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Added since last week:
- T0 jitter influence 10ps, 25ps, 35, 50ps
- Multialkali  photocathode (λ>350nm)

Ed h- Edge roughness
- Muons (in addition to pions and kaons)

Simulation is a normal MC, can be replaced by any other MC 
input preferably full Geant MC
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input, preferably full Geant MC.
Reconstruction: important advantage: analytic likelihood function 
construction very fast



Plots on the web
1) Separation power contours (1-4 sigma) in 2D, comparison 

of 4 different xTOP configurations (fTOP 2 read-out, fTOP 1 
read out iTOP with 4cm long wedge (11cm high) iTOP withread-out, iTOP with 4cm long wedge (11cm high), iTOP with 
8cm long wedge ). The B pipi kinematic boundary is 
indicated by a dashed line.indicated by a dashed line.

File name, example: Kpi2D-1x4-m-alkali-25ps-0um.eps = 
K/pi separation, SL10 with 1x4 pads, multialkali photocathode 
with 350nm cutoff, 25ps t0 time jitter, perfect bar edges.
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Plots on the web

2) Same as 1), 1D comparison of different xTOP configurations, 
fix p to 2 GeV/c 3 GeV/c 4 GeV/c vary thetafix p to 2 GeV/c, 3 GeV/c, 4 GeV/c, vary theta

File name, example: Kpi1D-1x4-m-alkali-25ps-0um.eps a , a p p a a 5p 0u p

3) Influence of rough edges: comparison of 0 micron, 100 
micron, 200 micron, 500micron wide unpolished edge

File name, example: Kpi2D-fTOP-1x4-GaAsP-25ps.ep
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Impact of start time jitter, σ(T0)

Assume four values for σ(T0) : 

10ps, 25ps, 35ps, 50ps 

July 13, 2009 Belle-II PID meeting, Nagoya Marko Starič, Ljubljana



σ(T0)
10ps

25ps

35ps

50ps
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Impact of start time jitter, σ(T0)
Some conclusions: 

•Backward direction: iTOP better than fTOP

•High momenta, forward (cos theta > 0.7): degradation g , ( ) g
in 2 bar fTOP (~only time of flight)  
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Multialkali vs GaAsP photocathode

Multi-alkali,λ>350nm

G A P λ>400nmGaAsP, λ>400nm 
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Multialkali vs GaAsP photocathode

Multi-alkali,λ>350nm
pink: 4 sigma, dashed line: 
B ππ kinematic boundary

G A P λ>400nmGaAsP, λ>400nm 
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Multialkali vs GaAsP photocathode
Some conclusions:

•Multialkali separation lower by 0.5-1 sigma

•Multialkali: for 3 GeV/c tracks separation lower than 4 p
sigma for cos theta > 0 
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SL10 granularity: 1x4 vs. 4x4

1x4, multialkali

4 4 lti lk li4x4, multialkali
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SL10 granularity: 1x4 vs. 4x4

1x4, multialkali

4 4 lti lk li4x4, multialkali
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SL10 granularity: 1x4 vs. 4x4

1x4, GaAsP

4 4 G A P4x4, GaAsP 
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SL10 granularity: 1x4 vs. 4x4

1x4, GaAsP

4x4 GaAsP4x4, GaAsP 
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SL10 granularity: 1x4 vs. 4x4

Some conclusions:

•4x4 slightly better

•We are ‘separation hungry’p g y
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Edge roughness

Assume polished bar except in bands next to the edges. 
Assume that all light is lost that hits this region.

d: unpolished band widthd: unpolished band width

d

In MC assume d = 0 μm, 100 μm, 200 μm, 500 μm
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In MC assume d  0 μm, 100 μm, 200 μm, 500 μm



Edge roughness: number of photons vs zimpact
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Edge roughness: performance vs. d
GaAsP
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Edge roughness: performance vs. d
multialkali
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Edge roughness: performance vs. d

Summary:Summary: 

•up to d = 200μm no differenceμ

•from 200μm to 500μm a step of about 1 in separation 
t 2 G V/ l t hi h tat 2 GeV/c, less at higher momenta
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Muon/pion separation with xTOP?

Muon id/ fake probability at Belle

ε(μ) ε(π)(μ) ε(π)
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Can xTOP help? Yes



Muon/pion separation

Why could xTOP help?
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if we assume the same σ (should be slightly worse due
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... if we assume the same σθ (should be slightly worse due 
to multiple scattering)



Muon/pion separation
multialkali

GaAsP
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Muon/pion separation

multialkali

pink: 4 sigma
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Next steps in the reconstruction 

Release the new version of reconstruction with iTOP 
( il bl h l hi k)(available to the group later this week)
Adapt the reconstruction for the endpiece

Move the whole reconstruction code into C++ (autumn)Move the whole reconstruction code into C++ (autumn)

Marko would like to take the responsibity for the 
reconstruction code.  He writes excellent, well organized 
code has done a great job for the HERA B RICH
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code, has done a great job for the HERA-B RICH



Back-up slides
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TOP MC old studies summary

Bi alkali vs GaAsP with filter: GaAsP with filter much betterBi-alkali vs. GaAsP with filter: GaAsP with filter much better

PMT TTS: 100ps considerable degradation vs. 50ps

Multiple tracks: no effect

Tracking uncertainty: 2mrad no effectTracking uncertainty: 2mrad no effect

100 bckg hits/bar: tolerable

T0 start time uncertainty: 10ps little influence
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Multialkali vs GaAsP photocathode

As a function of momentum     (B πK, other B generic)

Bialkali, 

GaAsP,
λ>400nm
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λ>400nm 



TOP: MCP PMT time resolution

σ = 50psσ  50ps

σ = 100ps
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Multiple tracks per bar

Single track

MultipleMultiple 
tracks
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TOP: Background level

20 bckg20 bckg 
hits/bar/50ns

100 bckg 
hits/bar/50ns
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TOP: uncertainty in track  parameters 

NoNo 
uncertainty

2 mrad 
uncertainty 
in track 
direction at 
IP
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IP



Start time T0 reconstruction

T0 uncertainty: very important
Can we determine it from the data?Can we determine it from the data?
In principle yes.

O d t i f hOne way: determine for each 
track the likelihood for one of 
the three hypotheses as athe three hypotheses as a 
function of T0

Choose the value with the 
highest logL
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T0 reconstruction

T0 as reconstructed from single tracks.
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Right hypothesis chosen (left), wrong (right)



T0 reconstruction
T0 for individual events: 
on average 2 time better g
(10-15ps).

But: problems with lowBut: problems with low 
multiplicity events!

Probably better: average 
over a larger number ofover a larger number of 
events from the same 
bunch, compare to abunch, compare to a 
reference clock 
(accelerator).
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Further studies needed



TOP reconstruction: likelihood
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TOP reconstruction Some of this possibly 
relevant for fDIRC
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Towards the analytical solution
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TOP reconstruction
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TOP simulation and reconstruction

July 13, 2009 Belle-II PID meeting, Nagoya Marko Starič, Ljubljana



TOP MC
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TOP simulation and reconstruction
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