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Higgs 4 Z (31) Z:Qr)
Number of IPs 3
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/tumn (GeV) 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5X2
Piwinski angle 2.58 7.0 23.8
Number of particles/bunch N, (10!0) 15.0 12.0 8.0
Bunch number (bunch spacing) 242 (0.68us) 1524 (O.ZIES) 12000 (25ns+10%gap)
Beam current (mA) 174 879 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compact (10-%) 1.11
B function at IP g.*/8.* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001
Emittance £/&, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016
Beam size at IP g, /0, (um) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters &£/&, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072
RF voltage V3 (GV) 2:17 0.47 0.10
RF frequency f zr (MHz) (harmonic) 650 (216816)
Natural bunch length &. (mm) 2.72 298 242
Bunch length o. (mm) 3.26 59 8.5
HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94
Natural energy spread (%) 0.1 0.066 0.038
Energy acceptance requirement (%) 1.35 0.4 0.23
Energy acceptance by RF (%) 2.06 1.47 17
Photon number due to beamstrahlung 0.1 0.05 0.023
Lifetime _simulation (min) 100
Lifetime (hour) 0.67 1.4 4.0 | 2.1
F (hour glass) 0.89 0.94 0.99
Luminosity/IP L (103cm-2s-1) 2.93 10.1 16.6 | 32.1
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Radiation Backgrounds
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Pair Production
Photon BG

* Photon BG and Beam Loss
BG were simulated using
different tools. Injection
BG is ignored for now.

Cross-check and
benchmark needed.

* Other BGs are planned to
studly.
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Starting with Synchrotron Radiation

* Original central beam pipe design need to be improved.

* Synchrotron radiation should be dealt with high priority at circular machines when
designing the interaction region due to high hitting number/power/detector impact
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* Original central beam pipe design need to be improved.

* Synchrotron radiation should be dealt with high priority at circular machines when
designing the interaction region

Revised beam pipe design to achieve
No direct SR photons hitting the central beam pipe except the extreme beam conditions (e.g. beam off

orbit due to magnet errors)
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Starting with Synchrotron Radiation

* Original central beam pipe design need to be improved.

* Synchrotron radiation should be dealt with high priority at circular machines when
designing the interaction region

Revised beam pipe design to achieve
No direct SR photons hitting the central beam pipe except the extreme beam conditions (e.g. beam off

orbit due to magnet errors) S Bal
ak S Bai Average Power
Power Deposition :
Density
o 0.805~0.855m 16W 88.9W/cm?
0.855~2.2m 12.3W 2.54\W/cm?
QD0(2.2m~4.2m) 2./9W 0.39W/cm?
QD0~QF1(4.2~4.43m) 36.1W 43.6W/cm?
QF1(4.43m~5.91m) 3W 0.56W/cm?

2021/3/25 CEPC DAY, H. SHI, 2021.3.25 8



Asymmetry design

2021/3/25

1. Error Cases
2. Scattered Photons
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Asymmetry design

* ~ 40000 photons would hit Be
beampipe per bunch crossing
* Consistent with CDR results

* Most photons hitting Be pipe
were generated at ~-70m.

* Photons should hit the slope at ~-

1.11m to -0.855m, and then
scattered to Be pipe.
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* Most photons hitting Be pipe
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1.11m to -0.855m, and then
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* Masks are needed.

* We have tried different positions,
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Asymmetry design

* ~ 40000 photons would hit Be
beampipe per bunch crossing

* Consistent with CDR results
* Most photons hitting Be pipe
were generated at ~-70m.

* Photons should hit the slope at ~-
1.11m to -0.855m, and then
scattered to Be pipe.

* Masks are needed.

* We have tried different positions,
but it seems hard to decrease the Be
hitting numbers.(~32500/BX)

* We need to know the source of the
photon.
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* New mask design:

Mitigation — SR Mask o

* 4mm height
* 10mm long
* Locates at -1.21m

beam

lcm

R=10mm

4mm

-2.2m -121m -0.805m
20mm

ry
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* New mask design:
* Tungsten

MltlgatIOﬂ — SR MaSk * 4mm height

* 10mm long
* Llocates at -1.21m

beam
I 20 10 20 2R
lcm =
R=10mm Zo——re==
— )
_Amm \“‘.w“/
A 4 '.
-2.2m ) -0.805m
~ 20mm
IP

2021/3/25 CEPC DAY, H. SHI, 2021.3.25 15



Mitigation — SR Mask
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* New mask design:
* Tungsten
* 4mm height
* 10mm long
* lLocates at -1.21m

* Lots of photons are secondaries,
generated within QDO

* ~300 photons/BX could hit Be
beampipe, with a.e. ~100keV

¢ ~1.44x1078% W on Be beampipe

2021/3/25 CEPC DAY, H. SHI, 2021.3.25
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Mitigation — SR Mask

5 4
beam 10
20 10 20, 2 5 10 4
lcm —
L
,7[ \ £ 1034
R=10mm = z g%
[
R s
h Em:s] 2 102
AN
-2.2m -0.805m 10
20mm N
[ 10°

0 100 200 300 400 500

. Y. Liu
« New mask design: om0 L O —— S
* Tungsten 7
* 4mm height J

* 10mm long
* Locatesat -1.21m

* Lots of photons are secondaries,
generated within QDO _
. Loss Power Power Power Power &Z(High
+ 300 photons/BX could hit Be
beampipe, with a.e. ~100keV 8.69%10-4 0.36 w 147 w 5.13w 22 61w
¢ ~1.44x1078% W on Be beampipe
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Nearly 20 versions tried in last 10 months

Revised beampipe design

Beampipe Cryostat Chamber
PIP Connector Chamber
Paraffin Cooling Al Water Cooling cy No Forced Cooling Water Cooling
Be RF Bellows Cu
H. Wang
ALc—
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655
700
780
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1600
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Pair Production

* Detector Impact on 1% [ayer of vertex detector, with a safety factor of 10

1 MeV equivalent neutron

Hit Density(cm™2 - BX™1) TID(krad - yr—1) fluence
(Meq - cm™% - yr™1)
Higgs 1.81 499.476 9.68x10!
W 1.228 8434.486 1.55x10%3
Z(2T) 0.359 5551.370 1.06x10%3

1 MeV neutron equivalent fuence [rutrons cm ) for a year Total lonizing Dose [krad] for a year

Charged particles fluence [Charged parscles om ] lor BX
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Radiative Bhabha scattering

X|mj

* Lots of loss
particles are
‘outside” of the
beampipe.

2021/3/25
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Radiative Bhabha scattering

x|m]

* Lots of loss
particles are
“outside” of the
beampipe.
* Due to the tracking
mechanism of SAD
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SAD Aperture

Radiative Bhabha scattering

=

X|mj

* Lots of loss 93
particles are %
‘outside” of the by
beampipe. oo T
* Due to the tracking e AT One step
mechanism of SAD
* The improvement
of the tracking e IZm
method is needed. T e
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——
Tracking Method Improvement @/
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x [mm]

Tracking Method Improvement
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Tracking Method Improvement @/
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x [mm]

Tracking Method Improvement

5of— sof_ 50; 50?
6 4 2 0 2 2l 150 -4 2 0 2 SZ[m] —150_'_‘6"‘_‘4"‘_'2"'(')"'3"'(‘4"‘éz'lm] -150_'_'sul_14‘"_E-"é\l'éuliunézllm]
Method 1 — QOut Method 2 — Cut Method 3 — Before Method 4 — Move
_ Method 1 - Out Method 2 - Cut Method 3 — Before Method 4 - Move
Hit Density(cm~2 - BX~1) 0.155 0.004 0.0066
TID(krad - yr~1) 244.603 2.072 20.3 6.04
1 MeV equivalent neutron
fluence 6.62x1011 4.03x10° 3.97x101° 1.12x10%°
(neq -cm™2 - yr_l)
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Beam Gas Bremsstrahlung — wpssemeemenzrig

* Updated tracking method applied 2
* Method 3(Before) 2%
* Generate/tracking in whole ring “ (
* Due to tracking method updating, H N % QE
the results decreased from CDR. R Y W R
Total lonizing Dose [krad] for a year o "::mmmmyea}r[ ) Hlt

- Density(

10 cm_z .

il 1

: BX™ )

: i +  Higgs 0.359

! ‘
10 —_—— T . 1
020720 3 40 50 60 710 8 9 100 % 10 20 30 40 50 60 70 80 9 100 " 0w 0w 0w w0 Z(ZT) 0.015
Z [em] Z [em] Z [cm] .

2021/3/25 CEPC DAY, H. SHI, 2021.3.25

1 MeV equivalent neutron

TID(krad -
1 fluence
yre) (Neq - cm™?% - yr71)
363.614 9.84x1011
225.060 418x1011
28



L ost distribution

* Downstream lost Is higher with collimators.

* The lost within downstream magnet Is significant.
* Mitigation and shielding are needed.

1e11 Beam Lost Particle Distribution -- With Collimator

1e2 Beam Lost Particle Distribution

-- With Collimator

jooooood

Loss Power/mW/10cm

RBB_Higgs
100*BGB_Higgs
100*BTH_Higgs
RBB_W
100*BGB_W
100*BTH_W
RBB_Z
100*BGB_Z
100*BTH_Z

-4 -2 0
Position in SAD

Beam Lost Particle Distribution -- With Collimator

: 16
1.6 4 — RBB_Higgs . [ RBB_Higgs
100*BGB_Higgs 14 100*BGB_Higgs
14{ &= 100*BTH_Higgs 1 100*BTH_Higgs
[ RBB_W [ RBB_W
1.2 1 100*BGB_W 12 - ] 100*BGB_W
[ 100*BTH_W [ 100*BTH_W
T RBB_Z & 10 4 RBB Z
= 197 — 1008082 = — 100%
3 5 S | 100*BGB_Z
& 0.8 - J00METH 2 T 81 100*BTH_Z
& "]
o 3
~ 0.6 S 64
0.4 a5
0.2 - JJV g ﬂlE 2 -
O.o T T T T I—;‘IJ“J T Jﬂi T o I!L T ‘F T T Ll _r:-\ﬁ l.r‘__g;"‘-l'_r‘:‘il
—6 —4 -2 0 2 4 6 -6 -5 -4 -3 -2 -1 0 1 2
Position in SAD Position in SAD
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Detector Impact

* Preliminary results on 18t [ayer of vertex. Safety factor applied.

1 MeV equivalent neutron fluence

Background Hit Density(cm™2 - BX™ 1) TID(krad - yr~1)

Higgs Z Higgs Z Higgs Z
Pair production 1.81 0.359 499476 5551.370 9.68x1011 1.06x10"3
Synchrotron
Radiation 0.026 15.65
Radiative 10
Bhabha 0.02 20.3 3.97x10
Beam Gas 0.359 2.89%x1073 363.614 181.97 9.84x10!1 4.99x1011
Beam Thermal 0.02 2231 6.20x100
Photon
Total 2.235 921.35 2.537x1012
2021/3/25 CEPC DAY, H. SHI, 2021.3.25
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Experiments - Benchmark

* Important to validate the modellings and Monte Carlo Simulation codes for
the CEPC beam background simulation with real data where they are
applicable

* BEPC II/BES Ill, SuperKEKB/Belle II, LEP I/I1--

* Basic Principles — Key Parameters & Distinguish
* Single beam mode: three dominant contributions from Touschek, beam-gas and
electronics noise & cosmic rays.

* OSingle = Otous T Ogas + 0n0ise+u = ]
S;-D(oy) - Gxtgygz +8g I - P(I) + S,
* Double beam mode: additional contributions from luminosity related backgrounds,
mainly radiative Bhabha scattering
* Ototar = Op+ + 0= + O
* We hope to perform another run of BG experiment on early Aprll




summary & Qutlook

* We try to finish the work based on CDR
* The finalization of the central beam pipe design has been determined.
* Mask has been designed, BG simulation and thermal analysis are performed based
on new design.

* Tracking Method has been updated.

* We plan to benchmark our study with experiments.
* Using BEPCII/BESIII, hope to be done on early April

* We consider to move to high luminosity design in coming months.
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HOM analysis for asymmetry

* Maximum HOM Heat load at High-Lumi Z

Power distribution

Be: 13.2w(Higgs)

831.2w(High Z)

Cu(W): 13.2(Higgs)

855.8w(High 2)

Al: 22.2w(Higgs)

1386.3w(High 2)
* 415.6(B 1386.3(Al) + 855.85 (Cu) W
. e + . + . u Y L|u
EE; (m | A{E(mm - A xms P Srh%cRiges | MeRiges | o ficiges | AohAkZ | BhAERIRZ | shA s ieZ | AuhAeeE Z | OSSR ERH | shAs el 2
mn' L ) (mm’) x {N) (W/en') (v {N) (W/en') L)) m Z (W/ca') m
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Pi%28id S e
205655 |BAEERE  |as)asa ago7|2Pert 222 0.04 17. 44 3228 0.53 253, 54 1386.3 2.27 1088. 85
20 5
655-700 BRI | Mi240 A 5655 2. 05 29.83 128. 09
700-780 Y P | Afs40 |Cu 10052 ;i:;;ﬁzi 2.60 39.05 168, 64
K¥ 5 R
WEE | *fee0-
780-805 |#E|# |e0. HH|Cu 3124 0. 81 12. 14 52.41
i 75 (6 1L 3%
7
e 132 0.03 1982 0.39 $55.85 168
i | B
i3 12
805-855 i‘?ﬁ% o Cu 6932 1.79 26.93 116. 30
if] 20
Edrl | B
i i i 5
855-1110 i-‘%l'ﬂ ;;“*f;,f' u 30906 8. 00 120, 08 518. 50
O N N
1§53 F220

2021/3/25

CEPC DAY, H. SHI, 2021.3.25

Cu(W): 13.2(Higgs)

855.8w(High 2)

Al: 22.2w(Higgs)
1386.3w(High Z)

35




Mitigation — Collimator

1e2 Beam Lost Particle Distribution - No Collimator

BS
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) 100+BTH
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N 125 F12.5 g
S E
5 g
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= 3
2 P
S 0.75 1 75 &
®
0.50 L 5.0
0.25 / L2.5
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Position in SAD

1e7 BS Lost Particle Distribution
2.00 3 3th
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175
8 1.50 1
E - —1250’5 APTX1 D1|1897
g oo - 1000 g
§ g APTX2 D11.1894
g s 750 >
2 sl - 500 APTX3 D10.10
05 | 250
APTX4 D10.14
0.00 T T y : ) 0

-6 -4 -2 0 2 4 6
Position in SAD

2021/3/25 LCWS 2021, H. SHI

m Location From IP
r 1500

* 2 sets of horizontal collimators
have been put in ring.

* Upstream beam loss have been
reduced to low level.

* We are sure to need more.

* Preliminary design of the
movable collimator has been
done.

. Imlpedance and the SR impact on
collimator has been calculated.

2139.06 Collimator
2207.63 — -
AR
1832.52
1901.09
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ombine Results — Original CDR

Higgs Backgrounds on 15t layer of Vertex. With a safety factor of 10

Background Type

Pair production

Synchrotron
Radiation

Radiative Bhabha

Beam Gas

Beam Thermal
Photon

Total

2021/3/25

Hit
Density(cm ™2 - TID(k_rlad :
Bx—l) yr )
1.91 526.11
0.026 15.65
0.34 592.66
0.9607 1235.9
0.02 22.31
3.2567 2392.63

CEPC Workshop 2020, H. SHI

(Neq - cm”™

1 MeV equivalent neutron

fluence
2 yr—l)

1.05x1012

1.44x1012
3.37x1012

6.20%x1010

5.922x1012
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