
DIRAC NOTE 2006{06Parametrization of single partile spetraat the DIRAC kinemati rangeM. ZhabitskyJINR Dubna, RussiaOtober 12, 2006AbstratShapes of single partile spetra from p+Ni! h�X (h stands for a mixture ofpions, kaons and protons) reation at 24 GeV/ are presented.IntrodutionThe DIRAC analyzes �+��-pairs with small relative momenta Q in their enter of masssystem in order to �nd out signal from pionium breakup. One of approahes in analysisdoes rely on orret MC simulation of �+��-pairs inlusively produed in pNi-ollisions,whih are bakground to pairs from pionium break-up. Beside the physis of above pro-esses, the adequate transportation of pions through the spetrometer setup and orretdetetor response are essential for this MC analysis. These an be tested by simulationof so-alled aidental pions pairs or even single pions, followed by omparison of MCsample to experimental distributions of events of interest. This study is onentrated onsingle partile spetra from p +Ni! h�X reation, whih are required for this analysis.
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1 AeptaneAeptane of the setup was de�ned with GEANT-DIRAC simulation program [2℄. Inputevents were generated aording to the following distributiond3NMCdpd�d' / p exp(�0:8p); (1)here p, �, ' are in spherial system of oordinates with its origin in the enter of the targetand z-axis along the primary proton beam. Momenta and angles of input events weregenerated in the range about 10% wider then the atual aeptane of the setup. Thentraks were reonstruted by ARIANE reonstrution program [3℄. Aeptane funtionG(~p) was de�ned as a ratio of reonstruted distribution over generated one:G��(p;�; ') = d3N reMCdpd�d'� d3NMCdpd�d': (2)Here we assume that the value of the reonstruted momenta ~pre is lose to the generatedone ~pgen. Also prodution at the enter of the target is used. Atual dimensions of thebeam spot at the target loation are x = 1:6 mm y = 3:2 mm at 2� level; the divergeneof the beam is about 1 mrad [4℄. Angular aeptane is de�ned by the ollimator plaed3:5 m from the target, therefore divergene due to the size of the beam spot is also lessthan 1 mrad.An event is alled reonstruted if following riteria are ful�lled:� trak is reonstruted in DC;� no hit in Muon hodosope;� hit with proper timing (�4 ns) in PreShower;� reonstruted value of momenta is lose to the generated one jpre�pgenj < 0:1GeV/;� angular deviation is also small: angle between ~pre and ~pgen is less than 0:01.Aeptane is mainly de�ned by the ollimator (�g. 1.b), magneti �eld and geometryof downstream detetors (�g. 1.a). Atual value of aeptane for MC �� events in \inner"part of aeptane is about 80% (�g. 1.d) Last number takes into aount eÆienies ofdownstream detetors, probability of trak reonstrution in DCs and probability of piondeay in ight. Mean deay length of pion in laboratory frame � = �p=m exeeds 80 m,where as its path length between target and muon hodosope is less than 20 m. Lossesdue to deay inrease up to 10% for pions with lower momenta (see �g. 3).Applied riteria orrespond to experimental uts whih suppress bakground eventson the trigger level and/or on the reonstrution stage. Suppression fators of di�erentriteria are presented in table 1. Momentum dependene of the above riteria are in �g. 2.From �g. 2 one an see that some traks with momenta lower than 1:5 GeV= or greaterthan 5GeV= an be reonstruted in Drift Chambers but do not ross PreShower plane.As signal from PreShower was required in T1 trigger, this limits the range where inlusivespetra an be de�ned in the experiment. Other origin of losses is an interation of pionswith the Al frame of Cherenkov detetor, whih is 3 m high and 20-40 m thik along the2
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Figure 1: Projetions of G��(p;�; ') aeptane on planes: a { (p; '), b { (�; '),  {(p;�). d { G��(p = 2:5 GeV=;� = 0:09; ').Table 1: Suppression fators of di�erent riteria in MC�� �+ K+ priteria N. ev. N. ev. N. ev. N. ev.1. DC(TmTrxDC) 2520168 1 508083 1 295804 1 510357 12. 1. & j�t(PrSh)j < 4 ns 2335788 0.93 471385 0.93 255196 0.86 457461 0.903. 1. & no Muons 2279180 0.90 459822 0.91 272700 0.92 506504 0.994. 2. & no Muons 2096641 0.83 423461 0.83 232557 0.79 453782 0.895. 4. & j�jpjj < 0:1 GeV= 2057148 0.82 415533 0.82 222523 0.75 446405 0.876. 4. & j��j < 0:01 2061575 0.82 416314 0.82 225296 0.76 445425 0.877. 5. & j��j < 0:01 2047758 0.81 413620 0.81 221369 0.75 443613 0.87seondary partiles path and stands in the entral horizontal plane of the spetrometer.This leads to a pronouned dip in experimental data due to loss of signal in PreShowerwhih is in T1 trigger. This e�et was not reprodued numerially in MC, so events with� around 0:1 has to be removed from analysis.From �gure 2.b one an onlude that applied uts on di�erene between generatedand reonstruted values of momenta suppress 2-4% of MC events. Slope on p due tothese uts is less than 0:004 [GeV=℄�1 between 2 and 5 GeV=.Aeptane funtions for positive pions G�+(p;�; ') and protons Gp(p;�; ') are de-�ned in the similar way. We introdue spae 
�� where aeptane is high:
�� = np;�; ' : G��(p;�; ') > 0:4o (3)3
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Figure 2: Projetions of �� relative aeptanes on p for di�erent seletion riteria
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Figure 3: Aeptane G(p;�; ') as a funtion of momenta for �+, K+ and protons.
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1.1 Aeptane with advaned traking (\noup")We will also de�ne aeptane funtion G��noup(p;�; ') for MC events reonstruted bythe more detailed trak reonstrution proedure (results are stored in the ommon blokFitTrkDC of ARIANE, only beam spot position and DC information are used)1. It isde�ned with similar uts as G��(p;�; '). Suppression fators of di�erent riteria arepresented in table 2. Momentum dependene of the above riteria are in �g. 4. Ratio ofG��noup(p;�; ') over G��(p;�; ') as a funtion of momenta is presented in �g. 5. Eventsare rejeted for two main reasons: trak does not point to the beam spot (�2 m invertial diretion) or it is not possible to propagate trak in DC bakward through themagneti �eld for given trak parameters. These an happen either due to pion deay inight or inorret map of the magneti �eld. Last reason is responsible for the pronounedineÆieny between 3 and 4 GeV= (see �g. 5).Table 2: Suppression fators of di�erent riteria in MC�� �+riteria N. ev. N. ev.0. DC(TmTrxDC) 2520168 1.13 509170 1.141. DC(FitTrkDC) 2232956 1 448318 12. 1. & j�t(PrSh)j < 4 ns 2067028 0.93 415414 0.933. 1. & no Muons 2096344 0.94 421212 0.944. 2. & no Muons 1931844 0.87 388561 0.875. 4. & j�jpjj < 0:1 GeV= 1925497 0.86 387272 0.866. 4. & j��j < 0:01 1928467 0.86 387850 0.877. 5. & j��j < 0:01 1924410 0.86 387051 0.86
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Figure 4: Projetions of �� relativeaeptanes on p for di�erent seletionriteria. p, GeV/c
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1Hereafter we will denote results with simpli�ed traking in DC (TmTrxDC) as \DC", more detailed�tting (FitTrkDC) as \noup" and results with SFD detetor as \DC&SFD"5



1.2 Aeptane with forward detetors (DC&SFD)We will also de�ne aeptane funtion G��SFD(p;�; ') for MC events reonstruted inforward detetors (only SFD used, without bakground simulation). It is de�ned withsimilar uts as G��(p;�; '). Momentum dependene of the above riteria and theirsuppression fators are in �g. 6. Between 1:5 and 5 GeV= shape of G��SFD(p;�; ') issimilar to the shape of aeptane funtion with downstream detetors only (see �g. 8).
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p, GeV/c
2 3 4 5 6 70.8

0.85

0.9

0.95

1

)ϕ,Θ(p,
noup

-π)/Gϕ,Θ(p,SFD

-πRatio G

Figure 7: G��SFD(p;�; ').G��noup(p;�; ') asa funtion of momenta. p, GeV/c
2 3 4 5 6 70.75

0.8

0.85

0.9

0.95

1

)ϕ,Θ(p,
-π)/Gϕ,Θ(p,

-π
SFDRatio G

Figure 8: G��SFD(p;�; ').G��(p;�; ') as afuntion of momenta.

6



2 Experimental distributionsThe goal of the DIRAC experiment is to study �+��-pairs with small relative mo-menta Q in their enter of mass system. For this reason all working triggers se-let pairs and even make deision depending on topology of hits spei� to small Q.In 2003 the dediated run (No. 6371) was taken to test trigger system. In overall2 millions of \T1 �+�� without oplanarity" events were taken. Here trigger T1 =(VH&HH&PrSh&Ch)��+& (VH&HH&PrSh&Ch)��� stands for oinidene of pion trakandidates in positive and negative arms. If one selets events with 2 separated intime traks from di�erent proton-nuleus interations (so-alled aidental oinidenes)then deteted distributions in eah arm orrespond to inlusive prodution of positiveor negative hadrons in proton ollisions with nulear target (pNi ! h�X), but withoutinlusive pair prodution (pNi ! h+h�X), when both partiles enter the Spetrometeraeptane. Rate of suh aidental events is proportional to the produt of orrespondingtotal ross-setions. These aidental events an be identi�ed by seleting proper timedi�erene between deteted positive and negative partiles (�g. 9). Time di�erenedistribution is asymmetri due to time-orrelated protons, for this reason only events in[�15;�5℄ ns range were analyzed.Counting rates per element in vertially oriented hodosopes depend on overed mo-mentum range (high and low oupanies di�er by a fator 2:0�2:2). It was experimentallyshown [5℄ that within 1% auray there are no losses due to this di�erene either on thetrigger level or on the reonstrution stage.Below we will separately analyze distributions for positive and negative hadrons.
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2.1 p+Ni! h�XIn experimental data we seleted only aidental events in the range [�15;�5℄ ns withtraks in both positive and negative arms reonstruted. Corresponding hit with propertiming in PrSh and absene of signals in Muon hodosope in the region around the trakpath were required. 215547 events ful�lled the above riteria (MC sample used for theaeptane de�nition is ten times more). E�et of above uts are presented in �g. 10.Then shape of prodution di�erential ross setion an be estimated:d3Ndpd�d' = 1G��(p;�; ') d3Ndetdpd�d'; (4)d2Ndpd� = !(p;�) Z
�� d3Ndpd�d'd'; (5)where !(p;�) = 2��'(p;�), �' | part of azimuthal angle inside of 
�� for a givenvalues of p and �. Here we assume that after the orretion to aeptane we will getat distribution on azimuthal angle ' within 
�� (see �g. 11). We will all this strategy\G". While using aeptane funtion G�� we neglet admixture of K� whih are about5% abundant [8℄, but has similar shape. In deteted events their admixture is even lowerdue to shorter kaon lifetime (�g. 3).Alternative way is to assume some reasonable shape of the prodution di�erentialross setion d2N i�1MCdpd� , then obtain in MC orresponding \deteted" shape d2N i�1MCdetdpd� . Lastdistribution an be ompared to experimental results d2Ndetdpd� . If one adjusts initial shapeof the prodution di�erential ross setiond2N iMCdpd� = d2N i�1MCdpd� d2Ndetdpd�d2N i�1MCdetdpd� (6)
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Figure 11: d3Ndpd�d' as a funtion of azimuthal angle '.and repeat MC step, then by iteration the shape of the prodution di�erential rosssetion, whih reprodues in MC the experimental distribution, an be obtained. We willall this strategy \I". In our analysis shape from formula (1) was used as d2N0MCdpd� and onlyone iteration was done. Therefore this method allow us to test validity of assumptionsof strategy \G": uniformity of the obtained prodution di�erential ross setion overazimuthal angle and restrition of analysis only to events inside spae 
�� .Usually the double di�erential ross setion d2Ndpd� is parametrized by either Sanford-Wang parametrization [7℄ or Badhwar parametrization [6℄. We used only Badhwarparametrization of LIDCS for p+ p! ��X as it has less free parameters (for details seeAppendix A). Fits were performed over 2 regions fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄gand fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄g with As, B, C1, C2 and C3 as free parameters(see �t results in table 3). Slies of the prodution ross-setion with superimposed �ts arepresented for �xed values of � (�g. 12) and �xed values of momenta (�g. 13). ParametersC1, C2 and C3 are polynomial oeÆients from term C1 + C2p? + C3p2?. In DIRAC p?Table 3: Fit parameters for �� produtionB C1 C2 C3 �2=NDFPartile [(GeV=)�1℄ [(GeV=)�2℄fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄g�� G 3:75� 0:19 14:8� 0:6 �17:3� 2:4 14:5� 2:6 2135=1903�� G0 2:53� 0:13 10:81� 0:24 0:0 0:0 2171=1905�� I 3:40� 0:25 13:1� 0:5 �9:5� 3:0 6:3� 3:1 2105=1903�� I0 2:55� 0:13 10:77� 0:24 0:0 0:0 2135=1905fp 2 [2:0; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [2:0; 5℄GeV/;� 2 [0:105; 0:115℄g�� G 4:19� 0:24 15:4� 0:7 �20:9� 2:7 17:2� 2:7 1851=1638�� G0 2:62� 0:14 10:4� 0:3 0:0 0:0 1867=1640�� I 4:17� 0:24 15:1� 0:7 �18:7� 2:7 14:1� 2:7 1827=16389
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Figure 12: d2Ndpd� �p+Ni! ��X� for �xed values of �.
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Figure 16: d2NGdpd�� d2NMCdpd� �p+Ni! ��X� for the DIRAC kinemati range.MC based on formula (1) is already a good approximation for the shape of the doubledi�erential prodution ross-setion in the kinemati range of the DIRAC setup (�g. 16):the maximal relative di�erene between its shape and the \realisti" shape of the doubledi�erential prodution ross-setion is less then 24% in the range p 2 [1:5; 5℄ GeV= and� 2 [0:08; 0:12℄. Atually this simple shape was hosen as it �ts the median line (� = 0:1)of the \realisti" shape with relative di�erene less than 3%.
11



p, GeV/c
2 3 4 5 6 70

50

100

150

200

250

300

350

400

450

 t(VH)=[-12,-5]ns, DC only, 6371 no coplanarity∆=0.09), acc, Θ(p,
Θdpd

N2ddetected 

exp. data
MC
MC simple

p, GeV/c
2 3 4 5 6 70

50

100

150

200

250

300

350

400

 t(VH)=[-12,-5]ns, DC only, 6371 no coplanarity∆=0.11), acc, Θ(p,Θdpd
N2ddetected 

exp. data
MC
MC simple

Figure 17: Deteted d2Ndetdpd� for �xed values of �.
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Figure 18: Deteted d2Ndetdpd� for �xed values of p.For ross-hek the following MC test was performed: input events for GEANT-DIRAC were generated aording to the Badhwar representation of LIDCS with ob-tained parameters, then events were reonstruted by the ARIANE. Calulated double-di�erential distributions have been ompared to experimental ones. Their slies for �xedvalues of � are in �g. 17 and for �xed values of momenta are in �g. 18.
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2.1.1 p+Ni! h�X: advaned trakingResults of the more advaned traking with Drift Chambers and more detailed map ofthe magneti �eld (\noup") are presented in �g. 19 and table 4. Additional informationabout spetra an be obtained with forward detetors. If ARIANE manages to �nd outa hit andidate with proper timing in SFD for a downstream trak, then suh events anbe used to build another set of distributions on the target (see �g. 20 and table 5).While omparing obtained prodution distributions with simpli�ed and more advanedtraking (�g. 21, 22) one an onlude that the di�erene between shapes in the lowmomenta region an not be explained only by the di�erene in orresponding aeptanefuntions (�g. 5, 8). Most presumably this region ontains pions whih appeared not inthe target enter: either as a deay produt of long-lived partiles (mainly kaons) or ininterations of the beam halo with the target, or pions burn/re-sattered in setup partsnear the target. These events are suppressed when the requirement of a trak to intersetthe entral part of the target is applied. It is worth to note that advaned reonstrutionwith and without forward detetors reprodue the same prodution distribution on target(�g. 24). For ompleteness the reonstruted shape d2NDC&SFDdpd� is shown in �g. 25.

p, GeV/c
2 3 4 5 6 7

1

1.05

1.1

1.15

1.2

1.25

 t(VH)=[-15,-5]ns∆X (normalised to DC(FitTrkDC) & PrSh & noMu), 6371.acc, - h→ from p+NiΘdpd
noupN2d

detected 

DC(FitTrkDC)

DC(FitTrkDC) & PrSh

DC(FitTrkDC) & noMu riteria N. events1. DC(TmTrxDC) 250214 1.472. DC(FitTrkDC) 170312 13. 2. & j�t(PrSh)j < 4 ns 161540 0.954. 2. & no Muons 161014 0.955. 3. & no Muons 152344 0.90
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Table 4: Fit parameters for �� prodution (DC(FitTrkDC))B C1 C2 C3 �2=NDFPartile [(GeV=)�1℄ [(GeV=)�2℄fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄g�� G 2:70� 0:22 9:5� 0:6 3:7� 2:7 �5:7� 2:9 1900=1903�� G0 2:70� 0:15 10:2� 0:3 0:0 0:0 1905=1905Table 5: Fit parameters for �� prodution (DC&SFD)B C1 C2 C3 �2=NDFPartile [(GeV=)�1℄ [(GeV=)�2℄fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄g�� G 3:13� 0:23 10:3� 0:7 �2:1� 2:8 0:9� 2:9 1942=1903�� G0 2:89� 0:16 9:7� 0:3 0:0 0:0 1945=1905�� I 3:01� 0:23 10:5� 0:6 �1:3� 2:7 �0:4� 2:9 1898=1903�� I0 2:76� 0:16 10:1� 0:3 0:0 0:0 1903=1905
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Figure 21: dNdetDCdp � dNdetDC&SFDdp . p, GeV/c
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Figure 22: d2NDCdpd� � d2NDC&SFDdpd� .

p, GeV/c
1.5 2 2.5 3 3.5 4 4.5 5

0.8

0.85

0.9

0.95

1

1.05

1.1

X, 6371.acc- h→ for pNi
dp
DC&SFD

dN
/

dp
noupdN

Figure 23: dNnoupdp � dNDC&SFDdp . p, GeV/c
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Figure 25: d2NDC&SFDdpd� for pNi! h�X.We will ompare the distribution d2NDC&SFDdpd� to the shape of negative pion produtionby 24GeV= protons from Cu [8℄. The later experiment overed the seondary momentumrange 4 � 18 GeV= and the angular range 17 � 127 mrad. Angular aeptane of theexperiment �
 = 7:62 � 10�6 sr. Phase spae was sanned by means of magnet whihdeeted produed seondary partiles into the setup. Their results were tabulated forthe measured Lorentz invariant one partile distribution funtions !(p;�) de�ned byd2N = 1�a Æ2�ÆpÆ
dpd
 = !(p;�)p2dpd
2E ; (7)where Æ2�ÆpÆ
 is the di�erential prodution ross setion, �a is the absorption ross setionfor pCu ollisions, 
 is the solid angle. Three orretions have been applied to themeasurements:� for absorption of the produed pions along the spetrometer;� for deay of pions along the spetrometer;� subtration of the empty target bakground.Unertainties in results were dominated by systemati errors, whih inluded the irrepro-duibility of a given setup settings (about 5%) and by the unertainties in the orretionsapplied (2-5% depending on momentum).We will introdue d2NEihtendpd� = 1�a d2�dpd� = !(p;�)�p2 sin�E : (8)The �t parameters of the above funtion by the Badhwar parametrization of LIDCS forp + p ! ��X are presented in table 6 (see also �g. 26). The double integral of thisBadhwar parametrization over the total kinemati region on momenta and angle gives15



Table 6: Fit parameters for �� prodution in p + Cu! ��X [8℄As=�a B C1 C2 C3 �2=NDFPartile [(GeV2=3)�1℄ [(GeV=)�1℄ [(GeV=)�2℄p 2 [4; 22℄GeV/;� 2 [0:017; 0:127℄�� 1:59� 0:07 3:46� 0:14 4:78� 0:15 �1:3� 0:6 1:6� 0:5 106=17��� 1:63� 0:04 3:55� 0:05 4:53� 0:04 0:0 0:0 127=19�p 2 [4; 6℄GeV/;� 2 [0:050; 0:127℄�� 2:4� 1:1 3:3� 1:2 7:1� 2:6 �4:9� 8:2 4:7� 4:7 0:36=2��� 2:36� 0:19 3:30� 0:18 5:9� 0:5 0:0 0:0 3:5=4�� to all data points 5% relative errors were attributed

p, GeV/c
4 6 8 10 12 14 16 18 20

-1
, [

G
eV

/c
]

Θ
d

p
dσ2 d

× aσ1

-310

-210

-110

X, Eichten et al.-π →p+Cu

17 mrad

37 mrad

57 mrad

67 mrad

87 mrad

127 mrad

p, GeV/c
4 6 8 10 12 14 16 18 20

-1
, [

G
eV

/c
]

Θ
d

p
dσ2 d

× aσ1

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

X, Eichten et al.-π →p+Cu

17 mrad

37 mrad

57 mrad

67 mrad

87 mrad

127 mrad

Figure 26: d2NEihtendpd� �tted.
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2.2 p+Ni! h+XIn experimental data we seleted only aidental events in the range [�15;�5℄ ns withtraks in both positive and negative arms reonstruted. Corresponding hit with propertiming in PrSh and absene of signals in Muon hodosope in the region around the trakpath were required. 220259 events ful�lled the above riteria. E�et of above uts arepresented in �g. 28.Contrary to negative partiles, whih are mainly pions, deteted positive partiles area mixture of pions, kaons and protons. Aording to results from [8℄ positive kaons areexpeted to have shape similar to pions and their yield is about ten times less than pions.In deteted events their admixture is even lower due to shorter kaon lifetime (�g. 3).Protons have higher momenta: their amount is about 2 times less than pions on 4GeV=,but they are more abundant than pions above 6 GeV=. Ratio of protons to pions inaidental events was experimentally estimated in DIRAC up to 4 GeV= by their TOFdi�erene between forward detetors and the Vertial Hodosope [9℄. On the next stage ofthe DIRAC experiment [10℄ partile identi�ation will be enhaned by dediated aerogeland heavy-gas Cherenkov detetors. For the last reason this study will be restrited tothe prodution shape of all positive hadrons in DIRAC kinemati range. This an beahieved, beause aeptane funtions for pions and protons are di�erent by not morethan 10% (if one use downstream detetors only) due to pion deays:d3Ndpd�d' = 1G�+(p;�; ') d3Ndet�+dpd�d' + 1GK+(p;�; ') d3NdetK+dpd�d' + 1Gp(p;�; ') d3Ndetpdpd�d'; (9)d3Ndpd�d' � 1G�+(p;�; ') d3Ndetdpd�d'; (10)d2Ndpd� = !(p;�) Z
�+ d3Ndpd�d'd'; (11)Fit parameters are presented in table 7. Simple formula (1), whih was used as zero-approximation by the iterative method, does not reprodue experimental shape well (see�g. 29). But already the next iteration onverges to �t parameters obtained by themethod \G". Results of the more advaned traking with Drift Chambers and more
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Table 7: Fit parameters for h+ prodution (TmTrxDC)B C1 C2 C3 �2=NDFPartile [(GeV=)�1℄ [(GeV=)�2℄fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄gh+ G 4:69� 0:22 11:6� 0:6 �18:3� 2:6 12:4� 2:8 1740=1903h+ G0 3:12� 0:15 7:0� 0:3 0:0 0:0 1819=1905h+ I1 5:66� 0:22 15:2� 0:6 �34:2� 2:6 26:4� 2:7 2055=1903h+ I2 4:96� 0:19 11:8� 0:6 �19:3� 2:5 11:4� 2:6 2027=1903
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Figure 29: Deteted d2Ndetdpd� �p+Ni! h+X� for �xed values of �.detailed map of the magneti �eld (\noup") are presented in �g. 30 and table 8. As fornegative pion prodution omparison of obtained prodution distributions with simpli�edand more advaned traking (�g. 31-32) reveals bakground partiles whih appeared notin the target enter: either as a deay produt of long-lived partiles (mainly kaons) orin interations of the beam halo with the target, or partiles burn/re-sattered in setupparts near the target.
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Table 8: Fit parameters for h+ prodution (FitTrkDC, DC only)B C1 C2 C3 �2=NDFPartile [(GeV=)�1℄ [(GeV=)�2℄fp 2 [1:5; 5℄GeV/;� 2 [0:085; 0:095℄g and fp 2 [1:5; 5℄GeV/;� 2 [0:105; 0:115℄gh+ G 3:15� 0:25 5:7� 0:7 6:4� 2:9 �9:0� 3:1 1721=1903h+ G0 3:19� 0:17 6:8� 0:3 0:0 0:0 1730=1903
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Figure 31: dNDCdp � dNnoupdp . p, GeV/c
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Figure 32: d2NDCdpd� � d2Nnoupdpd� .
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Figure 33: d2Nnoupdpd� for pNi! h+X.
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2.3 Comparison to minimum-bias triggerWhile seleting 2 separated in time traks olleted with \T1 �+�� without oplanarity"trigger, we selet positive or negative hadrons inlusively produed in proton ollisionswith nulear target (pNi! h�X), but without inlusive pair prodution (pNi! h+h�X),when both partiles enter the Spetrometer aeptane. Rate of later events is rathersmall, nevertheless due to onservation laws partiles from suh pairs are expeted tohave softer momenta in omparison to partiles inlusively produed in pNi ! h�Xreation. At the DIRAC spetrometer single partile inlusive prodution spetra an beolleted if trigger issued only by single arm of the spetrometer. This was done withso-alled \minimum bias" trigger dE=dx�V 2 when oinidene of a signal in the VertialHodosope in the negative arm with a signal in the Ionisation Hodosope was required.Deteted with the \minimum bias" trigger ��-spetra is slightly softer than the single��-spetra olleted with \T1 �+�� without oplanarity" trigger (�g. 34). But one hastake into aount that run with the \minimum bias" trigger was olleted in 2000 andrun with the \T1 �+�� without oplanarity" was olleted in 2003. So this omparisonmight be biased due to di�erent beam onditions (e.g. average proton beam intensity inrun 6371 was about 20% higher than during run 2188).
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2.4 Experimental spetra for 20=24 GeV=Part of DIRAC statistis was olleted with proton beam momenta 20 GeV=. Center-of-mass energy ps in proton-nuleon ollisions is lower by about 10%: from 6:84 GeV at24GeV= to 6:27GeV at 20GeV=. Deteted distributions of aidental �� olleted withthe \T1-oplanarity" trigger have similar shapes for 20 and 24GeV= proton momenta runs(�g. 35). Where as the ratio of Badhwar parametrizations of the �� inlusive produtionat di�erent inident proton momenta is presented in �g. 36.
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3 ConlusionsAeptane of the DIRAC setup has been de�ned by means of MC simulation as a 3-Dfuntion of inident single partile momenta (��, K� and protons). This 3-D desriptionis omplete, i.e. aeptane funtions an be analytially transformed to di�erent systemof oordinates. Dependene of aeptane funtions on di�erent seletion riteria has beenstudied.Based on experimental data and above aeptane funtions e�etive shapes of doubledi�erential prodution ross setions \on target" d2Ndpd� for negatively or positively hargedhadrons have been onstruted, whih reprodue (in Monte-Carlo simulation) detetedby DIRAC experimental distributions. Double di�erential prodution ross setion \ontarget" have been expressed in terms of ompat analytial funtions (so-alled Badhwarparametrization). Momenta of inident protons is 24 GeV=. Covered kinemati range ofseondary partiles is p 2 [1:5; 5:0℄GeV= and � 2 [80; 120℄ mrad. These analyti e�etiveshapes an be used to simulate aidental ��-pairs and to test validity of MC desriptionof the DIRAC spetrometer.Above double di�erential prodution ross setion of negative pions from reationpNi ! ��X does not �t experimental data obtained by Eihten et al. in the kinematiregion ommon for both experiments. This di�erene an be partially explained bybakground of pions whih appeared not in the target enter but, for example, by the deayof seondaries or by interations in spetrometer material. This soure of unertaintiesan be estimated (eliminated) by appropriate MC simulation. DIRAC aeptane oversabout 6% of seondary pions from pNi ollisions. This an be ompared to about 12%of events of interest studied by Eihten et al. by sanning phase spae. Instead DIRACsamples the available phase spae ontinuously in a \single look". On the next stage ofthe DIRAC experiment partile identi�ation will be enhaned by dediated aerogel andheavy-gas Cherenkov detetors, whih will make �=K=p-separation feasible. With thepossibility to operate the DIRAC spetrometer magnet on several values of the magneti�eld this makes the study of single-partile prodution by DIRAC ompetitive. Anotherpossibility is to math our prodution shape \on target" to results of open-geometryhadroprodution experiments, whih are now in the phase of data taking: e.g. MIPP(FNAL-E907) plans to measure partile prodution by proton beams between 5 and120 GeV= on various targets, inluding Cu.* * *This work would not have been possible without many members of the DIRAC teamwho shared their opinion for the problem and provided ritial remarks, speial thankshave to be addressed to Valery Yazkov for his invaluable help on di�erent stages of thiswork.
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A Spetra parametrizationTo �t spetra we use parametrization of LIDCS2 for p+ p! ��X suggested by Badhwaret al. [6℄: Ed3�d3p = As (1� ~x)q(1 + 4m2p=s)r exp ��Bp?=(1 + 4m2p=s)� ; (12)~x = E�E�max 'rx�k2 + 4s (p2? +m2�); x�k = p�kp�max ; (13)q = C1 + C2p? + C3p2?q1 + 4m2p=s : (14)Constants As, B, r, C1, C2, C3 are free parameters. Fit over available experimental datagives values presented in Table 9.Table 9: Parameters for representation of invariant ross setions [6℄As B r C1 C2 C3Partile [mb=(GeV2=3)℄ [(GeV=)�1℄ [(GeV=)�2℄�+ 153 5:55 1 5:3667 �3:5 0:8334�� 127 5:3 3 7:0334 �4:5 1:667For p+N ! ��X:��N = E d3�d3p ����pN!��X = A �pp�pN [�� + �fn(�� � ��)℄ ; where �� = E d3�d3p ����pp!��X : (15)fn is the fration of neutrons in the target nuleus, �pp and �pN are the interation meanfree paths for pp and p-nuleus ollisions. � is the harge mixing parameter.Double di�erential prodution ross setion d2�dpd� an be expressed asd2�dpd� = 2�p2 sin�E �Ed3�d3p�����Badhwar : (16)

2LIDCS | Lorentz invariant di�erential ross setion23
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