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OPIIINJI

WX sHepruTaii aram 6eeM, 1eMuiiH (GU3UK Hb OOIUCHIT OYpIyYJIdrd MaTepUilH HapHitH
OyTdl, TYYHHUH MIMHX YaHApBIl CyJaijar IIUHXKIDX yxaaH oM. VX sHepruiiH (Qu3uk Hb
O0AUCHIT OYPAYYIATY XaMTUUH SKIKUT XACOT, THAIIIPUMH XOOPOHIBIH XapHJILaH YHIWIAI,
XapWwillaH ysulaaHbl Xyynuydblr cyganjar. Mx sHepruiiH ¢u3uKWiiH cynairaa Hb OJIOH Ye
IaThll JJaMXUH ©Hee YEHUHH XOrXJIMHWH IIaTaHjaa HMPCAH Oailjgar. DX3H Yyend3 IpOTOH,
HEHTPOHBI TYBIIMHJI HIBTP3H Cy/UIarAax, [aanuiaaj Me30H OOJOH TYYHHH OOrMHO HacTan
PE30HAHCYYABIH TOIBYYIUUT HIXK, TIATIIPUUT CynajacHaap YPraDKUDK OaiHa.

Oran 6eeMcuifH OyTAITIH X01000TOH cynanraanyyn 1960-aam 0HOOC XJIIH IPUUMTII
sBaraK AXUICOH Oaljar. DpUMMTIN sBargak SXAJICOH TOJ XYYHMH 3YWI Hb 3T 00OMCHMT
Cyayaxaj allumiagar oraji 0eeMCUH XypAacTyypyya roj Helee Y3YYJICHH.

Oran 6eeMCcHitH XypJacryyp Hb Malll UX ©pTer eHIepTIH, OH16p TEXHOJIOTHITH, HAPUITH
TOHOI' TOXOOPOMXKYYAMNUI amumiajgar. XypAacryypyydbll 30XHOH OYTI3CH33p MarepHilH
OYTIMIAT TAaHWH M3/I9X3]] 4yXaJ ajixaM 00JICOH. Xypaacryypaap XypAacraricaH 311 00eMCHITH
nonruoHs! ypt Hb 1074~1071% cm Gaiimar Hp HykIOHYY 62 HEOMUITH qyHaax) XaMA33 1071°-95¢
0ara 3aifH1 XYpAAT YUUp XapuiIaH YW OpCOH 00OMCHITH JO0TOO T OYTAII, IUHXK YaHAPBIT
Cyiax 0001100 OT/Ier IOM.

XypaacryypyyIblH —TycllaMXTaiiraap sBarfcaH TypHUIarblH OOJIOH  OHOJIBIH
CylajraaHyyablH Yp IYHI 331 0eeMc Hb “KBapK’ XdMI3X 33 XICTYYAdIC TOrTAor Oa
KBapKyyZIbIH XOOPOHJbIH XapWJlaH YHATWIMUT “TIF0OH” X3M33X OPOH 36616 I'3ATUNT
TorroocoH. KBapkan OyTaI] Hb TOITOOTJICOH MTPOTOH, HEUTPOH 6a ME3OHYYIBIT “AIPOH TIK
HAPIIAT. Y YHAAC rajiHa OyTAI] Hb HAPUIH TOTTOOTIOOTYH AJIEKTPOH, MIOOH, Tay JITITOH 39PAT
6eemc Oaiiar 6ereen saradpuiir “JlenToHyya” 3K HIPIIIAT.

DHAXYY CyZlajraaHbl aXXWl Hb XY4T3H XapWiIllaH YHIWIA XamaapHa. VX sHeprutaii
a/IpOH-1IeM, LI6M-IIOMUIH XapuiIlaH YHIWIIAIP YYCCOH TeMiieparypbid yrra 200 MsB Oyroy
TYYH?3C UX 00JI0XO/ KBapK-IJIFOOHBI IJIa3M XAMI3X Malll eHJIep TeMIlepaTypTail IIHHD TeJIeB
YYCHD I'3C3H KBaHT XpPOMOAMHAMUK OHOJIBIH TaaMarainTai nryys Xoa1000Tol oM. Xy4rH yaaal
OHIOPTIM, Cylep KOMIBIOTEPYYAbIH TyclaMKTairaap XxuiracoH Mourte Kapio cumynsuuiiH
CyZlajraaHyyJ Hb KBapK-IJIFOOHBI IJIa3MbIH TeJI6B OaifHa ryAruir Oataijar.

WX oSHeprutsii NpOTOH-NPOTOH, MPOTOH-LOMHUMH XapWillaH YITWINIYYA23D OJIOH
0eeMc YYCIX MTPOLIECCHIH Cy/lalraar XypAacrarjacad 0eeMUtH SHEPTH, JaMKyyJaricaH JopBeH
X3MXKIICT MMITYJIbCIIC XaMaapyyiaaH Cy/ulaXx Hb I3 0eeMc OOJIOH LI@MHIH JOTOOJ KBapK-
[JIFOOHOH OYT311 6a (pa3blH MIMDKUITHIH IPOLIECCHIT Cy/UIaX IOl apra 'K y33TII3r.

DHAXYY CYyph XaBcapra cyjajiraanbl TpaHT TeciuiH axuin 10 IhB/c ummynscTai
MPOTOH-MIPOTOH, MPOTOH-116M, 40 I'3B/c umnynsctii 1~ + C, m~ + p, 4.2 I'3B/c umnynbcTon
npotoH-1eMm, 205 IBB/c uMmynbecTdoi MPOTOH-MPOTOH XaPWIILAH YHTWIDIYYAIIP YYCCOH
xo€paory O0eeMcHUWH XyBbJ (Da3blH HIMIDKHIT OOJOH KBapkaH OYTIHMIH MIMHX YaHaApBIH
Cy/aJraar sByyJXK 2 3pJ3M IIUHKUITISHUN OTYYJIA XIBIYYIIIB.
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JAMXKYYJIaricaH UMITYJIbCIAC lNamaanan-1 aBax. cap
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®U3UK, TEXHOJIOTUMH XYPIRJISHIMIMH BYTI2JI Ne 49 x. 47-56

4.2 TOB/C BA 10 T3B/C UMIOYJIBCTM (p + € - p + X)
YHJIUYJIDIYYAUMH BAH MACCBIH XAMAAPAJI BA ®A3BIH
MAJTKAIT

b.Otronrapan, L.baarap, b.barrapan, M.CoBa, M. VYpanrya, I".1llapxyy
[IIYA, ®u3uKk TEXHOJIOTUHH XYPAIIIPH

OnoubiH 0a MX 3HEPTUiH GU3NKUNH TabopaTopu

Yauprraju

Ouaxyy ascuno 4.2 I'sB/c 6a 10 I'3B/c umnynbemaii npomon Hyypcmopocuuiin yommai
XapUIYaH Yumdadiyyod9C YyCcon Xoépooey NpomoHyyObiH Xy6b0 (a3blH WUNHCUINULIH
npoyeccole cyoaican ba memnepamypule bai maccaac xamaapyyiau cyonaxao 4.2 I'>B/c
anepeumst yunuisnd T = 141 M»aB, 10 [5B/c snepeumsii yeo T = 186 M»B opuumo
MOSMMOJL ymea 624 batieaa Hb auxoacy 6eemulin dHepeusC xamaapy batieaaz xapyyniaa.

Tyaxyyp yec: baii macc, s¢ghgpexmue memnepamyp, gpazvin wunsxicuim

1. OPLINJI

Wx sueprutasii agpon-anpon (hh), agpon-nem (hA), nem-iem (AA)-uitH XapuilaH
YHITWIAAIP OJ0H 006MC YYCIX MPOIECCHIH Cy/lairaa Hb aapoHbl 0a eMUNH J0T00A OYTHIl,
XYUTI XapwilaH YITWINMMH MeXaHW3M, HAIT UXTOH TesneB Oaljan yycoX MEXaHHU3MBbIT
TOAOPXOMIIOXO/1 UyXall ad X0Ja00r10aToM. [33p AyphacaH y33rUTyY X SHEPTUTIH aIpOH-116M,
LOM-IIOMUHH XapWIlaH YHIWIdIIp OJI0OH 0eeMc YycdX HpOLEeccoop YYCBA XapuilllaH
YIUITWIDIUIH TMHAMMK TPOLIECCT XYUTIH HOJee Y3YYJdH, Xo&paordy 0eeMcuitH eHUTIHiH Oa
HMMITYJIbCUMH TYIDITYYION aXUIVIaraax €CTou Ik 3yd €coop y3mor. Mx sHeprurdii agpoH-
HyKJIOH (hA) 6a HYKJIOH-HYKJIOHBI (AA) XapuiIliaH YHIWINAEAP aAPOH-HYKIOHBI YIITWIAIUIH
KMHEMAaTUKT 3axuparajarryi, 6ail 1emeec HAr HYyKJIOHBI Maccaac MIJIYY Macc IIaapjarajar
x0€pord 6eeMc yycasr 06eree] SAradpuir KyMyniaTuB 0eemMc rax H3pmor [1]. Kymynsatus
O6eeMcHIT cy/uaxa] “KyMYJISATHB TOO” X3MI3X XyBbCATYMHI alIUITIaxajJ WIYY TOXUPOMXKTOU
[1]. Oud axung 6uxg 4.2 [5B/c 6omon 10 ['B/c ummynberait

p+C-op+X

YPBAJIBIT aBY Y3J133.



2. AHINUTJTIACAH XYBbBCAT'YY Y]]

2.1 KymyJasaTus T00 6a 0aifH Macc
KymynsatuB T00 XaM39X XyBbcard (1) 1apaax TOMbEOTOOP WIBPXUIIIATIIAT

_Pa'Pc _Ec_ﬁapﬁ
PP, my,

(1)

ne

OHI:

P,, P, P. — Xypnacrarjcan 0eeM, 0aii iem 0a xo€pmord 06eMCHitH 4-XAOMXKIICT UMITYIbCYY/I,
E., Pﬁ — xo€pordy 66eMCHITH SHEpru 0a Iaryy uMIyisc, 3, — 6emoOernerd (aHXHBI) TPOTOHBI

XapbUAHTYH XyPJIl, M, — IPOTOHBI MACC.

n. XyBbcard Hb X0€paord 0eemyyn yycaxdn Oaii Maccaac mraapiaracaH MacChlH XIMKIIT
WIBPXUANITHD.

ne 00s10H AaMXKYyyJaraCcaH HMITYJIbC t-H  X01000 HbB Adapaax TOM"béOl"OOp
HHSpXHﬁJ’IBI}I{SHB.

t = —q* = —(P, — P.)* = 2E4(Ec — BaPff) — (mg? + m.?) (2)
Tombéo (1)-33¢
ne-my =E; — BaPﬁ 3)
t=—q*=—(P, —R)? = 2E;nemy — (m* + m.?) (4

DH?Y TOMBEOHOOC XapaxaJ 4-X3MXK3ICT JaMKyyJaricaH UMIYJIbCUIH KBaJpaT Hb XOEpI0rd
0eeM YycaxaJI maaparacal 0ail MacChIH XAMIKIATIAP TOAOPXOIIOrnoxk OaitHa. bait macc raaar
Hb TyXaiH XapWILaH YW YYCCOH X0€paord 00eMc YYCIXaJI IIaapariax MacChlH XOMIKII
Oereen

my =ngmy (5)
'K TOAOPXOMIOTIIOL.
2.2 I dexTuB TEMNIEpATYp

Oep e6p MHTEPBANYYI Aaxb XO&pAordy 0eeMYYIUHH XOHAJOH HYHEPTHIH CIEKTP Hb
SKMOHEHLMAI XyyJIuap WIPXUMIATIAAT:

! ﬂe‘bEf,Et = /Ptz + m2 (6)
2 - Et AEt

Oua s¢dextus Temneparyp T Hb HATYYTHiiH apameTp b-uitH ypByyraap ToJOPXOUIOTJIOT:

T=- 7)



3. TYPILIATBIH APTA 3YH

OXY-pa HUTHU-nitH “Cunxpodazorpon” xypaacrard a33p 4.2 I'3B/c 6omon 10 I'3B/c
UMITYJIBCTAH OONTON XypaacrarjcaH NpOTOHYY/ 2-METPUKH MPOIaH KaMephir beMOericoHeep
TypUUIAarblH MaTEPHUAJIBIT Taprax aBcaH. XeecT KaMepHiiH apraap raprax aBcaH TYPIIMITHIH
roj JaByy Tajl Hb XapWILaH YWIWIIIIP YYCCOH LPHAIT X0&€paory 0eeMcuir 4w reoMeTpr
OypTrax OOMOMKTOWJ opiigor. MepuilH UMIYJIbCUHH XOMKUITHHH OyHOax angaa ~ 12%
OereeJ1 OHIITMIH XAMKWITUWH HapuiBwian ~ 0.6% OGainar [2].

bun p + C xapunmad YHIWINEIC YYCCOH XOEPAOrd IPOTOHYYABIT CyIJIaX 30pHIIT
TaBbJ1aa. JH? axuwin 4.2 [5B/c uMmyapcTait Xapuian YWTWINAKH X0EPA0Trd IPOTOHYY Hb
23162, 10 I'3B/c umMnynnbeTai XapuiiaH YIWTWIDIIMAH X0€pAord mpoTonyyn Hb 49703 Gaiis.

4. 4.2TMB/c UMIIYVJIBCTAHU p + € - p + X XAPWIIIAH
YUTYWIDJIUNH AHAJIN3

Ouy xacart 4.2 I1B/c uMmynberdit p+C Xapuian YHITWINNAC YYCCIH XOEpmord
IPOTOHYY/BIH M, XyBbCardaac xamMaapax XamMaapJibIl' CyJaluiaa.

p+C — p+X (4.2GeV/c)
z 51400 -
1200 :_ + ++ Entries 23162
C 4 Mean 0.673
1000 '
-t . Std Dev  0.2954
goo— ¢+ +
B :
B + ++ ’
600 — ”ﬁ 4+
400 .
: -
200~ .

o
o
w
—_
—_
w
no

25 3
m

3ypae. 1 4.2 I'3B/c umnynecmau p + C xapunyan yinundsiggc yyccon X0époo2y npomoHyyOobiH
baii maccvlh myas1m

3ypar 1-33¢ xapaxan xo€paord IpOTOHYY/ YYCIX3/ IIaapaaracan 0aii MacChlH XaMTUiH Oara
ytra Hb 0.2 I'3B-93¢ axm3k 3 9B xypTan ypramkumk 6aiiHa. bait macc m,-uifH yTra Xamruita
Oara yTraacaa ecexe/ TyXailH m,-T3i 6eemcuiiH Too Oyypd m; = 0.5 — 0.6 ['3B-uiin yrrana



MHHHMYM OT4, YYHU napaaraap m; > 0.6 ['9B-55¢ uxraii 6eemcuiin 100 ocy m; =~ m, yen
MaKCUMYM yTraa erd, naammus oyypairt erd m, = 3 ['3B xypTan ypramkunk Oaiina.

o 0.2-0.3 0.3-0.4 0.4-0.5
E 10 Entries 3202 Entries 2703 - Entries 227
Zlur Mean  0.9858+0.001108 . Mean 1.042+ 0.002267 W0 Mean 1.045 £ 0.002873
<1|<| ¥/ ndf 564371 I %2/ ndf 36.31/5 %2/ ndf 2925/5
‘-|"ir“’2 E Constant 22212 0.34 Constant 14.15+ 0.20 Constant 13.56+0.36
10k
o Slope -1565+ 0.3 Slope -8.268+ 0.185 Slope —7619+0.291
10
10k L
1 107
I I L I L 1k L | L | L L | L | L
05 T 5 25 [ 1 15 2 25 [ 1 5 z Z5
B 0.5-0.6 0.6-0.7 0.7-0.8
E L Entries 1783 10 Entries 1789 107 Entries 2099
Zlur Mean  1.054£0.003472 » Mean  1.029+ 0.003356 wh Mean  1.006 £0.002637
< 2/ ndt 0.4114/2 # { ndf 267613 2ol 3.482/3
4 Constant  1358+0.20 wk Constant 14112024 wl Constn 13.58+0.17
ope —7.206 £ 0.166
~ Siope 862+ 0161 < Slope -7.056+ 0.216 b P
10 10
1 1
g E | | | |
o ] 75 2 5 ok 1 75 z 55 [ 1 5 z 75
E, E, E,
Lof 0.8-09 0.9-1.0 1.0-1.3
8 10° E Entries 2740 0° Entries 2634 wl Entries 3550
Zi © Mean 0.9856 +0.001942 - Mean  0.8808 % 0.001858 Mean  0.9779+0.001599
Gl r ¥2 1 ndf 153572 o 14406 2 f ndt 0.01677/1
i F L W
_L:J wh Constant 13.74£0.15 10* Consant 13401 Censtant 12254012
o E Slope ~7.073+0.156 - Siope _6.995 0127 Slope —5.148+0.123
10 e 0
£ 1ol
0L
F 1= 1
SEN
E I | 10, I | i | 1 | I
05 T 75 Z 75 05 1 15 2 25 3 05 1 15 2 25
o 13-14 1415 153
% " [ Entries 198 Entries 90 Entries 99
O—uj“ wE Mean 1.025+ 0.01293 107 Mean 1.0554 0.02026 e Mean 1.101£0.02785
4 u 2 ¢ ndi 1885/5 # { ndf 0.6947 /1 % 1 ndf 0.805/2
Meld== Constant 8314+ 0.318 Constant ~ 6.681x 0.365 " Constant  6.168 £ 0.339
~ F Slope -4.706 + 0.302 0 Slope -3.39+0.34 E Slope -2.883+0.298
10
i L L
1=
L I | L IR b N e, ! I W I | I 1 |
o 0.5 1 15 2 25 05 1 [23 1 15 2 25

3ypae. 2 n -uiin eep unmepsanyyo 0axv Xoépooey nPoOmMoHyyObiH XoHON0H dHepeu Ey-utin
cnekmp

3ypar 2-1 n.-uilH eep, ep UHTEPBAILY Y AaXb XOEPIOTY IPOTOHYY/IbIH XOHJIOH SHEPTUiH E-
WUH CHEKTPYYAHUT Y3YY/IB. 3ypar 2-00C HaNYyyTHiHH mapaMeTp b-T TOTOPXOHIDK, 3PPEeKTHB
TEMIIEPATYPBIT OJICHBIT XYCHAIT 1-T Xapyysaa.



Xycnarem 1 4.2 I'3B/c umnynsemaii p + C xapunyar yunuisniac yycciH Xoépooau
NPOMOHYYObIH XY8b0 N, XYBbCAYUIIH UHMEPBANbIH Ymea, batl macc, HaLyyeuliH napamemp b,
memnepamyp T

T, Np My b T

1 | 0.2-0.3 | 3202 | 0.2407£0.0004026 -15.54+0.3 64.156+£1.2417

2 1 0.3-0.4 | 2703 | 0.325620.0005699 | -8.268+0.185 | 120.94823+2.7062

3 | 0.4-0.5 | 2271 | 0.4207x0.0006085 | -7.619+0.2901 | 131.2508245.01299
4 | 0.5-0.6 | 1783 | 0.51460.0006687 | -6.862+0.181 | 145.730107+3.84394
5 | 0.6-0.7 | 1789 | 0.6125x0.0006649 | -7.056+0.216 | 141.72334+4.33846

6 | 0.7-0.8 | 2099 | 0.705240.000604 | -7.206+£0.166 | 138.77324+3.19682

T | 0.8-0.9 | 2740 | 0.7999+0.0005271 | -7.073£0.156 | 141.38274+3.11829

8 | 0.9-1.0 | 2634 | 0.889440.0005422 | -6.995+0.127 | 142.959242.59554

9 | 1.0-1.3 | 3550 | 1.036x0.001191 | -5.14840.123 | 194.25014+4.64117

10 | 1.3-1.4 | 198 1.26+0.001764 -4.706£0.302 | 212.4946+13.6365

11 | 1.4-1.5 | 90 1.357+0.00282 -3.39+0.34 294.9852+29.58553
12 | 1.5-3 99 1.64340.03104 -2.883+0.208 | 346.8609+35.8531

p+C — p+X (4.2 GeV/c)
% 400f
=
— L }
350( T
300} }
250[-
200} § +
150; . 4 M TP
100}
50F
02 04 06 08 1 12 14 16 18
m, [GeV]

3ypaz. 3 4.2 I'3B/c umnynecmau p + C xapunyan yinundsnggc yyccon X0époo2y npomoHyyOobiH
memnepamyp 06ail Maccaac xamaapax xamaapai

3ypar 3-m 4.2 [»B/c ummynbcmid p + C Xapwimad YiTWwIdIgiC YYCCOH XOE€pmord
MIPOTOHYY/ABIH TemrepaTyp 0aif Maccaac XxaMaapax xamaapibIr xapyymiaa. a1 m, < 0.5 yen



spdextuB temneparyp eceen, 0.5 < m, < 0.9 xoopona temneparyp Hb 141 M»sB opunm
tortMon Oaiiraa 6ereeq m, < 0.9 yen naxun ecex OaiiHa. D¢ ¢deKkTuB Temneparyp TOrTMOI
0aiix 3aBcapT aJiPOHBI TOJIBOOC KBAPK-TIIIOOHBI IIA3MbIH TOJIOBPYY IMDKUX (Pa3bIH MIMIHKAIT
saBarnax OaiiHa rax y3aar [6, 7]. Oepeep xa10s1, 3ypar 3 Hb 4.2 [B/c umnynsctait p + €
XapWIILIaH YHITWIRIAIP YYCCOH X0&paory 6eemc yycaxadd 0ail ieMeec TOI0pX0il TOOHBI Mace
aapAarnax yycax 6erees 6aii MacChIH XOMXKI3 ©COXO/]] XOEPAOTY IPOTOHYY/IBIH TEMIIEpaTyp
3X3HPD 6cY 6ail MaCChIH yTra TyXaiH 0@OMMIH Xarac MaccTai TOHIDX YedC (my,/2) sxioH
TEMIIEPATYPBIH yTra OMPOIIIIOOr00p M = 1M, XYPTJI TOFTMOI yTra ord TYYHUM Japaa JaXuH
ecy Oaifna. 4.2 I'3B/c ummynbcmii p + C — p + X xapuinan yirwiuig Xo€paord NpoTOH
YYC2X 3(EKTHB TeMIeparypbiH ytra m; < my/2, m,/2 < m; < m, 6a m; > m, racou 3
MY>KH]I XyBaarjaax OaliHa.

5. 10 I'»B/c UMIOYJIBCTAM p + € - p + X XAPWIIIAH
YUTYWIDJIUMH AHAJIN3

10 I'3B/c mmimynbeTait p + C XapuiiaH YHITWINAC YYCCOH X0EPA0TY MPOTOHYY/IBIH
m, XyBbCardaac xaMaapax XxamaapJibIl' Y3YYiLId).

p+C — p+X (10GeV/c)
= =
<« e
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3ypae. 4 10 I'5B/c umnynocmoaii p + C xapunyan yiunuasisac Yyccon X0époocy npomoH)yObiH
baii maccvlh myas1m

3ypar 4-eec xapaxan 10 I'3B/c ummynabctait p + C Xapuilaln YHIWINNIP YYCCIH X0&paord
MPOTOHYYA YYCIXd/ Iaapiaracan 0ait MacchiH xamruiiH 6ara yrra Hb 0.08 I'3B-33¢ 3xamxk 3
B xypron yprmkwopk OGaiiHa. 10 I»B/c ummynasctdit p + € YHIWIIMIP  YYCCOH
NPOTOHYYAbIH ©Oaif IeMeec IaapiariacaH MacchlH MHHMMYyM YyTra Hb 4.2 IaB/c



UMITyJTBCUMHXTIN Xapbllyynaaxag ~2 naxuH Oara OaiiHa. DHY Hb aHXJard MNPOTOHYYIBIH
SHEPTHMH sUIraaTai myyna xon0ooTol oM. bait Mmacc m; -uiiH yTra ecexe TyxailH m; yTrarau
06eemcuiin Too Oyypu m;~0.5 — 0.6 yTranag MUHUMYM or4 YYHU# napaaraap m; = 0.6 Myxun
0OOMMIH TOO 6CY M, &~ M), YEI MAKCUMYM yTra erd Haaius m, > m,, yrrarai 60oMuiiH T00

Oyyp4d m; = 3 XYpTaJI YPIrIDKWIDK OaifHa.
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cnexkmp

3ypar 5-1 n.-uitH eep UHTEPBANYYH 1aXb XOEPIOrd NPOTOHYYABIH XOHJIOH SHEPru E;-uiiH
CTIIEKTPUIT TOMBEO (6)-p TOMOPXOUIDK HATYyTHUiH napametp b 6010 3 dekTuB Temmneparyp
T-r TOMOPXOUIICHBIT XYCHAIT 2-T XapyyJijiaa.



Xycnzem 2 10 I'3B/c umnynocmau p + C xapunyar yinuasniggc YyCceon Xo0épooey
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3ypar 6-1 m; = 0.5 Gyroy m, /2 yen aIpoH eJeernaceH TeJeBT 0Pk dP(EKTHB TeMIeparyp

ecoon 0.5 < m; < 0.9 (m,/2 <m; < my,)yen remneparypsis yrra ~186 MaB Torrmon 6aix

9HY MYXKHUJ aJPOHBI TOJIOB OOJIOH KBApPK-IIFOOHBI TUIA3MBIH TOJIOB TICOH XOJIUMOT TOJIOBT
opoox m; = 0.9 (m; > m,,) Gaiix yex TeMIeparyphblH yTra JaxuH ocd OaiHa.

JYTHDJIT

4.2 ThB/c 60non 10 ['5B/c umnynberaii p + € Xxapuiilad YHIWININAC YYCCIH X0EpI0rd
MPOTOHYY/ABIH XyBbJl 0alf MacChlH yTra €cex TycaM aJIpOHbI TeJIBeec aJpoH OOJIOH
KBapK-IVIIOOHBI IJIa3MBbIH XOJHJIJICOH TOJIOBT, Japaaraap Hb LPBIP KBapPK-ITIOOHBI
IJIa3MbIH TOJIOBPYY LIMIDKUK OaiiHa Ik Y3k OaliHa.

OMHe sByyJCaH OHOJIBIH 0a TypUUIarblH cyfajraaraap A33p AYpbACaH 3 MYyX TycC
Oypuir mapaax Oaiimmaap tainbapnanar [3, 4, 5]. Yysa:

baii macceiH xaMxk3 ecexel] a3hdeKkTuB Temreparyp ecd Oaiiraa S5XHUNH MyX Hb
(my < my/2) anpoH ©1eeIICOH TONIOBT OPK TYYHHH TEMIIEPATYp OCHO.

Temmnepatyp Hb TOrTMOI yTra ord Oaiiraa 2-p myxua (m,/2 < m; < m,) anpoHbl
TOJIBOOC TYYHHUT OypAyYJIdrd KBapK, TJIOOHBI TOJIOBT INWDKUX (Ha3bIH
IIWDKWITARH TIPOLIECC sSBarjaHa. JHY MYXKUJ TemIepaTyp TOrTMoJ Oaiiraa Hb
ragHaac erd Oairaa SHEPrHMUH XOMX33 TYXalH aJPOHBIT TYYHUH OYpaJIIdXYyyH
X3CTYYIR 3ajy1axaj 3apIyyJiaraaar OHIUIOTTON FOM.

bait maccein ytra (m; > m,) 3-p My>uJl TEMIIEPATYPbIH yTra JIaXvH ocy OaiHa.
OH? MyX Hb I[PB3p KBapK-TJIIOOHBI IJIa3MbIH TEJIOBT Xapraji3aHa TIIXK Y379r.
bunnuii sByysicaH 2 TypIIMUITBIH CyJajiraaHbl yp IyH JI93p JAyplicaH OHOJ 0a
TYpPLUIArbIH YP AYHT3H TOXUpyY Oaiiraa Hb TyXalH XapuwilaH YUIwnyyas has3siH
IIWDKWITARH TIPOIIECC SBariaXx OaifHa IIATHIT Xapyyspk OaiiHa.

4.2 T3B/c 6onon 10 ['3B/c umnynberaii p + € xapuiilad YHITWIAINAC YYCCIH X0EpAOrd
MIPOTOHYY/BIH XyBbJl aHXJard SHEpPruiC aNITraak TeMIepaTypblH TOITMOJI yTra Hb
4.2 I'B/c umnynbscTai Xapuinad yiumwnuiie Xy ~141 MaB opuuM, 10 I'3B/c
UMIYJIBCTAH Xapuilan yHIaIaniiH XyBe ~186 MaB opunMm Oyroy eep eep yrtrarait
OaiiHa.
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Abstract

This paper is devoted to 7~ meson production in p + p at 205 GeV/c, t~ +pand ™ + C at
40 GeV/e, p + C at 4.2 GeV/c and 10 GeV/c interactions using the target mass method. Some
obtained results are compared with the theoretical predictions.

1 INTRODUCTION

Investigations of the multiparticle production processes in hadron-nucleon (hN), and
hadron-nucleus (hA) and nucleus-nucleus (AA) interactions at high energies and large
momentum transfers play a very important role in understanding the strong interaction
mechanism and the inner quark-gluon plasma structure of nuclear matter.

The description of the quarks and gluons inside hadrons and nucleus remains an important
problem of elementary particle physics. The strong interaction theory, quantum
chromodynamics (QCD) gives an opportunity to investigate quark interactions at small
distances by using the perturbation theory.

In multiparticle production processes at high energies the secondary particles are produced at
different scattering angles with different values of momenta. Values of the scattering angle and
momentum are mainly described by the square of 4-dimensional transferred momentum g2.

Furthermore, the theoretical characteristics of the multiparticle production processes, such as
the strong interaction running coupling constant ag(g?) and the propagator are described also
by g2. So, we would like to stress that the square of the transferred momentum, g2 is one of
the important characteristics for understanding the dynamics of the multiparticle production
processes at high energies.

It is well known that in hA and AA collisions at high energies and large momentum transfers
in comparison with hN interactions, the secondary particles are produced in the region
kinematically forbidden for AN interactions. These particles are called cumulative because the
production of these particles requires more than one nucleon mass from the target.

On the other hand, it is well known that the nucleon consists of three light quarks (p = uud
and n = ddu). This fact gives us the possibility to observe the collective phenomenon in which



more than one quark mass (two or three quark masses) participate in the interaction process
from the target even in the AN interactions.

This paper is devoted to the study of ™ meson production in AN and hA interactions at high
energies using the target mass method.

2 EXPERIMENTAL METHOD

The experimental material was obtained using the Dubna 2-meter propane (C3Hg)
bubble chamber exposed to ™~ mesons with a momentum of 40 GeV/c from the Serpukhov
accelerator. The advantage of the bubble chamber experiment in this paper is that the
distributions are obtained under the condition of 4t geometry of the secondary particles.

The average error of the momentum measurement is ~12%, and the average error of the angular
measurements is ~0.6%. The average boundary momentum from which =~ mesons are
detected in a propane bubble chamber is ~70 MeV/c. So, ™ mesons with a momentum from
~0.070 to 40 GeV/c are used in our distributions. In this paper we have taking the following
reactions:

e ptpom +X (1)
e m t+pom +X (2)
e m +(C-o>nm +X 3)
e p+C-o-m™ +X 4)

5025 p + p events with 12095 ©~ mesons at 205 GeV/c, 9927 m~ + p events with 25485 m~
mesons at 40 GeV/c, 8791 m~ + C events with 30162 m~ mesons at 40 GeV/c, 10774 p + C
events with 3811 ©~ mesons at 4.2 GeV/c and 16428 p + C events with 17299 ©~ mesons at
10 GeV/c have been used in the experimental distributions.

3 THE THEORETICAL UNDERSTANDING OF THE LIGHT
QUARK RUNNING MASSES

According to the quark model there are two different kinds of quarks: constituent quark
and current quark (or the bare quark). Hadrons are built from the constituent quarks. The
constituent quark has the complicated structure. The complicated structure of the constituent
quark arises on the basis of the current quark.

The scale dependence (energy dependence) of the quark mass reflects the fact that a bare quark
is surrounded by a cloud of gluons and quark-antiquark pairs. Energy of the cloud contained in
a sphere of radius r increase with r [5].

Assuming m,, = 3m,, masses of the gluon clouds of the u and d quarks are approximately 300
MeV and the different theoretical estimations [4]-[8] give the following values of the light
quark masses:



IR

5[MeV] + 300[MeV] = 305[MeV]
7

my
my = 7[MeV] + 300[MeV] = 307[MeV]

In papers [1, 2] a hypothesis was proposed that the transfer of a large momentum to a complex
system of nucleons, as a whole, can be realized only if at the momentum of collision with an
incident nucleon, a group of nucleons of the nucleus, due to quantum fluctuations, is collected
in a small volume and perceives the transmitted momentum as a single particle with mass M, =
k -m (m is tha mass of the nucleon, k is the number of nucleons in the group). Such a
multinucleon formation is called “flucton”. This mechanism for the formation of fluctons does
not contradict with modern ideas about the structures of particles (or nuclei), and the fluctons
themselves should be considered at the quark level. This enables us to study multiquark
systems.

4 VARIABLES USED IN THE ANALYSIS
4.1 THE CUMULATIVE NUMBER n, AND TARGET MASS m,,

The relativistic invariant variable n. called the cumulative number is determined by the
following formula [3];

_ PaPc _ Ec _ﬁaPcH
Pan mp

(5)

ne

where P,, P, P. are the four-dimensional momenta of the projectile, target and secondary

particles under consideration; E. and PCII are the energy and the longitudinal momentum of the
secondary particles; S, is the velocity of the incident particle; m,, is the proton mass. From
formula (5) we have determined the value of the target mass m;, by the following formula;

Mg = MpN, (6)

Formula (6) shows that the target mass m, is essentially changed in dependence on the
cumulative number n.. Such kind of the changeable mass is called the running mass [4].

4.2 THE FOUR-DIMENSIONAL TRANSFERRED MOMENTUM SQUARE g% AND
THE TARGET MASS

The four-dimensional transferred momentum square g2 is determined by the following
formula;

t= _qz = _(Pa - Pc)z = 2Ea(Ec - .BaPc”) - (ma2 + mcz) (7)



where m, is the mass of the incident particle and m_ is the mass of the secondary particle under
consideration. The other notations are the same as in subsection 4.1.

Formula (7) may be written in the following form using formula (6);
qz = 2Eanlpnc - (maz + mcz) (7,)

We note that formula (7”) gives the explicit dependence on the target mass, m;; = m,n. which
is needed from the target to produce the secondary particle under consideration, i.e. This
formula gives the explicit form of the mass dependence of g2 [10].

In calculating the value of the g2 by formula (7°) in the case of the reaction p +p > m~ + X
at 205 GeV/c 911 m~ mesons are produced with the negative masses indicating the unphysical
nature. These pions produced with approximately m;; < —0.00022 GeV are excluded from

the total number of pions. This procedure gives some difference between experimental data at
40 and 205 GeV/c.

From formula (7”) we can determine the target mass m.; = myn, by following formula;

qz + (maz + mcz)
2E,

Meg = MpNe = (59
Formula (5°) shows that the target mass m;, is expressed by g? and E,. This formula shows
that the target mass m, is inversely proportional to the energy of the incident particle E, and

is proportional to the g2. So, this means that to obtain the small values of the target mass which
is comparable with the theoretical estimations of the bare quark mass (4+7) MeV, we must to
increase the energy of the incident particle E, and then simultaneously we obtain the extended
to small and large values of g2.

5 TARGET MASS m,;, DISTRIBUTIONS

The target mass distributions of #~ mesons from reactions (1), (2) and (3) are presented
in Fig.1a, Fig.3a and Fig.5a. From these figures we see that these distributions give their
maximum at small values of the variable m., and then the number of particles essentially
decreases with increasing of m;, in all interactions. We note that m,, distribution inp + p -
w~ + X at205 GeV/cand ™ + p - ™ + X at 40 GeV/c are continued until m;, = 0.7 — 0.8
GeV, and only in the case of 1~ + p —» ™ + X at 40 GeV/c is continued until ~5 GeV.

5.1 LOG-NORMAL DISTRIBUTION

The log-normal distribution is defined as.

1 1 Inm U
pln(mtgl.u' 0) == €Xp <_ ( Zti-Z ) ) ®)



Where p and o2 are the mean and variance. Properties of the log-normal distribution

1
{ = exp (u - 502) 9
02 = (exp(o? — 1)) exp(2u + 0?) (10)

The mode is the point of global maximum of the probability density function.

— 2
Mode[X] = exp(u — 0*) (1D
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Fig. 1 Target mass distribution (m.,) of 7~ mesons for p + p interactions at 205 GeV/c (a)
and the average value of m,, distribution in the first Am,, interval, (m.,) = 4.77 £ 0.04
[MeV] (b).
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Fig. 2 Black points are experimental data, solid red line is log-normal distribution Eq.(8). and
black dashed line is Mode Eq.(11).
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Fig. 3 Target mass distribution (m.4) of 7~ mesons for ©~ + p interactions at 40 GeV/c (a)

and the average value of m, distribution in the first Am,, interval, (m,) = 5.12 £+ 0.03
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Fig. 4 Black points are experimental data, solid red line is log-normal distribution Eq.(8). and
black dashed line is Mode Eq.(11).
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Fig. 5 Target mass distribution (m;,) of 7~ mesons for 7~ + C interactions at 40 GeV/c (a)
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Fig. 6 Black points are experimental data, solid red line is log-normal distribution Eq.(8). and
black dashed line is Mode Eq.(11).

Distributions of the target mass m;; of 7~ mesons in p + C at 4.2 GeV/c are shown on Fig.7a,
Fig.7b and the corresponding distributions for p + C at 10 GeV/c are shown on Fig.8a, Fig.8b.
These distributions show that m, 4 distribution have the similar behaviors as in 40 GeV/c and
205 GeV/c interactions. We note that to establish the minimal values of the target mass from
which the production of m~ mesons is observed in p + C interactions at 4.2 GeV/c and 10



GeV/e, the target mass distributions in the m., interval from zero to 40 MeV with Am,,=4
MeV are given on every corresponding distribution with notation “b”. These figures show that
in these interactions at 4.2 GeV/v and 10 GeV/c, m~ mesons are produced from the values
mig ~ 0.030 and m;; = 0.15 GeV. Consequently at these comparably small energies in
difference at high energy cases, we have no possibility to estimate the current light quark
masses, but we can give the mass distributions participated in the interaction from the clouds
surrounding the current quarks.
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Fig. 7 Target mass distribution (m.y) of 7~ mesons from p + C at 4.2 GeV/c (a) and the first
Amyg interval (b).
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Fig. 8 Target mass distribution (m;g4) of 7~ mesons from p + C at 10 GeV/c (a) and the first
Am., interval (b).



6 DISCUSSIONS OF THE RESULTS

6.1 TARGET MASS DISTRIBUTIONS IN THE FIRST Am,;, INTERVALS AND
ESTIMATION OF THE LIGHT QUARK MASSES

The target mass distributions in the first Am,, intervals of reactions (1), (2) and (3) are
presented in Fig.1b, Fig.3b and Fig.5b.

As mentioned in the subsection 4, to obtain the small target mass values comparable with the
theoretical estimation (m,, =5 MeV, my; =7 MeV) of the bare light quarks we consider in the
first Am;, interval of the m;, distributions. The average value of m;, distribution in the first
Amyg interval 0.0 < m,y, < 10 MeV in every interaction give the comparable values of the
bare light quark masses.

The average values of the target mass in the first Am, 4 intervals which give the bare light quark
masses in every interaction are given in Table 1.

Table 1.
mg = (1)
Amyg, [MeV] | p+p =7 +X |7 +p—71 +X |7 +C -7 +X
(205GeV /c) (40GeV /c) (40GeV /c)
1 0.0 + 0.008 4.03 £ 0.03 4.20 £ 0.03 4.38 +0.03
2 0.0=0.009 | 4.384+0.04 4.65 +0.03 4.60 4 0.03
3 0.0+0.010 | 4.714+0.04 5.124+0.03 5.05 +0.04
4 0.0+0.011 5.06 +0.04 5.60 4+ 0.03 5.49 + 0.04
5 0.0+0.012 5.41 £ 0.04 6.05 £ 0.04 5.95 £ 0.04

We note that the maxima of the target mass distributions of 7~ mesons from reactions (1), (2)
and (3) are at very beginning of the distributions (see Fig 2, Fig.4 and Fig.6). On the other hand,
these m;4 values correspond to high energy particles.

This experimental result gives us the possibility to propose that the maximum of every
distribution corresponds to the bare light quark masses:

o m** =471MeV (p +p)

o m{** =512MeV (n~ +p)
e m**¥* =5.05MeV (n” +C)

6.2 DEPENDENCES OF THE AVERAGE ENERGIES (E,-) OF m— MESONS AS A
FUNCTION OF THE TARGET MASS m,,

Dependences of the average energies (E;-) of T~ mesons from interactions (1), (2) and
(3) are presented on Fig.9, Fig.10 and Fig.11. These figures show that with increasing of the



variable m;, the average energies (E-) of 1~ mesons in the beginning systematically decrease
and then reach the minimum values at m;;~0.302 GeV for p + p > ™ + X interactions at
205 GeVle, at myy = 0.290 GeV for ™ + p » m~ + X interactions at 40 GeV/c, at my =
0.303 GeV form™ + C - m~ + X interactions at 40 GeV/c, at my = 0.304 GeV forp + C -
7~ + X interactions at 4.2 GeV/c and at m;; = 0.303 GeV for p + C - w~ + X interactions
at 10 GeV/c and then increase. We would like to note that the target mass values which give

the minimum at five different interactions are very close to each other and approximately equals
to (m?g‘f")~0.3 GeV and this value of the target mass is consistent with the theoretical

estimation of the light constituent quark masses mentioned in subsection 3.

The total number of events, 7~ mesons and number of 7~ mesons with m., > 0.3 GeV are
given in Table 2.

Table 2.
Interactions Nevent | N, Ny with my, > 0.3, [GeV] | %
prp— 1 + X at 205 [GeV/d | 5025 | 12005 83 0.7
T +p— 1 + X, at 40 [GeV/c] | 9952 | 25485 303 117
7 +C —=n + X, at 40 [GeV/c] 8791 | 30162 1338 4.4
p+C o1 T X, atd2[GeV/d | 10775 | 3811 169 12.3
p+C — 7 + X, at 10 [GCV/C} 16428 | 17299 1866 10.7

Table 2 shows that the number of 7~ mesons with m;; > 0.3 GeV inp +p » n~ + X and

n~ +p - n~ + X reactions are approximately ~1% and in 7~ + C —» m~ + X interactions,
this number is 4=-5 times more than in AN interactions.
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Fig. 9 Dependences of the average values of energies (E,-) as a function of the target mass
m;g for reaction (1).
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Fig. 10 Dependences of the average values of energies (E,-) as a function of the target mass
m;g for reaction (2).
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Fig. 11 Dependences of the average values of energies (E,-) as a function of the target mass
m;g for reaction (3).

Now we consider the region with m;; > 0.3 GeV. We note that in this region more than one
quark mass is needed from the target to produce the secondary =~ mesons. We would like to
stress that this is the main difference of this region in comparison with the region with m;, <
0.3 GeV. So, the increasing of the average energies (E;-) of m~ mesons in this region

presumably are connected with the appearance of the collective phenomenon in which more
than one quark mass is required from the target.
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Fig. 12 Dependences of the average values of energies (E,-) as a function of the target mass
m;g for reaction (4).
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Fig. 13 Dependences of the average values of energies (E,-) as a function of the target mass
m;g for reaction (4).

Dependences of the average values of energies (E,-) of 1~ mesons from interactions p + C —
n~ + X at4.2 GeV/c is presented on Fig.12. The same dependence for interactions at 10 GeV/c
is presented on Fig.13. These figures show the similar behaviors as in 40 and 205 GeV/c
interactions with minimum at (m;;)~0.3 GeV.

In addition, this result tells us that in these interactions (1), (2) and (3) the collective
phenomenon occurs at the quark level.



The total number of 7~ mesons, average values of the variable m., and average values if
energies in every Am,, intervals for reactions (1), (2), (3) and (4) are given in Table 3, Table
4, Table 5, Table 6 and Table 7 correspondingly.

Table 3 forp +p » = + X at 205 GeV/c.
An, N (ne) | (my), [GeV] | (Ein), [GeV]

1 | 0.0+0.01 | 3285 | 0.0057 0.0053 14.13 £ 0.3144
2 1 0.01+0.02 | 2137 | 0.0145 0.0136 7.453 £ 0.2688
3 1 0.02+0.03 | 1279 | 0.0246 0.0231 4.617 £ 0.2288
4 10.03=0.04 | 819 | 0.0348 0.0327 3.892 £ 0.3242
5 | 0.04-+0.05| 623 | 0.0446 0.0419 2.668 £+ 0.1337
6 | 0.05=0.06 | 452 | 0.0546 0.0512 2.598 £ 0.1717
7 10.06+0.07| 379 | 0.0648 0.0608 2.508 £+ 0.2200
8 [ 0.07+0.08 | 274 | 0.0746 0.0700 2.001 + 0.1752

9 1 0.08+0.09 | 262 | 0.0848 0.0795 1.695 £+ 0.1213
10 | 0.09+0.1 | 178 | 0.0948 0.0890 1.660 £ 0.1277
111 0.1+0.15 | 695 | 0.1221 0.1145 1.408 £ 0.0761
12| 0.15+0.2 | 348 | 0.1726 0.1620 0.997 £ 0.0586
13 0.2+0.25 | 186 | 0.2236 0.2108 0.985 £ 0.0991
141 025+03 | 114 | 0.2729 0.2561 0.853 £+ 0.0761
15 0.3+0.35 69 | 0.3225 0.3026 0.614 £ 0.0628
16 | 0.35+04 | 38 | 0.3714 0.3485 0.677 £ 0.0738
17 04+1.0 50 | 0.4872 0.4572 1.231 + 0.5477

Table 4 form™ +p - m~ + X at 40 GeV/c.

An, N (ne) | (mug), [GeV] | (Er-), [GeV]
1 0.0+0.01 | 6333 | 0.0051 0.0048 13.57 £0.1439
2 | 0.01+0.02 | 4923 | 0.0147 0.0138 6.537 £ 0.1043
3 | 0.02+0.03 | 3152 | 0.0247 0.0232 4.757 £ 0.1022
4 | 0.03+0.04 | 2134 | 0.0347 0.0326 3.744 £ 0.0984
5 | 0.04=0.05 | 1492 | 0.0448 0.0421 3.166 £ 0.1047
6 | 0.05+0.06 | 1149 | 0.0548 0.0514 2.826 = 0.1158
7 | 0.06=0.07 | 906 | 0.0651 0.0610 2.587 £0.1327
8 | 0.07+0.08 | 745 | 0.0750 0.0701 2.320 £0.1174
9 | 0.08+0.09 | 609 | 0.0850 0.0797 2.083 £0.1451
10 | 0.09-+0.1 525 | 0.0950 0.0891 1.712 £ 0.1148
11| 0.1+0.15 | 1603 | 0.1221 0.1146 1.472 4 0.0523
12 0.15+0.2 877 | 0.1728 0.1621 1.197 £ 0.0598
13| 0.2+0.275 | 641 | 0.2235 0.2191 1.020 £ 0.0572
14 | 0.275+0.35 | 355 | 0.3091 0.2901 0.887 + 0.0944
15| 03505 229 | 0.4122 0.3868 0.921 + 0.1043
16 0.5+1.0 74 | 0.5911 0.5547 1.102 = 0.2745




Table Sform™+C >~ + X at 40 GeV/c.

An, N (ne) | (muy), [GeV] | (E.-), [GeV]
1| 0.0+0.01 | 4864 | 0.0053 0.0051 11.42 £+ 0.1552
2 10.01+0.02| 4488 | 0.0147 0.0138 5.578 +£0.0979
3 10.02+0.03 | 3297 | 0.0247 0.0232 4.057 £+ 0.0888
4 1 0.03+0.04 | 2482 | 0.0347 0.0326 3.247 £ 0.0879
5 [ 0.04=+0.05| 1844 | 0.0448 0.0421 2.859 + 0.0960
6 | 0.05+0.06 | 1477 | 0.0548 0.0514 2.315 £ 0.0871
7 10.06+0.07 | 1248 | 0.0651 0.0610 2.153 £ 0.1095
8 | 0.07+0.08 | 1102 | 0.0749 0.0703 1.812 4+ 0.0884
9 | 0.08+0.09| 837 | 0.0850 0.0797 1.646 £ 0.0771
10| 0.09=0.1 | 766 | 0.0947 0.0888 1.43 £0.0777
11| 0.1+0.15 | 2642 | 0.1225 0.1149 1.306 £ 0.0463
12| 0.15+0.2 | 1555 | 0.1720 0.1641 1.046 £ 0.0520
13 | 0.2-+0.25 | 1005 | 0.2234 0.2096 0.9745 £ 0.0681
141 0.25+0.3 | 699 | 0.2725 0.2555 0.7855 £ 0.0726
15| 0.3+0.35 | 501 | 0.3234 0.3033 0.7243 £ 0.0469
16 | 0.35+04 | 333 | 0.3737 0.3505 0.7887 £ 0.0601
17| 04-+05 441 | 0.4435 0.4159 0.8202 £ 0.1218
18] 05+06 215 | 0.5461 0.5121 1.178 £ 0.2877
19 06+0.7 118 | 0.6493 0.6089 1.182 + 0.3336
20 0.7=+08 73 | 0.7504 0.7038 1.241 + 0.2661
21| 0.8+1.0 58 | 0.8744 0.8200 1.28 £0.3775
22| 1.0+1.5 52 | 1.2020 1.1272 1.632 4+ 0.3273
23] 1.5+5.0 48 | 2.3570 2.2104 3.039 £ 0.4408
Table 6 forp + C » m~ + X at 4.2 GeV/c.
An, N (ne) | (muy), [GeV] (E,-), [GeV]
1 0.0=0.05 | 371 | 0.04097 0.03845 0.6973 £ 0.01689
2 1 0.05+0.055 | 120 | 0.05283 0.04957 0.6426 + 0.03745
3 1 0.055=+0.06 | 113 | 0.05746 0.05391 (.7386 £ 0.04803
4 1 0.06+0.07 | 223 | 0.0647 0.06071 0.6545 £ 0.03133
5 | 0.07+0.08 | 204 | 0.07529 0.07064 0.6507 £ 0.03379
6 0.08+0.1 | 204 | 0.08497 0.07973 0.5818 £+ 0.03699
7 0.1+0.12 | 342 | 0.1099 0.1031 0.529 4+ 0.02523
8§ | 0.12+0.14 | 304 | 0.1298 0.1218 0.4769 £ 0.0201
9 | 0.14+0.16 | 239 | 0.1499 0.1406 0.4685 £ 0.02614
10| 0.16+0.18 | 197 | 0.1701 0.1596 0.5004 = 0.03049
11 ] 0.18=+0.2 | 172 | 0.1899 0.1781 0.426 £0.025
121 0.2+0.25 | 364 | 0.2232 0.2094 0.4441 + 0.01922
13 025+03 | 259 | 0.2738 0.2569 0.4044 £ 0.01966
141 03035 | 173 | 0.3238 0.3038 0.4148 £ 0.019961
15 035+04 | 119 | 0.3724 0.3494 0.4237 £ 0.03246
16 0.4+0.5 108 | 0.4423 0.4151 0.4767 + 0.02466
17 0.5+0.6 41 | 0.5412 0.5078 0.5728 £ 0.0446
18 06+1.0 28 0.722 0.6775 0.5874 +0.04754




Table 7 forp+ C » m~ + X at 10 GeV/c.

An, N (ne) | (myy), [GeV] | (E:-), [GeV]

I ] 00002 | 444 | 0.01751 0.01643 1.539 £ 0.02777
2 10.02+0.03 | 1138 | 0.02523 0.02367 1.514 £ 0.02868
3 1 0.03=0.04 | 1211 | 0.03508 0.03292 1.352 + 0.03216
4 10.04=0.05 | 1183 | 0.04497 0.0422 1.183 = 0.0312

9 1 0.05-+0.06 | 1031 | 0.05474 0.05136 1.079 £ 0.02955
6 | 0.06=0.07 | 988 | 0.06488 0.06088 0.9551 £ 0.02882
7 1 0.07=+0.08 | 927 | 0.07502 0.07039 0.9337 £ 0.02859
8 | 0.08=0.1 | 1617 | 0.08949 0.08397 0.8689 + 0.02446
9 | 0.1+0.14 | 2424 | 0.1188 0.115 0.7494 + 0.01571
10 1 0.14 = 0.18 | 1677 | 0.1591 0.1492 0.6864 £ 0.01782
11} 0.18+0.2 | 642 0.19 0.1783 0.5932 £ 0.02368
12 02-+03 | 2124 | 0.2439 0.2289 0.5709 £ 0.01288
13 0.3+0.35 | 576 | 0.3231 0.3031 0.5502 £ 0.02022
14 1 03504 | 394 | 0.3732 0.3502 0.541 £ 0.02256
157 0405 478 0.443 0.4157 0.5609 £ 0.01968
16 | 0.5+0.6 207 | 0.5441 0.5105 0.6592 £ 0.03356
171 0.6-+0.8 164 | 0.671 0.6296 0.6723 £ 0.04036
18 08-+1.0 47 | 0.8748 0.8209 0.7948 £ 0.0622

CONCLUSIONS

The bare light quark masses obtained using the target mass analysis is this paper are in

consistent with the theoretical estimations.

Dependences of the average energies of 1~ mesons (E,-) as a function of the target
mass m;, give the minimum at m;,; = 300 MeV. This point separates the decreasing

and increasing parts of the average energies for reactions (1), (2), (3) and (4).

The increasing of the average energies (E;-) of ™ mesons in the region m;, = 300
MeV presumably is connected with the appearance of the collective phenomena in
which more than one quark mass is required from the target. This result shows that in
the interactions considered in this paper the collective phenomenon occurs at the quark

level.
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rOJI AYTHVITYY/]

3OH) cyypb, XaBcapra cyanraansl rpaHT Teciauita axwin 10 ['3B/c ummynsctaii p + C,
4.2 T»B/c umnynsctdit p + C, 40 [B/c umnynsctdit 1~ + C 6onon m~ + p, 205 I1B/c
UMIYJIBCTAH p + P XapuilaH YHITWIdIYYA39p YYCCOH X0€paord 00eMCHUIH MIMHXK YaHApbIH
CyJayraar siByyJDK Jlapaax roJi AYTHAUITYYAS XYP3IB.

1. 10 I'™B/c 6onon 4.2 I'3B/c UMIyNIbCTIH MPOTOH-IOMUKH XapUIIIAH YHITWIAIIAC YYCCOH
XOEpI0rY MPOTOHYYIBIH XyBbJ 0ail MacChIH yTra ©ceX TycaM aJIpOHbI TOJIBOOC aJpPOH OOJIOH
KBapK-IVIIOOHBI IJIA3MbIH XOJIMJIJICOH TeJIOBT, JAapaaraap Hb 13B3p KBapK-IJIIOOHBI IJIa3MbIH
TONOBpPYY WDKK OaliHa ryk y3»k OaiiHa (3ypar 1). 4.2 I'3B/c uMmmynbceTdit xapuiiaH
YIITWIDIUIH XyBbJI TEMIIEPATyPhIH TOI'TMOJ yTra Hb ~ 141 MaB opunm, 10 I'3B/c umimynberai
XapWiIllaH YHITWIBIUHRH XyBbll ~186 MaB opuum Oyroy eep eep yrtraraii 6aiiraa Hb aHXJard
SHEPTUAC MIANTraank OaiHa.

p+C — p+X (10GeV/c) p+C — p+X (4.2 GeV/c)
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3ypar 1. 10 I'sB/c 60non 4.2 I'3B/c ummynberait p + C Xapuiinas YHITWINYYIUHH X0€paord
IIPOTOHYYABIH TeMIepaTyp 0ail Maccaac Xxamaapax xamaapail

1-p myx Oyroy OaifH MacChIH X2MK?I3 0coxe/1 YPPEKTUB TeMrepaTyp ocd aJpoH ©06TICOH
TOJIOBT OPK TEMIIEPATYP Hb 6CHO. 2-p MY>KH/]I TEMIIEPATyp Hb TOITMOJ yTTa 6Ty 3XJI3K aJPOHBI
TOJIBOOC TYYHHUUT OYpIyYiIdard KBapK, IIIFOOHBI TOJIOBT INWIDKUX (ha3blH IWDKUITUIH POIIece
sBarjjaxk XJK OaifHa. 3-p My>KH]l TeMIIEpaTypbIH yTra ecy LPBIP KBapK-TJIFOOHBI IJIa3MbIH
TOJIOBT WDKK OaliHa. HracH?3p OuaHUM sByyscaH 2 TYpPIIMATBHIH CyJalraaHbl yp OYH
OHOJIBIH YP AYHTA# ToXupu Oaiiraa Hp TyXailH XapuilaH YHIWIAYYIRA (Pa3blH MMIIKUITURH
MpoIIecC sIBaraax OaifHa TIATMIT XapyyJicaH.



2. 40 T»B/c mmmynberait 1~ + € 6omon ™~ + p, 205 I'3B/c umnynberii p + p, 10 THB/c
uMIyasCcTdi p + C, 4.2 ['3B/c ummnynbseTail p + C xapuiilad yHITWIANYYI93C YYCCOH X0EpaAory
T~ ME30HYYJBIH XYBb]l 0aif MAaCChIH aprbIT alllUTIaX AapaaxX rojl Yp JYHTYYIUIT TapraH aBas.

T'oa yp ayn 2.1.

40 I'>B/c umnynbetii ™ + C 6onon ™~ + p, 205 ['B/c ummnynsetii p + p, 10 I'3B/c
UMIYABCTIH p + C XapwilaH YHIWIdIYYIA 0ailH MacchiH TYraaTuitH sxuuil oyroy 0~0.01

MY>KHJ TapraH aBcaH yp AYHTYYZ Hb HYIrH kBapk (bare light quark)-siH macc uHp CTanmapt
3arBapblH OHOJIBIH TaamarjanTai Toxupu Oaiican. (XycHorT 1)

XycHart 1. Hyuras kBapkuiiH macc erd Oyil TyXailH HHTEpBaJIbIH YTTYY]l 1aXb OaliH MacChlH

IYHAQXK YTTYYII.
my = (my,)
Amyg, MeV] | p+p w7 + X |m+pam +X |7 +C w7 +X

(205GeV /c) (40GeV /e) (40GeV /)
1| 0.0+0.008 | 4.03+0.03 4.20 £ 0.03 4.38 +0.03
2 00+0009 | 438+£0.04 4.65 +£0.03 4.60 = 0.03
3| 0.0+0.010 | 471+0.04 512+ 0.03 5.06 + 0.04
4] 0,0+0011 | 506004 5.60 £ 0.03 5.49 = 0.04
50 00+0012 | 541+£0.04 6.05 = 0.04 5.95 + 0.04

Toa yp ayn 2.2.

JpPopx 5 XapwWiinad YATWIIYYA3A YYCCOH XOEpOrd T~ ME30HYYAbIH XYBbJl AYHIAX
sHepru OaifH Maccaac Xamaapax XaMaapiblH CyJaairaa SBYYJDK TYHJaX SHEPTH ecd dXJIX,
00J10H Oyypax 3aBCpPBIH XaMTHHH 0ara 13T Hb 5 XapWINaH YWITWIA OWPOIIo0Toop OaiH
MacchlH ytra ~300 MaB opuumpa 6aiican. baitn macc Hb oiiponooroop 300 MaB-33¢ ux 60mxk
9XJIPXA]1 SHEPTUMH AyHIAX yTra ecd 5X3JICOH Hb XOEPIOrd 7T~ ME30H YYCIXJ3 Oail 1emeec
HAT KBapKHIH Maccaac MITyY Macc aBy YYCCAOH 'K Y3C3H.
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