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ABSTRACT

Results on the proton structure function, Fz, are presented for

2 < 80.0 GeV2 and 10 < v < 200 GeV., The results support the

0.3<q
conclusions of earlier work at 96 and 147 GeV that scaling is violated.

A new value for R = og/o; = 0.44 + 0.25 for 0.009 < x < 0.1 and

1< q2 <.12 Gev2 has been obtained using all the Fermilab proton measure-

ments. A tabulation of all the Fermilab up and ud measurements is given.

In this paper we report the most recent measurements at Fermilab of
the cross section for scattering of 219 GeV muons from a hydrogen target,
and tabulate them together with earlier measurements at 96 and 147 Gev.[]’Z]
The data were taken using the Feymilab muon scattering facility, details of
which have been published previous]y.[]’zl The results at 219 GeV are based

10 incident muons yielding 2.0 x 104 useful events in

2

on a total of 7.5 x 10
the kinematic range 0.3 < q” < 80 GeV2 and 10 < v < 200 GeV, where q2 is the
square of the four momentum transfer of the muon and v its laboratory energy
Toss, There were 1,5 x 10% events with q2 > 1.0 Gev?.

The cross section for muon inclusive scattering, in the one photon

exchange approximation, is related to the structure function F2 by

Bl P [, (B i)
7 = =S5 2EE' —~ g /2 + 7 .
dgdv  p“q v 1+ R{(q%V)

where E, p, E' and p' are the incident and scattered muon laboratery energies
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and momenta, q2

= 2(EE' — pp'cosd — muz), ve=E-E", 6 1is the muon scattering
angle, m, the muon mass, R the ratio of the total cross section on protons of
scalar and transverse virtual photons and « is the fine structure constant.
The value of R has been determined by comparing cross sections at the

same q2 and v using the 219-GeV data and all earlier measurements at 96 and

147 GeV. First, the two sSets of measurements made under different conditions
at 147 GeV were combined. Then the threas diffe;ent energy measurements were
compared and XZ minimized as a functioh of F, and R where an overlap occurred.
Takihg R = constant, the best value of R was R = 0.44 * 0.25. The error
includes a statistical error of + 0.16 with a XZ = 159 for 148 degree of
freedem, a normalization uncertainty of + 0,05, a + 0.10 uncertainty in the
acceptance, and a + 0.15 uncertainty {n the track finding efficiency. This
value of R refers to the range 0.009 ¢ x < 0.1 and 1 < q2 < 12 Geve.

In vies of the uncertainties in the value of R measured at low energy[B]

for x > 0.1 and since our data is insensitive to these uncertainties for
x > 0.1 {as shown in Fig. 2) we use our value to derive our best estimate for
sz(qz.v) 3 Fz(x,qz). Figure 1 shows the values of the proton structure
function as a function of q2 for various values of w. The values are weighted
to give correct values at the bin centers. Only statistical errors are shown.
The overall systematic error is estimated to be 5% There is agreement between
these new measurements and our previous values which are also shown recalculated
for R = 0.44. A consistency check shows that the data have a X2 = 148 for 126

degrees of freedom. In Fig. 2 we have combined all the data for muon scattering

on hydrogen to show the variation of F2 with x for various q2 ranges. The

( 4
MIT-SLAC data[4’5] are also shown. The sensitivity of our results at each
point to a variation of R between 0.19 and 0.69 is also indicated. These
results exhibit a now well-known pattern of scaling violation[2’6‘7] which

may be characterized by a power law dépendence of Fz on q2 for various x

vé]ues where
Falxia?) » Folug ) al/e,20 . ()

Figure 3 shows the variation of b as a function of x for the combined
data for various assumed values of R for q2 > 1.0 Gevz. The rise of F2 with
increasing q2 at smq11 x may be reduced with a smaller value of R but will
not disappear for any reasonable varfation of R as a function x and q?.

For those who want tb use out data in their own way we present a
complete tabulation. Table I gives the values of Fz(x.qz) for a liquid
hydrogen target at §6. 147 and 219 Ge¥. These were calculated from the
observed cross sections taking R = 0.44. The errors shown as éFz are
statistical only and do not include the estimated 5% systematic error. By
presenting the data at the Separaie énergies with a given value of R it s
straightforward to combine the data at any other value of R or with an R
that varies with x and qz, or both. In Table I it is easy to see the
regions of overlap used to calculatée the value of R.

In Table II all the data for the hydrogen has been combined using
R = 0.44. In addition, the deuterfum data, also evalucted for R = 0.44,
is given, The deuterium data i§ for one energy only, 147 GeV, and is less
extensive than that for hydrogen. Note that de is given per deuteron.

The ordering of the data s somewhat different from Table I.




R AR ORTTIRREL A A 6 B N i e b e e S e N camg e e 34t 8 e v

Our new data enables us to make an improved calculation of the
Nachtmann[sl modification of the moments fxn'ze(x.qz)dx forn=2,4,6
in different q2 bands. The procedure used has been modified from that
described in Ref, 2 by a numerical integration of the MIT-SLAC data
including the resonance contributions, The results are given in Table III.

The results of this work reinforce the conclusions suggested by the
earlier muon scattering data that Fz(x,qz) increases as x goes to zero for

fixed q2 greater than 2 GeV2 and increases with q2

for fixed x less than
0.1. This behavior combined with the decrease of FZ with increasing q2
for x greater than 0.2 is consistent with that predicted by quantum chromo-
dynamics (QCD) for a scale parameter A = 500-700 MeV.Eg] The integrals of
FZP for n = 2 show that the quarks carry about half of the total energy-
merentum of the proton, falling slightly with q2_[9] Unfortunately the
present statistical and systematic uncertainties prevent any meaningful
comparison of R with QCO predictions.[]ol

We would like to thank Richard Heisterberg in particular and the
staff of Fermilab, the Rutherford Laboratory and our respective laboratories

for their help in this experiment.
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' 9 GeV 147 Gev 219 Gev
2 p P p c P p p
X q Fy 6, Fyf &, Fol 8F,
TABLE 1 0.22222 9,0000 0.2385 0.0865 0.2757 0.9505 0.3333 0.0380
P 2 0.22222 12,5000 0.3037 0.0840 0.2481 0.039s 0.3146 0,0321
Values of F, (x,q°) for Liquid 0.22222 22,5000 0.3443 0.1390 0.3031 0.0455 0.3435 0.0322
0.22222 40,0000 0.0 0.0 0.0 0.0  0.2241 0.0442
Hydrogen Target . 0.18667 1,3750 0.4121 0,1310 0.0 0.0 0.0 0.0
: o 0.16667 1.4250 0.3311 0.0620 0.3800 0.0755 0.0 0.0
R = 0.44 ~ ‘ 0.16667 1.8750 0.3231 0.0510 0.2770 0.0515 0.0 0.0
0.16647 2,1250 0.3092 0.0560 0.3101 0,055 0.0 0.0
D.14667 2.3750 0.4463 0,0750 0.2421 0.0525 0.0 0.0
96 GeV 147 Gev 219 GeV : 0.16667 2.6250 0.4213 0.0831 0.2631 0.0595 0.0 0.0
0.15667 2.8750 0.3563 0.0820 0.3411 0.0715 0.3431 0.1219
X ¢ R Y S A A JLAP Y 4 0.16667 3.2500 0.2853 0.0571 0.44846 0.0544 0.4141 0,0570
2 2 2 2 2 0.14667 3.7500 0.3826 0.0741 0.2657 0.0422 0.2§01 0.9370
<00 0.16667 4.5000 0.3248 0.0561 0.3131 0.0359 0.3451 0.0280
322;2; ‘g:?ggg g:g;gg g‘gf;g g‘gf;g ég:fg g'gsoo g'gow 0.16667 S.5000 0.3794 00733 0.7836 D.0812 0.3342 0.0300
; : ’ 9335 0. * 005 0.16667 4.5000 0.3700 0.0875 0.2133 0.0392 0.3373 0.0330
822;:3 fégggg 8;3 3;3 g:gm 3;3”“ g-g‘;g? 8'88;3 . 0.18667 7.5000 0.3456 0.0557 0.2139 0.0482 03374 0.0350
0.45000 3.7500 0.0 0.0 0.2140 0.0765 O:O 0:0 : 0.16547 9.0000 0.3297 00,0799 0.3210 0.0451 0.3536 0,0311
0.40000 4.5020 0.1681 0.0420 0,2210 0.0485 0.0 0.0 : 0.16647 12,5000 0.4274 0.0871 0.2873 0.0361 0.3312 0.0261
0.40000 5.5000 0.1851 0.0500 0.2761 0.0575 0.0 0.0 o 0.16667 22:5000 0.0 0.0 03““ 0.0397 0.3420 0.0274
0.49000 £.5000 0.2652 0.0591 0.2861 0.0745 0.2790 0.0990 0.16667 40,0000 0.0 0.0 9.0 0.0 0.4424 0.0382
0.,4220) 75000 0.1352 0.0551 0.2437 0.G578 0.2050 0.0440 0.12500 1.1250 0.2611 0.0600 0.0 0.0 0.0 0.0
0.45430 9.0000 01593 0.0511 0.1410 0.0317 0.1651 0.0240 0.12500 ' 1,3750  0.3491 0.0140 10,3641 0.0635 0.0 9.0
0.40060 12,5500 0.1304 0.0391 0.1415 0.0247 0.1891 0,0200 0.12500 1.4250 0.3832 0.0540 0.3061 0.0575 0.0 0.0
0.40230 22.5000 0.2734 0.0699 0.1436 0.0225 0.1964 0.0150 b 12500 i g‘;‘,zg 2227? Py o o o0
3G K i . o welaw L % - ~ . . .
ﬂ,’;:j‘i? 43 3302 2'3001 8'?0“ gig‘:: g;’;?g 8':)“0 8‘82‘2 0.,12500 2.3750 0.3784 0.0791 0.3242 0.0695 0.3631 0.0890
0.25571 32500 0.7301 0.0580 0,391 0075 0.0 0.0 0.12500 2.6250 0.2413 0.0731 0.3442 0.0775 0.3851 0.0660
0.75571 3.7500 0.5182 0.0780 0.3771 0.0745 0.0 0.0 0,12500 2,8750 0.3105 0.0702 0.3831 0.0676 0.3411 0.0590
025571 2.5000 0.2477 00540 ';:{3, 00575 0.0 0.0 0.12500 3.2500 0.3177 0.0702 0.407% oos‘w 0.3411 0,041
.37t 5.5200 0.2633 0.0661 0.9760 0.0551 0.3881 ©0.0540 0.12500 3.7500 0.4132 0.0703 0.3665 0.0532 0.3842 0.0440
095571 £.5000 0.7985 00871 - Y oo e 0.12500 4.5000 0.3546 0.0483 0.335¢ omz 0.3383  0.03¢0
bicosel 78000 0.3470 O-1042 g';gfg 80:36 g';‘:‘;: "'g:‘?fo’ 0.12500 5.5000 0.3555 0.0335 0.3128 0.047t 0.3374 0.0330
e e tecs o oacis 3 +2000 0,000 0.232] - 0.05 017500 4.5000 D.5781 0.1212 0.3708 0.0509 03545 0.0391
g.mn: 13.00:; o.zew 0.0763 0.2497 0.0443 0.3022 0.0340 0. 12500 7.5000 04158 01358 03841 O 0496 0.4099 ©.047
.:Esl‘ 2. ] A2 R .21 © .2 N 2 el » - et . ) . . 3
D oo 2rate Givity ooy g4 Gepisy .2im 0.0280 0.12500 9,0000 0.4529 0.1135 0.3957 0.0594 0.3311 0.0361
0125571 40,0080 0.0 0.0 0.2040 00544 0.2934 0.0426 0.12500 12,5000 0.4026 0.1104 0.3604 0,0471 0.3706 0.0332
0,372 21250 004081 0.1050 0.5 0.0 ‘o : 0.12500 22,5000 0.0 0.0  0.4433 0.0798 0.4112 0.0349
0512 25T 003591 0.08%0 0,229 0,075 0.0 00 0.12500 40,0000 0.0 0.0 0.0 0.0 0.4615 0.053)
0.22922 2.5750 0.1521 0.0690 0.5591 0.1105 0.0 0.0 0.10000 0.9500 0.2581 0.0670 0.0 0.0 8.0 0.9
0.2722 2.6750 0.3392 0.0981 0.9190 0.0°35 0.0 0.0 0.10000 1,1250 0.3391 0.0400 0.2890 0.0625 0.0 0.0
0.22222 3.2500 0.73%2 0.0700 0.37M 0.0755 0.0 0.0 0.10000 1,3750 0.3282 0.0470 0.4491 0.0765 9.0 0.0
0.22222 3.7500 0.4304 0.0951 0.5012 0.1015 0.0 0.0 0.10000 1.56250 90,3032 0.0540 0.3431 0.0885 0.0 0.0
22 4. 2 0.10000 1.8750 0.4075 0.0721 0.2961 0.0655 0.0 0.0
2 2 ;5888 8;?832 .’;'8‘;3§ g‘i‘i;; 383‘:2 8:3;; 8'8302 0.10000 2.1250 0.3946 0.0811 0.3411 0.0643 0.4681 0.0820
0.22722 £.5000 0.2638 0.0833 0.2883 0.0533 0.2451 0.0370 , 0.100C0 2.3750 0.2725 0.0741 0.3494 0.0685 0.2°41 0.0570
0.22122 7.5000 0.1968 0.0883 0.2292 ©.0451 0.2812 0.0430 : 0.10000 2.5250 0.4871 0.1153 0.4454 0.0786 0.3531 0.047
) ’ ) e T Tes - 0.10000 2.8750 0.1925 0.0792 0.1827 0.0529 0.4082 0.068)
0.10000 3.2500 0.5269 0.1004 0.3548 0.0565 0.3882 0.0460
0.10000 3.7500 0.2924 0.084% 0,4004 0.0656 0.3573 0.0470
0.10000 4.5000 0.351% 0.0776 0.3321 0.0472 0.3945 0.037
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96 GaV 147 Gay 219 GeV 95 GeY 147 GeV 219 Gev
il
x ¢ AR A A A AN x  q U A A A A
P 0.3804 0.0992 0.3316 0.0541 0.3386 ©.0381 0,03626 1.1259 0.3655 0.0456 0.0 0.0
0. 0.6490  0.1526 0.3451 0.0681 0.3359 0.0431 0.03636 1.3750 0. 0.4078 0.044% 0.0 0.0
0 0.7377  0.1916 0.2911 0.06u1 0,1907 0.0381 0.03636 1.6250 3 0.3571 0,0446 0.0 0.0
0. 0.3307 0.1870 0.4444  0.0710  0.3470 0.0422 0.04636 1.8750 0.3930 0.0404 0.3383 0.0437 0.0 0.0
0. 0.4824  0.1727  0.3185  0.0505 0.339 0.0364 0.03636 2,1200 0..1304  0.0466 0.3005 0.0393 0.3548 0.0411
0. 0.0 0.0 0.5762 0.1182 0,3977 0.0409 ’ 0.03636 2,3750 0.3397 0,0509 0,3208 0.0420 0.3499 0.0391
0. 0.2991 0.0530 0.0 0.0 0.0 0.0 0.03036 2,6250 0.3072 0.0532 0,4164 0,0492 0.4335 0.0441
2. 0.2291 0.0400 0,0 0.0 0.0 0.0 0.03636 2.8750 0.3408 0,0648 0.3674 0.048! 0.3746 0.0412
0. 0.285!1 0.0440 0.0 0.0 0.0 0.0 0.03636 3.2500 0.3041 0,0477 0,379 0,0363 0.3781 0,0292
0. 0.3022 0.0350 0.2811 0.0555 0.0 0.0 0.03636 3.7500 0.4550 0.0686 0,3426 0.0362 0.3677 0.0302
0 0.3073  0.0420 0.2361 0.0505 0,0 0.0 0.03636 4.5000 0.40%¢ 0.0589 0.3843 0.0305 0.3944 0.0233
0 0.3334 0.0521 0.4923 0.0745 0.0 0.0 ) : 0.03634 5.5000 0.%041 0.1124 0,3991 0.0428 0.4572 5.0295
0. 0.3737  6.0631 0.3783 0.0885 0,0 0.0 0.03636 4.5000 0.6383 0.2535 0.4586 0.0494 0.4870 00,0339
0.¢3 2.1250 0.5252 0.0652 0.3188 0.0578 0.32301 0.0590 0.03838 7.5000 0.0 0.0 0,431 0,0824 0,373 0.0333
9.88 2.3750 0.4037 0.0842 0.4811 0,0751 0.3512 0.0580 0.04636 9.0000 0.0 0.0 0.63185 0,0918 0.3557 0.027%
[N 2.6250  0,4426  0.0994 0.2342 0.0591 0.3002 0.0530 0.03436 12,5000 0.0 0.0 0.0 0.0 0.4779  0.0347
0.9% 2.8750  0.4771 0.1125 0.2349 0.0552 0.4704 0.0461 . 0.03634 22.5000 0.0 0.0 0.0 0.0 0.9763 0.2224
0.02 3.2500 0.3821 0.0754 0.3044 0.048% 0,203 0.0340 0.02500 0.4500 0.265¢6 0.018% 0.0 0.0 0.0 0.0
0.03 3.7990 0.6129 0.1119 0,3740 0.0584 0.28464 0,0370 0.02500 0.7500 0.2979 0,0421 0.0 0.0 0.0 0.0
¢.02 4.5200 03432 0.070%  0.38.74  0,0464  0,4238  0,0351 0.02500 0.8500 0.1507 0.0331 0.0 0.0 0.0 0.0
2. 5.5930 0.3753 0.0918 0.3728 0.0831 0.3481 0.0371 0.02500 0,9500 0.2794 0.,0482 0.0 0.0 0.0 0.9
0.¢ 6.5000 0.4320 0.1257 0,4346 0.0845 0,4028 0,0432 0.02500 11,1250 0,373 0.0373 0.3500 0.0647 0.0 0.0
0 7.5000 0.2149 0.0981 0.2806 0.0508 0,404 0.0493 0.02500 1.3750 0.4035 0.0496 0,316% 0.0588 9.0 0.0
2.0 F.0020  0.3199 0.1091 0.4123 0.0638 0.3804 0.0404 0.02500 1,6250 0.4221 0,0590 0.4257 0.067% 0.0 0.0
0. 12,5000 0.0 0.0 0.4506 0.0579 0.4742 0.0377 0.02500 1.8750 0.333% 0,0594 0,3158 0,0%41 0.0 0.0
. 22,5000 0.0 0.0 0.0 0.9 0.4826 0,0458 0.02500 2.1250 0.3792 0.0734 0,4386 0.0727 0.3688 0.0593
0. 0.4500 0.2621 0.0320 0.0 0.0 0.0 0.0 ! 0.02500 2.3750 0.3415 0.0783 . 0.3710 0.G?03 0.3562 0,054
0. 0.7500  0,3812 0.0330 0.0 0.0 0.0 0.0 0.02500 2.4250 0.3538 0.0910 0.3230 0.0814 0.3114 0.0534
0.4 0.3500 0.2852 0.0340 6.0 0.0 0,0 0.0 0.02500 2,8750 0.2387 0.0816 0.3320 0,0i52 0.4654 0,06%6
0. €.9500 0.3223 0.0410 0.0 0.0 0.0 0.0 0.02500 3.2500 0.3419 0.0827 0,4057 0,0520 0.4152 0.0445
0. 1.1220 00,3260 0.0300 0,2721 0.04%5 0.0 0.0 0.02500 3.2500 0.9 0.0 0.3443  0,0537 0.5150 0.0519
0.3 1.3750  0.3435 0.0371  0.4203 0.0565 0.0 0.0 0.02500 4.5000 0.0 0.0 0.,4701  0.0520 0.467% 0.0391
9.0 1,6250  0.4130 0.0481 0.3674 0.0536 0.0 0.0 0.02500 5.5000 0.0 0.0 0.4224 0,0885 0,414 0.0429
0.¢ 1.8750  0.3442 0.0522 0.3164 0.0526 0.0 0.0 0.02500 4,5000 0,0 0.0 0.0 0.0 0.466% 0.0515
.05 201250 0.3164 0.0552  0.4251 0.0557  0.4463  0.0550 0,02500 7.5000 0.0 0.0 0.0 0.0 0.423% 0.0587
0.4 2.3750 0.4194 0.0714 0.4098 0.0583 6.2%82 0.0410 0.02500 9.0000 0.0 0.0 0.0 0.0 0. 4857 0.0b49
0.0 2.4230  0.3042 0.0665 0.207% 0.0425 0.3704 0.0501 0.019¢ .8 0,024 0.0 0.0 0.0 0.0
0.7 2.8750 0.3582 0.0787 ¢,4037 0.0861% 0.3785 0.0491 0.0 0.0332 0.0 0.0 0.0 0.0
9.0 3.2500 0.3I385 0.0848 L2797 0.0396 0.2775  0.0301 0.0190 . 0.0483 0.0 0.0 0.0 0.0
0.05832 3.7500 0,3446 0.0712 0.3262 0.0452 0.3479 0.0351 0.0619¢5  0.9500 G310 §.04u4 0.0 0.0 0.0 0.9
0.C5322 4.5600 0.2652 0.0626 0.3504 0.034! 0.4005 0.0291 0.0190 0,035 0.3737 0.0i¥8 0.0 0.0
0.02832 35.5000 0,4077 0,0813 0.3171 0.0391  0.3853 00,0322 0.0199 0.0480  0.3307  £.0549 6.0 0.0
0.09822 4.5000 0,5012 0.1109 0.4326 0.0532 0.4459 0,0393 0.0190 0.0498 0,34%4 0.0602 0.0 2.0
£.9T282 7.5000 0.2701 0.1098 0.3191 0.0545 0.4150 0.0425 0.01905 L2538 0,054 0,3569 0.0635 0.0 0.9
0.052352 9.0000 0.0 0.0 0.4072 0.0527 0.3851 0,0336 0.01905 2.1250 0.3993 0.072% 0.4247 0,0619 0.2552 0.0444
9.C58352 12,5000 0.0 0.0 0.5510 0.0727 ©.414% 0.0313 . 0.01905 2.3750 0.3930 0.0819 0.4 0 0.4349 0,057
0.05:32 22,5000 0.0 0.0 0.0 0.0 0.4310  0.0485 0.01905 2.4250 0.3465 0.0886 0.3 0 0.4352  0.05&8
0.93536 0.4500 0.2382 0.0240 0,0 0.0 0.0 0.0 0.01905 2.8750 0.412% 0.1297 0,3703 © 0.,4123  0,0550
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VaY. s of Fp for the Combined Hydrogen and the 147 GeV - ,
Jeuterium Data All Evaluated at R = 0.44
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The Nachtmann moments, including the elastic contribution
for a = 2, 4, 6 for various vafues of q2. The elastic
contribution is shown, Errors include
a 2.5% systematic error.

n=2 n=4

<gsay  ELASTIC HOMENT MOMERR  ELASTIC HOKENT MOMERR  ELASTIC
40.00500  £.03000  0.16575  0.01543  0,00006 0.012/7  0.00137 0400000
22,5030 0.08001 0.16759  0.00646  0.00001 0.01520  0.00048  0,00001
11,5000 5.01007  0.17¢83  0.60520 0.00008 0401702  0.00045 0. 00005
3 : 0.13495  0.004%0 0.00051 0.02015  0.00050 0.00041
0,19132  0.00476  9.00352  0.02472  0.00084  ¢.g0740
0.20946  0.00530  0.01502  0.03445  0.00158 0.00799

19

n=28

HOHENT
0.00243
0.00349
0.00428
0.00547
0.00756
0.01211

Houere

0.00049 "

0.00010
8.00011
0.006014
0.00027
0.00081

Fig. 1
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FIGURE CAPTIONS

2 for various w = 1/x bins for

Fz for hydrogen as a function of g
R = 0.44 showing the 219-GeV data {closed circlesf, the earlier
Fermilab datatzl recalculated for R = 0.44 (open circles) and
the MIT-SLAC datat4j (open triangles). Note the difference in
scales and the suppréessed zeroes for the ordinatei The solid

Tines are the Fits with Eq. (1) for a1l Fermilab data.

Fg(x,qz) for hydrogen as a function of x for various q2 bins for
R = 0.44 using all Fermilab data (open circles) and the MIT-SLAC
data (open triangles, Ref, ﬁ‘ crosses, Ref. 5): The upper and

lower hotrizontal bars inditate the change in F, for R = 0.69 and

0.19. The errors shown are statistical only.

The scaling violation parameter b of Eq. (1) as a function of x
for all Fermilab data (closed circles) and for the MIT-SLAC
data[4J {open circles). The upper and lower horizontal bars
indicate the change in b for R = .69 and 0.19. The errors are

statistical only.




2 dunbj4

o1 s0 X tos 50 10-G 0070 1000
i‘wJJ'J Y T T -4—-. r—r YT
e W Jro
- e 120
b ' -.1.’. 0
L » &u 46
b b4y g X Iy .
VS I S 3 LA29) S
[ Sl-8 =2b -1, 1%@
% T
L. 5 .—..v. 1tQ
b = A
I o .,v lzo o
e Jde. -
b * * mc«éo €0 WA\
.-k 2 T — 120
I JAM0) FE ...m 2{A29) s *
"0 Gl = b 4 7-7 =5 : L 159
- 10 +
° N( [
L L v N 1l0
b v
L * S 420
- } %t {€0
T LtA29) % {A29) 170
[os-ce=sb 8-923gb M 450
b LG . taosaa toa ¢ PO ST Lo L P PR I Y
T ¥ N 4 ¥
o (=)
- S 1o
A‘Ul o
L g . X N le
C m ————t— /‘.. o 4
r H} s ' 1
1 3 3 ms
- .L
L -1 N
2~
| T~ $o
o <. B o
r - - ]
i - jw
L Bae 1o
L 2 - = o 0 . s -
- < < S ¢
" g
P o By o -
[ S - S o
[ " n
- 3 3
L i e o
o~
o B ? =4
i >
o
e v°s«u o~
R e
o o © o



0'5 LI )f””]

ul I

0-0 |-

L R Y

IR RL

LI

-—

L R (x,q2)= R (x,3)g}) ]

P
L g2>1.0 Gev? "

(ﬁ
-0.5 - J
N &
1ol Lol Lot et

0-001 0.0t 01

Figure 3

X






