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Figure 5: The ewrve 8 9, = ( 4P]. . ) 0w, the predicted total cross section for vy reactions, in nb, vs. /5,
the cmns energy. in GoV¥. The apeis squeres and circles are the experimental total cross sections for OPAL
and L3, respectively. walolded uiing PYTHIA. The solid squares and circles are the experimental total cross
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Figure 6: The curve is 0.,y = (§P],,)?0un, the predicted total cross section for vy reactions, in nb, vs. /3,
thecmenerg,h&v.hmtndcirclesaretbtotﬂcrosssectionsiorOPALandIB,respecﬁvety,

unfolded using PHOJET, after they have been renormalized by the factors Nopar, = 0.929 and Ny ; = 6.929
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Figure 1: OPAL and L3 total cross sections for vy scattering, in nb vs. /3, the cms energy, in GeV. The
data have been unfolded according to the Monte Carlo used. The solid circles are the L3 data, unfolded
using PHOJET and the open circles are the L3 data, unfolded using PYTHIA. The solid squares are the
OPAL data, unfolded using PHOJET ‘and the open squares are the OPAL data unfolded using PYTHIA.
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Figure 2: The dotted curve is Opp, the predicted total cross section for pp reactions, in mb, and the solid

curve is gp,, the predicted cross section for pp reactions, in mb vs. /s, the cms energy, in GeV. The circles
are the exnerimental data for nn reactions and the sanarece are the avnerimental &n data



Table 6. Cosmic rays data tests.

Highly Ranked “ Experiment | Nikolaev'et al. [7], (8] | Block et al. [10]

Model Code n x? | x3/Nap | x*| x*/Nap x? | x*/Nap
RRPL2,(19) | 163[ 0.23 | 14.28 2.04 331| 0.47
RRPL2,(21) | 1.62| 0.23 [14.31 2.04 330 | 0.47
*RRL.(19) | 252| 0.36 [24.25 3.46 219 | 0.31
(RR.)7PL2,(15) [ 143 ] 0.20 [15.39 2.20 2.08 | 0.43
(RR)¥PL2,(19) || 1.73] 0.25 |13.96 1.99 345 | 0.49
RRL¢(19) 252 | 0.36 |24.25 3.46 2,19 0.31
RERL*®(12) | 243 | 0.35 [23.98 3.43 2.16 | 0.31
RRPL(21) 293 | 0.42 |25.48 3.64 234| 0.33
RR.L2°°(15) | 144 0.21 | 20.21 1.99 2.89 | 0.30
"RRL%(17) 254 | 0.36 | 2466 1.99 352 0.31




G

(ot)2ze 0 (o1)toco  (01)L0€0
g 491oweaed a3yl Jo sanjea

860 011 .01 d, 3

96°0 10T 660 d_3f

Op 1 04 1 0§ 1 d,

bl 601 011 d_

ORI £8'1 €81 dd
L €60 250 260 dd
vajod spduns wj /oy piemioy d1ise

\Q ISV JHf] ML OIS T O0 €90 790 ¥9°0 L

ADPRLHEG Biep 4D 19°0 29°0 290 d_>f

21 104 mummx@%@m& R GO'1 Z1'1 6T'1 dd
maﬂmw_u@m me‘_U meOw

1960 vom 0 m@m 0  |ao

~ Auwo  Auwo  XueSuepe

290 :mw,@w, e yumeeg

st 318y BRI SO &

ém._amm .wvoE “mmm mwmv mﬁmw

00T ‘y'udes ‘eysnyy

D 19PN YT



-

Adjustable parameters naming. In total 20 parameters used:

7,0

2 o) S0
(Rgf P l‘z ( pr’ pr, ZKp’ Z}Zps Bpp’ Bwp, BKp, BEp
: YRS, YL, Vi, YO8, YR, Y

dimensionless
[GeV?]
[mb]
[mb]

Scan-fits summary. 2000 database. Without cosmic data points.

B [GeV) 3 4 5 6 7 8 9 10
Naos: pexcluded || 706 | 561 | 487 | 414 | 349 | 311 | 265 | 210
Naoy: pincluded || 834 | 722 | 628 | 549 | 478 [ 433 | 377 | 309

x*/dof: p excluded || 1.24 [0.99] 0.82 | 0.79 | 0.83]0.84 | 0.83 | 0.73
x*/dof: p included || 1.92 [1.23 | 1.00~ | 1.00~ [ 0.99 | 0.94 | 0.93 | 0.92

Details of the fit to the data in the whole domain of applicability

x?/dof | = 0.9986
/3 of the | Number CL[% = 5041
starting point | of data Name of Numerical Error
in [GeV] points value value |  value
Breakdown of the CS data sample | 80 55.768319 8.6418541
oo | 5.00063 TV n 0.53323572 | 0.0086874031
p: 5 1560 50 Zyp 37.276058 0.25450475
ntp: 5.21275 50 Zyy 22.251442 0.22217687
np: 5.02954 106 Zxy 19.065862 0.21545386 .
K+p: | 5.12707 40 __0%37%@——-\1-‘975‘“‘—1
K-p:| 5.10875 63 103026178 _0-1;_‘0(%2925_‘
S-p: | 612189 9 03343876 [ 0.
o 501008 38 B., | 034645775 | 0.019965662
oy " 30 By, 0.352376855 06025765461
—UB517805 | 0.1256545
X
| Breakdown of the p data sample | [ 5" | o0 Lo 2.0356375
Pp: 5.30542 ™ Y,p2 31.143403 1.2267345
pp: 11.5382 11 Yup1 15.167946 1.685057
TP | 8.98072 8 Yera 5.5664443 0.2126837
TP 756285 30 Yip1 1.0243323 1.8182457
K*p:| 521 10 Yisa | 12744863 70.4981438
K7p:| 5.23565 8 Y | 12.399063 13.885885
Yo | 0014918353 | 0.0092437957
Y1 | -0.00019815563 | 0.00012764446
Model quality indicators:
AM | cM | cM |UM | RM | RM | gM | gM
RR¥PL2(20) || 2.185 | 50.41 | 81.74 | 18.21 | 30.86 | 1.334E-4 | 0.265 | 0.407
Repository:

computer - NPT

directory - d:\MathemD\Kolja\Evela\Gauron\ (RR)dPL2(20)



Adjustable parameters naming. In total 19 parameters used:

/) P2 2220

7,6
Z‘YP’ Z’Y"” B

So

rp v v Kp vIp vvP vYY
Yiz Y13, Y12, P, YR, Y,

~ {mb]
- [GeV?]
(mb)

dimensionless

Scan-fits summary. 2000 database. Without cosmic data points.

EZID [GeV]

3

4 )

6

7 8

9 10

Nuos: p excluded

707

562

488

415

350 | 312

266 | 211

Naoz: p included

885

723

629

560

479 | 434

378 | 310

x2/dof: p excluded

1.27

0.99

0.82

0.80

0.83 0.83

0.82 ] 0.75

x%/dof: p included

1.96

1.26

0.99

0.99

0.98 | 0.93

0.93 | 0.93

Details of the fit to the data in the whole domain of applicability

computer - NPT
directorv - d:\MathemD\Kolia\Fvela\Canraoan\ (RR)YADT 9 (10)

x?/dof = 0.995

+/8 of the Number CL% = 53.15
starting point | of data Name of | Numerical Error
in [GeV] points value value value

Breakdown of the CS data sample E_—'—‘ - .
pp: 5.00963 112 n 0.53076334 | 0.0059203784
pp: 5.1569 59 Z,, 37.046665 0.14820915
xtp: 5.21275. 50 Zey 22.094486 0.14102222
x"p: 5.02954 106 Zx, 18.941502 0.13998954
Ktp:| 512707 40 Zs, 33.0569 0.43528134
K-p: 5.10875 63  Zop 29.28947 2.8563214
Ip: 6.12189 9 z,, 19.937208
TP - 5.01008 38 ] 0.0038096263
Y 5. 30 B 0.32765691 .

Breakdown of the p data sample Yoo 44.317753 1.2312145
pp: 5.30542 74 Y2 30.819292 0.8311592
Pp: 11.5382 11 Yop1 16.299311 0.99512835
ntp: 8.98072 8 Yepa 5.514108 -0.14527497
Tp: 7.56285 30 Y1 2.0106621 1.1025517
K*p: 521771 10 Yipa 12.600861 0.33474977
K-p: 5.23565 8 Yo -3.4486615 6.6047133

Y1 | 0.024180593 | 0.007669911
Y.,y | 0.00028571116 | 0.0001666682
Model quality indicators:
" AM |cM |cM UM |RM | RM | sM | sM
(RR)?PL2y(19) || 2.183 | 53.15 | 83.81 | 16.49 | 32.40 | 1.284E-5 | 0.286 | 0.690
Repository:



KRP@LLM)

Lppy Linpy LKpy L5py Linpy Linvys D

So

rp v7r v EKp vEp vvp vy
Yi2o Y12:Y12,Y1 2,7, Y,

Scan-fits summary. 2000 database. Without cosmic data points.

|mb
[GeV?]
[mb]

EZR" [GeV]

3

4 5

6

7 8

9 10

Naog: p excluded

705

560 | 486

413

348 | 310

264 | 209

Ngog: p included

883

721 | 627

548

477 | 432

376 | 308

x2

/dof: p excluded

1.26

0.97 { 0.81

0.79

0.82 | 0.83

0.8210.75

x2

/dof: p included

1.75

1.14 | 0.97

0.97

0.97 | 0.92

0.93 | 0.92

Details of the fit to the data in the whole domain of applicability

computer - N

PT

directorv - d:\MathemD\Kolia\Fvela\Caunron\ (RRIPI2u(21)

x2/dof = 0.973
CL[% = 67.98
V'8 of the | Number Name of | Numerical Error
starting point | of data value value value
in [GeV] points
‘T'34.035155 5.43
Breakdown of the CS data sa.mple ] T 0.46727788 0.01520891
pp: 5.00963 112 N2 0.53981477 | 0.0064282823
pp: 5.1569 59 Zyp 35.833645 0.3977075
ntp: 5.21275 50 Zrp 21.232133 0.32718381
TP 5.02954 106 Zyyp 18.229063 0.29864369
K*tp:| 512707 40 Zs, 35.573148 1.4312161
K~ p: 5.10875 63 Z., 29.408195 3.0017355
7 6.12189 9 Z 20.355095 .
vp: 5.01008 38 T 0.0037064765 | 0.00035319514
YY: 5. 30 B 0.3152
| Breakdown of the p data sample Yoo 42.105024 1.2691665
P: 5.30542 T 74 | Y,pa 32.193706 0.94360681
Pp: 11.5382 11 Yo 17.775823 1.1211188
n+p: 8.98072 8 Yopa 5.7195415 0.1608047
7 p: 7.56285 30 Yip 5.7197982 1.4045873
K+p: 5.91771 10 Yxp2 13.133618 0.3766743
K-p: 5.23565 8 Yo -254.7914 128.23174
) £ -319.55667 151.59602
Yo 0.033850924 0.0079395328
Y., 0.00027798502 | 0.00014534096
Model quality indicators:
| a | cp | o |vm | mo | my | sm | s
RRPL2y(21) " 2.207 | 67.98 | 84.74 | 22.88 | 29.45 | 6.908E-6 | 0.224 | 0.101
Repository:




"Total cross section (mb)

- Model RRPL2,(19) (fits with p-data for VS, =5 GeV)
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Adjustable parameters namJng In k 19 parameters used:

M1,7M2,0 — dimensionless
B, Zypy Zrpy Zkpy Zxp — [mb]
S — [GeVz}
Yl '3 }’1 29 lel,(;p, .Yl?:.?’ 1/1‘”,9 },177 T [mb]
Scan-fits summary. 2003 database. Without cosmic data points.
Egmmm [GeV] 3 4 ) 6 7 8 9 10
Naoz: p excluded 707 | 562 | 488 | 415 | 350 | 312 | 266 | 211
Naoy: p included 885 | 723 | 629 | 550 | 479 | 434 | 378 | 310
x*/dof: p excluded || 1.27 ] 0.98 [ 0.82 ] 0.80 [ 0.84 [ 0.84 | 0.83 | 0.76
x?/dof: pincluded || 1.75 ] 1.15 [ 0.98 | 0.98 | 0.97 [ 0.93 | 0.93 | 0.92
Details of the fit to the data in the whole domain of applicability
x?2/dof = 0.98
v/8 of the Number CL[% = 63.46
stz?,rtmg point | of ('iata Name of Numerical Error
in [GeV] points value value value
Breakdown of the CS data sample = 5306
e —
pp: 5.00963 112 o 0. 0.015111598
pp: 5.1569 59 ™ 0.53956628 0.0064264992
x+p: 5.21275 50 Z,, 35.865711 0.39194465 -
nTp: 5.02954 106 Zrp 21.255573 0.32258531
K*p: | 512707 40 Zxyp 18.250196 0.29450647
K p: 5.10875 63 Zs 35. :
Eop: 6.12189 9 3 | 0.0030641085 | 0.000016709173
p: 5.01008 38 B 0.31573 2397
LYY 5. 30 Yo 42.069653 1.2708388
Breakdown of the p data sample Yop2 32.155544 0.94228883
pp: 30542 Yo 17.712148 1.1184374
Pp: 11 5382 11 Yop2 5.7136141 0.16061349
ntp: 8.98072 8 Yip1 5.6248192 1.3995889
n~p: 7.56285 30 Yxp2 13.119015 0.37618197
K+p: 521771 10 Yep1 -260.39972 +131.02776
K-p: 5.23565 8 Y2 -325.24522 154.3704
Yom 0.029185027 0.0058494249
Y.,1 |-0.00014738702 | 0.000071036228
Model quality indicators:
| 4 | o™ | op oM | mo | Ry | sne [ sm
RRPL2,(19) || 2.206 | 63.46 | 84.13 | 24.14 | 32.40 | 6.942E-6 { 0.226 | 0.190
Repository:

computer - NPT
directory - d:\MathemD\Kolja\Evela\Gauron\ (RR)PL2u(19)

23




Appendix RRPL2,(19) (IN235) Formulas

Opp = Zy,+ Bln? (si) + Y{Ps™m — YPg—m,
(4]
Opp = 2y +Bln2<si>+ 8™™Mm 4 YPPg—m,
0
0'1r+p = Z1rp + B ln2 (;8—) + Y Psm Yzﬂps—m,
0
Ox—p = Zpp+ Bln? (;8—) + Y"Ps~Mm 4 Y Pg—m,
0
$ Og+p = ZKp =+ Bln? (si) + Yl ps—'h - 2’“’8-7):’
0
Ok-p = Zkp+ Bln® (—:;) <+ lflkps-m + IGKPS_"’,
Oy = 5[2 + Bln? si)]+ s~m
0
Opy = 6’[2,,,,-{,-31112 2 J+Y -m
89
O0x-p = Zy,+ Bln? (s—i) + YZPsm _ yEPg-m, |
PopOpp = wBln (-8-) - ‘,1::_ T Y,:" *
bo M‘L, 2’7111- cotL 2*1]
— s Pem 3 88
PppCayp = wBln(so) 1_'71 = 1=Qg ’
tan ) J cot :
-m —ﬁs
J So tan 2 17!' cot
o _ ﬂ.Bln -8_ _ 1 g~ m ] *Ps-m
pﬂ.—p w‘p - ao [1 — 171 + 1 — nz 19
tan w cot 3 ‘lrJ
]
Kp g—m "Kp —ns
pK+paK+p = WBln (i) -_ Yll : - — Y—l j T
8o tan 2 m*rr cot 2 ’72“
L J B J
8 Y, XPg—m Y,*Pg~m
PKk-pOk-p = =wBln (—) - + '
80) oo |l—M } 1-m }
an 2 T cot ) ®

Variable s is in the units [GeV?]. The additional scale 8; = 1 [GeV?] in terms with
(8/84)~™2 is omitted for brevitv.
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 The details of the Parameterizations

RRPL2 (19) RRPL2 (21) RRL (19) (RR)PL2 (15)
(RR)YPL2,(19) R¥R L¥(12) (RRIPFL2,(14)  (RR)UPIL2 (16)
RR L29°(15) RR)¥PL2(20)  (RR)PL2,(17) RRPL(21)

RR L%(15) RRL29%(17) R¥R L2%(12) RRL¥(17)
RR(PL2)35(18) RRPE, (19) RIRLI(14) RR(PL2)(20)
RRL2(18) RR PL(19) RRL(18)
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