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Data taking at SuperKEKB
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Belle || & vertex detector
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VTX Upgrade

Specifications for VTX upgrade

e petter spatial resolution
— smaller pixel pitch (30 pm vs 80 pm)

— low material budget

e operating at high hit rate (120 MHz/cm?)

— integration time (100 ns vs 20 ps) 5 concentric VX ladders
e 2 inner — vertex resolution

e 3 outer — track seeding




Synchrotron Radiation

beam-induced background

= Single beam effects
* Touschek « intfra-beam scattering
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* Beam gas « vacuum residues

— rate o< IbunchXNbunch xXP(I)
- Dynamic pressure P(I) = (po + P1lpeam)

* Synchrotron radiation « magnet bending
= rate X Ihaam

e+/e- bent by focus magnets ...

4 Background on the detector
+ saturation of the readout system

Solution ?

GOLD COATING (10 pm) on the beam pipe
Drawback : degrades the vertex
spatial resolution




Vertex spatial resolution

multiple scattering
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Objective & Simulation Strategy

To Sum Up
e VTX is more resilient

e Synchrotron Radiation stopped by gold

Do the new VTX sensors allow a reduction of the gold layer thickness ?

First study : Estimate X-ray sensitivity Belle Il Framework
Toy Monte Carlo e GEANT4
e simplified light-matter interactions
e With a precise geometry of the VTX
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Geometry of the VTX and X-ray simulation
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e Energy: [1 keV, 100 keV]
e Only Photoelectric effect
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Transport of Photons (Monte Carlo)

Probability of a photon to interact:
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Other Layers...
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Validation of the Toy Monte Carlo

Detection Probability
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e Comparison between
simplified model & BASF2
(GEANT4 physics list), for
same VIX geometry.

Sensitive layer

_. Si
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e Validation of simplified
model, only photoelectric
effect considered.




Detection Probability

Sensitivity map

Detection Probability at Angle : 30.0° (Au thickness : 0.000e+00 um ) Detection Probability at Angle : 30.0° (Au thickness : 1.000e+01um )
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Impact of incidence angle
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Reducing gold thickness
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A significant increase of the
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Retrieving Hit Rate

So Far : | obtained sensitivity maps Known Hit Rate (w/ 10 pm gold)

Need : Synchrotron Radiation Spectrum Today (current vertex
detector) ~ 10 MHz/cm?

(10% is SR)

HZtRate — SR X MAP Expected (VTX without SR)

~ 30 MHz/cm?
Compare : Hit Rate w/ VTX spec. : 120 MHz/cm? 4mm)p a factor 4 of safety
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Comparison with current vertex detector
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Conclusion & Perspectives

 Main objective : sensitivity maps

obtaining synchrotron radiation spectrum from simulation
e Next steps: convolving it with sensitivity maps
Infer spectrum from current vertex detector case (PXD)

Thank you!
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BACKUP



Backup : Resolution
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Backup : Background

= Single beam effects lﬁy << o,

* Touschek « intra-beam scattering P
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Backup : Cross Section

B*B- BOBO
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Backup : Absorption Edge

W(E) (arb. units)
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Backup : CMOS Technology
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Backup : Attenuation Length

etericn Density Attenuation 219 kev @30keV  @60keV @100 keV
(g/cm ) @ Length @ 1 (cm) (cm) (cm) (cm)
20°C keV (cm)
Kapton 1,43 0,000256 0,222 2,44 3,83 448
AU 19,3 0,0000111 0,000439 0,00188 0,0114 0,01
C 2,26 0,0002 0,186 1,73 2,52 2,92
Be 1,84 0,0009 0,841 3,03 3,64 409

Si 2,33 0,000273 0,0127 0,299 1,34 2,34




Backup : VTX

~ 3000 sensors

R out: 14 cm
70 cm long
116 g of silicon distributed over 1 m?2




Backup : Expected Signal

B — KTy barn = 10 **em?

o(ere- — B°B%) ~1nb

x 2 (2 mesons B per event)
x B(B = Ks*117y) ~10-°

— 0~20fb

¢ _Int=1ab' collect data :
N=%_intxo ~ 20 000 event produced

With an event reconstruction efficiency of € ~10% :
N ~2 000 events reconstructed




Backup : Physics List

~

G4EmStandardPhysics_option1

G4DecayPhysics > standard Geant4 distribution
G40pticalPhysics

ProtonPhysics h
NeutronPhysics

PionPhysics

KaonPhysics

HyperonPhysics
AntiBaryonPhysics

lonPhysics
GammaleptoNuclearPhysics

} BASF2 implementation




Backup : Synchrotron Radiation
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Backup : Incidence Angle
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