1Luminosity Limits for the STAR Detector SystemSTAR Note 125W.B.ChristieJohns Hopkins University1. IntroductionThe goal of this study is to arrive at values for the instantaneous luminosityof the RHIC accelerator beyond which the STAR collaboration does not wish torun. This maximum instantaneous luminosity value (Lmax) will be passed on tothe accelerator staff at RHIC to guide them in designing possible luminosityversus time profiles for RHIC operation.For proton on proton running at RHIC the luminosity versus time profile isessentially flat. The Lmax value for pp is therefore the luminosity at which all thepp data will be taken.At the second RHIC luminosity meeting (May 12, 1993 BNL), there wereluminosity versus time profiles presented for Au on Au running which hadinstantaneous luminosities up to ten times the baseline luminosity for Au on Au (”L0 = 2 x 1026 cm-2 sec-1). For these running scenarios with high initialluminosities, the instantaneous luminosity dropped quickly with time, as much asa factor of two within the first half hour. The message from the accelerator peoplewas that there are many parameters which can be varied and they would likesome input from the approved RHIC experiments, hence this study.2. Considerations1.) As interaction rates approach 107/sec the events will start to overlap inthe trigger detectors gate times. This is only a consideration for the pp running.2.) For both pp and Au on Au running one has to worry about the pileupof events in the TPC. These pileup events are those which come within 40 msecbefore or after the trigger event.3.) As the luminosity increases, the effect of the space charge in the TPCincreases. One must try to quantify at what luminosity this becomes a problem.4.) At baseline luminosities, the number of charged tracks entering theTPC per second, and hence the space charge, is ~ 3.5 times larger for pp than forAu on Au.5.) While most of the calculations presented here were done assuming thatP-10 (90% Argon, 10% Methane) will be the counting gas used in the TPC, STARmay decide to run with a "slower" gas such as 50% Helium and 50% Ethane.3. Time scales and input parameters1.) The baseline bunch crossing times are every 220 nsec. There has beensome discussion of a future upgrade of the RHIC running which would havebunch crossings every 110 nsec.2.) ADC gate times for the trigger detectors are » 100 nsec.3.) Drift time in the TPC is about:

2 200 cm * 5 cm/msec » 40 sec. for P-10 gas (Argon Methane 90 - 10%).4.) L0 for Au on Au is 2 x 1026 cm-2 sec-1.5.) L0 for p on p is 1.4 x 1031 cm-2 sec-1.6.) Number of bunch crossings per second at a given interaction point is:#crossings/sec=

1 crossing220 nsec.=·4546106. crossings/sec.7.) A given bunch crossing has a duration in time of about 5 nsec.8.) Interaction rate for Au on Au:Rate = L0* s = L0*

πr0_2

(193.33 + 197.33)2 = (2 x 1026cm-2 sec-1) * (6.13 x 10-24 cm2) = 1225 Int./sec9.) Interaction rate for pp:Rate = L0 * s = (1.4 x 10 31cm-2sec-l)*(40x10-27cm2) = 5.60 x 10 5 Int/sec.10.) The baseline data acquisition and taping rate for events with the TPCis ~˚1 evt/sec for Au on Au and about 30 evts/sec for pp.4. Proton on Proton runningAs calculated above, the interaction rate for pp running, at designluminosity, is ~5.6 x 106 I n t . / s e c . D i v i d i n g t h i s r a t e b y t h e n u m b e r o f b u n c h crossings per second, also calculated above, one finds:

56010454610012366./sec...··=Intcrossing/sec Int./crossingThe number of interactions per crossing scales linearly with luminosity, soat two times L0 the number of interactions per second is ~ 0.25, etc. This valuef o r t h e n u m b e r o f p p i n t e r a c t i o n s p e r s e c o n d c a n b e u s e d t o c a l c u l a t e t h e probabilities to get 1, 2, 3, etc., interactions in a given bunch crossing.For any given crossing, if one has a trigger, the calculation above indicatest h a t t h e r e i s a 1 2 . 3 % p r o b a b i l i t y t o g e t a n o t h e r p p i n t e r a c t i o n i n t h e s a m e crossing. Depending on where along the beam axis the second interaction takesplace, and when it takes place in time (~5 nsec. window), the trigger will havesome ability to identify and veto these multiple interactions.The rate per second of bunch crossings with n pp interactions (usingPoisson statistics) is:

.12n *e- 0.12 n! *4.546 ×10_6 sec_{- 1}

3 4events that occur at the center of the event diamond, in consecutive crossings, areseparated by only ~5 mm. If one includes the distribution of vertices in thecrossing diamond (rms ~7.5 cm, which is equivalent to about 1500 nsec of drift inthe TPC) one finds that there could be about 14 vertices within the diamond forany given triggered event. The resulting distribution of vertices along the z axiswas thus found to be essentially uniformly distributed and smooth, with noseparation between vertices. One thus concludes that using tracking alone, onecould not tell which tracks were in the triggered pp event.What the study investigated was the possibility of using the Time-of-Flight(TOF) information from the Central Trigger Barrel (CTB) to select the tracksassociated with a given bunch crossing. Note that this does not place a stringentrequirement on the timing resolution of the trigger barrel, as all one is after iswhich slats are hit in a given bunch crossing. The bunch crossings are separatedin time by 110 nsec, and the CTB signals are digitized every bunch crossing. Thestudy concluded that one could identify which tracks were associated with agiven bunch crossing on which one triggers, provided that the tracks reach theCTB. This places a minimum Pt value of ~150 MeV/c and a pseudorapidity cut of‰h‰£ 1.0. Once one has identified the tracks which satisfy the criteria above, onecan reconstruct the. primary vertices for the events within the triggered bunchcrossing. Further study to determine how well one can do in associating thetracks from these events which did not hit the CTB is still to be done.As seen above, and ignoring space charge effects for the moment, the largeinteraction rate for pp at L0 leads to two complications for STAR.First is the high rate of bunch crossings with multiple interactions. Thispresents a formidable challenge for the STAR trigger group. Depending on whatinformation one is trying to extract from the pp running, one may have to selectp p e v e n t s w h i c h c o m e f r o m c r o s s i n g s w i t h o n l y o n e p p i n t e r a c t i o n ( 4 8 4 k H z ) , and discriminate against the 29 kHz of double, 1.2 kHz of triple, and 35 Hz ofquadruple interactions at L0. Recall that out of the 5.60 x 106 int./sec, STAR canwrite to tape ~ 30 evts./sec.Second is the piling up of events in the TPC. At L0 one gets about 45 ppevents in the TPC for every pp event for which one reads out the data from theTPC. The average separation between the pp interactions at this luminosity is ~9cm along the drift direction which leads to an average separation of about 4.5 cmbetween apparent vertices along the z axis. If one hopes to use only the trackinginformation to identify which pp interaction triggered the detector, and do a goodj o b a s s o c i a t i n g a l l t h e t r a c k s w h i c h b e l o n g t o t h e i n t e r a c t i o n , t h i s i s p r o b a b l y about as close as one wants to allow the vertices to get. As was discussed above,if one uses the CTB to help in finding the events which trigger the detector onecan go higher in luminosity. The usefulness of this method depends on how wello n e c a n d o i n f i n d i n g a l l o f t h e t r a c k s a s s o c i a t e d w i t h t h e i n t e r a c t i o n s i n t h e t r i g g e r e d b u n c h c r o s s i n g w h i c h d o n o t s t r i k e t h e C T B , a n d t h e i m p o r t a n c e o f these tracks for the physics analysis one is investigating.

5 6 8for pp the effect of space charge on the momentum resolution becomes equal tothat due to space charge at about 5 - 6 times L0.d i s p l a c e m e n t s d e c r e a s e w i t h z , etc.) there is not a straight forwardway to calculate the magnitude oft h e s p a c e c h a r g e d i s t o r t i o n s o n t h e m o m e n t u m r e s o l u t i o n o f t h e h i g h e r momentum tracks. What will be necessary is to incorporate these distortions inthe Fast Simulator code for the TPC (FST). These modifications are planned, butat present are unavailable.I’ve done a crude calculation of the effect on the .momentum resolution,u s i n g f o r m u l a s f r o m S T A R N o t e # 1 4 ( a s t u d y o f E a n d B f i e l d p r e c i s i o n c o n s t r a i n t s i n t h e T P C ) . F i g . 7 i s r e p r o d u c e d f r o m t h i s r e p o r t a n d i l l u s t r a t e s a track in the TPC. One gets the radius of curvature for the track by measuring thesagitta(f):f=r* {1 - cos(S/(2r))} Eqn. 3where:

9s = arc length of circle segment (m).r = radius of curvature (m). =

Pe*H (e and H defined below) When r >> s, f ” s2/(8r). The propagation of uncertainties gives:

∂ PP = ∂ Pρ = ∂ ff 8PeHs^2 ∂ f

Eqn. 4where:P = magnitude of the momentum (GeV/c)e = constant x elementary charge = 0.2998 GeV/c T-1 m-1H = magnetic field strength (Tesla)Plugging in the appropriate values for STAR one gets:

¶¶PPP*f=1334.*Eqn. 5For reference, table 1 lists the radius of curvature and sagitta for various Pt tracksin STAR. For the high Pt tracks which I investigate here, I assume that one gets apoint or points on the track at small radii using either the primary vertex for theinteraction (determined very well for large multiplicity events) or space pointsfrom the Silicon Vertex Tracker (SVT). Thus the sagittas in table 1 are thosefrom the center of STAR to the outer radius of the TPC (2 m).Table 1Pt (GeV/c) (m)f (mm)

213.3437.55

533.3614.991066.717.5015100.15.0030200.12.50I approximated the magnitude ofthe distortion to the momentumresolution as follows. Imagine the high Pttracks to be straight lines. From table 1 onesees that a ten GeV/c track only has a sagittaof 7.5 mm over a distance of 2 m, so thisstraight line approximation is fairly good.Now if one end of this line is held fixed at the origin and the other end is movedsay 100mm, the displacement at a point half way along the line will be half of thedisplacement at the end, i.e. 50mm in this example. I use this displacement at themidpoint of the line as an approximation to the error in the sagitta. Using thecalculated sagitta, and this approximated error to the sagitta, one can thencalculate the momentum resolution using Eqn. 4 (‰¶P/P)‰ =(¶f,f)‰ ) or Eqn. 5.From Fig. 6, the maximum azimuthal displacement at the outer radius ofthe TPC is 20mm (at z=0) for L = L0 . A s n o t e d e a r l i e r t h e m a g n i t u d e o f t h i s displacement scales linearly with the luminosity, thus the maximum displacementat the end of the straight line would be 200mm at 10 * L0. The error in the sagittacan thus be given as a function of the ratio of the luminosity to L0:

∂ f = LL0 *20μm

10and eqn. 5 can be written as:

∂ PP

=13.34*P* LL0 *20 μm

Eqn. 6

11required that all tracks from the triggered pp interaction are identified. For the Auon Au running it would double the probability that one gets another Au Auinteraction in the "livetime" (– 80 msec) of the TPC.Second, while it hasn’t been documented yet, the space charge effects willlikely be less for He-Ethane than for P-10. I believe that the positive ions, whichare responsible for the space charge, will drift at about the same speed or perhapsfaster in the He-Ethane. The number of ion pairs formed is less in the He-Ethanemixture and therefore the magnitude of the space charge distortions should beless at a given luminosity than those for P-10.Third, the longitudinal diffusion will be less for the He-ethane than forP-10. This will lead to smaller effective pixel sizes in the time direction in the TPC.This has the desirable effect of reducing the number of space points which get"merged", and should lead to some improvement in the momentum resolution inthe TPC and the tracking efficiency for low Pt tracks.SummaryThe first stage of STAR’s data taking will be a general survey of centraland minimum bias events. During this stage the data rate for STAR will be tapinglimited for both the pp and AA data, and hence we will not need highluminosities. The most desirable running scenario for this early stage of datataking would be as flat a time profile as possible.For the later stages of STAR running we will want to use more restrictivetriggers to search for rare events in AA collisions. At this time, if the data ratebecomes trigger rate limited, the approaches discussed at the last luminositymeeting (May 12, 1993), where one sacrifices a flat luminosity versus time profilein favor of maximizing the integrated luminosity, would be appropriate.For pp running the analysis gets more difficult as one increases theluminosity due to the high rates of multiple interactions per bunch crossing, thepile-up of events in the TPC, and the distortions due to space charge. For anyanalysis which requires that all of the tracks originating from the interaction thattriggered the system be identified, L0 is about as high a luminosity as one couldr u n . I f t h e a n a l y s i s o n l y r e q u i r e s t h a t t h e h i g h P t t r a c k s ( ‰h‰

< 1) from theinteraction be identified, one can utilize the information from the CTB (and EMCwhen it gets built) to run at higher luminosities. N.B. This Summary, at this time, does not represent the STAR policy as pertainsto running scenarios for RHIC. This matter must first be considered by the STARTechnical Committee.