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Introduction of BEPCII-U

BEPCII BEPCII-U
luminostiy [1032cm=2s71] 3.5 11
@2.35GeV
By [cm] 1.5 1.35
Beam current[mA] 400 900
SR Power [kW] 110 250
$y lum 0.029 0.033
emittancenmrad 147 152
couple [%] 0.53 0.35
Bucket Height 0.0069 0.011
0z0 [cm] 1.54 1.07
o, [cm] 1.69 1.22
Rf voltage 1.6MV 3.3MV
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» 2024 .7-12, Shut down for hardware dismantling and installation
» 2025-2028, Operation at 2.3~2.5GeV, prepare for energy upgrade

> 2028.6-9, Energy upgrade to 2.8GeV
» 2028.9~2030, Operation at 2.5~2.8GeV

2.5




Introduction of BEPCII-U

BEPCII BEPCII-U
luminostiy [1032cm=2s71] 3.5 11
@2.35GeV
By [cm] 1.5 1.35
Beam current[mA] 400 900
SR Power [kW] 110 250
$y lum 0.029 0.033
emittancenmrad 147 152
couple [%] 0.53 0.35
Bucket Height 0.0069 0.011
0z0 [cm] 1.54 1.07
o, [cm] 1.69 1.22
Rf voltage 1.6MV 3.3MV

» 1 existing and 1 additional RF cavity per ring.

» The survey will be kept exactly the same as BEPCII.



Beam background sources in BEPCI|

» Touschek effect:

» Scattering among particles in a same bunch.

: a1 -3
» Generation rate o< N, .., beam size?, beam energy

» Beam-gas effect:

» Interactions between the particles of the beam and the residual gas
molecules in the vacuum chamber, including Coulomb scattering and

Bremsstrahlung scattering.

» Generation rate « pressure

» Injection effect:
El

» Caused by injected particles with a large amplitude of oscillations due to

N

in"ection kicker errors; Y



W Beam-related background experiment in BEPCI|



Beam background experiment in BEPCI

» Measure the Touschek background and beam-gas background separately.

Il‘.Ib

0,0

OSB = Stous :

pu + Sgas 1 - P(y) + Sconst’
z

y
» Ogp is the total single beam background rate that can be represented by count rate of the MDC,

I; = npynen X Ip, and P(I;) is vacuum pressure.
» The constant background is measured without any beam in the storage ring.

» The Touschek and beam—gas backgrounds can be separated by using different bunch currents, where

the nominal beam current is set to 450 mA.

» To study the correlation between vacuum pressure and beam current, we fix the bunch current (6 mA)

and increase the bunch number.
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Beam background experiment in BEPCI!
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» Constant: b, from cosmic ray experiment --- fit positron
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» The accumulated count rate of separate background sources in all MDC Bunch Current/mA Bunch Current / mA
layers when bunch current is 6 mA. =
'gmof: Touschek electron
X B8 Touschek positron

N 1000}~

» The Touschek background is dominant in all layers and the beam—gas R Beam-gas electron

~~ | Beam-gas positron

B Constant

background occupies a small portion, especially in the outer layers.

Count Rate / (H

» The background at first layer of MDC is composed of 75.1% Touschek,

100 00 a0 400 500 800 700
Radius / mm

15.4% beam-gas, and 9.5% constant background.



Beam background experiment in BEPCI!
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» The lifetimes at bunch current of 6 mA are 2.29 (2.25) h as Touschek lifetime

Inverse of life time / hour™
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and 14.80 (13.52) h as beam—gas lifetime for the electron (positron) beam.

c"‘..I.".I...‘\..‘.I...‘\....IH..I.H.
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Bunch Current / mA

» Based on above empirical formula of the single beam, we add the positron

. g 20

and electron beam backgrounds to the constant background and compare with ~* b o
- ¢ G

the collision beam background. —

[ const BKG

» One potential explanation is that the blowup effect reduces the Touschek
background, resulting in a total collision background that is lower than the sum

of the individual beam backgrounds.

time/s.
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Movable Collimator experiment in BEPCI|

» Three horizontal movable collimators (8.2m and 11m upstream from the IP and
11m downstream from the IP) in the electron ring;

» A horizontal movable collimator (8.2m upstream from the IP) in the positron



» The collimator has two independent jaws, which can be
adjusted from 3mm to 21mm, the half aperture can be changed
between 40 mm and 22 mm.

» The simulation results indicate that the collimator located

upstream from I[P significantly affects the beam background,

while the collimators positioned downstream from the IP do

I '
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Movable Collimator experiment in BEPCI!

= The nominal beam current is 450 mA. Four bunch number (60, 75, 82, and 90) is selected.

= Changing the aperture of movable collimator located at -8.2 m from 35 mm to 32 mm (27 mm), the beam

background increased more than four times. The injection is failed if the aperture is decreased to 22 mm.

= Adjusting the apertures of the other two movable collimators did not noticeably affect the beam background.
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Changing the aperture of collimators can
suddenly but no dramatically increase the
vacuum pressure and decrease the lifetime of
beam. While the vacuum pressure and

| lifetime will recovered in a few seconds. It

indicates that more detailed collimator
experiments can be conducted in the next
beam background experiment.




Movable Collimator experiment in BEPCI!
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17 items of movable collimator experiments are conducted in the movable collimator: Baseline beam background experiment (01 and 11).
Scan the aperture of collimators for finding a best settings (02-07, 12-13). Baseline beam background experiment with best settings of
movable collimators (08, 14). Data taking with different aperture settings (09, 15). Beam background experiment with different beam current




Movable Collimator experiment in BEPCI!

4 L | L L I L | L LI L | L | L L | L
: Outer aperture 18mm : - Inner aperture 18mm -
—#— Outer aperture 16mm L —=— Inner aperture 15mm
- —a— gulcr aperture iimm =g — = - Inner sperturs 12 -
uteraperture 14mm "Mi=s l'-- . | | —=— Inner aperture 10mm —
3 | —=— Outer aperture 13mm — . Inner & 8 ™,
| —m— Outer aperture 12mm - m.. sallin _ nner aperture Smm anl AP
N —=— Outer aperture 1lmm ———T L i —#— Inner aperture 6mm L. -
~~ —m— Outer aperture 10mm T ~ L —=— Inner aperture 4mm .H.FI- n
< B —#— Outer aperture 9mm ] < —#— Inner aperture 3mm = un =
1 — —=— Quter aperture 8mm smimuiEE=Rn 1 j. - - L, ['T] -~
N ) 2 — | —=— Outer aperture Tmm ain nE BN 9EE — “*'P
L —=— Quter aperture 6mm 1 - - '- uim -
v L —m— Outer aperture Smm =ami N .‘ _ ') g g DAL, T
7 p)] —=— Quter aperture 4mm -——— = )] 3 — Thewud®™ —
= [N E
Outer aperture 3mm | n
L1 1 1 | | I .| | L1 11 I L1 1 1 | L1 1 1 I L1 1 1

2 IIII|lIII|lIII|lIIIIIlIIIIlII
40 445 450 455 460 465 470 2?40 445 450 455 460 465 470

Beam Current (mA) Beam Current (mA)
= Scanning the aperture of four movable collimators to find a best aperture settings, the scan result of positron ring.

= Changing the apertures of the collimators downstream from IP is no significantly affect the beam background, while the other
three collimators obviously affect the beam background, especially the collimators at 8.2 m upstream from IP for both electron and
positron ring.

= The best aperture settings of movable collimators with respect to the minimum beam background are selected for further

experiments.



Movable Collimator experiment in BEPCI!
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= Symmetry scanning the aperture of four movable collimators under the best aperture settings.
= A clear minimum dark current corresponding to the best aperture settings is observed.

= Collect these experimental data sets with different aperture settings for further analysis and validating the simulation prediction.



Movable Collimator experiment in BEPCI!
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= An additional data taklng W|th the best settlng of these movable colllmators is performed the dark current is decreased from
11uA to 6 u A (about 40%) with 900mA beam current and the beam lifetime and peak luminosity are no obviously changed. The

obvious mitigation of beam background will play an important role of the future data taking of BEPCII and the evaluation of the

beam background of the BEPCII upgrade.



W Beam background simulation at BEPCII/BESII|
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Beam background simulation at BEPCII/BESIII

» Generator: SAD for tracking the particles in the accelerator, and

= 2E
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Gearnt4 for calculating the MDI interactions and the detector. 2 R T A R L i -
g
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» The Touschek and beam-gas background are generated through 2F : |
. . . E 01— | | - --d
sampling with the cross section. P : : X
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» The BEPCII lattice is sliced to improve the accuracy of generator and < 1 l
0
3 [
that of tracking, and the background particles are generated and g 103 = :@Tousichek —JCoulomb EZ]Bremsstrahlung
. . L e"E o oy
tracked in the middle of each slice in SAD. ol = 2 i
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» The residual gas is assumed as a mixed gas of 80% hydrogen and 20%

Carbon-Oxide with the same pressure in the total ring.



Beam background simulation at BEPCII/BESII

» MDI geometry: Based on Geant4-based software framework of the BESIII Offline Software System (BOSS),

which includes all subdetectors. The elements of the MDI are added to the framework.

» Collimator settings:
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Fig. 3. Geometry of the MDI elements within 10 m of the IP, including beam pipes,
magnets, collimators and flanges. The collimators OCHO2 and OCVO02 are enveloped
by the upstream beam pipe.




Movable Collimator simulation
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Beam background simulation at BEPCII/BESIII

» The rate of loss and count rate of positrons are both higher than those of
electron by about 50%, which is consistent with those in experiments.

» Both simulating and experimental results show that the Touschek
background is dominant in all layers.

» The generation rate of beam background simulation by the scale factor

calculated by the beam lifetime. | |
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Beam background simulation at BEPCII/BESIII

» The rate of loss and count rate of positrons are both higher than those of
electron by about 50%, which is consistent with those in experiments.
» Both simulating and experimental results show that the Touschek

background is dominant in all layers.

data/MC ratio

» The generation rate of beam background simulation by the scale factor

107

calculated by the beam lifetime.

102

» The magnitude of simulating Touschek background is larger than that in

108k

the experiment by one to two orders. The difference occurs mainly due to

lattice, tracking, the MDI simulation, collimator simulation, and so on.
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H.C. Shi*, B. Wang?*, H.Y. Shi et al., Nuclear Inst. and Methods in Physics Research, A 1050 (2023) 168174



Summary

» The beam background simulation and experiment are studied in recent three years.

» The Touschek background is dominant in the beam-related background for both experimental
and simulation results.

» By comparing the beam parameters of BEPCIl and BEPCII-U, it is anticipated that the beam-
related background in BEPCII-U will be approximately three times higher than the current level,
the Inhibition by collimators is necessary during the upgrade.

» The collimators with proper aperture settings effectively decrease (40% decrease) the beam
background in the recent data taking, where the beam current is up to 900 mA.

» Further analysis of the recent experimental data is ongoing.



To do list

] Data analysis for operational data sets.

] Extract the operational data for those runs with poor vacuum pressure.

] Analyzing the operational data from the past 5-10 years.
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J Optimizing the MDI simulation, collimator simulation, and so on.

] Beam background simulation optimization:

] Optimizing the BEPCII lattice.

] International collaboration, especially for SuperKEKB staff.

] Funding: We are applying a special funding focus on the beam background study.
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https://indico.ihep.ac.cn/event/257/timetable/#all.detailed
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