Short summary of background/MDI report (1)

e Steady background rates in 2021ab was
acceptable for Belle Il (p.5,6)

* TOP rate limit relaxed to 3MHz and can
tolerate | ;z=1.2A now

e or 1.5Aif limit is further relaxed to 4.5MHz

e Extrapolated background rates seems
acceptable for most subdetectors (p.7)

* large uncertainty due to collimation etc.
though...

e Simulation for storage background
getting more accurate (p.8)

» data/MC for important background
sources are now O(~1)

Extrapolated Background Rate (N, = 1174)

We have extrapolated the background rate with the beam parameters (a,, N;,) on June 18th.

— See Appendix p.17

The fit parameters are taken from the data of single beam background study on June 16th.

Injection BG is also estimated from the condition on June 16th as a constant term.
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Short summary of background/MDI report (2)

Jeff Schueler |
Neutron hotspot regions predicted by MC
* Good progress on neutrons from the - Bwp | Lumihotspots | pyp —
tunnel: measurements and simulation e /| " Bwo:
- . . DO01H5 4 ‘ ‘ i . — -9.(;m scfn <-7.5m
 additional shield design started (p.10) bt R A e

* tighter upstream collimator can reduce loss =R CER W
. +13.o0m=sz < +16.0m
on the collimator near IP and neutron rates - : Iyl < 20cm

40cm < x < 80cm
on Belle Il EKLM (p.12) o hotspot
® |m proved tu N nel G EANT4 geometry (p 13_14) e Above shows MC neutrons that pass through each TPC, traced back to their production

point along the beam line from the 05-09-2020 FarBeamLine MC sample
e In both tunnels, the majority of luminosity background induced neutron production
comes from localized regions (shaded green regions) -> call them RBB hotspots

All_Materiais_lampaa




Short summary of background/MDI report (3)

e Catastrophic beam loss caused severe damage

Count

on collimator and Belle Il

w

S

-

e post-mortem abort analysis to find the initial beam
loss location, using loss monitor data (need more

sensors?) 2 p.23-26

» faster abort request by CLAWS at IP (~4us faster

than IP diamonds) 2p.22

Time Difference Between Fastest Abort Trigger Arrival
and CLAWS Abort Trigger Arrival

abort kicker was issued
0~10us faster thanks to CLAWS
(4.4us faster on average)
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Beam background and MDI
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Beam background status in 2021ab

TOP Background Rate in 2021ab

TOP:TYPE2_avg_scalerRate_PMT17-32_60 (ALD-type MCP-PMTSs' hit rate)
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We have operated MCP-PMTs well below the limit of 3 MHz/PMT in 2021ab.

2021/06/21 K. Kojima / 39th B2GM Beam Background Session

2021

3/15

 Summary: Recent background rates in
Belle Il acceptable — all well below
administrative limits and therefore
not limiting beam currents

* Main background concerns in short
term are catastrophic losses and
stable operation

Note: “3 MHz/PMT” is the limit for the sum of
single beam and injection backgrounds. It does
not include the luminosity background.



Storage backgrounds: near term outlook

Extrapolated Background Rate (N, = 1174)

We have extrapolated the background rate with the beam parameters (oy, N,) on June 18th.
— See Appendix p.17

The fit parameters are taken from the data of single beam background study on June 16th.
Injection BG is also estimated from the condition on June 16th as a constant term.
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T T T T T T T T ] The limits are at ~1200 mA and ~1500 mA,

TOP group already analyzed BG composition
using June 16 2021 campaign

On average, the total single beam BG increased
by a factor of 1.23 + 0.06 over 2020
* LER Touschek increased by factor 2.35 + 0.11

e Relaxed collimator settings are used in this run
to allow higher injection efficiency and longer
lifetime (TOP limit was relaxed)

The data/MC ratios of luminosity background are
0.76 + 0.08 on average (was 0.98 + 0.04 in 2020).
This is an unexpected discrepancy with
simulation, but consistent with other detectors.
Analysis artifact? Good news if correct.

Needs to understand - affects design luminosity
outlook



Storage backgrounds: long term outlook
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Figure 2: Predicted Belle I pixel detector occupancy at design luminosity, versus layer number. Ten background components
have been simulated for each layer, and each component has been re-scaled based on data/MC measurements. We show a
simplified summary, grouping these ten components into the three main classes of backgrounds: beam-gas, Touschek and
luminosity background. The PXD occupancy is dominated by two-photon events, a specific luminosity background that produces

o ——————— -
N'' Beam-gas
#8% Luminosity
@77 Touschek

- ~N

PXD Layer

curling, low-energy electron tracks that mainly affect the innermost detectors.

The extrapolation assume: 1) collimator settings
re-optimized for an optimal tradeoff between
beam lifetime and backgrounds at design optics,
2) Vacuum pressure of 1nTorr in both rings."

Slavomira
Stefkova

Table 2: Background forecast for each Belle II detector at a luminosity of 8 x 10°° cm™s™. Injection background is not yet

included. The TOP rate forecast includes the vacuum scrubbing uncertainty for the beam-gas component. A tentative 5 MHz TOP
PMT rate limit on single-beam backgrounds is part of the new 2021 run plan and will allow for higher luminosities. We expect to

replace 224 short-lifetime PMTs in 2022, and a second round of replacements during the 2026 interaction region upgrade

appears likely.

(*) will be relaxed by a factor of about 2 (TBC) with hit time selection.

\

Detector Expected rate or Maximal acceptable rate | Current prognosis
T— occupancy or occupancy
PXD, layer 1 1% 3% OK
SVD, layer 3 4% ~3% (*) OK
CDC 100-200 kHz / wire > 200 kHz /wire (not
clearly established)
ECL n/a n/a (main effect of OK
backgrounds is on
energy resolution)
ARICH 50 hits/event > 500 hits/event OK
TOP, slot 3-9 2-7 MHz / PMT for non- | 3-5 MHz / PMT for non- | need two PMT
(ALD type PMTs) | luminosity component luminosity component replacements

(lower estimate based
most recent vacuum
scrubbing extrapolation)

(2022, 2026) for 5
MHz

KLM Scintillators
KLM RPCs

2-2000 Hz/cm?
0.1-2 Hz/cm?

~1 % drop in muon
identification efficiency
for nominal rates

OK

Preliminary summary by Sven May 2021. To be updated based on June 2021 studies.
Still assuming L= 8 x 103> cm=stand original design optics, collimation




Storage background Simulation Accuracy
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* Diamonds, PXD, SVD, CDC, TOP: Four of five storage background components have data/MC of order 1 !
 KLM and ARICH included into common analysis for first time. Still need refinement at detector level.

* Plan: Include 2021 measurements. Add ECL. Improved error analysis. Then publish the results.

e Puzzle: luminosity background in 2021 data seems 20-25% lower than predicted in some subdetectors
* We use these data/MC factors to correct extrapolations of backgrounds to design luminosity.

 Systematic errors are small for Lumi and LER (largest backgrounds at design parameter), reducing the
extrapolation uncertainty.

 Effort for injection BG simulation has already started



Neutron backgrounad



Neutron shielding

* Neutrons

generated both inside and

outside Belle Il
* New background MC samples w/ truth

can be used by detector groups to study

their neutron sensitivity

* Neutron background reduction can
reduce SEU rates of CDC/TOP FPGAs

e Shieldin
urgent 5
formed

design for 2022 installation
new inter-detector group

Neutron dosimeters installed to assess
the situation

Strate%y is to install as much
polyethylene as possible

Background group will simulate
preliminary /conceptual designs

Lumi All [logZ scale]

Belle Il

Entries 3.376843e+07 |

BWD

X [m]

asked to put any material around here unfortunately.
(on the other hand)

Neutrons production density [part./(s:-400cm?)]

PE wall in KEKB tunnel

4 4
A¥

Figure 1012 Tapored ahick]
PE at QCS

There is no dedicated PE and concrete shields around Endcap. This upper opened area
was requested by the QCS group for the service space, HOWEVER Belle Il group have never
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Jeff Schueler |

Cave r ﬂ N e u t ro n S Neutron hotspot regions predicted by MC

BWD Lumi hotspots FWD

Hotspot regions

BWD:
-9.0m<z<-7.5m
ly] £20cm

18cm < x < 60cm

* Greatly improved understanding
e Spectral and directional

measurements with TPCs (fast w:
+13.5m <z < +16.5m
neutron detectors) 1< 200m

40cm < x < 80cm

 EKLM hit distributions | 0 hotspot

e Above shows MC neutrons that pass through each TPC, traced back to their production

° N ew fa r bea m | | ne llcave n point along the beam line from the 05-09-2020 FarBeamLine MC sample
ba C kg roun d S” | N Cl u d ed | N S| mu I atlo N ‘ e In both tunnels, the majority of luminosity background induced neutron production

comes from localized regions (shaded green regions) -> call them RBB hotspots

* Corrected simulation of beam particle 2
interaction with —
collimator J aws T e e = - = EE i T E= i TES
[ 1 ey e
e Most neutrons from two HWI UM -0
mEChanlsmS T _lmm e 3 | Y i e
L P
* RBB photon hotspots at M‘ﬁ Wﬁm\n Mm

0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
Energy (keVee] Energy [keVee] Energy [keVee]

d tream of IP B
O W n S re a O Figure 12: Comparison of data and MC recoil energy spectra in each TPC. The data shown is from the continuous injection luminosity study period shown i

in in
figure 8, The lowest energy bin only includes events above the X-ray veto threshold described in Section 4.3, Distributions are normalized to an integral of unity
Figure 11: Fractional background contributions extrapolated to machine condi- n bath data and MC. The title of each plot indicates the Belle frame z position of its corresponding TPC,

® TO u S C h e k I O S S e S a t CO | | i m ato rS tions Zonsi;teni;vitll]ljthe continuous injectio(;l.ﬁllﬂfieriod of ﬂ}e !uminosiltly back-
ground study. Machine parameters assumed in this extrapolation are shown in
just upstream of IP

Table 3.
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Cavern Neutrons

Armed with this improved
knowledge, performed
experiment to verify

Achieved 40% EKLM Touschek
neutron reduction via
modified collimation

Also directly observed the
reduced fast-neutron flux in
the tunnel with the TPCs

This confirms the Touschek-
collimator neutron hypothesis

Data/MC comloarison indicates
some materials are missin% in
our simulation =2 need to fix
the geometry in GEANT4 (see
following pages)
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GEANT4 geometry (OLD) omitr, Andri

Geant4 geometry survey Interaction length FWD CAVERN OLD
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GEANT4 geometry (NEW) Omitr, Andrii

Geant4 geometry survey Interaction length FWD CAVERN NEW

is in color

| ——
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New cavern geometry looks much more realistic. 14



Are Belle Il detectors seeing delayed neutrons
from injection background losses at collimators?

e Utilizing new 2Hz Poisson trigger which
extends into injection veto period.

* CDC occupancy evolves during one
revolution (10 ps) and on ms time scales

* Only in the first bin (<0.5ms after injection)
there’s a significant delayed component

* MeV neutrons originating from the
horizontal collimator DO1H5 ?

* Check if MC sample can reproduce such
events

* Another hypothesis: instability due to some
coupling between the injected bunch and

later bunches? 0 4 5 1 10
ime within beam cycle [us]

t
Artifact du\e to event-of-doom buster

Exp18 Run66-1313 L1 Poisson
. , . , , ,

I
HER injection

0.5 ms slices
time since injection bin 0

10 |

time since injection bin 4

average occupancy [%]

time since injection bin 6 -
time since injection bin 7 |

Delayed bkg during first 50 turn
15
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Catastrophic beam loss events



Abort summary page

H. Nakayama

http://kekb-co-web.kek.jp/doc/Image/BELLE/abort summary/web/abortlist.html

Beam abort summary table (both ring >60mA)
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* Aggregates relevant information in one page

abort time, earliest abort source, link to abort
timestamp page

beam currents, number of bunches, Belle HV
status

bellows diamond doses, IP diamond plot and
integrated dose

BOR/BCM plots, abort BPM plots

time difference since the last injection, BT orbit
plots

LINAC trouble information (Pulmag misfire, Kly
down, RF gun pressure burst)

earthquakes, LER/HER pressure bursts

Very useful for beam abort diagnosis
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http://kekb-co-web.kek.jp/doc/Image/BELLE/abort_summary/web/abortlist.html

D2V1
replaced
(June 9th)

Beam aborts in 2021ab

List of beam aborts @ large currents (both beams >60mA)

HER loss |HER loss| LERloss |LER loss

no inj. inj. no inj. inj. RF |CCG |EQ Others
2/25~3/03 4 6 1 0 2 2 0 0
3/04~-3/10 6 10 2 1 4 10 1 0
3M1-3M7 2 6 2 1 0 2 2 1
3M8~3/24 0 1 T 0 8 1 2 0
3/25~3131 5 o 1 0 4 0 0 2
4/01--4/07 k= 5 10 6 2 ] 0 0
4/08~4/14 15 4 10 1 9 4 1 1
4/15~-4/21 . * 28 8 10 0 12 ] 2 0
4/22~4/28 4 21 5 2 ol e 1| 2| 1
4/29~-5/05 14 4 10 0 2 0 ] 0
5/06~5/M12 15 0 Y 5 0 8 ] 0 0
5M13~5/19 5 8 1 S 1 5 2
5/20~5/26 0 * 8 1 5 2 4 1
5/27~6/02 12 2| Yk 10 1 6 0 5 0
6/03~6/09 3) 0 % 9 T 0 1 1 1
6/10~6/16 19 5 4 6 1 ] 0
6M17~-6/23 8 1 0| 4) 25 2 5 0 0
6/24~6/30 12 4 1 3 4 2 ] 2
T/01--Ti05 3 1 4 5 2 3 2 0
Total 86 44 56 11

1)
OX
+-200us)

2
) =
(+-200us)

% : QCS quench due to HER beam loss
% : QCS quench due to LER beam loss

Total
15

16
19
15
33
45
83
4
33
21
33
25
36
21
36
41
21
20

CLAWS abort
since May 28th

A

y

1) HER beam aborts not in coincidence with injection
are most frequent. Especially, HER was quite unstable in
late April.

2) LER beam aborts not in coincidence with injection
are also frequent. Some are catastrophic and caused
QCS quenches and hardware damage (see next page)

3) HER aborts due to injection increased by installing
CLAWS abort on May 28th, but became less after June
18th (CLAWS threshold adjusted).

4) LER aborts due to injection increased in mid June,
probably due to LINAC energy feedback trouble.

Understanding the cause of LER/HER aborts (not in

coincidence with injections) is very important for
safe & stable operation




Catastrophic beam loss abort events in 2021b

(which caused QCS quenches)

BOR/BCM
QCS quench ) ] A A o —
4/19 (MO) Owl 1:07 QCI1LE HER 820 mA ;.'...'w." I
- <€ 1tur
QCs quench O O B e
5/10 (MO) Day 14:26 QC1LP, QC1RP ﬂ'ﬂ 0 mA ST —————
5/14 (FR) Ow 0:35 QCS quench LER 840 mA
QC1RP IR MAN MBS R
. Qcs quench [ T T
5/23 (SU) Owi 8:24 QC1LP, QC1RP LER340mA -
5/28 (FR) Owl 3:21 QCS quench LER 840 mA O M .
QC1RP — A, . . .
. . QCS quench O O O O .
6/2 (WE) Swing 20:13 QC1LP, QC1RP £840 mA e

6/6 (SU) Day

QCS quench
QC1LP, QC1RP

LER 840 mA

n=10us

Most of them are caused by
huge beam loss in LER,
several turns before the abort.

Dangerous for Belle Il inner
sensors. In some cases,
diamonds on IP beam pipes
saw >1500mrad (saturated)
and PXD was damaged

This event caused a severe damage on LER D2V1 collimator
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Severe damage on LER DO2V1 collimator
after the huge beam loss on June 6t

- After the huge beam loss event on June 6™, LER BG increased significantly

- DO2V1 collimator jaws were severely damaged (deep scar on the bottom jaw)

- We lost 3~4 days for the collimator replacement work and the baking runs

Understanding the cause of huge beam loss events is essential for the stable
operation at high beam currents. Where in the ring the beam abnormality initially
occurs? Adding more sensors to the key collimators will help to understand the

initial beam loss position.
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Severe damage on D6H3 collimator,
probably due to kicker misfire event on May 14th

Kicker misfire happened on May 14t

QCS quench occured

DO6H3IN

_\
'l

Pressure burst at D6H3 was also observed

However, we realized the severe damage only after the
run end (in July), not just after the incident

* Loss monitor PINs got easy saturated and can’t tell if the
beam loss is huge or moderate

Dust particles falling off from D6H3 could be a cause of
catastrophic events in LER?

* |keda-san’s post-mortem abort analysis using loss monitor
data is ongoing

Terui-san’s report on July 15th * If yes, why huge loss disappeared after D2V1 replacement?
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Even faster beam abort: CLAWS

* 4+4 CLAWS sensors (on QCSL and QCSR) are used to issue beam aborts (since May 26", 2021)
* Thanks to CLAWS, abort kicker can be fired faster by ~4.4us on average

* For some LER aborts, CLAWS are outperformed by LER RF D5-F, which is located at better ring position

* Adding new beam loss sensors (upstream of IP and downstream of initial beam loss) might be able to make
abort even faster

Time Difference Between Fastest Abort Trigger Arrival
and CLAWS Abort Trigger Arrival

abort kicker was issued
0~10us faster thanks to CLAWS
4 (4.4us faster on average)

BELLE 11
— 77ﬂ22

Sl LLEEEY

3x3 cm? plastic scintillator
+ Hamamatsu SiPM

0 . ;
-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 —4 -3 -2 -1 0 1
Time [us]

T CLAWS sensors for beam abort



Where’s the location of initial beam loss?

IP
. (diamonds, CLAWS)
Loss monitors e
;_4&_...F—F~'._‘_.._ - ‘__.

inthering — anu

DO2H2 ( :\'l h
/ DOIH3 (TLET) DSS;.?. If;;cloczr-uu R14 \\\
DOWVI (TL6D) b D03V (TR300)
D124 (NR354) DO3HI (0L352)
/ /® Dl2H4 (NR3OT) N\

/'i D12V3 (NR285)

RF arc sensor
\ )] is sensitive to

D12H3 (NR274)
." D12H2 (NR236) A
[ f oz beam loss
| ’Dlz NR134) |
D1l L
NR
- * PIN diodes
n at each collimators
D10 et - D5
11 |
@ D09V (NL156 /]
\ *DCGHMrLZO‘ I
D093 (NL ) /
DO9H3 (NLZ36) /
NG ooy
ac 9H1 (NL3 TFTP?T posvLs62)
\ o M i
| Dosvicrres) ) A DCEHlIFLsz,/
-] . i
= T
** KEKB contfol

® Bunch current monitors (BCM)
© “Libera” turn-by-turn BPMs
& Abort kicker/beam dump

Diamonds

threshold
crossing

threshold
crossing

1 turn=10us

RF D5-E

DOSE_ARCMOMN 2021060220135 1. 4483559

| 2) &3)
R — il - e ——————— -
5.0 o.02 o c.o2 0.0
e b = receive d Abort Tre
10us

Bunch Current Monitor (BCM)

- all beam
:_ ../ kicked out
Loss from the

prewous turn

10us

B R Bk
MOo®ORQUOMD

3)

N b

saturated,

T

“Libera” BPM.....oooo oo

Timing between sensors are
synchronized by 1) abort kicker

PIiodes on collimators

kicked out?

- By comparing beam loss timing among several sensors along the ring, we can find
the possible region where initial beam loss occurred.

signal, or 3) “all beam kicked out”

Internal
delay trigger signal, 2) abort request
~0.2us

timing




IP sensors
(diamond, CLAWS)

UT TL S TR U

~ Dolrs (TL18) 5
D01H: (1152) oz (TR poaHa (TRIZD
DOLH3 (TL47) (TRET) ppan1 (TR142)
DOIV1 (TLGO}

DO2v1 (TRE0} DO3V1 (TR300)

D12V4 (NR354) DO03H1 (0L352)

D12H4 (NR30T)
D12V3 (NR285)
D12H3 (NR274)
D12H2 (NR236)
D12v2 (NR20S)
D12H1 (NR199)
D12V1 (NR134)

Beam abort timing chart (LER)

In case the earliest abort request issued by IP sensors (CLAWS/diamond)

il HER

a) Disturbed bunch arrives at the sensor position * PIN diodes -~ RFD4
" at each collimators o LER

S\ ¢ RFDS

b) Abort request signal arrives at the Central Control Room (CCR)

DO3H4 (NL203)
DOSV3 (ML232)
D09H3 (NL238)
DO9HZ (NL279)
DO3H1 (NL307)

c) All bunces are kicked out and no beam loss seen by the sensor
d) Abort kicker signal arrives at the sensor position — =A%
KEKB control(CCR)

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 o Bunch current monitors (BCM)
% “Libera” turn-by-turn BPMs

BOR/BCM
dt=0 in Abort
Timestamp Log 4-9us A Abort kicker/beam dump
P sensors .+ 5y Y g
(CLAWS,diamond) . d) arrives : :
~7us (dia) d) 3 pus later than 9 If the earliest abort was issued
~1us (claws) by CLAWS,
LER RF-D5 a)~>c) takes 1+10+(0.4~5.4)
+2.6+4.7 =18.7~23.7 us

N If issued by diamonds,
0.475-4us a)=>c) takes 7+10+(0.4~5.4)
**************************************************************** +2.6+4.7 = 24.7~29.7 us

Abort kicker

4 Where is the initial
beam loss location?

Injection point ;L ***** /00 A S
| Waiting time for the next abort gap
(recorded by WhiteRabbit since June 2021)

BOR/BCM



IP
(diamond, CLAWS)

Dl 1 smw TR D2

=~ 1
DOIHS (TL1S)

D01H: (1152) oz (TR poaHa (TRIZD
D01H3 (TLa7y DS TFET) DO2HL (TR122)
DOIV1 (TLGO} ‘ D03V1 (TR300)
DO3H1 (0L352)

Beam abort timing chart (LER)

In case the earliest abort request issued by RF D5 arc sensor

D12v4 (NR354)
D12H4 (NR30T)
D12V3 (NR285)
D12H3 (NR274)
D12H2 (NR236)
D12v2 (NR20S)
D12H1 (NR199)

D12V1 (NR134)

D11 "7 HER

a) Disturbed bunch arrives at the sensor position * PIN diodes | RFD4
" at each collimators °| LER

b) Abort request signal arrives at the Central Control Room (CCR) "] e L REDS

DOSV3 (ML232)

D09H3 (NL238)
DO9HZ (NL279) DOBV2{OR27 g
DO9H1 (NL307) QF4P21 DOGV1 (FL362

c) All bunces are kicked out and no beam loss seen by the sensor ",

DO3v2 (FR354)

d) Abort kicker signal arrives at the sensor position e = =

KEKB control (CCR)

° .
Bunch current monitors (BCM)
BOR/BCM , ]’}7 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 % “Libera” turn-by-turn BPMs
/ i A Abort kicker/beam dump
IP sensors - pr deomabor
} Timestamp Log
| a) ~1us a)—>c) takes
LERRF-D5 o ’ 1+6+(0.4~5.4)+2.6+1.9
3 =11.9716.9 us.
Abort kicker =
Injection point e Oy T LER abort kicker:
i beam loss location? . ) RF D5-F:s~2180m
BOR/BCM - Waiting time for the next abort gap RE D4-H: s~2320m

(recorded by WhiteRabbit since June 2021)



A

2021/06/02 20:13:51(QCS qguench)

RING

LER

HER

LER

HER

HER

LER

MESSAGE DATE DELTA
Belle? CLAWS 2021-06-02 20:13:51.448190900
Belle2 CLAWS 20271-06-02 20:13:51.448191100
Belle2 VXD dizmond 20271-06-02 20:13:51 44819000
Belle2 VXD diamond 20271-06-02 20:13:51.44819e200
COHSAFE:CCCABORT:D2 2021-0&-02 20:13:51 448200800
RF DE5-F 2021-0&-02 20:13:51 448200800

Earliest abort request arrived at CCR was issued by CLAWS

Abort gap waiting time at CCR was 4.4us for this abort

All bunches kicked out after 1us+10us+4.4us+2.6us+4.7us = 22.7us (a—>c¢)
Diamond abort request arrived at D2 4.9us later than CLAWS. It means CLAWS
and diamond issued their aborts by seeing almost same bunch. In diamond
plot, all bunches should be kicked out at t=24us (abort was issued at t=0 in the
plot) (a—=>c). The observed signal waveform has a peak around t=23us and the
tail follows for ~6us.

BCM start to see the beam loss in the same turn with initial loss in diamond
and CLAWS. The observed beam loss in RF D5-F starts 1 turn later than
CLAWS/diamond. (Why?)

Initial beam loss seems to occur at: downstream of BCM and upstream of IP
(i.e. right half of the ring ).

D6,D2 loss monitor waveforms are being analyzed by Ikeda-san.

20us

»
»

‘:beam dump

‘ - beam current

i T T
'i;:?f d_J{E_k____!i%;qf'k:Wa;”f{iii_'
RF D5-F R +37us —
§
d ~10us % ~

claws Z0-A

— claws abort

diamar d abort

Diamond

BOR(hor) WWW
sontver) | AN I

e | | [ T T

A

\ 4

~20us




Summary

e Steady state beam backgrounds in 2021ab mostly acceptable for Belle Il
 TOP PMT replacement still expected in 2022, of course

First full single-beam + luminosity BG study since 1 year ago
* At higher luminosity, BG extrapolation update
e Systematic overestimate of luminosity bkg in all detectors (~20-25 % effect) not yet understood

Long term extrapolations: most detectors safe
e Large uncertainties related to collimation etc..
e CDC and TOP uncertain € more work needed, ECL not really studied but “probably fine”

Good progress on neutron studies, shielding design is starting

Promising new efforts on injection backgrounds (see backup)

Catastrophic losses / abort events dangerous for inner detectors
* Abort summary page is prepared
 CLAWS can issue faster beam abort request than diamonds
e Post-mortem analysis will indicate the initial beam loss positions



backup
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Background Publications Status

Submitted
* A. Natochii et al., Improved simulation of beam backgrounds and collimation at SuperKEKB, PRAB

Review by authors / authorship process ongoing
e Z.Liptak et al.,, Measurements of Beam Backgrounds in SuperKEKB Phase 2, NIMA

M. Hedges et al., First deployment of novel vector tracking nuclear recoil detectors for directional
neutron measurements at SuperKEKB, NIMA

* J.Schueler et al., Directional cavern neutron background measurements at SuperKEKB, NIMA

Just started / planned
* Phase 3 paper: simulation, data/MC up to now, BG19c forecast, NIMA.
* Snowmass paper: background forecast + mitigation plan to reach 2026. Now due March 15, 2022
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Cavern Background Simulation Improvements
Natochii

SAD generated in

Touschek, Coulomb and Brems samples for single-beam
particle tracking
o |(LER/HER)=1.2/1.0A
o Nb = 1576 bunches
e Coulomb and Brems are splitted in base and dynamic
components of gas pressure
e Use measured gas pressure from CCGs for beam-gas

More realistic

scatterings Agg' handli Ng of

Real shape and tip-scattering for SuperKEKB-type coll. ) . bea m |O ss at

Bugfixed3 includes the recent improvement of the | _ Tungsten

SAD=>Geant4 beam losses translation, see Figure 5 _collimator head the LER D2H4
x

Particles, lost at collimators, are generated not in
the middle but at the upstream surface of the jaw o

They See more material to be interaCt With " 1565 1570 1575 1580 1585 1590 1595 1600 1605 1610
Z [cm]
Beam losses at the D02H4 collimator.
Top: bugfixed2 (before); bottom: bugfixed3 (after)

39% B2GM - ground session - 2021/06/21 - Andrii Natochii

collimator

6

 Initial motivation: significantly affects neutron production in tunnel close to Belle Il, and thereby EKLM
* But also found to have subtle effects on other Belle Il detectors
* First feedback: TOP ~ no effect, PXD: ~20% reduction in occupancy, CDC: ~20% hit rate increase
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Injection Backgrounds

e TwWo new efforts

IR losses [MHz]

* Natochi: Simulation of injection Lo e Setup 1
background now can produce IR L0 0 o Setup 2
backgrounds i — ' o« Setup 3

] . 1.00E+01 e -o-Setup 4

* Schwenker: Machine learning can 1.00E$00 " e tun 5

identify injection backgrounds 1.00E.01 oSG RTSE TR * asetup6

with rather good accuracy

| Design osc. ampl.=6.7mm || Meas. osc. ampl.=13.6mm_ | 11
* What we still need

* Validation of simulated injection =

backgrounds vs inj. parameters
* |dentify most predictive wﬁ& fmmwwmmvmﬂm

parameters Wy A |

. . . . e

* Method for extrapolating injection M f;ff'

backgrounds ik

Al et PR
1 I | RRRE |
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2021/06/06 16:06:10(QCS qguench)

RING MESSAGE DATE

LER Ballel CLAWS 2021-06-06 16:06:10.975944200

HER Belle2 CLAWS 2021-06-06 16:06:10.9755944400 i
HER COHSAFE:CCCABORT:D2 2021-06-06 16:06:10.975953200 095
LER COLSAFE:CCC:ABORT:D2 2021-06-06 16:06:10.975952900 0.000 009 600
LER RF D5-F 2021-06-06 16:06:10.973263300 19
LER Belle2 VXD diamond 2021-06-06 16:06:10.975965400 211
HER Belle2 WXD diamond 2021-06-06 16:06:10.973265500

LER COLSAFE:CCC:ABORT-DS 2021-06-06 16:06:10.975968800 A

CCRL.F' L\ta) [CLAWSH TR,

Z MLERT R — k D CCRT D AbortGap 5 H F5E |Z 5.000 us

E— LD DIE, 1us+10us+5.0us+2.6us+4.7us = 23.3usf(a>c)
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15U51_7f/L0)/\\\/7/‘7§_’%’C J R—rZE2HELTWS, diamondTE — LD
{72 % DlddiamondH’ 7R — b & H L 72t=0D 5 #J8usR IC /4 B (LT, ]
AT NTE=S KT, 8us€vfi Iflattop(YF > THEP)T. EHITH
15us < 5 WL tailZz /[ L T L\%

RFD5-FTClE., M1Z—ViENTAXRDNREZBOH TWS,

FLH cAWSHRIICARZRTWS, 14— iEN CTdiamond, RF D-5
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D6,D2 D Loss Monitorld & D H 7 (SHI A)

RF D5-F

20us

‘:beam dump
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b L — f "
[E— S W' "L "
g b
Ty Hops 4 L
—» = >
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— e "-,:19=US
—a O = o '
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claws abort

—— diamond abort

Diamond
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BOR(ver)

BCM

A
h 4

~18us



D2V1 BGO BN

2021/06/28 19:43 (LER storage #C[A)

RING MESSAGE DATE DELTA

LER Bellez VXD diamaond 2021-06-28 1%:43:18.074015200 0.000 000 Q00D
HER Belle2 VXD diamaond 2021-06-28 15:43:18.074015600 0.

LER EelleZ CLAWE 2021-06-18 13:43:12.074015800 0.

HER EelleZ CLAWS 2021-06-28 13:43:12.074020200 0.

LER RF DE5-F 2021-06-18 13:43:12.074020800 0.

HER COHSAFE:CCCABORT:D2 2021-06-28 13:43:18.074024300 0.

LER COLSAFECCCABORTD2 20271-06-28 13:43:18.074025200 0.

LER COLSAFECCCABORTDS 20271-06e-28 13:43:18.0740266 0.000 017 400

CCRICE\L /=D lEDiamond A’ ERiE, DiamondH’CLAWS & V) BLr D FE2 L Wy,

Z DLERT 7R — b D CCRT D AbortGap 155 5 £ 1.864 us

Diamond CE — AN < 72 5 D Iddiamond N 7R — k& H L 7=t=0H ©
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Data/MC ratio (2020 measurements

Data/MC
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Data/MC ratio (2020+2021 measurements)

LER single-beam HER single-beam Luminosity
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1055 O  Touschek 1055 O  Touschek 1055 T Stat unc
E I Statunc. E I Statunc. E Syst. unc.
43 = Systunc. al = Systunc. al ———- Arithmetic mean Luminosity
10%E ———- Arithmetic mean Beam-gas 10"¢ ———- Arithmetic mean Beam-gas 107E [ Total unc. Luminosity
R — — - Arithmetic mean Touschek R — — - Arithmetic mean Touschek R
3 [ Total unc. Beam-gas 3 [ Total unc. Beam-gas 3
107 [ Total unc. Touschek 107 [ Total unc. Touschek 107
2L 2L 2L
010°; : 010° 010%
E - T b E - (;w E -
7 10buwassddsssloaay F 10 i . 3 10k s
T iyt Bl i B s
0 qle! 0 iRt 0 4 ;
Y SR ; ! 1 g i
g S B : = oo
-1 " 1L i ' -1 A
107 i 107 1 107
— i —2: Iy —2:
107 107 z 107
—3: /) —3: /) —3: il
10 0 a] ) Q o I = 10 ] a] ) Q o I 3 10 ] a] ) Q o I p
2 X > a 0 o = 2 X > a 0 o I 2 xXx > a 0 o d
o o () (@] ~ o < g o () (@] ~ o X g o () (@] ~ o b4
E < B < B <
Q Q Q



