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SuperKEKB

LumiBelle=

Luminosity Monitoring for Belle II

FIGURES OF MERIT:
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} £/ New bsam pipe SuperKEKB

& bellows

Low emittance positrons
to inject

Damping ring ’ ——

UPGRADES:
Nanobeam scheme (x20)
Doubledcurrents (x2)

e+ 4 GeV 3.6 A

Belle 11

Add / modify RF systems
for higher beam current

Positron source

New positron target /
capture section

Low emittance gun

Low emittance electrons
to inject




Commissioningistory LumiBelle=
(Phase 2, 2018) yonitorns

E -] ot * 5 =8mm
. . . . 2 - %  SuperKEKB/Beile Il Py =8
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Beam RV offset and LumiBelie=
luminosity degradation S

HORIZONTAL OFFSET FEEDBACK

ADithering system inherited from PHP
A8 sets of coils (H/V) on LER, ditherinfFa@®Hz, max horizontal bumyp, *;

L/Lo
COO00O0O0O000O K
On oORNWRUIO~NDOP

AFast luminosity monitorsiiumiBelle2)1 kHz;

ALockin amplifier to extract luminositgomponentat driving frequency f;

VERTICAL OFFSET FEEDBACK

=

A4 beam position monitors (BPMs) at 51 cm from the IP in HER/LER, 32 kHz;
24 electrodes for each BPM at 10.5 mm from orbit;

A25 Hz vibratioy, 360 p ® & ai & {A luminosity drop 4.6%; 9 0.9
OFFSET CORRECTION (Feedback cycle H: 1 Hz; V: 100 Hz) 3
A12 corrector magnets (8V, 4H) on HER with maxkitk i ¢ 'Q 0.85

AUltimate goal: suppression of luminosity loss to below 1% in bothHand V. (.8
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LumiBelle=

Luminosity Monitoring for Belle II

Luminosity monitoring:
three complementaryechnigues

LumiBelle2 (Rel.) ZDLM (Rel.) ECL LOM (Abs.)

Both measure photons, recoiling electrons or positrons from the Measures coincidence rates in

extremely forwardangleradiative Bhabhascattering, which has jaopposite sectors foBhabhaevents
large cross sectiofy, ¢ M@ WW. € at— p o, drosssection ¢ @ w

ASingle crystal CVD diamond sensors;iCherenkov and scintillator detectors]Ainstalled in the backward and
1 T 14 bou pu @& EScrystal (quartz) forward _endcaps of the Belle2
A — and LGSO neorganic scintilla(tor . detector;

ast charge/current amplifiers; Forovid bsol I ‘i

. . APhotomulti liers; rovides an absolute value of the
/Digital electronics. PREE luminosity at 210Hz with precision
GOALS: AAnalogelectronics. 0.1-5%, depending on the luminosity.

Belle Il Detector

ATIL (Train Integrated Luminosity): 1% *'j
relative precision at 1kHz; ]

— 16—

ABIL(Bunch Integrated Lur_ni_nosit%/ ;
monitoring with'1 % precision at 1 Hz

AlLarge dynamic range with high SNR {sasss: == ” N ” L

" e ’ Cherenk Scintillat
0 p T p T i l ov cintillator,
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LER (positron) side LumiBelie=
experimental setup S

LER

/SignalBhabhapositrons LumiBelle2 @ LER

/Background: Bremsstrahlung positrofsuschek
positrons

/Platform: 11 m downstream of IP
/8 sensors aligned

/Special beam pipe with windowTangsten radiator &

- ;{ 1 Mo l. ) A
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HER (electron) side LumiBelie=
experimental setup S

/SignalBhabhaphotons

/Background: Bremsstrahlung photons,
Touschelelectrons

fPlatform: 30.530.8 m downstream of IP

/3 sensors: up, down, side
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Diamonds sensors LumiBelie=
and amplifiers S

A Wide bandgap (5.5eV) semiconductor devices; iamone
A Strong atomic bond (radiation resistant); Bandgap (eV) 547 | High temperature
A Radiation damage abovep U "Qw Breakdown field (MVem-1) 10 High voltage
A High drift velocity (fast detector). cectron sataation veocity (107 cm o) 2 | igh frequency
Hole saturation velocity (x107 cm s=1) 0.8
N S Electron mobility (cm? V-1 5™1) 4500
| s | Hole mobility (cm2 V-1s-1) 3800
e Thermal conductivity (Wem=1K-1) 24 High power
SUPERKEKB COLLISION PERIOD = 4ns \ £ ™[ CHARGE COLLECTION EFFICIENCY
140/500° &_diamond + CURRENT/CHARGE _ 3\ B TV
AMPLIFIER: %:1 IR 1111 S -
AShaping time: 4/10 ns )
AThreshold: 10/5 mV ——— e
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Signal processing LumiBelie=
algorithms S

Sampling on the signal sequences at 1GHz:

(L]

1 1 T T T T T 1 T

Fenphiuis
E
|

E
|

" 1 | | L 1 1 1 | |
[ B 1]

ATIL ARAWSUM
ifY(Q p) ¢ p] Y(Qp) ¢ 1] 070 QidQs a'Q if°Y'Q o60'Qi QidQ¢ aQ
TIL Y p ¢ pl Y(Qp ¢ T1] Rawsum Y'Q

A TlLandRAWSUMepresent different ways to calculate the luminosity from the measured signal .
A Synchronizationno trigger---= Continuous monitoring, averaging at 1 kHz.
A EPICS PWwith measured luminosity are continuously provided to the SuperKEKB control room.
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