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Abstract

Anikeev V.B. et al. Total cross section measurements for v,, v, interactions m 3 30 Gel
energy range with IHEP-JINTR Neutrino Detector: THEP Preprint 95-50. -~ Protvino, 1995. -
p. 18, figs. 10, tables 5, refs.: 46.

The results of total cross section measurements for the v, v, interactions with isoscalar target
in the 3 — 30 GeV energy range have been presented. The data were obtained with the IHEP-
JINR Neutrino Detector in the "natural” neutrino beams of the U-70 accelerator. Neutrino
fluxes were obtained by averaging the spectra, based on the calculations with the use of the
experimental data on secondary particie yields from the target and muon fluxes measurements
in 9 gaps of the muon filter, as well as the spectra determined from quasiclastic events and
spectra defined by extrapolating differential distribution %’;Jl in the region y =0. The significant
deviation from the linear dependence for o¢,, versus neutrino cuergy is determined in the energy
range less than 15 GeV

AHHOTAUIUA

Amukees B.B. u ump. Onpenenenne MOMNLIX ceueintl weiiTpitno i AMCHNESIT PO A 1Y KAoHe
B obnacti 3-30 I'sB na Heitrpunnom Herexrope UOBI-OUSU: Tpenpunt UDBI 95-50. -
porsiho, 1995. — 18 c., 10 puc., 5 rabi.. Gubanorp.: 46.

3 paGoTe MpPeACTABIACHL Pe3syllbTaThi I3MEPCHiln "o i biX coven Uil B3aUMOUCTICTBILN 1y, ¥y
Ha M30CKAIAPHON MUILEHI B 061aCTH dHeprItl He T piio oF 3 n0 30 '»B. Jlainme 6oni 1oy ie-
noi Ha Hedtrpunnon Herextope UDOBI-OUIU B Tecrec rBmbIX” NYUKaX HEWTPHHO YCROPITCNH
Y-70. HefiTpuHHbIe IOTOKIL OMPEICIHINCE YCPELHCHITCA CICKTPOR. HOMV UCHHLIX 1T OCTHOBATHT
PACYCTOB, HCHOMB3YTOILKX AAKNbIC 110 BLIXO/AM 7, K- ME30HODB ¢ MIULIEILL, 1L i3Meperiil MIOOnILIX
NOTOKOB B 9 pa3pesax MIOONUOTO (IILTPA, @ TAKKe CHERTPOB. ONPEACHCHIILIX 11O KBA3NY UPVIT
COBBITISAM ¥ TOMYUCHHUDBIX PKCTpatodsiiteil miidipepelniiiaibioro pacupeneeIs ‘% B O0MACT L
y = 0. YcTaHoBIeHO CyLIeCTBCIHOe OTKIOHCHITE 1 06HACTII DHepTHIl deHbliel 15 1B or an-
HeitHoil 3aBHCHMOCTII Ojo; OT DMEPTHIL HEHTPHUO.
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Introduction

Many exoerimental results en sacosuring the total cross section of the charged current
nentrino and antincutrino interactions on nucleon have been published (table 1), The ac-
curate data [1],[2].[3] obrained in the 30 GeV< E, <200 Ge\ energy range give evidence
for the cross section lincar dependence versus the energy in this range. In the framework
of the naive quark-parton model the slope parameter o,/ £, in the deep inelasiic region
is independent of the cnergy. with the exception ol possible threshold effects caused by
charm particles productior. i the range £, < 20 GeV systematic measurements are
lacking and available cxperimental data have considerable ervors. Note, that the trend
has been observed towards uentrino cross section slope growth with the decrease of neu-
trino energy, although some experimental data contradict this assertion. To make more
precise measurements in the low encergy ringe the experiment with the Neuatrino Detector
(ND) [15] was carried out.

The experimental results for o, measurement in “natural” {without using a focusing
device) wide hand neutrino beans of the U-70 accelerator ave presented. Experimenial
data Liave been obtained for two ND expositions:

i) conventional geometry of the nentvino channel with the focusing system off (fie.1);

2) with short decav base nentrino channel. optimized for the scarch for ve — v,
oscillations without the use of the focusing device for the nentrino beam formation. The
used types of the neutrino beam with some statistics losses as compared to the focused
neutrino heam mode allow one 1o diminish the systematic errors in calcniating neutrino
and a .ineutrmo spectra due to uncertainties with account of the focusing deviee influence
on 7, K—mesons. A possibility to detect neutrino and antineutrino events sinniftaneously
excludes some sources of svstematic ervors in determining the eiergy dependence of the
tolal cross section ratio for neatrino and antineutrino, such as an uncertainty in the
proton beam intensity monitoring and that of detector efficiency due to the variation In
background conditions and calibration parameters of tracking detectors.



Table 1.

The published experimental data of the neutrino and antineutrino total cross section.

E,GeV | 010 /Ex107%%cm?/GeV
v | 20-200 0.67 £0.02 CCFRR,CDHSW,CHARM | {1].[2],[3]
v 3 0.7940.15 BNL (1980) [4
9 0.75 £0.23
2 0.96<0.06 BNL (1981) 5]
9 0.80 £0.03
5130 0.6950.09 CGM(1973) 6]
3.8 0.794+0.11
4.5 0.66 +0.07
5.5 0.96 £0.13
6.5 1.09 £0.19
7.5 1.08 £0.20
8.5 0.36 £0.19
o 287 0.6940.05 GGM(1979) B
9.05 0.61 £0.06
v 15 0.57%0.07 GGM(1981) 9]
22 0.55 +£0.07
26 0.63 £0.07
v i7 0.75 £0.11 BEBC(1979) [10]
34 0.73 £0.10
T35 0.68 £0.07 SKAT(1979) m
5-9 0.70 4+0.09
9-16 0.86 £0.13
v 5-8 0.77 £0.04 THEP-ITEP(1979) [12]
8-12 0.74 £0.04
12-20 0.72 £0.04
20-35 0.68 +£0.06
5| 057 0.9G £0.06 ANTL(1979) 3]
5 1 20-200 0.33 £0.02 CCFRR,CDHSW,CHARM | [1].2],5]
v 1-8 0.26 £0.02 GGM(1979) [7
v T 0.30 £0.02 GGM(1981) [9
9 0.31 £0.04
25 0.32 £0.07 )
5| 28 0732 $0.07 BEBC(1979) [10]
7 5-8 0.30 £0.02 IHEP-ITEP(1979) [12]
8-12 0.31 £0.04
12-20 .32 £0.05
20-35 0.32 £0.07
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Fig. 1. The reutrino chanuel schieme:r 1 - target, 2 - focusing device, 3 — decay pipe, 4 -
muon filter, 5 - neutrine detoctor. M1-M2 - deflecting magnets, (1 — ~('2 - Cerenkov
counters, S1-S2 - scintillation mounters,
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1. Experimental Setup

The Neutrino Detector of IHEP-JINR Collaboration is located in the neutrino channel
[16] at 223 m from alimunium target 60 cin long and 10 mm in diameter. The decay tunnel
is 140 m long, followed by 55 m of steel to absorb the muons. The ionization chambers
were placed in 9 gaps of the muon filter to measure muon flux topography [17]. These
measurements were used as additional information to determine neutrino fluxes through
ND.

For the neutrino beam formation in the neutrino channel with short decay base the
aluminium target 60 nun in diameter and 60 cm in length was placed at about 70 m
before ND. The decay volume inside the steel shield behind the target looked like the
taper cavity 12.1 m loug with rectangular cross section.

The intensity and the proton beam profiles on the neutrino target were controlled by
current transformers with 1% accuracy. Average inteusity of the proton beam was =~ 104
protons per 9 seconds accclerator spill.

The neutrino detector is a calotimeter mounted inside the magnetized steel muon
spectrometer. The target-calorimeter {fig.2) contains 36 planes of horizontally mounted
liquid scintillation counters [19] of 20 cm (along the beam) x 30 cm size and 500 cm long,
interleaved with 5 em thick aluminium plates of 3 x 3 m? area. These plates ave mounted
into the magnetized steel {rames. The X~ and Y-planes of vector drift chambers [18] are
placed between scintillation counters planes and aluminium filters. Drift chambers cover
the area 450 X 450 em? and detect particles in the target part and muons passing through
the steel frames, which are the magnetic shell of the muou spectrometer. The end-cap part
of the muon spectrometer consists of 13 magnetized steel toroidal disks 22 em thick and
1 m in diameter with drift chamber planes placed between them. The muon spectrometer
was focusing p~, but the detecror efficiency of % in the magnetic shell was high as well.

The information readout was organized without trigger. the detector data acquisition
starts after the proton beam fast spill signal arrives. During the 12 ps time interval, which
is equal to the sum of 5 ps beam spill duration and 7 js maximal clectron drift time in
the chambers, the amplitude and time informat™ a4 from scintillation counters and time
information from drift chambers were registered.

For calibration [23] the test channel was used (lig.1). (harged particles were by-
passed over the shield and muon filter of the neutrino channei and then were directed into
the detector. The system of deflecting magnets, collimators. Cerenkov and scintillation
counters allows one to select particles with momentum spread within 0.7%. As a result of
calorimeter calibration with 7= -mesons test beam, the dependence of the relative energy
deposition coefficient a = Fs | Fragr versus Epgae was defined (fig.3), which was used in
the hadron shower energy determination. The energy resolution ol the calorimeter for
hadron energy deposition can be presented as ol B E), =39.5%/ VEL(GeV).

i
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Tue rost beam @lso contalred a small fraction of muons, which were used to test the
Mt Licsaentunn reconstruction o the detector. The accuracy of the muon momentum
rerGistrieilon corresponds to the phivsical characteristics of the magnetic system and
mainly depends on the track il in the maguetic field. For the tracks with the maximal
legih o he magnetized sieel of the muon spectrometer, the momentum measurement
error is 1254 for 3 GeVoand it ircreases up to 20 % for 30 GeV muons due to drift chamber
spatial resclution [24].

2. Data Processing

Detccted events having difterent interaction time or coordinate position were separated
by the off-hne program GRAND [24], hased on the algorithms using the scintillation
counters information. For each event with a muon in the final state the energy and angle
of the hadron shower as well as [20]} the muon sign and momentum were determined.
In 9% of the reconstructed muon  with determined sign on condition that the track in
she magnetiz field was short, the momentum was calculated on the base of the measured
hadron energy and muon and hadron angles from the vertex. The calculated value of
the neutrino energv as a sum of the rauon momentwin and hadron shower energy was
corrected by prcedure of the kinematic it [21] based on the 4-momentum conservation
I

With account for the detector acceptance, its smearing and detection efficiency for
each of two types of ncutrino beam 1.2-10° v and 2107 7 events were generated with the
interaction vertex in the 260 x 260 x 2550 cm® volume of the ND target part. Simulated
events were obtained with program CATAS [32] in assumption of Feynman-Field param-
eterization [33] for quark distributions with linear dependence of the total cross section
versus energy. If the invariant mass 11 of the hadron system was less then 2 GeV, then

(2]



Rein-Seghal model [34] was used to describe the interaction in this W range by means
of the nucleon resonance production set. The quasielastic interactions were simulated
according to [35], where the values of axial and vector formfactors My = 1.00 GeV/c?
and My = 0.84 GeV/c? were used.

Simulated data were modified to the same format as that of the experimental informa-
tion: digitizing from TDC and ADC for liquid scintillation counters and digitizing from
TDC for drift chambers. During this procedure the detector background, obtained from
the real experimental data after having removed the information about the neutrino inter-
actions, was added to generated neutrino events. Then the obtained data were processed
with the same event reconstruction program GRAND, which was applied to experimental
events.

Detection inefficiency of the neutrino events mainly caused by the fact that some
fraction of muons has the energy insufficient for the detection (E, <1 GeV), and the
other fraction of muons with large angles in the vertex (20 —30°) had bad conditions to be
detected in the muon spectrometer. In fig.4 the dependence of the muon momentum and
sign reconstruction efficiency (on condition that the track crosses more than 3 magnetic
modules) versus the angle is shown. The muon intersection with the hadron shower
can also result in muon loss. Since the products of neutrino interactions in ND in the
swrrounding matter sometimes overlap an additional difficulty in the muon recognition
arises. Simulation takes into account these effects, and the mumber of the reconstructed
events decreases by the value of 10 + 2%. no corvelation between any physical parameters
of the event (neutrino encrgy, muon momentun, hadron energy, Q?, scaling variables
X,Y) has been obscrved. Fig.h presents cfficiencies 1o select neutrino and antineutrino
events for the Turther phvsical analysis according to the criteria, described below, as a
function of energy.

3. Measurement of Total Cross Section Energy Dependence

3.1. Neutrino Events Selection

For physical analysis only that part of statistics was selected, for which the proton
beam intensity was reliably measured and the monitoring system provided precise beam
position on the target. Tor the exposition with the conventional geometry the number
integrated protons. was 1.09% 10" and for the exposition with short decay base it was
1.68x 108 protons.

To exclude the events induced by the products of neutrino interaction in the muon
filter, the events with vertex in the first 3 modules were not used. The events with vertex
in the last 6 modules were also rejected. The fiducial volume has transverse dimensions
240 x 240 cm? and total weight 53.6 tons. If muon momentum was calculated by the track
curvature in the magnetic field. the length ol the muon track in the maguetic field was
required to satisly the condition 1., > 30 cm. To decrease a contribution of neutrino
events in the antineutrino sample /., was to be > 50 c¢m. The measured energy of
neutrino interaction was to be in the range 3 GeV < £, < 30 GeV  as well.
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After above-mentioned cuts G376 1, 1043 7 events in the first exposition and 10640 v,
1934 » in the sccond one Lave been obtained. Their energy distributions are shown in
fig.6. The neutrino enerey distributions for initially selected events IV, and those, obtained
after the subtraction of the background events from the neutral current interaction and the
events m*n wrong muon sign (the value N in Tables), as well as the corrected distribution
of the eveats N, obtamed with the procedure, described Lelow, that takes into the
account the deuoctox siearing, are presented in Tables 2 and 3 for each exposition.

3.2. Energy Spectra Determination for Neutrino and Antineutrino Fluxes

The experimental data [2

[

for secondary p@rtzd es yiclds from long targets, used for

been taken. The program GEASPE [30], based on the

)

51
neutrino beam caicilatioa, have
GEANT [31] library was used in « alcumuun The program allows one to tale into account
hadron showering in the substance and particles o cccatiering in the walls of the decay
tunnel. As a vesult of the program processing, the obrained two-dimensional (energy--

racius or energy-angle) distribution {or the nevirino fiux was used as an imput mformation
in simulating neutrino events in the detecsor.

Calculated nentrino and antincuwring Huses passing through the fiducial volume of the
detector, obtained by m=uns of the GEASPE program, are shown on fg.7.

Based on the experiinental dats for 7, A -mesons yields rauon fuxes in the gaps of th
muon filter {(fig.8) were simulated by fht" same program. As tiie muon flux in the shield
is directly ascociated with neutvina flux (2700081 ¢

%, from the comparizon of experimental

ARG Y 1

muen fluxes (which were meacured with an accuracy of &~ 3% 2911 and calculated fluxes

/
'ul;.-
PR

it is possible to make a conclusion that in the region of neutrino energy up to 20 GeV the
acru}‘ncy of the calculated neutrino fluxes is not worse then 5%, but in the 1 region from
20 to 30 GeV 1t 1s 10~15,7 due to L/ 7 ratio.



Table 2. The energy distributions of neatrino and antineuwiring interaction events. the value
of the total cross section stope. statistical and systematic errors in exposition with
neutrino channel conventional geometry.

neutrino
E, [GeV] 3-5 5-T 7-9 9-11  11-13  13-17  17-201  21-25  23-30
Ny 652 1236 1014 306 578 783 513 364 227
N 626.0 11920 9314 771.3 5642 7685 530.8 353.0 2180
Neor 691.7  1086.9 9411 7339 5635 7881 514.9 3615 237.0
oot/ Ly 0.746 0822 0.790 0.756 0731  0.698  0.671  0.655 0.617
Agtat 0.030  0.024  0.026 0.028 0.031 0.025 0.030 0.034 0.040
Axeys 0.057  0.050  0.050 0.037 0.038 0.041 0.042 0.058 0.078 |

antineutrino

E, [GeV] 3-5 5-1 7-100 10-13  13-17  17-21  21-26 26-30

Ny 104 264 247 176 124 51 47 31

N 96.5 2516 23b. 1653 1127 404 39.7 23.9

Neor 121.9 2071 2344 1551 1125 530 38.8 23.5 |
ot/ Ey 0.333 0353 0337 0368 0346 0.283  0.268 (.30

Astar 0.027  0.019 0.016 0.020 0.028 0.0321 0935  0.05]

Axeye 0.034  0.030  0.020  0.034  0.033 0.082  0.031  0.050

Table 3. The encrev distributions of nentrino and antineutrino interaction events, the value
R Y O
of the total cross section slope. statistical and systematic errors in the oscillation
experimenrt with short decay base.

neutrino

I, [GeV]) 3-5 5-7 7-9 H-11 11-13 13-17 1721 21-25  25-30
R 1141 2252 1797 1318 1060 1415 766 488 305
N 11029  2026.6 17623 1296.7 10489 1393.1 757.6 849 303.0
Neor 1245.9 10911 16904 1287.9 10019 13704 7985 5051 303.3
FRYEON 0.813  N.x12  0.764 0.717  0.699  0.667  0.636 0.616 0.602
Notai 0.020  0.016  0.01%  0.020  0.022  0.019 0.025 0.032 0.041
Asioys 0.081 G074 0.075  0.050  0.051 0.050 0.052  0.059 (].()TU

antineutrino |
B, [GeV] 3-5 57 10 10-13 13-17 [7-21  21-26 26-30
Ny 271 442 516 316 218 113 77 39
N 249.6  406.7 1546 286.6 191.8 05.3 60.0 28.2
Noor 229.6 3701 45(). 1 2834 195.6 94.3 57.0 23.2
it/ E, 0.357 0.3 0.335 0327 0302 0.285 0 0.269  0.25%
Norat 0.020 0.616  0.011 0018 0.021 0.030  0.037  0.051
Nvsys 0.031 0.026  0.026 0.02% 0028 0.02¢ 0.031 0.039




Two methods were used to estimate neutrino spectra {rom the experimental data:

1. Estimation method based on quasi-elastic events.

For the selection of (uasi-elastic events the criterion v = Ey < 1y = 0.3 GeV was
used. With such value of vy optimal signal/background ratio was reached, and a part of
quasi-elastic interactions in selected cvents is sufficiently high ~60% in the whole range
of neutrino energy. Cross section of quasi-elastic interaction is well known [37],[38] and
is practically constant at /7, > 3 GeV, it's theoretical uncertainty is 5% [35] due to
the uncertainty of the parameter My = 1.00 4 0.04 GeV. A quasielastic sample has a
siguificant contribution of vesonance production, this gives an additional ~4% error in
the normalization of the spectra obtained by this method.

2. From the well-kuown formula of differential cross section lor deep inelastic interac-
tion one can obtain [36]

Lo Lde (R
Ty T .

I
/ de Pyl OF — 0) = consl. (1)

U

Thervelore )
. 1 (/A\ ( I,Lw,') B
i —— ————— = const - O{L,), (:
u—u [0y ’

(S
S’

«

wheve ®(£,) s the nemrino fux. When selecting events for spectrum estimation 1n
this way, quasi-elastic and resonance events were excluded, for this purpose only region
y > 167/, was under consideration. This limitation did not allow one to use this
method in the energy region below 10 GeV,

Fig.9a shows the ratio of the spectrum, obtained by the first method to the spectrum
from 7. K —mesons (narrow rectangles). and the ratio of the spectrum obtained by the
sccond method to that from 7. A miesons (wide rectangles).

The two above met Lods nse diifferent samples of nentrino events, therefore the obtained
spectra errors ave uncorrelated, Averaging these spectra together with those {rom =, K-
mesons. the spectruni. nsed for the caleulation of o cross sections was obtained; its
ratio to the spectrim from = A mesons is shown on fig.9a by circles. The errors are
within the lines limits. The similar notations were used on fig.9b for exposition with
short decay base.

Spectrum 7, becanse of low statistics. was mainly defined by the spectrum from
7. N--mesons.

10
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3.3. Calculation of 7,

Total cross section can be obtained by dividing the number of interactions in the detec-
tor by the product of the nentvino flux ©(£). the nwuber of nuclel per em? in the fiducial
voluie of the detector N7 and the detector efficiency (including the acceptance) £(E)

i/\’trus(]'#)

o | | 3
T ( ) \/T(D(E)E(E) (3/

We have the measured distribution N(£) instead of the true distribution N () because
of finite resolution in variable £

NI = / AL S(E' E) - Niwe (E), (4)

where S(£, E) is the transformation operator from the true distribution to the measured
distribution. To solve the inverse problem and to calculate Nipwe(IJ) we must obtain the
inverse transformation operator STHE' )

Ny (F) = / dE STV ELE) - N(E"). (5)

This method requires the use of complex procedure of the S regularization (described
in [39].[10]). but heve for the N, B caleulation we used a simpler method. described
i Appendix. The distribution obtained by this procedure was marked in Tables 2 and
3 by Ne. After substituting N, as N i (3) the energy dependence for the slope
parameter of the total cross section 0ui) [ was defined (Tables 2 and 3).

When evaluating the systematic errvor of the total cross section slope Augys the con-
tribution of the following uncertainties was taken into account:

- in the neutrino flux.

~in the value of the maguetic field £ 1%.

—in the calculations of the hadroun energy.

~in the efficiency of the nentrino event reconstruction,

—in the unsmearing procedure.

~ 1% errors of proton beant intensity monitors.

4. Results and Discussion

The obtained dependences o /1 were averaged over two expositions according to their
crvors (Table 4). These results are compared with the data published earlier (fig.10). Our
measurements have the smallest errors in 5 GeV < £, < 30 GeV range and show, that
01ot) E, noticeably decreases wit i £, inercase from value = 0.3 X 1073 cm? for f,=5 GeV
to that coinciding, within the limits of experimental accuracy, with the resilts, obtained
for energics over 30 Ge\'. Note. that therc is a good agreement with BNL experimental
data [5] in the 0.4 GeV'< L, < 6 GeV region. where experimentally defined v spectrum
from quasi-elastic events in v — i~ p reaction was used. These data show, that the slope
parameter still increases with further energy decreasc.
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this.experiment O IHEP—ITEP(1979)
ANL(1979) v GGM(1979)
BEBC(1979) A GGM(1981)
BNL(1981) O SKAT(1979)

0.2

0 5 10 15 20 25 30
E(GeV)
Fig. 10. The measured dependence of total cross section for v, and , interactions with nucleon

versus neutrino energy in comparison with data from other experiments. Solid curve —
calculation based on the GRV parameterization [45], dotted curve — KMRS [43].

On fig.10 the calculated dependences for total cross section versus energy are also
represented as a sum of the total deep inelastic cross section and the cross section of
quasi-elastic interaction ( according to [35]). The total deep inelastic cross section was
calculated on the base of quark distributicns, and their different parameterizations were
taken from quark distribution library PDILIB [41]. On fig.10 the calculation based on
GRV parameterization [45] is represented by the solid curve, KMRS [43] by the dotted

13



Jable 4. Neutrino and antineutrino total cross section (a,,/E, x 1073 ¢cm® GeV) dependences
versus energy obtained in a result of two expositions.

neutrino
I, [GeV) 3-5 3-7 7-9 9-11  11-13 13-17 17-21 21-25 25-30
0o/ E, 0.780  0.816 0.776 0.735 0.714 0.680 0.652 0.633 0.609

FAYV 0.016 0.013 0.014 0.016 0.018 0.015 0.020 0.024 0.031
Aoyt 0.039 0.035 0.035 0.026 0.027 0.029 0.030 0.041 0.054
antineutrino

E, [GeV] | 3-5 5-7 10 10-12 13-17  17-21 21-26  26-30
Ot/ E, 0.343 0348 0336 0319 0.324  0.284  0.268 0.278
Agrat 0.616  0.013 0.012 0.015 0.017 0.024 0.029 0.039
Asgyet 0.023 0.020 0.019 0.022 0.022 0.021 0.023 0.031

curve. In calculations based on BEBC parameterization [42] and MT parameterization [44]
the dependencies close to the results. based ou KMRS parameterization werc obtained. It
should be noted, that the GRV pavameterization gives quark distributions up to Q2. =
0.25 GeV?, whilst the nsage of KMRS and MT parameterization in the low energy region
is not quite correct. since (Q* - evolution of structure functions is frozen at Q? below
(2., =1 GeV2 The calendations showed. that in the 1-20 GeV energy vegion the total
cross section slope paramerer chiange was maiunly stipulated by the quasi-elastic interaction
contribution.

Table 5. The ratio ol deep inelastic cross sections 1y, = o /o? ., and contribution of sea

e

quarks R:r//( (=) versus energy.

E, [GeV] | 35 57 7100 10-13 1317 1721 2126 26-30
Finel L0395 0370 011 0468 0159 0.9 0408 0.166
Aviper 00300 0,032 0035 0.043  0.016 0.04%  0.058 0.077
Rk C0.06% 0,000 0,083 0.03% 0 0,129 0.091 0.080  0.124
AR L0030 0,033 0.035 0.010 0.043  0.047  0.058  0.072

Table 5 presents the deep inelastic cross sections ratio ry,g = ob, /ob. and sea quarks
contribution o |
o 1 Il T .
R=- = - —— (6)
qgHg 2 e+

versus energy. After litting over the whole energy range, 1y, = 0.420 = 0.016 and ¢/(q +
q)=0.093 £ 0.016 were obtained. This is vather less. then for 30 GeV< I, < 160 GeV,
where ¢/(¢+q) = 0151 £ 0.012 L6,

In conclusion we would like to thank the staff of the TTEP Proton Syvnchrotron and
[ixperimental Facilities Divisions for ellicient operation of proton beam. We wish to ex-
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press our thanks to G.Conforto, director of the Institute for Physics of Urbino University
(Italy), who placed at cur disposal the computer facility for experimental data process-
ing and simulations, I".Martilli, P.Dominichi and other collaborators for repeated kind
assistance in the work.
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Appendix

Method for the Inverse Problem Solution in Calculating the
Differential Cross Section

Let the true distribution over the variable € be S(€) = ¢(€) - do(€£)/dE .

Because of the measurement errors. instead of the true distribution as a result of the
experiment we obtain the distribution’

S1€) = ¢ [ dE K9 @), (7)

where E(£) is the detector efficiency, N([E') 13 the probability to obtain the value '
instead of the true value £ as the result of measurement.

An(€) is the probability for event to enter the n-th bin of the histogram and can be
written as

{71+l
A8 = [ dEREREE), (8)
t:”.

and the mean value for the events nuiber in the n-th bin is Y, = [dEAL(E)S(E) .

On the base of the mode! or « priory information the distribution So(¢) 1s chosen as
an approximation of the true distribution S(§). Based on this distribution Sy(¢) with
the program simulating the measurcment process in the experiment the distribution of
simulated events is calculated

VM= [deA©sile)
and the probability for the event in the n-th bin of the histogram to have true value & is

e I . ,
\nkg) = W : 4471(5)’80(5)' (K])

As an estimate of the true distribution S(§) we can use (10)

1For a sake of simplicity we consider all measured events included in the experimental histograni.
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1t is clear that if we use as a model approach Sy(£), the distribution which is propor-
tional to the true distribution - £S(£) then the estimate S(£) from (10) will give us the
true distribution S(¢)

T - S VAL (ES(E)
S0 =200 = 2T (s~ 06 2 A8 A S,

If the width of distributions A(£) is negligibly small, then the estimate S(¢) from (8)
can be reduced to the frequently used estimate provided by the correcting factors method

ﬁn+l 5n+l

=, - at )/n -5 ‘571 : A{jn
[ Sten= [ ey viane e
&n En " "

The approximate S(£) explicitly depends on the model distribution So(¢), and varying
it in the allowable limits we will obtain the error in the calculation of the true distribution
estimate with the above procedure.

Assuming the function ¢(€) to be known, one can calculate the cross section do/d¢
from the obtained estimate S(€).
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