

Luminosity Considerations for STAR in the Years 2020+
Basis for the discussion 

The main input to the discussion is the talk by Wolfram Fischer to be found here https://www.phenix.bnl.gov/WWW/publish/elke/STAR/pp-pA-LoI/2014-0321%20p+p%20and%20p+Au%20in%202020+.pptx
In this talk luminosities for p+p at 500 GeV as summarized in the table below have been presented, the luminosity increase in 2018 and later is driven by a higher bunch intensity and a shorter bunch length, based on
· New polarized source (first operated in 2013)
· Electron lenses (under commissioning)
Multiple interactions per bunch at peak luminosity are going from 1.7 (2013) to 7.7 (2018)
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For 200 GeV p+p the rule of thumb is that the luminosity is half of that at 500 GeV. The multiple interactions also scale by a factor of 2, so are in the order of 4 in the 2020+ years.

Can STAR benefit from this luminosity increase

· The 2013 p+p 500 GeV run constituted the limit or very close to the limit acceptable by the TPC.  The iTPC upgrade will not make any difference to this; actually on the contrary the iTPC could potentially make things worth as the pad size for the inner pads is increased this together with the increased luminosity might lead to the fact that the inner pads at 200 GeV are as difficult to use as at 500 GeV now.  The impact of this potential change on the forward physics utilizing the iTPC and the EEMC needs to be investigated. Using a dynamic * squeeze technique through the fill can mitigate some of the luminosity limit of the TPC.

Summary on p+p / p+A physics planned in the years 2020+

In the following a quick summary of the p+p and p+A physics planned in 2020+ is given, special emphasis is given if the TPC is needed for this physics or not and the program can be done with the increase multiple interactions per bunch. The physics goals have been outlined in the following tables https://www.phenix.bnl.gov/WWW/publish/elke/STAR/pp-pA-LoI/pp.pA.table.ppt as well as many talks given in the pp-pA-LoI group meetings.
In the following it is assumed that for the rapidity range -1 to 2 the dominant tracking detector is the TPC. It is also assumed the iTPC upgrade is available in the years 2020+. For jet or any other charged particle id the TPC is combined with the EEMC in the rapidity range 1 to 2. In the rapidity range 2 to 4 the setup is the FCS (ECAL+HCal+Preshower) combined with a fast tracking detector, i.e. Silicon. Such in the rapidity range 2 to 4 there are no limitations from the detectors to take a factor four higher instantaneous luminosity. 

· 500 GeV Longitudinal Polarized Physics
· Di-jets to measure g(x,Q2) and to constrain the shape of g(x,Q2). This involves measuring di-jets with different rapidity combinations from barrel-barrel to forward-forward combinations. Especially the asymmetries for forward-forward jets are very small, which poses a special challenge to the relative luminosity measurement (< 10-4).
· As for certain di-jet rapidity combinations the jets involve the TPC this program cannot benefit from the luminosity increase as long as the limitations due the TPC cannot be overcome.
· With 8 interactions per bunch it will be extremely important to reach a goal of <10-4 for the relative luminosity to understand and resolve how many interactions occurred per bunch crossing and spin alignment. Even without this additional complication there is not yet a concept to measure relative luminosity to this precision
· The same holds for any other correlation measurements like -jet, hadron-jet.

· 200/500 GeV Transverse Polarized Physics
· The main physics observables, Collins, IFF and Sivers, involve jets or di-hadrons in a rapidity range +1 to +4, this rapidity range combines the EEMC with the iTPC to reconstruct jets. Like in the case for 500 GeV jets as long as the limitations of the TPC are not overcome, STAR cannot benefit fully from this luminosity increase.
· AN(DY) at 500 GeV, this is the only measurement, which is done only in the rapidity range 2 to 4. It does not require any correlation with another particle. The absolute critical requirement is to control the background from QCD 22 to equal or better 1:1, if not asymmetries of 2%-4% are not measurable. With multiple interactions per bunch, this will require a tracker in this rapidity range, which can resolve the different vertices The suppression factor needed for DY is 106, simulations need to be done, which show that a tracker in the rapidity range 2 to 4 with STAR magnetic field can do this.

· 200 GeV un(polarized) pA
One global remark if any of the measurements needs to be made as function of centrality, the detector measuring centrality in pA needs to be able to resolve the multiple interactions per bunch. One question, which needs to be answered first, do all the interactions maybe have the same centrality? If not how can this be resolved, what does the LHC do?
· All observables related to UPC have the final state in -1 to max 2 in rapidity such involve the TPC.
· NLO DY measurements, this involves to detect in addition to the e+e- pair an other hadron. As this measurement is thought as one of the measurements to be sensitive to saturation it will be critical to go in and out of the saturation regime, this is realized by changing the rapidity range and//or the kinematic requirements on the DY-pair and hadron.
Only if all products fall in the rapidity range 2 to 4 it will be possible to take the full luminosity. If this happens there is still one more concern with multiple interactions per bunch the new Si-tracker needs to resolve the different interaction vertices, which might be a challenge and needs to be simulated and integrated into the design of the tracker.
To resolve the interaction vertices is crucial to suppress QCD 22 background. Note the NLO-DY c.s. is ~20% of the LO DY c.s.
Measuring saturation through hadron-hadron of hadron-jet, photon-jet correlations, is much less luminosity hungry compared to DY, for the rest the same arguments apply it is supposed to be measured as fct. of rapidity and collision centrality as well as pt cuts on the trigger and associated particles.
· CNM matter effects (pt-broadening, J/Ψ suppression, ….) need to be measured as fct. of rapidity, centrality and so on. Maybe we can ignore this and just measure at the rapidity range 2 to 4, this would then not need any TPC as J/Ψ and other particles are detected through peaks it will be easier to see the signal even with multiple interactions per bunch and to suppress the background.
· Direct photon measurements can be done only in the rapidity range 2 to 4, the question here is how do the multiple interactions influence the background suppression, which is like in DY one of the challenges for a good direct photon measurement.
· For any type of ridge-type of correlation measurements the TPC is always involved and as such no benefit of the luminosity can be made as long as the limitations of the TPC are not removed.

In summary, if we want to make use of the increase in luminosity for measurements in the rapidity range 2 to 4, the following questions need to be resolved.
· Can a tracker in the forward direction resolve the different vertices per bunch, to suppress background for the measurements with rare cross sections, i.e. NLO-DY.
· Can a detector be built, which resolves the centrality for the different interactions per bunch?
· How can we measure relative luminosity to 10-4 with multiple interactions per bunch?
· Are there any limitations due to the trigger and DAQ throughput?
It would be much more beneficial for STAR to have a luminosity profile per fill like we have with the stochastic cooling in A+A running, this could be achieved if the dynamic * squeeze through the fill works.

Questions for Wolfram

Several open points, which need to be clarified by Wolfram, are listed in the following
· What is the impact on the predicted luminosity increase that there will be no p+p running between 2015 and 2020
· What is the increase in luminosity per fill if the luminosity is kept constant through a dynamic * squeeze through the fill
· [bookmark: _GoBack]Why is there no impact through beam-beam on the beam polarization? The beam-beam should be much higher with a decreased bunch length and more protons per bunch.
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parameter uni 2013 2014E 201 2

10 of colliding bunches 111 111 111 111 111 111
protons/bunch 10" 1.85 2.0 25 28 3.0 3.0
average beam current/ring L, mA 257 278 340 389 418 418
stored energy per beam MJ 084 091 L11 127 1.36 1.36
transverse rms emittance €, urad 3.1 33 3.0 3.0 28 28
rms bunch length o, m 060 055 0.55 020 020 020
envelope function at IP B* m 0.65 060 060 050 050 050
beam-beam parameter E/1P 10° 73 74 10.0 115 13.1 13.1
initial luminosity L/IP 10¥ em?s" | 248 293 489 916 1121 1121
events per bunch-bunch crossing (pile-up) u 17 2.0 34 63 7.7 7.7
average / initial luminosity % 64 60 60 60 60 60
average store luminosity L, 10 em’s™ 160 176 291 550 673 673
time in store % 56 55 55 55 55 55
max luminosity/week pbT 60 58 97 183 224 224
min luminosity/week pb” 60 60 60 60 60
AGS extraction, P % 72 72 72 72 72 72
AGS extraction, Py, % 67 67 67 67 67 67
RHIC store avg., Pou % 52 60 65 70 70 70

RHIC store avg., Prin % 52 52 52 52 52
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