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Occupancy extrapolations (3/3)

Predictions for SuperPEP beam configurations
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Markus Cristinziani, SLAC Page 19 20 February 2004

Backgrounds

from Markus Cristinziani

assumed an improvement factor of 20 in 
susceptibility to backgrounds compared to 
the BABAR drift chamber

Luminosity term completely dominates
 radiative Bhabha scattering
 BABAR simulations need to confirm effect
 can it be reduced? by what factor? 
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Occupancy Limits

What is the occupancy limit in a Silicon Tracker?
   consider effects of occupancy on current
   BABAR SVT

February 21, 2004 F.For ti - SVT at high luminosity 9

Occupancy limitations

• Occupancy limits SVT performance in two 

ways

– Resolution

is degraded

– Roughly

6µm/10%

– Double at 

20% occupancy

• 20% occupancy limit is our working 

hypothesis 
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all-Silicon tracking will be more sensitive to single hit efficiencies, given the small number 
of layers, so efficiency drop due to background occupancy is an important effect

Occupancy (%)

February 21, 2004 F.For ti - SVT at high luminosity 10

Occupancy limitations II 

• Hit finding efficiency is reduced. What is the limit ?

Original plot Revised plot: 

Remove chips w/ threshold shift

Remove very short runs

Mazur
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Mazur20% limit

Occupancy limit may not be a brick wall.

Depends on our understanding of the chips with threshold shift.
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Occupancy Scaling
BABAR DCH

Silicon Tracker

1.7 - 2 cm diameter cells
260 cm long
2 μsec read-out 

100 μm strips (50 μm pitch with floating strips)
25 cm long strips
400 nsec shaping time

Geometrical factor = 2000
Time factor             = 5
Radiation Length factor = 0.015
Total = 150
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Silicon Tracker

a.) b)

Figure 7: a) Simulated layout of the current BABAR tracker b) Layout of a central silicon
tracker.

Such a detector will most likely provide the pattern recognition and speed performance
needed for high luminosity operation. The momentum resolution at low momentum is
critically dependent on the amount of material in the detector, and will be worse than for
a gaseous detector.

We have simulated various hypotheses for the thickness of the silicon sensors, ranging
from a relatively standard 300 µm thickness detector, to a totally unrealistic 50 µm detec-
tor without mechanical support. We have used the TRACKERR program [24] to estimate
the resolution on the track parameters. TRACKERR has been interfaced to the Pravda
fast Monte Carlo framework [19] to estimate the effect of different configuration on spe-
cific physics channels. The PravdaMC/TRACKERR simulation is known to reproduce
the actual resolution at the 20-30% level.

The momentum resolution for the various thicknesses is shown in Fig. 8, with Table 9
detailing the amount of material used. In the table we have tried to indicated the amount
of R&D required for each solution, in the form of ‘+’ signs, where each ‘+’ corresponds to
a time between six months and one year. The bold blue curve labeled “S-DCH” represents
the current BABAR performance.

The effect on physics performance of various assumed thicknesses for the silicon tracker
is summarized in Table 10. We considered the decays B0 → π+π−, B0 → φK0

S
, and

B0 → D∗+D∗− followed by D∗+ → D0π+ and D0 → K+π−. The resolution for ∆E
and the invariant mass of the D0, K0

S
, and φ are provided. The various silicon tracker

options are compared with a Pravda/TRACKERR simulation of the current SVT and
DCH combination, as well as the actual resolution found in BABAR at present.

The difference in resolution for B0 → π+π− is shown in Figure 9. The impact of
degraded resolution on the time-dependent asymmetry measurement in this mode is min-
imal, with less than a 5% change in the error as determined from toy Monte-Carlo sim-
ulations. This study does not account for additional feedthrough from B0 → π+π−π0

or efficiency losses that might be incurred by suppressing this source. Modes with more
background will be more affected, but these simulations indicate that an all silicon tracker
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Figure 7: a) Simulated layout of the current BABAR tracker b) Layout of a central silicon
tracker.
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SVT and DCH

60cm

144cm

5 layers Vertex Detector
4 layers Tracking Detector
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Momentum Resolution

CST300 has 300µm Silicon sensors 
� 100µm carbon fiber supports for inner 5 layers
� 300µm carbon fiber in outer 4 layers

Central Silicon Tracker Performance
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Figure 8: Momentum resolution of a central silicon tracker. See Table 9 for a summary
of the configurations

would have an acceptable resolution.
One issue that has not been investigated in an all-silicon tracking system is the loss

of low momentum dE/dx information presently provided by the DCH. Below about
700MeV/c this is the main source of information for kaon identification. Hence, there
is a potential loss of tagging performance that will need to be addressed in a high lumi-
nosity detector design.

5.4 DIRC

The limitations of a DIRC system as the luminosity of the PEP-II collider increases,
come from three sources – (a) the non-event background environment, (b) the data trans-
fer limits of the data acquisition system, and (c) the rate, or anode charge drawn, in the
photon detectors. Though photocathode aging is negligible, the anode aging causes loss
of gain, and high rates may trigger secondary emission effects causing breakdowns. DIRC
backgrounds are very dependant on the details of the IR design of the upgraded machine,
the size of the photon detector and of the optical coupling (Standoff Box or SOB), and
the ability to provide effective shielding against both electromagnetic and neutron back-
grounds. Optimal particle identification performance of the DIRC requires good track
position, and (dip) angle information. Good energy-loss information, (currently coming
mainly from the drift chamber), is required for good kaon/pion separation below ∼700
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BABAR

from Francesco Forti

Name Silicon Support Outer radius R&D required

Si µm C.F. µm cm A.U.

CST050-nosupp 50 none 60 dream

CST100-nosupp 100 none 60 dream

CST100 100 100–300 60 +++++

CST-100.300 100–300 100–300 60 ++++

CST200 200 100–300 60 +++

CST300 300 100–300 60 ++

CST300-small 300 100–300 40 +

Table 9: Description and amount of material used in the configurations for the silicon
tracker study. The last column indicates the amount of R&D required to build the corre-
sponding system.

Mev/c.
Assuming that we can extrapolate from present measurements at BABAR/PEP-II to

the future detector/ machine design, we generate an estimate of the DIRC PMT rate
extrapolations, shown in Fig. 10.

We see that the present DIRC DAQ design limits the luminosity to ∼ 5×1034 cm−2s−1.
If the DAQ design were modified to allow rates approaching ∼ 10 MHz/PMT, the lumi-
nosity limit from this source would be raised to ∼ 5 × 1035 cm−2s−1. Running a DIRC
PMT at such rate, with similar gain as at present, may accumulate ∼3000 coulombs of col-
lected charge after 5 years of operation. The company manufacturing these photo-tubes,
has provided data showing gain-loss up to a collected charge of 1000 coulombs. This data
indicates a possible gain-loss of ∼ 50% at 1000 coulombs, as shown in Fig.11. Some R&D
would obviously have to be done to extrapolate further. New photon detectors for the
upgraded DIRC would have to be able to sustain these high collected charges, and/or the
backgrounds at the DIRC would have to be reduced below our present extrapolations.

If the luminosity term in the future machine design (i.e. those backgrounds coming
from the collision of the two beams, and not from single beam processes), could be reduced
to ∼20% of the present value, the DIRC PMT rates would be reduced considerably. Fig.12
shows the extrapolation under that assumption. Clearly, the present DIRC DAQ design
would then limit at a luminosity of ∼ 2 × 1035 cm−2s−1.

With an improved DAQ design capable of handling up to 10MHz PMT rates, the DIRC
sub-system could handle luminosities all the way up to ∼1036 cm−2s−1. The PMT rates
would stay below ∼5 MHz, and the total accumulated anode charge would stay below
∼1000 coulombs. If such an accelerator/detector design is possible, one may conclude
that even the present DIRC design in BABAR could cope with ∼1036 cm−2s−1 luminosity,
from the DAQ and the PMT longevity point of view.

28
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Mass Resolution

Quantity BABAR SVT+DCH CST300 CST200 CST100

∆E(B0 → π+π−) 22 23 35 30 25

∆E(B0 → φK0
S
) 17 13 25 21 17

m(φ → K+K−) ?? 2.5 2.9 2.7 2.5

m(K0
S
→ π+π−) 2.2 2.7 3.7 3.4 3.1

∆E(B0 → D∗+D∗−) 8.0 6.1 9.0 8.2 7.2

∆m(D∗ − D0) 0.30 0.36(0.9) 0.69(1.9) 0.67(2.0) 0.61(1.6)

m(D0 → K+π−) 7.0 5.5 11.0 9.6 7.9

Table 10: Resolution in MeV for ∆E or invariant mass for various decay modes, from
Pravda/TRACKERR simulations. The values for BABAR are taken from current physics
results. The resolutions are from Gaussian fits, except for ∆m(D∗ −D0), where the fit is
to two Gaussians and both sigmas are shown.

While there is no problem with the present DIRC design handling the physics event
rates up to the highest luminosity, the present DIRC time resolution needs to be improved
to cope with random background hits overlaying the physics events. To effectively
separate two Cherenkov rings, the average rate per pixel needs to be kept below ∼2 MHz,
with the present timing resolution. Rates per pixel of 10 – 20 MHz are probably tolerable if
the time resolution can be made better than ∼200 ps. The requirements are substantially
more severe ( ∼ one order of magnitude) if effective veto region separation about the ring
is to be attempted. To achieve reasonable design headroom, a photon detector with ∼ 10
times better timing resolution, probably coupled to a new, smaller SOB, is a basic feature
of any design upgrade.

Therefore, in the currently envisaged upgraded BABAR detector, the new DIRC sub-
system would be a scaled version of the existing device – i.e. long, optically-polished
quartz bars, coupled to new, fast photon detectors. Fast – since this offers up to an order
of magnitude in background suppression, and also opens the possibility of substantially
enhanced particle separation performance. The details of which detectors, and how to
couple the Cherenkov light from the individual bars to the photon detectors, will be
determined by the necessary R&D. Currently segmented anode devices with single photo-
electron time resolution of sub 100 ps are operating in our laboratory. See Fig13, showing
the single electron resolution obtained using Burle micro-channel PMT. New, similar
devices, that can operate in high magnetic field, will soon be tested.

The results of this important R&D program will define the optical and mechanical
details. The principle has already been fully demonstrated in the current DIRC device.
We believe that with appropriate attention to the careful shielding of the DIRC against
machine backgrounds, the necessary DAQ enhancements and faster photon detectors, a
DIRC sub-system can work well at the proposed SuperPEP-II luminosities.

29

-0.2 -0.15 -0.1 -0.05 -0 0.05 0.1 0.15 0.2
0

10

20

30

40

50

60

70

80

E) = 22 MeV!("DCH: 

 E) = 37 MeV!("All Silicon -#+# $ 0B

 E!

Figure 9: The ∆E distribution for Pravda/TRACKERR simulation of B0 → π+π− for the
current BABAR detector and for an upgraded detector with a silicon tracker with 300µm
sensors.

Finally, we emphasize that the details of the design of the new interaction region and
the associated detector shielding, is crucial for the DIRC, and indeed for almost all of the
new detector sub-systems.. A coherent effort on optimizing both the delivered luminosity
and the machine-induced backgrounds, is an essential activity.

5.5 EMC

Calorimeter performance limitations

As luminosity increases, the EMC will suffer significant performance losses from a reduc-
tion in light output due to radiation damage to the CsI(Tl) crystals. There is also evidence
of radiation damage to the readout photodiodes from neutron backgrounds, although this
is not thought to affect the calorimeter performance. In addition to the radiation damage
an increase in occupancy due to higher backgrounds will degrade the physics performance
of the calorimeter by adding additional clusters, particularly in the forward endcap. The
exact point at which these limitations on performance become sufficiently serious to war-
rant an expensive and time-consuming replacement is rather uncertain. For the forward
endcap the limit is estimated to be reached after a few ab−1, i.e, at the end of the present
BABAR program, so this has to be replaced in any detector upgrade scenario. The barrel
is expected to survive up to 10 ab−1, and maybe to 20 ab−1. The replacement of the
barrel calorimeter is a pivotal factor in the redesign of the detector for high luminosity
scenarios ≥ 5× 1035cm−2s−1, because it requires a reduction in the radius of the tracking
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Mass Resolution
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Design Considerations
Minimize material  - no cooling in fiducial volume
  so no readout electronics either

Long ladders or long cables ?Idea: Noise vs. Shaping Time

Agilent 0.5 !m CMOS process (qualified by GLAST)

Min-i for 300!m Si is about 24,000 electrons

185020010

100010010

22002003

12501003

39502001

22001001

Noise (e-)Length (cm)Shaping (!s)

from Bruce Schumm
simultions at LCWS 05

occupancy increases in 
both space & time

Design with cables and very low mass support
innovative support and cable plant needed
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More Design Considerations

small Drift Chamber cells 
  worse hit resolution affects high momentum tracks

Silicon tracking 
  poor low momentum resolution

Hybrid - Silicon & Gas chamber
  optimize momentum resolution, background          
  susceptibility, track finding efficiency

Sensors
  integrate electronics (JFet, DepFet)
  allow thiner sensors

Double sided (tracking) or Single sided (momentor)
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Conclusions

Luminosity background term

Momentum Resolution

Design of a low mass support

New thin sensors

Hybrid design


