
DIRAC note 2004-03Dependene of breakup probability estimation onSFi bakgroundV.V.YazkovNPI, MosowJune 11, 2004AbstratSFi detetor plays essential role in measurement of transversal omponents of relativemomentum Q. For orret simulation of \Coulomb" orrelation funtion it is needed toknow errors of measurement whih are indued by resolution of the detetor and admixtureof bakground hits in the experimental data. Inuene of bakground hits on measuredvalue of breakup probability is investigated.IntrodutionBakground hits in SFi detetor ould hange a shape of \atomi" and \Coulomb" pair distri-butions. If there are two hits from partiles of \atomi pair" in one SFi plane then presene of3-rd bakground hit leads to the event rejetion by analysis proedure. But for the ase of oneorret hit per two partiles (both partile hit the same olumn or one is not deteted due toineÆieny) bakground hit ould be taken as seond one if it is suÆiently lose in spae (upto 2 m) and in time (�4 ns). Therefore transverse omponent or relative momentum ould bemeasured with big (few MeV/) error.The main soure of additional hits is bakground partiles. Their distribution and intensitywas investigated and simulated reently [1℄.The seond soure is a rosstalk between olumns of �ber detetor and optial rosstalkbetween PSPM hannels.In this report a probability of the seond soure is investigated. And inuene of bothbakground soures on the breakup probability is estimated.1 CrosstalkNumeration of SFi hannels in PSPM photoathodes is shown in Fig. 1.Using hannels from di�erent PSPM it is possible to investigate rosstalk in SFi detetoritself with probability of two hits as funtion of olumn di�erene between them. For bigdistanes this probability is onstant. If rosstalk exists then for small distanes probability isto inrease. 1
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Figure 1: Sheme of SFi hannel arrangement on the PSPM photoathodes.After it is possible to repeat this proedure for hannels onneted to one PSPM. Subtratinge�et of rosstalk in the detetor it is possible to selet pure optial rosstalk.Analysis have been done using Ni2001 data. ARIANE based program selets events whih�t a few riteria.Firstly events have to have only one trak per eah arm.On the seond stage for eah trak the hits in X- (Y-) plane of �ber detetor are found in�1 m regions around X- (Y-) oordinate whih provides upstream trak pointed to the beamposition at the target. Time di�erene between SFi and VH measurement is in the limits�4 ns (time-of-ight is taken into aount). Only event whih have not rossed regions fordi�erent traks and two hit at least in one spae-time regions are seleted.Only two hit regions are used for �nal analysis.To rejet e+e� pairs the events with big amplitudes in Cherenkov ounter are exluded. Ad-mixture of e+e� pairs with low amplitudes have been estimated using PrSh detetor. Inueneof this events is ompensated by subtrating of distribution �lled by orresponding number ofeletron-positron pairs.Table 1 presents probability of rosstalk from olumn number n to olumn number n+ i asfuntion of i. Evidently probability of rosstalk to olumn number n� i is the same. Statistialauray is at the level 0.02%.Investigation of optial rosstalk in PSPM shows that rosstalk to the adjaent hannel isat the level 0:25�0:30% (see Table 2) and it is pratially zero in \diagonal" (for example fromhannel 1 to hannel 7 in Fig. 1) diretion. Summary rosstalk probability to at least one of2



Table 1: Probability of rosstalk from n-th olumn to n + i-th in the SFi detetor.i Crosstalk Crosstalkin X-plane in Y-plane% %1 4.68 5.182 0.80 0.823 0.31 0.314 0.22 0.155 0.09 0.036 0.08 0.037 0.07 0.01
adjaent hannel is at the level 1%. This is in agreement with SFi detetor desription [2℄.Table 2: Probability of optial rosstalk to adjaent hannel of PSPM.Plane Downward Upward Downward Upwarddiretly diretly diagonally diagonally% % % %X 0.25 0.24 0.01 -0.01Y 0.28 0.29 0.01 0.01
2 Simulated pair distributions for di�erent bakgroundonditionsIn order to investigate dependene of A2� breakup probability estimation on bakground on-ditions the \Coulomb" and \atomi" pair distributions have been simulated in 3 versions:1. Monte-Carlo data generated by GEANT-DIRAC have been analyzed by ARIANE withoutgeneration of bakground hits.2. ARIANE produes hits from bakground partile for intensity 3:5 � 1011s�1. In one planeof SFi this intensity provides average multipliity whih is 4.3. ARIANE produes hits from bakground partile for intensity 3:32 � 1011s�1 and fromrosstalk is SFi detetor and PSPM for distanes from 2 to 8 olumns (Tables 1,2). Therosstalk to adjaent olumn is treated by PSC response simulation. The average SFiPlane multipliity is also 4. 3



In Fig. 2a,b normalized distributions of \atomi pairs" over Q are presented. Solid line inFig. 2a is the distribution of \atomi pairs" without bakground, dashed line in Fig. 2a and solidline in Fig. 2b are the distribution with bakground from partiles only and dashed line Fig. 2bis a distribution with bakground both from partiles and rosstalk. In Figs. 2,d normalizeddistributions of \atomi pairs" over QL are presented in the same order like Q-distributions inFigs. 2a,b.Results of simulation of \Coulomb pairs" are presented in Fig. 3 as orrelation funtions ofQ without bakground (solid line Fig. 3a), with bakground from partiles only (dashed linein Fig. 3a and solid line in Fig. 3b) and with bakground both from partiles and rosstalk.Correlation funtion of QL are presented in Figs. 3,d similarly to orrelation funtions of Q inFigs. 3a,b.From Figs. 2,3 it is seen that distributions over Q are essentially modi�ed by bakgroundin SFi detetor. For QL suh modi�ation is signi�antly less.3 Breakup probability for di�erent bakground desrip-tionExperimental data obtained in 2001 with nikel targets have been analyzed using three sets ofsimulated data. Experimental orrelation funtion is approximated by a mixture of \Coulomb"and \non-Coulomb" orrelation funtion i the regions where \atomi pair" are absent. Frationof \non-Coulomb pairs" and normalization oeÆient are free parameters of �t. After �t numberof \free pairs" with smallQ (or its projetion) is alulated. An exess of experimental data overthis number is a signal from \atomi pairs" Na. Ratio of \atomi pair" number to \Coulombpair" number Na=NC together with oeÆient k whih have been alulated for eah versionof bakground allows us to alulate breakup probability Pbr. Also total number of \atomipairs" N totala is alulated for eah ut using simulated distribution of \atomi pairs" over Qand projetions of Q.For di�erent uts on QL table 3 presents a number of \atomi pairs" Na , ratio of \atomi"and \Coulomb" pair numbers Na=NC , breakup probability Pbr and total number of \atomipairs" N totala . Cut on QT is 4 MeV/. In tables 4,5,6,7,8 these values are given for di�erentvariables and uts.The data in tables 3,4,5,6,7,8 shows that results obtained with QL are less sensitive topresene of bakground in SFi detetor. Also it is seen that di�erene of \atomi pair" numbersand breakup probabilities between QL analysis and Q (F ) analysis (whih is an estimation ofsystemati error) is less if bakground is taken into aount during simulation.Another way to obtain Na is to �t whole interval over Q using shape of simulated distri-bution of \atomi pairs". Table 9 ontains numbers Na obtained in this approah for di�erentbakground desription for simulation proedure.It is seen that this version of analysis demonstrates the same dependene on bakgrounddesription as for previous one.
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Table 3: Atomi pair numbers and ionization probability analyzed with QL(QT < 4).QL Na Na=NC Pbr N totalaNo bakground.0.5 3892. � 283. 0.1842 � 0.0157 0.4473 � 0.0382 6311. � 459.1.0 5494. � 444. 0.1330 � 0.0124 0.4388 � 0.0409 6242. � 504.1.5 6196. � 571. 0.1041 � 0.0109 0.4636 � 0.0486 6569. � 606.2.0 6312. � 678. 0.0827 � 0.0099 0.4656 � 0.0558 6585. � 708.Bakground.0.5 3883. � 283. 0.1834 � 0.0157 0.4441 � 0.0381 6349. � 463.1.0 5509. � 444. 0.1332 � 0.0124 0.4392 � 0.0409 6303. � 507.1.5 6243. � 571. 0.1049 � 0.0109 0.4662 � 0.0485 6659. � 609.2.0 6378. � 677. 0.0835 � 0.0099 0.4693 � 0.0557 6694. � 711.Bakground and rosstalk.0.5 3846. � 284. 0.1815 � 0.0156 0.4220 � 0.0363 6251. � 461.1.0 5434. � 444. 0.1312 � 0.0123 0.4162 � 0.0390 6203. � 507.1.5 6118. � 572. 0.1026 � 0.0109 0.4389 � 0.0466 6513. � 609.2.0 6255. � 679. 0.0818 � 0.0099 0.4424 � 0.0536 6553. � 711.
ConlusionsThese results allow to make three onlusions:� Bakground hits in SFi provide essential hange of measured breakup probability andshould to be taken into aount during analysis.� Despite of small fration of bakground hits whih our due to rosstalk there inueneis signi�ant. Beause they arise in viinity to true hits in time and spae. This fatallows then to �t seletion riteria.� Bakground hits distort mainly QT . Change of QL is essentially less. Therefore the bestvariable for analysis is QL beause of QT value does not a�et distribution of eventsbetween bins.[1℄ O. Gorthakov. Report on DIRAC analysis meeting.[2℄ B. Adeva et all., Nul. Instr. Meth. A515 (2003) 467.
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Table 4: Atomi pair numbers and ionization probability analyzed with QL(QT < 3).QL Na Na=NC Pbr N totalaNo bakground.0.5 3852. � 248. 0.2779 � 0.0225 0.4645 � 0.0376 6533. � 421.1.0 5348. � 390. 0.1979 � 0.0176 0.4451 � 0.0396 6356. � 464.1.5 5766. � 501. 0.1493 � 0.0153 0.4473 � 0.0459 6398. � 556.2.0 5760. � 590. 0.1174 � 0.0139 0.4399 � 0.0521 6290. � 645.Bakground.0.5 3897. � 248. 0.2815 � 0.0225 0.4733 � 0.0379 6689. � 425.1.0 5406. � 389. 0.2001 � 0.0176 0.4524 � 0.0398 6497. � 468.1.5 5888. � 499. 0.1526 � 0.0154 0.4597 � 0.0464 6599. � 559.2.0 5912. � 588. 0.1206 � 0.0139 0.4548 � 0.0524 6522. � 649.Bakground and rosstalk.0.5 3877. � 248. 0.2797 � 0.0225 0.4550 � 0.0367 6604. � 422.1.0 5392. � 390. 0.1995 � 0.0176 0.4381 � 0.0387 6452. � 466.1.5 5823. � 500. 0.1507 � 0.0153 0.4402 � 0.0447 6500. � 558.2.0 5847. � 589. 0.1191 � 0.0139 0.4350 � 0.0508 6425. � 647.
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Table 5: Atomi pair numbers and ionization probability analyzed with QL(QT < 2).QL Na Na=NC Pbr N totalaNo bakground.0.5 3050. � 202. 0.4087 � 0.0373 0.4373 � 0.0400 6261. � 415.1.0 4094. � 318. 0.2838 � 0.0289 0.4027 � 0.0410 5901. � 459.1.5 4378. � 405. 0.2158 � 0.0250 0.4015 � 0.0465 5896. � 545.2.0 4350. � 473. 0.1709 � 0.0226 0.3914 � 0.0518 5766. � 627.Bakground.0.5 3084. � 201. 0.4143 � 0.0373 0.4474 � 0.0403 6449. � 421.1.0 4182. � 316. 0.2909 � 0.0290 0.4184 � 0.0417 6123. � 463.1.5 4505. � 402. 0.2228 � 0.0251 0.4192 � 0.0472 6158. � 550.2.0 4498. � 470. 0.1772 � 0.0226 0.4113 � 0.0525 6056. � 632.Bakground and rosstalk.0.5 3132. � 200. 0.4231 � 0.0376 0.4493 � 0.0400 6449. � 412.1.0 4230. � 315. 0.2950 � 0.0290 0.4165 � 0.0410 6124. � 456.1.5 4566. � 401. 0.2264 � 0.0252 0.4192 � 0.0467 6177. � 542.2.0 4570. � 468. 0.1804 � 0.0227 0.4118 � 0.0518 6086. � 623.
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Table 6: Atomi pair numbers and ionization probability analyzed with Q(QT < 4).Q Na Na=NC Pbr N totalaNo bakground.0.5 274. � 53. 0.5632 � 0.1501 0.3084 � 0.0823 4985. � 969.1.0 1361. � 122. 0.4466 � 0.0522 0.3367 � 0.0394 5278. � 475.1.5 2511. � 214. 0.2706 � 0.0281 0.3057 � 0.0318 4814. � 410.2.0 3417. � 324. 0.1784 � 0.0198 0.3081 � 0.0342 4713. � 447.2.5 3837. � 456. 0.1159 � 0.0156 0.2991 � 0.0403 4523. � 538.3.0 4376. � 602. 0.0860 � 0.0131 0.3219 � 0.0490 4777. � 658.3.5 4573. � 762. 0.0627 � 0.0114 0.3290 � 0.0598 4810. � 801.4.0 4546. � 933. 0.0455 � 0.0100 0.3232 � 0.0710 4691. � 963.Bakground.0.5 282. � 53. 0.5896 � 0.1526 0.3194 � 0.0829 5252. � 982.1.0 1445. � 120. 0.4869 � 0.0537 0.3761 � 0.0416 5763. � 480.1.5 2670. � 211. 0.2926 � 0.0285 0.3348 � 0.0327 5220. � 413.2.0 3643. � 321. 0.1924 � 0.0200 0.3359 � 0.0349 5108. � 450.2.5 4100. � 452. 0.1247 � 0.0157 0.3245 � 0.0409 4896. � 540.3.0 4660. � 598. 0.0920 � 0.0132 0.3466 � 0.0497 5141. � 660.3.5 4891. � 757. 0.0673 � 0.0114 0.3545 � 0.0601 5187. � 802.4.0 4860. � 928. 0.0487 � 0.0100 0.3464 � 0.0711 5049. � 964.Bakground and rosstalk.0.5 313. � 51. 0.6973 � 0.1628 0.3945 � 0.0924 5695. � 923.1.0 1474. � 119. 0.5016 � 0.0541 0.3834 � 0.0415 5749. � 466.1.5 2704. � 210. 0.2972 � 0.0286 0.3384 � 0.0326 5214. � 406.2.0 3724. � 319. 0.1973 � 0.0201 0.3406 � 0.0347 5163. � 443.2.5 4212. � 450. 0.1284 � 0.0157 0.3287 � 0.0402 4991. � 533.3.0 4791. � 596. 0.0947 � 0.0132 0.3478 � 0.0485 5263. � 655.3.5 5014. � 755. 0.0690 � 0.0114 0.3524 � 0.0582 5303. � 798.4.0 5005. � 926. 0.0502 � 0.0100 0.3446 � 0.0687 5188. � 960.
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Table 7: Atomi pair numbers and ionization probability analyzed with Q(QX < 4; QY < 4).Q Na Na=NC Pbr N totalaNo bakground.0.5 275. � 53. 0.5660 � 0.1497 0.3100 � 0.0821 5002. � 965.1.0 1367. � 120. 0.4493 � 0.0507 0.3388 � 0.0383 5298. � 465.1.5 2527. � 202. 0.2729 � 0.0260 0.3083 � 0.0294 4845. � 386.2.0 3450. � 292. 0.1805 � 0.0176 0.3117 � 0.0304 4759. � 404.2.5 3892. � 396. 0.1178 � 0.0134 0.3041 � 0.0346 4588. � 467.3.0 4458. � 509. 0.0878 � 0.0110 0.3287 � 0.0412 4867. � 556.3.5 4688. � 631. 0.0644 � 0.0094 0.3379 � 0.0493 4930. � 664.Bakground.0.5 283. � 52. 0.5930 � 0.1522 0.3213 � 0.0826 5270. � 978.1.0 1451. � 118. 0.4902 � 0.0522 0.3786 � 0.0404 5788. � 470.1.5 2689. � 199. 0.2954 � 0.0264 0.3380 � 0.0303 5257. � 389.2.0 3681. � 290. 0.1949 � 0.0178 0.3402 � 0.0311 5161. � 406.2.5 4163. � 393. 0.1269 � 0.0134 0.3302 � 0.0349 4971. � 470.3.0 4753. � 506. 0.0941 � 0.0110 0.3545 � 0.0415 5244. � 558.3.5 5020. � 627. 0.0692 � 0.0094 0.3645 � 0.0495 5324. � 665.Bakground and rosstalk.0.5 314. � 50. 0.7007 � 0.1624 0.3965 � 0.0922 5710. � 919.1.0 1480. � 117. 0.5049 � 0.0525 0.3859 � 0.0402 5771. � 456.1.5 2722. � 198. 0.2999 � 0.0265 0.3415 � 0.0302 5249. � 383.2.0 3760. � 288. 0.1997 � 0.0178 0.3447 � 0.0308 5213. � 400.2.5 4273. � 392. 0.1306 � 0.0135 0.3343 � 0.0346 5063. � 464.3.0 4881. � 504. 0.0967 � 0.0111 0.3552 � 0.0408 5362. � 554.3.5 5139. � 626. 0.0709 � 0.0094 0.3621 � 0.0480 5435. � 662.
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Table 8: Atomi pair numbers and ionization probability analyzed with F (QX < 4; QY < 4).F Na Na=NC Pbr N totalaNo bakground.0.5 165. � 44. 0.5172 � 0.1835 0.2725 � 0.0968 4413. � 1167.1.0 1117. � 99. 0.5502 � 0.0656 0.3591 � 0.0429 5570. � 493.1.5 2409. � 166. 0.3842 � 0.0333 0.3475 � 0.0302 5354. � 368.2.0 3374. � 241. 0.2522 � 0.0215 0.3298 � 0.0281 5031. � 359.2.5 4289. � 323. 0.1853 � 0.0162 0.3523 � 0.0308 5263. � 396.3.0 4709. � 414. 0.1308 � 0.0130 0.3542 � 0.0352 5256. � 462.3.5 4842. � 512. 0.0934 � 0.0109 0.3514 � 0.0410 5161. � 545.4.0 4980. � 614. 0.0705 � 0.0095 0.3578 � 0.0482 5189. � 640.Bakground.0.5 172. � 43. 0.5536 � 0.1878 0.2885 � 0.0981 4658. � 1162.1.0 1176. � 97. 0.5967 � 0.0676 0.4008 � 0.0456 6053. � 500.1.5 2514. � 164. 0.4075 � 0.0338 0.3736 � 0.0311 5701. � 372.2.0 3529. � 239. 0.2666 � 0.0217 0.3523 � 0.0287 5356. � 362.2.5 4490. � 320. 0.1956 � 0.0163 0.3748 � 0.0313 5582. � 398.3.0 4964. � 411. 0.1387 � 0.0131 0.3776 � 0.0357 5599. � 464.3.5 5081. � 509. 0.0984 � 0.0109 0.3713 � 0.0411 5461. � 547.4.0 5216. � 611. 0.0740 � 0.0095 0.3756 � 0.0482 5468. � 641.Bakground and rosstalk.0.5 192. � 41. 0.6564 � 0.2002 0.3616 � 0.1106 5047. � 1088.1.0 1199. � 96. 0.6153 � 0.0682 0.4060 � 0.0452 6032. � 485.1.5 2574. � 163. 0.4216 � 0.0341 0.3833 � 0.0311 5738. � 363.2.0 3619. � 237. 0.2755 � 0.0218 0.3599 � 0.0285 5424. � 356.2.5 4612. � 319. 0.2020 � 0.0164 0.3801 � 0.0309 5688. � 393.3.0 5098. � 410. 0.1431 � 0.0131 0.3807 � 0.0349 5725. � 460.3.5 5238. � 507. 0.1018 � 0.0110 0.3733 � 0.0403 5615. � 544.4.0 5406. � 609. 0.0769 � 0.0095 0.3775 � 0.0466 5657. � 638.
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Table 9: Atomi pair numbers are found using the signal shape for di�erent bakground de-sriptions.Variable Cut Atomi pair numberMeV/ No Bakground Bakground Bakground androsstalkF QX;Y < 4 5023.0 � 377.9 5339.1 � 383.4 5481.2 � 383.2Q QT < 4 4557.3 � 405.7 4929.2 � 412.2 5030.7 � 412.5QL QT < 4 6079.0 � 452.1 6059.9 � 452.2 5988.9 � 451.5
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