3.5 Event rate estimates

In this section we estimate the event rates of selected physics processes corresponding to the major goals of the VTX detector. First, we summarize the common assumptions that go into estimating yields for the physics signals that the VTX detector will make available. We start with integrated luminosity estimates, based on the luminosity evolution at RHIC expected by the BNL Collider Accelerator Division. Then we fold in estimates of all of the practical efficiency factors that reduce the yields measured by PHENIX. The obtained “effective luminosity” is then used to estimate the signal yields.
The efficiency factors are summarized in Table 1 for the p-p, d-Au and AuAu cases.  The first three factors, (1) to (3), are the factors that reduce the CA-D delivered luminosity to the recorded luminosity that is written on data tape by PHENIX, and therefore they are common for all three beam species. These factors are based on the actual performance of RHIC and PHENIX during RUN2 and RUN3, and to be conservative we assume no improvements of these factors in the future. The largest loss of the recorded luminosity comes from the vertex cuts, factors (1) and (2) in the table. Here we used longitudinal length of the collision diamond of =20cm and a vertex cut of |z|<10 cm since the inner-most layer of the VTX detector covers |z |< 13 cm. The combined reduction of these two factors is gives about 28%. With 60% PHENIX uptime, which was achieved in RUN3, the recorded luminosity is 17% of CA-D delivered luminosity. 

The effective luminosity is further reduced by the fraction of “good data” that can be used for offline analysis  (the factor (a) ) and the offline reconstruction efficiency (the factors (b) and (c)). Again, these numbers are based on actual PHENIX performance and reconstruction efficiency (tracking plus electron identification) for single electrons in central arms in the RUN2 Au+Au data analysis. The reconstruction efficiency includes the loss due to the dead channels in the central arm detectors. The efficiency depends on the beam species, and it decreases from pp to dAu to AuAu. This reduction is caused by occupancy dependent efficiency losses, which are also based on the actual performance in RUN2 data analysis. The reconstruction efficiency factors are shown for both single electron (factor (b)) and electron pairs (factor (c)).

We should emphasize that the reality factors given in Table 1 are all based on achieved performance of RHIC and PHENIX and we assume no improvement in the future. Therefore the effective luminosity presented here is a very conservative estimate and potential improvements will increase the effective luminosity usable by the VTX detector. In particular, improvement in diamond size of the beam and the efficiency of the storage RF would greatly increase the effective luminosity.

In Table 2 we list the delivered integrated luminosity, the recorded integrated luminosity with the VTX (delivered integrated luminosity times factor (4) in Table 1), and the effective integrated luminosity. For the delivered integrated luminosity, we used the CA-D projection of the RHIC luminosity in year 2008 RUN and assume constant effort, which means 19 weeks of physics data taking per year. Since there is a very large variation of the CA-D luminosity projection, we use the average of the most pessimistic estimate and the most optimistic estimate. This luminosity estimate is consistent with the five year extended beam use proposal presented by PHENIX to the Physics Advisory Committee (PAC) in the fall 2003. The most optimistic luminosity figure is about a factor of 2 larger than shown in the table. 

Table 1 Table of efficiency factors that must be applied to delivered pp, dAu and AuAu luminosities to calculate expected signal yields. The single and two track reconstruction efficiencies are for electrons in the central arm.

	Quantity
	p-p factor
	D+Au factor
	Au-Au factor

	(1) Storage RF efficiency
	75 %
	75 %
	75 %

	(2) Event vertex cut  (±10 cm)
	38 %
	38 %
	38 %

	(3) PHENIX uptime
	60 %
	60 %
	60 %

	(4) Lrecorded/Ldelivered =(1)×(2)×(3)
	17%
	17%
	17%

	(a) Good run fraction
	80 %
	80 %
	80 %

	(b)Single track efficiency
	85 %
	80 %
	50 %

	(c) Two track efficiency
	72 %
	64 %
	25 %

	Total (single track)=(4)×(a)×(b)
	12 %
	11 %
	6.8 %

	Total (two track)=(4)×(a)×(c)
	10 %
	8.8 %
	3.4 %


Table 2 Table of effective luminosities from a 19 week production run, after reality factors are taken into account. The delivered luminosities use the average of the most pessimistic and most optimistic C-AD estimates of how the luminosity will evolve by 2008-2009. The signal yield for a given process is found by multiplying the cross section for the process by the effective luminosity and by the detector acceptance. For d-Au and Au-Au collisions and the effective L columns, the nucleon-nucleon luminosity are shown in the parenthesis).
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	delivered Ldt
	recorded Ldt
	Effective L

	
	
	
	
	Single track
	Double track

	p-p
	200
	160/pb
	27/pb
	18/pb
	15/pb

	d-Au
	200
	40/nb
	6.8/nb
	4.4/nb (1.7/pb)
	3.5/nb (1.4/pb)

	Au-Au
	200
	2.2/nb
	370/b
	150/ub (5.8/pb)
	74/b (2.9/pb)

	p-p
	500
	540/pb
	93/pb
	63/pb
	54/pb


In Table 3, the estimated signal yields of selected physics processes are summarized. The “Yield” column of the table shows the raw signal yield calculated as the product of the cross section, the geometrical acceptance of the central arms, and the effective luminosity given in Table 2. However, most of these raw signal yields can not be measured or can not be separated from other competing process without the VTX detector. The column “no VTX” indicates which of the physics signals can be measured without the VTX detector (marked as “Yes”) or not (marked as “No”). If the signal can be measured with limitations or with a large systematic uncertainty, the column is marked as “Limited”.  For example, in charm decay electron measurement (c(e), the row of  1< pT <2 GeV/c is marked as “Yes” since charm is the dominant source of non-photonic electron in this pT bin. The next column (2< pT <3 GeV/c) is marked as “Limited” since there is a large uncertainty due to the beauty contribution. All other rows are marked as “No” since it is not possible to separate charm signal from the larger beauty signal for pT>3 GeV/c without the VTX detector. In these pT bins, the measurement of beauty decay electron (b(e) are marked as “Limited” since we cannot separate b and c signal in a model independent way, but the beauty contribution is larger than the charm contribution.

For the yield estimate of single electron from open charm (c(e), the momentum distribution of the charm decay electron is calculated using PYTHIA event generator. The generator is tuned to re-produce the low energy charm data from fixed target experiments and single electron data at the ISR. The electron spectrum predicted by the tuned PYTHIA simulation agrees well with PHENIX data at 
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=130 GeV and 200 GeV. The corresponding total charm cross at 
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=200 GeV is 650 b per nucleon-nucleon collisions. The single electron spectrum is then scaled assuming the binary scaling, and then multiplied by the geometrical acceptance and the effective luminosity to give the expected yield (sum of e+ and e-) shown in the “Yield” column in the table. The expected yield in low pT region (pT ≤ 3 GeV/c) is consistent with the observed charm decay electron yield in RUN2 Au+Au data. Since this estimate comes from a scaled p+p PYTHIA simulation, it corresponds to a scenario with no charm enhancement nor any energy loss. If there is a substantial energy loss of charm in high pT, the actual yield of charm decay electron could be smaller than the value in the table. 

The yield of single electron from open beauty is estimated in a similar way using PYTIA generator, assuming that total beauty cross section is
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 = 3.8 b per N-N collisions. This cross section is estimated by tuning the PYTHIA calculation of b production with b production data from the Tevatron (1.8 TeV) and 
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collider (630 GeV) and then extrapolating down to lower energies at RHIC (200 GeV).  Binary scaling of the cross section is assumed for the Au-Au estimates. 

For both the charm and beauty decay electron measurements, the signal yields with DCA > 200 are shown in the column labeled  “with DCA cut”. With the DCA cut, beauty is dominant over charm for pT >2 GeV/c, and can be separated from the charm signal.  In the lowest pT bin (1.0<pT<2.0 GeV/c), charm is still dominant over beauty by about factor 5 with this DCA cut. The b/c ratio is improved to ~1/2 with tighter DCA cuts (DCA>400), as shown in the table, and b/c ratio becomes about 1 with DCA>800 (see Figure 18). Using the DCA distribution, we can statistically separate the b-decay signal from charm over the range 1<pT<6 GeV/c. The table shows that even with the pessimistic assumptions made we will have sufficient statistics for a b/c signal separation in this pT range. Although the e/ separation power of the RICH detector is reduced above its Cereknov threshold for pions (pT>4.7 GeV/c), the RICH+EMCAL combination has a sufficient e/ separation up to this pT range. 

As discussed earlier, one of interesting measurement with the VTX is the ratio of (c(e)/(b(e) and its centrality dependence. Since most of the systematic uncertainties cancelled in this ratio, the measurement is primarily limited by the b/c separation from the DCA measurement and the statistics of b(e. The expected yield of b and c signal with and without the DCA cuts in Table 3 shows that we can reach ~1% statistical precision in the ratio measurement.

A summary the physics program addressed with the VTX detector and how it compares to the capabilities without the VTX is given in Table 4.  For many of these physics topics, a measurement is not possible without the VTX detector or very marginal. For the processes that PHENIX can measure without the VTX detector, the VTX will substantially extend the kinematic range of the measurement. In addition, the accuracy and the precision of the measurements are improved.
Table 3 Event rate calculated for selected physics processes. The effective integrated luminosity used in the calculation is shown in Table 2. For the meaning of “no VTX” column, see the text. In both of Au+Au and p+p, the collision energy 
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 is 200 GeV per nucleon pair. The yields include the anti-particle channels.  The DCA cut value for the single electron measurement is DCA>200 . For the lowest pT bin, the number with DCA>400 is shown in parenthesis.
	Process
	no VTX
	Yield
	Yield with DCA cuts

	AuAu(c(e
	
	
	

	1.0<pT<2.0 GeV/c
	Yes
	3M
	150K (40K)

	2.0<pT<3.0 GeV/c
	Limited
	130K
	6K

	3.0<pT<4.0 GeV/c
	No
	5K
	0.3K

	4.0<pT<5.0 GeV/c
	No
	1K
	50

	5.0<pT<6.0 GeV/c
	No
	0.2K
	10

	AuAu(b(e
	
	
	

	1.0<pT<2.0 GeV/c
	No
	200K
	50K (20K)

	2.0<pT<3.0 GeV/c
	No
	70K
	15K

	3.0<pT<4.0 GeV/c
	Limited
	17K
	3K

	4.0<pT<5.0 GeV/c
	Limited
	4K
	0.7K

	5.0<pT<6.0 GeV/c
	Limited
	1K
	0.2K

	Au+Au(D(K 
	
	
	

	pT >2 GeV/c
	No
	4900  (S/B~0.2%))
	1000 (S/B~3%)

	Au+Au(B(J/(ee
	No
	100
	50

	pp(c(e
	
	
	

	1<pT<3 GeV/c
	Yes
	10M
	0.5M

	pT>3 GeV/c
	No
	20 K
	1K

	pp(b(e
	
	
	

	pT>1 GeV/c
	No
	0.9M
	0.2M

	pp(+jet
	
	
	

	4<pT<5 GeV/c
	No
	300K
	N.A.

	5<pT<6 GeV/c
	No
	150K
	N.A.

	6<pT<7 GeV/c
	No
	70K
	N.A.

	7<pT<8 GeV/c
	No
	40K
	N.A.

	8<pT<9 GeV/c
	No
	20K
	N.A.

	9<pT<10 GeV/c
	No
	12K
	N.A.

	pp(B(J/(ee
	No
	560
	280


Table 4 Summary of physics measurement gained by the VTX detector. The column “without VTX” shows the present capability of PHENIX, while the measurement range with the VTX detector is shown in the column “with VTX”. If the process is not measurable, it is marked as “No”.

	Process
	Without VTX
	With VTX

	c(e
	0.5 < pT < 2.5 GeV/c
	0.3 < pT < 6 GeV/c

	D( K pT>2 GeV/c)
	No (2 significance in central Au+Au)
	> 7  significance in central Au+Au

	Total charm yield
	~ 20 %
	 ~ 10 %

	(c(e)/(b(e) ratio
	No
	~ 1 %

	b(e
	pT>3 GeV/c with model dependence
	1 < pT < 6 GeV/c



	B(J/
	No
	/ ~  10 - 15 % 

	Total beauty yield
	No
	~ 10 %

	High pT charged
	pT 
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 10 GeV/c
	pT < 15 -20 GeV/c

	G(x) from c(e
	0.03 < x < 0.08
	0.01 < x < 0.15

	G(x) from b(e
	No
	0.02< x < 0.15

	G(x) from g+jets
	No
	0.04< x < 0.3

	Nuclear shadowing of G(x)
	0.03 < x < 0.3
	0.01 < x < 0.3
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