
DIRAC note 2005-01Dependen
e of breakup probability estimation onK+K� and pp ba
kgroundO.E.Gor
hakov (JINR, Dubna) and V.V.Yazkov (SINP, Mos
ow)January 21, 2005Abstra
tAdmixture of unidenti�ed K+K� and pp pairs provides essential distortion of\Coulomb" ba
kground and leads to an error in a number of \atomi
 pairs" and in ameasured value of breakup probability. The value of admixture and resulting distortionare investigated.Introdu
tionAt present DIRAC setup is not able to identify K+K�-pairs for any momentum and pppairs with lab momentum of parti
les more than 1.8 GeV/
. Protons (antiprotons) withPlab < 1:8 GeV/
 are reje
ted by 
ut on the di�eren
e of times measured by VH and up-stream dete
tors.As result data are analyzed in assumption that all hadrons are pions. From Lorentz trans-formation it is known that in this 
ase transverse 
omponents of relative momentum in CMSQX , QY are measured 
orre
tly but longitudinal 
omponent QL is underestimated by fa
tor� m�=mK (m�=mp).If pair has QT = 0 and QL 6= 0 than Coulomb fa
tor is 
al
ulated with small error be
auseof error in Q (Q = QL) is 
ompensated by error in a parti
le mass in Eq. 1:AC(Q) = �1� e�� ; � = 2��mQ (1)Here AC(Q) is a Coulomb fa
tor, � is a �ne stru
ture 
onstant, m is a parti
le mass.But if QT 6= 0 and QL = 0 than Coulomb fa
tor is 
al
ulated with big error be
auseparameter � in Eq. 1 is underestimated by fa
tor � 3:5 for K+K� pairs and � 6:7 for pppairs. Therefore Coulomb fa
tor is underestimated too. This e�e
t is partly 
ompensated by�t pro
edure whi
h in
reases a fra
tion of Coulomb pairs in order to �t more sharp peak ofexperimental distribution. But in our analysis a distribution of \free" pairs is �tted in theregion 2 < QL < 15(22) MeV/
, QT < 4 MeV/
. \Atomi
 pairs" are found in the regionQL < 2 MeV/
, QT < 4 MeV/
 where QT gives more essential 
ontribution by 
omparisonwith a region is used for �t and as result an approximation fun
tion has lower value for smallQ. It leads to overestimation of \atomi
" pair number. Number of Coulomb pairs is alsooverestimated be
ause K+K� and pp pairs are in
luded to a number of �+�� pairs. Theresulting 
hange of breakup probability estimation is investigated in this report.1



1 Sensitivity of \atomi
" pair number and breakup prob-ability to the admixture of K+K� and pp pairsAt the �rst stage of investigation an approximation fun
tion was built in assumption that 1%or 2% pairs are K+K� or pp. Lab momentum spe
tra of admixtures was taken to be equalto spe
trum of �+�� pairs. Table 1 presents a values of estimated \atomi
" pair numbers Naand breakup probabilities for di�erent admixture of non-pion pairs to approximation fun
tion.Analysis was done with distribution over F . Column ÆPbr 
ontains relative statisti
al error ofa breakup probabilities Pbr and 
olumn �Pbr shows relative 
hange of Pbr in 
omparison withanalysis ful�lled in assumption that all hadrons are pions.Table 1: Atomi
 pair numbers and breakup probabilities with F (QX < 4; QY < 4 MeV/
) fordi�erent assumed admixturesF K+K� pp Na Pbr ÆPbr �Pbr% % % %1.0 0.00 0.00 1188. � 97. 0.3975 � 0.0446 11.23 0.001.0 1.00 0.00 1179. � 97. 0.3938 � 0.0446 11.32 -0.941.0 2.00 0.00 1168. � 97. 0.3892 � 0.0444 11.42 -2.091.0 0.00 1.00 1170. � 97. 0.3899 � 0.0444 11.40 -1.932.0 0.00 0.00 3571. � 240. 0.3526 � 0.0286 8.10 0.002.0 1.00 0.00 3507. � 241. 0.3457 � 0.0285 8.25 -1.962.0 2.00 0.00 3445. � 241. 0.3391 � 0.0285 8.40 -3.812.0 0.00 1.00 3447. � 241. 0.3389 � 0.0284 8.39 -3.882.5 0.00 0.00 4556. � 322. 0.3758 � 0.0311 8.28 0.002.5 1.00 0.00 4450. � 323. 0.3667 � 0.0311 8.48 -2.422.5 2.00 0.00 4348. � 324. 0.3580 � 0.0311 8.68 -4.752.5 0.00 1.00 4351. � 324. 0.3577 � 0.0310 8.67 -4.823.0 0.00 0.00 5082. � 413. 0.3822 � 0.0354 9.27 0.003.0 1.00 0.00 4920. � 414. 0.3699 � 0.0354 9.57 -3.213.0 2.00 0.00 4756. � 416. 0.3574 � 0.0354 9.90 -6.503.0 0.00 1.00 4771. � 416. 0.3580 � 0.0353 9.87 -6.344.0 0.00 0.00 5312. � 614. 0.3757 � 0.0475 12.65 0.004.0 1.00 0.00 5014. � 617. 0.3549 � 0.0475 13.40 -5.544.0 2.00 0.00 4702. � 621. 0.3329 � 0.0476 14.29 -11.404.0 0.00 1.00 4740. � 620. 0.3350 � 0.0475 14.17 -10.83Data were also analyzed with Q and QL. Results are presented in Tables 2, 3, 4.2



It is seen that even small admixtures of K+K� and pp pairs indu
e essential 
hange inbreakup probability.2 Estimation of K+K� and pp pair admixtureFra
tion of K+K� pairs was estimated with simulation. Samples K+K� and �+�� pairs weregenerated by FRITIOF 6.0 and propagated through DIRAC setup with GEANT-DIRAC 
ode.Finally MC data was pro
essed by ARIANE. Criteria QX < 4 MeV/
, QY < 4 MeV/
 andQL < 22 MeV/
 (pion mass was assumed) were applied to events. Ratio (in %) of K+K� pairdistribution to �+�� pair distribution over total pair momentum P�+�� is shown in Fig. 1a.This ratio growths with momentum. One of the reasons is de
ay probability of kaons whi
hde
reases for high momenta. Figs. 1b,
 show ratios of distributions over Q and QL. Coulombfa
tor for 
reation of this pi
ture was set to 1 in order to simplify shape of distributions overQ and QL. Small deep near 0 in Fig. 1b o

urred due to more hard spe
trum of K+K� pairs.As result these pairs with small QT had lower eÆ
ien
y to be dete
ted due to problems withdete
tion of 
lose pairs by S
Fi dete
tor.Fra
tion of pp pairs was estimated from experimental data 
olle
ted in 2001 with the ni
keltarget. Runs from 3843 to 4301 were used (about 50% of data). Events were pro
essed byARIANE in assumption that all hadron were protons or antiprotons. Fig. 2a presents time-of-
ight of negative parti
les from upstream dete
tor (2 planes of S
Fi and not less than 2 planesof DeDx had signals) to the verti
al horos
ope. Time expe
ted for antiprotons 
orrespondsto 0. Program applied 
riterion on absen
e of hit in vi
inity to sele
ted tra
ks and 
uts onmomenta of parti
les 1:4 < Ph� < 1:5 GeV/
, 2:2 < Ph+ < 3: GeV/
. It allows to reje
t partlyba
kground of �+�� pairs using di�eren
e of time-of-
ight of positive and negative parti
lesfrom the target to the left and right arms of VH. This di�eren
e is pra
ti
ally 0 for pionsin 
ontradi
tion to pp. Fig. 2b 
ontains the similar distribution for pairs whi
h was reje
tedby this 
riterion. It is seen that the last pi
ture has mu
h lower peak in the expe
ted region�t = 0. The di�eren
e of event numbers in regions [�1; 1℄ ns of Figs. 2a,b allows to obtain anumber of proton-antiproton pairs. In Figs. 3, 4 similar distribution of events with di�erentmomenta of negative parti
le are shown. Comparing estimated number of pp with a numberof �+�� pairs it is possible to �nd their ratio Rpp as fun
tion of antiproton momentum Pp (seeTable 5).In Fig. 5a ratio Rpp is presented for total pair momentum range 3:0 < P�+�� < 8:4. For
al
ulation of this fun
tion at the �rst stage antiproton lab momentum was repla
ed by totalpar momentum with Eq. 2.P�+�� = 2Pp; Rpp(P�+�� > 4:2) = Rpp(4:2) (2)Hear momentum is in GeV/
. At the se
ond stage this ratio was 
onvoluted with a reje
tionfa
tor whi
h des
ribed suppression of protons and antiprotons by ARIANE at the pro
essingof �+�� pairs. Spe
trum of hadron pairs in DIRAC experiment is shown in Fig. 5b.
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3 Change of \atomi
" pair number and breakup prob-ability due to estimated admixture of K+K� and pppairsData 
olle
ted in 2001 with the ni
kel target were pro
essed in two way. The �rst one is analysiswith approximation fun
tion built with a

identals. In
uen
e of �nite size 
orre
tions [1℄ wastaken into a

ount. For the se
ond one approximation fun
tion was 
orre
ted by admixtureof K+K� and pp pairs estimated in the previous se
tion. Number of \atomi
" pairs Na andprobability of breakup Pbr are presented in Tables 6, 7, 8, 9. Columns �Pbr 
ontain relative
hange of Pbr in 
omparison with analysis ful�lled in assumption that there is no admixture.The same 
omparison was ful�lled for �t pro
edure whi
h used a shape of \atomi
" pairdistribution (other 
onditions are as in the previous 
ase). Tables 10, 11, 12, 13 
ontain results.From these data it is seen that an admixture ofK+K� and pp ba
kground 
hanges a numberof \atomi
" pairs and probability of ionization. This e�e
t is maximal for QL. Probably thereason is lower sensitivity to this spe
i�
 distortion of distribution shape whi
h most dangerousfor small QL. Also e�e
t in
reases for wider QT 
ut be
ause of growth of ba
kground whi
h ismisidenti�ed as extra \atomi
" pairs.Con
lusionsFrom above it is possible to make several 
on
lusions:� Admixture of non-pion pairs should be to take into a

ount during analysis if masses ofoppositely 
harged parti
les are equal whi
h produ
es Coulomb peak in the same pla
eas for �+�� pairs.� Un
ertainty in admixture of non-pion pairs indu
es systemati
 error. In our 
ase fra
tionof K+K� pairs was obtained with simulation only and was not 
arefully 
he
ked with anexperimental data. In this situation it is reasonable to assume that the error equals tothe value of e�e
t. Admixture of protons is obtained experimentally but only for one halfof �+�� pair statisti
. Therefore systemati
al error is at least 50%. Finally it is possibleto suppose that systemati
 error is � 80 % of breakup probability 
hange due to takinginto a

ount of K+K� and pp pair admixture.� In order to de
rease this systemati
 error it is needed to verify fra
tion of K+K� andpp pair admixture with an experimental data available in literature or with dedi
atedmeasurements in the of DIRAC experiment itself.[1℄ R. Ledni
ky, E-Mail to DIRAC Collaboration on 1 Nov 2005.
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Table 2: Atomi
 pair numbers and breakup probabilities with Q (QT < 4 MeV/
) for di�erentassumed admixturesQ K+K� pp Na Pbr ÆPbr �Pbr% % % %1.0 0.00 0.00 1428. � 122. 0.3615 � 0.0407 11.26 0.001.0 1.00 0.00 1407. � 122. 0.3542 � 0.0405 11.43 -2.011.0 2.00 0.00 1382. � 123. 0.3459 � 0.0402 11.63 -4.311.0 0.00 1.00 1388. � 123. 0.3477 � 0.0403 11.58 -3.822.0 0.00 0.00 3689. � 322. 0.3364 � 0.0348 10.35 0.002.0 1.00 0.00 3570. � 324. 0.3242 � 0.0347 10.70 -3.622.0 2.00 0.00 3449. � 326. 0.3118 � 0.0345 11.07 -7.302.0 0.00 1.00 3469. � 325. 0.3136 � 0.0345 11.01 -6.782.5 0.00 0.00 4140. � 454. 0.3239 � 0.0405 12.51 0.002.5 1.00 0.00 3948. � 457. 0.3077 � 0.0404 13.12 -4.992.5 2.00 0.00 3753. � 460. 0.2915 � 0.0402 13.80 -10.002.5 0.00 1.00 3783. � 459. 0.2936 � 0.0402 13.70 -9.343.0 0.00 0.00 4668. � 601. 0.3413 � 0.0491 14.40 0.003.0 1.00 0.00 4381. � 605. 0.3193 � 0.0490 15.34 -6.423.0 2.00 0.00 4089. � 610. 0.2970 � 0.0488 16.44 -12.973.0 0.00 1.00 4138. � 609. 0.3004 � 0.0488 16.24 -11.964.0 0.00 0.00 4733. � 934. 0.3300 � 0.0701 21.23 0.004.0 1.00 0.00 4228. � 942. 0.2942 � 0.0699 23.77 -10.844.0 2.00 0.00 3703. � 949. 0.2570 � 0.0698 27.15 -22.114.0 0.00 1.00 3800. � 948. 0.2635 � 0.0697 26.45 -20.15
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Table 3: Atomi
 pair numbers and breakup probabilities with QL (QT < 4 MeV/
) for di�erentassumed admixtures.QL K+K� pp Na Pbr ÆPbr �Pbr% % % %0.5 0.00 0.00 3812. � 286. 0.4247 � 0.0371 8.74 0.000.5 1.00 0.00 3549. � 289. 0.3913 � 0.0368 9.39 -7.840.5 2.00 0.00 3290. � 292. 0.3593 � 0.0364 10.13 -15.380.5 0.00 1.00 3284. � 292. 0.3579 � 0.0363 10.15 -15.731.0 0.00 0.00 5337. � 448. 0.4136 � 0.0398 9.63 0.001.0 1.00 0.00 4905. � 453. 0.3771 � 0.0395 10.48 -8.811.0 2.00 0.00 4465. � 459. 0.3405 � 0.0392 11.51 -17.671.0 0.00 1.00 4499. � 458. 0.3428 � 0.0392 11.42 -17.121.5 0.00 0.00 5952. � 577. 0.4321 � 0.0472 10.94 0.001.5 1.00 0.00 5426. � 584. 0.3914 � 0.0470 12.00 -9.411.5 2.00 0.00 4892. � 590. 0.3506 � 0.0467 13.31 -18.851.5 0.00 1.00 4964. � 589. 0.3556 � 0.0466 13.11 -17.702.0 0.00 0.00 6011. � 685. 0.4298 � 0.0543 12.64 0.002.0 1.00 0.00 5439. � 692. 0.3870 � 0.0540 13.97 -9.962.0 2.00 0.00 4860. � 699. 0.3441 � 0.0538 15.63 -19.952.0 0.00 1.00 4957. � 698. 0.3508 � 0.0537 15.32 -18.39
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Table 4: Atomi
 pair numbers and breakup probabilities with QL (QT < 3 MeV/
) for di�erentassumed admixtures.QL K+K� pp Na Pbr ÆPbr �Pbr% % % %0.5 0.00 0.00 3822. � 250. 0.4507 � 0.0369 8.19 0.000.5 1.00 0.00 3644. � 253. 0.4250 � 0.0365 8.59 -5.710.5 2.00 0.00 3473. � 256. 0.4007 � 0.0361 9.02 -11.100.5 0.00 1.00 3482. � 255. 0.4015 � 0.0361 9.00 -10.921.0 0.00 0.00 5337. � 393. 0.4361 � 0.0391 8.97 0.001.0 1.00 0.00 5046. � 397. 0.4086 � 0.0388 9.49 -6.311.0 2.00 0.00 4756. � 402. 0.3816 � 0.0384 10.07 -12.501.0 0.00 1.00 4799. � 401. 0.3852 � 0.0384 9.98 -11.671.5 0.00 0.00 5771. � 504. 0.4402 � 0.0455 10.33 0.001.5 1.00 0.00 5427. � 509. 0.4110 � 0.0452 10.99 -6.631.5 2.00 0.00 5079. � 515. 0.3819 � 0.0448 11.74 -13.241.5 0.00 1.00 5152. � 514. 0.3876 � 0.0449 11.57 -11.952.0 0.00 0.00 5724. � 594. 0.4292 � 0.0514 11.97 0.002.0 1.00 0.00 5360. � 600. 0.3997 � 0.0511 12.79 -6.882.0 2.00 0.00 4986. � 606. 0.3696 � 0.0508 13.75 -13.892.0 0.00 1.00 5078. � 605. 0.3767 � 0.0508 13.50 -12.25
Table 5: Ratio of pp pair distribution to �+�� pair as fun
tion of PpPp Rpp%1:4� 1:5 0:028� 0:0091:5� 1:6 0:069� 0:0101:6� 1:7 0:143� 0:0111:7� 1:8 0:130� 0:0131:8� 1:9 0:195� 0:0161:9� 2:0 0:216� 0:0202:0� 2:1 0:212� 0:028
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Figure 1: Ratio (in %) of K+K� pair distribution to �+�� pair distribution as fun
tion ofP�+�� (a), Q (b) and QL (
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ted to be pp; (b) a
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orresponds to 0. Lab momentum of parti
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ted to be pp; (b) a
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Table 6: Atomi
 pair numbers and breakup probabilities with F (QX < 4; QY < 4 MeV/
)with and without assuming of admixtures of K+K� and ppF K+K� Na Pbr �Pbrand pp %1.0 No 1178. � 97. 0.3906 � 0.0442 0.01.0 Yes 1172. � 97. 0.3959 � 0.0450 1.42.0 No 3516. � 241. 0.3434 � 0.0283 0.02.0 Yes 3487. � 241. 0.3468 � 0.0288 1.02.5 No 4471. � 323. 0.3651 � 0.0308 0.02.5 Yes 4418. � 323. 0.3674 � 0.0314 0.63.0 No 4965. � 414. 0.3704 � 0.0351 0.03.0 Yes 4875. � 415. 0.3704 � 0.0358 0.04.0 No 5142. � 616. 0.3609 � 0.0472 0.04.0 Yes 4929. � 618. 0.3524 � 0.0480 -2.4

11



Table 7: Atomi
 pair numbers and breakup probabilities with Q (QT < 4 MeV/
) with andwithout assuming of admixtures of K+K� and ppQ K+K� Na Pbr �Pbrand pp %1.0 No 1411. � 122. 0.3527 � 0.0402 0.01.0 Yes 1395. � 122. 0.3533 � 0.0407 0.22.0 No 3603. � 323. 0.3249 � 0.0344 0.02.0 Yes 3526. � 324. 0.3221 � 0.0349 -0.92.5 No 4010. � 456. 0.3105 � 0.0401 0.02.5 Yes 3878. � 458. 0.3043 � 0.0407 -2.03.0 No 4494. � 604. 0.3257 � 0.0487 0.03.0 Yes 4290. � 607. 0.3151 � 0.0494 -3.34.0 No 4488. � 938. 0.3104 � 0.0695 0.04.0 Yes 4073. � 944. 0.2855 � 0.0704 -8.0
Table 8: Atomi
 pair numbers and breakup probabilities with QL (QT < 4 MeV/
) with andwithout assuming of admixtures of K+K� and ppQL K+K� Na Pbr �Pbrand pp %0.5 No 3756. � 286. 0.4155 � 0.0369 0.00.5 Yes 3492. � 290. 0.3908 � 0.0373 -5.91.0 No 5233. � 449. 0.4025 � 0.0395 0.01.0 Yes 4799. � 454. 0.3734 � 0.0400 -7.21.5 No 5813. � 579. 0.4189 � 0.0469 0.01.5 Yes 5301. � 585. 0.3865 � 0.0475 -7.72.0 No 5848. � 687. 0.4151 � 0.0539 0.02.0 Yes 5306. � 694. 0.3809 � 0.0545 -8.2
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Table 9: Atomi
 pair numbers and breakup probabilities with QL (QT < 3 MeV/
) with andwithout assuming of admixtures of K+K� and ppQL K+K� Na Pbr �Pbrand pp %0.5 No 3781. � 251. 0.4424 � 0.0367 0.00.5 Yes 3613. � 253. 0.4271 � 0.0370 -3.51.0 No 5261. � 394. 0.4266 � 0.0388 0.01.0 Yes 4993. � 398. 0.4090 � 0.0392 -4.11.5 No 5669. � 505. 0.4295 � 0.0452 0.01.5 Yes 5362. � 510. 0.4104 � 0.0456 -4.52.0 No 5607. � 596. 0.4175 � 0.0510 0.02.0 Yes 5286. � 601. 0.3976 � 0.0516 -4.8
Table 10: Atomi
 pair numbers and breakup probabilities with F (QX < 4; QY < 4 MeV/
)with and without assuming of admixtures of K+K� and pp. Shape of \atomi
" pair was usedin �t F K+K� Na Pbr �Pbrand pp %1.0 No 1084. � 87. 0.3605 � 0.0276 0.001.0 Yes 1079. � 87. 0.3598 � 0.0277 -0.192.0 No 3682. � 269. 0.3605 � 0.0277 0.002.0 Yes 3664. � 269. 0.3602 � 0.0278 -0.062.5 No 4449. � 323. 0.3643 � 0.0280 0.002.5 Yes 4428. � 323. 0.3641 � 0.0281 -0.033.0 No 4882. � 354. 0.3652 � 0.0281 0.003.0 Yes 4860. � 354. 0.3652 � 0.0282 -0.014.0 No 5223. � 378. 0.3676 � 0.0283 0.004.0 Yes 5199. � 378. 0.3677 � 0.0284 0.03
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Table 11: Atomi
 pair numbers and breakup probabilities with Q (QT < 4 MeV/
) with andwithout assuming of admixtures of K+K� and pp. Shape of \atomi
" pair was used in �tQ K+K� Na Pbr �Pbrand pp %1.0 No 1317. � 116. 0.3315 � 0.0295 0.001.0 Yes 1312. � 116. 0.3308 � 0.0296 -0.202.0 No 3693. � 311. 0.3353 � 0.0299 0.002.0 Yes 3678. � 311. 0.3352 � 0.0300 -0.022.5 No 4314. � 362. 0.3363 � 0.0300 0.002.5 Yes 4296. � 362. 0.3363 � 0.0301 0.023.0 No 4643. � 389. 0.3388 � 0.0302 0.003.0 Yes 4624. � 389. 0.3389 � 0.0304 0.044.0 No 4902. � 410. 0.3412 � 0.0305 0.004.0 Yes 4882. � 410. 0.3415 � 0.0306 0.08
Table 12: Atomi
 pair numbers and breakup probabilities with QL (QT < 4 MeV/
) with andwithout assuming of admixtures of K+K� and pp. Shape of \atomi
" pair was used in �tQL K+K� Na Pbr �Pbrand pp %0.5 No 3713. � 288. 0.4106 � 0.0346 0.000.5 Yes 3450. � 289. 0.3785 � 0.0343 -7.811.0 No 5319. � 412. 0.4090 � 0.0345 0.001.0 Yes 4943. � 414. 0.3778 � 0.0343 -7.631.5 No 5694. � 441. 0.4103 � 0.0346 0.001.5 Yes 5292. � 443. 0.3798 � 0.0345 -7.452.0 No 5780. � 447. 0.4102 � 0.0346 0.002.0 Yes 5372. � 450. 0.3802 � 0.0345 -7.30
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Table 13: Atomi
 pair numbers and breakup probabilities with QL (QT < 3 MeV/
) with andwithout assuming of admixtures of K+K� and pp. Shape of \atomi
" pair was used in �tQL K+K� Na Pbr �Pbrand pp %0.5 No 3801. � 260. 0.4487 � 0.0345 0.000.5 Yes 3634. � 262. 0.4251 � 0.0342 -5.271.0 No 5455. � 372. 0.4462 � 0.0343 0.001.0 Yes 5215. � 374. 0.4236 � 0.0341 -5.061.5 No 5843. � 398. 0.4465 � 0.0344 0.001.5 Yes 5586. � 400. 0.4247 � 0.0342 -4.882.0 No 5932. � 404. 0.4456 � 0.0343 0.002.0 Yes 5672. � 406. 0.4245 � 0.0342 -4.74
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