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SuperKEKB

ÅSuperKEKB is an asymmetric-energy and 
double-ring electron-positron collider. 

ÅUpgradeof KEKB with a luminosity 40 times 
larger than its predecessor.
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ÅSuperKEKB collisions started at the end of April 2018, while operations 
ended in July 2018; 

ÅThe vertical beta function was progressively reduced from                  
‍ᶻ ψάάto ‍ᶻ σάάȠ

ÅThe smallest beam size achieved (at low intensity) was „ᶻ πȢτ‘ά;

ÅThe maximum vertical beam-beam parameter achieved was ‚
πȢπςρȠ

ÅThe maximum stored beam currents were Ὅ πȢωȾπȢψὃfor LER/HER 
beams;

ÅThe maximum luminosity achieved was , πȢφ ρπὧά ί ;

ÅPhase 3 of commissioning will start in 2019 and the plan is to reach                      
, ρ ρȢυ ρπὧά ί in 2019 and                                                 
, τ φ ρπὧά ί in 2020.
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Beam H-V offset and 
luminosity degradation
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HORIZONTAL OFFSET FEEDBACK

ÅDithering system inherited from PEP-II;

Å8 sets of coils (H/V) on LER,  dithering at f=79 Hz, max horizontal bump υ„ᶻ;

ÅFast luminosity monitors (LumiBelle2), 1 kHz;

ÅLock-in amplifier to extract luminosity component at driving frequency f;

VERTICAL OFFSET FEEDBACK

Å4 beam position monitors (BPMs) at 51 cm from the IP in HER/LER, 32 kHz;

Å4 electrodes for each BPM at 10.5 mm from orbit;

Å25 Hz vibration Ąɝώ ρψȢφὲάὶάίĄ luminosity drop 4.6%;

OFFSET CORRECTION (Feedback cycle H: 1 Hz; V: 100 Hz)

Å12 corrector magnets (8V, 4H) on HER with max kick υπ‘ὶὥὨ;

ÅUltimate goal: suppression of luminosity loss to below 1% in both H and V.

K. Ohmi(KEK)

K. Ohmi(KEK)
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Luminosity monitoring:
three complementary techniques
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LumiBelle2 (Rel.) ZDLM (Rel.)

ÅSingle crystal CVD diamond sensors; 

Åτ τ πȢυȾπȢρτάά ;

ÅFast charge/current amplifiers;

ÅDigital electronics.

GOALS:

ÅTIL (Train Integrated Luminosity): 1% 
relative precision at 1kHz;

ÅBIL (Bunch Integrated Luminosity): 
monitoring with 1 % precision at 1 Hz;

ÅLarge dynamic range with high SNR :

ὒ ρπ ρπὧά ί

ÅCherenkov and scintillator detectors;

Åρυρυφτάά ES-crystal (quartz) 
and LGSO non-organic scintillator ;

ÅPhotomultipliers;

ÅAnalog electronics.

Both measure photons, recoiling electrons or positrons from the 
extremely forward-angle radiativeBhabhascattering, which has a 

large cross section („ ςππάὦὥὶὲ).
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ECL LOM (Abs.)

ÅInstalled in the backward and 
forward end-caps of the Belle2 
detector;

ÅProvides an absolute value of the 
luminosity at 1-10Hz with precision 
0.1-5%, depending on the luminosity.

Measures coincidence rates in 
opposite sectors for Bhabhaevents 

at — ρσЈ, cross section „ ςωὲὦ.



LER (positron) side
experimental setup
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ÅSignal: Bhabhapositrons

ÅBackground: Bremsstrahlung positrons, Touschek
positrons

ÅPlatform: 11 m downstream of IP

Å3 sensors aligned

ÅSpecial beam pipe with window + Tungsten radiator
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HER (electron) side
experimental setup
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ÅSignal: Bhabhaphotons

ÅBackground: Bremsstrahlung photons, 
Touschekelectrons

ÅPlatform: 30.5-30.8 m downstream of IP

Å3 sensors: up, down, side

UP

DOWN

SIDE

IP

e-
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Diamonds sensors 
and amplifiers
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ÅWide band-gap (5.5 eV) semiconductor devices;
Å Strong atomic bond (radiation resistant);
Å Radiation damage above ρὓὋώ;
Å High drift velocity (fast detector).

140/500 ‘άdiamond + CURRENT/CHARGE 
AMPLIFIER:

ÅShaping time: 4/10 ns

ÅThreshold: 10/5 mV

SUPERKEKB COLLISION PERIOD = 4ns CHARGE COLLECTION EFFICIENCY

1MGy

(S. Schuwalow, DESY)
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Signal processing 
algorithms
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Sampling on the signal sequences at 1GHz:

ÅTIL: 

if ὛὭ ρ ς ρ ὛὭ ρ ς τ ὸὬὶὩίὬέὰὨȡ

TIL  ὛὭ ρ ς ρ ὛὭ ρ ς τ]

Å TIL and RAWSUM represent different ways to calculate the luminosity from the measured signal .
Å Synchronization , no trigger -----> Continuous monitoring, averaging at 1 kHz.
Å EPICS PV with measured luminosity are continuously provided to the SuperKEKB control room.

Time

ÅRAWSUM: 

if ὛὮ ὸὬὶὩίὬέὰὨȡ

Rawsum ὛὮ
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