What assumptions should we use to estimate yields?
VTX meeting, Tony Frawley, August 12, 2003

My charge from Craig Ogilvie was to comment on:

“ ... what assumptions we should uniformly make about rates,
luminosity, uptimes, bandwidth, triggersetc. The goal would be for
everyone to use the same set of assumptionswhen we calculate
expected countsfor different physics observables.”

SincethisisaVTX meeting, | will try to look ahead to conditions as
we expect them to be when the VTX detector becomes available for
physics running.

Warning: Projected RHIC performanceisavery murky area! |
have chosen to use the optimistic CAD performance projections.




Overview
Thisis my understanding of the best case scenario for upgrades:

Year Run Upgrades available

2004 4 Partial Aeroge

2005 5 Aerogel

2006 6 Aerogel

2007 7 Aerogd ,VTX-barre ,HBD,u
2008 8 Aerogd VTX,HBD,u,TPC

Recent guidance from Thomas Roser on CAD projected performance;
http://www.phenix.bnl.gov/phenix/WWW/p/dr aft/zaj c/sp/presentations/RBUPO3/
2003-08 RHIC Lum_Projections TRoser.pdf




Au-Au luminosities and Rates: 2008

The VTX barrel appearsin 2007 and the endcaps in 2008 in current
planning. So we start with Roser's latest 2008 luminosity projections.

L peak = 32X 1026 cm2 st Gppc =92% 0f 6.9b Ryey = 20 kHZ
Laer = 8X10%cm2sl Gppe=92% of 6.9b Ry = 5kHz

But thisisdelivered by RHIC - if 70% islost to our vertex cuts, we get:

Roek =14 kHz
Raverage = 3.5 kHz

Note: With the present DAQ wewill belimited to~8 kHz into LvI2.
Thiswill reduce the luminosity sampled by ~20% if Ry 1514 kHZ



Au-Au Event sizewith TPC and VTX

Run 2 AuAu central event size was 380 kB (Jamie Nagle, Aug 4 email to
phenix-trigger-1).

Add 120 kB for muon north — 500 kB total
Add 200 kB for TPC — 700 kB totd

From John Lajoie (see https//p25ext.lanl.gov/~hubert/phenix/silicon/) for
central events:

VTX barrel event size (zero suppressed): 160kB — 860 kB total
VTX endcap event size (zero suppressed): 340kB - 1200 kB total

Central event size ~ 1200 kB
Minbias event size~ 600 kB




Au-Au Bandwidth

Assume disk archiving rate in 2008 will be 250 MB/s but we
will have x 2 data compression. Equivalent to 500 M B/s uncompr essed.

For a minbias event size of 500 MB/s, we could archive only 830 Hz:

6% of the peak rate of 14 kHz
24% of the average rate of 3.5kHz

So we will need LvI2 triggers to capture all of the rare events.

Note that | was unable to get input from Martin about this before the
meeting. It may be that the archiving rate will increase by 2008.



P-p luminosities and rates: 200 GeV in 2008

The maximum luminosity for p-p in 2008 in the latest Roser guidelines is.

L peak =89x103em2st  oppc =21.8mb Rpeak = 1.9 MHz
Lover = 7.2x1030cm2sl  Ggp-=21.8mb Rye = 1.6 MHz

Thisisdelivered by RHIC - assume 70% is lost to our vertex cuts:

Roek =14 MHz
Raverage = 1.1 MHz




P-p luminosities and rates: 500 GeV in 2008

The latest Roser guidline for maximum p-p luminosity for 500 GeV is2.5
times the 200 GeV luminosity (~ 8 weeks of machine devel opment):

L peak = 2.2x10%2cm2st  oppe =21.8mb Rpeak = 4.9 MHz
Lye =1.8x10%2cm2sl  op5-=21.8mb Rpeak = 3.9 MHz

Thisisdelivered by RHIC - assume 70% is |ost to our vertex cuts:

Roek =34 MHz
Raverage = 2.7 MHz




p-p event sizewith TPC and VTX

| do not have an estimate for this.
Run 3 p-p event size was ~ 90 kB.
For the TPC assume 50% of Au-Au minbias size, ie. 100 kB.

For the VTX assume 50% of Au-Au minbiassize, ie. 125 KB

Assume p-p event size= 315 kB




P-p bandwidth

Assume disk archiving rate in 2008 will be 250 MB/s but we

will have x 2 data compression. Equivalent to 500 M B/s
uncompressed.

For aminbias event size of 315 kB, we could archive only 1600
Hz:

0.05% of the peak rate of 3.4Mhz
0.06% of theaveragerateof 2.7MHz



Trigger Issues

Au-Au:
e Triggeringonly at Lvl2 isOK for event rates ~ 10 kHz
o dightloss (~20%) if we get peak rates of 14 KHz

« Wewill havetoincreasetheregection of our Lvl2 triggers at
theserates - add VTX information?

P-P-
e Trigger a Lvliltoreduce>1MHzto 8 kHz
e Trigger a Lvl2toreduce 8 kHzto ~ 1.5 kHz

 We probably need morergection.



Estimating yields

Roser's |latest integrated luminosity projections for delivered luminosity:

5+14 week Au-Au run in 2008:
maximum integrated luminosity = 2410 ub-1

5+14 week 200 GeV p-p run in 2008:
maximum integrated luminosity = 224 pb-1

5+14 week 500 GeV p-p run in 2008:
maximum integrated luminosity = 2.5 x 224 pb1 = 560 pb-1
(But allow 8 weeks special development time for 500 GeV pol. p-p)

Bill has made a very nice spreadsheet showing run scenarios for the next 5
years - see
http://www.phenix.bnl.gov/phenix/WWW!/p/dr aft/zaj c/sp/presentations/RBUPO3/RBUPO03.htm

Thisisadiscussion starter for the PHENIX decadal plan proposal.




|ntegrated luminosity factorsin 2008

If you don't have an integr ated luminosity estimate you can
roughly estimate the average RHIC delivered luminosity by
multiplying the peak luminosity by:

Average over store =0.4 (exponential decay)
Average fraction of time at store=0.6 (RHIC uptime)
Luminosity evolution during run = 0.5

Totd =0.12

To get the average PHENIX luminosity, multiply the RHIC
delivered luminosity by:

Z vertex cuts =0.7 (if storage RF works)
PHENIX uptime =0.5

Totd =0.35




Reconstr uction cuts

We also need to consider PID/reconstruction efficiency, trigger efficiency,
and losses due to runs that fail quality cuts. (Also, for VTX physicsthere
may be some signal lost to DCA cuts, depending on what is being measured,
and how).

So make surethat you use arealistic (Acceptance . € ¢onstruction) &Nd
then reduce the signal by ~ 50% for trigger efficiency + good run selection:

P-P-
Jy AcCC . € ccongruction = 0.026 - 0.010 (Run 2)
Trigger efficiency ~0.8 (7?)
Fraction passing run QA ~0.7 (guess)
Au-Au:
Jy ACC. € gconstruction =0.0042 - 0.0017 (Run 2) 1!
Trigger efficiency ~0.9 (7?)

Fraction passing run QA ~0.7 (guess)



Summary for 2008

Au-Au
Peak luminosity = 32 x 1026 cm2 s1 avge luminosity = 8 x 1026 cm2 s'1
Peak rate = 14 kHz averagerate= 3.5 kHz
Central event size= 1200 kB minbias event size = 600 kB

5+14 week run in 2008: max integrated luminosity = 2410 ub-1 delivered
5+14 week run in 2008: max integrated luminosity = 843 ub-1 caught

p-p at 200 GeV
Peak luminosity = 8.9 x 1031 cm-2 s1 avge luminosity = 7.2 x 1031 cm-2 s1
Peak rate = 1.4 M hz averagerate=12MHz eventsize=315kB
5+14 week p-p run in 2008: max integrated luminosity = 224 pb-1delivered
5+14 week p-p run in 2008: max integrated luminosity = 78 pb-1 caught

p-p at 500 GeV
Peak luminosity = 2.2 x 1032 cm2 st avge luminosity = 1.8 x 1032 cm-2 s
Peak rate= 3.4 MHz averagerate=2.7Mhz eventsize=315kB
5+14 week p-p run in 2008: max integrated luminosity = 560 pb-1delivered
5+14 week p-p run in 2008: max integrated luminosity = 196 pb-1 caught



Summary for 2008 (cont.)

General
Max data archiving rate 500 MB/s (uncompressed equivalent)
Max rateto EVB ~ 8 kHz
PHENIX luminosity = RHIC delivered luminosity x 0.35
Include realistic run-QA, trigger eff., reconstruction eff., in yield estimates



RHIC 11 luminosities and rates

RHIC 11 construction could begin FY 2008 at the earliest. Completion of
the project would require about 3 years, so 2011 operation at the earliest.

But | mention RHIC 11 luminosities here because we do need to keep in
mind that we should have triggers and a DAQ that can handle them!

For RHIC 11 details (which may be obsolete by now) see:

http://www.star.bnl.gov/public/NSAC _RHIC11 eRHIC_ 2-15-03.pdf



Au-Au luminosities and Rates. RHIC 11

The earliest operation for RHIC 11 would be 2013.

Average luminosity increases by ~ 10 for RHIC 11, peak luminosity
Increases by less:

L peak = 90X 1026 cm2 51 Ggge = 92% 0f 6.9b Rpgy = 57 kHz
L e = 70X 1006 cm2s1 Gppe = 92% of 6.9b Ry = 44 kHz

Agan, thisisdelivered by RHIC - assume 70% is |ost to our vertex cuts:

Roek =40 kHz
Raverage =31 kHZ




P-p luminositiesand rates: RHIC 11

Maximum luminosity for p-p for RHIC 11

Lpea =8x10%2cm2s1 g =21.8mb Ry = 17.4MHz
Loe =6Xx1032cm2sl  og5-=21.8mb Raye = 13.0 MHZz

Thisisdelivered by RHIC - assume 70% is |ost to our vertex cuts:

This puts more pressure on our Lvl1 triggers. But whether we will ever get
here is not yet clear.

Rpeak =12.0 MHz
= 9.0 MHz

Raver age




