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COMMENTS ON SYSTEMATIC EFFECTSIN HEAVY IONS EXPERIMENTS�Emanuele QuerighCERN, Geneva, Switzerlandand INFN, Padova, Italy(Reeived September 29, 2002)Comments on the omparison between results from two CERN-SPSheavy-ion experiments studying the prodution of strange partiles.PACS numbers: 25.75.�q, 12.38.Mh1. IntrodutionAfter sixteen years of ativity, the �eld of high energy heavy ions physishas now reahed maturity. At the CERN-SPS, the experiments have pro-vided strong evidene [1℄ of a new state of matter that behaves as preditedfor long-sought plasma of quarks and gluons. At the BNL-RHIC ollider, awealth of new results is being obtained [2℄ in the study of suh a new state,at enter of mass energies up to about 10 times larger than those availableat the SPS. Finally in a few years the ALICE experiment at the CERN-LHCollider, will pursue these studies at even higher energies, about 400 timeslarger than at SPS. More and more attention needs now to be given tomeasurement preision and hene to systemati e�ets � an issue learlyless urgent for �rst generation experiments. The main experimental di�-ulty stems from the need to unravel the interesting signals from the hostof partiles produed in the ollision: a few thousands in a head-on olli-sion between two lead nulei at the top SPS beam energy of 160 GeV/ pernuleon. Needless to say, suh a task beomes more di�ult when lookingfor relatively rare proesses suh as the prodution of 
� or J= partiles.Under these onditions, systemati errors on a given observable are not easyto estimate if one wants something more than an eduated guess. Indepen-dent analyses of the data are ertainly useful to spot systemati e�ets inthe software. In the end, however, one would really need to have more thanone experiment looking at the same observable.� Presented at the XLII Craow Shool of Theoretial Physis, Zakopane, PolandMay 31�June 9, 2002. (4273)



4274 E. QuerighTo illustrate this point, in what follows I shall desribe what we havelearnt by omparing two CERN-SPS experiments studying strangeness pro-dution in the interation between lead nulei. The two experiments, namedWA97 and NA57, took data in the period 1995�1996 and 1998�2001 respe-tively. Both studied the prodution ofK0s , �, �� and
� i.e. of partiles andantipartiles arrying one, two and three units of strangeness respetively.Their interest stems from the predition that strange partile abundanesare enhaned if a quark�gluon plasma is produed in the interation; theenhanement inreasing with the strangeness ontent. Negative partiles,mainly pions, were also reorded to ompare strange versus non-strange en-hanements. Both experiments were similar in oneption, but otherwisequite distint. WA97 was loated in the West and NA57 in the North Area.Beam lines, spetrometer magnets and on-line software were ompletely dif-ferent as were most of the detetors and of the o�-line software.2. The �rst experiment: WA97The WA97 set-up [3℄ is shown shematially in Fig. 1. The ore of theapparatus is a traking telesope, 90 m long with a 5 m�5 m ross setion,made of silion pixel and mirostrip detetors (5� 105 hannels) and plaedin a 1.8 Tesla magneti �eld. An array of pad hambers are used as leverarm detetors to improve momentum resolution on fast traks. Masses andmomenta of K0s ; �; �� and 
� are obtained from the traks that theirdeay produts leave in the telesope, as skethed in Fig. 2 Two planes of
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Fig. 1. A shemati view of the WA97 layout in the CERN-OMEGA Spetrometer.



Comments on Systemati E�ets in Heavy Ions Experiments 4275multipliity detetors, loated between the target and the telesope, providethe information to alulate the event entrality, de�ned as Nwound, thenumber of wounded nuleons i.e. nuleons taking part in the ollision [4,5℄.
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→Fig. 2. Sketh of the trajetories in the WA97 silion traker, of the partiles fromthe deay of 
� into K�+�, and from the subsequent deay of the � into a protonand a ��.The type of ollisions and the partiles studied are summarized in Table Itogether with the phase spae window and the entrality range overed.TABLE IWA97 (data in 1995�1996)Pb�Pb at 158 A GeV/ beam momentumCollisions p�Pb at 158 A GeV/ " "p�Be at 158 A GeV/ " "Detetion of �;��; 
� & antipartilesK0s and �ve partiles h� (mainly pions)Phase spae �0:5 � .m.s. rapidity � 0:5window transverse momentum � 0:3 GeV/ for �'s0.7 GeV/ for 
�Pb�Pb ollisionCentrality range 100 � Nwound � 416For eah observed partile speies one determines the double di�erentialinlusive ross setion: d2N(mT; y)dmTdy ;where y stands for longitudinal rapidity and mT for transverse mass, andthe yield: Y = 1Zm dmT ym+0:5Zym�0:5 dyd2N(mT; y)dmTdy :



4276 E. QuerighThe main WA97 ontribution to the evidene for quark�gluon plasma atthe SPS, has been the measurement of the mid-rapidity partile enhane-ments E, when going from proton�beryllium to lead�lead ollisions as afuntion of the strangeness arried by the partile:E = � hY ihNwoundi�Pb�Pb,� hY ihNwoundi�p�Be ;where Y and Nwound are averaged over the entrality range overed by theexperiment.The values of E obtained for various partile speies [6℄ are displayed inFig. 3. Partiles whih have at least one ommon valene quark with thenuleon i.e. negatives (mainly pions), �, �� (Fig. 3(a) are kept separatefrom those with no ommon valene quark with the nuleon i.e. ��, ���,
� and �
� (Fig. 3(b), sine the two groups are known to exhibit di�erentprodution features. In both ases we note that the enhanement inreasesdramatially with the strangeness ontent, up to a fator of about 15 for
, as expeted if strange quarks are equilibrated in a deon�ned quark�gluon plasma. In Fig. 4 the enhanements are displayed versus the ollisionentrality � Nwound- [3℄. No signi�ant dependene of the enhanements onentrality is observed in the range Nwound � 100 overed by the experiment.
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Fig. 4. Enhanements versus the number of nuleons taking part in the lead�leadollision Nwound.The experiment ended in 1996 with the losure of the West Hall. Theresults obtained however, warranted a follow-up to study the onset of theobserved enhanements. In other words, how do these depend on the in-teration volume i.e. on the number of partiipants � Nwound-? How dothey depend on the energy available in the ollision enter of mass? To tryand answer these questions, it was deided to start in the North Area anexperiment, similar to WA97, whih took the name of NA57.3. The NA57 experimentThe NA57 set-up is shown in Fig. 5. The main hanges with respet toWA97 are [8℄(i) a new beam line,(ii) a new telesope layout, fully based on silion pixel detetors,(iii) a new spetrometer magnet and(iv) a new data aquisition system.As a result the detetor alignment proedure and the trak �nding and eventreonstrution software pakages had to be substantially di�erent from thoseused for WA97. The NA57 experiment has been taking data at two beammomenta: at 160 A GeV/ and at 40 A GeV/. A speial e�ort has beenmade to extend the entrality overage towards more peripheral events, by



4278 E. Querighreduing various bakground soures. For Pb�Pb ollisions at 160 GeV/ pernuleon, NA57 is able to identify interations with only 50�60 partiipatingnuleons, i.e. about half of the WA97 lower limit.
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Fig. 5. A shemati view of the NA57 layout (not to sale).The type of ollisions and the partiles studied are summarized in Table II,together with the phase spae window and the entrality range overed.TABLE IINA57 (data in 1998�2001)Pb�Pb at 158 A GeV/ beam momentumCollisions Pb�Pb at 40 A GeV/ " "p�Be at 40 A GeV/ " "Detetion of �;��; 
� & antipartilesK0s and �ve partiles h� (mainly pions)Phase spae �0:5 � .m.s. rapidity � 0:5window transverse momentum � 0:3 GeV/ for �'s0.7 GeV/ for 
�Pb�Pb ollisionCentrality range 50 � Nwound � 416



Comments on Systemati E�ets in Heavy Ions Experiments 42794. The omparisonThe results obtained by the two experiments for lead�lead ollisions at160 A GeV/ are ompared here in their ommon entrality range, i.e. forNwound � 100, while the NA57 results over the full entrality will be pre-sented at Quark Matter 2002 by Manzari [9℄. Fig. 6 shows the WA97 en-hanements (presented in Fig. 4) with the orresponding values found byNA57 superimposed.
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Fig. 6. NA57 versus WA97 enhanements versus Nwound, in the ommon entralityrange Nwound � 100. The p�Be and p�Pb referene data are from WA97.The new data generally on�rm the enhanements and their hierarhy asfound by WA97. The new yields, however, are larger than the old onesby 10%�20% and, at least for �'s and �'s, show a signi�ant entralitydependene. Other observables e.g. the transverse distributions, are foundto be ompatible between the two experiments. The observation of thedi�erene in yields triggered an intensive analysis e�ort. The bulk of thedi�erene was traed to the WA97 interation vertex reonstrution. Aninstability in the lead beam extration to the West Area made the beam spotmove during the spill. The tehnique adopted to ope with this movementfor eah event, introdued a spread in the position of the reonstrutedverties, whih was not aounted for. The small dimensions of the detetorset-up, together with tight seletion riteria, made this e�et in�uene, by10�15%, our estimate of the apparatus aeptane and therefore also thealulated yields. The NA57 data instead were not a�eted by this problemsine the beam line in the North Area was very stable, thus allowing a preise



4280 E. Querighdetermination of the aeptane orretions. The WA97 proton�berylliumreferene data at 160 GeV/ were also una�eted sine the beam was stableand eah beam trak was aurately measured by a set of silion mirostrips.As examples of the quality of our understanding of the NA57 setup, Fig. 7,8 and 9 show a omparison between simulated and real data for severalquantities from the deay �� ! �+ �� :
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-45 -40 -35 -30 -25 -20 -15 -10 -5 0Fig. 9. �� ! � + �� and subsequent � ! proton + �� deays. Comparisonbetween data and Monte Carlo simulations for the x-position of the � deay vertex.The outome of all these studies gives us on�dene in the orretnessof the NA57 data [10, 11℄. It seems reasonable to onlude that withoutthis seond experiment, the 10�20% systemati error on the yields wouldprobably have gone unorreted.5. ConlusionsComparing results from di�erent experiments is learly indispensable inorder to reveal systemati e�ets. It is not always easy, however, or possibleto have more than one experiment for eah observable. For example, atSPS, RHIC and LHC some of the interesting observables are only studiedby one experiment. How are people oping with this situation? Sine allexperiments need to orret the raw data for losses due to limited aeptaneand to reonstrution ine�ieny, repeated independent analyses of the samedata are beoming ommon pratie. In future, suh a type of ross-hekingwill ertainly beome more frequent and more sophistiated. In addition, allknown physial quantities whih an be extrated from the data need to beexamined, sine deviations from table values may point to a problem.For strange partiles, one usually heks the reonstruted masses and,for those deaying weakly, their average lifetimes. In future experimentswhere statistis of tens of thousands of reonstruted �� (
�) deays into� and ��(K�) may be expeted, (e.g. ALICE [12℄), other physis onstantsould be heked, namely the produts of weak deay onstants �� ��� and�� � �
 that are expeted to be (�0:293 � 0:007) and (�0:017 � 0:015),



4282 E. Querighrespetively [13℄. As well known, these produts an be obtained from themeasurement of the longitudinal polarization of the deay �'s. The parent��(
�) polarization, if any, does not need to be known, provided that theaeptane of the detetor is left�right symmetri with respet to the beamaxis [14℄.In onlusion, upon due onsideration and bearing in mind the examplesthat I have outlined above, I would humbly suggest that the best reipe foravoiding systemati e�ets is just to keep worrying about them!REFERENCES[1℄ www.ern.h/CERN/Announements/2000/NewStateMattersee also U. Heinz, M. Jaob, nul-th/0002042 and referenes therein.[2℄ see Proeedings of the Quark Matter 2002 Conferene, Nantes, Frane, 18�24July 2002 to be published on Nul. Phys. A.[3℄ F. Antinori et al., Nul. Phys. A661, 130 (1999).[4℄ A. Bialas et al., Nul. Phys. B111, 461 (1976).[5℄ F. Antinori et al., Eur. Phys. J. C18, 57 (2000).[6℄ R.A. Fini et al., J. Phys. G 27, 375 (2001).[7℄ F. Antinori et al., Eur. Phys. J. C14, 633 (2000).[8℄ V. Manzari et al., J. Phys. G 27, 383 (2001) and referenes therein.[9℄ V. Manzari et al., Proeedings of the Quark Matter 2002 Conferene, Nantes,Frane, 18�24 July 2002 to be published on Nul. Phys. A.[10℄ N. Carrer et al., Nul. Phys. A698, 118 (2002).[11℄ K. Fanebust et al., Proeedings of Strange Quarks in Matter 2001, 24�29September 2001, Frankfurt, Germany.[12℄ ALICE Tehnial Proposal CERN/LHCC 95�71; LHCC/P3.[13℄ Partile Data Group, Eur. Phys. J. 15, 1 (2000); New results indiating aneven lower value for �� � �
 were presented by G. Valenia at this Shool.[14℄ The author wishes to thank Maurie Jaob for a larifying disussion on thisissue.


