|’ HI—I“Illllll
0 2
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1 3 4
Pt (log(MeV))

Count

Count

e+e-p

—— No shield

Outer tube
—— Outer tube + endcap
—— 3 shields

N

Al

-3 -1 0 1 2 3 4

P (log(MeV))

gamma p

-

—— No shield
QOuter tube

—— OQuter tube + endcap
—— 3 shields
L1

A

!

3 2 - 0 1 3 4
P (Iog{MeV))

Count

Count

i, AR RSER AT

HJ\V7C3 Standalone

e+e- Z
F No shield
n Outer tube
107 Outer tube + endcap
F 3 shields I
10
10°
10° f
_Illlll\ll\\llllll\\ Illl ||\\‘II\|II\
-10 -8 -6 -4 -2 0 2 4 B 8 10
z (m)
gamma z
L [—— No shield
| Outer tube
—— Quter tube + endcap
10% || — 3 shields
107
10:_II\|II\|II\‘II\‘IIIIIHI ‘III‘II\‘\II

-0 8 6 4 -2 0 2

4 6 8 10
z (m)
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NG URESINEN SRRV ES R

O £V 7C3hrAstandaloneifid M N EZIRNBS T THEERE FmAIX &R

No shield  Outer tube Outer tube+ 3 shields V7C3/V2 I%?Ji{%%ﬂ;&
endcap ‘
ITK1 100% 62% 59% 142% 1.20 1.70
ITK2 100% 191% 202% 116% 1.46 1.70
ITK3 100% 139% 88% 102% 1.77 1.81
MDC 100% 73% 32% 6% 9.77 0.55
RICH 100% 63% 27% 7% 6.71 0.45
DTOF 100% 7% 3% 2% 14.21 0.33
EMCB 100% 60% 30% 10% 7.69 0.79
EMCE 100% 17% 10% 6% 7.28 0.44
MUDBRPC 100% 57% 38% 92% .07 4.68
MUDBPS 100% 118% 81% 63% 3.64 2.30
MUDERPC 100% 33% 45% 51% 4.46 2.27

YupenlYPADEPS 100% 90% 65% 93% 3.06 2.84 28




Neutrton NIEL BRZ5H
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=
T

Displacement damage in Silicon
for neutrons, protons, pions and electrons

= ||||IITI| ||||||rr| IIIII“‘“LIIIIM lllllln]_l_l_mﬂ]_l_l_mﬁll_l_rm_l_lw

- - 3

e . —
10° | ~ .

E \\pl'DtDI]S E

B S -]

10° = neutrons: Griffin + Konobeyev + Huhtinen “a =

o E — — — . protons: Summers + Huhtinen A S E
= 10! _— prons: Huhtinen S -
:>. E electrons: Summers ~ 3
L 0L 7Y Lt ]

2 10 E \Jﬁf ' . ==
- plons =

i)
> 107 | - - 2
—_— - 3
2 102 & neutrons 7 -
= : . electrons E
1073 | -
104 | .
-[}‘5 i 1 |||||,|,|] 1 ||||||,|] ] |||||,|,|J |||||||,|] ] |||||,|,|] Ll 1 |||||,|J ] |||||,|,|] 1 ||||||,|J L ol |||||||,|] ] |||||,|J 1 ||||||,|J 1 |||||E|
101910 10® 107 10°° 10 10% 10 102 10! 10° 10! 10% 10° 104

A. Vasilescu & . Lindstroem

E[MeV]
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== AT (E]
. (SEHIFEXE: [50, 400] ns

- BRESHEZE, NEEENN = #IaEF50ns

- BFEENESAARERT = 2K 7 ET400ns
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20000}
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VAN

. (SRS,  ans EAMERE, /J%ZEJH:HT'—T@ EANRNEINps -
* Npp = 1: \YIIERJEREMENy p TMIEAE s
* Npp < 1: BJIB)E/S4ns, HRERREL NSam++

<,u>_ fpy

» EHAIES: HFREEFEATF-1000ns (Nsam > 250)
- BRE—MIIEAREAE AR ELE KA BE
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