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Mogens FTF  gpngerca peanm3anueill  MUPOKO  W3BECTHOW — MOJEH
FRITIOF nymackoro yuuwsepcumrera.  Omna wucmomsdyercs B makere Geantd
JUId  MOJEJNPOBAHNA aJPOH-HYKJIOHHBIX, aJPOH-SIIepHBIX W SIApO-IAePHBIX
BSaHMOILeﬁCTBHfI IIPU BBICOKUX QHEPIUAX. HOSTOMY OY€Hb BAXKHO JIJId PA3JIUYIHBIX
TMPAKTUYIECKUX TPWIOKEHWIT WMeTh KOPPEKTHLIe DPe3yJIbTAThl MOIeJIMPOBAHUS.
DTa 1edb JOCTUTAeTCS TP TOHKONH HACTPOWKE TapaMeTPOB MOJEJIH. B
HACTOsIIell paboTe ONPEJIEsIOTCS BEPOATHOCTU POXKJEHUS CTPAHHBIX ME30HOB
npu dparMeHTaruu KBAPKOB U JUKBAPKOB, W BEPOSTHOCTb U3JIyUEHUS ME30HOB

mukBapkamu. JJocturayro xopoutee onucanue gauubix NA61/SHINE o poxjgenun

7= wme3sonoB B pp, pC um AA B3ammopeiicrBuam. Tem He MeHee, ocraercs
mpobJeMa OIMMCAHNSA BBIXOIOB CTPAHHBIX ME30HOB B SAPO-AAEPHBIX COVIAPEHUSIX.
Mozeb CyIMecTBEHHO HeooleHnBaeT BhXoael K+ u K~ Me30HOB B 40Ar + 45Sc
B3aMMOIENCTBUTX.

The FTF model is an implementation of the well-known FRITIOF model of
the Lund University. It is used in the Geant4 package for simulations of hadron-
nucleon, hadron-nucleus and nucleus-nucleus interactions at high energies. Thus,
it is very important for various practical applications to have correct simulation
results. This aim can be reached at a fine tining of model parameters. In the

resented paper, probabilities of strange meson production at quark and diquark
ragmentations are defined, and a probability ofp meson emission by diquarks. A

good description of the NA61/SHINE data on production of 7% mesons in pp,

pC and AA interactions has been achieved. However, the problem of description
of yields of strange mesons in nucleus-nucleus collisions is remaining. The model

essentially underestimates yields of KT and K~ mesons in “°Ar+44°Sc interactions.

PACS: 44.25.+f; 44.90.+¢

Baenenne

Ocuosubie uaen mogean FTE (FRITIOF [1,2]) nocrarouno mpocTsie:

1. Tlpenmonaraercst, 9T0O BCe aJIpOH-aIPOHHBIE B3AUMOJICHCTBYS SABJSIOTCS
OMHADHBIMHU peakIusiMu (M. puc. 1). B KazKI0M HEyIpPyroM B3auMoieii-
CTBHH BO3HHKAIOT JBa BO30YKIECHHBIX aIPOHA ¢ HEIPEPHIBHBIM CIEKTPOM
Macc. B nporeccax jaudpakiMOHHON JIMCCOIUAIIUNA OJIUH U3 aJPOHOB
0CTaeTCsl B OCHOBHOM cocTosiHuM (M. puc. 16 u 1B);

2. Bo30yxKaeHmHble aapoHbl COAEPKAT COCTAB/ISIONIME KBAPKY U AHTHKBAPKH
(Me30HBI ), W KBAPKH U AUKBapKHu (6apuoHbl);
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Puc. 1. JImarpammbl Heynpyrux aapOH-aAPOHHBIX B3aWMOAEHCTBWH, paccMaT-
pusaemble B Mogene FTF (FRITIOF).

3. Boz0yzkaennbie apoHbl pAaCCMATPUBAIOTCH KAK KBAPK-TJIIOOHHBIE CTPYHBI,
U K HUM MPUMEHsIeTCs JIYHIOBCKUI aaroput™ pparMeHTanum cTpyH [3].

KirodeBbiM HHTPEIMEHTOM MOJIEIN SBJISETCS pacipeaeienre Bo30y K IeHHBIX
aJIpOHOB 110 Macce. MBI 3a/1a11 3TO pacupe/iesienne OyHKIUEH:

1 1
2Tl OV VAER

B KOTOpO#l S — KBaJIpaT MOJHON dHEPruu B cucTeMe IMeHTpa Macc; M, —
MHHEMaJIbHasg Macca JudGpaKInoHHO-BO30Y K ICHHOTO a/ipoHa, a C' — mapame-
Tep MOJIE/IN, KOTOPBIH MbI BBEJIU JIJIs TPABUILHOTO OIIMCAHUST BBIXO0B ME30HOB
B pp B3ammogmeiictBusx, C' = 0.55. Tlpu C' = 1 Mbl uMeeM OpUTHHATBLHYIO
mogens FRITIOF. Boaee noapo6uoe onucanue mojgesnn cM. B [4].

Anroput™m dparMeHTanuu cTpyH umeeT cBou mnapameTpel. Cpeanm HEX
HanboJ1ee BaXKHBIMU SBJIMIOTCS apaMeTpbl (pyHKIMT (hparMeHTaIm u BeposT-
HOCTH POK/I€HUSI TTAPbl CTPAHHBIN KBAPK — CTPAHHBII aHTHKBAPK U3 BAKyyMa
(Pss), a TaK2Ke BePOSITHOCTD POZKICHNUS APl INKBAPK — aHTH-TUKBAPK ( Pjgqq)-
OHu 6yIyT pacCMOTpPEHBI HUZKE.

1
dW/dM? = C—
W/dM, CM% In[(s — M?2

man

1. Buibop Ps,

B crangapTHOM 10/1X0/1€ 3Ta BEPOATHOCTH HE 3aBUCHT OT MACChl CTPYHBI.
Opnirako, poxaenne AByX K Me30HOB KBapK — aTUKBAPKOBOI CTPYHON HEBO3-
MOYKHO, eCJIA ee Macca MeHbIe oHoro ['9B. 1losToMy BepodTHOCTD OT2KHA
3aBHCETh OT MACChl CTPYHBI. B pabote [5] MbI Tpe/ITIOKUIN ITY 3aBUCAMOCTh
B BHU/jIE:

Pss = Psgssym ’ (1 - Mth/Mstr)2.57 (1)

B KoTopoMm Pg?™ = (0.12 — accumnrornveckoe 3uadenue, My, — 10poroboe

3HAYCHUE MMOPSIKA YIBOCHHON Macchl K Me3o0Ha, a Mg, — Macca CTpyHBI.
OYHKIMOHAJTBHBIH BU 3aBUCUMOCTH U €e TapaMeTPbl ObLIN BEIOPAHBI TPH

OMMCAHUHU BBIXOMOB K~ ME30HOB B pp B3aUMOIECHCTBUAX, TTPEICTABICHHbIE B

pabore [6]. Ha puc. 2 npuBenenbl 9KCHepHMEHTAIbHbIE JAHHbIE, a TAKIKe

pacuernl ipu Py = Piy’™ u pacuerst no dopmyse (1). Kax u oxuganocs,



pacYeThl ¢ HOCTOTHHON BeJTMINHON Psg TPEBBIAIOT SKCIIepUMeHTATbHBIE TaH-
uble. [[prdem pacxoxKaeHne yMEHBITAET ¢ POCTOM SHEPTUHU. Y UeT JKe 3aBUCH-
MOCTH Psg 0T Macchl CTPYHBI IO3BOJISI€T XOPOIIO OIMKUCATH BBIXOJAbI K~ Me30-

nos!. Craoxmee obcTonT neso ¢ Bexogamu K+ mezonos?. Yersipe mpormecca
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Puc. 2. Pacnpeneneans KT u K~ Me30HOB 110 GBICTPOTAM B pp B3aUMOIEHCTBHSX
TIPU Pa3HBIX UMITYIbCAaX HAJETAIONINX TPOTOHOB. TOUKM — 3KCIepUMeHTAJbHbIE
jannble [6] ¢ yuerom TosibKO crarucrudeckux ommbok. [lyHKTupHBIE KpuBble

sym
nosydensl npu Py, = Per?™ | cimonmbie kpuBbie — pacaeTs! no gopuyme (1).
SSs 9

OTBEYAIOT B MOJIe/TH (bparMeHTAIMH CTPYH 3a BHIXOJB K Me30HOB (CM. pHC.
3): a) KBapK MOJXBATHIBAET CTPAHHBINH AHTHKBAPK M3 BAKYYMa U H3JIyYaeT
K wme30H; 6) cTpaHHBIH KBapK IOJIXBAThIBAET JIETKUI KBADK W3 BAKyyMa W
u3saydaer K Me30H; B) OIMH M3 KBAPKOB JIMKBapka u3aydaer K Me30H; 1)
JMKBAPK U3/1y4aeT OaApUOH U IEPeXOAUT B JIEPKUH aHTHKBAPK, KOTODPBIA U
n3aydaer K meszon. [lpomecc "B" mpoumcxoanT ¢ HEKOTOPOH BEPOSITHOCTHIO
Py, onpenestenne KOTOpOii peicTaBisieT oTaebHY 0 3a1a4y. [locae "rpy6oit"
OILIEHKH 3TOI BEPOITHOCTH YIALTCS MOJIYIATH KAYeCTBEHHOE COTJIACHE C KCITe-
PUMEHTAJTLHBIMA JAHHBIMUA. DTHU TPYIHOCTU CBSI3aHbI ¢ 3HAYUTEJIHHBIM Pa3-
OpPOCOM 3KCIePUMEHTAILHBIX TOYCK, U CTPAHHBLIM HOBeJeHUEeM CIeKTpoB K
MEe30HOB TIpH GOJIBIMTHX 3HaUYeHusX ObicTpoT mpu Py, = 31 n 40 TsB/c.
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Puc. 3. TIporeccor obpazoBanust K Me30HOB mpu (bparMeHTaIui KBapkos (a, 6) u
JMKBapKOB (B, I).

I'MbI He y4uThIBaeM CTpPaHHOE HOBEJEHHE IKCIEPUMEHTAJbHBIX TOYeK IpH P, = 40
I'sB/c.

’TloBeeHue 3KCIEPUMEHTANBHBIX JAHHBIX 1pu P, = 31 u 40 I'sB /€ TaKKe BbI3bIBAET
VIUBJICHUE.



2. Onpejenenne BEPOATHOCTH U3yUeHUsT ME30HA TUKBAPKOM — Py

PaccmarpuBaemasi BEpOATHOCTH MPOIECCA CHJIBHO BJINSET HA CHEKTPHI
OoapuonoB. [Ipu HyJ1€BOI BEPOSITHOCTH MOYKHO OXKHMJATh ITOBBITIIEHHbBII BHIXOJT
OBICTPBIX JILIUPYIOMUX OAPUOHOB, U TOHUKEHHBIN BBIX0/ 0APHOHOB B IIEHTPa-
JbHOI obmactu. llpu 3HAYUTEBLHON BeIMYUHE TOH BEPOSITHOCTH BBIXO
OBICTPBIX OAPUOHOB OyIeT TOaBJIeH, & BBHIXOJ B IeHTPaJILHOM 0baacTu Oyaer
yceusien. Ha puc. 4 moka3ano BjausHue 310 BePOATHOCTH HA CHIEKTPbI IIPOTOHOB.
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Puc. 4. a) Pacnpenenernst nporonos 1o 6eictporam. Touky — 9KCIIEPUMEHTATHLHBIE
nanbble [6] Ge3 yuera cucremarmdecknx ommbok. Cruioniable, MMTPUXOBBIE 1
OyHKTUpHBIE JUHUM — pacdersl npu Py = 0, 0.5 u 0.3, coorBercTBeHHO. 0)
9KCIIEPUMeHTAJbHBIe JaHHble U pacdeTsl Tpu Py = 0.3 0pu Bcex paccMaTpUBaeMbIX
SHEPIULIX.

[Iuku B pactpeieeHUsSX MPpU MAKCUMAJIBbHO JOMYCTAMBIX OBICTPOTAX MpH
PA3HBIX 9HEPTUAX O0YCIOBIEHBI TponeccaMu AU PaKITHOHHON TUCCOTTUAIIAN
upoTonoB MutieHu. CHEKTPbI TPOTOHOB B CJIEyIOIIel 00/IacTu HpU yMeHb-
meHnu OBICTPOT OTpazKkaloT HeauddpaKIHonuble mporecchl. Kak BUIHO,
BBIXOJ[ TIPOTOHOB B 3TUX 00/1aCTAX JOBOJBHO IYBCTBUTEIEH K U3MEHEHUSM
Py;. Cienyer oTMeTHTD, 9TO B JIDYTHX MOJIE/IAX B 9TUX 0OJIACTAX HADIIOTAI0T-
cst "ropOeI", 9TO 06YCIIOBIEHO HEYYETOM IPOIECCOB M3JIYIeHUs Me30HOB -
KBapKaMH, T.e. JUKBAPKH PACCMATPUBAIOTCS KaK HeJeauMoe Tiesioe. Hakomerr,
B IEHTPABHOI 00/1aCTH OBICTPOT UMEETCA He3HAYUTEIbHBIN BKJIAJ OT POZKIe-
Hust OapUOH-aHTUOAPUOHHBIX TIap.

3. AHAIN3 POXKIEHUS CTPAHHBIX YACTHIL B SAPO-IIePHBIX B3aNMOIECTBHUSIX

B pa6orax |7,8] komtabopanus NA61/SHINE npecraBuna skcnepumenTa-
JIbHBIC JaHHBIE O MHKJJIIO3UBHbIX CIIEKTPaX CTPaHHBIX YaCTHI] B 7Be + gBe n
YOAr + PSc B3anMoIeilcTBIAX ¢ PA3INIHON MEeHTPATbHOCTRIO U IIPH PA3HBIX
sHeprusax NN coynapenwuit. [log meHTpaIbHOCTHIO MOHUMAETCA OTHOIIEHHE
ceueHM HAOIIOIAEMBIX COYIAPEHM, BBIIEJICHHBIX O TeM HJIH MHLIM KpHTe-
pUsM, K HEYIPYIOMY CEYEHUIO s/IpO-sAepHbIX B3auMmozeiicTuit. Heyupyrue
CeYCHUA NPAKTUIECCKH HE U3MEPAIOTCA. BMeCTO HHUX HUCIIOJIB3YIOTCA CeUeHudd,



BBIYHCJICHHBIE B I1ayOepOBCKOM IpUOJIHKeHnU. CedeHus BbIIeICHHBIX B3au-
MOJIEHCTBHI TaKzKe MPAKTHIECKH He HU3MepdaAroTcs. BMecTo HUX MCIOJIB3YIOT
YHCJIO 3aPerucTPupOBaHHbBIX COObITHI B3auMojieiicTBuii. [Iponemaypa ornenkn
HEHTPAJIHLHOCTHU COY/IaPEHUIl JOCTATOYHO XOPOIIO pa3padoTaHa B SKCIEPUMEH-
tax RHIC w LHC. Ouna ocnoBbiBaeTcs Ha 11aybepoOBCKOM MPUOIMKEHUH U
pasnauunbiX mapamerpusangx. Komnabopanus NA61/SHINE mperoxuia
[9] cBOTO MpOTIE Y PY OIpe e IeHusT IIEHTPATBLHOCTH, OCHOBAHHY IO HA TOKA3AHH-
SIX JIETEKTOpa CHEKTATOPHBIX (parmeHToB Haseraomero siipa (Projectile
Spectator Detector, PSD). [Ipeamosaraaoch, 9To MOHTEKAPJIOBCKHE MOJEJH
MOTYT JIOCTATOYHO XOPOIITO BOCIPON3BECTH MOKA3AHUsI 3TO jJeTekTopa. OmaHa-
KO, B CHJIY PA3JIMYHBIX IPHYUH 9TO HE TaK, 9YTO CBA3AHO KAK ¢ HETOYHOCTIMHU
MoJIeJelf, TaK U ¢ TPYAHOCTBIO MOASTUPOBAHUS (DPArMEHTAINH S/1eP-OCTATKOB.
[TosToMy MBI BOCIIOJIB30BAIUCH TPOCTERITUM HOJAX0JA0M. A UMEHHO, IIPUIE/Ib-
HbIii Tapamerp coynapenuit (b) BHIOHpAJICs O KBaAPATHYHON Mepe B Tpe/ie-
72X [0~ bpaz|. Dmaz BRIOUPACS IO TPEGOBAHUIO XOPOTIErO OMUCAHKS PACTIPe-
JIeJIEHHS 7 ME30HOB I10 OBICTPOTaM IpH MUHHMAaJIbHOIN sneprum. Ha puc. 5
MOKa3aH IpHMep Takoro Bebopa 114 “CAr 4 #°Sc B3anmoneitcTsmit.
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Puc. 5. a) Pacupemenenus 7+ mesonos nmo 6sicrporam B 9Ar + 4°Sc Bzammo-
JeiicTBusx npn AByX 3Hadenunit umiyascos 13 n 150 I'9B/c¢/N u nenrpansroctu 0
— 10 %. Toukm — IKCHepUMeHTAJbHBIE JaHHBE |8] €3 yuera CHCTEMATHYIECKUX
omuboK. JIeBbIfl pHUCYHOK: CIJIONIHBIE, TITPUXOBBIE W IYHKTUPHBIE JIMHUH —
pacueTsl TPH by = 1.44, 2.15 u 2.87 (dwm), coorBercTBenno. Ilpasbiii pucyHOK:
sKcrepuMenTaibhble ganube npu 150 I'9B/c/N u pacuerst upu by, = 1.44 (dbm).

AHaoru4HbIM 06pa3soM BHIOGHPAICA by, = 2.4 (bm) mig "Be + 'Be
B3auMoJeicTBril ¢ eHTpasbHocThI0 20 %. Ilpu 3TOM moCTHraeTcst Xopolee
OIHUCaHMe paclpefeJeHuii 71 1 T~ Me30HOB 110 OBICTPOTAM IIPU BCEX SHEPIH-
HXI.

PaCHOJIaFaH B HaCTOH]l[HfI MOMEHT yJ0BJIETBOPUTE/IbHBIM OIIMCAHUEM Xapa-
KTEPUCTUK CTPAHHBIX YACTHUI[ B PP COYJAPEHUAX, MPEJACTABILET OOJIBIION

WHTEpEC aHAJIN3 POXKICHUA CTPAHHBIX YACTHIl B YKA3AHHBIX SJIPO-AJIEPHBIX

M1 Boctipoussenu npoterypy BbLIeTeHUs MeHTPATbHbIX B3auMoefictsuit pabotst [9],
upe/yiaraemyio Kostabopauueit NA61/SHINE, no ne 3ameruniu cyuiecrBeHHbIX U3MEHEeHU
KOHEUYHBIX PE3YyJIbTATOB MPU UCIOJIH30BAHNN HAIIEH BBIITEONMUCAHHON TPOIETY PhI.



B3aumoeiicTBudax. Ha pume. 6, 7 mpencTaBieHbl COOTBETCTBYIONIHE IKCIIE-
pUMeHTaJIbHbIe JaHHbIe H pacdeThl o Moaenn Geantd FTFE.
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Puc. 6. a) Pacupenenenus 7% u K* mesomos mo 6wicrporam B 'Be + °Be
B3anMojeicTuax npu nenTpaidbHocTax 0-20 %. Todrm — sKcHepuMeHTaIbHBIE
JTaHHBlE | 7] 6e3 yuera cucreMaTntdecKnx ommboK. CIUTOIIHBIE TUHAK — PACIETHI 110

mogesu Geantd FTF.

Kak BUIHO, pacpemeaeHus T 17~ ME30HOB 10 OBICTPOTAM OIIMCHIBAIOTCA
JIOCTATOYHO XOPOIIO 1pH Beex sHeprusix. [Ipum mmmynbcax 75 u 150 I'sB/c/A
MOJIeJIbHBIE PACUYeThl HECKOJIBKO MTPEBBITIAIT SKCIEPUMEHTAIbHbIE JaHHbIE B
obaacru |y| < 1. Tlpm |y| > 1 w mmnyance 40 I'9B /¢ /A momens HeooneHHBaeT
BLIXOJABL T M 7~ Me30HOB. IIpM MEHLIIMX MMIY/JILCAX COLJIACHE XOpOIIee.
Pacxoxaenne npu nmmyibee 40 ['9B/¢/A BO3MOXKHO CBSI3aHO ¢ HEKOTOPBHIMI
0CODEHHOCTAMU IKCIIEPUMEHTA, KOTOPhIE Mbl HE 3HAEM, H, COOTBETCTBEHHO, HE
yanuTbiBaeM. TeMm He MeHee, yzKe MOXKHO CTaBUTh BOIIPOC 00 ydere cucTeMaTu-
9eCKUX ONMHUOOK.

IIpeckasannma Moeau g BbIX0g10B K 1 K~ ME30HOB, B IIEJIOM, HECKOJIb-
KO MEHBIIIE 3KCIePHMEHTAILHBIX MAHHBIX. ToNbKO npu mmiyabce 150%A
['5B/c mpeckazanust Mojeseli 63K K 9KCIePUMEHTATBHBIM JTaHHBIM. Ko-
HETHO, JI/Is1 JOCTUZKEHUSI COIJIACHsl C 9KCIIEPUMEHTOM MOYKHO HECKOJIBKO yBeJTH-
9uTh Pss, KaK 9TO A€7aeTCsi B HEKOTOPHIX paboTax, HO HYKHBI YeTKHe TeOPeTH-
Jeckue 0DOCHOBaHHUs TAKOI'O MOJIX0/IA.

BHAYUTENBLHO Xy2Ke OOCTOMT CHTyalWd ¢ OIMCaHueM BbIXomoB KT u K~
Mesz0H0B B 10 Ar+%5Sc BanmoneiicTeuax (cm. puc. 7). 31ech MoeIb cyIect-
BEHHO HEJ0OLUEHMBAT BLIXO/Abl. ONnucaHue MOXKHO JOCTUYb, yBeaudus Pe.’"
jio 3uadenus 0,24. MoxKHO, KOHEUHO, NPEJIIOJ0KUTH 00pa30BaHne KBapK-



rroonHo# miasMel (KIIT) B 9Tux B3auMOIeHCTBUSIX, HO He JIJIsl CAMBIX MaJleHb-
KHX PACCMOTPEHHBIX SHEPIuil, MOCKoAbKY obpasosanue KI'II oxkumaercs mpu

/s nopsiika 7 — 10 T'sB.

- +
0 5 A 150 A GeVic
4 Ar + 4 Sc Tt 75 A GeVic
- v 40AGeVic
A 30AGeVic
*  19AGeVic

Puc. 7. a) Pacupemenenns K+ u K~ mesomnos mo 6eicrporam B ‘OAr +4° Sc
B3auMoeiicTeuax npu HeHTpaibroctax 0 — 10 %. Touku — skcnepuMeHTabHBIC
naHHble [8] 6e3 yuera cucremarndecKux ommboK. CIUTOIIHBIE TUHUK — PACIETHI 110
momenn Geantd FTF.

Bormpoc 06 ycuaeHHOM POXKIEHMH CTPAHHBIX YaCTHIL OCOOEHHO, B SJIPO-
siJIEPHBIX B3auMOJIeificTBUSX, UMeeT JlaBHIo ucropuio. [Ipejiosaraercs, 410
s derT MoKeT ObITH 00YCJI0BIEH B3aUMOIEHCTBUSIME POYKJIEHHBIX YACTHIL C
CIHEKTaTOPHBIMU HYKJIOHaAMU, POXKACHUEM TAXKEJIbIX PE3OHaHCOB B dJIEMEHTapP-
HBIX COYJIAPEHUl HYK/JIOHOB, MOTEHIIMAJIOM CTPAHHBIX YaCTHIL B JIEPHOI cpeie
u T.10. Monens FTF He paccMaTpuBaeT B3auMOJIeHCTBHS BTOPHIHBIX YaCTHII
B SIJIpaX, HO UX MOXKHO YUeCThb, NpucoennnB K Moaen F'TF moxens ourapHo-

ro kackaza (BIN, cm. [4]). CymecrByior 6osiee pa3BuThIe KACKAJHEIE MOJIEIIH,
nanpumep, UrQMD, PHSD, DCM+SMM u ..

3akJjoyerne

Mogens Geant4d F'TF ynoB/1eTBOpUTEILHO ONUCHIBAET CIIEKTPHI T ME30HOB
B SLIPO-sLIEPHBIX B3auMoelicTsusx, npeacrasienabie NA61 /SHINE kona6o-
parueit. Mogesnb CymecTBeHHo HeJoonennBaeT poxkaenne K me3onos B 0 Ar4
45Sc coymapeHmsx.
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