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Abstract

LumiBelle2 is a fast luminosity monitoring system de-
signed to do fast luminosity feedback and machine tuning for
SuperKEKB. It uses sCVD diamond detectors placed in both
the electron and positron rings to measure the Bhabha scatter-
ing process at vanishing photon scattering angle. The system
provides Train-Integrated-Luminosity signals at 1 kHz for
dithering feedback and Bunch-Integrated-Luminosity sig-
nals at 1 Hz to monitor variations along the bunch trains.
After a long shutdown, in order to ensure its proper function-
ing during the 2024ab run, LumiBelle2 underwent testing,
calibration, and upgrades. This paper describes the updated
status of LumiBelle2 and presents its performance during
the 2024ab run of SuperKEKB.

INTRODUCTION

SuperKEKB uses the so-called nano-beam scheme to
reach a very high instantaneous luminosity of up to, nomi-
nally 8 x 103> cm?s™! [1]. It consists of using a large cross-
ing angle at the interaction point (IP) to enable colliding
2500 ultralow emittance bunches with very small beam sizes
(design value oy ~ 50 nm). The luminosity is very sensitive
to beam-beam offsets, which is caused by ground motion
or other external source. To maintain the optimum beam
collision condition, orbit feedback systems are essential at
the IP. At SuperKEKB, the beam-beam deflection method is
used for vertical orbit feedback [2], while in the horizontal
plane, a dithering orbit feedback system using the luminosity
as input, similar to that operated in the past at PEP-II [3],
has been adopted [4].

For this purpose, a fast luminosity monitor based on sCVD
diamond detectors, named LumiBelle2, was developed and
successfully operated in 2019-2021 [5]. By measuring the
rate of Bhabha events on each side of the IP at vanishing
photon scattering angle, LumiBelle2 can provide both Train-
Integrated-Luminosity (TIL) signals and Bunch-Integrated-
luminosity (BIL) signals simultaneously, over a large range
of luminosities. The TIL signals, as input to the dithering
feedback system, with relative precision better than 1 % at
1 kHz, can be used to maintain optimum overlap between the
colliding beams in the horizontal plane [6,7]. BIL signals
are useful for machine tuning and beam parameters studies
of the successive bunches along the trains. In addition, there
is also another luminosity monitoring system named ZDLM

* meng.li@ijclab.in2p3.fr

THP16
516

(Zero Degree Luminosity Monitor) installed in the imme-
diate vicinity. It uses Cherenkov and scintillator detectors,
providing important complementary measurements.

From July 2022 to the end of 2023, SuperKEKB had a
long shutdown for maintenance and upgrades. In order to
ensure LumiBelle?2 satisfactory operation during the 2024ab
run, a program of checks and calibrations of the LumiBelle2
hardware and software components was implemented before
the restart of the accelerator complex. In this paper, the
updated status of LumiBelle2 is reported followed by a report
on obtained luminosity monitoring performance, based on
the new data.

CURRENT SETUP

Only five diamond detectors are currently installed in the
two rings, at locations 10 and 30 meters downstream of the
Interaction Point (IP) in the Low Energy Ring (LER) and
High Energy Ring (HER), respectively. Detectors with both
500 and 140 pm thickness, coupled to low-noise 10 ns shap-
ing time charge amplifiers and 2 GHz broadband current
amplifiers, respectively, are used to take into important ac-
count variations in signal acceptances. In the HER, three
500 pum thick diamonds are installed, and in the LER, both
140 and 500 um thick diamonds are used, as illustrated in
Fig. 1. Both the diamond detectors and amplifiers were
manufactured by CIVIDEC [8].
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Figure 1: Current setup of diamond sensors and correspond-
ing amplifiers of LumiBelle2 in the HER and LER.

To enhance the detection of Bhabha scattering events in
the LER, a Tungsten radiator is positioned after the 45°
window-shaped beam pipe. Initially, a sixth diamond de-
tector was placed directly behind the Tungsten radiator to
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capture strong signals, but the close proximity to the radiator
caused significant radiation damage, leading to removal. In
the current setup, only two diamond detectors remain in
the LER, positioned slightly further away, and resulting in
somewhat less intense signals.

RESULTS IN 2024ab RUN

Whenever beams were colliding during the 2024ab run,
both train integrated luminosity signals (TIL) and bunch
integrated luminosity signals (BIL) were provided.

Train Integrated Luminosity Signals

Train integrated luminosity signals integrate the signal
amplitude over all the bunches in 1 ms to meet the needs of
the dithering feedback system. In the meantime, accumu-
lation of this luminosity signal over 1 s was also processed
to provide the relative luminosity information to the Su-
perKEKB control room, which is quite useful for collision
tuning and related studies. Figure 2 shows a comparison
of the luminosity signals from three different luminosity
monitors over a 24-hour period. TILCH2 and RAWCH4
represent the relative luminosity signals in the LER from
channels 2 (140 um diamond) and 4 (500 um), respectively.
HERLUMI denotes the relative luminosity signals in the
HER, which is the sum of luminosity signals from chan-
nels 1 and 3. ZDLM_HGCOU represents one of the relative
luminosity signals provided by the ZDLM, whose signals
are studied along with those of LumiBelle2, for comparison,
calibration, and mutual verification. ECL_det represents the
absolute luminosity signals provided by the electromagnetic
calorimenter (ECL) of the Belle II experiment, it is used to
evaluate the performance of our relative luminosity monitors.
These luminosity signals from different kinds of luminosity
monitors all show the same trends.
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Figure 2: 1 Hz luminosity signals from ECL, ZDLM and
LumiBelle2 LER 500/140 um & HER 500 um channels over
a 24-hour period at the beginning of May 2024.
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To evaluate the performance of the LumiBelle2 relative
luminosity monitors, the correlation between different chan-
nels of the LumiBelle2, ZDLLM and ECL was checked. The
luminosity signals from Bhabha events at vanishing scatter-
ing angle are roughly proportional to the absolute luminosity
signals provided by ECL, as shown in Fig. 3, although some
saturation of channel 4 is evident. The relation between
the two channels of LumiBelle2 and ZDLM is also roughly
linear, as shown in the Fig. 4, while this particular ZDLM
channel is known to saturate at the highest luminosity val-
ues. Overall, our relative luminosity monitors LumiBelle2
based on diamond detectors worked satisfactorily during
the 2024ab operation of SuperKEKB, consistent with other
standalone luminosity monitors, and provided useful signals
used for the tuning of the beams at the interaction point (IP).

We also compared the luminosity signals of the two chan-
nels of LER, as well as the signals in HER and the most
sensitive channel of the LER, as shown in Fig. 5. The sig-
nals from the diamond detectors in the HER are less strong
than from those in the LER and moreover exhibit some de-
pendence on the vertical IP electron angle.

The 500 pm diamond detector signal from channel 4 in
the LER is the most sensitive and was recommended for
IP beam tuning at low luminosity during the 2024ab run,
while the 140 ym diamond detector signal of channel 2 is
less sensitive but more linear, which is more adequate for
the highest luminosities.
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Figure 3: Luminosity signals from the LumiBelle2 LER
channels 2 and 4 against ECL (right and left panels, respec-
tively).
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Figure 4: Luminosity signals from the LumiBelle2 LERs
channels 2 and 4 against ZDLM (right and left panels, re-
spectively).

We also plotted the luminosity signals measured by dia-
mond detectors of channels 2 and 4 in LER over the entire
2024ab run to check how the performance of diamond de-
tector changes over time, see Fig. 6 and Fig. 7. To obtain
meaningful information for these plots based on the entire
data set, the Isolation Forest method [9] was used, as follows.
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Figure 5: Luminosity signals from the LumiBelle2 LER
channel 2 against channel 4 (left panel) and of LumiBelle2
channel 4 against ZDLM (right panel).

At first, a small optimal luminosity data interval with high lu-
minosity and relatively minor variations was selected within
the 24-hour ECL 1 Hz data of each calendar day. The exact
time corresponding to the highest luminosity in this selected
interval was then obtained. Next, the corresponding time in
the 1 kHz LumiBelle2 TIL data was located and a 5-second
data interval was selected before and after that time. In that
way the relative luminosity values measured by diamond
detectors of different channels could be determined. The
trends of the relative luminosities measured by our luminos-
ity detectors over time are consistent with the trend of the
ECL. Based on the variation of the ratio of LumiBelle2 lu-
minosity values to ECL luminosity values over time (Fig. 8
and Fig. 9), it can be observed that the sensitivity of the
140 um diamond detector remains stable up to June but de-
creases slightly thereafter. In contrast, the sensitivity of the
500 um diamond detector initially decreases fast and then ap-
pears to somewhat recover after May. Further investigation
is required to check these two diamond detectors.
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Figure 6: Luminosity sampled history from ECL, ZDLM
and LumiBelle2 LER 140 um channel.

Bunch Integrated Luminosity Signals

With a large number of bunches populating the ring, up
to 2500 bunches/turn in the nominal case, variations in the
bunch transverse positions and sizes are in principle possible
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Figure 7: Luminosity sampled history from ECL, ZDLM
and LumiBelle2 LER 500 um channel.
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Figure 8: Ratios of LumiBelle2 luminosity values of LER
140 um channel and ECL sampled histories.

through a variety of effects, causing systematic reduction in
luminosity for some of the bunches, and should be monitored,
just like the bunch currents. After getting the BIL sums for
5120 buckets, and comparing with the fill pattern of the
machine, a display of the integrated luminosity per bunch
could be obtained, as shown in Fig. 10.

The beam conditions were set on May 4th, 2024,
with an instantaneous luminosity of approximately
2.55 x 103* cm? s™!, with 2346 bunches circulating in each
ring.
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Figure 9: Ratios of LumiBelle2 luminosity values of LER
500 um channel and ECL sampled histories.

1e2 BIL_CH2_hist_20240504_rotated_thres20_ave800

700 800 900 1000 1100 1200 1300

-

1300 1400 1500 1600 1700 1800 1900

1900 2000 2100 2200 2300 2400 2500

BBB Lum [arb. units]

2600 2700 2800 2900 3000 3100 3200

0
3200 3300 3400 3500 3600 3700 3800
1e2

-

o

3900 4000 4100 4200 4300 4400 4500

4500 4600 4 4900 5000 5100

700 4800
Bucket number [#]

Figure 10: Bunch integrated luminosity signals, 2346
bunches were stored in each of the SuperKEKB rings when
this plot was recorded.

CONCLUSION

The LumiBelle?2 fast relative luminosity monitor of Su-
perKEKB operated successfully during the 2024ab run, pro-
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viding useful signals for the tuning of the beams at the IP.
A number of questions will have to be studied for the next
runs, especially radiation damage issues for the diamond
located nearest to the tungsten radiator in the LER, as well
as a number of improvements to the data acquisition and
data handling software.
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